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—_¢———— 
Rainfall Reservoirs and Water Supply. By Sir AurEx- 
— R. Bryniz, M. Inst. hte ¥GS., &e. 
Founded upon the Chadwick Trust Lectures, delivered 
in February, 1912. London: Cénstable and Co., 
Limited. “TPrice 8s. 6d. net.] 
THE circumstances under which this book has been 
produced have probably restricted the outlook and 
prevented the author treating the subject in that 
comprehensive and masterly manner which his 
wide experience enables him to take on the subject 
of water works and reservoirs and all that pertains 
to their construction. There are references to 
modern instances and methods, and no doubt much 
of Sir Alexander’s practical experience is embodied 
in the text, though this is apt to grow elementary 
and to embrace the obvious, but the general im- 
pression created is that the author has re-written 
and adapted some older lectures, dating back prob- 
ably to the time of his work on the Nagpur Water 
Works. This impression is strengthened, or, 
perhaps suggested, by the tables of rainfall 
statistics given in an early chapter, in which 
the information usually stops about the year 
1867, and is rarely continued later than 1881. 
But such a notion, however acquired, is not 
easily put aside, and though we do not mean 
to vl that later observations are more trust- 
worthy or more instructive than the earlier, 
yet ibly the use of more recent statistics 
ane pe in the discussion of certain details 
that are now exercising the public mind, and 
upon which so eminent an authority as Sir 
pa we Binnie could have touched with advan- 
tage. For example, the increase in the national 
consumption of water, demanding the reserva- 
tion of larger catchment areas, is an important 
economic factor in development that is engaging 
very serious attention. With the increase of popu- 
lation there is not only necessarily a greater 
demand for water in the gate, but a greater 
demand per head, due probably to a more con- 
venient supply to meet growing comfort and 
luxury, as well as to the increased opportunities 
for waste and leakage. A table yor the 
number of gallons supplied per head in several 
large towns is given, but, unfortunately, the year 
to which these data are applicable is not added, and 
in many cases the daily consumption is greater 
than shown. There is no reference to the quantity 
of water impounded for the purpose of supplying 
water yee and though in this country, with 
its si variation in level, the amount of water 
withdrawn for this purpose will always be small 
compared with the total amount used, yet the 
—- is not neg — nor the area unimportant. 
e Loch Leven Water Power Company, prob- 
ably the 
55 square 


a ca ent area o 
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con 
es, and it can be easily understood 
that circumstances might arise in which the rights 
acquired by pos companies would clash with 


the needs of growing towns, whose inhabitants 
would be debarred from the use of a supply near 
at hand. Of course it may be urged that it is the 


f | to bear in mind the 














energy, and not the water, that is used, but the 


value conferred on the water by its position is lost. 

The author’s remarks on the compensation of 
those who are deprived of water rights enjoyed in 
the past, such as mill-owners and riparian pro- 

rietors, are very pertinent if somewhat brief. 

hey are no doubt the outcome of many Parlia- 
mentary inquiries and expensive litigation, but the 
needs of the future have to be considered as well 
as the privileges of the past. A question of 
public policy of fundamental importance is in- 
volved, and the varied interests concerned in the 
appropriation of a valuable commodity, strictly 
limited in amount, are so great and intricate that 
the necessity of the early establishment of a National 
Water Board has been urged. Such a Board 
would be charged, not only with the task of water 
conservancy in its widest application, embracing a 
close and exact study of the water resources of 
the country, but also with the problems of canali- 
sation, drainage, and sanitary matters. The 
discussion of such a question and its consequences 
was, unfortunately, beyond the purview of these 
lectures, but the author’s criticism of the inchoate 
proposal would have been valuable. That the con- 
servancy of water is likely to become a burning 
question can be shown from the figures which Sir 
Alexander quotes. He shows, obviously enough, 
that of the quantity of rain that falls only a small 
proportion can be depended upon and utilised for 
the supply of towns. The amount varies in dif- 
ferent localities, depending on the manner of dis- 
tribution of the rain throughout the year, on the 
character of the soil on which the rain falls, the 
amount of evaporation, and on other circumstances, 
all of uncertain estimation ; but we shall not be far 
wrong if we sup only one-half of the actual pre- 
cipitation is available for domestic and manufactur- 
ing purposes. If we take the average available fall 
in this country as 15 in. per annum, it would follow 
that every individual requires for his own use the 
water drawn from some 160 square yards, assuming 
30 gallons to be the average daily consumption per 
capita. Hence a town of 100,000 inhabitants needs 
to reserve an unoccupied area of about 5 square 
miles. Considering the extent to which large com- 
munities are monopolising the available unpolluted 
sources, the urgent necessity of protecting the areas 
suitable for a water supply, and of treating the 
various questions on a broad national basis, rather 
than as matters of local consideration, is one of 
prime importance. 

The problem of dealing with impurities, more 
especially organic impurities, and the methods of 
filtration, again raise Sead issues, which the author 
might have treated rather more fully ; for though 
the engineering a? « involved may be the main 
purpose of the book, Sir Alexander has been careful 
uirements of sanitary science. 
One would like to know whether he is satisfied 
with the methods adopted to secure a pure potable 
water, and whether he — the operations 
undertaken with the view of detecting the ce 
of pathogenic organi uate. The machinery of 
the Metropolitan Water Board is, no doubt, as ect 





as possible, and the reports of its biological expert 
appear reassuring, but of late the impression has 
gained ground that the reported freedom from 
typhoid germs and other sources of infection is 
due, not so much to the efficacy of the precau- 
tions taken of storage and precipitation, as to the 
impossibility of detecting the germs by the methods 
used. The popular mind is more or less agitated 
on such questions, and authoritative leading would 
have been welcome. 

The geology of water supply has attracted much 
attention of late, but the remarks on geologic 
formations, if brief, are sufficient in a book of thi 
character, because variety of structure is only one 
of many factors that have to be taken into account 
in the selection of a catchment area, or of the 
construction of storage and surface reservoirs. At 
the same time, in treating of outflow in chalk 
formations some reference might have been made 
to the water table and its variations in the Metro- 
politan district, and in the same section attention 
might have been drawn to ‘the general value of 
maps, delineating the upper surface of covered 
water-bearing formations and of underground water 
contours, useful for indicating the direction of flow 
of underground water. In lecturing under the 
auspices of the University of London, Sir Alex- 
ander enjoyed a cathedral position, and, valuable 
as his treatise undoubtedly is, and instructive as 
his audience must have found the course, we doubt 
if he made the most of his opportunity. 

The hand of the master is more visible in the 
construction work of reservoir embankments and 
outlets. It is, of course, self-evident, but one 
would like to emphasise what this eminent authority 
has to say on the prime importance of making 
work water-tight, when it is intended to be water- 
tight, as in embankments constructed for impound- 
ing and retaining water. In the most urgent 
manner he insists upon the necessity of discon- 
necting the outlet and method of distribution 
from the work of the embankment, properly so 
called, making each perform its own proper 
function independent of the other. The object 
of the one is to retain water, of the other to 
allow its escape under proper control, and ‘‘it has 
been from a failure to recognise these simple facte, 
and in attempts to blend them into one work, and 
make it perform two se and antagonistic 
functions, that most of the failures which have 
occurred can be attributed.” The author reviews 
with care some of the instances which have ex- 
hibited, unfortunately with disastrous effects, the 
danger in uniting in one water-tight work masonry 
or cast iron in such plastic and yielding material as 
puddle and earthwork. The causes of leakage are 
well understood, and it is ible to arrange the 
details so as to reduce the chances of such a trouble 
toa minimum. Throughout these practical instruc- 
tions and devices one can perceive the insistence on 
a general principle that rises above the bewilderi 
confusion of details, so apt to obscure a 
issue. In the final chapters on conveyance and 
distribution, local service, house-fittings, meterage, 


and a host of smaller matters, wide principles have 
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once more to yield to minutis ; but in the space at 
command the author covers a vast amount of 
ground in a very interesting and efficient manner. 





A Dictionary of Applied Chemistry. By Sir Epwarp 
Tuorpg, O.B., LL.D., F.R.S., assis by eminent 
contributors. Five Volumes. Vol. I. Revised and 


enlarged edition, A—Che. London: Longmans, 


Green and Co. [Price 45s. net. | 


Wits the rapid advance of modern science con- | 
| we have offered some critical comments, we have | these lam 
|} no 
| dictionary. 


siderable courage is required for venturing on the 
issue of a dictionary of some branch of science or 
upon a new edition of such a dictionary. The need 
of a new English dictionary of chemistry has long 
been felt. But the task is likely to be shelved, 
because materials and — may become dis- 
used or take a new development, or rise into exist- 
ence almost while the matter is in the press. 
Under these circumstances, Sir Edward Thorpe 
may have hesitated a long time before he started 
upon a new edition of his ‘‘ Dictionary of Applied 
Chemistry,” the first volume of which appeared 
twenty-three years ago. What is now offered 
is practically a new work, of course. It could 
not be otherwise with so conscientious a scientist 
as Sir Edward Thorpe. In the interval he had left 
the Government Laboratory near Clement’s Inn, 
whose principal he was for many years, to become 
director of the chemical laboratory of the Imperial 
College of Science and Technology at South Ken- 
sington (from which he retired last year), and had 
been President of the Chemical Society and of the 
Society of Chemical Industry. He is still the 
British member of the International Commission on 
Atomic Weights. His contributors are, with one 
exception (Professor Witt, of Berlin), all working 
in the United Kingdom or in the United States. 
Their names cover two pages of this first volume, 
which is a large octavo book of 758 pages. 

We need hardly say that what is contained in 
these pages is excellent. We have to make a 
qualification at once, however. The title speaks 
of applied chemistry, the preface of ‘‘ the attempt 
to make this re-issue reasonably adequate as a 
presentation of —_—ae knowledge, both as 
regards the science and its application.” What 
science, as distinct from applied science, means, 
it would not be easy to say in our days. But 
theoretical chemistry seems to be excluded from 
this dictionary. The latest table of atomic weights 
has been inserted in the volume, without any 
explanatory notes. But the dictionary at 
once from *‘atmosphere”’ to ‘‘atoxyl””—that. is to 
say, atoms and atomic volumes and heats, matters 
which have been so much discussed of late, are not 
mentioned at all. We look in vain for a definition 
of absorption; as ‘*adsorption”’ we are 
referred to ‘‘colloids.” ‘* Adhesion” is missing as 
well, and Boyle’s law is not explained. These are 
matters for physical chemistry, if not for physics 
altogether, it may be objected. But the very short 
preface might have drawn attention to the fact that 
theoretical questions are not to be dealt with, 
or possibly are to be discussed in a subsequent 
volume. 

We find duly noticed, on the other hand, the 
carbon monosulphide which Dewar and H. O. 
Jones only inclated in 1910, and alundum, an 
abrasive and refractory material of a few years’ 
standing, whilst another novelty of similar age, 
the bakelite of Backeland, is not mentioned. In 
the long article on vlectrochemical analysis we 
failed to find reference to the electrolytic deter- 
mination of the halogens (chlorine, bromine, &c.) 
by the method of Hildebrand ; we discovered it 
finally under ‘‘sodium ;” there should have been 
& special division for the anions. This brings us 
to another point. Long articles like that on 
brewing should state at the very commencement 
the order of the headings under which the subject 
is treated ; else one may missa good deal. Cross- 
references should also be more frequent, although 
we quite understand the difficulties of this point 
when the number of contributors is so large—and 
we should not like it to be smaller. In the excel- 
lent article on bleaching, electrolytic bleach is just 
alluded to in a few words ; the electrolytic appli- 
ances are possibly to be described in another 
volume, but there is no notice to this effect. We 
should also have ex a general article on 


| the double columns. 








down definite rules and limits. Nobody will find 
fault with the dictionary for unnecessarily dilating 
on unimportant matter, however. The language is 
concise throughout, and mostly as clear as the type, 
though as type had, of course, to be adopted for 
The diagrams are adequate. | 
There are very few misprints, and the readers of | 
proof sheets, colleagues of the editor at South | 
Kensington, seem fully to deserve the praise that 
Sir Edward Thorpe bestows upon them. Though | 


hesitation in thoroughly recommending the 





THE NATIONAL PHYSICAL LABORA- | 
TORY IN 1912. 

(Concluded from page 860 of our ninety-fifth volume.) | 

Power Factor and Capacity of Condensers ; Wave- 
Meters.—The investigations by the Carey-Foster 
method also concern the variation of the effective 
capacity of condensers with frequency and their 
power factor. The power factor of a condenser is 
the ratio of the watts lost in the condenser to the 
volt-amperes ; it is an easy thing to measure in a 
bad condenser, but very difficult to determine in a 
good condenser, and it becomes important at the 
high frequencies of radiotelegraphy, when the watt 
losses are very heavy. The method refers the 
results directly to a standard mutual inductance, 
not to an air-condenser. An excellent mica con- 
denser tested gave a power factor of less than 
0.0001 at a frequency of 100 periods per second, 
and the capacity changed by less than 1 part in 
10,000 when the frequency was raised to 800 periods. 

The new condensers for wave-meter tests are of 
ran of 600, 5000, 10,000, and 14,000 micro- 
microfarads respectively, and consist of aluminium 
sheets, 1 mm. or more in thickness, between glass 
— 3.5 mm. thick, the whole immersed in well- 

ied oil; the power factor of these condensers is 
of the order of 0.005. It should be noted that 
eastor oil has four times, and paraffin oil only 
twice, the dielectric capacity of air. The micro- 
farad (mf.) was a convenient unit for telegraphists, 
but is too for radiotelegraphy, which reckons 
in mmf. The testing of wave-meters occupies 
much time now; more than 1000 coils have been 
tested, each at five different frequencies, for wave- 
lengths ranging from 100 up to 3000 and 6000 
metres. The work is done in the old metallurgy 
room in Bushy House. The Siemens two and 
three-phase alternator is fitted with a Helmholtz 
regulator, and the exciting current for the field is 
taken from the electric mains through iron resist- 
ance ; the s can be kept constant within 1 part 
in 1000. us a steady current is obtained for the 
spark-gap, which consists of cadmium-rod electrodes 
embedded in heavy blocks of copper in order to 
keep the electrodes cool. Immediately above the 
spark-gap is an inverted glass funnel joined to a 
pump; the arrangement steadies the spark and 
also withdraws the disagreeable vapours of ozone 
and nitrous gases. he apparatus are very 
conveniently arranged; the oscillation circuit 
——r a set of coils of known inductance, 
from a few microhenrys up to 10,000 micro- 
henrys, and the frequency may promptly be set to 
any desired value in the working range. The whole 
test at five frequencies occupies 15 minutes. Some 
instruments require more testing ; frequent changes 
in the wave-length are customary where secrecy is 
desired. 

Electrotechnics ; Photometry (Messrs. C. C. 
Paterson, M.I.E.E., A.M. Inst. C.E.; E. H. Rayner, 
M.A., M.I.E.E.; A. Kinnes, B.Se.; B. P. Dudding, 
A.R.C. Sc.).—The time of the staff in 1912 has 
roughly been divided in the ratio of 55 per cent. 
for routine testing and 45 per cent. for research 
and installation. 

Unit of Light.—The preliminary inquiry into the 
suitability of the Violle (molten platinum) primary 
standard of luminous intensity looks promising. 
When Violle pro his stan , little practical 





work had been done on black-body radiation and 
photometrical colour-matching. Mr. Paterson finds | 
that the colour of platinum melting in air approxi- | 
mates that of a pend me lamp burning at 4 watts per | 


| candle, and that the open radiation conditions of 


melting platinum are apparently those of the 


melting in air, and the temperature estimate of the 
melting point of platinum came out 1750 deg. 
Cent., which is very near the approved value (1755 
deg. Cent.). If this be confirmed for tungsten and 
other metals—the experiments are preliminary so 
far—photometrical colour-matching would become 
a valuable method of temperature determination. 

A set of 24 tungsten sub-standards running at 
1.5 watts per candle has now been established on a 
satisfactory basis. The candle powers assigned to 
are determined by a cascade method 
by six different observers, who are probably correct 
within 0.25 per cent., assuming their sight to be 
normal. When the comparison was made between 
the Fleming and the tungsten standards in one 
step, the agreement was within 0.27 per cent., but 
the variations of individual observers (only 0.08 per 
cent. with the cascade method) were far greater. 
The unit of the pentane lamp had not been com- 
pared with sub-standards of the same hue since 
1905 ; the agreement found last year is within 
0.1 per cent. Sets of 12 tungsten sub-standards 
have been sent to the Bureau of Standards and to 
the Reichsanstalt. The Washington unit seemed 
to be very slightly greater, and the Charlottenburg 
unit smaller than the Teddington unit. The dis- 
crepancies did not exceed the experimental errors, 
however, and as the comparison methods used in 
the three countries are different, the photometry of 
lights of different colours would not necessarily 
appear to be liable to the errors commonly sup- 
posed to be associated with it. A report on life 
tests of metallic filament lamps (160 and 800 lamps, 
the latter for initial rating) has been presented to 
the Engineering Standards Committee. The Inter- 
national Photometric Commission has been recon- 
stituted, and will meet in Lyons, France, this 
summer, when Mr. Paterson will submit proposals 
to render the Commission equally representative of 
all lighting interests. 

Arc-lamps are now being slowly rotated in ball- 
bearings while being tested. The work in hand 
comprises a report for the Home Office on the 
illumination of workshops and factories ; a special 
room has been set aside for this purpose, in which 
the effects of bright and dull colours—for walls, 
table-covers, curtains, &c., under direct and in- 
direct illumination-—are studied. The Local Govern- 
ment Board has called for experiments on the glare 
of head-lamps of motor vehicles, and very promising 
experiments have been made ; by a suitable arrange- 
ment of the burners and mirrors the light can be 
thrown on the road without dazzling the eyes of 
people driving and crossing. The research on the 
visibility of light (Messrs. Paterson and Dudding) 
has been noticed by us in connection with the 
Optical Convention of last summer ; the report on 
ships’ navigation lights will be presented to the 
Board of Trade. 

Power Measurements.—The instructive paper on 
‘*The Use of the Electrostatic System for the 
Measurement of Power,” which Messrs. Paterson, 
Rayner, and Kinnes recently read at the Institution 
of Electrical Engineers, fully describes the arrange- 
ments made for such measurements at the Labora- 
tory, which we have mentioned on previous occa- 
sions. The chief recent novelty concerns the 
needle of the electrostatic wattmeter. The needle 
has the usual shape of a half cross. It was first 
made of rolled aluminium, as thin (0.06 mm.) as 
it could be made without bending under its own 
weight. This flat needle, however, was not 
easily air - dam in its movements in the 
quadrant gap of 2 mm. width; the. needles are 
50 mm. across. The new material is the strongest 
copper-aluminium alloy of Dr. Rosenhain, and 
the needle is provided with a fluting close to 
the edge by an elaborate process. The foils are 
cast flat in a brass die, which is provided with a 
groove 0.5 mm. from the edge; the foils, 0.015 mm. 
in thickness, are first annealed between fiat 
surfaces at 300 deg. Cent. ; two pieces of foil are 
then pressed into the groove of the die by one 
thickness of blotting paper -under a pressure of 
4 tons; they are annealed afresh in the die and 
exposed again under blotting paper to pressures of 
6 tons and 8 tons; the upper of the two foils 
(which was not lying on the die) is finally chosen 
as needle. This treatment renders the needle stiff 
and improves the damping, so that the needle comes 


carbides, and the absence of sections dealing with | black-body furnace at the temperature of melting to rest in 1} oscillations, the natural swing being 


carburettors and carburisation is stri 


striking. 
Whether or not the different articles are treated 


at adequate length is a question which must give 
the editor a great deal of anxiety. He cannot lay 


platinum.. In the experiments a tungsten lamp was 
by colour-matching to a black body up 


eo 
| to deg. Cent.; the same lamp was then 
,matched against a platinum wire radiating and 


8 seconds. suspension is by a flat phosphor- 
bronze strip 20 cm. in length. The instruments 
are used for motor-generator acceptance and turbo- 
dynamo tests, and the 20-ft. scale allows of an 
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accuracy of 1 in 1000. The new motor-alternator 
of the Laboratory is fitted with contact discs running 
in mercury pools; the mercury is contained in 
an ebonite box provided with a sliding glass cover. 
It has been found that slip-rings cause voltage fluc- 
tuations generally ascribed to speed fluctuations, 
and that with these mercury contacts a constancy of 
2and 1 part in 10,000 can be maintained during 
the time of a test. 


Enyineermg Standards Committee and of the mica stripe) and the other a motor-driven stirrer. 
Admiralty. |The whole bath can be raised by hydraulic-power, 
Thermometry (Messrs. J. A. Harker, D.Sc.,|and the cage can itself be turned and raised ; the 


F.R.S.; G. W. C. Kaye, D.Sc.; W. Hugo; a and lower ring of the cage of the large bath 
A. Blackie, B.A. ; W. F. Higgins, B.Sc.). Ther-| hold 70 thermometers. The other baths, ice 
mal Conductivity of Heat-Insulators.—The arrange- | baths, &c., are similarly arran for various 


ment we described last year has been tried with temperatures. There is also an electrically-heated 
various qualities aud furms of cork and been | steam bath, fitted with a condenser and constant 
| found very suitable. A flat plate-heater, consist-| water-level device for the simultaneous deter- 





Lamp Sockets; Ebonite; Insulation Materials.— | ing of two plates of iron, 34 in. square, } in. thick, | mination of the steam points of six thermometers. 


Bayonet holders are not found satisfactory for 
currents exceeding 250 watts, because the hot 
socket loses its spring ; the danger comes from the 
dissipated heat of ‘the lamp and radiator rather 
than from the energy lost at the contact, which is 
negligible unless the holder become defective. 
Screw sockets are preferable and bear 1000 watts 
and temperatures of 120 deg. Cent. (ordinary and 
Goliath sockets); trouble may, however, arise at 
such temperatures, because the insulation of the 
leads is affected. Experiments on a modification 
of the design are hence being made. Mr. Rayner’s 
investigations of the pressure which the varnish of 
mica insulators will ae when softened by heat 
were noticed last year, and his inquiry into the 
electric strength of ebonite and insulating materials 
has been brought before the Institution of Electrical 
Engineers. A large number of three-phase meters 
for steam consumption trials have been calibrated. 
Direct-Current and Resistance Meter Tests (Messrs. 
S. W. Melsom, A.M.I.E.E., and H. C. Booth, 
A.R.C. Sc.).—In the tests of electrolytic meters, 
the copper voltameter, described last year, has 
proved very useful for integrating the current 
instead of keeping it steady. The tests of supply- 
meters, reported to the Institution of Electrical 
Engineers, show that direct-current watt-hour 
meters may be relied upon under steady and under 
rapidly fluctuating loads. Very large short-circuit 
currents affect the meters seriously, however, 
mainly owing toa demagnetisation of the brake- 
magnets or a magnetisation of parts of the meter. 
Even this can be obviated, however, by the use of 
proper magnetic shields ; and it was observed that 
a meter whose rate had been changed by short- 
circuiting by from 2 to 9 per cent. was corrected 
to within 4 per cent. when the shield was replaced 
by a Laboratory shield of stalloy iron. The results of 
Mr. Melsom’s investigations on 4,’ testing 
have been communicated to the Faraday Society, 
and those on electric cables (heating of flexible 
cords and ageing of standard cables insulated with 
paper and rubber) will be submitted to the Wiring 
Rules Committee of the Institution of Electrical 
Engineers, which has asked for further experiments 
on radiators and electric heating appliances. The 
rubber-testing machine used in these researches is 
that of Professor Schwarz. which we have described. 
The new 10-Megohm Resistance-Box consists of 
100coils, each of 100,000 ohms, mounted in sets of five 
on brass rods, every two sets constituting 1 megohm 
being brought to separate terminals. These ter- 
minal pillars of ebonite are continued some dis- 
tance below the ebonite base (Fig. 3), and the 
joint between the ebonite pillar at p and the am- 
rite washer a is sealed with paraffin wax to pre- 


Fig.3. 






5358) “ 
vent acid products of the exposed ebonite creeping 
between the two surfaces. The upper portion of 
the terminal is turned smooth for fixing the insu- 
lated split-tube contacts. The bobbins, on which 
the coils are wound, are made of porcelain ; they 
were boiled in paraffin at 150 deg. Cent. before 


| bolted her, with resistance intervening, is slung 
| between two cold plates, and the intervening spaces 
of 8 in. or more are packed with the oork to be 
tested. Only the central 200 sq. in. of the heater 
| are under current, and the cold plates can be backed 
by cold-water boxes and tubing ; in the cork tests, 
'air-cooling alone was applied, and the back of the 
plate was covered with . Temperatures are 
|measured by the aid of thermo-couples of iron- 
/enreka attached to the faces of the hot and cold 
plates. 

Viscometry.—In viscosimeters (or viscometers) 
the time of outflow of the liquid is com to 
that of a standard liquid, which is water in the 
Carl Engler apparatus and refined rape oil in the 
Boverton wood viscometer. The tempera- 
ture always has a great influence, as the viscosity 
decreases with heat for some oils by as much as 
8 per cent. per deg. Cent. Mr. Higgins has studied 
the relation between the values of these two vis- 
cometers and the absolute viscosities at different 
temperatures (10 deg. to 50 deg. or 70 deg. Cent.), 
and presented an account of his researches to the 
Society of Chemical Industry in May, 1913. He 
determines the absolute viscosity with the aid of 
two vertical tubes joined by a capillary, through 
which he can force the liquid in either direction, 
and determines the volumes in separate experi- 
ments. The oils employed had viscosities ranging 
from 0.02 to 9 c.g.s. units, the Redwood numbers 
ranging from 30 to 4000 seconds. If ¢ is this 
number, 6 the density of the liquid in grammes 
per cubic centimetre, the absolute viscosity is 


9 = (at ~ ) 8, where A and B are constants 


depending upon the dimensions. The Engler and 
Redwood values. are in constant ratio only up to 
100 seconds. 

Thermo Couples; Pyrometers; Refractory Materials. 
—There has been an increase in the nuimber of 
tests of thermo-couples, especially of the baser 
metals. These are generally enclesed in a sheath 
which cannot always be removed for tests in fur- 
naces, and methods are being devised for testing 
them in fused salts or metals. The trouble with the 
standardisation of radiation ey sna at high 
temperatures is that the black-body furnaces evolve 
carbonaceous gases which contaminate the thermo- 
couples. Refractory materials are examined as to 
their softening pointsin arc-furnaces. A disc of the 
material is placed on a ledge of a thick graphite 
crucible, on the sides of which the arc plays, and 
the temperature of the lower surface of the brick is 
measured by means of an optical pyrometer. The 
beginning of the softening is indicated by the 
magnified motion of a slightly loaded plunger 
resting on the upper surface of the disc. Co’ — 
tests with Seger cones are in progress. Diatom 
earth, it is proved by these tests and by analysis, 
need not be pure silica, but may contain up to 15 per 
cent. of lime and other impurities. Nichrome wire 
furnaces are satisfactory ; but the wire is stiff, and 
cannot be wound directly on fire-clay or porcelain ; 
the wire is therefore wound on a mandrel of suit- 
ably smaller size, and the coil is sprung on to the 
furnace tube. 

Thermometers ; Kew Rooms ; Radium.—aAll ther- 
mometer testing is now entirely done at Teddington, | 
chiefly in the *‘ West and South Kew rooms,” in | 
Bushy House. The following very practical arrange- 
ments have been made for testing medium precision 
instruments. In the West Kew rooms a railing sur- 
rounds three sides of a rectangle in which a raised 


water pipes and electric mains are 





being wound. The wire is N = 46 S.W.G. con- 
stantan ; about 8000 turns are on each bobbin, and | 


the direction of winding is reversed about ten | can be slung to the outside of the railing ; the bays | and 1000 amperes, but the 
ranges from 0.5 volt to the extreme value of only 


times ; the coils were also boiled in paraffin wax for | 
two hours. Five of the coils are on each pillar ; e| 
marks an ebonite separator with collar. A 


special | large windows. 


beneath the floor. The railing is divided into what 
may be called nine bays, spaces where nine baths 


are not yet all occupied. The baths are of metal, 


| Clinical thermometers (range, 95 deg. to 110 deg. 
| Fahr.) are tested in the South Kew room. In an 
adjoining room the thermometers are dipped into 
an electrically-heated wax bath before being etched 
with hydrofluoric acid. The examination of hygro- 
metric thermometers for cotton factories is a novelty ; 
more than 3000 were tested in 1912 for a range of 
52 deg. to 92 deg. Fahr. Through the intermedia- 
tion of Professor Rutherford, President of the 
International Radium Commission, the Laboratory 
now possesses 21 milligrammes of radium chloride, 
especially purified Stefan Meyer, of Vienna, 
to serve as radiunt dard. The salt is contained 
in a glass vessel, qneaged in steel and lead ; a plati- 
num wire is fused into the glass vessel, and is joined 
to the earthed metallic casing, to dissipate the 
electric charge. For the standardisation tests Dr. 
Kaye also has a bat of 1000 small accumulators 
(test-tube size) at his disposal. 

Tonisation at High Temperatures, Thermal Sputter- 
ing.— Owing to the illness of Dr. Harker, and to Mr. 
Tarrant’s leaving, little progress has been made 
with the work on the fundamental high tempera- 
ture scale. But the continued research on ionisa- 
tion at high temperatures by Dr. Harker and 
Dr. Kaye* have led to very interesting results. 
When refractories were being baked, particles of 
carbon, it was noticed, were thrown off from the 
hot carbon tubes, and these ‘‘ sputtered” particles 
were the carriers of negative electricity. It was 
not a case of cathode volatilisation, for the electric 
current merely served as heating t. The 

henomena belonged to the emission of electricity 

y hot bodies, positive electricity at red heat, and 
negative at white heat; and it was found by the use 
of exploring electrodes that the tubular space 
between a hot rod and a surrounding cooled cylin- 
der was highly ionised, currents of an am and 
more flowing in the direction opposite to the flow 
of heat. 

The disintegration of hot metals has now been 
studied with the aid of the apparatus illustrated 
in Fig. 4. Two insulated brass rods, D, EK, 
capable of carrying some hundreds of amperes, are 

















mounted in a round iron plate which is covered by 


ch | a glass bell. From D and E project inward stout 
platform has been erected for examining the iron strips A and B, bent upwards at their inner 
upper parts of the baths ; the various hot and cold- ends, where adjustable jaws are clamped 
easily accessible to hold the strip S to be heated, 
The strips are, as a rule, 5 cm. 
|wide; the heating currents vary 


— them, 
upward. 
long and mm. 
from 50 to 250 
voltage across the strip 


lagged with cork and wood, and are provided with 5 volts. The strip is surrounded by an 


ing ammeter shunts to the requirements of the | one containing the electric heating coils (wound on 





Each bath consists essentially of | metal 
Kelvin double bridge has been constructed for test- | two vertical tubes, joined at top and bottom, the | - 


by an insulated 
cylinder C, provided with holes H, and held 





* See ENGINEERING, vol. xciii., page 226, 413, and 752. 
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by the insulated support F. The cylinder and one 
pole of the strip are joined by a special galvano- 
meter which measures rapid changes in current 
intensity and pressure. The bell-jar is exhausted, 
rinsed with nitrogen, and then left charged with 
nitrogen at a pressure of a few millimetres of 
mercury. Temperatures are measured by a 
Holborn-Kurlbaum.pyrometer supplied by Siemens 
Brothers. The heating is always by alternating 
currents from a step-down transformer, 

With platinum the ionisation current was weak 
and positive up to 1100 deg. Cent. ; it then became 
negative ; hardly any sputtering was observed 
at 40 mm. pressure ; the ionisation increased 
rapidly as the gas pressure was lowered. Iridium 
gave a black smoke cloud at atmospheric pressure, 
which disappeared at reduced gas pressure; the 
current was positive up to 1200 deg., then 
negative. Transformer iron gave, at reduced 
pressure, a small positive current about 1200 deg., 
which would occasionally persist up to the melting- 

oint, near which the usually negative current 
increased very rapidly, as in Fig. 5. There the 
sputtering (in nitrogen at 9 mm.) was very great. 


Tonisation Curre@et in Microamperes. 





(3826.4) 


Temperature. 


In the case of iron sputtering and negative current 
certainly increased together ; thus with little or 
no sputtering the currents at melting-point were 
a few microamperes, positive or negative; with 
sputtering, 66 and 88 microamperes negative. A 
trace of oxygen seemed to be concerned in this 
sputtering. Tantalum gave a curl of smoke at 
1 mm pressure, and negative currents of 220 micro- 
amperes at 1670 deg.; a nitride formation appeared 
probable. With nickel, brass, and copper the 
currents were weak, but became suddenly stronger, 
though remaining positive, when the copper melted. 
With carbon the sputtering was very small and 
whitish (due apparently to silica) at reduced pres- 
sure, even at 2500 deg., when a rod of Acheson 
— softened sufficiently to bend; it had 
evidently been stressed in clamping (Fig. 6). Ex- 
periments were then made again (as originally) at 
ordinary gas pressure with the arrangement illus- 
trated in Fig. 7, in which the hot rod A, B of 

ure carbon is surrounded by a cold cylinder 

,D of carbon. With current of 1000 amperes 
the temperature of the ‘‘cold” carbon rose to 
1100 deg., and the ionisation current to 3.5 amperes, 


which is a phenomenal conductance of a gas at/ lig 


atmospheric pressure. In another experiment a 
tube of ne (cooled by flowing water) was placed 
inside the hot carbon tube at 2500 deg., hydrogen 
being between the two tubes ; after half-an-hour 
carbon had condensed on the metal in sufficiently 
coherent.a condition to be slid off in short lengths, 
as shown in Fig. 8. The ionisation current was 
1 ampere. Here again chemical action between 
the carbon and gas (hydrogen) seomed essential. 
The positive currents between 900 and 1200 deg. 
Cent. may be due to gas occiusion ; but the presence 
of oxygen or of some active s2ems to be favour- 
able in their case as well as in that of the negative 
currents. The currents are thermal, but not 
thermo-currents; for when the strip and its cylinder 
are brought into contact the negative current at 
once reverses. The emission of particles does not 
appear to be a sublimation, but a projection of 
particles in straight lines. The iridium strip, for 
instance, gave two mirrors of iridium (just like 
mirror images) on the inner wall of the cylinder, 
of the same width as the strip, as in the experi- 


recently. A peculiar experiment with iron is illus- 
trated in Fig. 9. The arrangement was as in Fig. 4, 
but the cylinder was provided with one hole H near 
each end. The projected —_ of iron shot 
through these holes were obstructed by the sup- 
ports D and E, before they settled on the bell-jar 
to form a mirror of the shape shown, which may 
further be explained by convection currents set up 
in the nitrogen gas at 2 mm. by the heat of the iron 
strips A, B, and of the supports themselves. 
Optics (Messrs. T. Smith, B.A,, and R. W. 
Cheshire, B.A ).—The Optical Department has 
moved into its new spacious rooms on the three 
floors and the roof of the new building, and is now 
anxiously waiting for adequate equipment. Several 
of the rooms are so arranged that two rooms, with 
the corridor or a partition intervening, can be 
combined into one room. The balcony on the first 
floor is utilised, and scales are placed on the roof 
of the tank building on the one side and in Bushy 
Park on the other ; the latter scale, 130 yds. long, 
is In permanent position, 400 yds. from the build- 
ing ; the lines are in relief, so as not to be affacted 








ments of Rebout and Bollmoent, which we noticed 


by repainting. There are several dark rooms with 


The arrangement of Mr. Cheshire for testing high- 
power negative lenses without fatiguing the eye of 
the observer is illustrated in the diagram, Fig. 10. 
The negative lens B to be tested and an auxiliary 
lens C are joined to form a telephotographic com- 
bination. At A are the cross-lines on which an 
image of the cross-lines E at the focus of the colli- 
mator is formed ; F is the lamp illuminating E. C 
is placed in such a position that the parallel colli- 
mator beam is brought to a focus at a. when B is 
removed. When a lens of thickness ¢, refractive 
index p, and focal length — f is interposed so as to 
form an image of the cross-lines E at A, we have 


Aa, = f(m+ E — 2), where m = the magnification 


at which the lens B is working, and a, is the posi- 
tion of a, compensated for the thickness of lens B. 
Researches on lens problems are being continued. 

Tide Prediction (Messrs. F. J. Selby, M.A., and 
W.H. LU. Brookes).—The Indian tide-tables for 
1914 are completed, and the work for 1915 is well 
advanced. 





Observatory Department (Mr. C. Chree, D.Sc., 
F.R.S., superintendent).—We stated already that 




















Fic. 6. 



































Fic. 9. 














& 
iZ jl 





% 
\ Fr @ 





A Cc 
black walls; but the ‘“‘dark” room proper has 
yellow walls to afford sufficient diffused light. 

Two semi-circular cast-iron tables, through which 
water circulates, are mounted on cast-iron pillars 
for testing sextants and theodolites ; collimators, 
directed to the centre, are fixed on the machined 
tops. A vertical arch of 11 ft. span of similar 
type serves for testing vertical circles. Four rooms 
are set apart for testing terrestrial telescopes ; they 
can be completely darkened. In the spectrophoto- 
meter and refractometer rooms, removable screens 
are provided to shield the observer from all bright 
ight. Many features testify to the great care 
bestowed upon the design of the new quarters. 

As regards the work, both Mr. Smith and Mr. 
Cheshire, as well as Mr. Rayner and Mr. Selby, 
had a great deal of honorary work to perform for 
the Optical Convention of last summer. The 

uestion of photographic shutters was discussed 

ere; 21 of these were tested last year at fre- 
quencies of 250, 500, and 1000, produced by tuning 
forks and microphone hummers. A problem 
now under consideration is the vibration of the 
camera by the release of the shutter. Makers 
argue that a displacement of the image of a 

int by ,}5 im. would not matter; but it 
Sapends upon the distribution of light in the 
patch. Another problem attacked is the light 
absorption by ordinary glass. Scientists say 
that ordinary glass absorbs ultra-violet rays; but 
such glass allows in fact too many waves of short 
len to and those rays are mainly respon- 
sible for the fading of specimens of all kinds. In 
the show-cases of museums in particular a more 
absorbent glass should be used. The number of 





trial lenses submitted for testing has decreased. 


D z= F 


the Observatory Department at Kew f gure for the 
last time in these notices, since all the testing 
work, apart from the meteorological observations, 
has been transferred to Teddington. A large por- 
tion of the work of 1912 was, however, still done 
at Kew. We merely mention that the testing of 
police watches claimed a considerable amount of 
time. A full record of the best watch, made by 
Paul Ditisheim, of La Chaux de Fonds, and accounts 
of the performances of the fifty best watches, are 
appended to the Report. 








THE NEW GLADSTONE DOCK AT 
LIVERPOOL. 

Amone the important functions to be honoured 
by the presence of the King and Queen during their 
visit next week to the great centres of industry in 
Lancashire, is the opening of the new Gladstone 
Dock just pede Pe: by the Mersey Docks and 
Harbour Board, and named the Gladstone Dock in 
commemoration of Mr. Robert Gladstone, who, as 
chairman, did most valuable service on this Board. 
This royal recognition of the enterprise of the Board 
is as gratifying as it is merited, because none of the 
authorities responsible for docks and harbours has 
shown greater enterprise, or has offered greater 
encouragement to the development of merchant 
shipping and oversea transport. It is one of the 
oldest of the great Harbour as well as one of 
the most progressive. Its records date back to 1752, 
and it is interesting to note that in that year the 
duties received from shipping and merchandise 
totalled only 17761., which was but little more than 
one thousandth part of that taken at the present 
time. The development was slow during the 











JuLy 4, 1913.] 


ENGINEERING. 





5 








eighteenth century, and at its close the total revenue | become apparent that still further provision must | 30 cwt. power to disc 

had only increased to 23,3791., while the number of | be made in the form of docks having deep-water | of 1891 authorised the 
was but 4518. | access from the river, and a large amount of berth- | that of 1898, 3,562,0001. more ; and, al 
years increased | age in long, straight lengths suitable for the longer | cluding the 4,100,0001. granted by the Act of 1873, 


ships entering or leaving the port 
The number of ships in the Atty 
nearly four-fold and the duties thirteen-fold. 
In Table I. we give the number and the tonnage of | 
vessels and the duties received in each tenth year to 
show the progress since the beginning of the nine- 
teenth century. This progress has been continuous | 
and has been particularly marked in recent years. | 
It will be seen that during the first half of the | 
nineteenth century the numober of ships increased | 
nearly five-fold, while the tonnage went up almost 
ten-fold ; the total dues also incr almost | 
TaBLE I.—Amount of Dock Duties Received at the 
Port of Liverpool. 


Duties on) Duties on| Total 











Year. Vessels. | Tonnage. Tonnage. | Duties. 
i aa £ 
1902 4,781 ~ a 28,192 
1812 4,599 446,788 20,260 | 24,148 44,403 
1822 8,136 892,902 | 47,229 55,174 102,403 
1832 12,928 1,540,057 74,530 | 95,517 170,047 
1842 | 16,458 2,425,319 93, | 83,871 177,231 
1852 | 21,478 3,912,506 137,754 | 108,932 246,686 
1862 X 4,630,183 197,437 329,195 526,632 
1872 | 20,861 6,530,386 294,972 536,201 831,173 
1882 | 20,966 | 8,104,136 355,792 | 573,851 | 929,643 
1892 22,304 | 9,968,697 | 440,906 625,423 1,066,329 
1902 | 24,214 | 18,308,805 | 502,090 628,032 1,130 122 
1907 | 26,635 17,064,211 674,306 | 684,578 1,358,884 
1908 25,739 | 17,111,814 | 665,034 654,309 | 1,319,343 
1909 | 24,799 | 16,747,479 658,873 633,121 1,291,994 
1910 | 24,961 | 16,654,071 654,384 | ,096 | 1,290,480 
1911 | 25,377 | 17,600,888 | 671,836 | 670,588 | 1,842,874 
1912 716,181 753,228 1,469,409 


| 23,488 | 17,827,415 | 


ten-fold. The increase in duties during the latter 
half of the century is nearly five-fold, and in the 
tonnage quite three-fold. In 1880, 1884, 1895, 
and 1896 large reductions were made in the rates 
and dues exacted from shipping of. goods, so that 
the progress is more marked than the figures 
indicate. Thus the total of 1,469,409/. for the 
past year would have been very much greater had 
such important reductions not been made. It 
should be understood that the figures giving the 
number and tonnage of ships included in the table 
represent vessels paying rates to the Board inwards 
or outwards, as the case may be; and that to arrive 
at the total tonnage of ships which enter and the 
total tonnage of s , which leave the Mersey the 
figures ought to be doubled. It is not possible to 
get data regarding the value or tonnage of goods 
imported and exported through the port, but it is 
estimated that the total weight of goods imported 
and exported in 1882 was 12,114,000 tons ; ten years 
later it had increased to 12,367,000 tons ; in 1902 
to 14,811,000 tons ; and in 1912 to 15,922,000 tons. 

It will be understood, of course, that the increase 
in volume of traffic, and the steady growth in the 
size of individual ships, has demanded great im- 
provements in the facilities and accommodation of 
the port. Had the access to the port remained 
what it was a quarter of a century ago, Liverpool 
could not have hoped to retain her leading 
among the great ports of the world. The Tovliine 
and other improvements at the bar and in the sea- 
channels, which have been carried out on so gigantic 
a scale, have made the harbour practicable for 
vessels of the deepest draught at all states of the 
tide. We have | poyomen 4 dealt with the question 
of dredging,* and it is not our purpose now to refer 
to it at length; we pass on to the question of dock 
extension and reconstruction. 

The last quarter of the nineteenth century saw 
immense demands for increased and improved 
accommodation, and for the prompt execution of 
great works to meet those demands. It will be seen 
from Table I. that between 1862 and 1872 the ton- 
nage of the port had increased nearly 50 percent.,and 
the large powers which the Board obtained in 1873, 
involving the expenditure of 4,100,000/., resulted in 
the execution of works at the north and south ends 








of the estate at Liverpool between the last-named 
year and 1890, adding nearly 50 per cent. to the dock | 
accommodation previously existing at Liverpool. + 
The series of improvements carried out in these | 
ay took the form, at the north end, of new docks, 
aid out on the broad strip of land lying northward 
of Canada Basin, enclosed from the river many years 
previously, and awaiting development ; and at the 
south end of new docks on the vacant space between 
the Brunswick and the Herculaneum Docks. Before | 
the completion of this series, however, it had 
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ings of Institution 





* See ENGINEERING, vol. Ixxix., 
+ See G. F. Lyster’s paper, P: 
of Civil i 


Engineers, vol. c , Session 1889-90, Part 11. 





vessels, of ter tonnage, which had in the mean- 
time been built. During the years 1890 to 1908 
this was provided by alterations which are prac- 
tically an entire reconstruction of the groups of 
docks in two localities—viz., between the Bramley- 
Moore and Langton Docks towards the north end 
of the estate, and between the Toxteth Dock and 
Dukes Dock at the south end. 

The Sandon Dock has been entirely recon- 
structed, a group of six old and shallow graving- 
docks done away with, and a fine series of branc 
docks out of the Huskisson and Canada—six docks 
in all—formed. Four of these are quite new, and 
two of the Huskisson branches, as well as the main 
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Fig. 1. 


trunk of the Huskisson and Canada Docks, has 
been deepened by dredging, and their walls under- 
pinned to suit the increased depth. 
entrance to these improved docks is through the 
Sandon Half-Tide Dock, theriver entrances of which, 
two in number, are 100 ft. and 80 ft. wide respec- 
tively. Until the construction of the Gladstone 
Dock these have remained the deepest in the port, 
and through them all the vessels of the largest 


class— Mauretania, Lusitania, and others—enter | 


the docks to reach their appropriate berths. In 
the southern group, the new docks provided 


jare the Queen’s Nos. 1 and 2 branches, and the 
King’s Nos. 1 and 2, and large alterations and ex- | 


tensions at the Brunswick Dock. The deep-water 
entrances to these and the other docks in the 


‘locality are the Brunswick entrances, which have 
‘depths only second to the Sandon half-tide dock, 


and ample for the somewhat smaller, yet “7 
large vessels that use these southern basins. A 
of the docks are provided with shed. and other 
accommodation, suitable for the large oes 
carried by the vessels which use them. The sheds 


_ for the most part are double or treble-storey sheds, 
/not less than 95 ft. wide, provided on the dock 
|front with hydraulic or electric roof cranes of |It will be noted, indeed, that in respect of the 


The main |_ 


the cargoes. The Act 
rrowing of 1,600,0001. ; 
er, in- 


_ there has, since the latter date, been expended in 
| dock alterations and extensions at Liverpool a total 
/amount of about 12,500,0001., exclusive of large 
| additions to dock accommodation and accessories 
at the Birkenhead Docks. 

During the provision of improved accommodation 
for the reception of vessels for the loading and 

i ing of cargo, the need for graving-dock 
accommodation in convenient positions was not 
lost sight of. Here, again, the increasing dimen- 
sions of vessels demanded corresponding increases 
in the dimensions of the docks. Ample length 
had been provided in many of the docks, as it 
was cullen economieal to make one pair of gates 
serve for as long a chamber as possible, so that 
several ships could be accommodated in one dock. 
Thus, the m docks (2) are each 948 ft. long, 
with one pair of intermediategates; the Herculaneum 
No. 2 dock is 930 ft. long, and the Birkenhead No. 1 
dock also 930 ft. Jong. Although the increased 
length of modern ships was thus, as it were by 
accident, provided for, the dimensions of dept 
and width, which could not possibly have been 
anticipated at any time since paddle-steamers dis- 
appeared from trans-Atlantic service, were not 
met by the dimensions of the existing docks, except 
in the case of No. 3 Birkenhead dock, which ~- 
width at entrance of 85 ft., and was constructed be- 
fore the discontinuance of paddle-steamers. In the 
course of the dock alterations the following graving 
docks—Brunswick (2), Queen’s (2), Sandon (6)— 
had disappeared, and their sites has been taken up 
by other accommodation. In lieu of these there 
were provided, in 1899 the Canada Dock, in 1905 the 
Herculaneum No. 4 and the Queen’s Docks, and in 
1906 the Brocklebank Dock, the principal dimen- 
sions of which, with others, are given in Table II. 
The Canada Dock has the widest entrance—94 ft. 
It has a low sill, and its length is 925 ft.6in. It was 
provided in 1899 in view of the fact that the Oceanic, 
the largest ship of her day, was about to be put on her 
station, and it was difficult to find graving-dock 
accommodation for her otherwise. e Brockle- 
bank Dock is an adaptation of a uarrow wet dock, 
formerly used for loading and discharging small 
craft. By deepening it, and providing projecting 
shelves to serve as altar courses, a dry dock of 
excellent form was provided. It is of great length 
and its width is only slightly less than that of the 
Canada Dock. As a matter of fact, in order to admit 
long vessels its entrance is set on a splay, and its 
gates are probably the largest in the world, being 
135 ft. wide between the walls at the heel-posts. 

It may be interesting to give a table of the more 
recently completed docks with the dates on which 
they were constructed, including the new Gladstone 
Dock. In width there had been, prior to the build- 
ing of the Gladstone Dock, an increase from 60 ft. 
to 94 ft., and in depth over the sill from 22 ft. 10 in. 
to 31 ft. 9 in. Since the Canada Dock was opened 
in 1899 there has been still further progress to the 
1020 ft. of length given to the new Gladstone Dock, 
and the 120 ft. of width at the entrance, and 46 ft. 
of depth over the sill at high water of ordinary 
spring tides. 

TaBLE II.—Dimensions of Recently Completed 
Graving Docks. 





| 
| 
| 











or Bill 
Length of | Widthat over Sill at 
Year. Name, Floor.” | Entrance. High Water 
Spring Tides 
“1918 Gladstone Dock ..| 1020 ft. 120 tt. 46 ft. 
1906 Brocklebank Dock 796 ft. 5in. | 93 ft. Sin. | $1 ft. 7 in. 
1905 Herculaneum No.4 754 ft. 80 ft. 26 ft. 3 in. 
1905 hme ty Dock be 634 ft. 80 ft. | 35 ft. 
1899 Canada Dock .., 925 ft. 6in. | 04 ft. $1 ft. 9 in. 
| — Herculaneum No.3 768ft. (| 60 ft. 22 ft. 10 in. 
— Herculaneum No.2 930ft. | G6O0ft. 22 ft. 10 in. 
— \Hereulaneum No. 1) 758 ft. 6 in. 60 ft. 22 ft. 10 in, 





| 

| There are eight other docks between 400 ft. and 
| 500 ft. long, and several others of smaller size on 
| the Liverpool side of the harbour, while at Birken- 
| head, belonging to the Mersey Dock Board, there is 
| one dock 930 ft. long, and two others 750 ft, long. 
| One of the latter, however, is much more service- 
|able for the large modern ships, as it has a width 
at entrance of 85 ft. and a depth of water over the 
sill of 26 ft. 7 in. at high water of spring tides ; 
| the width of the others is only 60 ft. and 48 ft. 4 in. 








6 


ENGINEERING 





[JULY 4, 1913. 








Liverpool Docks the growth in length of ships was 
ousisincted before it was realised that the naval 
architect would increase the beam of his ship to the 
extent since adopted in practice ; the five docks 
built and completed since 1898 have widths at 
entrance ranging from 80 ft. up to 94 ft., as com- 

ed with the 60 ft. of earlier docks of great 
~y% now the Gladstone Dock has a width of 
120 ft. 

Reference has been made to the increase in 
wharf accommodation. Now the total length of 
the quayage in the Liverpool Docks is well over 26 
miles, and the water area of docks is about 427 
acres, while at Pirkenhead there are nearly 10 
miles of quayage and about 172 acres of water 
area. Very extensive provision has been made 
also for warehousing goods ; there is capacity, 
for instance, for about 229,000 tons of in, 


140,000 barrels of petroleum, 125,000 casks of 
tobacco, 10,000 casks of wines and spirit, 54,000 





25,600,0001. Of this sum only about 5} millions has 
been borrowed on bonds carrying interest of 4 per 
cent. up to 4} per cent., the remaining 20 millions 
is at a less rate of interest—a fact which in itself 
is conclusive proof of the confidence reposed in 
the Board and of the public recognition of the 
soundness of the engineering work which has 
been carried out for so many years by Mr. A. G. 
Lyster, who has recently resigned the position of 
engineer-in-chief to the Board, and has become the 
consulting engineer, being succeeded by Mr. T. M. 
Newell; while as regards the management there 
has been continuous and unanimous recognition 
also of the ability and experience of Mr. Alfred 
Chandler, the general manager and secretary. 

The Gladstone Dock forms the first part of an 
extensive scheme involving the expenditure of over 
3 million sterling authorised by the Act of 1906. 
This scheme embraces dock works extending north- 
wards on the Seaforth shore from the extreme 





6200 ft. long, with double-storey sheds, while to 
the south is timber-storage ground 1500 ft. with an 
average width of about 400 ft. To the north is the 
Gladstone Dock, as illustrated in Fig. 1. It is 
proposed also to have a lock connecting the Alex- 
andra and Hornby Docks with the new Gladstone 
Dock. The scheme therefore provides for the 
berthing of four ships respectively of 1270 ft., 
1300 ft., 1325 ft., and 1510 ft., in length without 
projecting into the canting area, while the graving- 
dock to the north, with entrance from the same 
half-tide dock, is suitable for ships 1050 ft. long. 
As to beam, the latter is suitable for ships of 
120 ft., while the depth over the sill is 46 ft. at 
high water of ordinary spring tides, or 35 ft. at 
lowest neap tides. 

The scheme, as thus planned by Mr. Anthony 
G. Lyster, then the chief engineer, and now the 
consulting engineer, of the Board, was approved 
by Parliament in 1906, but owing to the depression 
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bales of wool, 100,000 tons of general goods, while 
the refrigerating stores are equal to accommodat- 
ing 3,225,000 carcases of sheep or the equivalent 
of other perishable food. e value of the 
Board’s warehouses is approximately 1,406,0001. 
These figures indicate the immensity of the opera- 
tions of the Mersey Dock Board. One further 
fact indicative of this is that while in 1883 the 
tonnage of the fleet owned by the Board was 3493 
tons net, of a value of 208,900l., it increased in 
1898 to 10,060 tons, valued at 532,6001., while now 
it has a net tonnage of 21,156, the value being 
930,7001. This includes some of the largest sand- 
mp dredgers in the world, which have been 
oing very extensive work, deepening the channel 
and river bar at the entrance to the harbour for the 
to and fro of the Atlantic leviathans of 
to-day. The great size and loaded draught of 
these ships—the latter up to 35 ft.—indicate the 
extent of the work in this respect. 
One more fact may be mentioned, and that is 
that the Acts passed since 1859 authorised borrow- 
ing powers to the extent of over million 


sterling, and that the loans, annuities, debenture 
stock, &c., outstanding at the present time total 
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northern end of the existing docks for approxi- 
mately 2600 ft., and seawards into the River 
Mersey for about 2200 ft. This area adjoins the 
—. which again is alongside the Alex- 
andra k. The site 1s clearly shown in Fig. 1, 
page 5, from which it will also be seen that 
the Mersey Dock Board own a considerable area 
of land for extension still further north. The 
works proposed include an entrance-lock from 
the river, which according to the original scheme 
was to have a length of 870 ft. and a width of 
130 ft. ; but these, especially the length, will prob- 
ably be increased when the work is carried out. 
The lock, on the original plan at the south- 
west corner of the site, as shown, will give entrance 
to the dock area immediately within the river 
wall. There is first to be a half-tide dock of 
14} acres, and from this area there will stretch 
landwards two branch docks, each 400 ft. wide 
and separated by a quay 1300 ft. long facing 
No. 2 branch dock, and 1325 ft. long facing 
No. 1 branch dock. There will be double- 
storey sheds, 100 ft. wide, adjacent to each wharf- 
face. Thus, apart from the half-tide dock, 
there is in the two branch docks quayage over 





Cross-Section oF ENTRANCE CHANNEL TO GLADSTONE Dock. 


in the shipping trade it was deemed prudent to 
delay the nning of the work. When the 
Cunard Company decided to proceed with the 
building of the Aquitania, the Board agreed to 
carry out so much of the works as would give 
accommodation to this ship or others of corre- 
sponding size for embarking and debarking pas- 
sengers, and for loading and discharging cargo, 
&c., as well as for dry-docking for repairs or 
overhaul. 

The graving-dock provided in the complete scheme, 
with the addition of an entrance channel having 
timber dolphins for guiding the vessel in and out 
of the eee pre affords all this accommodation, 
and the work of constructing these, as illustrated 
on pages 5 to 9, and on Plate I. and e 16, was 
commenced in the autumn of 1910. ere was 
first constructed a dam around the site of the 
complete works. This was formed of a clay core, 
tipped to high-water level, and packed above 
this level, the face being of rubble; the material 
was excavated from the site of the works, where, 
under a covering of sand and silt, there was found 
clay suitable for the — The building of this 
dam occupied only about five months, the two ends 
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the upper altar course to the coping, a height 
ro- 
tar 
courses, These walls as well as the head wall of 
the dock, are entirely of conerete in situ, and a 
cross-section of the north wall is given in Fig. 9, | 

ge 9. About 25,000 tons of cement were used | 
in the whole works, and 400 tons were put into the 


of 20 ft.; the wall is plumb, but has two 
jecting concrete ribbons, to serve also as 


walls per week during the busiest periods. 
Fig. 14, on Plate i, 


> 


is a view looking west from 
behind the south wall, showing beyond the body of | 







from foundation (Fig. 9) is 68 ft. 6 in. 
the top 1554 ft. 


“Three 

ee lines 
keel blocks 4 ft. high are 
vessels when the dock is val 
Plate I., shows the dock practically completed. 








be realised. The maximum height of the =e) 
The width 
of the dock proper at the bottom is 141 ft. and at | 


shows the plan of the permanent works, with the 
Se oil-fuel tanks for internal-com- 
ustion pumping-engines, &c., on the southern 


The floor is of concrete in situ, | entrance wall. The sill has been constructed for a 
3 ft. 6 in. thick, the lower part of 8 to 1, and the’ sliding, in preference to a floating, caisson, because 
15 in. to 18 in. thick, of 6 to 1 concrete. | with the latter two would have been required, one 
of blocks (see Fig. 7) for centre and bilge- 


for retaining water in the dock when the tide was 


rovided for supporting lower than the water-level in the dock, and the other 
for repairwork. Fig.16, | for keeping the tidal water out. 


The chamber for 
housing the sliding caisson when not in use is shown 


To afford access to the altar courses and to the' in Figs. 8 and 12, and Fig. 18, page 16. The side- 


------------------- 141:0 Between Walis 
-------129'0° Clear Width of Floor 
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the dock before the commencement of excavation. | caisson-chamber, staircases are provided from the 
The lower part of the wall, formed in trenches, is coping level through the walls, while at the head 
not seen, but only the = above the original level | of the dock, as shown in Figs. 5 and 6 and Fig. 16, 
of the foreshore. The body of the dock, in which are steps with boat-landing stages. For the safety of 
excavating had been commenced, is seen beyond men working on the altar courses there are hand- 
the wall, and the enclosing dam, east and west, is rails, as shown in Fig. 9. 
visible in the background, with the sea beyond. The details of the construction at the entrance 
Steam excavators were used for the purpose of are well shown in the drawings reproduced on 
removing the material in the interior. This Figs. 5 to 12. It should be explained that the 
totalled 165,081 cubic yards of soft soil and 63,826 entrance channel with dolphins, Fig. 3, which is 
cubic yards of rock. Fig. 15, on Plate I., shows | about 1200 ft. long, with a width of about 400 ft. at 
the work of excavation in progress. It was only the river end, tapering down to the width of entrance 
then that the great dimensions of the dock could of the dock, is, in part at least, temporary. Fig. 8 


walls of the entrance diverge slightly inwards from 
the net width of 120 ft., at the point where the outer 
faceof the caisson abuts, while on the line of the inner 
face the width is 128 ft. This difference in width 
will enable the sliding caisson to be floated out of 
ition should external repairs to it be necessary. 

he caisson itself, which was constructed by the 
Motherwell Bridge Company, Limited, is 124 ft. 
long on the outer face and 132 ft. on the inner, 
these two faces being parallel vertical planes, and 
the moulded breadth is 25 ft. The maximum head 





|of water against it will be about 46 ft. in still 
When in the closing position across the 


| water. 
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entrance it bears inst the sill and jambs of | used for others which may be built in the future. clough paddles or penstocks on the culverts con- 


polished granite. 


jambs, take the pressure, of course, when the|docks. The numerous small connections between direct-acting hy 
water is impounded in the dock, and the shore-| culverts and pump-well will admit the water at 
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ward jambs when the dock is in use as a graving- 
dock. The weight is borne upon similar surfaces 
on the bottom of the caisson recess. All the bear- 
ing surfaces of the caisson are of greenheart timber. 
The caisson moves across the passage by sliding on 
the greenheart sill _ or keels over the polished 
granite surfaces of the sill. The distribution of 
water and air spaces in the caisson is such as to 
secure its stability under all conditions without 
putting undue weight upon the sliding surfaces 
when the caisson is being moved. Two electri- 
cally-driven centrifugal pumps are provided on the 
caisson for pumping out the ballast- tanks when 
it is required to float. The movement of the 
caisson to and fro is effected by hauling on steel- 
wire ropes, actuated by electric motors placed on 
the masonry at the south end of the caisson recess, 
and attached to the south end of the caisson, the 
outward pull being effected by a rope passing over 
pulleys on a cross-beam fixed at the south coping 
of the entrance. Outside the working caisson there 


are provided a sill and jambs at a width of 130 ft. | : 


so that a floating caisson may be temporarily used 


in the event of the sliding caisson being withdrawn | ° 


for any reason. The width of 130 ft. was decided 


upon so that the floating caisson may be suitable | - 


for a like use at certain of the other entrances of 
the system, such as the main entrance lock. 

The arrangement of sump, well, culverts, and 
penstocks, with reference to the pumping-station, 
are clearly illustrated on the drawings on the present 
and opposite pages (Figs. 5to 12). The well (Fi 


11, 12, and 17), situated near the entrance on the | ~ 


south side, is 125 ft. 9in. long by 20 ft. deep, witha 
height from floor to soffit of roof of 26 ft., is built of 
5-ft. concrete walls, and the floor, 1 ft. 6 in. thick, 
has a fall of 1 in 10. The water flows from the 
dock-sump, which is 22 ft. 6 in. below the floor of 
the dock, into this well through two culverts, 8 ft. 
6 in. wide by 12 ft. 6 in. high, and is pumped 
through five shafts, as shown in Fig. 11. To 
facilitate the complete emptying of the dock, 
which would drain but slowly, as the floor is laid 
without a fall longitudinally, large culverts are laid 
along each side, to which the water flows through 

ulleys and connecting drains at short intervals. 

he culvert under the north wall discharges into 
the pump-well, passing under the sill of the dock. 
Alongside of it is a similar culvert for connection 
with such culverts as may be constructed for 
graving-docks to the north of the Gladstone dock. 
In this way the pumps for the latter dock may be 








e riverward sill face, and|The culverts are also intended for filling the trolling the emptying and filling are worked by 


ulic cylinders. 


An interesting feature of the pumping plant is 
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the fact that the pumps will be 
driven by oil-engines. These are 
of the two-cycle Diesel-Carels type, 
manufactured by Messrs. Carels 
Fréres, of Ghent, while for the 
complete pumping installation the 
Worthington Pump Company, Limi- 
ted, are responsible. The duty re- 
quired is to empty the dock of its 
full contents — about 44 million 
gallons = 200,000 tons—on an 18 ft. 
tide—in 24 hours. There are five 
sets of centrifugal pumps, with 
discharge-pipes 54 in. in diameter, 
each having a valve operated by an 
hydraulic cylinder working under 
700 lb. pressure. Each pump is 
driven direct at 180 revolutions per 
minute by a four-cylinder engine of 
wer. Certain of the pumps are 
to remove the drainage water 





dock without undue turbulence and consequent from below the general level. Two of the pum 


risk of displacing blocks or other articles. The | are arranged to take alternatively water from the 






10 


ENGINEERING, 





[JuLy 4, 1913. 








entrance channel into the dock to provide against | three days.* On Friday, the 27th ult., the meetings 


any undue reduction of depth of water in the dock 
through leakage or otherwise. 

The oil-engines are of the Carels type, which have 
been illustrated in previous volumes of Ein sINEER- 
ING. 
from the crank-shaft, while the fuel-injecting air is 
provided by Reavell three stage compressors, also 
driven direct by the crank-shaft. The high- 
pressure air is stored in solid-drawn bottles tested 
to 2000 lb. per sq. in., and is used also for starting 
up the engines. The cylinder-cooling water is 
stored in a tower and is -maintained by three 
electrically-driven horizontal centrifugal pum 
having a capacity of 25,000 gallons per hour. The 
water flows from the jackets into a well, whence it 
is pumped to th: tower. The auxiliaries include 
an independent air-compressor as a stand-by, and 
electrically-driven pumps for priming the main 
pumps and. for draining the engine-room. The 
whole of the machinery is accommodated in an 
engine-house, as shown in Figs. 2 and 12. In it is 
a 15-ton overhead travelling electric crane, which 
was used for erecting the pumping machinery. The 
greater part of the engine-house lies below the 
quay level, and for ventilating it there are six 
electrically-driven Davidson ‘‘Sirocco” fans, drawing 
air from above the quay level and discharging it 
near the floor. The oil fuel for the engines is 
stored in two separate tanks, each of 25,000 gallons 
capacity, situated outside the engine-house, and 
two intermediate tanks of 300 gallons capacity 
each, fed from the main tanks, the oil being 
delivered from them to the filters adjoining the 
engines. 

he shed for the reception of cargo, &c., is on 
the north side of the dock, and is shown on the 
cross-section, Fig. 4. It is a single-storey shed, 
900 ft. long and 100 ft. wide, in two spans, and 
has continuous doors on the dock side, and a large 
number of openings on the road side, where a 
railway track is laid, as shown in Fig. 4. Its length, 
as shown in Fig. 2, is divided into three sections 
or compartments by cross-walls of brick, in order, 
among other reasons, to localise possible fires. 
As shown in the section, 30-cwt. movable cargo- 
cranes, electrically operated, have been provided 
in front of the shed. Four such cranes have been 
constructed by the firm of Sir W. G. Armstrong, 
Whitworth and Co., Limited, provided with com- 
pensating arrangements of the Musker type; one 
set of wheels runs on a rail on the coping of the 
dock, and the other on the eaves of the shed. The 
cranes traverse the full length of the shed. A 
movable steam-crane of 5 tons power is arranged 
for dealing with loads required in graving-dock 
work. It runs on rails laid on both sides and 
around the head of the dock. Amongst other 
appliances are two powerful hydraulic capstans, 
capable of hauling 20 tons, one placed at each end 
of the dock, and six 1-ton hydraulic capstans along 
the sides. 

The pressure water is provided by two sets of 
electrically-driven three-throw pumps, working in 
association with an hydraulic accumulator. he 
electric current for the four cargo-cranes, and for 
eleven arc-lamps carried on steel lattice columns, 
90 ft. high, which are used for lighting the dock, 
is taken from the public supply mains, the pressure 
being 440 volts for power and 220 volts for lighting. 

It may be added that the fairway and entrance 


channel will be dredged to give a depth of 48 ft. at 


high water of ordinary spring tides, so that as soon 
as the Aquitania is completed the dock will be 
ready for her accommodation. 


Dock Board staff and plant, under the direction-— 
until the end of 1912—of Mr. Anthony G. Lyster, 
president-elect of the Institution of Civil Engi- 
neers, and late engineer-in-chief to the Dock 


The scavenging-air cylinders are operated | 


The whole of the | 
work described has been carried out by the Mersey | 


were resumed in the Rankine Hall of the Institu- 
tion of Engineers and Shipbuilders in Scotland at 
10.30, when four a eg were read and discussed, 
| Mr. Hall-Brown being in the chair. 


Triats or GEARED-TURBINE Ferny STEAMERS. 


The first paper to be taken was one by Dr. J. 
' Inglis **On the Trials of Three Ferry Steamers 
Propelled by Geared Turbines.” This paper we 
reproduce in extenso on page 25 in this issue. 
he first contribution to the discussion was from 
Professor Sir J. Biles, who said the paper was 
a very satisfactory record of a very satisfactory per- 
formance in the latest developments of marine 
Cage Members would, he thought, congratulate 

r. Inglis on the work done by his firm in that con- 
nection. The author would have added greatly to 
the value of his paper had it been possible for him 
to convey in it some impression of the noise caused 
by the installation in the ship. No one nowadays 
disputed the mechanical efficiency of geared turbines, 
but there were persons who still raised objection to 
the system on the score of noise. On the trip on 
the preceding day they had doubtless formed a con- 
ception of the noises on the particular vessel on 
which they had been, and mentally they had doubt- 
less compared them with those on other vessels 
with which they were acquainted, but it was im- 
possible for them to convey that impression to 
others. Until they had a means of measuring noise 
that difficulty would remain. There were a great 
many noises in ships without geared turbines 
which were very much more objectionable, to his 
mind, but which were tolerated at the present 
time. The problem laid down in the particular 
case of these three vessels was unusual—viz., it 
was necessary to attain a certain speed in order to 
cover a certain distance in a certain time from rest. 
The author said there were no actual data on which 
to base such a calculation, but given the curve of 
resistance and with a knowledge of the thrust, it 
was possible approximately to arrive at the speed 
necessary with a given ship form, and the time 
necessary to attain that speed. A method of calcu- 
lation of that nature had been employed with re- 

rd to the investigation into the collision of the 
eas and Olympic. In the book he had written 
recently he gave a chapter dealing with that 
question, and it was also a subject dealt with at his 
lectures at the Glasgow University. The practical 
application of the problem was important. For the 
first time the paper gave the calculated curves and 
actual results from ships together. That he 
thought most valuable to the Institution. 

Sir A. Denny said the paper was valuable, because 
the more actual examples they had of the relations 
between speed and power the better it would be. 
He would ask the author how it was no particulars 
or dimensions had been given of the propellers. 

Mr. E. R. Mumford said that he desired to con- 
gratulate Dr. Inglis and his firm on the successful 
fulfilment by the three vessels of the rather unique 
speed conditions that were specified and guaranteed. 
In the racing world a standing start was quite usual ; 
but the — of power-driven ships was generally 
specified for a ‘‘ flying start” over a measured dis- 
tance. There was frequently inserted in the speci- 
fication, however, more particularly for turbine- 
| driven vessels, a clause defining the distance in 
| which a vessel must be brought to rest from a 
certain s A ge x understanding and solu- 
tion of the problem o as the vessel to rest 
| involved a consideration of the same factors as did 
the problem which was set Dr. Inglis of accelerat- 
ing from rest. Those factors were the total mass 
| dealt with, the resistance at all speeds, and the 
| thrust of the propellers at all speeds. It has been 
| the practice at Messrs. Denny’s, for many years, 
‘to estimate the rate of deceleration of ships from a 


| 
| 





Estate ; and since that date of his successor, Mr. careful consideration of these factors. 


Thomas M. Newell, M. Inst. C.E., the present 


engineer -in-chief. Mr. W. Hemming Jones, 


The mass affected was that of the vessel plus 
| some of the surrounding water. Froude’s finding, 


M. Inst. C.E., was the resident engineer for the| from the Greyhound experiments, was that the 


whole of the time. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


As reported in our columns last week, the summer | impression of agreeing 


meeting of the Institution of Naval Architects was 
held in oxo from Tuesday, the 23rd ult., till 
Friday, the 27th ult., inclusive. 


Tn our last issue | the 


| combined mass of vessel and water was 20 per cent. 
|greater than that of the vessel, and that was 
| usually accepted, and found to give accurate results. 





* In Mr. Foster King’s remarks on Dr. Thearle’s pa) 
(page 881 of our last volume), he was made to give the 
with Dr. Thearle that double- 
jangle chocks are a suitable reinforcement, whereas the 
chief point Mr. King — to make was thatthe proper 

cure is to be found in stiffer frames, which would relieve 
chocks from strain, because of the reduction in 


we gave an account of the proceedings of the first | deflection in the frames themselves. 


The resistance of the vessel at all speeds, up to 


maximum s was deduced from experiments 
with the model in Messrs. Denny’s experimental 
tank. The model was tried with and without shaft- 
brackets, and the resistance which had to be over- 
come by the thrust of the propellers was the 
resistance of the ship with shaft-brackets augmented 
about 10 per cent. by the action of the propellers. 

The thrust of the propellers during acceleration 
from rest was not amenable to such accurate deter- 
mination. Messrs. Denny had made, however, 
numerous retardation tests with full-sized vessels by 
an accurate method which gave a continuous record 
of the rate of retardation, and of the revolutions per 
minute of the propellers during retardation from full 
speed to rest. Those records permitted an estimate 
to be made of the revolutions per minute during 
acceleration of the three vessels built by Messrs. 
Inglis, and, from the revolution curve thus deduced, 
it was possible to estimate the increasing thrust of 
the propellers during acceleration with sufficient 
accuracy, making a slight allowance for the time 
taken to turn on full steam. The estimated amounts 
were shown in the diagram reproduced herewith. 
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The thrust at full speed had, of course, to balance 
the resistance at full speed, while the thrust at 
zero speed was determined from the results of 
experiments with model screw propellers, assuming 
the ship’s propellers to have a diameter and pitch of 
4 ft. 8 in. The thrust for no speed of advance of ship 
was a function of D‘ x (revolutions per minute)’. 
Thus the thrusts for zero speed and full speed being 
determined, it only remained to connect the two 
points by a curve of parabolic character, slightly 
altered in curvature at the low-speed end, to allow 
for the time taken to turn on full steam. 

Having thus obtained all the factors required 
for determining the rate of acceleration, it only 
remained to apply, by the method of graphical 
differentiation, the average accelerating force—i.e , 
the average thrust minus the average resistance— 
during each small increment of speed, to a mass 
20 per cent. greater than the mass of the vessel. 
In that way the time, distance, and average speed 
during each increment was calculated, and the 
integration of the whole gave the dotted curves in 
Fig. 1, page 25. When the calculation was made, 
the weight of the ship was taken to be 800 tons ; 
the actual displacement of the ship on trial was 847 
tons. The effective horse-power given by Dr. Inglis 
in Fig. 3, page 25, was for a ship fitted with shaft 
brackets. any of the published results of stop- 
ping trials of vessels—i.e., the distances in which 
vessels had been brought to rest—were demon- 
strably impossible. Such results were quoted as 
authoritative, and did harm in many ways, but the 
method described of estimating rate of accelera- 
tion could be applied to estimate rate of retardation 
with sufficient accuracy te provide a healthy check 
upon all such published figures. 
| Mr. S. J. Reed said he had been associated with 
Professor Sir J. Biles in connection with the 
London and South - Western Railway steamers 
Normanpnia and Hantonia, which were on what was 
really a severe service, They had been in service 
some sixteen months, and the gears showed no 





signs of wear, while no trouble had been experi- 
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enced with the machinery. These boats consumed 
43 tons of coal per double trip, their service speed 
being 18 knots, equivalent to 19 knots on trial. 
The ordinary ships on that service took 44 tons. 

Mr. Max be a said the steam saat: a 

iven by the author was interesting. He would like 
fo een. what the method was by which it had been 
arrived at, and also would like to know what the 
vacuum had been at which the turbines worked. 
He considered the 124 lb. steam per shaft horse- 
power good, but the figure of 3 lb. of steam con- 
sumed by the auxiliaries was higher than would 
have been expected. 

The next speaker was. Mr. W. B. Sayers, who 
said that many years ago he had submitted at a 
meeting of the Institution a model of a gear which, 
he thought, had advantages over the direct drive. 
The noise of gears depended upon two factors : 
one was the accuracy with which the teeth were 
cut, and the other was their resiliency. Even if 
perfect accuracy in cutting were attained, steel was 
not a rigid material, and the teeth would yield 
slightly. It followed that those next to a pair in 
contact would come into more or less violent 
collision. That was avoided by the adoption of 
helical gears. The same was true of epicyclic gears, 
and it was the latter which he had suggested. Such 
gears could be arranged to give muc eater re- 
ductions, and the magnitude of the collision could 
be greatly reduced ; the teeth rolled much more 
perfectly on each other. 

Dr. Inglis, in reply, said that they had attempted 
to make records of the noise due to the gears, 
but had not succeeded. Jt was much less objec- 
tionable than might be expected. The vessels had 
flying-decks, and in the houses above there was 
nothing which could be considered objectionable 
in a passenger ship. It was fifty-six years since he 
had been at the Untventite, and although in those 
days he had had the privilege of acquiring know- 
ledge under Rankine, at that time very little atten- 
tion was given to naval architecture; they had 
none of the modern advantages in that way. With 
regard to the consumption, the water consumption 
was actually measured. While the steamer was in 
the river the consumption of the auxiliaries was 
taken. The feed make-up was also determined. 
These were subtracted from the whole measured 
amounts of the steamer when running. Particulars 
of the propellers had been published by Sir C. A. 
Parsons. 

At this point of the proceedings the Chairman 
read out a message which had been sent by the 
Marquess of Bristol and himself to the Marquess of 
Graham and Mr. Beardmore, thanking them for the 
pleasant entertainment provided for members on 
the previous day. A telegram of acknowledgment was 
also read in reply from the Marquess of Graham. 


Tue Courtine or Cruisinc ToRBINES. 


The next paper was descriptive. It was entitled 
‘*A Device to Facilitate the ae of Cruising 
Turbines,” and was by Mr. H. E. Yarrow. This 
paper is reprinted on page 26 of this issue. 

Mr. J.S. Nicholson said a good method of judging 
the relative speed of shafts was the stroboscopic 
method of two revolving discs. One disc had slots 
in it, and the other spots. On looking through the 
revolving slotted disc, if the spots appeared to be 
stationary, the shafts were running at the same 
speed. & order to determine the actual point at 
which the clutch should be closed, all that was 
necessary was to fix the f png of observation. A 
mirror might be applied so that an observation 
might be made from one side. 

Another ker said that for noiseless working 
the two shafts should be arranged so as to form 
two parts of a solid shaft. That had now been 
successfully accomplished. Mr. Whiting said that, 
representing the Admiralty, he felt thanks were 
due to builders who tackled such problems as 
those. It was largely due to Admiralty demands 
that the builders had to face those matters, and 
they were therefore thankful that such valuable 
efforts are being made to arrive at satisfactory 
solutions. Mr. H. E. Yarrow had little to reply to, 
but wished to remind Mr. Nicholson that it was as 
n to determine which shaft was revolving 
the faster of the two as it was to determine when 
both were revolving at the same speed. 


PERFORMANCE OF THE MorTor-Surr ‘ Svecta.” 


In the absence of the author, Mr. I. Knudsen, 
Professor G. W. Hovgaard next read a paper en- 
titled ‘Performance on Service of the Motor-Ship 


Suecia.” This paper is reproduced on page 27 of 
this issue. 

There being no member in the body of the hall 
anxious to discuss this paper, Mr. Hall-Brown, 
from the chair, said he might perhaps be allowed 
to thank the author for the information it con- 


never fitted. They had fitted one designed for 
110 revolution per minute, but that was unsatis- 
factory. Afterwards the pitch and surface of the 
propeller had been increased with a gain of 124 
cent. in thrust, and they 
getting as good results with oil-engines as with 
steam. He thought there was always a tendency 
to give the motor an advantage. The ships were 
frequently built on rather finer lines. 

Professor Hovgaard said he had received a little 
additional information as regards the sea service of 
the Suecia. That vessel and the Alex Johansen, a 
steamer, had sailed on a voyage to Rio and back 
within a few days of each other, and encountered 
very similar weather. The steamer was slightly 
longer and finer than the Suecia. From the logs 
it appeared that the mean speed maintained by the 
Suecia was slightly better than that by the steamer, 
though on trials the results had run the same for 
the two ships. That showed that the propulsion 
efficiency was about the same for both ships. 

Mr. Hall-Brown said that coincided, he thought, 
with general experience that the sea performance 
was better maintained with the smaller than with 
the larger propellers. 


ELectric PRorutsion. 


The last paper at the meeting was one by Messrs. 
J. Reid and H. A. Mavor, and was entitled ‘‘A 
Case for Electric Propulsion.” It dealt with the 
problem of traffic on the Canadian canals, and 
pointed out that electrical propulsion would have 
many advantages where there was much to be done 
in the way of manceuvring through locks. It was 
summarised by Mr. Mavor, and will be reprinted 
in a future number of ENGINEERING. 

Mr. M. Wurl said the authors had put before 
them a definite case, and no doubt the arguments 
advanced had some force ; but in their comparisons 
with the direct-driven Diesel engines, he thought 
they were inclined to over-rate the difficulties, 
especially with re to the question of the pro- 
peller. It would be interesting to know if definite 
trials had been made from which had been 
obtained. The authors also made out that boats 
with small propellers were helpless. However, in 
spite of such arguments, Diesel-engined ships had 
gone to the Canadian Lakes. For instance, the 
Calgary had a fast-running propeller making about 
250 revolutions per minute, having a fine pitch, 
and yet the results were as good as those obtained 
with steamships. Taking the figures for the Welland 
Canal, the time given in the paper for transit was 
16 to 24 hours for steamers. This year the Calgary 
had made five trips, all of them in about 18 hours, 
which compared favourably with steamships. 

Mr. Mavor said, in reply, that in his opinion 
direct reversing an engine running at 250 revolu- 
tions per minute was a pretty tough problem in the 
engine-room. A 8 of 80 revolutions per 
minute was very much better for the staff. 


ConcLupiInc PROCEEDINGS. 


At the close of the discussion Mr. Whiting pro- 

a vote of thanks to all who had in any way 
contributed to the happiness of their visit. They 
had throughout met with unremitting kindness, 
and would all look back to the time with pleasure. 
The main object of the meeting had been achieved, 
the papers had been good, and the weather had 
been favourable. Their thanks were especially due 
to the Institution of Engineers and Shipbuilders in 
Scotland, from the President, Mr. ll-Brown, 
downwards. The vote was seconded by Dr. 8. J. P. 
Thearle, who said he could add nothing to what Mr. 
| Whiting had said, though he could not refrain 





| from a mild expression of envy at the Institution 
| having been able to offer them hospitality in such a 
_ splendid building and hall, and hoped that their own 
' Institution might be stirred to imitate them in that 
| respect in London. 


tained, for he (the speaker) had been one of those | 
who had complained about the lack, in a previous | manner in which they had discharged the onerous 

per, of certain data which this paper now gave. duties falling to them, and after a suitable acknow- 

e was, however, still of the opinion that it was ledgment by Mr. Darra the meeting terminated. 
difficult to obtain the same propulsion efficiency| In the afternoon a reception was held by Mr. 
in a motor-driven as in a steam-ship. In the case| A.C. F. and Mrs. Henderson on the Anchor liner 
of the Eavestone they had started with a pro-| Caledonia. An alternative had been arranged in 
peller designed for 160 revolutions, but that was | the form of a trip to Loch Lomond. 


| 
| 
| 


| 


were now probably Shipping to give a dinner to the 


| 





In acknowledging the vote, by 





which was with acclamation, Mr. Hall- 
Brown said that the Reception Committee and all 
the Institution had been enthusiastic over the 
meeting, and it was therefore a source of great grati- 
fication to them that it had been so successful. 
Cordial votes of thanks were also to Mr. 
R. W. Darra and to Mr. E. H. Parker for the 


British Corporation DInneER. 


It was a happy inspiration on the part of the 
British Corporation for the Survey and Registry of 
ests attending 
the meetings of the Institution of Naval Architects 
in Glasgow at the conclusion of the visit. This 
dinner, on Friday evening, was largely attended. 
Mr. Robert Clark, Chairman of the Corporation, 
presided, and the toast of ‘‘Shipping Interests ” 
was proposed by Mr. F. Harcourt Kitchin, and 
responded to, on behalf of the shipowners, by 
Mr. W. H. Raeburn, a large shipowner and repre 
sentative of many of the owe connected with 
the harbour of the Clyde, and on behalf of ship- 
builders by Sir Archibald Denny, Bart., of the well- 
known Dumbarton firm. The latter made the very 
true observation that never had the science of ship- 
building and engineering been advancing so rapidly 
as at the present time, and that neither owner nor 
builder must slacken his efforts to keep the country 
to the front. The Chairman proposed the toast of 
‘* The Institution of Naval Architects,” and referred 
to the work that had been done under the auspices 
of the Institution. Viscount Hythe, in responding, 
expressed appreciation of the hospitality extended 
to the Institution while in Glasgow. Professor 
Barr proposed ‘‘ The British Corporation for the 
Registry of Shipping,” and this was acknowledged 
by Sir Nathanie nlop, one of the original 
founders of the Institution, and now an honorary 
vice-president. 





THE INTERNATIONAL ROAD 
CONGRESS. 


(Continued from page 871 of our ninety-fifth volwme.) 
Roapways ON Bripags. 


In the afternoon of Tuesday, June 24, the first 
Section met, under the presidency of Sir Maurice 
Fitzmaurice, to discuss the question of ‘‘ Types of 
Surfacing to be Adopted on Bridges, Viaducts, and 
the like.” 

Papers had been submitted by delegates from 
Austria, Belgium, the United States, France, Great 
Britain and Ireland, Hun and Russia. These 
were summarised by Mr. P. O. Cowan as ‘‘ general 
reporter,” who submitted a series of resolutions, 
which, after some verbal amendments, were 
adopted as follow :— 


1. The choice of road surfacing for bridges depends on 
the nature and intensity of the traffic, the local condi- 
tions, such as permissible first cost, kinds of material 
readily available, and climate. For light bridges the 
choice is largely influenced by the weight of the surfacing. 
Public safety and convenience should be first regarded 
rather than questions of comparative cost. 

2. On short bridges, in town or country, it is desirable 
that the surfacing should be the same as that on the 
adjoining streets or roads, 

3. In forming the roadway on bridges, s 
should be taken to secure proper drai and to prevent 
the harmful percolation of water. With longitudinal 
gradients of at least 1 in 50, the cross-section of the 
surface may be made nearly flat, and the dead-load 
thus reduced. 

4. As a general rule, the surfacing of a bridge should be 
water-proof, capable of resistance to wear, durable, and 
of a weight appropriate to the structure of the bridge ; 
it should also be as smooth as possibla without being 


slippery. : 

_ 5. Plank surfacing on bridges is light, and its first cost 
is low. Its cost of maintenance is, however, excessive, 
except where the traffic is light. Its extreme liability to 
damage by fire is a serious disadvantage. It should not 
be adopted, except in remote districts in which there is 
an abundance of cheap timber and where a more desirable 
form of surfacing is not easily obtainable. Single-plank 
floors are only suitable for very light traffic. For moderate 
or heavy traffic, two layers of planking, the lower of 
which is creosoted or otherwise pro from rapid 

decay, should be used. 
6. Macadam, or ordinary broken-stone surfacing, on 
, is not always satisfactory, on account 
weight and ite permeability. is, 


care 
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however, — satisfactory for massive bridges in rural 
districts, if the substructure has a proper damp-course. 

7. Macada: nd with tar, or other water-proof and 
elastic material, is useful and economical for the surfacing 
of rural bridges with moderate traffic, when the spans are 
short or the structure is massive. - 

8. Wood-block Yn | 3in. to 5in. thick is an ideal 
surfacing for bri gee in most cases. It is light and 
durable, and can laid on concrete, or, when weight 

be minimised, on a timber sub-floor, which should 
be creosoted. Special care should be taken in the selec- 
tion, treatment, and laying of wood blocks for bridge 
paving, to avoid troubles due to expansion and con- 
traction of the blocks or of the metal structure. 

9. Asphalt, in various forms, is an excellent surfacing 
sant for bridges with easy ients, on which the 
traffic is not confined to definite lines or very heavy. 

10. Stone paving, ied out either with ordinary 
hand-dressed setts or with small setts (Durax; Klein- 
pflaster), laid on concrete and bound with cementor pitch, 
makes excellent and economical surfacing for bridges 
with heavy traffic. However, it is only suitable in cases 
where questions of the weight of the surfacing or of noise 
are of no importance. The thickness of the layer of sand 
inter between the setts and the foundation will be 
decided in the same way as with an ordinary carriage- 
way, in town or country, as the case may be. 

11. For movable bri and for non-rigid suspension 
bridges, the surfacing should be light and easy to attach 
to the bridge platform. The trials made in France and 
Belgium with old mine cables, or other fibrous substances 
of even less cost, and with such materials impregnated 
with tarry, bituminous or asphaltic materials, should be 
encouraged. 

In submitting these to the meeting, Mr. Cowan 
pointed out that in the British Isles there was no 
general department to carry out systematic ex- 

riments on competing systems, but, on the other 
jase our freedom from central control led perha 
to the trial of more varied methods than would 
otherwise be the case. He did not in all cases 
agree with the authors of the — and, in 
particular, did not consider it g ractice to 
use a thick cushion of sand under w or stone 
pavement. No sand whatever should, in his 
view, be used with wood, and with stones it 
should be reduced to a minimum, or, still better, 
replaced by cement mortar. On the Continent 
a layer of sand 3 in. thick was used under 
setts, because it reduced both shock and noise; 
but this, in his opinion, could be more effectively 
done by freely dressing the setts. For asphalt, 
one of the authors had proposed to limit the 

radient to 1in 66. This, he thought, was too 
ow, as artificial asphalt afforded a fairly good 
foothold, and was quite suitable for much steeper 
gradients. Mr. Tannenbaum, of St. Petersburg, 
appeared to be pessimistic in regard to wood 
paving ; but the speaker observed that the wood 
used was ‘“‘hewn”’ to form as laid. Experience 
here with wood surfaces properly laid was that 
they were both hygienic and water-proof. MM. 
Denil and Bijls were, he thought, wrong in holding 
it impossible to join up metalled roads and pave- 
ments. In this country ordinary macadam was 
found quite satisfactory as laid alongside the tram- 
way setts. 

The first speaker was Mr. Tannenbaum, of St. 
Petersburg, who wished to alter slightly the word- 
ing of Resolution No. 4, and to make it require 
that the surface should be water-proof and durable, 
and as smooth as possible without bei aeew. 
As regarded the use of wood pavement, he thought 
the differences between experience in England and 
his own were a matter of climate rather than of 
construction. The protection of wooden floors from 
fire was, he suggested, a subject worthy of further 
discussion, and easy means of inspection should be 
provided for, so that statistical data might be 
collected on an international basis dealing with the 
matter of maintenance. 

Mr. Wakeman, the County Surveyor of Middle- 
sex, spoke next, and pro to amend Resolution 
No. 2 so that it should provide that the road 
surface over bridges should be impervious whatever 
the character of the approaches. As to No. 5, he 
would not allow of k fioors under any circum- 
stances. He had to deal with two steel girder 
bridges over the Thames decked in this fashion, and 
had found them most unsatisfactory. The floor 
was difficult to maintain, and when under repair it 
was difficult to deal with the traffic. With respect 
to No. 6 he asked what was meant by the term 
**massive bridges.” Did it mean stone brid: 
girder bri or ferro-concrete structures / With 
respect to No. 8 he thought wood blocks only 3 in. 
deep unsatisfactory, and, in any case, he thought 
that wood blocks laid on a timber floor would be 
very liable to get loose under light traftic. 

Mr. Henning, one of the German delegates, said 





that some valuable experiments in the use of old 
mine cables (of hemp) as a covering for bridge floors 
had been made in Tuam, and at Antwerp and at 
Duisberg. These cables were nailed to a wooden 
floor and might be laid either longitudinally or 
transversely. They were laid dry and formed a very 
light and quiet surface, which had a very long life 
and was not affected by the expansion of the bridge 
through changes of temperature. He would like to 
add that there was no difficulty in using this type 
of surface in conjunction with tram-rails. He sug- 
gested therefore that Resolution No. 11 should be 
altered to advise further experiments with this 
type of surface, and that the experiments with old 
cables should be supplemented with others in which 
new cables were employed. 

Mr. W. Compton Hall, the County Bridgemaster 
for Lancashire, suggested that the resolutions were 
needlessly spun out, and that Nos. 1, 2, 4, 7, 9 and 
10 might be summed up in the statement that the 
prime factor involved was the traffic. He thought 
that with some reservations the surface over a bridge 
should be the same as on theapproach roads, though, 
in the case of movable bridges and light suspension 
bridges, a light floor was desirable, and in these cases 
he agreed with No. 8, that wood paving was suit- 
able. He was opposed to No. 5, which permitted 
the use of plank floors. In carrying macadam over 
bridges he put in a damp-proof layer of fine concrete 
in the case of masonry bridges, and 3 in. of pitch 
concrete in the case of girder bridges. He agreed 
as to the advisability of reducing to a minimum 
the use of sand under setts. He had known as 
much as 4 in. to 5 in. of ashes placed under 
stone setts, with the result that heavy traftic broke 
through the joints, and the ashes worked up, 
forming mud. He could not agree with the sug- 
gestion that it was sufficient to design bridges to 
take a 16-ton locomotive. In Lancashire they had 
to provide for the transport of boilers weighing 30 
to 40 tons. Some firms turned out one of these a 
week, and it was impossible to temporarily strut 
up bridges to take such loads. He also wished 
to take exception to certain statements about ferro- 
concrete in the paper by Messrs. Humphreys and 
Taylor. In that paper it was said that this type of 
bridge had been used in many boroughs, and that 
there had been no failure recorded. The Lanca- 
shire County Council had built one of this type 
which had been an absolute failure. It was a 
flat, elliptical arch, and in service had cracked 
through at each face, and there was a constant 
stream of water from the cracks. Again, in 
carrying out improvements in canal bridges six 
had been built of this material. This was in 1904. 
One had cracked badly, and great patches of 
moisture were visible. Another had failed hope- 
lessly, the arch sinking 54 in. on one side and 3} in. 
on the other. Over the springings there were huge 
cracks, into which it was possible to get the fingers, 
and from these moisture was constantly flowing. 

Mr. H. Verriére, of Paris, said that cables, when 
used for bridge surfaces, should not be laid longi- 
tudinally. He fully agreed, however, with the 
suggestion that the experiments should be extended 
to new cables. 

Mr. A. Nagy, of Buda-Pest, said he had found 
macadam quite satisfactory when the substructure 
was = %! designed. 

Mr. F. W. Cotter, of New Zealand, said that 
one speaker had given the impression that ferro- 
concrete was unsatisfactory because he had had 
certain failures, but this merely meant that the 
bridges had not been properly designed. In New 
Zealand it was necessary to cut matters fine, and 
it was often a case of using wood-plank floors or 
nothing. He had known such floors last thirty 
years. For heavy traffic the floor was built in two 
layers ; the upper wearing layer was easily repaired, 
but even with a single layer there was not much 
difficulty. In many cases the bridges were of steel, 
with wooden decks; and though the traffic had 
in some instances now become suflicient to justify 
another kind of decking, it was not possible to 
adopt it, as the girders, and even the piers, 
would need strengthening. He did not agree 
that wood blocks could not be used on a plank 
floor. He knew a case of a wharf or jetty, thus 
floored, which had lasted over twenty years, and 
all new ones were being paved in the same way. 
Due to the expansion and contraction resulting 
from moisture and evaporation, the blocks had, 
however, ‘‘crept” in wavy -lines. In very dry 
districts, in some of which there was only 10 in. 
of rain in the year, macadam was quite satisfac- 





tory on bridges, as in such cases it was always dry. 
He might mention a use of ferro- concrete for 
which he himself would not have liked to take the 
responsibility. In this case the decking of two 
suspension bridges carrying traction-engines was 
of ferro-concrete. 

Mr. J. Walker Smith, of the Local Government 
Board, said that he did not agree that it was 
always desirable to have the surfaee over a 
bridge the same as on the approaches. If the 
latter was satisfactory per se, well and good, but it 
was all essential to have an impervious and a smooth 
surface over the bridge, in order to avoid such shocks 
as arose with badly-rutted macadam. He thought, 
also, that the use of tarred macadam should not, 
as in No. 7, be reserved for short and massive 
spans, believing it to be good in other cases. It 
distributed the load well, and was impervious. 

Mr. Elie Radu, of Roumania, agreed that on 
short bridges the surface should be the same as on 
adjoining roads, it being more economical and 
convenient to adopt this plan than to make pro- 
vision for a change of material. He was in favour 
of ferro-concrete for the substructure of bridges. 

In reply, Mr. P. C. Cowan said that the discussion 
had hardly been along international lines. The 
surveyor to a metropolitan county had almost 
talked of the wickedness of using plank decking, 
and referred to the absurdity of mentioning the 
necessity of water-proofing. But in Europe this 
was often neglected, and the results were not 
satisfactory. As to what constituted a massive bridge, 
he would give Waterloo Bridge as an instance ; 
a suspension bridge was not massive. In Resolution 
No. 7 objection had been taken to the word 
‘*short,” but he did not consider tar-macadam 
suitable for longer spans, such as a lattice girder 
120 ft. long, or more, as it would be necessary to 
make the girders heavier if such a road surface 
were used. 


Brrumrinous-Bounp Macapam. 


On Wednesday, June 25, the first section of the 
Congress was subdivided into two sub-sections, of 
which Sub-Section A met in Caxton Hall, West- 
minster, and Sub-Section B in the Surveyors’ 
Institution, Great George-street. In Sub-Section A 
the chair was occupied by Sir J. H. A. Macdonald, 
member of the Road Board, and tarred macadam 
formed the subject of discussion. 

In opening the proceedings, the Chairman said 
that am had been of the opinion that in 
nine cases out of ten no artificial foundation was 
needed on a roadway, because, at the best, the 
rior ye of the traffic must ultimately be trans- 
erred to the natural soil. In Macadam’s view, the 
question was not so much one of materials as of 
perfect drainage, and he held that it was essential 
that the road-crust should be sufticiently above the 
general level to keep free of water. With regard 
to the road-crust, the speaker said that the thick- 
ness must be proportionate to the traffic, but many 
important points arose in deciding whether it 
should consist of hard material, and to what size 
this material should be broken, and whether the 
metal should be of uniform size or graded. 

The binder to be used must be such as would 
prevent movement of the particles, and, above all, 
must exclude water. Another question arose as to 
what camber was necessary to shed the water into 
the side drains, and finally, there were important 
problems connected with the care of the road after 
its construction, an essential point being the imme- 
diate repair of incipient defects. Modern surfaces, 
he continued, admitted of small wounds being dealt 
with at once and effectually. Finally, there was the 
question as to whether it was not possible to devise 
an effective cohesive carpet to be laid over the road- 
crust and having sufficient resiliency to weaken 
the effect of blows, thus permitting vehicles to move 
without the heavy shocks, which were disturbing to 
passengers and injurious to goods. 

The general reporter in the section was Mr. J. 
Walker Smith, of the Local Government Board, 
whose summary of the papers submitted from 
Germany, Austria, Belgium, Egypt, the United 
States, France, Great Britain and Ireland, Greece, 
Hungary, Italy, Russia, and Switzerland, was 
highly praised by practically every speaker. 

n opening the discussion, Mr. Walker Smith said 
there could be no doubt as to the great interest 
and importance of the resolutions to be submitted. 
He received reports from twelve countries. 
The general question as to what constituted the 
best methods and materials for bituminous-bound 
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roads he had sub-divided into sixteen specific 
questions. The resolution he offered for acceptance 
- the full substance of the reports submitted. 
e was unable, however, to answer the question as 
to what were the best methods of construction. In 
the papers submitted he had found over seventy 
different systems with claims to this distinction. 
Some authors considered surface-tarring the most 
satisfactory method of treating m 
whilst others advocated the penetration system, 
and others, again, held the ‘‘ mixing” method to 
be best. Similar differences of opinion arose as 
to the binder to be used. By some tar was con- 
sidered to form the ideal, others held to natural 
asphalt, and others to petroleum residuals. Some, 
again, preferred to use soft aggregates, whilst 
others specified hard stone. According to some of 
the authors, the mixing was best done at a central 
dépét, whilst others insisted that this process should 
be carried out at the site. It was therefore impos- 
sible for the present to come to any agreement as 
regards details, but there was a general agreement 


Fug.1. SAMPLE WATERBOUND MACADAM (NOT TAR TREATED). 
PRINCES AVENUE. 
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been so constructed as to secure for the crust the best 
possible conditions of resistance to wear. 


II. Dimensions and Shape of Metalling. 


1. When an ordinary macadamised road crust is con- 
structed with a view to being tar-sprayed, it should be 
constructed of hard metal, wi ed and broken 
as nearly as possible to a cube of the dimensions of from 
4 om. to 6cm. 

2. In the case of bituminous, including tarry or tic 

, carried out by the mixing process, the dimen- 
sions of the metal may so selected and graded as to 
form a compact road crust with the fewest possible voids. 
The dimensions of the largest metal may vary according 
to the nature of the stone and of the traffic. When the 
process of construction employed requires more than 
one layer of material, the upper layer, or wearing crust, 
may be formed of smaller metal. 

3. In respect of bituminous, including tarry or asphaltic, 

crusts constructed by the penetration process, the 
trials and tests now being carried out in various countries 
should be continued, taking care only to employ metal 
of as cubical a shape as possible, and with sharp edges, 
at bad rate for the portion of the road crust nearest the 
surface, 










4. It is understood that further experiments will also 
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that the use of bituminous-bound macadam would 
meet the requirements for an enormous range of 
traffic and climate. He then proposed a set of 


resolutions, which were ultimately adopted in the 
following form :— 








GENERAL CONCLUSIONS. 


By the use of bituminous, nan aye | tarry or asphaltic, 
binders we may obtain a number of different forms of 
road crust, which may be employed with advantage, 
according to the various conditions of the road as regards 
traffic, locality, and climate. 

The exact value and duration of life of these various 
road crusts, taking into account traffic, climatic condi- 
tions, and the methods of construction, remain to be 
determined. 

For this purpose it is advisable to draw up a uniform 
system of tests, measurements, and records, under the 
following headings :— F 

1. Physical ree 5 tom conditions. (Plans, cross-section, 
slopes, camber, foundations, subsoil.) ; ‘ 

2. Materials employed, petrological analysis, dimen- 
sions, composition of the binding agent. i 

2a. Method of construction, date of construction. 

3. Census of traffic on the section under review. 

4. Climatic conditions affecting the road. 

5. Periodical measurement of wear. 

6. Periodical examination of the state of the road 
crust. 

7. Actual cost of the road crust—(a) as regards cost of 
construction ; (b) as maintenance cost. 

The standard form in which the information is to be 
furnished will be drawn up by the Permanent Com- 
mission. 

PARTICULAR CONCLUSIONS. 
I. Foundation and Drainage. 

Confirming the conclusions adopted in 1910 by the 
second Congress (Brussels, 2nd Question), which called 
attention to the advantages of a dry foundation and a 
sound subsoil, the especially insists upon the 
great importance of efficient foundations in the case of 
road crusts bound with bituminous (including tarry or 
a for the following reasons :— 

1. The crust being expensive, it is important to 
give it a base which will increase its life. 

_2. As the weight, speed and intensity of the traffic oon- 
tinually tend to increase on roads considered worthy of 
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be carried out in the use of other methods, especially 
Nos. 1 and 2. 
III. Employment of Partially-Used Metal. 
By carefully eliminating all particles of mud and 
organic matter, it is possi omeey © make use of 
ially-worn materials, on condition t they are not 
employed for the surface of the road crust. 


IV. Relative Importance of Patching. 

It is agreed that it is absolutely to carry out 
repairs, in the case of all bituminous, including tarry and 
asphaltic, road crusts, immediately the necessity for them 
arises. 


V. Permissible Wear. 

The complete renewal rendered necessary by wear must 
be carried out immediately the depth of the road crust 
is below a given limit of safety, or when its water- ng 
qualities have become so poor that the road will unduly 
suffer from climatic conditions. 

VI. Various Means of Employing Tarry, Bituminous, 

and Asphaltic Materials. 

In using these materials, both in the penetration method 
and the mixing method :— 

a) It is preferable to use dry stone in order that it may 
ere well to the binder. In the mixing method t 
aone 5 must always be dry, and, if neceesary, it must be 

eated. 

(6) One must never lay a top crust upon a soft or =~ 
foundation. One should preferably carry out the wor 
in fine weather. 

(c) One must never employ too much binder, but onl 
a sufficient quantity to bind the portion of the road whic 
is being rolled. 

(d) must never employ road-rollers which are toe 


heavy. 
VIL. Tests and Chemical Analyses. 

The advantages of analyses and methodical laboratory 
tests, and their necessity in the case of bituminous binders, 
are unani! y recognised. 

It would be of advantage to obtain uniformity :-— 

1. regards the specification of the principal charac- 
teristics of these binders. 

2. As regards the methods of testing for pea Ba 
these specifications. The Permanent International P 
mission be en with work of inquiring into 
the best way of standardising the above. 


VIII. Climatic Effects. 


bituminous, or asphaltic road-crusts (as is also 
case with all smooth and water-proof road 
become slippery under certain conditions of b 

This may be remedied by strewing the surface with 
coarse sharp sand ; and in most cases a good cleansing 
of the surface will usually prevent the carriage-way 
becoming slippery. 

IX. Effects on Public Health, de. 

Sufficient information is now available to enable engi- 
neers to select and specify bituminous binders which will 
have no prejudicial effect upon public health, the fish life, 
or vegetation, but which, on the contrary, will conduce to 
conditions of considerable hygienic advantage. 


X. Cleansing and Watering. 


usually the 
surfaces) may 
weather. 


It is recognised that carriage-ways ly treated 
with bituminous, including tarry or tic, materials 
than ordinary water- 


require less sweeping and watering 
bound macadamised roads, and that they allow of con- 
siderable economy being effected under this head. 

The meeting put forward the ee Peet that 
a technical committee should be appointed by the Per- 
manent International Commission in order to study a 
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standard method of obtaining information and data upon 
materials, physical conditions, local conditions, methods 
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of construction, terminology, and other points concerning 
a bound with tarry, bituminous, or asphaltic 
inders. 
The report of the committee should, after examination 
by the Permanent Commission, be presented to a next 


Mr. de Timonoff proposed a hearty vote of thanks to 
the chairman and the general reporter, which was carried 
with acclamation. 

The discussion was opened by M. Armande 
Déerr, I tor-Generale des Ponts et Chaussées, 
who said that he had been much pleased with what 
he had seen of the roads in England, and the 
French delegation thought that it would be of 
interest to supplement what they had seen with 
details of the methods of construction adopted. 
They had accordingly obtained this information, and 
had it printed for distribution amongst the members. 

Dr. Steuernagel, who followed, expressed his 
appreciation of what he had seen of English roads, 

e tarred and bituminous stretches being very 
good. In Germany they were also well satisfied 


ht other 
methods of road-making should be studied besides 
the ‘‘ penetration” and ‘‘ mixing” methods. 

M. Timonoff, of the Russian delegation, suggested 
that a committee should be — to prepare 
a report, for presentation to the next Congress, 
dealing with methods of road construction. 

Professor A. Blanchard, of Columbia University, 
8 ted that it would be well to adopt the term 
‘** bituminous ” materials as covering the use of tar, 
asphalt, bitumen, or any similar binder. This, he 
said, was the case in the United States. 

Herr Hugo z, one of the Austrian official 
delegates, said that in Austria experience with 
surface tarring had been most satisfactory, and he 
considered it to be the best method yet employed. 

M. Geo Loppens, of Liége, emp! the 
necessity of a stable foundation even in the case of 
cheap roads. He agreed as to the absolute necessity of 








such a crust, it is best to provide a foundation which has 





It appears to be generally agreed that certain tarry, 





out repairs immediately the occasion arose. 
M Radu, the official Roumanian delegate, said 
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that he had just taken the opportunity of traversing | 
hundreds and hundreds of miles of British roads. | 
These roads were the same as he had travelled over 

six years ago, and as the result of his observations | 
he was able to say that the dust problem had been | 
solved in England, and he considered that Great 
Britain led the world to-day in the improvement of 

mised roads. 

Major Crosby, of Baltimore, who followed, con- 
gratulated the —— on maintaining an inter- 
national frame of mind in preparing his list of 
resolutions. He thought it was important that 
this should be maintained throughout the discus- 
sion, and he appealed to members not to press 
amendments which, though they might be of great 
value in particular countries, might te inapplicable 
elsewhere. 

M. Callias, the delegate for Greece, suggested 
the elimination of the word ‘‘ bituminous,” since 
‘* asphaltic,” being derived from the Greek, was 
philologically identical in meaning. He thought 
also that the recommendations made were too 
general in character, and would like the Congress 
to specify the use of hard material in an asphaltic 
binder. 

Mr. Collins, Past-President of the Institution of 
Municipal and County Engineers, said that the 
general reporter had mentioned that machines had 
been designed by Mr. Brodie, Colonel Crompton, 
and Mr. Maybury, by which the rate of wear of a 
road could be accurately measured, and he thought 
that a detailed description of these would have been 
of interest. He himself made a number of 
such measurements, but Mr. Brodie, the City 
Engineer of Liverpool, had done much more, and 
he showed a set of diagrams, which we reproduce 
on e 13, in which Mr. Brodie had compared 
the relative wear of an ordinary macadam roadway, 
a bituminous bound roadway, and a stretch of wood 
pavement. The intensity of traffic was nearly the 
same over the three, though it was a little heavier 
over the wood. As would be seen, the diagrams 
showed that the ordinary macadam wore more in one 
year than the bituminous material did in three, and 
it was important to note that not only was the wear 
greater with the water-bound metal, but that it did 
not wear smooth. With the wood pavement it would 
be seen, he said, that the roadway remained very 
smooth. 

Signor Lo Gatto, of Naples, expressed his con- 
gratulations on the excellence of the English roads 
he had traversed, especially the tarred stretches. 
He hoped every foreign delegate would take profit 
from the inspection of these good roads, and 
aw the members hailing from Italy. 

Mr. Kent, the official representative of the 
Indian Government, said he came from a country 
in which practically all the roads were of water- 
bound macadam, the use of bituminous binding 
being almost unknown outside of the larger cities. 
Those who knew India would know that the 
bhil-gharry, a two-wheeled cart drawn by two 
bullocks, was the general means of transport in India. 
Its rate of was about 2 miles an hour, 
which could increased a little by twisting suffi- 
ciently the tails of the draught animals. Strings of 
these carts, consisting of 50 or 60 up to 200 
vehicles, ree over the roads, one behind the 
other, each loaded with heavy cotton bales. The 
damage done by such a procession was very severe, 
the roadway being cut up into deep and dangerous 
ruts. India was # very poor country, and the 
engineer was put to great straits to make the 
most of the exiguous funds, which were all he 
could obtain for road improvements. As engineer 
and chairman of the Bombay Improvement Trust, 
he had, however, tried to improve certain of 
the city roads, and especially at the docks, 
where the traffic was enormously heavy. In this 
he had beon more or less successful, thanks to the 
co-operation of the local gas company, from which 
he took al] the tar they could supply. With 
this a considerable mil of road had been 





tar painted. He thought there was an openin 
in India for the sehen firms of this pe onrng 
He had interviewed a great number, but the! 
prices quoted were absolutely prohibitive for India, | 
and he found that a great deal could be done | 
at less than one-half of the enormous rates quoted. | 
Mr. William Washington, Consulting ineer to 
the State of New York, was the next snc and 
stated that the State of New York was about to spend 
16 millions sterling on its roads, whilst the National 
Government were to contribute 2 millions 


prepared 
sterling in State aid of the highway system. In 


Europe people had the advantage of the work of 
their predecessors for thousands of years past, and 
had thus, in many cases, inherited splendid founda- 
tions on which to place a modern road-crust. In 
America, however, they had nothing of this kind, 
but had to start with a dirt road which was, in 
many cases, originated by the prehistoric animal in 
moving from his feeding place to his water-hole, 
who thus took the first forward step in civilisa- 
tion. Seventy per cent. of the progress of the 
world had, he said, come to us as the production 
of the railed road, which was simply the highest 
type of road, having the hardest surface, the 
lowest grades, and the easiest curves. To these 
railroads the highways acted merely as. feeders. 
He thought that in the future it would be in many 
cases found advisable to incorporate a new material 
into the roads—viz., Portland cement. In America 
local materials were often extremely poor in quality, 
and there were large areas 40 miles from the nearest 
railroad, so that imported metal would cost 2l. a 
ton for carriage alone. By means of Portland 
cement, however, it was often possible to give the 
local materials sufficient strength for use. At 
places no stone at all was available, and here sand 
and clay roads were used. 

Mr. J. M. Coane, representing the Victorian 
Institution of Engineers and Surveyors, followed, 
and said that the conditions of Australia were very 
like those of America, as described by the last 
speaker. The distances between the great cities were 
as much as 500 miles, and there was very little 
settlement along the route. The problem, there- 
fore, was to get the money rather than to make the 
road. Bituminous materials could, accordingly, 
be used only in towns, and for fifty years to come 
they would be compelled elsewhere to rely on 
ordinary macadam. He had seen the roads in 
Bombay referred to by a previous speaker, and 
thought that that city had done very well and 
would soon be an example to the rest of India. In 
Australia they often used burnt clay. Brick 
roads, it was found, did fairly well in Australia 
under moderate traftic, if the tiles were wide 
enough. They used them up to 12 in. wide. If 
smaller, they would go through the soft bottom. 
In Algeria and Tunisia the local conditions appeared 
to resemble those of Australia, but there road- 
making was undertaken by the national govern- 
ments, and as a result he had travelled over the 
Algerian roads without inconvenience at a speed of 
50 miles an hour. 

Mr. W. D. Sohier, Chairman of the Massachu- 
setts Highway Commission, expressed the view 
that the United States and Australia would have 
to solve their own problem of road construction in 
unsettled areas. In Massachusetts they began road 
improvements twenty years ago, and he believed 
that the matter had become urgent there before it 
did in either England or France, as they had 
many more motor-cars in use. They had soon 
found the need of bituminous binding. The best 
roads with bituminous binding that he had seen 
were in England. The character of the road 
traffic was different in Massachusetts from that in 
England, where there were many more motor- 
buses in use; but in America there were more 
teams and motor-cars. The speaker emphasised the 
importance of road tests. In Massachusetts they 
made some 700 analyses of road materials in the 
year, and made various other tests ; but they found 
that the road test was the only decisive one. For 
light, fast traftic they had obtained good results 
by spraying with light asphaltic oils. A road thus 
treated would last four years with a traffic of 1000 
to 2000 automobiles per day, but would fail in two 
months under a traffic of 300 vehicles a day carrying 
3 tons each. 

Colonel R. E. Crompton, Consulting Engineer to 
the Road Board, wished to call attention to the 
fact that on Saturday’s visit to the National 
Physical Laboratory they would be able to inspect 
a method of testing road structures which, in the 
speaker's view, successfully bridged the gap between 
the laboratory and the road test. 

Mr. Church, manager of the research department 
of New York City, appealed for the establishment 
of uniform systems of testing. The absence of this 
desideratum was, he thought, partly responsible for 
a not infrequent impatience with laboratory tests. 
He thought the Congress could accomplish nothing 
of more value than by establishing simple standard 
distillation and consistency tests. 

In response to an ap from the Chairman, who 
said that he had probably the longest experience of 
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anyone in the construction of bituminous-bound 
roads, Mr. Hooley, the county surveyor of Notting- 
ham, came forward, and said that in the early days 
those who advocated bituminous binders were 
looked on as cranks. Even then, however, the 
difficulty was not merely the improvement of the 
roads, but how to make them stand up to their 
ordinary traffic. One of the difficulties was that 
the road had to withstand not merely the traffic, 
but also the weather. It was easy to say that they 
must have good roads, but it was very difficult to 
build them. His experience did not sanction the 
view that only the hardest materials should be used 
in road crusts, as some very hard materials were not 
satisfactory. One speaker had referred to sand roads, 
and he would suggest to him that he should substi- 
tute ashes for cement. In the speaker’s own expe- 
rience ashes were easily obtained in nearly every dis- 
trict, and if mixed with sand formed a cement which 
could be used on the poorest bottoms. By using the 
poorest kind of slag from the iron works, mixed with 
ordinary clinker ashes, a material wasobtained which, 
in the speaker’s experience, would stand up to any- 
thing. He had put down such a foundation four- 
teen years ago, and on trying to open it out to secure 
@ specimen recently, it was found necessary to 
blast it. In studying the problem of constructing 
bituminous roads, he had been led to the opinion 
that the centre of the aggregate should be the 
hottest portion in mixing. Chancing to visit an iron 
works when he had arrived at this conclusion, he 
saw the slag, and it then occurred to him that this 
was the very material for which he had been 
seeking, and that it would only be necessary to put 
tar to it to get a perfect macadam. When he left 
the works he had arranged to take 200,000 tons of 
the slag, and he had now in Nottinghamshire some 
70 miles of tarmac road. 

The debate subsequently turned on a number of 
amendments to the resolutions, mostly verbal, and 
the text already given was finally adopted. 


(To be continued.) 





Tue UNIversIty OF SHEFFIELD.—At its last meeting, 
the Council of the University of Sheffield appointed 
Mr. W. G. Fearnsides, M.A. (Cantab.) to the Sorby 
Chair of Geology. Mr. Fearnsides is at present Fellow 
and Lecturer in Natural Sciences at Sidney Sussex 
College, and Demonstrator in Petrology in the University 
ot Cambridge. 





Vickers’ Gun Facrory 1n Russia.—According to a 
telegram received yesterday from St. Petersburg, the 
Imperial for the establishment of gun-works in 
Zarizin, in Russia, by Russian bankers in co-operation 
with Messrs. Vickers, Limited, has just been signed by 
the Emperor. The capital of the company is to be 
1,500,000/., and the construction of the new works has 
already been commenced, the company having secured 
important orders for guns of large and small calibre. 


PgRsoNAL.—Messrs. Babcock and Wilcox, Limited, 
Oriel House, Farringdon-street, E.C., inform us that, 
owing to the re-arrangement of the Telephone Exchange 
boundaries by the postal authorities, their telephone 
number is now City 6470 (8 lines). — We are informed 
that Mr. G. Mure Ritchie, one of the directors of 
Palmer’s Shipbuilding and Iron Company, Limited, 
Jarrow and Hebburn, has been elected Chairman of 
that one succeasion to the late Lord Furness.— 
Mr. Claude Glennon Bryan has been elected a director 
of Palmer’s Shipbuilding and Iron Company to fill the 
vacancy caused by the death of Admiral Sir Archibald 
Douglas. 


Roya Society or Arts. AWARD OF Mgpats.—The 
Council of the Royal Society of Arts have awarded the 
Society’s silver medal to the following readers of papers 
during the Session 1912-13 :—At the 7 meetings : 
Dr. F. Mollwo Perkin, ‘‘ Natural and Synthetic 
Rubber "5 Joseph Pennell, ‘‘The Pictorial Possibilities 
of Work”; Henry J. ilson, ‘‘The Education and 
Employment of the Blind” ; E. Russell Burdon, M.A., 
‘*The Development of Research Work in Forest Pro- 
ducts” ; Frank Bailey, M. Inst.C.E., ‘‘ Electric Supply 
in London”; Walter C. Hancock, B.A., F.1.C., “The 
Physical Properties of Olay”; H. V. Lanchester, 
ign and Architectural Treatment 
of the Shop” ; F. G. Ogilvie, C.B., LL.D., ‘“‘ The Science 
Museum”; Axel Welin, A.I.N.A., ‘“Life-Saving at 
Sea.” In the Indian section: Sir Bradford Leslie. 
K.C.LE., M. Inst. C.E., ‘‘Delhi, the Metropolis of 
India”; J. Forrest Brunton, ‘* The City of Karachi” ; 
N. G. Cholmeley, C.SI., late Commissioner Magwe 
Division, Burma, ‘‘ The Oil-fields of Burma”; Sir John 
Benton, K.O.I.E., ‘ _._ Works in India.” In the 
Colonial section: W. H. Warren, LL.D., M. Inst. O.E., 
M.Am. Soc.C.E., Dean of Faculty of Science and Challis 
Professor of Engineering, ig rg Ae! Sydney, “The 
Hardwood Timbers of New South Wales”; C. E. W. 
Bean, M.A., B.C.L., ‘‘The Wool Industry in the British 
Dominions ” ; The Right Hon. Sir Joseph Gouge Ward, 
Bart., K.C.M.G., LL.D., ‘‘New Zealand: An Ideal 
Place of Residence.” 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, and 1500 
tons of Cleveland warrants were done at 54s. 7d. eight 
days, 54s. 8d. fourteen days, and 54s. — 01 one month. 
Closing sellers named 54s. 9d. cash, 55s. 1d. one month, 
and 55s. 6d. three months. In the afternoon a further 
advance took place, and Cleveland warrants c 
hands at 54s. 104d. cash, 54s. 114d. eight days, and 55s. 9d. 
three months. The turnover was 4500 tons, and sellers’ 
ciosing quotations were 54s. 114d. cash, 55s. 34d. one 
month, and 55s. 114d. threemonths. On Friday morning 
the market was easier, and business was limited to 3000 
tons of Cleveland warrants at 54s. 84d. cash, 54s. 10}d. 
seven days, 55s. 2d. and 55s. 14d. one month, and from 
55s. 9 to 55s. 7d. three mont At the close sellers 
quoted 54s. 9d. cash, 55s. 1d. one month, and 55s. 8d. 
tbree months. Theafternoon session was quiet and Cleve- 
land warrants were dull. The dealingsconsisted of 2000 tons 
at 54s. 113d. and 55s. 04d. one month, 55s. August 2, and 
55s. 6d. three months, and closing prices were 54s. 8d. cash, 
55s. . one month, and 55s. . three months sellers. 
On onday morning prices of Cleveland warrants 
advanced sharply, owing to large withdrawals from store 
at Middlesbrough, and to there being few sellers in the 
market. The turnover was 3500 tons at 55s. four days, 
from 54s. 11d. to 55s. 6d. one month, and at 55s. 74d. 
three months, and closing sellers quoted 55s. 6d. cash and 
56s. 3d. three months. There were no one-month sellers, 
but closing Se named 55s. 74d. A further advance 
took place in the afternoon, when 2500 tons of Cleveland 
warrants were done at 55s. 9d. cash, and 56s. and 56s. . 
one month. At the close sellers quoted 56s. cash, 56s. 3d. 
one month, and 57s. three months. On Tuesday morni 
some weakness prevailed, and only two lots of Clevelan 
warrants changed hands at 55s. 10}d. twenty-two days, 
and 56s. one month, and the session closed with prices at 
55s. 44d. cash, 553. 9d. one month, and 56s. 4d. three 
months sellers. In the afternoon the dealings con- 
sisted of tons of Cleveland warrants at 3d. 
cash, 55s. 74d. and 55s. 7d. one month, and 56s. 
and 55s. 114d. three months. There were sellers over 
at 55s. 3d. cash, 55s. 7d. one month, and 55s. 114d. three 
months. When the market opened to-day (Wednesday) 
the tone was strong, and Cleveland warrants ——— u 
to 55s. 8d. cash and 56s. one month, and with 
sellers at 55s. 9d. cash, 56s. 3d. one month, and 5ts. 7d. 
three months. The turnover was 1500 tons. The after- 
noon session was flat, and dealings were confined to 
1000 tons of Cleveland warrants at 55s. 6d. cash and 56s. 
three months. At the close there were sellers at 55s. 7d. 
cash, 55s. 10d. one month, and 56s. 1d. three months. 
Cash sellers of hematite quoted 73s. 6d. 


of Ammonia.—The demand for sulphate of 
ammonia is very flat, and sellers have again made a slight 
reduction in price. The current quotation is 
121. 17s. 6d. per ton for Pa delivery—Glasgow or 
Leith. The strike at Leith Docks has reduced the ship- 
ping to nil at that port. 

Scotch Steel Trade.—Scotch steel-makers are indeed 
very quiet at the moment, but such an experience is 
usually general at the beginnning of July. e amount 
of work on hand is very fair, but specifications are scarce 
and mills are not running full. or structural material 
there isa good demand and producers are busy, but for 
black and galvanised sheets the conditions show no change. 
Business in sectional stuff is not very brisk, but a fair 
amount is being shipped along with lots of miscellaneous 
material. The export trade is, in fact, _— keeping up 
astonishingly well. Prices are officially unchanged from 
those reported lately. 


Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland are as yet no better, 
and some allege that they are even worse. The four 
works already referred to in this column are still stand- 
ing idle, while fully a dozen others are only doing about 
three double shifts per week, and those establish- 
ments running full time number only five or six. 
Such a state of matters is very unsatisfactory, and 
with the annual holiday pene due in a fortnight 
there seems little prospect of any improvement before 
then. No change has been made in the price of ‘‘ crown ” 
bars, which are officially quoted at 8/. 2s. 6d. per ton, less 
5 = cent. for local delivery, whereas the export price is 
called 77. 2s. 6d. per ton net. 


Scotch Pig-Iron Trade.—There has been little change in 
the state of the Scotch pig-iron trade during the past 
week and works are all ousy. The forward buying is 
really not very extensive as yet, as consumers, despite 
easier quotations, are exerting a certain amount of caution 
in their transactions. The following are the market quo- 
tations for makers’ (No. 1) iron 2 ry 76s. ; Calder, 
qe Ga al a ee 76s. 4 ib and “ 

8. ° ship at lasgow) ; Glengarnock (at 
Ardrossan), 76s. 6d.; Shotts (at Leith), 76s. 6d.; and 
Carron (at Grangemouth), 76s. 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. John Brown and Co.—Although the matter 
of paramount public interest at the annual —— of 
Messrs. John Brown and Co., held in Sheffield yesterday, 
was the attitude of the shareholders to the direc- 
tors’ dividend recommendation, there were a 
— things of exceptional interest to the industrial] 
world mentioned by the chairman (Lord Aberconway). 


Some of the facts he quoted showed in striking manner 
the scope of the company’s operations. They dealt 





now, he reminded the shareholders, not in hu 8 of 


a. he in millions, and the ayes | fontone 
or ships, more expensive armour, or higher ity 
steel, were continual increasing. They were uilding the 
battleship Barham, H.M.S. Tiger, which, he believed, 
would be the finest cruiser afloat when she was launched, 
and the largest liner the Orient Line had ever laid down, 
whilst in the Aquitania, recently launched, they beat 
the record for ships in thiscountry. His lordship, refer- 
ring to the attitude of labour, said the loss of time had 
t to such a point that, he ventured to say, there had 
hardly any money made in any shipyards during 
the past year. 

South Yorkshire Coal Trade.—Quietness is still the 
prevailing feature in the local coal trade. House coal is 
in very poor de , and many of the pits are only 
ay | four days a week. There is also weakness in 
the coal market, both —— and deliveries to 
local works showing decreases. Shortage of boats is largely 


responsible for f off in exports, and as regards in- 
dustrial takings, stocks are being kept as low as possible 
at the works in view of the -yearly stocktaking. 


There is a good deal of activity in gas coal, and the 
majority of the new long-date contracts have already 
been fixed up, mostly at advances of Is. and 1s. 6d. 
Coke and slack are both a quiet market. Quotations :— 
Best branch hand-picked, 14s. to 15s.; Barnsley best 
Silkstone, 12s. to 13s.; Derbyshire best brights, 11s. 6d. 
to 12s. 6d.; Derbyshire house, 10s. 6d. to 11s. 6d.; best 
large nuts, 10s. 6d. to 11s. 6d.; small nuts, 9s. to 10s. ; 
Yorkshire hards, 12s. to 13s. ; Derbyshire hards. 11s. to 
12s.; rough slacks, 7s. to 8s.; seconds, 6s. to 7s. 6d. ; 
smails, 4s. 6d. to 6s, 

Tron and Steel. — A revival of activity in the iron market 
appears to be appreciably nearer realisation. Makers 
—— that more orders will shortly be coming forward, 
although the reductions in prices recently made are 
encouraging consumers to wait still a little longer in the 
hope of further concessions. Lincolnshire common- 
iron producers have ee down their quotations, as 
was anticipated they would, following upon the drop in 
other irons. Hematite, however, seems now to 
steadier, and not so likely to show further decline. 
The most pronounced wannag is in bar iron, where 
a decided falling off in business has taken place during 
recent weeks. There are various reasons to account for 
this, principally the facts that cheaper material can 
be obtained from the Midlands, and that the check placed 
by the railway companies upon their wagon-construction 
work has lessened the demand. In Se prneeel trades of 
the city a satisfactory tone is maintained, although appa- 
rently contradictory conditions are to be found. _ 
although steel manufacturers erally look forwa: 
optimistically to the second half of the year, in certain 
directions there is undeniably a falling off in new busi- 
ness. This is quite apart from the ip pig 
that may be expected at this time of the year. Many 
hundreds of tons of armaments for various battleships in 
course of building for the Government are engaging the 
activities of the large East-end firms. Castings, ma- 
chinery, and armour are being produced for H.M.S. 
Barham at Clydebank, gun-shields and armour for 
H.M.SS. Valiant, Benbow, and Tiger, and many other 
contracts. Home orders, however, have been distinctly 
reduced, the effect of the new dem regulations 
having been to produce a surplusage of free wagons on 
the lines. The output of files and other tools is benefiti 
appreciably from the activity in shipbuilding and genera 
engineering, and there is plenty of work in all the lighter 
steel branches. Exports, too, of crucible steel and tools 
are excellent. A very big trade is being done in agri- 
cultural machinery, implements, and parts. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is lifeless, but 
traders expect a fair amount of business to be done during 
July. The suspension of payment a few weeks ago by 
a firm of iron merchants is still having a disturbing 
influence on the market, and news from the Near 
East is also interfering to some extent with business. 
Merchants quote Cleveland pig iron a good deal below 
what makers are prepared to accept. Second hands 
offer No. 3 g.m.b. Cleveland pig at 56s. 3d. f.o.b.; 
No. 1 at 58s. 3d.; No. 4 foundry, 56s. ; No. 4 forge, 
55s. 6d.; and mottled and white iron each 55s.— 
all for early delivery. Though East Coast hematite 
pig is by no means plentiful, values arefalling. Merchants 
are pressing sales of mixed numbers at 74s. for both pend 
and forward delivery, and buyers consider that too hig 
a price. Certainly hematite pig is still dear as compared 
with ruling rates for Cleveland pig. A general opinion 





revails that mixed numbers wil at 70s. before long. 
There is little or nothing passing in foreign ore, but sellers | 
show no disposition to give way, and they adhere to 20s. | 
eteng 4 Tees for Rubio of 50 per cent. quality, which has | 
been for some time past the recognised for foreign | 
ore. Freights Bilbao-Middlesbrough are fixed at 5s. 44d. 
Coke is somewhat firmer, owing to the putting-out of a | 
few beehive ovens. Average blast-furnace kinds of coke | 


are again quoted up to 20s. per ton delivered at Tees-side 


works. 

Possible Abolition of the Warrant Stores.— An important 
meeting of Clev ironmasters has been held this week 
to consider a suggestion, made by 


of the pig iron made in the Cleveland district, one of 
the largest iron distributing firms. The formation of 
such a company as i would probably render 
the continuance of the public warrant stores super- 


Messrs. Bolckow, | 
Vaughan and Co., to form a company for the distribution | 


fluous. The meeting was adjourned with the under- 
standing that the suggestion will be fully considered 
at another meeting to be held at an early date. 
The stock of Cleveland pig iron in the public warrant 
stores here now stands at 210,728 tons, and there are 
warrants in circulation for 180,200 tons, all of No, 3 
quality. During the month of June the public warrant 
stores were drawn upon to the extent of 26,549 tons. 


Iron and Steel Shipments.—Shipments from the Tees 
ports last month did not come up to expectations. 
oS oie een ovenngen SNe See yee wae day, the total 
despatches amounting to 95,408 tons, 85,634 tons of which 
went from Middlesbrough and 9769 tons from Skinnin- 


grove. For previous month the clearances of 
pig iron were officially returned at 96,874 or a daily 
average of 4036 tons; and for Junea year ago loadings 


cones EASY San OF eS Sees ee Se pe 
working day. Of the iron sent from Skinningrove last 
month, tons went to Scotland, and 540 tons to Hol- 
land. Of the pig iron shipped at Middlesbrough, 58,089 
tons went abroad, and 27, tons coastwise. usual, 
Scotland was the largest customer, taking 16,925 tons ; 
whilst Germany received 11,162 tons ; France, 7795 tons ; 
Japan, 6150 tons; Italy, 5800 tons; Austria-Hungary, 
tons; Sweden, 5002 tons; Holland, 3668 tons; 
Wales, 3400 tons; and the United States of America, 
3120 tons. Tees loadings of manufactured iron last 
month amounted to 21, tons, 15,548 tonsof which went 
abroad, and 5907 tons coastwise, whilst rances of 
steel reached 51,211 tons, 47,380 tons going foreign, and 
3831 tons coastwise. India was once more the largest 
receiver of both manufactured iron and steel, importing 
7572 tons of the former and 12,341 tons of the latter, 
Other principal customers for steel were :— Victoria, 
6767 tons ; the A tine, 4408 tons ; New Zealand, 3506 
tons; Mexico, tons ; and Natal, 2600 tons. 
Manufactured Iron and Steel Prices.—There are no 
new features of any moment in the various branches of 
the manufactured iron and steel industries. Reductions 
in quotations are looked for, but as yet no actual changes 


be | have been made, and principal market rates stand :— 


Common iron bars, 8. 15s. ; best bars, 9/. 2s. 6d. ; best 
best bars, 92. 10s.; packing iron, 6/. 15s.; iron ship-plates, 
71. 15s.; iron ship-angles, 8/. 15s. ; iron ship-rivets, 9/. 10s. ; 
iron boiler-plates, 8/. 17s. 6d.; steel bars (basic), 8/.; steel 
bars (Siemens), 8/. 10s.; steel ship-plates, 8/. 5s.; steel 
ship-angles, 7/. 17s. 6d.; steel boiler-plates, 9/. 5s.; steel 
strip, &/.; 8 hoops, 8/. to 8/. 2s. 6d.; steel joists, 
7. 7s. 6d.—all less the per cent. discount. 
Cast-iron columns, 71. 7s. 6d. ; cast-iron railway chairs, 
41. 15s.; light iron rails, 7/. to 7/. 5s.; heavy steel rails, 
61. 12s. 6d. to 62. 15s.; and steel railway sleepers, 7/. 10s.— 
all net ; iron and steel galvanised corrugated sheets, 11/. 
f.o.b.—less the usual 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Card f.— Business in the steam coal trade has not been 
active, buyers and sellers having continued to maintain 
the attitudes which they have assumed for some time. 
Some of the leading firms attempted to obtain an advance 
of 6d. to 9d. per ton ; supplies have, however, been fairly 
ample, and in some cases in which sellers have been 
aiming at a quick clearing of trucks, some concessions 
have m obtainable. The Admiralty authorities have 
shown a disposition to engage steamers to load in connec- 
tion with the naval manceuvres ; and, upon the whole, the 
markets have presented a somewhat harder tendency for 
shipments in the second half of July. House coal and 
other bituminous coals have remained without change. 
The best Admiralty large steam coal has made 19s. 6d. to 
20s. 6d. ; best secondary qualities, 18s. 6d. to 19s. ; best 
bunker smalls, 10s. 3d. to 10s. 9d.; and ca smalls, 
8s. 3d. to 8s. 9d. per ton. The best household coal has 
been quoted at 19s. to 20s. ; good household coal at 17s. to 
18s.; No. 3 Rhondda | at 17s. to 18s.; and smalls at 
12s, to 12s. 6d per ton. No. 2 Rhondda large has realised 
13s. 3d. to 13s. 9d.; and No. 2 smalls, 8s. 6d. to $s. per ton. 
Special venerees has brought 31s. to 32s ; good foundry 
coke, 26s. to ; and furnace coke, 22s. to 24s. per ton. 
As regards iron ore, Rubio has made 19s. 6d. to 20s. 6d. 
per ton, u a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


The Tin-Plate Trade.—The Welsh tin-plate trade con- 
tinues much de . The areas chie' y affected are 
Llanelly, Neath, Pontardulais, and Briton Ferry. 
Altogether 82 mills are idle, and 2000 men are unem- 
ployed. Eight more mills closed down on Saturday last. 
One main cause of the present state of affairs is the 
growth of American competition, which had the effect of 
considerably reducing British tin-plate exports last year. 
Thus in 1911 British firms and companies sent 12,426 tons 
to Canada, while in 1912 the corresponding exports de- 
clined to 7297 tons. Shipments to China also declined 
from 9332 tons to 9152 tons; to Argentina, from 12,903 
tons to 10,283 tons; to British India, from 43,926 tons to 
39,952 tons; to Hong Kong, from 6615 tons to 6254 tons ; 
to Japan, from 24,963 tons to 23,236 tons; to Brazil, from 
12,948 tons to 9721 tons; and to Mexico, from 5691 tons 
to 4347 tons. Deliveries to the Straits Settlements in- 
creased, however, to 13,660 tons last year as compared 
with 12,730 tons in 1911. 


Wages in Wales.—A conference of the South Wales 
Miners’ Federation has been held at Cardiff to discuss 
a new schedule of rates prepared by a sub-committee 
of the executive, which provides for the adoption of rates 
considerably higher than those at present in force, 
higher than the minimum fixed by Lord St. Aldwyn. 

schedule also provides for an eight-hour ng ior 
all workmen employed above and below ground. ith 
some minor amendments the schedule was adopted. 
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74-IN. CENTRE MOTOR-DRIVEN SCREW- 
CUTTING BREAK LATHE. 


WE illustrate on Plate II., published this week, a 
74-in. centre motor-driven quadruple-geared surfacing 
and screw-cutting break lathe, constructed by Messrs. 
John Hetherington and Sons, Limited, Ancoats 
Works, Pollard-street, Manchester. It has been made 
to the order of the British Admiralty, for one of H.M. 
dockyards, for operating on steam-turbine rotors and 
casings, as well as for general marine work. In Fig. 1 
the lathe is shown dismantled preparatory to boring 
a turbine casing ; Fig. 2 is a front view, showing the 
slide-rest and the two headstocks ; Fig. 3 is a view of 
the end of the fast headstock; and Fig. 4 shows a 
front view of the same headstock. These illustra- 
tions give a very good idea of the general design of 
the machine. 

The bed is of very strong construction, of the 
box pattern, and two | -slots are provided on the 
top for locking the carriage and loose head in any 
position ; the slots being planed from the solid. Inside 
the bed is a hard-steel guide-sorew with square tapered 
threads, the screw ing carried in intermediate 
bearings, while on each side of the bed inside is a 
out-steel rack. The plated saddle has twin-wings, 
each of which acts as an independent guide on the 
bed, and each is fitted with adjustable strips for 
taking rp all wear, thus ensuring perfect align- 
ment. The top face of the carriage is prepared to 
receive the compound slide-rests, and the two wings 
are each provided with | -slote. 

The fast headstock is driven b 
Vickers variable-speed motor 
constant-speed (Vickers) inde ent motor for quick 
adjustment of the sliding bed, carriage, and movable 
headstock. The face-plate is 12 ft. 3 in. in diameter, 
and is driven by double helical steel gears 12 ft. in 
diameter. The front neck of the main spindle, which 
is of hard for, steel, is 18 in. by 30 in., and the 
back bearing is of the square-collared thrust type. 
Each revolves in adjustable capped -metal bear- 
ings. There are a suitable oualer of change-spindle 


a 60-horse-power 
a 15-horse-power 


speeds, and the shafts are made short and stiff, | | 


and revolve in parallel gun-metal-capped bearin 

The mee — can be made very quickly . 
lever and -wheel lock-bolts, eccentric shafts being 
dispensed with. The spindle-nose is constructed with 





(For Description, see Page 4.) 
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@ flange of large diameter and parallel nose, and the 
face-plate is fixed by means of turned steel bolts. The 
front face is provided with a series of | -slots (as may 
be seen in Fig. 2), some of which are arranged for 
removable dog chuck-slides. On the back face is 
fitted a large steel helical teeth spur-ring, which has 
H-shaped arms, giving great rigidity to the plate. 
The steel centre is provided with a withdrawing nut. 
The movable headstock is of the box pattern, 
planed on the upper and lower faces, and secured by 
turned steel bolts engaging in | -slots in the bed, and 
adjustable in both directions by hand or power 
through lever, reversing mitres, worm wheel, spur 
ear, and rack. The top face of the headstock is 
tted with an adjustable transverse slide for long fine 


taper work. This is adjusted by a square thread steel | (4, 


screw and gun-metal nut, and is secured by steel bolts 
and joggle. The barrel is fitted with a hard-steel 
hollow sliding spindle, adjustable by means of a hand- 
wheel of large diameter. The front end of the barrel 
is split, and fitted with a locking-nut in the usual way. 
Fixed ratios of feeds, positive and continuous, giving 
six changes to the carriage, are provided, and the 
are obtained for either sliding or surfacing throug 
cut-steel cone-gears, reversing mitres, worm, worm- 
wheel, spur-gear, pinions and racks, these racks being 
in duplicate in order to obviate any tendency to twist 
or lock the carriage on the bed. All the motions of 
the —- are controlled by indexed self-contained 
levers at the front of the carriage. Facilities for hand 
adjustment are also provided. 
he drive for screw-cutting is taken from the end 
of the fast headstock through a gear-box and change- 
wheels, to a square-thread screw of large diameter, 
engaging with a gun-metal nut four times the diameter 
of the screw in length, this nut being fitted with a 
safety-lock arrangement. The compound slide-rests are 
placed one at the front and one at the back end, as 
shown in Fig. 2. They are very strong and stiff, and 
each swivel is indexed and provided with four turned 
steel bolts. The slides are provided with square pro- 
jections and angle setting-up strips in the place of Y/’s. 
The adjusting-screws for the slides are provided with 
ong gun-metal nuts, and the top slide of the front rest 
is fitted with a quick-withdrawing motion for screw- 
cutting when required. All the screws and shafts 
are of steel, and all the working pins, joints, nuts, 
washers, &c., are case-hardened. This type of lathe 





Fig, 18. Tae CHAMBER FOR THE SLIDING CalssoN. 


is made in six different sizes, ranging from 36-in. centres 
to 108-in. centres. The lathes are also built of the 
twin-bed type, with independent carriages back and 
front, according to requirements. 








Upper Coneo Ratitway.—Surveys for an extension of 
this interesting undertaking from the centre of the ome 
to Lake Tanganyika have been completed this year. The 
line will extend from Lualaba to the great lake, and it 
will be 169 miles in length. The ter part of the 
country traversed presents few difficulties, and the 
earthworks have been completed for a distance of about 
131 miles. Upon the remaining 38 miles the route which 
follows the valley of the Lukuga is less easy, and it will 
be necessary to build a certain number of bridges. The 
mpany is considering, in conjunction with the State, 
the establishment of a navigation service upon Lake 
Tanganyika, 406 miles long and from 60 miles to 95 miles 
wide. ‘The new line just surveyed will carry the Upper 
Congo Railway a good deal further across Central Africa, 
and will help to join it up to German and British East 
Africa. Traffic is being regularly conducted upon the 
first two sections of the undertaking from Stanlevville to 
Ponthierville (78 miles), and from Kindu to Kongolo 
(222 miles). When the Lake Tanganyika extension has 
been completed, the Company will, accordingly, have 
469 miles of line in operation. Two stern-wheel steamers 
of 500 tons each were launched in October, 1912, and 
February, 1913, at Leopoldville, and a regular service has 
since been conducted between that port and Stanleyville. 
The Company is now employing five steamers of 500 tons 
each over a navigable stretch of 1000 miles ; this flotilla 
assures & lar traffic of nearly 2000 tons per month. 
This service is sufficient for current requirements, but it 
will probably have to be considerably increased in an 
early future. Upon another navigable stretch of 200 miles 
between Ponthierville and Kindu the hulls of a tug of 250 
horse-power and a barge of 375 tons have just been built 
up. Upon a final stretch of 400 miles from Kongolo to 
Bukama another tug of 250 horse-power and two 
of 200 tons each are being similarly dealt with. At the 
close of last year the company was employing 6941 blacks 
and 245 Europeans. The amount expended on capital 
account to the close of last year was £2,656,601. The 
pacar ye | has a guarantee of interest (4 per cent. per 
annum) and sinking fund from the Congo Government 
for 99 years, in the course of which the capital is to be 

leemed. The rolling stock despatched from Europe to 
the Congo to the close of May this year comprised 96 loco. 
motives, 5 first-class passenger carriages, 8 second-class 
passenger carriages, 374 trucks, 6 crane trucks, &e. 
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Fic. 13. Vrew, Lookinc East, sHow1nG TRENCH FOR THE NortH WALL oF THE Dock ; June 30, 1911. 
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Fie. 15. View rrom ENTRANCE, SHOWING SILL IN CouRSE OF CoNnsTRUCTION ; SEPTEMBER 10, 1912. 
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Fic. 14. View, tookinc West, or Back or SoutH Watt or THE Dock ; June 30, 1911. 
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Fic. 16. View rrom ENTRANCE, SHOWING Dock NEARLY COMPLETED, WITH SHEDS ON NortH Wat; Apri 16, 1913. 
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NOTICE OF MEETING. 


Tue Royat Sanrrary Instrrute. Se. oe y 6, to Saturday, 
July 12. The twenty-eighth congress will be held at Exeter. On 
Saturday, July 5, at 3 p.m., opening of the Health Exhibition 
in the Exhibition yo by the Mayor of Exeter. On Monday 
July 7, and days foilo , Various receptions, meetings, and 
conferences dealing with the business of the Institute, and for 
the reading and discussion of papers. 
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THE COMMERCIAL EFFICIENCY OF 
STEAMSHIPS. 


Ir was most fitting that, at a summer meeting 
of the Institution of Naval Architects, in one of 
the greatest shipowning as well as the mpst 
important shipbuilding centre in the world, atten- 
tion should be directed to the practical, rather than 
the theoretical, questions affecting the efficiency of 
the steamship. No one, least of all the Clyde 
shipowner as well as shipbuilder, fails to recognise 
the influence of scientific research on practical 
results ; but the papers, and particularly the discus- 
sions, had a more direct and recognisable bearing 
on practical points than has always been the case 
at the meetings of Naval Architects. Even in the 
case of treatises dealing with questions from the 
scientific point of view—as, for instance, Mr. 
Woollard’s paper on the rolling of ships—the 
speakers during the discussion applied the prac- 
tical standard. This is as it should be, because it 
is too often forgotten by the shipbuilder, and, 
indeed, the producer of all mechanical appliances, 
that progress is directly proportional to the study of 
design and methods from the theoretical point of 
view. The papers read had also a wide range, 
but were almost exclusively concerned with the 
merchant marine. As Mr. W. H. Whiting, the 
Superintendent of Contract Work at the Admiralty, 
pointed out, however, the Admiralty set many 
problems to the shipbuilder, and the solution of 
these, involving much research and considerable 
expense, have a direct and immediate bearing on 
the progress of naval architecture as applied to 
merchant shipbuilding. Thus the origin of many 
of the questions raised are traceable to naval needs, 
although applicable now to merchant practice. 

As segue ship forms, most convincing testi- 
mony was afforded by Mr. G. S. Baker, the 
Superintendent of the William Froude National 
Tank at the National Physical Laboratory, Ted- 
dington. The paper submitted by him in asso- 
ciation with Mr. ° L. Kent marked a definite 
stage in our knowledge of the theory of ship re- 
sistance ; but here, as in all the papers, chief 
interest was associated with the direct bearin 
which the theoretical work had upon the practica 
issue of ship design. The determination of resist- 
ances has been chiefly associated, very properly, 
with high-speed ships, where the desire is ever to 
get the very best results from a given expenditure 
of power and of fuel, because in such cases the 
economy possible with the most efficient form has a 
more considerable effect than in the case of a vessel 
where the power and s are relatively low. 
Fortunately, however, it is being realised by ship- 
owners that the saving effected, even in the case 
of cargo ships, has an appreciable effect on the 
profit which may be gained in a given time. 

There is nothing so welcome to the ship-owner 
as the knowledge of a certain methed of reducing 
the amount of the coal bill of his ships. The 
reduction of even 1 per cent. is a considerable 
saving, since the coal used in long voyages con- 
stitutes a large proportion of the working expenses 
in a regularly employed cargo liner. In the past 
the builders of such vessels have proceeded on the 
lines of past experience, without attempting any 
consideration as to whether this yielded the most 
economical results obtainable. Now that it is 
possible for shipowners and shipbuilders to submit 
plans, in order that models corresponding to those 

lans may be tested for resistance at the William 
a National Tank, there is no justification for 
the continuance of rule-of-thumb procedure, and it 
is gratifying to know that during the past year a 
large number of models for Bo menage merchant 
ships have been tested at Teddington. When the 
results realised as a consequence of this research 
work are fully brought home to those concerned in 





the expenses of working steamers, we have no 


doubt that this practice will be adopted by prac- 
tically all merchant shipowners to obtain guidance 
in the design of — vessels. Every form 
so far submitted for testing at the William Froude 
National Tank has been improved, and the remarks 
made by Mr. Baker in this connection are worthy 
of the most earnest consideration. In the case of 
the merchant ship of the best form submitted to 
him, it was found possible to ingpease the lel 
body from 8 to 30 per cent., slightly modifying the 

eneral form without any increase in the external 

imensions, and decreasing the horse-power re- 
quired to drive it by 15 per cent. In other words, 
the cost in fuel of propelling such a vessel was 
reduced by 15 per cent., which in itself will con- 
stitute a profit not always realised in the merchant 
marine. The minimum rate of improvement was 
3 per cent. Even in such case, the cost of carrying 
out the tests, according to the scale of fees charged 
by the Natiorial Physical Laboratory, could be 
recovered by the owner through the saving in the 
coal bill in the first six months of running; ig 
other cases the period would, of course, be even 
less. 

Considered from the point of view of the 
balance-sheet, a saving of 3 per cent. amounts 
to nearly 2001. per annum for every 2000 horse- 
power developed by the ship’s machinery. This 
is @ conservative estimate, upon the as- 
sumption that the ship is steaming for eight 
months in the year, consuming 15 lb. of coal 
per indicated horse-power, and that the price 
of coal is 15s. per ton. It should be understood 
also that this gain is effected with an increased 
carrying power equivalent to the weight of the fuel 
saved, and without increase in the dimensions of 
the ship. No shipowner can afford to allow such 
an opportunity of increasing profits or reducing 
charges to remain neglected, and it is satisfactory 
to know that the National Tank is busy with the 
testing of models of new ships of the humbler 
—s type about to be built. The short time 
requi to make such experiments, and the fact 
that the tests can be carried out prior to the 
preparation of detail plans for the ship, are im- 
portant alike to owner and builder, as the modifi- 
cations in form which the experiments suggest 
can be made without affecting any of the pre- 
conceived ideas regarding internal or other arrange- 
ments, based upon the experience of shipbuilder 
or shipowner. Just as the testing of shipbuilding 
materials is now a recognised factor in the efficiency 
of shipbuilding, and has a definite place in every 
ship specification, so should the inclusion of model 
tests in every contract be a reasonable and proper 
means of attaining efficiency in propulsion, if the 
main idea of profit- earning is to tes full and 
dominant consideration. 

Another most seductive problem of the moment 
is that associated with efficiency of machinery, and 
several papers were read at last Friday's meeting 
which introduced discussion on the relative advan- 
tages of steam-turbines and oil-engines, and also 
on methods of transmission of power from the prime 
mover to the propeller. The discussion, which 
we report fully in this issue, was—as such discus- 
sions often are—somewhat disappointing, because 
those concerned are not pre to give to others 
any advantage of such data as have been accu- 
mulated at considerable expense. This is to be 
regretted in the interests of science, At the same 
time it is possible to estimate, with a considerable 
degree of accuracy, the effect of present knowledge, 
even although not publicly disclosed. It must be 
admitted that enthusiasm regarding the oil-engine, 
at least for high-powered vessels, les diminished, 
largely owing to metallurgical difficulties. On the 
other hand, the geared turbine is advancing in 
favour at a rapid rate, and the pa read by Dr. 
Inglis will help towards this end. The last remain- 
ing doubt seems to be concerned with the question 
of noise involved in gearing. As was pointed out 
in the discussion, there is no definite method of 
stating ae the degree of noise involved in 

earing. Instruments have been tried, but none 

ave, so far, satisfied the conditions. The personal 
equation is an unsatisfactory element, because in no 
case can observations be comparable, owing to the 
personal characteristics of the observers. The 
result as to noise —- largely on efficiency in 
gear-cutting, and observation has proved that 
if the ** creep” method is used for cutting gear 
there is no noise, the result being enormously 
superior to gear made by the ordinary system of 





gear-cutting. As regards efficiency, there seems to 
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be no doubt remaining, and there is probability that 
the system of gearing will be adopted in naval 
ships in the early future to a much greater extent 
than in the past, because it enables propellers of 
higher efficiency to be used in association with 
turbines designed to give the maximum thermal 


efficiency. At the same time there are potentialities | the depth of water in these basins will 


in favour of the hydraulic system of power trans- 


mission between the turbine and 


identified with the name of Dr. Fottinger, and it , 
is probable that in the near future this system will | 


be applied to warships. 

Mr. Harold Yarrow’s paper, associated also with 
the transmission of power to the propeller, opened 
up a new field, especially in the case of warships, 
bin it is desired to cut out one or more of the 
prime movers when running the ships at reduced 
power. The clutch, which Ton come into use re- 
cently in connection with cruising motors, has not 
been — with particular favour, but it is 
always difficult to realise that, when mechanical 
appliances of the past are re-introduced, the result 
must be affected, from the efficiency point of view, 
by modern systems of manufacture, by the qualities 
of materials now available, aud by perfection in 
details of design. Here, as in gearing, there are 
possibilities which are not realised by those—an 
there are many—who forget that the details of the 
—— mechanism are immensely superior to those 
of the 
of loss involved in transmission and in friction. The 
electric system of power transmission, on the other 
hand, does not seem to make progress, and the dis- 
cussion on the paper read on this subject must be 
pronounced as unsatisfactory, especially in view of 
the merits of the communication itself. 





GLASGOW HARBOUR EXTENSION. 
Tue Clyde Navigation Trustees, at their meeting 
on Tuesday last, approved of a scheme of harbour 
extension prepared by the Harbour Committee 
and the chief engineer, Mr. W. M. Alston, M. Inst. 
C.E., which will add 50 per cent. to the length of 
the existing wharfage. The full significance of this 
extension is established when it is borne in mind 
that during the past fifteen years the Trustees have 
constructed about 24 miles of quayage embraced 
in the Rothesay Dock at Clydebank, the Merklands, 
Yorkhill, and Meadowside quays. In other words, 
the proposal is to add 5 or 6 miles of quays to 
the existing eleven miles of wharves. Notwith. 
standing this, to use the phrase of one of the 
members of the Board, ‘‘every liner almost in 
the port has been clamouring for years for more 
accommodation, and it has been the Trust’s 
painful part not to be able to give them what they 
ask.” A beginning will be made with the new 
extension as soon as possible, and power will be 
asked in the next Session of Parliament for the 
carrying out of the first part of the scheme to give 
2 miles of quayage, and to cost something like 
14 million sterling. 
Hitherto the docks or basins have been made 
pent to the river. This is the case with the 
rst of the large docks built, the Queen’s Dock, 
which cost 1,358,000/., as well as with the 
Princes’ Dock, which cost 1,223,0001., and further 
with the Rothesay Dock at Clydebank, the last 
constructed. As a consequence, the ships had to 
turn almost at right angles to the line of the river 
to get into the dock, and, moreover, a large cant- 
ing area had to be provided within the entrance. 
In the case of the new docks the proposal is to 
make the basins at an acute angle to the line of 
the channel, so that vessels ing up the river 
will be able, with a few degrees of helm, to 
enter any of the new basins, and thus in- 
volve the minimum of check to the flow of 
traffic in the fairway. The now basins are to be 
constructed on the south side of the river, to 
the extreme west of the existing harbour facilities 
and the shipbuilding yards e ground here, 
which ia agricultural land, has been purchased by 
the Trustees in separate lots to the extent of 
405 acres, the river frontage being 2 miles long, 
and the depth from the river frontage three- 
quarters of a mile at the east end and a quarter 
of a mile at the west end. The proposal is 
to construct five basins, as we have said, at 
an acute angle to the river, varying in length 
according to the configuration of the area. Thus 
the western basin will be 1350 ft. long, the next 


2580 ft., the third and fourth 2700 ft. each, and 
the fifth about 1000 ft. 


The width of the water- 


e propeller Queen’s Dock and the 


d| existing three shipbuilding yards. 


t, and may greatly reduce the percentage | gra 





way in each basin will be 300 ft., while the inter- 
vening wharves will be 400 ft. wide, fitted with 


|the necessary sheds for the reception of cargo. 


In each of the large basins it will be possible to 
accommodate four of the Atlantic liners using the 
port. A further improvement decided upon is that 
30 ft. at 
spring tides, whereas in the 
inces’ Dock the depth is 
only 20ft. The cost will therefore be considerably 
greater, and in this connection Sir Thomas Mason, 
the chairman of the Clyde Navigation Trustees, 
stated that the rate per lineal yard, including land, 
in the case of the Queen’s Dock for the 20 ft. of water 
was 408/., in the Princes’ Dock, where the land was 
cheaper, the cost was 3271.; and for the present 
scheme, where it is pro to go down to 30 ft. 
at low water, it will work out at 4741. 

The new proposals are in addition to the large 
tidal and graving-dock already authorised by Par- 
liament to be constructed near Renfrew on the 
same side of the river. Thus the dock system of 
Glasgow will extend from Glasgow Bridge to the 
Burgh of Renfrew, a distance of between five 
and six miles, embracing the whole of the 
bank of the river, excepting only for the 
The Clyde 
Trust have also uired the harbour of the 
burgh of Renfrew. The new Renfrew tidal and 
ving dock, however, has not yet been com- 
menced, but there is to be no delay in beginning 
the construction of the first of the tidal basins, 
which will be done from the river inland, in order 
that when berthage is available even for one ship 
the wharves may be utilised. The proposal there- 
fore is to use, as soon as completed, each succeeding 
berth. On the north side of the river the whole of 
the banks of the river are now utilised, either for 
shipbuilding yards or docks, for a length of 8 
miles from Glasgow Bridge, but in this case there is 
a very much larger number of shipbuilding works. 

There was no hesitancy whatever in embarking 
upon this more extensive harbour scheme, and 
there was, perhaps, some justification for this, as, 
since 1860, the tonnage of vessels entering the port 
has increased from 2,897,738 to 12,220,538 tons. 
At the same meeting of the Trust the financial 
statement for the year was announced, showing 
the revenue to have been 624,799/., an increase o 
42,2441. Twenty-five years ago the total was only 
311,4951., and fifty years ago 118,0831., so that for 
the half-century the increase is considerably more 
than fivefold. 


low water of ordinary 





THE ROYAL SHOW AT BRISTOL. 

For the third time in its history the annual 
show of the Royal Agricultural Society is being 
held at Bristol. The first occasion was in 1842, 
or just four years after the foundation of the 
Society under its then title of the ‘‘ English 
Agricultural Society.” The present style was 
assumed by Royal Charter in 1840. At the first 

thering at Bristol the attendance numbered 
$3,000. The next visit was paid in 1878, the site 
chosen being, as on the present occasion, Durdham 
Downs. The meeting was very successful, the 
attendance numbering 121,851, and a net profit of 
about 20001. was realised. There is every prospect 
that the results will be still more satisfactory this 
year. The downs are high lands 3} miles from 
the centre of the city, and the fact that by an 
Act passed in 1861 they were to be kept open 
and unenclosed as places of public resort for the 
inhabitants of Bristol, has led this year to a belated 
law suit, in which one citizen claimed the right of 
free entrance to the Show. This claim was defeated 
on the technical ground that his remedy was 
against the City Council, and should have been 
an action for damages. 


Sream-ENGINEs. 


Notwithstanding the great advances made in the 
construction of internal-combustion engines, excel- 
lently-designed and finely-finished steam portable 
engines, traction-engines, and ploughing-engines 
still constitute the most characteristic feature of 
the exhibits in the implement section. The internal- 
combustion engine exhibits are, no doubt, those 
which promise most to the visitor in search of 
novelties, since the main lines of the steam-engine 
were fixed many decades ago by the dictates of 
experience, and the principal differences between 
the exhibits of to-day and those of 25 years ago are, 
in the main, matters of detail only. The ange 





made have originated, on the one hand, in a desire 
to simplify manufacturing processes, and, on the 
other, by a wish to reduce the amount of attendance 
necessary. In no point is this latter tendency 
more noteworthy than in the matter of lubrication, 
less and less being left to the guessing capacity of 
an unskilled attendant. One important reserva- 
tion must be made as to the general similarity 
between the steam-engine designs of to-day and 
those of a few decades back. Superheaters are 
being fitted to an increasing degree, and very satis- 
factory results are being realised with them. 

As usual, Messrs. Marshall, Sons and Co., 
Limited, of the Britannia Iron Works, Gains- 
borough, have an attractive exhibit of steam- 
engines of various types. Noteworthy amongst them 
is the firm’s ‘‘ Fen ” traction engine. In this engine 
the fire-box crown is self-supporting, requiring no 
stays, being stamped into deep corrugations, which 
give the sheet a very considerable resistance against 

ressure. This type of fire-box has already been 
illustrated and described in our columns. The 
corrugations being raised above the general level 
of the crown, there are no pockets in which sedi- 
ment can lodge, which is a matter of importance 
where, as in the Fen district, water of indifferent 
uality has to be utilised for steam-raising purposes. 
he wheels of this engine are also of a special 
character, being fitted with smooth extensions out- 
side the rims proper. These extensions are a 
little less in diameter than the main rims, but in 
traversing soft ground they come into bearing, and 
take a material proportion of the total weight 
of the engine. he firm also exhibit a special 
traction-engine of 6 nominal horse-power, with a 
superheater which has been slightly modified from 
that shown last year, but in essentials the super- 
heater is the same as was then illustrated in our 
columns. An exhaustive series of trials of the 
engine have been carried out during the last twelve 
months, as the result of which the makers claim 
that this single-cylinder superheater engine shows 
a fuel economy of 24 per cent. over a non-super- 
heater compound traction-engine, whilst, as com- 
pared with the ordinary single-cylinder traction- 
engine, the gain is no less than 34 per cent. 

Messrs. Ruston, Proctor and Co., Limited, of 
Lincoln, show a single-cylinder traction engine of 


f|6 horse-power nominal, which is specially adapted 


to agricultural requirements. The boiler is 
designed for a working pressure of 140 1b. per 
sq. in., the cylinder is 8 in. in diameter by 12-in. 
stroke, and the engine is designed to run at 160 revo- 
lutions per minute. The two road speeds of 
2 and 4 miles an hour respectively are mecha- 
nically interlocked, so that it is impossible to have 
both sets of gears in mesh at the same time. The 
drivers are 6 ft. in diameter by 1 ft. 6 in. face, 
and the fly-wheel is 4 ft. 6 in. in diameter by 6 in. 
face. A slightly more powerful engine, rated at 
7 horse-power nominal, is also shown, the cylinder 
in this case being 84 in. in diameter, with a 12-in. 
stroke. In both engines positive lubrication is 
provided for the cylinders. In addition the firm 
show a finely-finished compound traction-engine of 
6 nominal horse-power, having cylinders 5? in. and 
94 in. in diameter, with a12-in. stroke. Provision 
is made by which, when desired, high-pressure 
steam can be admitted direct to the low-pressure 
cylinder, thus giving a reserve of power which is 
at times extremely useful. 

Messrs. John Fowler and Co., Limited, of Leeds, 
have made some slight changes in their well-known 
ploughing-engines. These are the outcome of too 
extended an experience to be in need of any changes 
of a radical nature, but minor improvements are 
constantly being made. The largest engine shown 
at their stand is rated at 14 nominal horse-power. 
British and Australian customers, it appears, still 
insist on buying engines on this antiquated and 
conventional rating, but in other countries pur- 
chasers prefer to have a smaller discrepancy 
between the nominal and actual capacity of the 
engines, and buy on the basis of indicated horse- 
power. The engine above referred to carries 600 
yards of steel-wire rope in place of the more usual 
450 yards. Two ploughing speeds are provided 
for, both being controlled by the one hand-lever. 
The engine has a single slide-bar, which has been 
be tre in order to facilitate access to the gland. 
This bar is, moreover, placed over, and not under, 
the piston-rod, so that any condensed steam 
dripping from the latter falls clear, in place 
of washing off the lubricant, as it might were 
the bar below. Where a high steam economy is 
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demanded, Messrs. Fowler fit these engines with | Rochester, include amongst their exhibits a new|that raises it. The cut-off is varied, not by 


a superheater arranged in the smoke-box. The/|10-ton steam roller, which we hope to describe in 
superheater used is the result of careful experi-|detail in a future issue. This has been designed 


ments, and will furnish steam at a temperature | specially to meet the requirements of modern road-| valve cam-lever. 


up to 608 deg. Fahr. The fuel consumption is, it}surveyors. The old type 10-ton roller really 
appears, reduced by the use of a superheater by | weighed somewhat over 11 tons all on, but it has 
m5 sar 20 per cent., and the saving in water, which | been found that, with bituminous-bound macadam, 
is often even more —— ranges from 20 per| the use of very heavy rollers may injure the road- 
cent. to 25 per cent. Special provision is made for | crust by squeezing out the binder, and it is to meet 
cleaning the superheater tubes, when required, by | this condition that Messrs. Aveling and Porter 
means of jets of steam arranged to wash over the| have introduced the new pattern, which weighs 
surfaces, thus removing any chance deposit from/10tonsallon. The boiler is of the Belpaire type, 
the flue gases. which the firm have adopted as standard, not only 
Messrs. Richard Garrett and Sons, Limited, have, | for this roller, but for a steam-tractor also exhibited 
as is well known, paid special attention to the con- | at the same stand. 
struction of superheater engines, and the recentrise| Messrs. Clayton and Shutileworth, Limited, of 
in the price of oil is still further increasing the | Lincoln, have been exhibitors at the Royal Show 
demand for this type. The principal feature of their | practically since its inception, and to this firm must 
stand is one of their semi-stationary steam-engines, | be attributed a very large share in the development 
of which a full description has already appeared in of the agricultural steam-engine. Of these they are 
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Fic, 1. Gas-Propucer with Steprep Frire-Grate Piates; Messrs. Crosstgry Bros., Lrp. 


EnoIngErR1NG. The builders claim that so long as 
coal can be obtained at one-third the cost of oil, 
power can be generated by it more cheaply than by 
the Diesel engine. In this estimate, which is based 
on a sixty-hour week, at an average power factor 
of 75 per cent., stand-by losses are included. Tests 
of three different units of 50 to 110 horse-power 
each have given very concordant results for the fuel 
consumption, which in each case was between 1.21 lb. 
and 1.25 lb. of good steam coal per brake horse- 
power hour. The engines in question are built up 
to 400 brake horse-power. The whole power plant, 
comprising boiler, superheater, chimney, and engine, 
constitutes asingle unit. The engine, which is 
mounted on the top of the boiler, has balanced 
piston-valves to both cylinders. The superheater 
is placed on the smoke-box, and easily maintains a 
steam temperature of 550 deg. to 580 deg. Fahr. 
A 3-ton steam motor-lorry, mounted on rubber 
tyres, and also fitted with a superheater, forms 
another interesting item at this stand. In vehicles 
of this type, the adoption of superheat has the 
further advantage of enabling longer runs to 
taken without replenishment of the supply of 
water. 

Messrs. Aveling and Porter, Limited, of 





be| packings. The Lentz valve-gear has already been 


showing at Bristol a 6-nominal-horse-power and a 
7-nominal-horse-power traction-engine, both of the 
single-cylinder type, and also a portable engine of 
8 nominal horse-power, in addition to a 10-ton steam 
road-roller and a compound steam-tractor, These 
are well arranged and fine specimens of the en- 


tripping the valve, but by altering the stroke of 


| the eccentrics which produce the oscillation of the 


e valve, therefore, always 
closes quietly and without shock. Forced lubrica- 
tion is provided for the valve-chests, the gland 
|packings, and the pistons. Two well - finished 
traction-engines are also on view. The smaller, 
which is rated at 6 nominal horse-power, has a 
cylinder 8 in. in diameter, with a 12-in. stroke, 
whilst the other, rated at 7 nominal horse-power, 
has a cylinder 8} in. in diameter, with a 12-in. 
| stroke. 

| In addition to a 7-nominal-horse-power single- 
| cylinder traction-engine, Messrs. Robey and Oo., 
Limited, of the Globe Works, Lincoln, show a 
newly-designed 12-ton road-roller. This has a com- 
pound engine, with cylinders 5} in. and 9 in. in 
diameter, with a 10-in. stroke. The most interest- 
ing of the steam-engine exhibits at this stand is, 
however, a ‘* Uniflow ” engine, rated at 100 to 130 
brake horse-power. In this engine, as is well 
known, there are no exhaust-valves, the exhaust 
taking place through ports in the centre of the 
cylinder, which are uncovered by the piston at the 
end of each stroke. A jet injector is arranged 
immediately below the exhaust outlet. The engine 
is entirely enclosed, forced lubrication being fitted 
throughout. The designed speed of the engine 
exhibited is 125 revolutions per minute. e 
engine is claimed to be specially adapted for work- 
ing with superheated steam. An important feature 
is that, as the name ‘‘ Uniflow ” implies, the direc- 
tion of motion of the steam is never reversed. It 
does not on exhaust flow back over the cylinder 
walls and covers, abstracting heat from them, as 
occurs with an engine of the ordinary type, but 
passes away to the condenser through the central 
ports already mentioned. The builders claim that 
a single-cylinder engine of this type is as econo- 
mical as an ordinary compound engine. 

Messrs. Ransome, Sims and Jefferies, Limited, 
of Ipswich, have, as their principal exhibit, a com- 
pound engine rated at nominal horse-power. 
This is one of their standard patterns fitted with 
cast-steel gearing and having spring axle-boxes to 
the hind axle. A couple of single-cylinder traction- 
engines are also on view, this type being preferred 
where simplicity and low cost is of greater import- 
ance than economy of fuel. 


InTERNAL-CoMBUSTION ENGINES. 


The heavy and powerful petrol traction-engines 
which formed so conspicuous a feature of the Show 
at Doncaster last year are less in evidence on this 
occasion, either because makers are too busy with 
other work or because the continued rise in the price 
of petrol is sufticing to discount some of the special 
advantages of the type. There is, however, no 
falling off in the number and variety of the internal- 
combustion engines shown, and oil-engines in par- 
ticular seem to be coming more and more into 
favour. The Diesel engine, however, does not seem 
to have gained the favour of users of agricultural 
engines, all the ap exhibits being of a t 
requiring the use of less intense pressures. The 
slightly greater economy of the Diesel cycle is, 
it is considered, more than offset by its lesser suita- 
bility for the rough usage engines receive from the 
unskilled labour which is all that is available in 
most agricultural districts, both here and abroad. 
The so-called semi-Diesel engine is, however, being 
built to an increasing extent. 

A suction-gas plant, and a selection of fuels with 
which these plants are being operated in different 





gineer’s art, but differ only in minor details from the | P® 


exhibits of previous years. The Belpaire boiler is | 
adopted throughout, and pressed - steel seatings | 
riveted to the boiler are provided to take the 
cylinders. The principal bearings are fitted with 
ring oilers. 

The most striking of the steam-engine exhibits | 
at the stand of Messrs. Davey, Paxman and Co., 
Limited, of Colchester, is the cylinder of a Paxman- 
Lentz engine, shown complete with its valve-gear. 
These engines are built up to an output of 2000 
horse-power, and five of the type are employed for 
driving fans at the collieries of the Powell Duffryn 
Company. A feature of the engine is that no soft 
packings are used anywhere ; joints are metal 
to metal, and the glands are packed with metallic 


illustrated in Encrnzerine. The gear runs silently 
at all speeds, since the valve is always home 





on its seat before it is released from the cam 


rts of the world, form interesting features of the 
exhibit of Messrs. Ruston, Proctor and Co., Limited, 
of Lincoln. The fuels range from sawdust, rice-shell 
husks, and olive rexidues up to peat, lignite, coke, 
and anthracite. Many plants have been supplied 
y the firm for running on wood refuse. The engine 
shown is rated at 30 brake horse-power, and is 
fitted with a neatly- designed throttle - governor, 
which we hope to illustrate in our next issue. 
Messrs. Crossley Brothers, Limited, of Openshaw, 
Manchester, have a varied exhibit of gas-engines, 
all sizes being now fitted with throttle-governors in 
place of the hit-and-miss governor at one time 
universal. The largest of these engines is rated 
at 70 brake horse-pewer, and was shown running 
on suction-gas. The producer, of which we show 
@ cross-section in Fig. 1, is of a new pattern. It 
has, it will be seen, an 7 hearth, the advan- 
tages of which were, we believe, first recognised 
acrossthe Channel. This hearth consists of a series 
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of stepped fire-grate plates, the diameter of each 
of which is such that it exceeds that of the hase of 


the cone of repose of the fuel. The centre column 
of fuel rests on a bed of its own ashes, and every 
portion of the grate being accessible, clinker and 
ash can be removed without in any way inter- 
—_ the working of the plant. A series of 
poke-holes, lettered F, F in our illustration, make 
it easy to clear away any clinker which may 
adhere to the firebrick lining. The vaporiser, 
which is represented at M, is, it will be seen, en- 
tirely outside of the generator. It consists of a 
rectangular box, through which the gases from the 
generator pass on their way to the scrubber, and in 





suction-fan. Messrs. Crossley also supply pro- 
ducers to run on wood refuse. One plant of 300 
horse-power working with this fuel is in operation 
at the Great Northern Works, Doncaster. A dust- 
box or separator interposed between the generator 
and the scrubber prevents sawdust or other light 

icles being drawn over into the scrubber, a draw- 

k which was at one time very characteristic of pro- 
ducers working on wood refuse. A rotary washer, 
which takes the gas from the scrubber, removes the 
last traces of dust or tar before passing the gas on 
to the engine. A 100-horse-power plant of this 
kind can, itis claimed, be started up in 64 minutes. 
A semi-Diesel engine of the horizontal type run- 





other. The two wheels are driven by internal 
gears. No differential is fitted, but ratchets are 
provided by which either wheel may overrun 
the other, as is required in turning a corner. 
The pinion shaft is driven by worm - gearing 
completely enclosed. The engine is also com- 
pletely enclosed, including its governor, which is 
of the ordinary Watt type, and is mounted on the 
end of the cam-shaft. Forced lubrication is pro- 
vided to all the working parts of the engine by 
means of a gear-pump, which circulates the oil to 
all parts. The designed normal speed of the 
engine is 1200 revolutions per minute, but this can 
be varied at will by adjusting one of the governor 
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Fic. 3. O1-Motor-Driven Cargo Wi1ncH ; 
anp Co., Limited, Bristor. 


this box a number of gilled tubes are arranged as 
indicated. 

The water to be evaporated passes through these 
gilled tubes in succession, being delivered from the 
top of one to a steel tube which leads it to the 
bottom of the next. The last of the gilled tubes 
acts as a superheater, and supplies the steam neces- 
sary for the working of the generator. The supply 
of water to the vaporiser is automatically ad- 
justed to the load on the engine. By passing 
through this vaporiser, a portion of the heat 
carried away by the hot gases from the generator is 
usefully recovered. Before these gases enter the 
coke-scrubber they have to pass through a cascade- 
box, in which the gas is met by water flowing down 
the inclined plates shown at P, and these cas- 
cades remove the heavier impurities from the gas 
before the latter enters the base of the scrubber. 
The fan used for starting up the producer is a 














Messrs. Brazit, StTRAKER Fic. 4. 


BRISTOL. 


ning on crude oil is also on view at this stand as 
well as a number of the firm’s ordinary oil-engines 
running on paraffin. 

A new implement exhibited by Messrs. John 
Fowler and Co., Limited, Leeds. is the Fowler- 
Wyles motor-plough, of which we give an illustration 
in Fig. 2 above. This has a single-cylinder engine, 
44 in. diameter by 5} in. stroke, rated at 7 brake 
horse-power, and designed to be started up on 
petrol and then to run on paraffin. As will be 
seen, the plough has two driving wheels, and is 
designed to be steered by a man walking behind, 
just as a horse-plough is. In ploughing, one wheel 
must necessarily run at a higher level than the 
other, and to meet this condition each wheel is 
mounted on an arm which swivels round an axis 
concentric with the pinion-shaft by which it is 
driven. Gear is provided by which either wheel 
can be raised or lowered independently of the 











74-BrakE-Horse-Power Ort-Motor-Driven CeEnrTRI- 
FuGAL Pump; Messrs. Brazit, STRAKER AND Co., Limirep, 


springs. In actual ploughing the operator is not 
called upon to control the engine speed, but is able 
to declutch at will. On a recent trial, using a 
single-furrow plough, 1 acre was completed in 
43 hours, the distance traversed being about 
9 miles. Other under-frames, carrying from two 
to four ploughs, are provided, and can be used 
where shallow ploughing only is required. 

Messrs. Clayton and Shuttleworth, Limited, of 
Lincoln, have made a new departure this year in 
exhibiting a series of the so-called semi-Diesel 
oil-engines. These, as is well known, operate on 
the two-cycle system, air being compressed into 
the crank-chamber-on the out-stroke of the piston 
to a pressure of about 7 lb. per sq. in. As the 
piston nears the @nd of its out-stroke it uncovers 
two ports in the cylinder; one of these serves as 
the exhaust port, whilst through the other the air, 
already compressed, enters, scavenging out the 
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spent charge. A deflector on the piston prevents ! consumption of these engines is stated to be about 


loss of the incoming air through the exhaust 
port. On the return stroke of the piston the air 
trapped is compressed, and as the piston nears the 
re of its in-stroke a charge of crude oil is 
injected into the cylinder on to an igniter bulb. 
The ignition is automatic. In the Clayton engine 
a little water is added to the charge of oil so as 
to keep down the temperature of the explosion. 
The engines shown are of the horizontal type, 
ranging in size from 54 brake horse-power up to 
15 brake horse-power; but the firm build the 
single-cylinder type up to units of 70 brake horse- 

wer. The crank and the cylinder are fitted with 
orced lubrication, the oil for the cylinder being 
upplied at three equidistant points. 

The Hornsby oil-engine, exhibited by Messrs. 
Richard Hornsby and Co., Limited, of Grantham, 


Fig.5. 








| half a pint of heavy oil per brake horse-power per 


hour. Messrs. Hornsby and Co. are, we learn, 
also building large numbers of small petrol-engines, 
which are in great demand by farmers for occasional 
jobs of pumping, chaff-cutting, and the like. Of 
these engines one of 3 brake horse-power is on view 
at the stand. 

The principal feature of the exhibit of Messrs. 
Petters, Limited, Yeovil, is a three-cylinder semi- 
Diesel vertical engine, developing 159 brake horse- 

wer at 220 revolutions per minute. The engine 
is direct-connected to a dynamo, and four of them 
ate to operate the power-station of the builders’ 
works, where 1000 hands are now employed in the 
manufacture of oil-engines. The type is claimed to 
be capable of long continuous runs, having been 
operated for over a month without cleaning, though 
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which is itself mounted on a pin concentric with 
the driving gear-wheel. Lifting this lever brings 
the friction-pinion in contact with its wheel, 
which in its turn drives the drum. A_brake- 
block, mounted on an extension to the hand- 
lever already mentioned, comes into action when 
this lever is released. The winch shown will lift 
1 ton at 60 ft. a minute or 10 cwt. at 120 ft. 

minute, a chan a pom gear being provided to this 
end. It will un grain at the rate of 30 to 40 tons 
per hour. At the same stand a 40-horse-power four- 
cylinder marine engine is exhibited. This engine 
is a development on marine-engine lines of the 
ordinary motor-car engine, but designed to operate 
entirely with oil, and not petrol. The cylinders 
are cast in pairs, and have their heads solid with 
the body of the casting. The pistons can, how- 
ever, be removed from below, through the doors 


Fig. 6. 
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Figs. 5 to 7. Porraste Semi-Drese, Om-Encine ; Messrs. MarsHaty, Sons anv Co., 
Limitep, GAINSBOROUGH. 


affords an instance where, the right line of advance 
having been struck at the outset, no radical changes 
have been necessitated during the course of many 
years. The engines will use any fuel which is 
suitable for Diesel engines, and have the advan- 
tage, which is considerable in remote quarters of 
the globe, of requiring no supply of high-pres- 
sure air. Enormous numbers have been built 
for Russia, for which country we note a batch 
of 300 is now in course of construction, rang- 
ing in size up to 370 brake horse-power, which 
is developed in two cylinders. Some changes have 
been made in the engine details. The fuel-pump 
is now operated by a cam, and the governing is 
effected by adjusting the supply. Special atten- 
tion has also been given to fitting the engine for 
long continuous runs. The cam-shaft and crank 
bearings have ring-oilers, and the skew gear runs 
in an oil-bath. A 50-horse-power engine installed 
some eighteen months ago in a pumping-station 
in the Fen district was run last Christmas for 
seven days and seven nights werent ge ae 
the charge of an ordinary farm hand. e fuel 





run continuously day and night, save for the week- 
end rest. A couple of ‘these engines have been 
supplied to the electric-light station at Portishead, 
and two more to that at Douglas. The firm also 
show a variety of their ordinary oil-engines, including 
the ‘‘ Handy-man” engine, with which they made, 
we believe, their first appearance at the Show many 
years ago, and of which some 2000 were turned out 
last year. 

Messrs. Brazil, Straker and Co., Limited, of the 
Vulcan Iron Works, Bristol, show an oil-motor- 
operated hoisting or hauling winch, which has 
been entered as a ‘‘new implement.” The winch, 
which is illustrated in Fig. 3, on page 20, has 
already been used to a considerable extent at sea, 
where it is found to be of great service in sailing 
craft. It comprises a vertical oil-engine which is 
capable of developing 9 brake horse-power at 500 
revolutions. The engine and its accessories is com- 
pletely enclosed by sheet-metal sheathing, fitted 
with doors admitting of ready access to the impor- 
tant parts. A gear-wheel driven by the engine 
actuates a friction- pinion mounted on a lever 





which close the crank-case. The reversing gear, 
which is of the bevel-wheel type, is neatly mounted 
on an extension of the engine bed-plate. There 
is also shown a 9-kw. electric lighting set and a 
74-brake-horse-power centrifugal pumping set, the 
latter of which we also illustrate in Fig. 4, on 


page 20. 

ln the New Implement class Messrs. Blackstone 
and Co., Limited, of Stamford, are exhibiting a 
75-brake-horse-power crude-oil engine. This is in 
essential features the same as was illustrated in 
our columns a few years ago, the peculiarity of 
the engine consisting in the adoption of a high com- 
pression and in the use of air at 4001b. pressure for 
spraying the fuel into the cylinder. It is in con- 
nection with this latter operation that the new 
engine differs from its predecessor. The fuel-valves, 
both the main and the auxiliary, which supply oil 
to the igniter, are now trip-operated. In this way 
it is ummecessary for the valve - spindles, or 
any operating mechanism nently attached 
thereto, to extend through the valve - casing. 
The valves, after being opened, are released by 
a trip-gear, and, being wholly free, close instan- 
taneously. When the spindles extend through the 
casing, the glands, which must be packed tightly, 
to minimise leakage under the high pressure, intro- 
duce a certain variable friction, which is eliminated 
by the present arrangement, which, accordingly, 
admits of greater nicety in the governing of the 
engine. In addition to this crude-oil engine, 
which is built to develop as much as 140 horse- 
power on a single cylinder, Messrs. Blackstone are 
also exhibiting their ordinary oil-engines, designed 
for running with paraffin. These operate on the 
ordinary Otto cycle, and water-injection is pro- 
vided to eliminate any liability to pre-ignition or 
to the development of abnormal initial pressures 
when the engine is heavily loaded. 

Messrs. rshall, Sons and Co., Limited, of 
Gainsborough, show a portable semi-Diesel oil- 
engine, rated at 16 brake horse-power, of which we 
annex illustrations in Figs. 5 to 7. The engine is 
made with a loose liner to the cylinder, which admits 
of free expansion, and avoids any risk of distortion 
by temperature strains. The fuel - pump has a 
spring-actuated ram, the stroke of which is depen- 
dent on the position of a wedge which is adjusted 
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by the governor, so that the latter regulates the 
charge admitted to the cylinder. his pump 


delivers the oil to a needle-valve communicating 


by a variable-stroke pump, and no air is used for 
spraying the jet, this end being secured by the 
design of the inlet. The engine runs with the 


direct with the interior of the cylinder. This | heaviest fuel oils without water injection. 


valve is normally kept closed 


by a spring, but at) 
each stroke of the fuel-pump is lifted. by means of | 


a small piston secured on its stem, underneath 
which the fuel is led. The skew gears actuating | 
the side shaft, from which the pump and governor | 
are driven, run in an oil-bath. There is forced | 
lubrication to the crank-shaft and cylinder, and | 
ring-oilers elsewhere ; the engine will run up to 
§ths load without water injection. A double 
silencer is fitted to the exhaust system, the spent 
gases being directed in the first place into a hollow 
casting arranged at the fore-carriage, and thence 
into a terminal silencer fitted at the top of the 
cooling-tower. The jacket water is circulated by 
a centrifugal pump. The engine will run, it is 
stated, on almost any variety of liquid fuel. 

Two semi-Diesel engines were shown by Messrs. 
Robey and Co., Limited, of Lincoln. Both were of 
the vertical pattern, and the larger, rated at 25 
brake horse-power and having two cylinders, was 
shown direct coupled to a dynamo. 

A capital exhibit of their standard gas and oil- 
engines was made by the National Gas-Engine 
Company, of Ashton-under-Lyne; but perhaps 
still more interest attached to the photographs 
showing the builders’ large tandem vertical gas- 
engines. These are built in sizes up to 2000 horse- 
power, for which output twelve - inders are used, 
actuating six cranks. By thus subdividing the power 
over a number of cylinders, the possibility of a break- 
down is eliminated, and the construction and opera- 
tion of the engines greatly simplified. The largest 
cylinder diameter being only 24 in., the piston does 
not require to be water-cooled, nor does the cylinder 
liner require to be of any enormous thickness. 
Some 50,000 horse-power of this type of engine 
have already been installed, included in which are 
a number rated at 1500 brake-horse-power each, 
an output which they have proved quite capable of 
maiutaining on long continuous runs. The engines 
are being run not only on blast-furnace gases, but 
on coke-oven gas, and even on town gas, this latter 
being possible commercially,where, as at Sheffield, 
gas can be obtained for  . production at a cost 
of 104d. per 1000 cub. ft. The system of diluting 
the charge by an addition of cooled exhaust gases 
is now adopted with all these engines, the _ 
which is, we believe, due to Dr. Dugald Clerk, 
having given, it is stated, most satisfactory results 
in practice. 

A number of suction-gas plants were shown in 
operation at the stand of Messrs. Fielding and 
Platt, Limited, of Gloucester. These engines, 
which are now fitted with graduated governing 
and high-tension magneto ignition, are built in 
sizes up to 250 brake horse-power. All the bear- 
ings have ring lubrication, and forced feed is 
adopted for oiling the piston. An oil-tray is cast 
round the bed of the engine, so as to trap any 


drip. 

Di, Kynoch, Limited, of Witton, Birming- 
ham, show at their stand a large 95-brake-horse- 
power suction-gas engine, which is ) ny on 
gas supplied from a bituminous producer. This 

roducer is an Australian invention. Though only 
introduced some three years ago, producers of this 
type aggregating 50, horse-power are either at 
work or on order, and it was in consequence of the 
success achieved in Australia that the English 
license was secured by Messrs. Kynoch. The pro- 
ducer operates on the down-draught principle, the tar 
and other heavy hydro-carbons being drawn down 
through the hottest part of the fire, and thereby 
destroyed. The principle, of course, is not new, 
but it is claimed that the many difficulties which 
have heretofore baffled those who have experi- 
mented with the type have at length been com- 


pletely overcome. We hop» to illustrate and 
describe this producer in detail in a future issue. 
The Campbell Gas-Engine Company, of Halifax, 


in addition to one of their open-hearth —_ 
plants, exhibit two of their high-compression crude- 





oil engines. These, it is claimed, will operate with 


any Diesel fuel, and with an economy fully equal | ing 


to that of a Diesel nupe of the same output. 
There is, in fact, no trouble in using even Mexican 
fuel oil, which has a specific gravity of 0.96 to0.97, | 
and a consistency approaching that of treacle. The | 
compression pressure is 300 lb. per sq. in., and the 
oil is injected just about 10 deg. before the crank 
reaches its inner dead centre. This injection is made 


A marine oil-engine was to have formed one of 
the exhibits at Messrs. Campbell and Co.’s stand, 
but it could not be got ready in time. These marine 
engines work on the two-cycle system and have 
been built je as outputs of 200 horse-power, for 
which four cylinders are adopted. 

The Worthington Pump Company, Limited, of 
153, Queen Victoria-street, E.C., make what is, we 
believe, a first ap nce at the Royal Show. 
Their exhibits consist of internal-combustion en- 
gines of different types, mostly made in the 
firm’s American works, though one exhibit hails 
from the makers’ English factory, and enables an 
interesting comparison to be made of the charac- 
teristics of British and American design. Amongst 
the exhibits is a combined engine and pump. The 
engine is intended to run on kerosene. It drives 
the pump through reduction gearing, a friction- 
clutch being fitted to permit of the load being 
taken off the engine when starting up. The con- 
necting-rod for the pump is coupled to a pin in 
the large wheel of the reduction gear, and this pin 
can be moved to any one of three alternative posi- 
tions. In this way the stroke of the pump can be 
altered according to the head to be overcome. The 
same plant can, therefore, be supplied from stock 
to meet very different working conditions. Amongst 
the other exhibits is a small petrol-engine and air- 
compressor combined. This plant finds its use in 
garages for pumping up tyres, in electric power- 
stations for dusting out generators, and can also be 
used for raising acid liquors by means of compressed 
air. A larger net ee plant, consisting of 
an 8-horse-power oil-engine belted to a 6-in. by 6-in. 
Clayton compressor, is also shown. The compressor 
is completely enclosed, and is thus suitable for use 
in dusty quarries or mines. 

Leyland Motors, Limited, of Leyland, Lancashire, 
show one of their standard 4-ton motor-vans fitted 
with a four-cylinder 40 horse-power engine identi- 
cal with those which have been so successfully 
applied to the running of tram-cars at Morecambe. 

e most interesting exhibit here is, however, a 
motor fire-engine. This is arranged so that the 
engine can be controlled from the ordinary driver's 
seat at the front when travelling, or from the back 
when ay The engine provided is rated at 
55 brake horse- power. The pump is a Rees 
‘*Roturbo,” and a special air-pump driven by gear- 
ing from the gear-box is provided for priming this 
— when it is necessary to take water from a 
pond, or, in other cases, when a suction lift is 
required. So soon as the Rees ‘‘Roturbo ” pump is 
primed, the air-pump is automatically cut out. A 
‘* first-aid tank,” carrying a small supply of water, 
is also mounted on the engine, and can be to 
extinguish small fires, thus avoiding the loss of 
time needed to run out suction hose when an 
external source of water has to be drawn upon. 
By-passes fitted with filters are provided, by which 
a small proportion of the water passing through the 
fire-pump is delivered to waste through the water- 
jackets of the engine-cylinders, thus avoiding the 
difficulty of keeping cool the radiator when the 
engine is not travelling. Filtersare fitted on these 
by-passes, so as to prevent dirt entering the 
= ets when, as is often the case, the water supply 

to be taken from ponds and the like. We may 
note that the firm have supplied, or have on order, 
for the War Office an aggregate of 120 30-cwt. 
motor-vans, 
(To be continued.) 





NOTE. 
Tue Nationat Puysicat Laporatory. 

On Thursday, June 26, the new building of the 
National Physical Laboratory was opened by Mr. 
A. J. Balfour, F.R.S., M.P. We referred to the 
history of this building in the introduction to our 
articles on the work of the Laboratory, which 
appeared in our issue of June 20. The main build- 
ing resembles in its general architecture, and in 
the dark colour of its bricks, the nucleus of the 


| Laboratory, Bushy House, whilst all the other new 


buildings have been constructed in yellowish bricks. 
The new house of three, and partly four, storeys 
accommodates the administration offices in the one 
part, and the optical department in the other. Some 
remarks on the optical rooms will be found on page 4 





of this issue. A spacious library and a lecture- 
hall have also been provided. It is to be ho in 
the general interest, that authors and publishers 
will more generously supply books and journals for 
the library than they have done so far ; everything 
should be done to make it easy for the members of 
the staff to keep au fait in their particular domains. 
Sir Archibald Geikie, President of the Royal 
Society, and, as such, chairman of the General 
Board of the Laboratory, presided over the cere- 
mony, which was attended by a large gathering of 
scientists of all branches. Mr. Balfour, in his speech, 
which followed brief remarks by Lord Rayleigh, 
chairman of the executive, and by Dr. R. T. 
Glazebrook, Director of the Laboratory, accen- 
tuated the need of such institutions. It might 
be asked, he said, whether there was anything so 
very important in measuring and standardising, 
since man could not measure the best things in 
life—beauty, happiness, nor life itself. ey 
might analyse the air-waves of a great musical 
masterpiece, without coming any nearer to a 
measurement of what the symphony really was. If 
technical measurements were so essential, how- 
ever, it might further be asked, why not leave them 
to the manufacturers? Manufacturers spent, in- 
deed, vast sums on testing and measuring ; but 
the immense advantage of the Laboratory was 
that it constituted an impartial institution, serv- 
ing the interests of purchaser and seller alike. 
Lord Rayleigh had expressed regret that more of 
the time and labour of the institution was devoted 
to matters immediately connected with industry 
and to routine testing than to abstract and purely 
scientific investigations, on which the future of 
industry ultimately depended. Mr. Balfour shared 
that regret. Mankind was most indebted to the 
man of science who worked for purely scientific 
ends, without any thought of the application of his 
discoveries. That was not reali y the general 
public. The question, ‘‘What immediate results to 
the taxpayer are you going to get from the sacrifice 
which you demand ?” was, of course, justified in one 
sense. But it should become part of the ordinary 
creed of a citizen that the growth of pure science 
was, if not his own greatest interest, at any rate 
the greatest interest of the generations to follow. 
Colonel Seely, M.P., in proposing the vote of 
thanks to Mr. Balfour, dwelt on the especial fitness 
of Mr. Balfour to act on such an occasion, and paid 
a hearty tribute to the devoted services of the 
staff of the Laboratory. The meeting was held 
in the new aeronautical shed, in which the ,7-ft. 
air channel is being constructed, and Colonel Seely 
dwelt particularly upon this aeronautical work. 
A vote of thanks to Sir Archibald Geikie, proposed 
by Sir John Brunner, concluded the proceedings, 
and the meeting dispersed to inspect the various 
departments. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 25, 


THE course of prices in iron and steel is fractionally 
downward, and a further recession in prices is prob- 
able, in view of the general inclination of consumers 
to postpone the buying of material for even early re- 
quirements. All of the commercial and agricultural 
conditions are highly favourable, and crops of phe- 
nomenal itude seem to beassured. In crude iron 
there is very little contracting at present, but the fact 
of very much inquiry for future delivery is interpreted 
by makers as indicating a heavy demand in the near 
future. The pending tariff reductions, however, enter 
into the state of mind existing. Under the plans now 
outlined there will be placed on the free list pig iron, 
ferro-manganese, steel ingots, billets, slabs pond eae 
Finished material will reduced 10 per cent. A 
strong fight will be put up in the Senate, and it is a 
question whether a completed Bill can be passed before 
early September. The excessive heat may possibly drive 
the law-makers to earlier action. Under suchconditions 
it is impossible to make complete arrangements as to the 
ey in the steel industry or any other that is 
ikely to be affected. Coke rates have been reduced 
10 cents a ton. Prices in pig iron are softening, and 
third and fourth quarter deliveries are not bein 
actively provided for. The Pennsylvania Rail 
wants tons, and several other systems are 
negotiating in a sluggish way, having a fair amount 
of stockon hand. As recently stated, there is great 
activity in pipe iron of the Northern and Southern 
makes. Virginia pipe iron has been reduced 25 cents 
ton since last week. There is very little move- 
ment in steel-making grades of pig iron, and in bar 
iron prices have been edging downward a little, with 
v little indication of early activity on a large 
Eastern makers of heavy steel plate have not 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
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Ix the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in oe 70 Ib. to801b. The metal | 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 








yielded to the pressure for lower prices for early deli- | The most encouraging feature of the steel industry at 
very. Western mill shipments are more frequent, and | present is the dem for structural material, in which 
the volume of business is a little higher than last week. | competition is sharp and prices slightly lower. 


INDUSTRIAL NOTES. 

Tue figures contained in the monthly report of the 
National Union of Boot and Shoe Operatives for June 
indicate that trade is still fairly good in the industry, 
although in the month of May there was a slight 
decline in employment as compared with the previous 
month and a year ago. Returns from firms employing 
66,728 workpeople in the week ended May 24 last 
showed a decrease of 0.5 per cent. in the number 
employed and of 2.1 per cent. in the amount of w 
paid compared with a month ago. Compared with a 
year ago, there was no change in the number employed, 
and a decrease of 2.5 per cent. in the amount of wages 
paid. In London employment was fair generally and 

in the hand-sewn branch. It was fair at Leicester, 
ut there was a decline compared with the previous 
month and with a year ago. At Northampton employ- 
ment with lasters and finishers was reported as fair, 
and slack with clickers and pressmen. Employment 
was not so good at Kettering as it was in the previous 
month and a year ago. Army bootmakers at North- 
ampton were very busy. At other places employment 
varied from good to moderate. The total membership 
at the end of May stood at 46,075. 


At the end of last week the strikers in the Bir- 
mingham and Black Country voted decisively against 
the acceptance of the terms offered by the employers, 
which was a minimum wage of 23s. for the Birmingham 
district, and 21s. for the Black Country. No one was 
allowed to vote but the unskilled union men; the 
skilled men and the men locked out did not take part. 
There was a huge majority against acceptance, the 
actual figures being 4817 votes against, and only 99 
in favour. On Friday last, the 27th ult., the strikers 
marched on Darlaston, and held up the entire nut and 
bolt trade of the town. An x has been issued to 
landlords and their agents by the Lord Mayor of 
Birmingham, asking that tenants who are in arrears 
be not too hardly pressed, in view of the bad effect any 
such action might have on the bresking-up of homes, 
and because the workmen in many cases are not 
responsible for being out of work. It was announced 
on Wedntsiay that the Board of Trade had decided 
to intervene, and conferences under the chairmanship 
of Sir George Askwith were held on Wednesday and 
Thursday. 


It is thought probable that the threatened stoppage 
in the shipbuilding trade will be averted, for, although 
the whole of the returns of the ballots have not yet 
been received, a sufficient number have come in to 
indicate pretty clearly how the feeling of the men is 
tending. The ballot is being taken on the question 
of the offer of the shipyard employers of an advance to 
time-workers and riveting squads. It is not likely that 
the boiler-makers’ votes will be disclosed before July 11, 
but it is expected that the boiler-makers will be in 
favour of acceptance. If this should prove true, the 
danger of a strike will be passed. The boiler-makers 
are piece-workers, and as their demands were not fully 
agreed to there has been a feeling of doubt as to what 
would happen. The majority of the men in the eleven 
societies now voting are time-workers, and these are 
expected to be in favour of acceptance. 


The dock strikes at Leith and Fishguard still con- 
tinue, and an extension is feared, as it is thought that 
the dockers at neighbouring ports may strike out of 
sympathy. On Friday last the strikers were paid off. 

me of the men discharged had been in the employ 
of the Great Western Railway for forty years, and 
— these appeared very acutely to feel being 

id off. 

It looks as though the struggle would be a long one, 
and it is understood that the docks will be closed ; 
moreover, many seamen are being discharged. This 
will, of course, affect many industries, the stop 
being particularly felt by collieries, owing to the diffi- 
culty of shipping coal. It is stated that the men are 
firm that 8d. an hour must be conceded ail round, 
while on the other side it is declared that there will 
be no yielding—that all the men must resume work 
at the present wages. There does not appear to be 
much inconvenience at Fisbguard, and the Irish ser- 
| vices are being run. 














The mechanics at the Queen’s Engineering Works of 
Messrs. W. H. Allen and Co., Bedford, struck work on 
Thursday in last week, the 26th ult., as a consequence 
of three men being discharged on the previous 
Saturday and three more on the following Wednesday. 
These men were in the pattern-shop. Eventually 
more than 1000 men came out. The reason given by 
the employers for the discharge of the pattern-makers 
was slackness of work, but this does not appear to be 
believed by the strikers, who say that the men were 
discharged because they had taken a prominent part 
in trade-unionism. 





There is trouble at the Pemberton collieries, near 
Wigan, where the non-union question is to the front. 
It appears that out of the workers 
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there are 32 who still decline to pay their entrance 
fee to the Miners’ Federation. A strike has, therefore, 
been sanctioned by the Lancashire and Cheshire 
Miners’ Federation. These strike notices expired 
last Saturday. The management of the collieries have 
declined to interfere, even if a stop; is the result. 
About 500 surface workers, in addition to the 2500 
employed underground, will be affected. It is said 
that the strike pay is 10s, a week, with ls. for each 
child, but it is expected that in the Wigan district a 
small levy will be made for the purpose of doubling 
the sum. 





According to the Manchester Guardian, an interestin 
situation has arisen at Accrington in connection wi 
the textile engineering works of Messrs. Howard and 
Bullough, where there has recently been a strike and 
a lock-out, brought about originally by the milling-room 
men. Men were, however, drafted into the works by 
the employers and work was resumed independently 
of the strikers. On Friday last, the 27th ult., the 
men on strike expressed dissatisfaction with the 
arrangements made regarding the men drafted into 
the department during the strike, and refused to 
resume. Later, on Friday, it was admitted to the 
Mayor that the dissatisfaction was due to a mis- 
understanding, and a deputation asked the Mayor to 
continue his good offices. A notice had been posted 
at noon by the firm to the effect that the men’s 
services were no longer required, but, in spite 
of this, the Mayor promised to do his best to re-open 
negotiations. This promise he fulfilled, with the 
result that he received from the firm a communication 
declaring that ‘‘ the directors cannot conceive a mis- 
understanding after the clear explanation to the men 
on Thursday morning. It is too late to make amends.” 
It would appear as though the men in this case had 
gone a little too far. 





The strike troubles on the Rand do not appear to 
decrease, and the attitude of the men has me 
more threatening ; those employed at the Brakpan 

wer-station of the Victoria Falls Power Company 
hm now joined those on strike. The disorganisa- 
tion of the Victoria power system would mean the 
paralysis of the whole mining industry, except 
that of the Randfontein and East Rand Pro- 
prietary mines, which have their own plants. The 
mines at present affected are the Kleinfontein, Van 
Ryn, Modderfontein, Brakpan, Van Ryn Deep, 
Modder R., and Geduld. The Kleinfontein is, how- 
ever, now nearly entirely manned by non-unionists. 
To some extent also this applies to the Van Ryn. The 
Government has been asked to supply increased pro- 
tection, and troops have been despatched. The latest 
news is that a general strike of all mine-workers has 
been decided on, which is to commence to-day. There 
appears to be some anxiety as to the line the —- 
men will take, though it is thought probable that the 
engine-drivers will remain at their posts. The attitude 
of the remainder of the railway-men is doubtful. 





On Sunday last & mass meeting of 4000 labourers 
engaged in the Sheffield district engineering trades 
took place, and it was announced that an agreement 
had been come to between the Ey renee Employers’ 
Federation and the National Gasworkers’ Union. 
Advances of wages were agreed to as follow :—From 
22s. to 23s. a week for a fifty-three hours week ; semi- 
skilled workers in receipt of less than 25s. a week to 
receive ls. advance, and those in receipt of higher 
wages to be separately considered. The same rate of 
overtime as is paid to skilled workmen with whom the 
labourers are e ed is to be paid. Ten thousand 
men are affected by the new terms. 





The strike among the mechanics at the works of 
Messrs. John I. Thornycroft and Co., Limited, of 
Southampton, which had been in operation since 
March 8 last, came to an end last week. The cause 
of the strike was the demand on the part of the men 
for a further advance of 3s. a week in addition to 
several increases that had been accorded them during 
the previous eighteen months, When the demand for 
anctner 3s. a week was made last March the 
employers offered a ls. a week, which was refused, 
with the result that the masters afterwards made 
another offer of 1s. 6d. a weex, which the men also 
refused. During the week before last a ballot of 
the men was finally taken, with the result that a 
majority of more than four to one voted for a return 
to work at the rise of ls. 6d. During the three 
months that the mechanics were idle the company 
did their best to keep the works going, but the 
ey got behind with their deliveries, whic 
they will now make efforts to make up for. 





Locomotives FoR Buiegaria.—The administration of 
the Bulgarian State Railways recently invited tenders 
for 24 locomotives, and offers were received from Austrian, 
German, Belgian, and Prussian locomotive firms. The 
prices named were, however, considered too high, and 


the Bulgarian Government has invited fresh tenders. 


THE LATE MR. ALLEN RANSOME. 


WE regret to have to record the death, in his eighty- 
first year, of Mr. Allen Ransome, the founder, and for 
many years the chairman, of the firm of A. Ransome 
and Co., Limited, saw-mill engineers, Stanley Works, 
Newark-on-Trent. Mr. Ransome had lived for the 
last year or two at Bembridge, Isle of Wight, and 
about a month ago went to Newark to attend a board 
meeting there, intending to return to Bembridge at 
the end of two days. hile at Newark Mr. Ransome 
had an attack of influenza, which necessitated his 
being confined to bed at the residence of his co-director 
and old friend, Mr. V. S. Woods, Retford. Unfor- 
tunately, pneumonia supervened, and he passed away 
on Saturday last, June 28. 

Mr. Allen Ransome was born on January 15, 1833. 
He was the second son of the late Mr. James Allen 
Ransome, who for many years was senior partner in 
the firm of Messrs. Ransome, Sims and Jefferies, the 
well-known agricultural engineers, of Orwell Works, 
Ipswich. After leaving school at the age of sixteen, 








Maull and Fox, Photographers, 
Tue Late Mr. ALLEN Ransome. 


Mr. Allen Ransome was apprenticed to his father’s 
firm (then Ransome and May), where he acquired a 
thorough practical knowledge of the different 
branches of his business by working in the various 
departments. At the age of twenty, while still 
apprenticed to his father’s firm, he was made 
manager of the field implement department at 
the Orwell Works, which, at that time, found 
employment for about 300 workmen in this branch 
alone, and, when filling this position, he h 
the satisfaction of obtaining for the firm the Royal 
Agricultural Society’s Medal for the best general- 
purpose plough at the Society’s Show at Lin- 
coln, in the year 1853, for which no less than forty 
firms were competing. Owing to the rapidly in- 
creasing demand for railway material, which was one 
of the specialities of the Ipswich firm, their attention 
had been somewhat diverted from their agricultural 
implement business, and for some years previous to 
the Lincoln meeting the prize for the best general- 
a plough had been taken by other manu- 
acturers. Mr. Allen Ransome, however, was most 
desirous of securing this much-coveted prize; he 
first acquired a practical knowledge of ploughing, 
and then constructed the plough exhibited, with the 
satisfactory result above recorded. 

In 1855 Mr. Ransome left his father’s firm at Ipswich, 
and came to London as r to Messrs. uel 








Worrsam and Co., who had established a small factory | reduced 


in King’s-road, Chelsea, for making saw-mill machi- 
nery. After a few months’ experience with Messrs. 


Worrsam, he persuaded his father to provide the 
n capital to invest in a factory for the manufac- 
ture of this class of machinery, believing that the 


demand for woodworking machinery would rapidly 
increase ; Mr. Ransome, senior, agreed, and the foun- 
dation was thus laid for the very successful woodwork- 
ing machinery business with which the name of Ran- 
some is so intimately connected. Mr. Allen Ransome 
at once entered the firm as a partner. 

The only machines manufactured at that date were 
vertical log-frames, deal frames, plain, self-acting, 
and rack circular-saw benches, moulding-machines, 
and machines for planing floorings; whereas at the 
present time Mr. Ransome’s firm alone have pat- 
terns for over 1000 different machines for working 
wood. Within three years after Mr. Allen Ransome 
left Ipswich, as above stated, he was invited to return 
to his father’s firm as a partner, but he considered 
the prospects of the new business in which he had 
embarked to be so good that he elected to remain in it 
rather than to take a partnership in the old and well- 
established firm in which he had been brought up. 
Until two ag ago (when he removed to the Isle 
of Wight) Mr. Ransome took an active part in his 
firm’s business, attending daily at the works, and, as 
chairman, presiding at the board meetings. 

Mr. Ransome was a member of the Institution of Civil 
Engineers and of the Institution of Mechanical Engi- 
neers, whose meetings he frequently attended. He was 
for many years an enthusiastic volunteer ; he joined the 
2nd South Middlesex Rifle Volunteers in June, 1859, 
became major in his corps in 1868, and two years later 
was gazetted lieut.-colonel, and continued to command 
the corps until he resigned in 1879. 

Mr. me enjoyed active sport to within a few 
weeks of his death. He was a keen fisherman, a first- 
class shot, an experienced judge of horses, an accom- 
— rider, and an expert whip. The study of 

guages was also one of his favourite pursuits ; 
he could converse freely in French and German, and 
had sufficient knowledge of other Continental lan- 

to make himself easily understood in any 
uropean country. In 1873, by the recommenda- 
tion of King Edward, who at that time, as Prince of 
Wales, was os" as President of the British 
Commission at the Vienna Exhibition, Mr. Ransome 
bh ‘on a Knight of the Austrian Order of Franz 
osef. 

Mr. Ransome was a man of broad views, who ever 
had the courage of his convictions. His devotion to 
the business which he originated, and with which he 
had been connected for so long, was intense. An 
indefatigable worker himself, he, by force of example, 
always obtained the best service from those in his 
employ. His geniality, optimism, and cheerfulness, 
combined with a keen sense of humour, endeared him 
to all. Mr. Ransome had a family of eight sons and 
three daughters, of whom nine are still living ; two 
sons, Mr. Lewis and Mr. Geoffrey Ransome, are 
directors in the Newark business. 





Tue Svuzz Canat.—The expenditure made upon the 
Suez Canal at the close of last year was 26,815,186/., as 
compared with 26,481,342/. at the close of 1911. The 
company had also expended 3,114,317/. at the close of 
1912 for premises, land, plant, &c., and it had sundry 
investments to the extent of 2,696,5527. The corre- 
sponding totals at the close of 1911 were :—Premises, 
land, a. &c., 2,926,688/.; investments, 2,600,632/. The 
fund formed by the company for the maintenance of the 
Canal stood at the close of 1912 at 6,046,972/., which was 
similar to the amount at the closeof 1911. The statutory 
reserve amounted at the close of last year to 400,000/., as 
compared with 320,000/ 





On Cask-Harpeninc.— Mr. H. L. Heathcote, B.Sc., 
chief research chemist to Messrs. Rudge-Whitworth. 
Limited, gave, on Tuesday, June 17th, at the Chemical 
Industry, Engineering, and Foundry Exhibition, a lec- 
ture on ‘‘ Some Recentdmprovements in Case-Hardenin 
Practice.” In this he described his investigations wit 


ad | coloured solutions, his object’ being to find a series of 


solutions of different absorbent powers, capable of ab- 
sorbing all the coloured rays from red-hot ies. Cer- 
tain dyes were selected and combined to give the absorp- 
tion required, when calibration was effected. The device 
he now used had a stereoscope type of eye-shield to 
= the eyes from extraneous light, and instead of two 
lenses there were two pairs of dye-solutions, well pro- 
tected by caps, which also kept side light out. With it 
he could control a case-hardening temperature by using, 
for example, two pairs of cells, one adjusted to 900 deg. C. 
and the other to 920 deg. C., when if the pots were visible 
through the 900 deg. pair, and invisible through the 
920 deg. pair, the required temperature was attained. 
The hardening temperature was reached as soon as the 
work pn just visibly red. Mr. Heathcote then 
described some experiments which led to the discovery of 
a case-hardening composition, far more permanent t 

that in current use, and —— of being adapted to give 
es in concentration of case. With this composition 
the time required for carburising could be materially 
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GEARED TURBINES. 
On the Trials of three Ferry Steamers Propelled by 
Geared Turbines.* 


By J. Inetts, LL.D., Hon. Vice-President. 
Tue following paper is offered in response to a sug- 
gestion from Dr. Archibald Denny during the discussion 
on Sir Charles Parsons’s paper read at the spring meet- 


T.S.S. CURZON” 
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ings. Dr. Denny expressed a wish to have the results of 
the trials of three small vessels fitted with geared tur- 
bines, but at that time these trials were incomplete. — 

The vessels are named Curzon, Elgin, and 
after three Viceroys of India, and are intended to con- 
nect Ceylon with the Indian mainland by a short sea 

in smooth water, instead of the long and occasion- 
ally disagreeable voyage which hitherto has been the only 
available means of transit. 

The South Indian Railway Company, owners of the 
vessels, applied for guidance to the late Sir William H. 
White, who furnished them with an outline design of the 
internal arrangements and a specification covering all the 

uirements of the service, at the same time leaving the 
builder a very free hand as to the form of the vessel, 
scantlings of material, power of propelling machinery, and 
other details. 

Sir William White’s yw was evinced by the fact 
that the whole contract has been completed without any 
alterations on the working plans or any extra nee 
importance. The vessels are 250 ft. long by 38 ft. > 
and displace about 865 tons on 6 ft. draught of water. 
The principal conditions of the contract were that the 
ome should carry 160 tons of dead-weight on a draught 
of water not exceeding 6 ft., and, while so loaded, be 
capable of steaming 20 sea miles at the rate of 164 knots, 
starting from rest, no allowance being made for the time 
occupied in getting under way. The fuel used on trials 
was to be as nearly as possible equivalent in heating 
power to the Indian coal available on service, a sample 
analysis being furnished, which showed 63.26 per cent. of 
fixed. carbon. The coal actually used contained 63.86, per 
cent. of fixed carbon, bee | a rather poor — of 
Scotch coal, but almost exactly what was wanted. Yarrow 
boilers were fitted, the wo being 7000 sq. ft., 
and the grate 168 sq. ft. The boilers were arranged to be 
fired with oil if that should be found advan us. It 
will be observed that the actual full speed to be attained 
was not stated in the conditions, nor were any data avail- 
able whereby it might be computed. It was conside’ 
safe to assume 17 knots, and estimates were made on that 
basis, as, if 17 knots could be maintained for 19 miles, 
there would be left one mile of distance and over five 
minutes of time to attain full speed. This was deemed to 
be sufficient. A preliminary trial of the Curzon was 
made on December 10 last, to test the working of the 
turbines, and, the weather being very calm, advan 
was taken of the divisions on the measured mile in the 
Gareloch to learn something about the acceleration of a 
vessel starting from rest. e results are shown on the 
di ms. 

ig. 1, above, shows, on a base of one nautical mile, 
the time for each fraction of a mile and the increasing 
speed during acceleration. ; ¢ 

Fig. 2 shows, on a base of speed in nautical miles 


* Paper read before the Institution of Naval Architects, 





per hour, the revolutions of propellers, the slip in knots 
and the 4 cent. during aeceleration. 

Fig. 3 ws the revolutions, slip, and shaft horse- 
power during a progressive trial of the Elgin, also the 
effective horse-power (which Messrs. Denny were so kind 
as to ascertain for us in their experimental tank), and 
the ratio of effective to shaft horse-power. 

The dotted curves on Fig. 1 show the computed speed 
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during acceleration, also the time required to run one 
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CURVES ON SPEED BASE. 
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mile starting from rest. These were constructed 
by Mr. Mumford, superintendent at Messrs. 
Denny’s experimental tank, from calculations based on the 
resistance of the model. The agreement between the curves 
constructed from calculations made on a model and those 
from experiment on a full-sized ship is extremely close. 
If Mr. Mumford is — I hope he will tell us how this 
clever piece of work was done. The 20 miles distance, 
starting from rest, was steamed by the Curzon in 65 
minutes, equal to a mean speed of 18.46 knots, the tide 
being with her for the first half and against her for the 
second half, the wind fresh, about three points abaft the 
beam. The time occupied by the Hardinge was 664 
minutes, equal to 18.045 knots, she having a stiff breeze 
inst her and a weak tide in her favour, high water at 
reenock being about 8 o’clock on that day. It was not 
considered necessary to repeat this trial with the third 
vessel, and instead of this a progressive trial was made 
on the measured mile, and a run of two hours at high 
8 was utilised in measuring the water consumption. 
uring the latter the revolutions were somewhat reduced 
by a strong head wind, the average yy Due r 
minute, corresponding to a — of 17.8 knots. The 
mean shaft horse-power was , and the consumption 
of steam, for turbines only, 12.55 lb. per hour per shaft 
horse-power. The consumption of steam by the auxiliaries 
amounted to nearly 5 lb. per hour per shaft horse-power of 
main “Pe. ay e auxiliari a are reckoned the 
engine driving a large dynamo, an e steam steering- 
. The temperature of the feed was 205 ; os, Fabr. 
The air ure in the stokehold did not ex in. of 
water column. 

An attempt was made to record the noise of the gear- 
4 on a new phonograph obtained for ay Fm a ay but, 
although the sound of the engine-room telegraph gong 
and some vocal efforts were clearly rendered by the 
instrument, the sound of the gearing could not be recog- 
nised amidst the scraping of the reproducer on the wax 
cylinder. 

Professor Biles, in his interesting remarks on Sir 
Charles Parsons’ paper, quotes a shipowning friend 
repelling the suggestion to permit the innovation of 
** cog-wheels ” in a passenger steamer’s propelling machi- 


nery. 
The use of onebete cannot be regarded as a novelty, 
even in high- ocean-going passenger steamers. I 
can remember the building, in 1855, of the steamer 
Oneida, which was then deemed large, seeing that only 
twenty-five steamers of the sume or greater register ton- 
nage were on the Mercantile , y List at that date. 
This vessel was 307 ft. long by 39 " 

tonnage was 2284, and her net register 1372 tons. Her 
engines were direct-acting, but the results were so unsatis- 
factory that before she was two years old—that is, in 1857 
—she was put into our to undergo certain altera- 
tions and receive new geared engines of about 3000 horse- 
power. These engines, cog-wheels and all, einsesed to 
work satisfactorily for seventeen years, though I fear they 
could not have been remarkable for economy of steam, 


and in 1875 she was converted into a sailing ship. Thirt 
Years later, sing’ then fifty yeare old, abe dieappoared 
rom the British register, having found a new owner in 
Chili. High speed of piston being somewhat of a bugbear 
to neers in the ’fifties, engines common 
eno in Channel and coasting steamers, and even 
Robertson’s frictional gearing, w 
pinions grooves in place of teeth, was nob unknown 





Her gross | and 





in marine work. 


PROGRESSIVE TRIAL RESULTS. 





3 4 6 a ion 


Knots 


4% 16 


What was tolerated sixty yooms sq, with cast-iron 
pinions and mortice-wheels, might y be adopted now 
with the refined methods of gear-outting which Sir 


Charles Parsons and others have made available. 





Founpry SANDS AND THEIR TREATMENT.—Mr. A. L. 
Curtis, of Chatteris, read a paper on ‘‘ Foundry Sands and 
their Treatment,” at the Foundry Congress, held in Paris 
from May 26 to 31. In this he reviewed the question 
of sand formation, and he classified the minerals met with 
in foundry sand and gave their various characteristics and 
their chemical composition. He laid special stress upon 
an a Seer ee in onalvans oe pam in 

etermining its degree of fineness, its fireproo ty, 
its density, also in the selection of the best site for the 
putting down of a sand- ing plant and the equip- 
ment of this with approved machinery, ensuring, am 
other advan a h and uniform 
mixture, one which can be repeated from one day to the 
other without any variation in its constituents, its 
humidity and strength. 





ACCIDENTS IN AMERICAN CoaL-Minegs,—Last year 2360 
men were killed in and about the coal-mines of the United 
States. This was a death rate of 3.15 1000 men em- 


ployed, while the number of men killed for every 1,000,000 
tons of coal raised was 4.29. This last proportion was the 
smallest since 1906, while the death rate per 1000 em- 
ployed was the smallest since 1899. Conditions tending 
to safety in American coal-mining are accordingly 
improving. The number of men killed in the coal-mines 
of the United States in 1912 was 359 less than in 1911— 
2360 as compared with 2719—a decrease of 13} per cent. 
The number of men killed in and about the coal-mines of 
the United States in six years, ended with 1912 inclusive, 
was as follows:—1907, 3197 ; 1908, 2449 ; 1909, 2668; 1910, 
2840 ; 1911, 2719; and 1912, 2360. 





Tue Society or Morok MANUFACTURERS AND 
TRapERS.—The Society of Motor Manufacturers and 
Fracere interme ue thee & has toomed © now scstion 

ng with oil-engines, known as il Engine Section. 
It adds that many of the important firms manufacturing 
— ge em neg mend Seen oo for a 
great variety may have regarded sphere 
of influence of the Booioty to be confined to nro. sac 
r accessories solely. Until now, few ine 
manufacturers have been represented on the committee 
of the accessories and remy cay section, and no steps 
have been taken to cater for the large number of im- 
portant firms engaged in the manufacture of marine and 


ee internal-combustion other than those 
closely allied to automobilism. Through the new section, 
known as the Oil Engine Section, the Society proposes to 


promote the business of the firms in question, 
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bines. Certain difficulties that arise from the use of an | view of the oomperntivelr lange powers that have to be 
an 


COUPLINGS FOR CRUISING TURBINES.’ | additional motor, transmitting its power simultaneously | transmitted. e simpler 


more direct method is by 


A Device to Facilitate the Coupling of Cruising Turbines.* | with the main turbine, may render it necessary to use | throwing in and out of gear a dog clutch, so that the 


By Haroitp E. Yarrow, Associate-Member. 


the main turbine and the cruising turbine independently | cruising 
. of one another, the vessel being driven by the one or the | paper is not intended to 
Owine to the uneconomical performance of turbines | other, and not by the two in combination. This involves | able dog clutch, bat it has been prepared 


ing motor can be coupled up or not as desired. 
deal with the design of a suit- 
with a view to 


when developing powers considerably below full power, | connecting and disconnecting the low-power motor from | submitting to the meeting devices which will facilitate 


attention has recently been directed to improving the] the main s 









































































the coupling of the clutches. 









































ARRANGEMENT OF MAIN TURBINES AND GEARED CRUISING TURBINES Fig 6. 
WITH CLUTCHES FOR DISCONNECTING CRUISING TURBINES FOR FULL SPEED. . 
Fig.?. 
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ARRANGEMENT OF ENGINE ROOM. 
Fixed Dog Clutch Sliding Dog Clutch 
Feather 
Fig.2 
Thread A Revolves and appears to rurvto the 
«» Right when Gear Shatt is running faster tar 
Bolts L Propeller Shaft, and appears to rum to the Left, 
when Propeller is faster thanGear 
Shatt. It remains stationary both Shatts 
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are running at the same Speed. 


(3529.¢) 


When a high speed is demanded it is contemplated that 
the main turbine only will be working, and when a 
cruising speed is required the cruising motor only will be 
working, the main turbine in this case being simply 
driven round by the cruising motor. If the cruising 
motor consists of a steam turbine, the exhaust from it 
could, of course, be utilised in the main turbines to assist 
in the propulsion of the vessel. Fig. 1 represents one 
arrangement of turbine machinery. 

Assuming that a vessel is being propelled at low speed 
by means of the cruising motor, which would probably 
convey its power to the main shaft through gearing, and 
it is desired t to increase the speed and propel the vessel 
by the main turbine, no serious difficulty would be found 
in throwing the cruising motor out of gear by means ofan 
ordinary well-designed clutch. It is, however, not such 
an easy matter to make the change from the full-power 
turbine to the low-power motor, because in this case the 
clutch has to be put into gear. This can be done by 
stopping the v but that may not always be permis- 
sible, and if it can be avoided it is certainly preferable. 

On account of the large powers now in use even when 
cruising, if the two shafts that it is desired to couple 
together are not rotating at nearly the same s » it 
would not be ible to engage the clutch without in- 
volving an objectionable shock. On the other hand, if 
the clutch is put into gear when the shafts are revolving 
at approximately the same number of revolutions, it is 
evident no appreciable shock would be caused. It there- 
fore becomes necessary to adopt some dsvice by which the 
relative speed of the two shafts can be ascertained ; and 
when they are revolving at practically similar speeds the 
clutch could be put into gear, and the shafts then con- 
nected together. 

Figs. 2 to 5 show one arrangement proposed, from which 
it will be seen that on the outside of each coupling a screw 
thread is cut, the threads on both couplings being similar. 
By watching the thread when the couplings revolve it 
makes their relative speeds at once apparent, and when 
the screw threads appear continuous the two couplings 
will be revolving at equal speeds. If they are rotating at 
ae the one which is revolving the more 
rapidly will make the screw thread appear to be travel- 
ling faster. The optical effect produced by the rotation 
of the clutches upon which the screw thread is cut, makes 
the progression of the thread or spiral line im the 
direction of the axis of rotation readily apparent, the 7 
at once recognising any difference in speed between the 
two shafts. 

Figs. 6 and 7 show another method of carrying out the 
same idea. It will be seen that two pulleys are driven 
from each of the two shafts that it is required to couple 
together, the palleys revolving in opposite directions. 
Each pulley would be attached to a short spindle, having 
atits extremity a bevel wheel ing in with another 
bevel wheel, which latter would be fixed in a revolving 
frame, and therefore forming a differential gear similar 


economy of vessels when cruising at low speeds by the} The cruising turbine or engine may drive the main /| to that used in a motor car. If the two shafts are re- 


introduction of special motors such as turbines, internal-|shaft through the medium of 
combustion — or reciprocating steam-engines. 

Sir Charles Parsons has already constructed success- | clutch ; the latter arrangement undoubtedly offers advan- 
fully turbine installations having special cruising tur- | tages, there being no appreciable loss of power, and the 
- a complication and cost of an electrical or 

* Paper read before the Institution of Naval Architects, — transmission are avoided. The use of a friction 
June 27, 1913, clutch on board ship may lead to difficulties, especially in 


shre I _elec or hydraulic | volving at the same speed, it is evident that the revolving 
transmission, or by simply throwing in and out of gear a | frame will remain stationary, but if there is a difference 


in the oe of sg two —— the —— will 
make i apparent by causing revolving frame to 
rotate either in the pac come or the other, copending 
upon which shaft is travelling faster. On the outside o’ 
the revolving frame it will be seen a screw thread is cut, 
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so as to make 
tion of the revolving frame. When the speed of the two 
shafts approximate very ciosely, the revolving frame will 
almost stop, and the coupling can be connected with the 
minimum shock. 

Figs. 8 and 9 represent another device by which a 

inter indicates the relative speeds of the two shafts. 

ny other devices could be designed for effecting the 
same object, but it will be admitted that without some 
means of this kind it would be very difficult to form a 
correct estimate of the speed of rotation of the two shafts 
in line with one another. Although such a device has not 
been fitted  h in any vessels, from trials made in our 
shops it has been found very easy to determine the proper 
moment to engage the clutch 

With reference to the coup'ing itself, in which an ordi- 
nary dog clutch is used, it is desirable that the two 
clutches should only be capable of being put into gear, so 
that the same faces are always in contact with one 
another, because, with the greatest possible accuracy in 
workmanship, it may be found that the work will not be 
taken up equally by the different surfaces in contact, and 
the faces of the clutch will readily wear. Therefore, it is 
submitted that whatever clutch is adopted, the same faces 
should always be in contact, and this can be effected by 
the projections of the dog clutch being of unequal size. 

Anot int which should be borne in mind in con- 
nection with such clutches is to design the —— which 
support the shafts close up to the clutches, so that they 
should not be subjec to unequal wear. This is 
n , because if there is a difference in the amount 
of wear to which the two bearings are subjected, causing 
the shafts to get out of line, the want of alignment thus 
arising between the two clutches will cause movement 
between them and lead to trouble. For this reason it 
may be desirable that a certain length of shaft should be 
interposed between where the power is transmitted and 
the clutch, which would allow for the unequal wear of the 
main engine or turbine bearings; while the special bear- 
ings which have only to support the weight of the shaft 
—_ the clutches, may be considered as likely to wear 
evenly. 

Tuv devices which I have had the privilege of describing 
are, in a great measure, due to my father, Mr. iner, 
and Mr. Cotton, to whom I am further indebted for 
their help in the preparation of this paper. 





PERFORMANCE ON SERVICE OF THE 
MOTOR-SHIP ‘“ SUECIA.”* 


By I. Knupsen. 


In the autumn of 1911 the Rederiaktiebolaget Nordst- 
jernan Company, of Stockholm, ordered six motor liners 
from Messrs. Burmeister and Wain, the firm with which 
I am connected, the dimensions of the vessels being as 
follow: — Length, 362 ft.; breadth, 51 ft. 3 in. ; and 
depth, 34 ft. ; carrying capacity, 6500 tons dead-weight. 

e machinery consists of two main ines, each of 
1000 indicated secoaewar wear See Diesel engines with 
eight cylinders), besides two auxiliary Diesel engines each 
of 200 effective horse-power for working the compressors, 
auxiliary machinery (such as winches and steering ), 
and for the a of the electric light; the machi- 
nery is in other respects similar to that of the Selandia, 
which was described by the author ina paper read before 
the Institution last vear.t 

As to passenger accommodation, there are only eight 
cabins for first-class passengers, which is much less than 
is provided for in the Selandia ; the cabins, however, are 
roomy and modern, and provided with bath and toilet 
rooms. Further, there is ample saloon accommodation, 
and a hospital. The Suecia is intended for the Sweden 
to La Plata service, and she will be chiefly eres for 
cargo purposes, being fitted with the most modern loading 
and discharging gear, such as double derricks and double 
winches. 

The vessel was launched on November 2, 1912, and the 
trial trip took place on December 17, 1912. The next 
day she went to Limhamn, where she took in a cargo of 
15,000 barrels of cement, then she sailed to Stockholm, 
where—as far as I know—cargo of 4000 tons was taken 
in. On.December 23 she left for Gothenburg, and here 
she took in still more cargo, and left on December 31, 
arriving at Christiania on January 1, where her cargo was 
completed, and on January 4 a trial trip took place in the 
Christiania Fjord with the vessel fully laden. When the 
trial trip had been completed, she went to London, where 
she arrived on January 9, and went from London to Rio 
Janeiro, arriving at that porton February 1 

I will refer to certain matters concerning the Suecia 
owing to some remarks made in the discussion of the 
paper which was read before the Institution of Naval 
Architects, to the effect that no information was given 
with regard to the efficiency of the propellers, &c., com- 
pared with that of ordinary steamers. The reason why 
no such information was given in connection with the 
Selandia was, that with this vessel no trial trip took 
place with the ship fully laden, and consequently we 

no comparative results. With the Suecia, how- 
ever, we succeeded in carrying out this trial trip in 
Christiania Fjord, and I am glad to have this opportunity 
of publishing the results. ; P 
he full lines on Fig. 2 give the curves showing the 
indicated horse-power, the number of revolutions, and 
the speed obtained with the Suecia. The dotted lines 
on this figure give similar particulars obtained with the 


* Paper read before the Institution of Naval Architects 
on June 27. 

+ Transactions of the Institution of Naval Architects, 
vol. liv., page 68, ENGingeRine, April 5, 1912. 


parent the speed and direction of rota- | Princessan 


, & vessel built a few years ago for 
the same owners, but fitted with steam-engines. 
ee from the dimensions given on these dia- 
grams, vessels are almost alike, in dimensions 
and also with regard to the fineness of lines. If the two 
vessels are compared, it will be seen that to obtain the 
same speed for the same dis: ment the same indicated 
horse- power is required, whether it is to be used in the motor 
liner or in the steamer. According to this result there 
seems to be no difference in the power required to propel 
a vessel, whether this is effected by means of a single 
large slow-running lier, as in the steamer, or by two 
| relatively fast-running small propellers, as in the motor 
liner. The pro i 
| 17 ft. 6 in., and in the motor liner of 10 ft. In this 
| res 
| main Diesel engines do not work the pumps, nor the two 
| first stages of the air com rs. The relation of the 
| indicated horse-power to the brake horse-power of the 
| engines will, therefore, be about the same as in a steam 
| engine, and the combined efficiency of the mechanism of 
the engines and of the propellers is about the same as 
obtains with the steam engine. 






Fig. 1. 
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The weight of steam installation in the Princessan 
Ingeborg brought up to correspond with the horse-power 
of the motor installation amounts to 570 tons, as an extra 
main boiler was fitted in view of the cleaning of the 
boilers. The total machinery in the motor ship Suecia 
weighs 470 tons. With regard to the space occupied by 
the engines in the Suecia, this is 41 ft. of the length of 
the vessel, whereas it is 66 ft. in the Princessan Ingeborg, 
— the horse-power as stated above is less in this 
vesse. 

It should be stated that the trial trip took place under 
good conditions, such as fine weather and deep water. 
The vessel, however, has now returned from her maiden 
voyage, and from the speed attained on the Atlantic the 
comparative trial trip results seem to hold true in the 
practical performance of both vessels. 

_In the trial trip in Christiania Fjord the oil consump- 
tion per indicated horse-power hour was measured, and 
@ result was obtained which no doubt is the best hitherto 
obtained—viz., 134 grammes (0.295 Ib.) of oil per indicated 
re hour, measured on the main Diesel engines, 
and when everything is allowed for, such as the consump- 
tion of the auxiliary engines, &c., the oil conusmption per 
indicated horse-power of the main ane 
to 151 grammes (0.339 Ib. ), including the fuel-oil necessary 
for the working of the a engines, steering engines, 
pumps, &c., but exclusive of the oil used for heating 
the vessel. The mechanical efficiency of Diesel engines 
of the type used, but with the whole of the com ion 
of the air necessary for fuel injection perf by the 
engines themselves instead of by auxiliaries, has been 
shown by bench trials to be 80 per cent., so that the oil 
consumption per brake horse-power of such a marine 
Diesel ine would amount to 1674 grammes (0.369 1b.) 
per brake “power, 

The diagram, Fig. 1, which was taken during the 





peller in the steamer has a diameter of | 


+ it must be remembered that in the Suecia the | 


| trial trip, shows by its shape and appearance that the 
engine is extremely economical. 
A. — which we pong —_ for the East 
iatic » was, until now, iggest sea-going 
motor liner ; her length being 410 ft.; her carryi . 
| city, 9200 tons; the horse-power, 3000. It may, 
| perhaps, be of interest to follow the development of 
| motor liners, and I may add, therefore, that at present 
| the following vessels have been ordered from my firm, 
| besides those already delivered :— 
| One motor liner similar to the Siam, 410 ft. long, with 
ome of 3000 horse-power, for the East Asiatic 
mpany. 

Five | motor liners referred to above, similar to the 
Suecia, for the Rederiaktiebolaget Nordstjernan. 

One vessel, 405 ft. long, carrying capacity 7500 tons, 
| with engines of 2500 horse-power, for the United Steam- 
| ship Company, of Copenhagen. 

‘o replace the Fionia, which was sold to the Hamburg- 
Amerika Line, we are constructing for the East Asiatic 
| Com y # motor liner, 390 ft. g, with engines of 
dan bnaee-powns, This company has also ordered from 
us four other vessels, each with a length of 410 ft., with 
engines of 4000 horse- power. 
ll the figures oe of the horse-power are exclusive 
of the auxiliary Diesel engines. 





Raitways in Cxina.—The Chinese Government now 
owns 2493 miles of completed railway—viz., Pekin and 
Mukden via Tientsin, 252 miles, completed in 1903 ; 
Taokow and Chinhua, 96 mil in 1904 ; Pekin and 
ae, purchased from italists and under 
Chinese direction since January, 1909, 814 miles; Taiyuanfu 
and Shihchiach, 151 miles, opened in 1907 ; Shanghai and 
Nanking, 210 miles, opened in 1908 ; Kaif u and 
Honanfu, 140 miles, opened in 1908; Pekin and Kalgan, 
124 miles, opened in 1909; Tientsin and Pukow, 626 
miles, opened in 1911; and Kirin and Changchun, 
80 miles, opened in 1912. Sundry other lines, comprising 
351 miles, have also been completed by provincial autho- 
rities. Concessions have further been granted of 2389 
miles to sundry foreigners. It follows that China has 
now the advantage of 5233 miles of railway. 





TxiecRarH Economics.—In the second half of last 

ear the Eastern Extension, Australasia, and China 

‘elegraph Company, Limited, earned 379,000/. in round 
figures, as com: with 359,000/. in round figures in the 
corresponding period of 1911. Nearly 4000/. of the in- 
crease was derived from additional reserve fund invest- 
ments; the remaining 16,000. was due to the growth of 
traffic over the system generally. Working and other 
expenses were reduced in the second half of last year to 
154,000/., as compared with 159,000/ , the expenses attend- 
ing the maintenance of cables having been nearly 2000/. 
less. _— — a - of eS the some 
reserve during the past year was 75,000/., e 
total addition to the fund for the whole of 1912 175, x 
as compared with 125,000/. in 1911. On the other hand, 
the reserve fund was debited with 50,0001. as a 
further provision for investment fluctuations. A total 
provision has now been made for investment deprecia- 
tion, and even this has not been sufficient, as the depre- 
ciation has further increased in the current half year to 
the extent of about 17,000. The reserve fund has also 
been debited with 86,700/., the amount expended to the 
close of 1912 in connection with the manufacture and 
laying of the first section of new cables between Colombo, 
Penang, Singapore, and Hong Kong. A cable which the 


Eastern Ti ph Company, Limited, had to 
lay between Aden and Colombo, to connect with the new 
Eastern Extension cables, is expected to be completed by 


the close of the current year, and fui ther sections between 
Penang and H Kong are to be laid early in 1914. The 
cost of the new Eastern Extension cables will amount to 
about 750,000/., which will be charged against the general 
reserve. 





SpanisH RaiLtways.—There was a continued develop- 
ment of traffic last year upon the Madrid, and 
Alicanti Railway, notwithstanding a strike which occurred 
in the autumn upon the Catalonian division. The traffic 
receipts for the twelve months were 5,298,539/., as com- 
with 4,808,288/. in 1911. The working expenses 

were 2,214,968/., against 2,067,560. The net t for 
1912 was, accordingly, 3,083,571/., as compared with 
2,740,730 in 1911. After | ye ange had been made for 
| interest on obligations and other charges, a baJance of 
| 1,108,335/. remained, or 303,536/. more than in 1911. After 
| allowing 33,3597. for income-tax for the past year, and 
adding the revenue derived from the company’s mines, 

the net profit for the twelve months was 1,108,335/., as 

compared with 804,798. in 191]. The dividend upon the 

company’s share capital was increased last year to 19s. 2d. 

| per share, as com with 16s. 6d. per share distributed 
|for 1911. The dividend for the past year absorbed 
477,060/., and the amount remaining after payment of the 
dividend was 631,274/. This sum was allocated as follows : 





—To taxes and works fund, 60,674/.; to ial reserve, 
40,000/., and to redemption of t fund, 530,600/. The 
length of line worked remained at 2290 miles throughout 


last year. The ratio of the working expenses to the 
traffic receipts declined to 41.86 per cent. in 1912, as com- 
pared with 43 per cent. in 1911. It will be seen that the 
company’s dividend is gradually working up to 5 per cent. 

annum, but it is only recently that the undertaking 

attained anything like real prosperity. This has been, 
to some extent, due to the fact that the share capital is 
largely held in France, and heavy exchange losses were 
incurred in former years in remitting balances to Paris to 
meet the claims of French investors, 
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THE WORKING FLUID OF INTERNAL- 
COMBUSTION ENGINES.* 


By Ducatp Cierk, D.Sc., F.R.S., M.Inst.C.E., 
M.1.Mech.E., F.C.S. 
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allows the distribution of the various heat losses to 
be found. To enable an actual diagram from an engine to 
be dealt with in this way, it is necessary to know four sets 
of facts as to the working fluid. 


| Sieve cumpesion between the ideal-sad the actes! 


hep eg eg of the working fluid at the four 
D | 


I FEEL it a very great honour to have been asked by | points on the iagram A, B, C and 


the Counci] of your Institution to deliver the secon 
Gustave Canet lecture, and the honour is all the 
— because of the cordiality of the relations between 

rance and England. The Junior Institution of Engi- 
neers is, I believe, unique in having had as one of its 
— a a French engineer and artil- 
erist, and we of the Junior Institution of E 
rejoice in doing honour to the late Mr. Gustave Canet 
as our nation has rejoiced in doing honour to Monsieur 
Poincaré, the President of the French Republic, during 
the past week. . 

The Gustave Canet lecture on this occasion has been 
most felicitously timed. eet 

The first Gustave Canet lecture by your distinguished 
President, Sir Trevor Dawson, was more ap te in 
its subject than the second. The subject I have chosen, 
however, is one of importance to the engineering world, 
and some of the work on the properties of the Lenn 
fluid of internal-combustion engines has already prov 
useful to engineers engaged in the design and invention 
of ordnance. The gun, like the int J bustion 
engine, depends for its operation on the products of com- 
bustion, and a knowledge of the nature of combustion and 
combustion phenomena is useful for artillery work as well 
as for engine work. The thermo-dynamics of the two sub- 
jects are closely allied. Unfortunately, from the nature 
of my work, I am not able to speak on the phenomena of 
guns and combustion within guns, but I have spent a 
considerable part of my engineering life in studying the 
allied phenomena occurring within the interior of engine 
cylinders. My subject is then :— 


“Tas Workine Fiori or INTERNAL-CoMBUSTION 
INES.” 
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Although the iomm-cugns in its various forms has 
been in successful practical operation for about 140 years, 
it cannot yet be said that knowledge is complete as to the 
physical properties of steam ; a it is not sur- 

ing to find that still less is known of flame, which is 
the working fluid of all internal-combustion engines. 
The combined work, however, of English and Continental 
physicists and engineers has thrown much light upon the 
physical and chemieal behaviour of flame, both within 
om | without the cylinder, and it is now possible to give 
an approximately accurate account of the leading pheno- 
mena of combustion, explosion, and expansion, so far as 
conoerns the engineer. 

At the Leicester Meeting of the British Association in 
1907, a discussion was held between English and Con- 
tinental ineers and physicists on the subject of com- 
bustion and flame ; and, as the result of this discussion, 
the Engineering Section of the British Association 
formed a committee of physicists, chemists and engineers 
in order to study the subject experimentally. I have had 
the honour of co-operating with other experimenters as a 
member of this committee during the past six years. 
Many complicated phenomena have been studied, many 
new results obtained, and some facts have been deter- 
mined with sufficient accuracy to be useful to the 
engineer and inventor. In this lecture I qeopens to 
describe as simply as possible data which have been 
ascertained with reasonable certainty. In order to 
give a direct practical application to the knowledge now 
at our disposal, I shall remind you first of the Pw 
constants required in order to calculate thermal efficiencies 
and to allocate heat and other losses in the procedure 
within the cylinder during the operation of the ordinary 
four-stroke cycle or Otto engine. To do this I shall con- 
sider a diagram of such an explosion or constant volume 
engine in which, for oa, T shall assume that the 
whole supply of heat is added at constant volume, and all 
that is discharged is discharged also at constant volume. 

Fig. 1 shows such a di m. In it the whole heat 
supply is assumed to be added on the explosion line B C at 
constant volume and the heat is disc on the line D A 
also at constant volume. The total volume within the cylin- 
der is taken as v, the volume of compression space as v-. To 
learn the indicated thermal efficiency of an engine giving 
such a diagram, it is only necessary to know the heat 
value of the fuel in the within the cylinder per 
explosion and the heat equivalent of the work area 
A 5 CD. The indicated thermal efficiency is then the 
thermal equivalent of work area A B C D divided by the 
thermal units in the fuel supplied per stroke. 

In good modern gas-engines the indicated thermal 
efficiency, calculated on the lower ‘heat value of the fuel, 
is about 0.35. To arrive at this value it is only necessary 
to have an accurate diagram an accurate measure- 





ment of the heat given to the engine charge per stroke | A 


—neither temperature nor spec'fic heat constants are re- 

uired. It is not sufficient, however, to know only 
the actual thermal efficiency of the engine; it is also 
necessary to learn the possible thermal efficiency with 
all losses sup For this purpose there must be 


known the specific heat of the working fluid at all | Com 


temperatures within the working range. From this can 
be calculated the ideal efficiency for any given circum 
stances of compression and ex which efficiency 
would be given in the event of the working fluid being 
used in exact accordance with the conditions of the cycle, 
without either heat loss from the fluid to the cylinder or 
heat gain from the cylinder to the fluid. The specific 
heat constants, if known, enable an ideal diagram to be 


*The Gustave Canet lecture delivered before the 
Junior Institution of Engineers on June 30. 





d | 


| 





Second.—Total en of the working fluid at each of 
the same four points, A, B, C and D. 

Third.—Loss of energy of the working fluid during the 
rise of temperature from BtoC. 
Fourth.—Proportion of combustion completed at the 
— © and proportion of further combustion, if any, 

tween points C and D, and also proportion of combus- 
tion completed at the point D. — ‘ 

All these matters have been investigated by members 
of the British Association us Explosions Comm ittee, 
and some information is available. How much is avail- 
wow will best be made clear by considering the four 


First.— Temperatures of the werten Fluid at the Four 
Points on the Diagram—aA, B, C and D. 

The diagram, Fig. 1, is assumed to be an actual diagram 
from any mah cycle engine, so arranged that heat 
is added entirely at constant volume v-, while the exhaust 
heat is abstracted also at constant volume v. In reason- 
ing of this kind it is usual to assume that the same 
working fluid is used throughout successive cycles, and 
the only changes that occur are those due to the addition 
of heat at the com ion end and the abstraction of heat 
at the exhaust end. As a matter of fact, in actual engines 
the charge is renewed at each stroke, and the disch 
heat got rid of by discharging the products of combustion. 
The rate of explosion, too, is not definite, so that heat is 
never added entirely at constant volume, and the exhaust- 
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valve has a lead, so that the square end of the diagram, 
as shown at DA, is not that of an ordinary engine. 
If the absolute temperature of the working fluid be 
known at any one of the four points, then, applying 
the usual laws of gases, from the absolute pressures 
and volumes, the temperatures at the other points can be 
readily calculated after allowing for change of volume 
due to chemical action during the nes period BC. 
It appears to be, at first sight, a simple matter to deter- 
mine temperatures of the agg | fluid within the cylin- 
der on the compression line A B, but in reality exact 
determination is exceedingly difficult. In the earlier 
mode of proceeding the volume and temperature of the 
entering charge of gas and air was measured by means of 
meter, anemometer, and thermometer. The tempera- 
ture of the exhaust gas discharging in the exhaust-pipe 
was determined by finding whether antimony or zinc 
melted within it, also by iron ball calorimeters and by 
platinum resistance thermometers, and it was assumed that 
the mean temperature of the hot exhaust gases retained in 
the compression s' could be inferred from this external 
temperature of the gas after passing the exhaust valve. 
Light spring diagrams of charging were taken, and using 
the probable temperature so obtained for the exhaust 
gases left, there was calculated a temperature which was 
called the suction temperature. This suction tempera- 
ture is the mean temperature of the charge within the 
cylinder just before compression commences at the point 
The method was used by many experimenters, in- 
cluding Slaby, Thurston, and myself; and a modifica- 
tion using chemical analyses to determine the weight of 
exhaust present in the combustion space was adopted by 
Professor Burstall in his earlier experiments for the 
Institution of Mechanical Engineers Gas- Engine Research 
mittee. Dr. Slaby’s experiments were made in 1881, 
and Professor Thurston’s in 1884. In both engines the 
compression was low, the compression space being about 
60 per cent. of the volume swept by the piston. Slaby 
found suction temperature to vary between 106 deg. 
and 128 deg. Cent., depending on the load and rate of 
revolution of his engine. Thurston’s suction temperature 
at full load is given as 120 deg. Cent. Both experimenters 
found the tem ure of the gases in the exhaust-pipe 
for ordinary loads to be about 400 deg. Cent. Burstall 
found suction a eee to vary between 84 deg. 
and 99 deg. Cent., ing on the compression ratio. 





In experiments made by me in 1906 with a ‘‘ National” 
roe of 14-in. diameter cylinder and 22-in. stroke, at 
ull load, I found suction temperature to be 96 deg. Cent., 
and I calculated from it the tem ture at the point D 
as 1067 deg. Cent. The m of calculation followed 
by me is fully given in an Institution of Civil Engi- 


| neers’ paper in 1907.* Although a fair approximation 


to the suction temperature is obtained in this way, 
yet it cannot be considered as satisfactory, because the 
difference between the exhaust gas temperature within 
the cylinder and in the exhaust-pipe cannot be known 
with any accuracy. In the early low-compression gas- 
engines this parece to considerable error ; but a — 
engines, where compression space is small tiv 

to the total volume within the cylinder, the error is mu 
less. Indeed, a considerable of error in the exhaust 
gas temperatures introduces but little error in the suction 
temperature. It is important, however, to obtain an 
accurate suction temperature, because any error there is 
magnified in calculating the explosion and expansion 
temperatures on the working stroke ; and, apart from 
the question of temperatures at any portion of the 
diagram, it is necessary to know the proportion of 
exhaust gases present with great accuracy in order to 
calculate the chemical composition of the actual work- 
ing fluid during explosion and expansion. A con- 
siderable error is introduced in this composition by a 
moderate error in temperature determination of the 
exhaust gases. Many investigators recognised the 
desirability of measuring tem tures of the gases within 
the cylinder by some direct thermometric means, and so 
far back as 1895 Professor Burstall made experiments 
with a platinum resistance thermometer to determine the 
explosion temperature within a gas-engine cylinder. He 
was unable, however, to measure such temperatures under 
ordinary worki conditions, as he found that the 
platinum wire always melted when the engine was 
running at ordinary speed and ordinary load. A few 
as values, however, were obtained under light 
1 with the engine running at a low speed. 

Professors lendar and Dalby have succeeded in 
applying the platinum resistance thermometer to the 
determination of both suction and compression tempera- 
tures by the use of an ingenious attachment to the charge 
inlet-valve of a four-cycle engine. Fig. 2shows a section 
of this inlet-valve, from which it will be seen that a small 
additional valve T is provided at the centre of the main 
valve A, which carries within it the platinum loop of a 
Callendar platinum resistance thermometer. The loo 
is shown at P, and the wires leading to it are carri 
oe the valve stem and pass at B to the necessary 
recording instruments. In this ingenious device the valve 
carrying the resistance thermometer is reciprocated by a 
separate cam gear, and it is opened at the particular period 
of thestroke during which temperature is to be taken. It 
is closed before explosion takes place, so that the tempe- 
rature of suction or compression can be measured at any 
period of the cycle, and yet the platinum loop is moved 
away before the cylinder is filled with flame. By this 
device it is possible to obtain accurate measurements of 
temperatures during any part of the compression stroke, 
and, indeed, during most parts of theexpansion and exhaust 
stroke. The thermometer valve cam operates quite in- 
dependently of the charge inlet cam, so that the ordinary 
action of the inlet valve A is not interfered with. In 
order that the wire may assume change of temperature 
rapidly, it is necessary that it should be thin; and, 
accordingly, to read temperature for any particular point, 
other arrangements are required which measure resist- 
ance for a minute period of time. To accomplish this 
Professors Callendar and Dalby have invented an in- 
genious percussion contact-maker, which makes contact 
just at the instant when temperature requires to be 
measured. a aera measurement is given by a 
succession of small currents, one for each succeeding stroke. 
In this arrangement it is necessary to keep up consecutive 
ignitions when experimenting as to temperature. Callen- 
dar and Dalby found the suction temperature to vary with 
the conditions of running from about 95 deg. Cent. on 
light-load trials to about 125 deg. Cent. at maximum 
load, with the external-air temperature nearly 20 deg. 
Cent., and the water-jacket temperature 27 deg. Cent. 
In the engine experimented on the compression was 
somewhat low, and at full-load the mixture used was 
very rich, the proportion of gas to air in the entering 
charge —- 1 to 5.8. Other measurements were made 
at a point 80 deg. crank angle from the beginning of the 
compression stroke, and with a compression pressure of 
18.5 Ib. per inch absolute at the point of measurement, 
the temperature here was found to be 111 deg. Cent. 
With a richer mixture and the engine running at a 
lower speed, the corresponding temperature was 130 deg. 
Cent. Calculating from these suction and compression 
temperature values, Callendar and Dalby find with a 
rich-mixture flame temperature at the point C as 2500 
deg. Cent., mixture drawn into the engine being 1 of 
gas to 5.8 of air. With 1 of gas to 7.1 of air the tem- 
perature at C is nearly 2250 deg. Cent. The exhaust 
temperature—that is, the temperatures at the point D— 
in the case of the rich mixture was 870 deg. Cent., and 
in the poorer mixture 800 deg. Cent. Professors Cal- 
lendar and Dalby are continuing their experiments with 
improved ap tus. 

Professor Coker has also attacked this problem of the 
exact measurement of the four required temperatures, 
but instead of using a platinum resistance thermometer 
he has adopted thermo-electric couples of platinum- 
iridium and platinum-rhodium. With such couples he 
succeeded in measuring the temperature of explosion 


* “On the Limits of Thermal Efficiency in Internal- 
Combustion Motors,” by Dugald Clerk. ings of 





the Institution of Civil Engineers, vol. clxix., page 157. 
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with a weak mixture, and determiued it as 1690 deg. 
Cent. for the point C. Professor Coker considered his 
instrument to have a lag, and he believed the actual 
temperature attained by the flame at 4 in. from the walls 
of the cylinder to be abuve 1850 deg. and less than 1950 
deg. Cent. These experiments were made in 1910. In 
further experiments made. during 1912 with a small 
** National ” gas-engine running with consecutive igni- 
tions, he comes to the conclusion that at three-quarter 
load the temperature of 1800 deg. Cent. was ed at 
a distance - in. from the w The mixture drawn 
into the cylinder contained 1 of gas to 7.35 volumes of 
air. Coker also determined the exhaust temperature, 
which he found varied with the load. This temperature 
was determined in the exhaust-pipe after lea the 
engine, the maximum temperature being about deg. 
Cent., and the temperature drop between the tempera- 
ture at D, before —s the exhaust-valve, and the tem- 
perature in the exhaust-pipe, 150 deg. Cent. This gives 
the temperature at D as 650deg. Cent. in this icular 
engine. With rich mixture such as used Be allendar 
and Dalby, Coker found a maximum explosion tem- 
perature of deg. OCent., but the usual highest 
temperature at ©, for ordinary mixtures used in the 
engine, varied between 1830 deg. and 1950 deg. 
Cent. Coker’s method of working by thermo-couple 
and determining the temperature of explosion and 
exhaust has the great advantage that it dispenses with 
the necessity for allowing for chemical contraction. 
Coker is the first to determine directly by thermometric 
means the temperatures on the explosion and expansion 
line. 

Professor Hopkinson has also made determinations of 
temperature during the suction and compression periods 
by means of platinum resistance thermometers. is 
earlier experiments were made before those of Professors 
Callendar and Dalby. 

From the important work of Hopkinson, Callendar and 
Dalby, and Coker, our knowledge of the actual tempera- 
tures attained in the working fluid is much more accurate. 
Further tests are being e, however, with apparatus 
improved as the result of experience, and in a few years 
it will be possible to give a much more accurate account 
of the gas-engine diagram under this head. casa 

The direct thermometric measurements within the 
cylinder involve difficult and laborious work. Accord- 
ingly, for specific heat and poe: work requirin 
many experiments I have adopted another method, whic 
is only applicable, however, to isolated indicator dia- 
grams from single explosions and expansions taken under 
experimental conditions, where the engine —— 
on is driven by means of an electric motor. The arrange 
ment I have adopted is shown diagrammatically at Fig. 3. 
In these experiments an engine of 9-in. cylinder and 
17-in. stroke was used. It is indicated at A. The inlet 
valve is connected to a reservoir B, and the engine is 
driven by means of an electric motor O. e reservoir B 
is filled with the particular mixture of gas and air which is 
to be experimented upon, and a thermometer D is placed 
in the pipe communicating between the cylinder A and the 
reservoir B. The engine valves are controlled by trip-gear, 
so that theinlet may be held up until wanted. After the 
reservoir B and the cylinder A and the connecting pipes 
have been filled with the mixture to be experimen 
upon, the engine is driven by the electric motor at a 
specified speed, and the gases are alternately taken into 
i linder from B, and discharged into B from the 
cylinder. The charge thus enters and leaves the cylinder 
many times under pressures only slightly above atmo- 
sphere, and so repeatedly passes over the thermometer D. 

hat thermometer, which is one of the ordinary mercury 
type, attains a certain temperature, which remains fairly 
constant after a certain number of revolutions. The 
temperature is a mean between that of the gases passing 
from B to A and passing from A to B. This temperature 
then is taken as the temperature of a charge within the 
cylinder. The cylinder is kept by water-jacket at about 
atmospheric temperature. In this way I believe the tem- 
perature of the charge to be determined to within about 
1 deg. Cent. Trip-gear is applied at the proper time, and 
thecharge iscompressed, ignited, and dealt with as required 
experimentally. Knowing the charge temperature in this 
way, it is possible to calculate with considerable accuracy 
the temperatures at the four points. In this method 
there is no complication due to hot being left in the 
cylinder ; the temperature of the wholecharge which isused 
for experimenting is measured by re y passing over 
the thermometer. I have calculated temperatures of the 

ints A, B, C, and D in this matter, and Fig. 4 shows a 

iagram taken by an optical indicator with all the neces- 
sary data. It will be seen that the temperatures are 
20 deg., 214 deg., 1380 deg., and 651 deg. Cent. This 
method gives good results, but is only available where 
single charges are studied. It, however, allows of great 
accuracy in the determination both of mixture used and 
temperatures attained. , 

The matters dealt with under the second, third, and 
fourth heads are so interdependent that I shall discus; 
them together. 


Second.—Total internal energy or mean specific heat of 
the ateey jluid at each of the same four points A, 
md 


B, C a 
Third.—Loss of Energy of the 
of temperature from B toC 


h 


a loted het. 


the 


Fourth.—Proportion of p 
nd ulso proportion completed at 


points C and D, a 
the print D. 





In int-raal-combustion poe arom as in steam-engines, it 
is necessary to obtain knowledge as to the total int raal 
energy of the working flaid at different temperatures. 
Internal energy can only be calculated from the specific 
heat of the working fluid at various temperatures. 


working fluid during rise ia 


The older ideas of a perfect gs 

specific heat at both low and high temperatures, so 
long as the temperature was reasonably removed from 
the liquitying point; and for a long time it was 
doub by many physicists whether specific hea’ 
really rose materially as temperature increased. MM. 
Mallard and Le Chatelier, the earlier experimenters on 
variation of specific heat with temperature, undoubtedly 


e rated the specific heat change at high temperatures, 
and I could not accept as accurate their reasoni ing 
to prove increase. 6 accumulation of know how- 


ever, as the result of many experiments, has now put it 
beyond doubt that specific heat increases with tempera- 
ture in all pee] In air the increase is very slow; in 
carbonic acid and steam it is relatively rapid. 

The experiments made on this subject may be con- 
venioney, divided into three classes :— waa 

nstant-pressure experiments—Regnault, Wiede- 
mann, Witkowski, Bam anny Holborn and Austin, 
Holborn and Henning, and Swann. The gas is heated 
from an internal or external source, and is at atmo- 
spheric pressure. 

(2) Experiments in which both volume and pressure 
are varied, the gas being heated by compression. The 
a ae of Olerk and the determination of the 
velocity of sound in hot gas by Dixon and others belong 
to this class. 

@) Constant-volume experiments. To this category 
belong the explosion experiments of Mallard and Le 
Chatelier, Clerk, Langen, Petavel, Hopkinson, and 
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others, and Joly’s determinations with the steam calori- 
meter. In the explosion experiments the gas is heated 
by internal combustion. 

An examination by the Committee of the earlier con- 
stant-pressure experiments proved conclusively that a 
systematic error was involved, due to the difficulty of 
determining the flow of heat by direct conduction from 
heater to calorimeter independent of that carried by the 
gas, and this even Regnault’s determination of 
the specific heat of air to be about 3 per cent. low. Ex- 

riments on carbonic acid by the same method also give 

ow values. This has been abundantly proved by the 
work of Swann, where heat is supplied internally by heat- 
ing a coil of wire electrically within the gas. Swann’s work 
has been een by Clerk’s experiments, both 
as to specific heat values of air and carbonic acid, many of 
which have not yet been published ; but those which have 
been published by the Committee fully corroborate Swann, 
and results in be ogg for publication still further show 
the inaccuracy of the older experiments. Holborn and 
Austin and Holborn and Henning’s results were liable to 
the same error as Regnault’s, but to a ter degree. 
The constant-volume experiments, with the exception of 
J gm made by the method of a and 
Ma: and Le Ohatelier’s were certainly too high ; 
Langen’s numbers are believed to be nearer to the true 
value, but even here recent work in Professor Hopkinson’s 
, by Hopkinson and David, have shown that the 
losses during the of the explosion have hitherto 
been under-estimated. The radiation loss has been found 
to be very considerable at high temperatures. 

Much difficulty, it will be seen, has to be faced in the 
endeavour to prepare a curve of total energy ; but after 
discussion the Committee arrived at the curve shown in 
Fig. 5 as expressing with reasonable accuracy the total 
| euerny of gas-engine working fluid after com ion 
| 





busti 
between the temperatures of 100deg. and 2000 deg. Cent. | 


assumed constant | 








The mixture dealt with contained one volume of gas to 
9.3 of air and other gases. After combustion, the com- 
Position was nitrogen and oxygen, 83 per cent., carbonic 
acid, 5 per cent., and steam, 12 per cent. by volume. 
This was the mixture used in an engine of 14 in. cylinder 
diameter and 22 in. stroke by the Institution of Civil 
Engineers Committee for the determination of a standard 
of com It was found to be the best mixture, 
producing the most economical results in that i 

and it may be taken broadly that a mixture of 1 of gas 
and 9 of air and residual exhaust gas wil i 
Reeedngeinnaee nearly maximum economy 
referred to the brake horse-power. e curve shows the 
internal energy of the ucts of combustion formi 

the working fluid from 0 deg. to 2000 deg. Cent. in foot- 

8 per cubic foot. 

The zero of energy is taken at 0 deg. Cent., and 
steam is assumed to remain in the gaseous state at 
tem: tures below 100 deg. Cent. 

The British Association Committee arranged the zero 
= of energy as 100 deg. Cent., but for my calculations 

find it more convenient to carry it down to 0 deg. Cent. 
and assume steam to remain 

It will be observed that pass 
between the yar inte found by Holborn and 
ey — erk for 800 deg. yon i 1200 ya 
and that the upper part passes near h ’s 
experimental Sate. Mallard and Le Ohatelier’s points 
are consid by the Committee as above the true value 
and even Langen’s points are believed to require correc- 
tion for radiation, which will reduce the values to some 
extent. However, for the present the curve shown in 
Fig. 5 may be accepted as the closest approximation to 
true values which is available. Work is in progress by 
which a more complete knowledge may ultimately be 
obtained. 
_ Fig. 4 is from a diagram taken by means of an optical 
indicator designed in my laboratory, and it will be con- 
venient to illustrate the use which can be made of the 
internal-energy values given in Fig. 5, to study not only 
the absolute indicated thermal efficiency of engine, 
but ulso the heat losses incurred on the explosion rise and 
the —panen stroke, The temperatures at the points 
A, B, C, and D have been determined according to my 
method as desoribed under the first heading. 


The temperatureat A= 20 deg. Cent. 
B= 214 


OC = 1380 
” D= 651 ” 

It will be observed that the point of maximum tem- 
perature C is reached when the piston has moved a very 
small distance on its expansion stroke. To calculate 
the heat loss during the expansion stroke from maximum 
temperature, 1380 deg. Cent., to the temperature at D, 
651 deg. Cent., it is only necessary to take out the 
total energies per cubic foot from Fig. 5, and to calcu- 
late from the diagram the total work under the line C D, 
including in that total the work due to the atmospheric 
pressure under the atmospheric line and the ative 
work under the compression line. If the line C D were 
adiabatic, then that work area would be the equivalent 
of the energy difference between the two points. Any 
defect of the total work area from the energy difference 
represents heat loss to the walls of the cylinder during 
expansion between the points C and D. This assumes 
combustion to be complete at the point C. If combus- 
tion is not complete at that point, the heat loss shown by 
this method will be less than it should be. If combus- 
tion be complete at the point C, then it is easy to 
calculate the heat loss on the explosion line BC. Taking 
the heat value of the fuel supplied to the mixture to be 
H foot-pounds, then that heat has been evolved, on the 
assumption, while the explosion and part expansion 


us. 
© curve is to 


” ” 


line BC is performed. Knowing the total energy of the 
working fluid at the temperatures 214 deg. t. and 
1380 deg. Cent., the heat added in ing from B to OC 


can be readily calculated. Some work has been done on 
the piston, however, in passing from B to C. This work 
can be determined from the area contained between the 
ordinates through the dead centre and through C, taking 
absolute pressures. The sum of this work and the heat 
energy due to the explosion rise gives the total energy 
accounted for by the diagram. This sum will be less 
than H, and the difference is the heat loss during the 
explosion and the short portion of the expansion. 
emperatures have been calculated at various points 
on the expansion line at short intervals down the stroke 
and within the first tenth of the stroke. These tempera- 
tures are, beginning at the maximum temperature :— 


a4 deg. Cent. = deg. Cent. bo deg. Cent. 

” ” ” ” 19 ” ” 
1308 ,, ” 
The temperature at the point of maximum pressure is 


1354 deg. t. These values obviously show that com- 
bustion is not complete at the point of maximum tem- 
ture. The temperature fall from 1380 deg. to 

565 deg. Cent. is only 15 deg., and the subsequent tem- 
perature falls are greater, notwithstanding that less total 
work is done in each successive division. Com ion is 
pretty proceeding for at least one-tenth of the stroke. 
is circumstance, of course, vitiates the value found for 
heat loss on the expansion stroke. Further information 
can be obtained, however, which gives the heat loss 
incurred during the explosion period from B to C plus 
that incurred during expansion from C to D by a simple 
method. The suction temperature, as has been shown, is 
20 deg. Cent.; temperature at D = 651 . Cent, The 
total energy required to fall from D to A is therefore 
9200 ft.-lb. If we add to this the positive work area 
ABCD, there is — anata cave 6 ae 
ap t from jagram. This value deducted 

from i the total heat, gives the heat loss on explosion 
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and expansion on the assumption of complete combustion 
at the point D. Although it is not possible to say exactly 
where combustion is completed in the early part of the 
expansion line, yet experiments made upon the chemical 
— of exhaust gases prove that at the point D 
combustion is generally ly complete. It is only 
under exceptional circumstances, due to bad mixture, 
cooling ets, and so forth, that more than 1 per cent. 
of unburned gas can be found in the exhaust gases. 

The following calculations from the diagram, Fig. 4, 
illustrate the application of the above method :— 


Calculating first from the explosion end of the diagram, 


Let 
W = total work area in foot-pounds under the 
expansion lineC D. Itis the area EGCD. 
w = total work area in foot-pounds to maximum 
temperature. It is the area GF BC. 
T. = suction temperature at A. 
T, = compression temperature at B. 
T. = explosion temperature at C. 
Ta = temperature at end _ see at —" ioe 
_ oot- 8, cu 
am weber A| from Fig. 5, and total 
E x ” cf volume of working fluid 
Eq= sed DI in cylinder reduced to 
Bi bd 0 deg. Cent. and 760 mm. 
H = heat evolved by complete combustion of gas 
charge present (lower value) in foot-pounds. 








Heat in indicated horse-power = 27.5 per cent. 
Heat loss B to D We «te BS” 5, 
Heat in exhaust (by difference) 41.5 és 

100.0 
If this balance-sheet be correct, it should agree with 
another calculated from the exhaust end of the diagram. 

The total heat in the exhaust gases discharged in falling 

from Ta to Ta is Ec — Ea = 9.510 —310 = 9200 ft. Ib. 


#2" = 32.9 per cent. of the whole heat. 
28,000 


A balance-sheet prepared from this would give :— 
Heat in indicated horse-power = 27.5 per cent. 
Heat in exhaust (by measure- 


ment) ... yet ode . = S29 an 
Heat loss B to D (by differ- 
ence) ... ee sige -. = DE » 
100.0 


This does not agree with the other ; heat in exhaust by 
measurement amounts to 32.9 per cent., while by differ- 
ence it is 41.5 per cent. If combustion be complete at C, 
the first balance-sheet is correct ; if not, then the second 
is true. It is improbable that the measurement of the 
line D and the calculation from the temperature fall 
should be low, and uently the second balance- 
sheet is likely to be the correct one ; but if that be so 





the engine could be run in its normal way, in accordance 
with the Otto cycle, either at a light or vy load, and 
any given explosion be selected for the purpose of 
the experiment by operating the trigger at the proper 
moment. It was thus ible to run the engine at 
its normal speed under usual propelling explosions, 
and to select at any given moment any particular 
charge, move the rollers out of the of the cams 
immediately the charge entered, and so obtain an explo- 
sion and expansion stroke in the usual manner, with the 
usual charge. But both inlet and exhaust valves were 
held cl and the charge retained in the cylinder. 
When the exhaust period was approached, the exhaust 
valve remained shut, and accordingly the hot exhaust 
gases were retained in the cylinder and compressed by 
the return stroke of the piston into the combustion s 
at the end of the cylinder. The energy of the fly-wheel 
was sufficient to keep up the rotations of the engine, with 
but little fall in speed during the short period of observa- 
tion. The piston was thus caused to move to and fro, 
alternately compressing and expanding the hot gases 
which were contained in the cylinder so long as the gear 
prevented the operation of the inlet and exhaust valves. 
An indicator-card taken from such an initial explosion 
and expansion, and the subsequent series of compres- 
sions and expansions, is given at Fig. 6; a b is the 
ordinary compression line indicating the compression of 





the — before explosion, 6 ¢ is the usual explosion 
line, and c A the usual expansion line after explosion. 














CierRK DrAGRAM OF EXPLOSION AND ALTERNATE COMPRESSION AND 
Expansion oF Hor Gases 1n EnGine CYLINDER. 
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Crerk DiacraM From ‘*NationaL” Gas-ENGINE OF 14-INn. CYLINDER BY 
22 In. Srroxe, with Loap on Brake 50 Horse-Power; Jacket 
TemPeRaTURE, 71 Dec. Cent.; Suction TeMPERATURE, 95 Dec. Cent. 


The following are the values calculated from Fig. 4 :— 


W = 10,900 ft.-lb.; w = 249 ft.-lb. 
T.a= 20 — Cent.; T, = 214 deg. Cent. 
ft. 


Te = 1380 deg. Cent.; Tu = 651 deg. Cent. 
E. = 310 ft.- 
Es = 1506 ft.-Ib. 
Z. = 21,800 ft.-Ib. 
Ex = 9510 ft.-lb. 
H = 28,000 ft.-Ib. 


The heat loss on the ex ion line from C to D is 
obviously (E- - Ea) — Wif combustion be complete at C. 
In this example therefore :— . 


Heat loss on expansion line C D = 
(21,800 — 9510) — 10,900 = 1390 ft.-Ib. 


As H, the total heat of combustion, is 28,000 ft.-Ib., this 
shows the heat loss to be about 5 per cent. of the total 
heat of combustion of the gas present. 

The total energy added from the point B by tempera- 
bag? eh pag FS — Es ) + w, and this is (21,800 
— 1506) + 249 = 20, ft.-lb, 

That is, 20,543 ft.-lb. is the total energy poet 
the diagram using Fig. 5 up to the point C ; t loss by 
convection and radiation being unknown as to its amount. 
But the total heat of the gas present is 28,000 ft.-lb., and 
as = 0.74 nearly. The heat accounted for on the dia- 
gram at C is thus only 74 per cent. of the total heat value 
of ope t, and if combustion be really completed 
at C, py te pe seep ey 
engine has been lost on the explosion line and only 5 per 
neha 'y oy we plosion and othe» -iase 

t on ex expansion L 1s 
26 + 5 = 31 per cent. of the total heat. 
The effective work area, A B C D, say indicated horse- 








wer, is equivalent to 27.5 per cent. of the total gas 
t. b ichaso-ches prepared in this way requires :— 


Temperature Fall. per Sec,Dezrees Cant. 


then, aliowing a loss of 6 
= cent. on the explosion 
ine from B to C, the heat (35960) 
still to be evolved by com- 
bustion on the expansion 
line is 20 cent. 

In the a of know- 
ledge of the point on the 
diagram where combus- 
tion is approximately com- 
plete, it is n 
study the laws of cooling 


Turee CARDS UNDER 


in the cylinder behind a moving piston in some manner | 


yy in lent of the explosion expansion line, 
Some years ago I devised a new method whereby the 
mena of heat loss and varying specific heat could 
studied by indicator diagram, and the actual working 
fluid behind the piston could be made to give informa- 
tion on these points during the progress of explosion, 
combustion and ex ion in a working gas-engine. 
The problem is a difficult one, and so far as my know- 
ledge carries me, no previous attempt had been made 
even to determine a cooling curve for flame gases 
behind a moving piston. The method of experiment 


—— by me was as follows :— f 

engine selected for the first experiments had a 
cylinder of 14 in. in diameter and 22 in. stroke; the 
exhaust and inlet-valve levers were supplied with longer 
pins than usual, so that the rollers mounted on pins 
could be moved into or out of the of the exhaust 
and inlet-valve cams. ler was caused to 
slide to one end of its pin, the cam passed clear of it, and 





the lever was not ; when at the other end of 
i engaged with the cam, and the lever 
operated in the usual way. A sping se 

was so arranged that the rollers could 


trigger gear 
put out of range | aftera 





or COMPRESSION AND Expansion Linges— 
EXPLosion OMITTED. 





Mean Temperature,Degrees Cent. 
120 Revo.utions perk Minute. Coup: (a) WHOLE STRoke ; (a!) UprEer 
3. Stroke. 160 Revotutions perk Mincre. Loap, 50 Brake 
orse-Power. Hor: (b) WHoLe StRoKE; (b') Upper 3; STROKE. 
TEMPERATURE Fatt IncuRRED PER SECOND aT DirFERENT MEAN 
TEMPERATURES CALCULATED IN Time. Eacu Line 1s MEAN oF 


THE GIVEN CONDITIONS. 


At A, however, instead of the pressure falling to the 
atmosphere by the opening of the exhaust-valve, as 
pnt egg en a ins closed, he escape of ms a 

ucts of combustion is ible, and accordingly 
the return of the piston onions the compression 5 
A B; the next outward movement of the piston pro- 
duces the expansion line B ©, followed by the com- 
— line C D; expansion line D E; compression 
ine E F, expansion line F G; “a0 line G H; 
expansion line H I, and so on. In this diagram the 
successive compression and expausion lines have con- 
tinued to be traced until the fall of pressure due to cool- 
ing bri the contents of the cylinder at the outer end 
of the stroke below atmospheric pressure, when the outer 
atmosphere opens the valves against the pressure of their 
springs, and so the experiment terminates. It will be 
observed that cooling is proceeding during the tracing of all 
these lines ; had no occurred on any particular 
expansion and compression stroke, the compression line 
would lie on the top of the expansion line. Consider, 
for example, the moment represented by the point B 
when the piston is at the extreme inner end of its stroke ; 
then the combustion space is filled with hot gases at a 
temperature and pressure co’ ing to the point B ; 

let and compression, one out-stroke 





of the cams at any required instant. By this contrivance | and one in-stroke of theengine, a complete revolution of the 
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crank, the piston 3s again at its innermost position, and 
the whole of the gases are again contained in the com- 


uce a temperature fall of 1460 deg. Cent. per second. | temperature of the water-jacket, and still more upon the 


he stroke in this case does not last a second, but only a 


bustion-chamber at a pressure and temperature marked | quarter of a second, so that the real temperature fall 


by the point D. This point D is lower than B, and as | 
>it | 


e weight of the gaseous contents has not changed. 
follows that the tem 
The points B, D, F, 
tures of the gases at the same volume at intervals 
revolution of the engine. 

If the engine be running at 120 revolutions per minute, 
then the temperatures represented by the points D, F, H, 
and J, give the successive temperature falls suffered by 
the contents during successive revolutions, each lasting 
0.5 second. In the same way the successive temperatures 
of the gaseous contents at the out ends of the stroke are 
given by the pressures at A, C, E, G, and I. Call the 
successive temperatures at the out end fy, t). for. tos, and 
toy, Corresponding to the points A, OC, KM, G, and I, and 
the temperatures at the inner end of the stroke ¢,, t), t; 
ths, hy corresponding to the points B, D, F, H. and J. 
These temperature changes are partly due to heat loss 
from the gases to the cylinder walls and partly due to 
work done on the piston by the gases or by the piston on 
the gases. The points at both ends of the stroke when 
properly dealt with give curves of temperature fall due 
to heat loss to walls. 

Fig. 7 shows a compression and expansion diagram 
without the explosion line. . 

Consider first the series of points at the inner end of 
the stroke; obviously, if no cooling took place in the 
cylinder, there would be no fall of temperature such as is 

own between Band D. The fall between B and D is 
not entirely due to cooling, as will be seen when we con- 
sider what happens to the gases between the points B and 

When the engine eae expands the gases from 
B to C and compresses from C to D, a portion of the 
total heat has passed poses the cylinder walls, but some 
work has also been done by the gases upon the piston. 
When the expansion B C takes place, the gases perform 
work on the piston equal to the area BC VV, ; when 
the compression CD takes place, the piston performs 
work on the gases equal to the area C D V, Vo, so that 
more work has been performed by the gases on the piston 
than by the piston on the gases. Some work has there- 
fore been done by the gases in the processes intervening 
between the points B and D; that is, part of the tem- 
perature difference ¢,—1t,, is due to work done ; it is not 
all due to heat lost through the cylinder walle. The 
difference between the two work areas is BCD, so that 
the temperature fall ¢;—t,, is due erey to heat lost to 
walls, and partly to work done by the 

If the specific heat of the gaseous mixture at the tem- 

ratures between ¢,—t,, be known, then the tempera- 
all due to the work area D can be calculated, and 
when deducted from the total temperature fall it gives 
the temperature fall due to heat flow through the cylinder 
walls. It is found that the —— heat value need only 
be approximately known, as the 


temperature fall equiva- 
lent of the work area BCD is small in comparison 
with the total temperature fall, and little error is intro- 
duced by a considerable error in the specific heat value. 

This method enables a true temperature-fall curve to 
be drawn, showing the progressive fall of temperature 
incurred from revolution to revolution under the actual 
working conditions of the engine. 

Proceeding in this way I have determined the cooling 
curve for the engine referred to; it is an Otto cycle gas 
engine of 60 brake horse-power by the National Gas- 
Engine Company, Limited, of Ashton-under-Lyne. The 
experiments were made with Ashton coal-gas at the com- 
pany’s works, Ashton. 

Fig. 8 shows an indicator diagram taken by my method 
from this gas-engine when working under a brake load of 
50 horse-power at 160 revolutions per minute, water-jacket 
at a temperature of about 71 deg. Cent. A Richards- 

li indicator was used. 

The temperature of the cha: 
calculated at 95 deg. Cent. 
marked under the diagram. 

Proceeding in the manner described, I have pre: 
cooling curves from the engine under two conditions : 
first, with no load and the cylinder kept cool, engine 
running at 120 revolutions per minute ; second, with 
full load and the jacket water hot (71 deg. Cent.), engine 
running at 160 revolutions per minute. The cooling- 
curves show the temperature fall due to heat loss, wi 


rature at D is lower than at B. 
and J thus indicate the tem - 
one 


before compression was 
e leading particulars are 


mean tem tures of the gases varying from 100 deg. 
Cent. to 1500 deg. Cent., and exposure calculated to one 
second time. e curves show rates of temperature 


fall found under these conditions for complete strokes 
and partial strokes of three-tenths of the whole at the 
compression end. Fig. 9 gives the temperature falls 
incurred per second for di 

calculated in time. The particulars are fully given under 
the diagram. 

Consider first the curves a, a'. These correspond to 
the conditions in the engine cylinder when the engine is 
running at 120 revolutions minute without any load, 
so that very few ignitions keep it in motion, while 
the water-jacket is kept cold by running water at 13 deg. 
Cent. freely through it. Under these conditions the end 
of the piston and the interior surfaces of the valves will 
be but little heated by the explosions, and the interior 
surfaces of cylinder combustion-space wall will 
tend to fall between the explosions to the water-jacket 
temperature of 13 deg. Cent. 

The curve a is that for the complete strokes, while a! 


is for the partial first three-tenths of thestroke. Taking | the 


a first, it appears that the rate of temperature fall per 

for a mean temperature of 1300 deg. is 1460 deg. 
Cent. ; that is, that a complete stroke of the engine during 
which the mean temperature in the cylinder was 1300 deg. 
Cent. would lose heat to the walls at a rate sufficient to 


fferent mean temperatures | ; 





1460 


under these conditions would be 4 


| It is better, however, to express the temperature fall in | 


degrees per second. 

The curve a, when prolonged to the zero of temperature 
fall, cuts it at the temperature of 65 deg. t., which | 
means that when the ga-es within the cylinder fall to the | 
mean temperature of 65 deg. Cent., no further heat loss | 
occurs to the enclosing walls—that is, the meam tempera- | 
ture of the enclosing walls for the complete stroke of the | 
engine must be 65 deg. Cent. The water outside does 
not succeed in keeping down the mean temperature of 
the interior surface, including valve surfaces and piston 
end, to its own temperature of 13 deg. Cent. This curve 
thus gives an interesting indication of the mean tempera- 
ture of the walls. 

Taking curve a! in the same way, its general slope is 
greater a, and it cuts the zero line at 165 deg. Cent., 
and crosses the curve 4 at a mean temperature of 610 deg. 
Cent. Up to this poiat the temperature fall is less than 
that of a for a given mean temperature, above it the 
temperature fall rapidly increases with increasing mean 
temperature, so that the rate of fall is considerably 
==> a than in a at the mean temperature of 1300 

eg t. 


The fact that the intersection with the zero line is at 
165 deg. indicates that the mean temperature of the 
cylinder walls is much higher for the inner three-tenths 
of the stroke than for the whole stroke. This was to be 
expected, because the proportion of piston-end, valve- 
surface, and other unjacketed surfaces on renter as 
the piston moves in—that is, the water-jacke Say od 
surface is covered as the piston moves in, so the 
ratio changes, and therefore the mean temperature rises. 
Apart from this, however, it was to be expected that the 
surface temperature of the jacketed and unjacketed parts 
would be highest at the combustion-chamber end, where it 
is exposed to the maximum temperature. This curve, 
then, indicates that the mean temperature of the three- 
tenths surface during the three-tenths —s is 165 deg. 
Cent., while the mean temperature of the whole cylinder 
surface during the whole stroke period is only 65 deg., and 
this with the water in the water-jacket at 13 deg. Cent. 

Comparing now the two curves a, a! at mean 
temperatures wry 1200 deg., 1100 deg., 1000 deg., and 
900 deg. Cent., it is found that the rate of loss of tem- 
perature is less in curve a than in a! by the following 
percentages, calculated on the a values for the successive 
temperatures: nearly 26, 20.5, 16, 13, and 10 per cent. 

This clearly shows that, notwithstanding the diminu- 
tions of surface exposed in a given time at three-tenths 
stroke, as compared with whole stroke, the absolute tem- 
perature, fall’ rate is increased. This is probably due to 
the fact that the mean surface exposed diminishes more 
slowly than the mean density increases, so that the 
economical effect of in density is not realised. 
The existence of some turbulent motion may also mask 





the other effects. This clearly shows that it is necessary 
to determine cooling in the cylinder with the moving 
piston, as the itions are too little known to be 


predicted from explosions in closed vessels of fixed 
capacity. This becomes even more evident when 
the curves b, b! are studied. These curves b, Dy are 
taken while the engine is running at.a load of 50 brake 
horse-power. Here the explosions are almost consecu- 
tive, and the water -jacket temperature is 80 deg. 
Cent., so that the interior surfaces, both jacketed and 
om sa gpa are much hotter than in curve a, a! ; as 

ore, curve 6 is for whole stroke, and 6! for first three- 
tenths of stroke. Ourve } cuts the zero line at 190 deg., 
indicating the mean temperature of the enclosing walls 
during the whole stroke. The condition of the internal 
surfaces is different—190 deg., as compared with 65 deg., 
a very large increase in temperature. Curve }! outs Ge 
zero line at 400 deg., also’ a much higher tem ture. 
The continued explosion and the hot water jacket have 
produced a very considerable change upon the surface 
temperature of the enclosing walls. Here also the curve 
b for the whole stroke is less steep than b! for the three- 
tenths stroke, but, owing to the high wall mean tem - 
ture at three-ten’ the curves do not intersect till the 
temperature of 1100 deg. t. is reached. Below 
1100 deg. Cent. the temperature fall is less in b! ; above 
that temperature it is greater. 

Comparing }, b! as a, a! have already been treated at 
the same mean temperatures. For 1300 deg. and 
1200 deg. Cent., the temperature fall is greater in b! than 
in 6, but only 4 per cent. and 2 per cent. respectively, 
calculated on b'; at 1100 Ss the temperature fall 
is equal; at 1 deg. 4! is less by about 
t. on b!, and 900 deg. Cent. is nearly 7 per cent. 

‘that for the prectical 
t practically interesting ran 
1300 deg. to 900 deg. Cent. the 





of the curves } and b! is raised | 
value that the actual heat loes about these | 
temperatures remains nearly constant, although the two | 
curves are undoubtedly different in their slope. 

Compare now the curves a!, b!, and 
they are fairly parallel one to the other. 


on the varying 


e Exchange. 
‘al ic address 
differ, | End subscribing 


mean temperatures of the cylinder walls - 
to the condition of load and water circulation, And 
general laws may be deduced from closec-vessel 


= 365 deg. Cent. | experiments of fixed volume at varying initial preesures, 


yet the problem in the working engine is so complex that 
it is desirable to make many direct determinations on 


actual engines as to explosion and cooling in cylinders 
| of ing dimensions before cadnesumind 1 uce any 
general formule. 


From the curves given in Fig, 9, and specific heat 
values of the gaseous contents of the cylinder, heat losses 
can be calculated on the explosion expansion line inde- 
pendently of any knowledge as to the completeness of 
combustion at any point, and for this pu I deter- 
mined the specific t of the f the fellowinn 
manner :—If a be com without gain or loss 
of heat from volume V, to V,, and the temperature rises 
from T, to T;, so that the work done u the gas is W, 
then the mean specific heat C, of the gas per unit 
volume at 0 deg. and 760 deg. mm. at constant volume 
between the temperature is 

Cc. = Te Ww 

Yo (LT, — To) 
where ¥, is a constant depending on the quantity of the 
gas in the cylinder. 

This is also true of expansion as well as compression. 
The dynamical value of the rise or fall of 1 deg. Cent. 


for 1 cub. ft. of the gas will be given by the same 
formula :— w 
D, = —y 
V(T, - Yo) 
where W is the work done by or on the in foot 


unds. V is the volume in cubic feet, and D, is the 

ynamical value in foot poun 

It isevident that the method of operation just described 
affords the means of determining the heat loss on expan- 
sion or compression lines, and so permits the temperature 
fall or rise, due to work done, to be determined at any 
temperatures. In this way I have experimented on the 
products of combustion contained within the gas-engine 
cylinder, and deduced the values of D, for that working 
fluid at different temperatures. 

The experiments were numerous, and many difficulties 
were encountered ; for the full discussion I refer to the 
paper describing the experiments by me before 
the Royal Society in 1906 (Proceedings of the Royal 
Society, A., vol. Ixxvii., 1906, Page 499). It is sufficient 
here to give the values obtai for the working fluid, 
which was of the following composition :— 


Volumes. 
Steam (assumed gaseous) 11.9 
Carbon dioxide ... bat 5.2 
Oxygen ... a — 
Nitrogen ... . 75.0 
100.0 


Table of Apparent Specific Heats (Instantaneous) in Foot- 





Pounds Cubic Foot of Working Fluid at 0 deg. 
Cent. 760 Mm. 
| . 
Specific Heat | | Specific Heat 
Temperature. at Constan¢ | Temperature. at Constant 
Volume. | Volume. 
deg. Cent. Ib, deg. Cent. | ft.-Ib. 
0 19.6 800 26.2 
100 20.9 900 | 26.6 
200 22.0 1000 26.8 
300 23.0 1100 27.0 
400 } 23.9 1200 | 27.2 
500 24.8 1300 | 27.3 
00 25.2 1400 27.35 
700 25.7 1500 27.45 








Table of Mean Appurent Specific Heats in Foot-Pownds 
Ap mg ic Foot of Working Fluid at 0 Deg. Cent. and 
‘m. 


Specific Heat | 





pec! Specific Heat 
Temperature. at Constant | Temperature. at Constant 
Volume. Volume. 

deg. Cent. ft.-Ib. | deg. Cent. ft. -Ib. 
0-100 20.3 | 0-900 23.9 
0-200 20.9 0-1000 24.1 
0-300 21.4 0-1100 24.4 
0-400 21.0 0-1200 24.6 
0-500 22.4 0-1300 24.8 
0-600 22.8 0-1400 25.0 
0-700 23.2 0-1500 25.2 
0-800 23.6 


As tap bese eieady pelated out, these values are con- 
sidered by the British Association Committec to be too 
high, but as I have used them in the following calcula- 
tions of gas-engine balance-sheets, I give them It 
may be that the vena are high because So ow in 
apportioning heat loss to compression expansion 
losses respectively, but the difference does not materially 
affect the conclusion, and further experiments are in pro- 
gress by which I hope to arrive at greater certainty. 


(To be continued.) 
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FOREIGN ENGINEERING PROJECTS. 


We give below a few data on a number of Secign 
bey | projects taken from the Board of Trade 
Journal. Further information concerning these pees 
can he soruanes —_ the he poe Inte’ F _ 
Board of Trade, 73, Basinghall-street, on, E.C. 

Portugal: The Diario do Lisbon, states that 
tenders will be opened on the sixtieth day from June 11 
at the Secretaria Geral, Ministerio de Fomento, Lisbon, 
for the carrying out of harbour works in the port 
of Figueira da Foz. The cost of the work is estimated at 
400,000 escudos (about 77,500/.), and a deposit of 10,000 
esoudos (about 1900/.) will be required to qualify any 
tender. If the —— is ymca A the —o 
may proceed with the work departmen . Four years 
ann caval for executing the work. To defray the 
ex entailed a scale of increased duties and charges 
will be im on all merchandise and vessels entering or 
leaving Figueira da Foz. The same issue of the Diario 
publishes a notice providing that the Government shall, 
within sixty days, int a technical committee which 
will be entrus' with the selection of a suitable site for 
the establishment of a free harbour in Lisbon. So soon 
as their report has been approved by the Council of 
Ministers, the Portuguese vernment will allow a 
period of 180 days for the submission of public tenders for 
& sixty years’ concession for the construction and wor 
of the free harbour in question. A deposit of 50,000 
milreis (about 96807.) will be required to qualify for any 
tender, and this amount must eventually be increased to 
5 per cent. of the ultimate contract price. Any disputes 
arising out of the contract would have to be settled 
according to Portuguese law. With reference to the 
call for tenders for the construction of a railway from 
Tomar to Nazaré, the Diariodo Governo Lisbon, notifies 
that the concession for the construction of the line, 
including a branch to Leiria, has been awarded by the 
Government to Senhor Joio Pedro Vierling, whose 
address can be obtained by United Kingdom manufac- 
| ae ag application to the Commercial Intelligence 

ranch. 

Spain: The Gaceta de Madrid states that tenders will 
be opened on July 22, at the offices of the Ministry of 
Fomento, Madrid, for the construction of pavements, 
drains, &o., in the port of Almeria. The upset price is 
put at 283,853 pesetas (about 10,500/.) Tenders must be 
accompanied by a deposit of 5 per cent. of the upset 
peioe, and should be addressed ‘* Al Sefior Director de 

bras Publieas, Madrid.” Local representation is neces- 
sary. The Gaceta also states that tenders will be opened 
on August 27 for the construction and working of an 
electric tramway in the town of V An option on 
this concession is held by the Compafiia Andénima Tran- 
vias Eléctricos de Vigo. The Gaceta further announces 
that a concession has been granted to the Compafiia de 
los Ferrocarriles de Santander 4 Bilbao for the construc- 
tion of a narrow-gauge railway from Las Arenas station 
to the Neguri stone quarries. One locomotive with 
tender, two coaches, and six goods wagons will 
be required to work the line at the commencement. It 
also states that power has been granted to Don Rafael 
Pérez y Pérez to acquire the land necessary for the con- 
corpetion of a private railway from Zdncara station to 


080, 
Italy : The Gazzetta Ufficiale contains a decree relative 
to a concession which has been granted to the communal 
authorities of Pavia for the construction and working of 
an electric tramway from Pavia railway station to the 
Piazza Municipio. The Gazzetta also publishes a decree 
ratifying the terms of a concession granted collectively to 
the communal authorities of Saluzzo, Revello, Envie and 
Barge for the construction and a ony tay a steam tram- 
way from Revello to Barge, passi y way of Envie. 
The Sole, Milan, states that practically all obstacles have 
been ay aged and - by egeeer a — tly be 
in tof the ian section of the proposed 
ceastinel slleeg from Locarno to Pallanza via 
Cannobio and Intra. The line will be of great import- 
ance, as it will pass through country where indus 
and commerce are in a flourishing state, and it wi 
also serve as a direct link with the Simplon. With 
reference to the ey hydro-electric and irr 
tion works in Italy, the Bulletin Commercial, B: 
states, on the authority of the Belgian Consul-General 
at Milan, that the Chamber of Deputies ao,” 
scheme for the construction of reservoirs dams in 
bria, and of an artificial lake in the Province of 
Cagliari (Sardinia), with the object of providing these 
provinces with sufficient h lectric power to make 
them independent of fuel. e total cost of the pro 
works is estimated at 3,600,000/. . 
Austria - Hungary: The Lieferungswesen, Vienna, 
notifies that at a recent meeting the Viennese munici 
authorities voted the following expenditure during the 
ensuing financial year :—Paving operations, 1,130,000 
kronen ; laying out of streets, ait Gen000 nem: 
works, 144, ; public baths, 540,000 kronen ; and 
tramways, 350,000 kronen. The Licferungswesen also 
states that the city authorities of Nagyvdrad (Hungary) 





have decided to make ements for the erection of a 
slaughter-house at a cost of 000 kronen, and of an ice- 
factory at a cost of 129,888 kronen (24 kronen = 1/.). | 

Rowmania: The Monitor Oficial, Bucharest, publishes | 
the text of a Bill as submitted to the Roumanian Chamber | 
of Deputies, under the terms of which the communal 
authorities of Iasi are to be empowered to contract a loan | 
of 2,000,000 lei, (80,0002.), of which 800,000 lei (32,000/.) are | 
to Re etitued Sov wales sed Giaiases rama ene eee | 
for street-paving operations. The will carry interest | 
not exeeeding 5 per cent. per annum, and will be redeem- 


able in 40 
Brazil: The Diario Oficial publishes a decree (No. | 


10,232) a ing the ag and estimate of 2,530,620 
milreis (about 168.5002.) or the carrying out of important 
alterations and extensions on the Parand Railway, the 
lessees of which are the Sio Paulo-Rio Grande Railway 
Company. A sum of 293,000 milreis (about 19,500/.) is 
also earmarked for alterations on the Ourityba-Roga 
Nova section of the same railway. It also contains a 
decree (No. 10,240) opesevin the plans submitted by the 
Brazilian Northern Railway og bend the construction 
of two sections of the Tocantins way—viz., from 
Alcobaca to Cametd, 126 miles, and from Praia da 
Rainha to Sao Jofio do Araguaya, 60 miles. The total 
cost of ry sections is put at 20,735,556 milreis (about 
1,382,0007.). 


THE PHYSICAL SOCIETY OF LONDON. 
At the meeting of the Physical Society of London, 
held on June 13, at the Imperial College of Science, 
Lees, FRA, i 





— co me onan al z the 
chair, a on ‘‘ Some Experiments on Tinfoil Contact 
with ‘Dielectrics ” was read by Mr. G. E. Bairsto. 


This paper describes some experiments showing how 
the accuracy of the different kinds of electrical measure- 
ments that are made on condensers is influenced by the 
use of an imperfect tinfoil contact. 

1. In connection with the measurement of the direct- 
current conductivity of a condenser having tinfoil arma- 


king | tures, the experiments of Mr. Appleyard ( Proceedings of 


the Physical Society, 1905, vol. xix., 724), in which 
the current a minute or two after the first switching on 
of the current was greater than that at the time of switch- 
ing on, are referred to. These experiments go into the 
matter in more detail. By choosing a suitable dielectric 
—celluloid, which has a conduction current of a greater 
value than the rate of change of displacement current—it 
was found ible greatly to increase the magnitude of 
these secondary increases in current. 

At very low pressures there is very little increase of 
current, and, moreover, that increase is over in a few 
roinutes ; but as the pressure is increased the secondary 
increase gradually becomes larger and takes longer to 
attain its maximum value. © maximum effect was 
reached at about 750 grammes per sq. cm., when the 
increase of current amounted to 40 per cent., and the 
time required 54 hours. At very large pressures, when 
the contact becomes an intimate one, the increase of 
current becomes smaller again, and the time required 
also smaller. 

If the pressure is left on and the voltage removed for 
some hours a repeat test follows the same course, the 
current starting at the same value and attaining the same 
maximum value. Voltage has, therefore, quite as much 
effect as pressure in bringing about an intimate contact, 
and acts independently of it. 

By considering the geometry of the tinfoil hum 
an explanation of these various effects is given, and the 
different ways in which the pressure and the voltage 
increase the degree of contact between the dielectric 
and the tinfoil armatures are described. 

2. While considerable errors are liable to be made in 
deducing the specific direct-current conductivity of a 
dielectric between tinfoil armatures, the same is not true 
for measurements of the alternating-current conductivity. 
_ eae of the bad contact * twofold :—Firstly, it 

lecreases the apparent capacity by inserting in series 
with the condenser under test a very large, but still finite, 
air-condenser. This causes a decrease in the measured 
conductance ; secondly, because of the decrease in area of 
contact, it decreases the magnitude of that component of 
the conductivity which is independent of the frequency— 
t.e., the purely ohmic conductivity. 
considering the system as equivalent to a leaky 
ondenser in series with a very large capacity due to the 
air-film, expressions are deduced for the equivalent capa- 
city, conductance, and power factor, and these expressions 
—_ us with the means of separating out the two above 
effects. 

It is shown experimentally, even under the worst 
— circumstances, the dielectric ery only lightly 

und up with the interleaved tinfoil, that for telephonic 
frequencies the maximum difference between the observed 
conductivity and true conductivity is 15 per cent., and of 
capacity is 5 per cent. With the condenser tightly bound 
with tape and wedges of wood inserted, the maximum 
difference was only 4.5 per cent. in the conductivity and 
2.5 per cent. in the capacity. 

3. Finally, the influence of imperfect contact upon the 
accumulation of residual cha is considered. It is 
shown that if we have a condenser with tinfoil arma- 
tures, as, for instance, in the Franklin jar, with its rigid 
metallic coatings, the recovery of a residual charge is 
obscured by the presence of creeping surface charges 
coming out of the eee tions of the dielectric 
leading to an a t resi oll dh much more than 
the true residual charge left in the dielectric. 

A paper on “‘A Method of Measuring the Pressure of 


canal | Radiation by Means of Thin Metal Foil” was read by 


Mr. Gilbert D. West. The pressure of the radiation 
emitted by a carbon-filament lamp at a distance of a 
few centimetres is sufficient to cause a microscopically- 
measurable deflection of the end of a suspended strip of 
gold or aluminium foil, and by this means the radiation 
pressure can be calculated knowing the weight of the 
—_— The results agree to within about 10 per cent. 
with the energy content per cubic centimetre, as measured 
by the initial rate of rise of temperature of a copper plate 
ex to the radiation. 

best results are obtained by working in an atmo- 
sphere of yer ory lem. to 2cm. pressure, but good 
results are obtained with hydrogen at a ic pres- 
sure. Air at 1 cm. to 20m. pressure also gives good 
results.. The method involves no laborious adjustments, 
and th: apparatus is not seriously affected by vibration. 








A paper on “‘ The Emission of Electricity from Hot 
Bodies and the Quantum Theory” was read by Dr. W. 
Wilson. The paper gives a theory of the emission of 
electricity from hot bodies which is on the quantum 
theory o ew 4 A formula connecting the thermionic 
current and the temperature of the emitting body is 
deduced. This formula closely resembles that of 
Richardson, and agrees slightly better with experimental 
results. 








Messrs. GLOVERS, MANCHESTER.—We have received 
from Messrs. W. 'T. Glover and Co., Limited, Manchester, 
a copy of their pull-off calendar for July 1, 1913, to June 30, 
1914. The present copy is the twelfth year of issue; the 
calendar is too well-known to require any comment apart 
from the statement that the present issue, like the pre- 
ceding ones, combines Putile a Pagréable. 





OrriceRSs OF THE Royat Navat Reserve. — The 
Secretary of the Admiralty asks us to announce that 
there are still vacancies for officers of the Royal Naval 
Reserve for service during the Naval Manceuvres lasting 
from July 14to August 8 approximately. Officers desirous 
of serving should apply as soon as possible to the Admiral 
commanding Coast Guard and Reserves. 





INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 
—A meeting of the British members of this Association 
is announ to take place in the offices of the Iron and 
Steel Institute, on the 16th inst., at 3.30 p.m. The 
matters for consideration are the following :—Increase in 
the amount of the members’ annual subscription ; nomi- 
nation of British mem on various committees; 
organisation of the British Section. 





Guent Exuipition.—We have received from the 
Exhibitions Branch, Board of Trade, a copy of the 
official catalogue of the British Machinery Hall at the 
Ghent International Exhibition now open. It gives a 
plan of the British Section, and gives brief illustrated 
descriptions of each machinery exhibit. This catalogue 
is No. 1 of a series; the others being No. 2, ceramics, 
furniture, and decoration ; No. 3, agriculture and fisheries, 
postal and prison administration, and aviation; No. 4, 
tropical diseases; arts and crafts forming a separate 
catalogue. Copies may be obtained in the British Pavilion 
or from the Exhibitions Branch. 





Tue Roya Sanitary InstiTuTE.—On page 841 of our 
last volume we gave an abstract of the peeaines pro- 
me of this Institute’s twenty-eighth congress, to be 
eld at Exeter from the 5th to the 12th inst. The Institute 
has now issued a daily pune for Monday to Wednes- 
day, 7th to 9th inst. 1t gives the titles of a large number 
of papers to be read and dixcussed in the different sections. 
The following are a few of the titles :—‘‘ Prevalence of 
Phthisis among Sailors and Firemen,” by Dr. J. Howard 
Jones, Swansea ; ‘‘ Notes on the Application of Reinforced 
Concrete,” by Mr. G. B. R. Simm, Lendon; ‘The 
Hygienic Aspect of the Physical Properties of the Chief 
eae rere at Mr. “| ¥ ee oo {- S., 
mdon: ‘* The Training o ineers Engaged on Work 
Associated with Sanitation,” by Professor J. Radcliffe, 
Manchester; ‘‘ Hygiene of the Mercantile Marine as 
Applied to Coasting Vessels,” by Mr. R. W. Weale, 
Sanitary Inspector, Plymouth Port, 





AGRICULTURAL MacuHinery.—There appears a rather 
better external demand this year for British agricultura, 
machinery, European countries having taken such machi- 
nery to February 28 to the value of 110,370/., as compared 
with 104,275/. and 103,467/. in the corresponding periods 
of 1912 and 1911. South America also imported our 
agricultural machinery in the first two months of this 
year to the value of 31,696/., as compared with 27,735. 
and 18,901. The colonial demand was as follows in the 
first two months of the last three years :— 


Colonial Group. a 1912. 1911. 

£ £ 
British South Africa .. -. 8,754 12,779 7,290 
British India... ee -. 6,806 6,090 7,755 
Australasia we -- 10,236 9,118 6,356 


The improvement in the Australasian demand will not 
escape attention, but the progress made by British agri- 
cultural machinery in South America has been far more 
striking, the value of the imports into South American 
countries having risen to 31,696/. in the first two months 
of this year, as compared with 27,735/. and 18,901. in the 
corresponding periods of 1912 and 1911 respectively. 


MeEmoRIAL WINDOW TO LorD KELVIN AT WESTMINSTER 
Aspry.—Mr. J. H. T. Tudsbery, D.Sc., hon. secretary 
and treasurer to the Kelvin Memorial Fund, informs us 
that the ceremony of dedication of the memorial window 
to Lord Kelvin at Westminster Abbey has been fixed by 
the Abbey authorities tu take place at 3 p.m. on Tuesday, 
the 15th inst. Mr. R. Elliott-Cooper, President of the 
Institution of Civil ineers, will act on behalf of the 
donors in the matter of the formal presentation. This 
memorial, it will be remembered, has been provided by 
the united action of many members of the British (includ- 
ing the Dominions) and United States Technological 
Societies. In addition to members of the home societies, 
representatives of Canadian, American, and other 
societies are expected, and in order to afford the required 
facilities to those who may be in London at the time and 
who wish to attend the ceremony, whether they took = 

mally in the vision of the memorial or not, Dr. 
udsbery will be p to forward tickets of admission 
on receipt of applications. The form of the ceremony is 
under consideration by the Abbey authorities ; but it is 
understood that it comprise a special service, with 
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CATALOGUES. 


Small Centrifugal Pwmps.—Messrs. T. and E. Wann- 
bacher, of 5, Appold-street, E.C., have issued a price-list 
of small centrifugal pumps for circulating water, 
water supply, and other purposes. Three sizes, in which 
the delivery-pipes are 1 in., 1} in., and 1} in. in diameter, 
-_ listed, and their capacities are given for heads up to 
66 fb. 

Fuse-Boxes.—Price-lists of fuse-boxes titted with their 
well-known “Zed” fuses have been issued by Messrs. 
Siemens Brothers Dynamo Works, Limited, 38 and 39, 
Upper Thames-street, E.C. The fuses listed are suitable 
for house service connections from underground or over- 
head networks, and also for motor-control panels and 
ironclad swi' 

Steam-Engines and Auxiliary Machinery.—We have 
received from Messrs. Campbell and Calderwood, of Soho 
Works, Paisley, Scotland, two catalogues of steam- 
engines and auxiliary inery for land and marine 
work respectively. The stationary-engine catalogue 
gives illustrations and general particulars of horizontal 
single-cylinder, tandem compound, and cross compound 
engines of the non-condensing, jet-condensing, andsurface- 
condensing types, suitable for mill-driving and other work. 
It also deals with reversing engines, vacuum pumping- 
engines, Edwards’s air-pumps, air and circulating-pumps, 
are tegen surface-condensing plant, hydraulic pipe- 
bending machines, and hydraulic — The marine- 
engine catalogue gives particulars of single-cylinder, 
compound and triple-expansion screw engines, of the 
usual inverted vertical type, including among them non- 
condensing, jet -condensing, and surface - condensing 
engines ; diagonal-paddle engines, and stern-wheel engines, 
are also dealt with. The same catalogue also gives par- 
ticulars of marine-boilers of the return-tube and locomo- 
tive types, as well as of auxiliary machinery, such as 
centrifugal pumps, surface-condensing plant, air and 
circulating pumps, &c. 


Water-Tubz Boilers.—An illustrated catalogue relating 
to the ‘‘Suckling” water-tube boiler has come to hand 
from the makers, Messrs. Thomas Beeley and Son, 
Limited, Hyde Junction Iron Works, Hyde, near Man- 
chester. These boilers, it will be remembered, consist of 
an upper horizontal steam-drum connected at each end by 
a large vertical tube to an inclined water-drum. The two 
drums are also connected by groups of water-tubes, which 
are straight and vertical for the greater part of their 
length, but are bent at each end, so as to enter the drums 
radially. The catalogue illustrates and describes the 
construction of these boilers, and points out their advan- 
tages, claiming, among the latter, that the particular form 
of construction adopted gives perfect water circulation, 
free liberation of steam, and high efficiency. The latter 
property is attributed to the rapid circulation, and to the 
fact that the furnace gases strike the heating surfaces 
practically at right angles. Some particulars of a trial 
carried out on one of these boilers by a firm of consulting 
engineers are also included in the catalogue. The boiler 
used was one in which, owing to considerations of’ space, 
the usual arrangement of baffles for the gases could not be 
employed, but, in spite of this, a thermal efficiency of 
eo cent. was obtained for the boiler alone; with the 
usual accessories of a modern power plant, such as super- 
heaters, mechanical stokers, and economisers, the efficiency 
would, of course, be increased considerably. 


Metal-Sawing and oan Machines. — We have 
received from Messrs.W. A. r and Co., 38, Victoria- 
street, Westminster, S.W., an illustrated catalogue of 
metal-saw ing machines, designed and constructed by their 

rincipals, essrs. Clifton and Baird, Limited, of 

mpress Works, Johnstone, Scotland, who make a 
speciality of this class of machinery. The catalogue illus- 
trates examples of horizontal cold-sawing machines for 
joists, channels, and other sections; a saw of the lever 
type for cutting tubes and bars of copper and brass, flush- 
side sawing-machines for sawing risers off steel castings, 
and high-speed disc saws, in which the cutting is per- 
formed by a plain steel disc, without teeth, rotated at 
such a high speed that the steel in its path is melted by 
the heat generated by friction. Illustrations and _parti- 
culars are also given of hos-sawing machines, horizontal 
and vertical band -saws, and automatic sharpening- 
machines for circular-saws and band-saws. From the 
same source we have also received a booklet relating to 
bar-cutting machines of the type in which the bar is heid 
in a vice, and is operated on by cutting tools which 
revolve around the work, and are automatically fed in 
towards the centre. The firm state that these machines 
give a much greater output than any kind of sawing- 
inachine when working on heavy hars, blooms, billets, 
and other sulid sections. Nine sizes are made, the 
largest of which will take bars or ingots up to 30 in. in 
diameter, and will cut through the maximum section in 
65 minutes. 


Steel.—We have received from Messrs. Edgar Allen 
and Co., Limited, Imperial Steel Works, Sheffield, a 
sectional catalogue giving particu of some of their 
productions. Among these are included several brands 
of high-speed and carbon tool-steels, special steels for 
motor-car construction, manganese steel, and Tu 
iron-fibred steel. The latter material is a mild steel 
toughened by the addition of iron wires during the process 
of manufacture. It is especially suitable for parts of 
machinery subjected to vibrations and shocks, combining, 
as it does, the strength of steel with the fibrous to E 
ness of iron. It may be used with advantage for making 
studs, piston-rods, chains, draw-bars, coupling-links, 
axles, crank-pins, &c. The catalogue also illustrates 
examples of milling cutters, drills, circular saws, files, 
and other tools made by the firm from high-speed and 





lomestic | 


4 and enables an observer to make accurate com 


| other steels of their own manufacture. Dredger p 

| and buckets, crusher rolls and jaws, and other machine | 
| parts made of — po steel, are also illustrated. 

| material, as is well known, has ve 

resisting abrasion, and is also extremely 
| so that it is very suitable for —— the above-mentioned | 
| articles, and other parts subjec to very hard wear. | 
| It is supplied in the form of castings, rolled bars, sheets, | 
| and forgings. The catalogue also illustrates steel castings, | 
including machine-moulded gear-wheels, locomotive and 

other wheels, pulleys, rollers, &c., all of which are le 

by the Tropenas converter Steel made by this 

process, it is stated, is especially suitable for making | 
dynamo magnets. 


Acetylene-Gas Lighting.—From the Cupnge-deiting | 
Company, of Robertsbridge, Sussex, we have received | 
a catalogue in which they give particulars of the ‘‘Cotlite” | 
system of acetylene-gas lighting, which is claimed to be | 
especially suitable for use at country railway stations | 
since it is much superior to oil and about the same in | 


| 


cost. The distinguishing feature of the system is the | 
employment of portable carbide containers which are | 
charged at the carbide store instead of in the neighbour- | 
hood of the generating plant; several containers can thus | 
be filled at any convenient time and stored ready for 
use. To recharge the generator it is only ow po | to 
lift the spent container out of its receptacle and replace 
it by a freshly cha one. No mechanical joints have 
to be made or broken in effecting the exchange since the 
container is water-sealed, as also are all other parts of 
the generator. Interlocking taps are provided which | 
prevent the carbide container from being taken out until | 
the connection between the generator and gas-holder has | 
been closed, and thus the possibility of gas leaking back | 
from the gas-holder, while replenishing the generator, is 
avoided. It is claimed that thesystem eliminates leakage, 
and also prevents the accidents which sometimes occur 
with other generators through the carbide container 
being carelessly opened in the presence of alight. The 
catalogue states prices for plants capable of supplying 
six. twenty, and forty lights each of 25 candle-power ; 
prices are also stated for self-contained hanging lanterns, 
pillar lamps, and wall lamps for outdoor lighting. 


Valves and Cocks.—From Messrs. Wallach Brothers, 
Limited, Royal London House, Finsbury-square, E.C., 
we have received a pamphlet relating to ‘ Pat” steam 
fittings supplied by them. Prices and particulars are 
c= of a valve which is especially suitable for use as a 

low-off valve on all types of boilers ; it can, however, 
be employed as an ordinary steam-valve, and for man 
other purposes. It is pointed out that these valves, fu 
eS of which were given in our issue of m- 
r 








in construction, and are very easily examined. Another 
advantage mentioned is that, when the valve is fully 
opened, the passage for the steam and water is quite 
unrestricted. Prices are stated for cast-iron screwed and 
flanged valves in two ty for high and low pressures 
respectively ; the sizes listed range from }-in. to 2-in. 
bore. The pamphlet also deals with asbestos-packed 
plug-cocks, and with asbestos-packed cocks for water- 
gauges. The special feature of these fittings is that 
they can be repacked without taking the valve to 
pieces. This is accomplished by the employment of 
a slotted plate, which no y covers the ends of 
the four packing grooves, but can be turned round to 
— two of them at a time when the nuts which 
hold the plate are slacked back. It should also be 
mentioned that the slotted plate is provided with 
four short projections, which fit into the packing-grooves 
and compress the packing when the nuts are tightened 
up. Prices are stated for several sizes of both plug- 
cocks and water-gauge cocks constructed of gun-metal. 


Instrument for Estimating Smoke Density.—Messrs. 
B. J. Hall and Co., Limited, of Chalfont House, Great 
Peter-street, S.W., have sent us a pamphlet illustrating 
and describing the ‘‘Carboscope,” a new instrument 
made by them for estimating the density of smoke issuing 
from chimneys. Its special feature is that it takes into 
account the diameter of the chimney, and so allows 
chimneys of different diameters to be com together, 
or with a common standard. The instrument consists of 
a small telescope provided with a revolving disc carrying 
a number of cells containing ua smoked glass 
each of which covers only one-half of a cell. By rotating 
the disc any one of the cells can be brought into the 
optical axis of the telescope, so that the smoke seen 
through the clear part of the cell can be compared with 
| the adjacent smoked glass. In this way the glass which 
| most | matches the colour of the smoke can be 
|selected. The unit of density employed in graduating 
| the instrument is that of 1-ft. thickness of smoke, which, 

in a layer 20 ft. thick, will transmit 80 per cent. of the 
light falling on it, and the glasses are numbered in 
multiples of this unit. Thus smoke that matched with 
glass No. 20 would be equivalent to a layer of standard 
smoke 20 ft. thick, and if its actual thickness were, say, 
5 ft., its density would be four times that of the standard 
‘smoke. The instrument thus measures the actual density 
of smoke in terms of the above-mentioned arbitrary unit, 
parisons 
| between chimneys of different diameters. The weigh? of 
| soot per cubic yard can also be determined by ascertaining 
| the amount in a cubic yard of standard smoke, and multi- 
| plying this quality by the density of the smoke under 
examination as obtained from the readings of the instru- 
ment. 


Electrical Drivi 


J. H. Holmes and 
ofttice at 17, Soh 





of Printing Machinery.— Messrs. 
. have sent us from their London 
uare, W., a pamphlet relating to the 


i108 | 
This 


t powers of | auxiliary motor through worm-gearing when ‘‘ making- 
Fard and tough, | ready” or oa = the paper ; but when required to 


17, 1909, on page 839, are very strong and simple | ,).,, 





| electrical driving of newspaper printing-machines. The 


pn A ~, perahies deals with m~ Mistnee- Chet 
worthy system riving ro presses. In this system, 
it will be remembered, ae eden is driven an 


run at full speed, theauxiliary motor is disconnected, and 
the machine driven directly by a larger main motor. 
Two control systems are described : one a combined hand 
and push-button control, and the other a completely 
automatic push-button control. In the former system, 
the motor-controller, which is operated by hand-wheel 
and screw gear, is usually employed when printing only, 
the slow motion required in ‘“‘making-ready” being 
obtained by means of the push-buttons, which also serve 
to start, stop, and lock the press. In the other system, 
the controller is operated by a small pilot motor, which 


is 8 , Stopped, or reversed by -button switches, 
so that the latter can, in thi be used to vary the 
speed of the press as well as for the operations of starting, 


stopping, ‘‘ inching,” and locking. The firm’s “‘ Uastle” 
system of driving smaller rotary presses by a single motor, 
is also dealt with. This system, which costs less to instal 
than the Holmes-Clatworthy system, is more suitable for 
driving machines printing weekly papers, when the 
- my economy in current consumption is not so essen- 
tial as it is im the case of a daily paper; either of 
the above-mentioned control systems can be used with the 
single-motor drive. The pamphlet contains a list of 
equipments supplied by the firm for driving rotary 
t 8 aggregating nearly 7500 horse-power, and also 
gives some notes on the electric driving of flat-bed 
presses ; some useful tables and data are also included. 


Water- Filters. —From the Ransome-verMebr Machinery 
Company, Limited, of Brunswick House, Westminster, 
S.W., we have received a pamphlet relating to the 
Ransome continuous filters for municipal and industrial 
water-supply systems. The distinctive feature of these 
filters is the employment of a slowly-moving body of 
sand as a rough filter, which eliminates most of the 
=-or from the water before it reaches the main 

y of stati sand for final filtration. The arrange- 
ments are such t the moving sand slowly and 
continuously through a washing-chamber, into which a 
small quantity —_ about 1 per cent.) of the unfil- 
tered water is diverted to wash the sand. This water, 
of course, runs to waste, but the washed sand returns 
with the bulk of the unfiltered water to the top of the 
filter-bed. This self-cleansing feature is said to enable 
the filter to work continuously for 30 or 40 days, with 
ave water, without washing back. It is claimed 
that these filters are extremely simple in design, and 
that, being free from mechanically moving parts, they 
require a minimum of attention and maintenance. It is 
pointed out that they occupy very little space, 
and can be | omg ther more economically than 
mechanical filters, for which it is to consider 
the driving ments. We also understand that 
these filters are highly satisfactory as roughing filters, 
and that they can be advantageously employed with coag- 
ulating and softening apparatus where these are necessary. 
The pamphlet reprints giving the results of 
chemical and bacteriological examinations of water 
treated in the filters, together with similar tests of the 
raw water for comparison. 


Pistonless Hydraulic Presses.—We have received from 
Messrs. R. A. Lister and Co., Limited, of Dursley, 
an illustrated booklet relating to pistonless hydraulic 
presses of the type illustrated in our issue of November 25, 
1910, on 747. It will be remembered that, in these 
presses, the ram and cylinder, which form the essential 
parts of an ordinary hydraulic press, are replaced by a 
corrugated cylinder of flexible and water-tight material. 
This cylinder, which carries the movable sisten of the 
press, is supplied with water at a comparatively low 
pressure from the town mains, an elevated tank, or any 
other available source, and press is operated by turn- 
ing a three-way cock to admit the water or allow it to 
escape. The hydrostatic ure causes the cylinder to 
extend longitudinally and exert a force equal to the 
product of the water pressure and the cylinder area on 
the material in the press. ides extreme simplicity, 
several — — are vaper s mag For instance, 
it is pointed out is no packing, no friction loss, 
no wear, and no leakage with these pistonless presses, 
and that a constant pressure can be maintained as long 
as desired without any attention. It is also stated that 
the initial cost is low, and the upkeep and running costs 
almost negligible. The booklet gives particulars of 
standard presses having capacities ranging from 5 to 90 


tons, the working pressures being 100 lb. sq. in. in 
most_ cases. presses can, however, be made, and 
existing ram-presses can conve to the newer 


system ; pistonless s can also be worked by com- 
pressed air. The illustrations in the booklet show how 
the system can be —— to the requirements of nearly 
all trades, and include exampies of presses for book- 
binding, extracting oils and fats, vulcanising, packing 
cloth and other materials, baling 8, pressing tobacco, 
forcing bushes, &c., and many other van A list of 
users, with testimonials from some of them, is also 
included. Particulars of the presses may also be obtained 
from Messrs. Stothert and Pitt, Limited, of Bath. 





Tue Hometanp Hanp-Booxs.—We have received from 
the Homeland Association, Limited, Chandos Chambers, 
15, Bedford-street, Strand, W.C., a copy of their vol. 79 
of the Homeland Series, which deals with Letchworth 
Garden City) and Hitchin, with their surroundings. The 

k is ek a and pases —ieeting 
reading. It contains over 90 pages of geographical 
historical data and information. 
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three-speed motor-cycle of the type described in Specifica- | air space acting on the lubricant and the pressure in the pum 
**ENGINEERING” ILLUSTRATED PATENT | tion No. 27,499 of 1911. in the drawing, the sleeve ats movable can be indicated to the operator. (Accepted March 27, 1913.) , 
RECORD to the tight against the action of the springs Z to remove the 
+ re the clu RAILWAYS AND TRAMWAYS. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
= —a ; where none is mentioned the Specification is not 
wutustra . 


Where inventions are communicated from abroad, the Names, &c., | 


of the Communicators are given in italics, 


Copies of Specifications may be obtained at the Patent Office, Sales | 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at | 


the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 


| 
Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, | 


give notice at the Patent Office of o, ition to the grant of a 
Patent on any of the grownds mentioned in the Act. 


ELECTRICAL APPARATUS. 


6656/12. M.A. E. Leblanc, Paris, France. Vapour 
Electric Apparatus. (2 Figs.) March 1s, 1912.—This invention 
relates to vapour electric apparatus and more particularly to —— 
electric lamps of the type in which the luminous portion or light- 
ing tube of the container is provided at either end with recep- 
tacles open to the atmosphere 
other vaporisable conducting material employed, 


as well as the lighting tube, being — com posed of quartz | 
mate: 


or other refractory transparent > val electric 
lamp, according to this invention, comprises a lighting tube in 
the form of a loop, the extremities of which are connected to 
open receptacles for the mercury or other va ble material 
employed, the receptacles and the lighting tube being eo arranged 
that any bubbles of air or gas disengaged therein tend to pass 
away from the luminous vapour col either ds the outer 
extremities of the rece le or into one or more cavities or 
pockets arranged in the upper portion of the lighting tube. Re- 
ferring to the drawings, the container 1 of the lamp comprises a 
lighting tube 2 in the form of a vertical loop, the end portions 3 
of which are adjacent to one another at the base of the and 
are each connected to a mercury receptacle 4 provided with 
tubular projections 5 through which the leading-in wires are intro- 





and containing the mercury or 
these les, | 


duced. The les 4 are of cylindrical form having their 


receptac! 
axes slightly inclined to the horizontal. The lighting tube 2 of gears, the sleeve A be! 


the container 1 is provided on ite w 
formed in the wall of the tube 2, the latter of which isso arran 
that its plane is inclined at an angle of approximately 45 deg. 











with the plane containing the mercury receptacles 4 and the 
tubular projections 5. The tube 2 is also provided at or 
near its upper portion with a tubular extension 7 surrounded by a 
heating coil w! serves to vaporise the mercury or other liquid- 
conducting material contained in the tubular extension 7 for the 
purpose of starting the — The tubular projections 5 are 
arranged to be supported at their upper portions by a horizontal 
rod or tube 8 of quartz located above the lighting tube 2, and are 
also each provided with aconical or funnel-shaped partition 9 
having an aperture at its base and a smaller ure on one side 
th of the tubular pro 5 immediately 
be formed into bulbs. The leading-in 

tions 5, one of 


13, the lower of which is con: to one of the tubular pro- 
jections 5 at — below the normal level of the mercury within | 
Go coutaton: 5, Be wee Somes See Se ao end | 








5 
to the heating resistance surrounding the tubular ex 7in | 
such a manner that when the level of the mercu no oad a me 
tions 5 rises into engagement with the auxiliary leeding- wire | 
14 the heating resistance is short-circuited. The me: 


thin the receptacles 4 and thus enable receptacles ha’ a 
greater radiating surface for a given volumetric capacity to 
employed. (Sealed June 6, 1913. 

MOTOR ‘ROAD VEHICLES. 

Tri Cycle 
A  Ooventey. 
chanism. {1 Fig.) May 31, 1912 —This invention re 
a mechanism, and has 
a simpli construction of the type in which a clutch-sleeve 
arranged stationary 





The invention is applicable to other mechan 
mecha 


surface with a cavity 6| Cear.’ (Sealed June 5, 1913.) 


centrifugal pumps, used either singly or in series, and especially 
to 
o 
distances 

liability, where there is a varying pressure within the pump and 
in the vicinity of the pump-shaft, of the pressure, on the one 
hand, becoming sufficiently great to force the gritty liquid into 
the shaft-bearing, which not only deprives the latter of its proper 
supply of lubricant, but also is apt to do considerable , OF, 
on the other hand, falling to such extent that the lubricant, 
which is usually either forced or m 
from the bearin; 
invention these drawbacks are overcome by providing, in combi- 
nation with the centrifugal pump, a lubricator connected with 
the pump-shaft i 
adapted to act w 
cushion of air or other elastic fluid, and to be acted upon, directly, 
or indirectly, by pressure from the interior of the pomp, thereby 
causing lubricant to be supplied to the pump-shaft 

bearings at a pressure varying directly as the pressure within the 


, Limited, and | A! and the piston i, and air can be forced into this 


pressu tch-plates Y. In this construction, the clutch 
sleeve A is mounted freely around the driving shaft B. If 
desired, it may have a suitable 80 as not to make con- 
tact therewith, as is shown. On the outer periphery of the clutch 
sleeve there is fixed a ball-bearing C of the well-known annular 
type. The outer member D of this ng is free to slide in 
the stationary tubular housing E, and it will be understood that 
this bearing supports the clutch-sleeve A thereupon: It is also 


tt 
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acted on by a device exterior to the housing so as to withdraw 
the sleeve against the action of the clutch springs. Any suitable 
means may be employed for this purpose. In the case illus- 
trated, the housing E is slotted at G at one or more points. and 
through the slots may pass pegs H carried by a ring J movable 
on a screw-thread K on the housing. When the ring is rota! 
slightly it travels endwise on the threaded housing, the pegs 
causing the ball-b.aring and clutch-sleeve to move similarly. 
ism than clutch 
ce, it may be applied to ge at ape 
ange of 


nism. For i 
movable endwise to effect c 


PUMPS. 


7 F. Lobni Crookston. Centrifugal 
ae. Figs.) Soekeris, 1912.—This invention relates to 


= of this class as generally used for dredging clay or sand 
r dealing with gritty liquids and discharging the same at long 


or to high lifts. In such pumps there is always a 


ically fed, will escape freely 
and be quickly wasted. Under the present 


or bearings, and having a piston therein 
the lubricant through the medium of a 


aring or 
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pane. @ represents the pump-shaft bearing with stuffing-box, 

the yg tg e the shaft, d the shaft packing, and ¢ the 
impeller. lubricant, preferably grease, is supplied from a 
vessel f having a pipe ion leading to the chamber g of the 
shaft-bearing a. Upon the lubricant in the vessel rests a floating 
piston h}, inthe vessel / there is a second piston i which is con- 
nected by means of a piston-rod j with a }.iscon k in a cylinder /, 





which cylinder has a eee connection m leading to the vicinity of | pro’ 


is left between the floating piston 
space so as to 
pressure. As the pressure within the 

pump increases, it forces down the piston k, and con- 
i, compressing the air between the piston 
tand the floating hi, and thereby forcing the lubricant into 
the bearing, with an increased pressure corresponding to the 
pump. When the pressure de- 
pressure on the piston k also 
air between the pistons i and h! 
the pressure on the lubri- 

space tothe wu! in 

room or other suitable position. W 
pipe m to a gauge w! in the vicinity 
means of these gauges the pressure in the 


the pump-shaft. An 


Fee 
hs 
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8000/12. H. N. Gresley, Doncaster. Locomotive 
“Trucks. (3 Figs.) April 2, 1912.—This invention relates 

to locomotive pony-trucks or noes of the type comprising a 
single pair of wheels carried by a frame pivoted by a radius-bar 
about a point located some distance behind the exis of the wheels, 
and having a swing bolster connected to the frame and to the 
locomotive by links. The object of the invention is to — an 
improved construction such that, notwithstanding the inclination 
of the frame in one direction, the bolster and the locomotive can 
remain substantially zontal, or may even assume positions 
inclined in the opposite direction ; and to this end, according to 
this invention, one or both of the pairs of links respectively con- 
necting the bolster with the frame and with the locomotive con- 
sists or consist of links inclined to each other in such manner 
that, as the wheels and frame are tilted to withstand centrifugal 
force, the centre of gravity of the locomotive either remains over 














the centre of the track or is thrown inwards, thus further coun- 
teracting centrifugal force. In the construction illustrated, there 
is suspended from the truck-frame a by links b, that are inclined 
downwardly and outwardly under normal conditions, a bolster 
comprising a lower member c provided midway of its length 
with a seat d for a boss e projecting downwardly midway of the 
length of an upper member g, the ends of which are connected by 


ted | downwardly and inwardly extending links / with the frame m of 


the engine the truck is arranged to support. The end of the 
radius-bar 6 projecting from the truck-frame a is connected with 
the engine-frame by a joint at p permitting universal motion. 
To prevent displacement of the members c and g of the bolster, a 
centrally-arranged head d-pin r may be passed through vertical 
holes formed therefor in these members, the lower end of such 
fay fitted with a retaining nut or collar. (Sealed June 19, 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


7890/12. R.S. Lloyd, London, and J. R. Davies, 
Luton. Water-Ga (3 Figs.) April 1, 1912.—This 
invention relates to an improvement in or modification of the 
invention relating to water-level indicators or gauges for steam 
boilers and the like forming the subject matter of the Patent 
No. 29,269, dated December 16, 1910, granted to the present appli- 
cants. According to the present invention, the gauge is 80 con- 
structed that the wedge screw may be adjusted without removing 
the spigot. The hollow casing a is made oblong with two fiat sides 
having ribs to strengthen them to prevent springing or deforma- 
tion due to pressure of the steam or other liquid within the gauge, 
while the other two sides are curved and provided with apertures 
for the windows d. The bottom of the casing is provided with a 
central hole into which is screwed a short tube connection with a 
flange at its lower end to take an internally screw-threaded coup- 
ling for attachment to the lower gauge fitting of the boiler. The 
sides of the casing are provided with filleta h for the retention of 
the windows d in tion. The upper end of the casing a is 
sorew-threaded externally to take the internal screw thread of 
larger diameter of the perforated cap u, the central hole of which 
is also provided with a screw thread into which is screwed the 
eubeonalty screw-threaded portion m2 of the spigotz, and between 
the parts m2 and x a square or hexagon is formed to permit of 
screwing the screw m2 down into the casing a. The lower end 


Mtlte\ 
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of the spigot screw m? is recessed to take the flange of the centra 
wedging device j and the wedge screw m? and wedge j are 
revolubly held ther by means of an externally screw-threaded 
ring which is locked in position by means of a small screw. The 
lower end of the screw 1? is provided with an external flange m4, 
and a tight joint is conveniently made between the casing a, the 
cap U, and the w screw by means of a ring and asbestos 
or other packing. wedge j is perforaied at each end, and is 

wided with a long transverse slot communicating with the 
terminal perf and the outer or auxiliary wedges 0, 0, 
situated between the wedge j and the glass windows d, are pre- 
ferably provided with out ly-projecting flanges at the bottom 
upon which the glass windows d rest, so that when the wedges 
are withdrawn they also assist in removing the windows d. In 
yor y gauge made, according to this invention, the windows 
d and wedges inserted 


portion 2 and the welege 3 i —~ a is 
x, mm j are put in er, PY s 
placed in the annular recess at the lower end of thn cnnew ent 
Se eT an ance = hemes % te 
wedge screw m” and the casing a. e wedge screw m2 is 
screwed down by means of a spanner, and the j is 
screwed and, aided by the auxiliary wedges o, forces the ws 
sides c of the casing to make joint there- 
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RADIOACTIVITY. 


Proressor E. Rurnerrorp, F.R.S., of the 
University of Manchester, recently delivered at 
the Royal Institution a course of three Tyn 
lectures on ‘‘ Radioactivity.” The first of these 
lectures dealt chiefly with the properties of a rays, 
and in experimenting with these rays, Professor 
Rutherford explained, he made use of glass tubes, 
less than 0.5 mm. in diameter, with a wall thickness 
of 0.001 mm., charged with purified and compressed 
radium emanation, which had the same effect as 
more than 100 milligrammes of radium. The a 
rays passed readily through the thin glass ; but as 
their e in air was limited, they did not make 
a zinc-sulphide screen shine until the tube was 
brought pretty close to it. The distance at which 
this occurred marked the maximum range of the a 
particles from Ra C, which had the greatest range, 
whilst the a particles from uranium had the 
shortest. That the a particles from various sources 
had characteristic ranges was well illustrated by 
observations made by Joly. Certain kinds of mica 
showed peculiar coloured areas, known as ‘‘ pleo- 
chroic halos;” the nuclei of these halos con- 
tained sometimes uranium, sometimesthorium. On 
strongly-magnified photographs of the halos dif- 
ferent rings could be distinguished ; the radius of 
the widest of these surrounding a uranium nucleus 
corresponded exactly to the range of an a particle 
from RaC in mica ; aninner ring marked the radia- 
tion due to radium A, and the central blackened 
area showed the combined effect of all the a particles 
of shorter range. 

The nature of this a radiation—the most important 
in many respects, as it carried the greater part of 
the energy and was concerned in the transforma- 
tions of most radioactive substances—had been 
difficult to determine, because the a rays, as the 
lecturer demonstrated in 1903, were not deflected, 
except by very strong magnetic and electric fields. 
The direction of the deflection showed that each 
particle carried a positive charge ; the velocity of 
a particles from Ra C was 2 x 10° cm. per second, or 
about one-fifteenth the velocity of light. But a diffi- 
culty arose as to the mass of the particles, for the 
value of the e/m given by the measurements was 
intermediate between those to be expected for 
hydrogen and for helium ; the a particle of the atom 
hence either seemed to be a new element of atomic 
weight about 2, or the atom of helium carried 
twice the unit charge. The latter, more probable 
view had been confirmed by later experiments. In 
these determinations it had been necessary to pass 
the rays from an a-ray tube through electric fields 
formed by parallel plates, 40 cm. long, 5 mm. 
apart, charged to a potential difference of 2000 volts. 

he whole apparatus was completely exhausted, 
and the deflection of the pencil on the photo- 
graphs shown was obtained by reversing the 
field. In these photographs the three groups of 
rays, due to RaC, RaA, and emanation, could 
again be distinguished, and the not yet completed 
experiments accorded with the view that the a par- 
ticle was an atom of helium carrying two unit 
charges. 

The a particle was expelled by an explosion 
within the atom, one particle being ejected from 
each atom as it broke up. If the a particles 
emitted per second could be counted, the number 
of atoms breaking up would be known. The 
apparently impossible task of counting single atoms 
had been solved by the lecturer and Dr. H. Geiger, 
now at the Reichsanstalt, with the aid of the 
spinthariscope of Crookes. But as it was ‘not 
certain that each a particle would register one 
scintillation, another electric method was first 
devised. The a particles were passed into a gas at 
low pressure in a strong electric field charged 
nearly to the sparking-point; the small and in 
itself almost undetectable ionisation produced by | 
a single a particle was then magnified thousands | 
of times by the generation of new ions by the 
collisions in the strong field, and thus the ballistic 
galvanometer would record the entrance of each 
particle into the field. In this way they had 
deduced that 1 gramme of radium emitted 34,000 
million particles per second. In improving these 
experiments, Geiger had quite recently discharged 
the particles into helium (instead of into air), and 
had used a string galvanometer connected with the 
detecting vessel. The opening of this vessel was 
first closed by a sheet of _ When this sheet 
was removed the quartz fibre (the string of the 





galvanometer) gave a number of violent throws, 


which became tumultuous when the a-ray tube was 
brought up closer. When the movements of the 
string were recorded on a rapidly-moving plate, 
and the resulting curve was analysed, it was seen 


dall|that the a particles did not enter at a uniform 


rate, but that their distribution was exactly what 
could be anticipated by the laws of probability. 
Sometimes the deflection was twice as ans as the 
normal; in such cases two particles had entered 
almost simultaneously. 

By measuring the charge which the particle 
communicated to an insulated body in a vacuum, 
the lecturer continued, Geiger and he had deter- 
mined that each a particle carried a positive charge 
of 9.3 x 10-" electrostatic unit. This value 

with Regener’s estimate from experiments 
made with polonium, and it established that the 
a particle really carried two unit charges. That 
the a particles actually turned into helium when 
losing their charge had recently been confirmed by 
the following direct experiments. A large quantity 
of radium emanation was compressed in an a-ray 
tube, thick enough to keep the gas in, but suffi- 
ciently thin to let most of the a particles pass 
through. The ray tube was surrounded by another 
glass tube joined to a pump, and when the gas 
collecting in the outer tube was compressed into a 
small spectrum tube, the helium spectrum could be 
obtained after a fewdays. Now more than twenty 
radioactive substances emitted a rays, all identical 
in mass, and they should all, therefore, produce 
helium ; this had already been proved for actinium, 
polonium, ionium, uranium, and thorium. The 
rate of production by 1 gramme of radium in 
equilibrium would be 158 cub. mm. per year, 
according to calculations by Geiger and the lec- 
turer; Sir James Dewar had found 169 cub. mm., 
Rutherford and Boltwood 158 cub. mm.. A tube 
containing helium about three years old, produced 
by radium, was on the lecture-table. 

Before passing to 8 and y rays, the special sub- 
ject of his second lecture, Professor Rutherford 
referred again to the rate of expulsion of a par- 
ticles. It was conceivable that the expulsion of one 
particle might precipitate the transformation of 
neighbouring particles. Recording on a moving 
tape the exact moment at which a particle from 
polonium struck a zinc-sulphide screen, counting 
10,000 particles and measuring the intervals, 
Geiger and Rutherford had shown, however, that 
the distribution curve was exactly in accordance 
with the law of probability. Actinium emanations 
seemed to emit particles in pairs, and it was sub- 
sequently found that actinium gave rise to another 
product, actinium A, of very short life— ,}, second 
—the a particles from which would appear on the 
screen practically simultaneous with the original 
particles. In the case of thorium emanation 
doubles separated by an interval of } second had 
been observed and explained on the same lines by 
H. Geiger. 

The a and also the f particles were expelled 
equally in all directions; intense fields did not affect 
this expulsion or its direction. When a square rod 
was covered with a very thin layer of radioactive 
substance, the distribution of the activity was very 
different from the distribution of light emitted by 
the same hot rod. On aa hic plates the 
a particles produced a white fiel oF the shape of a 
well-defined cross about the rod, because in the 
space within the arms of the cross the plate was 
affected only by the radiation from one face of the 
rod, whilst outside the cross there was a sudden 
change to nearly twice the intensity, because there 
two of the faces of the rod became effective. This 
peculiar distribution was further exemplified by 
pa in which bodies of triangular and 

exagonal shapes had been covered with radioactive 





matter. 

Each expelled a particle, Professor Rutherford | 
continued, made the residual atom recoil, as first | 
observed by W. Makower and Russ, and by Hahn. | 
The atomic weight of the helium atom was 4, 
that of most ioactive elements exceeded 200; | 
the atom should therefore recoil with about 36 | 
of the velocity and energy of the a particle. As) 
the recoil atom carried a positive charge, it was, 
when nearly brought to rest, directed to the | 
cathode of an electric field, and Hahn had sepa- | 
rated radioactive products in pure states by these 
means. Sup a deposit of thorium emanation 
(Th C) was collected on a metal plate by exposure 
for a day ; another negatively-charged plate was 
then brought near the former, and on it a pure 
deposit of thorium D (giving only Sand + particles) 


would settle. The range of the recoil atoms in 
different media had been studied by L. Wertenstein 
and others. The range was very small, },; of that 
of the a particles as stated; in air it was about 
0.1 mm. Makower and Russ had estimated the 
mass and velocity of the recoil atom by observing 
the stream of recoi] atoms produced in a vacuum 
in electric and magnetic fields ; this seemed to bea 
very promising method. 

Passing to 8 and y rays, the lecturer said that 
B rays were 100 times, and y rays 10,000 times 
more penetrating than a rays, and the rays could 
be separated by making use of the penetrating 
powers. A sheet of paper surrounding the ray- 
tube would stop the a particles; 3mm. or 4 mm. of 
aluminium would absorb almost all the 8 rays, and 
the final ionisation observed outside was almost 
entirely due to y rays, which could be detected 
through nearly a foot of lead. The absorption 
effects were, however, complicated. The 8 particles 
were negatively-charged electrons, identical with 
the particles of the cathode ray stream, of yh, 
the mass of the hydrogen atom, the difference 
between the two radiations being that the 8 
particles were expelled at high speed spontane- 
ously without the necessity of external force. 
Whilst, however, different substances emitted a 
particles which were all of the same characteristic 
velocity for each substance, but differed from 
substance to substance, the 8 particles were not 
all emitted at the same velocity by the same atom. 
According to Hahn, nearly all radioactive sub- 
stances gave 8 rays of characteristic velocities. 
Danysz found last year thirty different groups of 8 
rays from radium B and OC ; when he arranged his 
uniform magnetic field at right angles to the pencil 
of rays, eac group of particles would describe a 
complete circle and return to the point from which 
itsetout. H. Robinson and the lecturer, also experi- 
menting with Ra B and RaC, had taken advantage 
of the fact that rays from a relatively wide pencil, 
having traversed a semi-circle in the magnetic 
field, would be concentrated in a narrow space, and 
had obtained a veritable spectrum of § rays, in 
which the outside edges of the lines, which varied 
much in intensity, were sharply marked, so that 
velocity estimates could be deduced from the Hp, 
the product of field intensity and of the radius of 
curvature of the line; using a slit 3 mm. or 4 mm. 
wide in this way, they had found that Ra CO alone 
emitted more than thirty definite groups of 8 rays, 
though probably each atom gave only one 8 
particle. 

The y rays, the lecturer continued, were prob- 
ably identical with X rays of a very high penetra- 
tion, and X rays were at present regarded as some 
type of pulse or wave-motion of the ether. J. A. 
Gray had recently shown that y rays were pro- 
duced by swift 8 rays, and that the y rays of Ra E 
were, like X rays, capable of exciting the charac- 
teristic radiations of Barkla. It might hence be 
expected that 8 and y rays should always appear 
together from radioactive substances. That was 
not always so, however; Ra E, for example, gave 
8 rays, but hardly any y rays, and uranium X was 
also weak in its y radiation. RaC emitted, accord- 
ing to H. Richardson and Rutherford, mainly one 
type of very penetrating y rays, Ra B three types, 
two being very soft. The analysis of these radia- 
tions by ionisation tests was better made in methyl- 
iodide than in air. Professor Rutherford was 
inclined to regard the y rays as characteristic of the 
element—i.e., as types of radiation which would be 
set up if the element could be bombarded by 8 rays 
of sufficiently high velocity. According to Barkla, 
X rays of a certain penetrating power falling upon 
an element gave rise to definite rays, characteristic 
of that substance, but of smaller penetrating power 
than the incident rays. All the secondary sathdiens 
were exponentially absorbed by aluminium, and the 
absorption coefficient was, in a sense, a measure 
of the penetrating power of the excited rays, which 
(the lecturer exemplified by a table) increased 
roughly with the fifth or sixth power of the atomic 
weight. It would be of t interest to examine 
whether y rays from radioactive substances corre- 


sponded to the types of characteristic X rays to 


be expected of elements considering their atomic 
weights. Unfortunately it had not yet been pos- 
sible to produce in vacuum tubes X rays of 
sufficient penetrating power to excite the charac- 
teristic radiation in a heavy element like radium 
or uranium. By extrapolation it was, however, 
— to show this analogy for the y rays from 

B and RaC, and the y rays might hence be 
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regarded as complex and as resulting from the | 
different modes of vibration of the atom. 
Professor Rutherford then explained his view of | 
the structure of the atom as first suggested in the | 
Philosophical Magazine last winter. The atom! 
would consist of a minute nucleus of radius 
10-" cm., in which the greater part of the mass 
was concentrated. The charge was probably posi- 
tive and numerically equal to the product of half 
the atomic weight multiplied by the unit charge on 
the hydrogen atom. This nucleus was surrounded by 
a distribution of electrons, probably in rings, in rota- 
tion, making the atom electrically neutral. The view 
was strongly supported by the quite recent experi- 
ments of Geiger and E. Marsden on the single 
scattering of a particles, to explain which the 
lecturer made an electromagnet—a rod attached to 
a long cord—swing like a pendulum over a strong 
electromagnet consisting of a vertical rod; the 
pendulum should have passed directly over the 
rod, but was deflected, describing a series of loops 
about the pole as centre. The f-ray transforma- 
tion might originate from the nucleus or from the 
ring of electrons—possibly from the former. If 
the atom were surrounded by, say, three rings of 
electrons, each of the three would have a definite 
period of vibration, and the disturbed atom would 
emit X rays (y radiations) of a definite frequency. 
Thus each of the groups of y rays from Ra B would 
arise from the vibrations of one of these rings. The 
8 ray escaping from the atom would set the rings in 
vibration, losing part of its energy, one or more units, 
in traversing each ring, and the energy absorbed 
would be a definite multiple of a unit of energy 
which was constant foreach ring. On this view the 
different types of 8 rays emitted from a radioactive 
substance were not the result of a single atomic 
explosion, but would represent the statistical effect 
of a large number of atoms, each of which probably 
emitted a particle of one definite speed. Radio- 
activity was a property of the nucleus, like gravity, 
the only other property of matter which could not 
be altered. A close examination was now being 
made of the energy of the different groups of 
8 rays to test whether this explanation would hold. 
In his third lecture Professor Rutherford re- 
viewed modern theories of atmospheric electricity 
with special reference to the radioactive state of 
the earth and atmosphere. Franklin had put for- 
ward a theory of atmospheric electricity after his 
kite experiments of 1749, and nearly every year 
brought a new theory ; none appeared sufficient. 
The earth was positively electrified in fine weather ; 
tifty years of observation showed that the poten- 
tial rose with the height above the earth’s surface. 
The dient was expressed in volts per metre, 
and the usual gradient near the earth was about 
100 volts per metre. To measure the potential at a 
point in the air, two large sheets of metal were placed 
vertically, about 1 ft. apart, and one was charged 
to about 1000 volts, the other being earthed. he 
potential midway between the plates would be 
500 volts, and if a burning taper or wick joined 
to an electroscope was moved from the earthed 
plate to the charged plate, the potential would 
steadily rise to almost 1000 volts. Kelvin had 
replaced the taper by his water-dropper, a funnel 
from which the water drops fell ; the electrosco 
then acquired the exact potential of the air at the 
oint where the drop broke away, with fair rapidity; 
Dat the instrument, though portable, failed to act 
in frosty weather, of course. A small amount of 
radioactive matter could be substituted for the 
dropper ; its action depended, like that of the 
flame, upon the ionisation produced by the flame or 
the a particles ; the ions produced were separated 
in the electric field, the negative ions being with- 
drawn from the flame or collector until its potential 
was equal to its value before the introduction of 
the device. But the collector should be small and 
its influence confined to a small radius, and as 
radium also gave penetrating rays, G. C. Simpson 
and A. L. Hughes had used, on the Terra Nova in 
the Antarctic, ionium, which emitted a rays only. 
As, further, the gee gr ong of buildings dis- 
turbed the potential of the atmosphere, they 
stretched an insulated wire some feet above the 
ground and attached the ionium to the middle of 
the wire. 
The atmospheric potential at a point was —— 
to great, sudden, and capricious changes. e 
barometer seemed to have little effect ; moisture 
was more important, according to Exner. There 


with locality, at Kew occurring at 44.m and 2p.m., | 
according to C. Chree. The second minimum had 
been ascribed to dust, as it was hardly noticed on 
mountains and on the Eiffel Tower ; but Simpson 
observed it between the Cape and Australia. As 
—_—_ the influence of height, the gradient fell 
off rapidly, as the following figures indicated :—At 
heights of 0, 824, 1060, 2080, and 2820 metres 
above the ground the potential gradients were 150, 
37, 43, 21, and 20 volts per metre. The normal 
potential of the upper atmosphere was probably 
about 100,000 volts. Experiments were difficult, as 
the balloons and kites used disturbed the observa- 
tions, unless the kite was itself utilised as the collec- 
tor, and the steel wire insulated ; this W. Makower 
had done at Glossop Moor, where a maximum of 
60,000 volts seemed to be approached at 4000 ft., 
and considerable currents flowed down the wire. 
The question was, how the positive charge of the 
atmosphere was dissipated. Air was considered 
an insulator for voltages well below the sparking 
value. But Elster and Geitel had patie. years 
ago, with the aid of a charged electroscope attached 
to a cylinder exposed to the air, that ordinary air 
was sufficiently ionised to discharge an electroscope, 
more rapidly with a positive than with a negative 
chargé. Quantitative measurements were better made 
with the aspirator of H. Ebert (who recently died at 
Vienna), in which a clockwork-driven fan drew air 
through a long cylinder, the axial electrode (itself 
cylindrical) of which was joined to a charged elec- 
troscope. Assuming that each ion carried the unit 
charge of 4.7 x 10-’ electrostatic unit, some 1000 
or 2000 ions were counted per cubic centimetre of 
air under normal conditions, and there were slightly 
more positive ions than negative ions, the average 
ratio being 1.17 to 1. Tonisation counters had also 
been devised by Gerdien. If these ions were 
left to themselves, they would recombine, even in 
the tube, especially if the tube were long, as 
A. Schuster had demonstrated. Now the positive 
ions produced by X rays and radium had an average 
velocity of 1.6 cm. per second per gradient of one 
volt per cm.; negative ions were a little faster. 
These swift ions would be removed by Ebert’s appa- 
ratus. But there were slower and much slower 
ions, impeded probably by the condensation of 
water upon them, according to Langevin, and 
Pollock had found far more ions of a mobility of 
only yssq Cm. or even xza5 cm. per second at 
Sydney than swift ions. 

As the ions in free air recombined and dis- 
appeared, they must constantly be reproduced, and 
this was probably effected to a large extent by 
the penetrating y radiation coming from the earth. 
That radium emanation was present in the atmo- 
sphere was recognised by Elster and Geitel 
(Braunschweig), and quantitative measurements 
were made by A. S. Eve (Montreal), who absorbed 
the emanation by charcoal, and expelled it again 
into an electroscope by heating. He found emana- 
tions corresponding to 60 x 10— gramme of radium 
per cubic metre of air, or about one atom per cubic 
centimetre. Even allowing also for thorium, this 
quantity was exceedingly small; but when the y 
rays from the radium, &c., in the earth (not sus- 
spended in the atmosphere) were taken into con- 
sideration, the rate of production would agree with 
the number of ions observed in the air near the 
surface of the earth. But the intensity of the 

rays should rapidly decrease with increasing 
height ; observations as to this feature were con- 
flicting. As there was little radium in sea water, 
the amount of radioactive matter should be small 
over the open sea ; different observers, again, dis- 

d as to this point. 

If the air were ionised and positively charged, 
there should be a steady electric current down to 
the earth. The current had been calculated by 
Gerdien and been measured by C. T. R. Wilson 
with the aid of an ingenious apparatus, in which a 
horizontal plate was exposed to the earth’s field 
and kept charged from an adjustable condenser. 
The current found, 2 x 10-'* ampere per sq. ft. 
of surface, was excessively small, though it would 
amount to 1000amperes for the whole earth. Yet 
9 per cent. of the a charge would be 
dissipated per minute (Wilson and Simpson), and 
a return current would be required to maintain 
the charge. It had been thought that falling rain 
bo as a rule, negatively charged, and would leave 
the air positive; that, again, was disputed b 
Simpson’s observations at Simla, which Thad bem 
confirmed on the Continent. Ebert had suggested 





was a minimum of the gradient about midsummer, 
and two minima were observed per day, changing 





that negative ions differed from positive ions, and 


that the positive ions attached nuclei to themselves 
and survived longer. That suggestion afforded 
a possible explanation; but it seemed quantita- 
tively insufficient. The problem appeared inexplic- 
able at present. 

Yet Professor Rutherford saw no need for intro- 
ducing any extra-terrestrial agency, though it would 
be necessary to distinguish between the upper and 
the lower atmosphere. Birkeland had suggested in 
1896 that 8 rays or electrons ejected from the sun 
caused the aurorz. If that were so, the electrons 
should be stopped in the upper atmosphere, 
which would soon become so highly charged that 
further electrons would be repelled, while the 
sun itself would acquire a positive charge. The 
objection could be met by the assumption that 
an equal number of oppositely-charged particles 
reached the earth, and the aurorse no doubt resulted 
from electric discharges in the upper attenuated 
atmosphere. That this upper atmosphere was a 
good conductor was a postulate of A. Schuster’s 
theory of terrestrial magnetism, and seemed to be 
demanded by the fact that radiotelegraphic signals 
were better transmitted at night, when the air was 
highly ionised (Eccles and others), than in daylight.* 
There was no inherent difficulty in supposing the 
upper atmosphere highly ionised. The absorp- 
tion of ultra-violet light gave the appearance 
of ionisation, and the sun emitted such waves 
in addition probably to a, 8, and X rays. Ultra- 
violet rays produced ozone, and Pring found more 
ozone at high altitudes of 10 and 12 miles 
than near the surface. The mobility of the 
ions varied inversely as the gas pressure, and 
should be very great—and hence the conductivity 
as well—in the highly rarefied air. In any case 
the whole problem of the electrical state of the 
upper atmosphere was of great importance. 





THE CHEMICAL INDUSTRY AND 
ENGINEERING EXHIBITION. 

Smmuttangous exhibitions of two industries in 
one building have, no doubt, considerable advan- 
tages from the point of view of the organisers, 
as they divide the expense and double the attend- 
ance. On the other hand, unless they are of equal 
interest, one of the two is liable to be eclipsed. 
In the case of the Foundry Trades’ Exhibition 
and the Chemical Industry and Engineering Ex- 
hibition held simultaneously at the Agricultural 
Hall from June 14 to 28, the former naturally 
took precedence in our columns, as representing 
larger interests, and the latter had to be deferred 
until space could be found to deal with it. At 
this period of the year, when congresses, con- 
ferences, and meetings jostle one another in an 
attempt to gain the public eye and ear, it is diffi- 
cult to deal adequately with all subjects,.and the 
Chemical Engineering Exhibition has had to give 
place to larger industries. It was, however, an 
excellent exhibition of its kind, and contained a 
good many objects which are quite unfamiliar to 
the average engineer. 

The remarkable improvement effected in stone- 
ware pipes, coils, valves, pumps, &c., for corrosive 
liquids and gases could be seen at the stand of 
Messrs. Doulton and Co., Limited, of Lambeth, 
who showed a rectangular tank of 200 gallons capa- 
city, and a storage jar of 450 gallons, as exemplify- 
ing that there is little limit to size. The large 
exhaust-fan for acid work was a novelty. The joints 
and valves in this ware are all ground with emery, 
and remarkably good seals are obtained. On the 
stand of Messrs. George Skey and Co., Wilnecote 
Works, near Tamworth, nitric-acid plants and tar- 
wash apparatus, with towers built up of several 
trays were prominent; a tower would consist of 
twenty-two such compartments. 

When one examined the tantiron articles of the 
Lennox Foundry Company, of Grenville-grove, 
New Cross, S.E., one doubted whether, after all, 
stoneware is not in some fields e ed in a useless 
fight. The ‘‘failures” which Mr. R. Lennox showed 
were sufficiently impressive. There was a valve 
which had been subject to sulphuric acid for three 
years; that valve certainly needed replacing ; but 
we do not know whether stoneware would wear any- 
thing like that. The point in acid works, and more 
still in explosive works, is to have apparatus which 
will not want repairs or renewal. The primary cost 
of materials is not the chief matter. The firm 
exhibited parts, diagrams, and photographs of 


* Compare ENGINEERING, vol. xcix., page 351, as to 











this rather difficult point. 
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nitric-acid and sulphuric-acid concentrators and 
mixers, pipes, &c., in use at Notodden (where 
Birkeland and Eyde have now eighty-two furnaces 
with arc-flame discs nearly 15 ft. in diameter), in 
the Rossi works, near Lugano, where atmospheric 
nitrogen is likewise fixed, in Messrs. Nobel’s ex- 
plosive factories, and in Natal (a sulphuric-acid 
concentrator capable of dealing with 12 tons a day). 
The sand-filler pipes for the Rand mines in South 
Africa, through which the ground ore, quartz, 
and acid are transported back, formed an interest- 
ing novelty. These pipes are subject to very 
heavy corrosion; ordinary cast-iron pipes only 
last days ; wood lining and porcelain lining have in 
vain been tried. The new pipes are steel pipes 
provided with a thick cast-in lining of tantiron ; 
they have been in use for one year. The tant- 
iron is an iron alloy, looking like steel, of density 
6.8 (iron, 7.2); several grades are made specially 
to resist hydrochloric acid, for instance, or bromine, 
iron chloride, acetic acid, fused nitrates, &c. Some 
of these chemicals attack the surface very slightly at 
first, but the corrosion practically stops very soon. 

The great advantage of aluminium ware, as 
exhibited by the Aluminium Plant and Vessel 
Company, of Point Pleasant, Wandsworth, S.W., 
is that it is not attacked by the varnishes, oils, 
food-stuffs, beer, &c., with which it comes in con- 
tact, and does not spoil their colour, as copper and 
iron would do. There was a varnish pot on the 
stand which has seen two years’ service since the 
first Chemical Exhibition in the icultural Hall. 
The firm also prides itself of its direct aluminium- 
welding process. The National Alloys, Limited, 
Altior Foundry, Ilford, E., claim particular non- 
corrosive properties for their alloys. Cupranium is 
described as a brass of 60 per cent. of copper and 40 

r cent. of zinc, alloyed with some rare metals ; 
it has the bright yellow colour of a bronze, and is 
recommended for propellers, the strength bein 
33 tons per square inch. Ivanium is an alloy o 
aluminium, very slightly heavier than the metal, 
but much stronger, it is claimed, and not attacked 
by sea-water, sulphuretted hydrogen, or organic 
acids ; it looks like bright aluminium. 

Messrs Huntington, Heberlein and Co., of 3, 
Lombard-street, E.C., exhibited poy and 
drawings of roasting furnaces and sulphuric acid 
towers, &c., In eolees Wedge 20-ton furnace the 
vertical hollow shaft has a diameter of 4 ft., so 
that men can enter and help the men working 
at the circumference. Together with the shaft 
revolve six or more arms of horizontal racks, which 
turn the material on the superposed shelves alter- 
nately inwards, towards the shaft, and outwards, 
towards the circumference. The Lurgi-Herreshoff 
furnaces are for charges of 6 tons, and provided 


with inclined _ es for letting the ore slide from 
one shelf to the other without creating dust by its 
fall. The air enters from below. . Keller’s 


excavating machine for removing the charge from 
superphosphate dens is a horizontal scraper-con- 
veyor which is swung by means of a turntable, 
and the ropes by which the scraper is suspended 
from the carriage frame are automatically slackened 

Messrs. A. R. Tattersall and Co., 75, Mark-lane, 
E.C., showed the little ‘‘ Giant” grinder for bran, 
bark, beans, hay, mica, shells, limestone, &. A 
rapidly-revolving s carries four rows of loose 
blades or cutters ; the blades are a few millimetres 
apart, and a grain not caught by one row would be 
hit by the next row. ey also exhibited their 
portable insulated charcoal retort in which wood, 
cocoa-nut fibre, &c., are charred very much as 
it is done by the old-fashioned charcoal burner, to 
supply fuel for suction- engines, blacksmiths, 
refiners, and the household. The double cylindrical 
shell of iron rests on bricks ; it is provided with-a 
door, a lid at the top, and five chimneys ; the height 
ranges from 4 ft. to 10 ft., the diameter from 3 ft. 
to 8 ft.; the operation lasts 36 hours, including 
12 hours’ cooling. The portable core-ovens of 
Messrs. C. Portway and Son, Halstead, Essex, 
were originally meant for cooking and bakers, but 
the uniform distribution of the heat and the absence 
of flames and of danger of burning, have induced the 
firm to modify these ovens for core-drying. The 
oven 1s a range made of galvanised steel, with double 
casing, and the fire-box is at the base. 

The British Oxygen Company, Limited, of 
Elverton-street, Westminster, demonstrated their 
oxy-acetylene welding and cutting. In a novel kind 
of blower, petrol was used as fuel in the place of 
acetylene. The ordinary blower of the firm, it will 
be remembered, is a concentric brass pipe bent 





down at right angles, delivering a jet of pure 
oxygen through the central nozzle, and acetylene 


and oxygen through the ring surrounding the |.) 
he outer flame is turned on first, and the | 


orifice. 

oxygen jet then gives the blow-pipe effect. In front 
of this blower, attached to the pi 
nee This latter part has been utilised as a pre- 
eater for the petrol in the new blower. e 
petrol is contained in a cylindrical chamber at 
the junction of the horizontal and vertical por- 
tion ; the chamber is joined to the guide by two bent 
bars of copper, which convey heat to it. The 
firm also exhibited the St. Martin apparatus for 
blending and purifying alcoholic liquids. It is 
really a spray and ozone apparatus, resembling in 
its appearance a search-light ; a horizontal cylinder 
with glass front. Instead of the lower carbon 
(there is no upper) is a pipe which branches 
at an acute angle, and ends in two nozzles facing 
one another, as in some acetylene burners; the 
liquid is forced by a pump through these nozzles ; 


the two jets impinge upon one another, and the | 


spray is exposed to the action of the ozone fillin 
the cylinder. The idea might further be develo 
a 


pparently. 

he ‘‘klincha” belt-fastener of the W. T. 
Nicholson and Clipper Company, Limited, of 
King-street, Salford, and 56, The Exchange, South- 
wark, S.E., deserves a few words of praise for the 
po ened of its construction and the ease and 
celerity with which it can be used. 

The simple automatic water-softeners of Messrs. 
Lassen a Hiort, 52, Queen Victoria-street, E.C., 
should also be mentioned, though they are well 
known. A measuring and mixing apparatus of 
a softener for 30,000 gallons per hour, and a 
smaller plant, were on view. The apparatus works 
automatically by means of float-valves, and needs 
only a minimum of attention. 

Messrs. Zimmer and Co., of 35, Finsbury- 
square, E.C., exhibited various safety appliances 
for factory use : respirators, smoke-helmets, rubber 

loves, and special ‘‘ Mentor” hoisting apparatus 
or lifting men overcome by fumes out of ammonia- 
towers and vats. 

More strictly chemical exhibits were not numerous. 
We notice the chemical balances of Messrs. Oertling, 
of Turnmill-street, E.C.; the hydrogen peroxide, 
perborates, blanc fire, oxygenated soap powders, &c., 
of Messrs. Laporte, of Luton; the benzol and 
naphthalene dye-stuffs of Messrs. Read, Holliday 
and Sons, of Huddersfield, arranged to illustrate the 
manufacture of dyes in their progressive — and 
their a to silk, cotton, leather, blacking, 
&c.; and the miscellaneous products, acids, salts, 
siccatives, mercurials, &c., of Messrs. Thomas 
Tyrer and Co., Limited, Stirling Chemical Works, 
Stratford, E. Mr. Tyrer also displayed some old 
chemical pictures from the collection of the late 
= > ae oo The ne of gun- 

wder, it appears fr»m one of these pictures, 
te clearly the work of the Evil One ; s is seen 
guiding the monk who is weighing the ingredients. 





THE INTERNATIONAL ROAD 
CONGRESS. 
(Concluded from page 14.) 

We have dealt at considerable length with the 
very interesting, and somewhat voluminous, pro- 
ceedings of the International Road Congress in 
our last two issues, and there only remains for us 
to record the resolutions which were finally adopted 
in relation to wood pavements. For ow in 
particular, and for most large cities in general, this 
question of wood —— is of special interest, 
and anything which can increase their lives, and so 
avoid the confusion which prevails when they have 
to be renewed or repaired, is of great importance. 


Woop Pavements. 


Sub-Section B, which met on Wednesday, the 
25th ult., in the Surveyors’ Institution, agreed to the 
following resolutions concerning wood pavements :— 


1. Where gradients permit, wood-block pavement is 
very Popo pomp he A but is 
not of the exceptionally heavy character y existing 
on streets near docks or similar centres of industrial traffic. 
It should be used where a noiseless pavement is desirable. 

It is of great importance that a concrete foundation 
should be laid of sufficient strength to carry the traffic 
“<* over the pavement. sae ee 

t care 1s necessary in selection of the proper 
em de Cen Sede ioe 
roughly im with a well- rva- 

tive before being laid. = 


, is a guide- | 


3. In view of the varying results given by wood pave- 
ments, according to | circumstances, it is desirable 
| that further investigations and ange y Ae riments 

ould be carried out in connection with lection of 
the timber and of the imp ating preservative. 

4. Every precaution should be taken in laying the blocks 
to prevent, so far as possible, the entry of water through 
| the joints. 

4a. Hard woods give varying results, according to 
local circumstances, and it does not appear desirable to 
recommend them for roads with intense traffic in large 
cities, unless some means are devised to effectively pre- 
vent the rapid destruction of the joints and the resulting 
destructive effect on the concrete below. If these woods 
are employed, it is desirable not only to prevent the per- 
colation of water through the joints to the foundation, 
but also to consolidate the blocks as far as possible, so 
that they may not become rounded at the edges. 

Soft woods obtained from suitable kinds of trees, and 
especially from resinous species, are equally suitable for 
| roads with a comparatively heavy and intense traffic as 

well as for roads with a light and infrequent traffic. In 
| the latter, however, the blocks are liable to rot if they 
have not been suitably pickled. It is also desirable to 
make the joints as small and water-tight as possible. On 
the other d, their comparatively rapid wear on roads 
with great traffic should encourage one to make exhaus- 

tive investigations into the best means of treating them, 
so as to increase their strength without prejudice to their 
—. . 

. Subject to certain precautions, such as impregnating 
of the wood, water-proofing of the joints and surface, 
frequent cleaning of the roadway, &c., there is no objec- 
tion to wood pavement from the sanitary point of view. 

6. The spreading of gritting is necessary under certain 
conditions and in certain weather (especially on hard- 
wood paving) to prevent the surface becoming slippery; 
but the gritting should be done with suitable small 
gravel chippings or sh sand, so as to avoid, as far as 
possible, any injury to rubber tyres. 


ENTERTAINMENTS AND EXCURSIONS. 

Many persons, corporations, institutions, and 
societies offered hospitality to the members of the 
Congress in the intervals of their discussions and 
deliberations. On Monday afternoon, June 23, 
there was a reception at the Royal Horticultural 
Hall, Vincent-square, by the President of ‘the 
Exhibition Committee, the Right Hon. Earl 
Beauchamp, His Majesty’s First Commissioner of 
Works ; and in the evening of the same day there 
was a reception and conversazione at the Guildhall, 
City of London, bythe Lord Mayor and Corporation. 
On Wednesday, June 25, there was a reception 
by the Institution of Civil Engineers at the Albert 
Hall. Thursday, June 26, was devoted entirely to 
excursions. These were (a) an inspection of the 
roads in Essex ; (b) a visit to Windsor Castle, on 
the gracious invitation of His Majesty the King ; 
(c) river party from Windsor to Marlow; and 
(d) inspection of roads in Berkshire. The evening 
was devoted to a reception at the Royal Automobile 
Club. On Friday, the 27th ult., there was in the 
afternoon a garden party at the Royal Botanical 
Gardens, at the invitation of the Surveyors’ Insti- 
tution, and later there were visits to three theatres. 
Saturday was devoted to excursions and visits to 
(a) the National Physical Laboratory, (b) Letchworth 

en City, and (c) inspections of roads in Surrey 
and Sussex. In the evening there was a reception 
and banquet at the Hotel Cecil. During last week 
there were excursions to Chester, Liverpool, Glas- 
gow, Sheffield, Folkestone, and many other towns 
and cities. 
Vores or THANKS. 


At the concluding meeting on Friday, the 27th ult., 
the Co , after voting as a whole on the resolu- 
tions submitted by its constituent sections, passed 
by acclamation votes of thanks to Sir George Gibb, 

e President, and to the executive, as well as to 
the gentlemen who had acted as general reporters 
and as translators. A vote of thanks to His 
Majesty the King, the Corporation of London, the 
Institution of Civil Engineers, the Royal Automo- 
bile Club, and others who had entertained the 
members was then moved by Dr. Lewald, of the 
German delegation, in a noble and eloquent speech 
delivered in English. 





FOUNDRY PLANT AND MACHINERY. 
No. LXI. 
By Josep Horner, 

Fias. 925 and 926, page 38, illustrate a sand-blast- 
ing Austen Se by Messrs, Alfred Gutmann 
Actien-Cesellschaft fiir Maschinenbau, of Altona- 
Ottensen, Germany. It comprises the rotating- 
table design enclosed in a chamber. The com- 
pressor with the air-vessel is seen at the left hand, 
| the exhavster and the + ater-pits to the right of the 
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house. The pipe A connects the air vessel to 
the sand-blast apparatus. The pipe B, between the 
exhaust nozzle of the cleaning-house, the sand- 
catching chamber, and the exhauster, serves to 
exhaust the dust from the blast-room. Thence the 
exhausted dust-laden air is carried through the 
pipe from the exhauster to the large water-pit with 
chimney. In this pit the larger dust particles, 


Compressor 





Fie. 927. 





doors, shafting for driving the exhaust-fan, &c., 
will be observed. 

A large amount of grinding by emery or other 
wheels is done in a machine-equipped fettling- 
shop. Otherwise the slower chipping-chisel and 
file have to fulfil this function. Though the sand- 
blast cleans surfaces from the roughnesses pro- 
duced by contact of the metal with the sand of the 



































in use, or a separate exhauster for each machine, 
dependent on the size‘of the plant. Guards are 
also essential, as, owing to the rough nature of the 
work, fracture is more likely to occur than is the case 
with other more delicate kinds of grinding. 

igs. 929 and 930 illustrate a double-headed 
grinding-machine, electrically driven, and fitted 
with a dust-exhauster, by the London Emery Works 





Fic. 928. 


Fics. 925 ro 928.. Sanp-Biast Cieantnc Piant; Messrs. ALFRED GuTMANN ACTIEN-GESELLSCHAFT FUR MascHINENBAU, 


coming into contact with the surface of the water, 
are separated, leaving the air to out of the 
chimney freely. The coarser sand in the cleaning- 
house is not sucked away, but falls into the worm- 
trough C below, and is conveyed back to the ele- 
vator D and blast apparatus. 

The two photographs, Figs. 927 and 928, show the 
steel-casting cleaning t, installed by Messrs. 
Gutmann, in the foun of Messrs. Otto Gruson 
and Company, at Magde oe. They illus- 
trate the class of chamber shown by the drawi 


The tram-rails, exhaust-pipes, rotary tables, sliding- 


wings. | equipped sho: 
either a complete system to include all the wheels ' 





ALTONA-OTTENSEN, GERMANY. 


mould, it does not remove excrescences, which 
must be cut or ground off. These are the runner 
and riser marks, the fins of joints, the scabs, the 
swellings due to strains, and to bad mendings-up. 
These were formerly chipped off and finished with 
old files, and are still often so treated, or with pneu- 
matic chisels ; but the grinding-wheels are quicker 
and better, unless the excrescences are very thick. 
The objection to grinding is the dust produced, 
the grinding being done dry. Hence all properly- 
have dust-exhausting devices, 





Company. The motor is carried on a plate A hinged 
to the cabinet base in order to permit of adjust- 
ing the tension of the driving-belt, which runs on 
one or other of the steps of the pulleys. The 
movement is effected by the hand-wheel B and 
screwed rod C, which rod is pivoted to the front of 
the hinged support A. e upper part of the 
framing of the machine is a casting, which contains 
the spindle-bearings, the exhauster-casing, and the 
onan — which the dust is drawn away 
rom the wheels. This is isolated from the cup- 
board base by enclosing the belt so that the ex- 
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hauster can only draw air from the wheel ends, and through which the dust is sucked into the passage 
not through the belt openings. The motor drives | leading to the exhausting-fan. 

the wheels and the blades of the exhauster, all on| A double grinding-machine, by Messrs. B. R. 
the same spindle. Ring lubrication is adopted, as Rowland and Co., Limited, of Reddish, Man- 
shown at the left-hand bearing of Fig. 930. The chester, is shown in Figs. 931 and 932. It is built 
oil is carried up by the two rings, and descends, | either for the belt-drive or with a motor occupying 
after passing through the bearing, to the reservoir | the place of the centrally located belt-pulley. The 


cences to be removed rapidly, such as the remains 
of gits or risers, sawn or chipped off, and the fin 
marks of sand joints. In heavy work, especially 
in green sand, lumps, swellings, and some scab- 
bing are almost unavoidable. Chipping-chisels 
may remove some portions of these, but the grind- 
ing-wheel finishes better. Also ona machine fitted 





seen below, any dust or sediment settling at the | 
bottom. The same oil is thus used over and over | 







Fig929, 





with an emery wheel, a circular scratch-brush can 


wheels are fitted wit 
be substituted, or a polishing-wheel, to go over the 


adjustable corrugated 





guards. These, being elastic, would yield slightly 


Fig.930 
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Fics. 929 anp 930. Ferriinc Grinpinc-Macuine ; Toe Lonpon Emery Works Company, Totrennam, Lonpon, N. 
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Figs. 931 anp 932. Ferrriuinc Grinpinc-Macuine; Messrs. B. R. Rowianp anp Co., Liirep, ReppisH, MaNncHESsTER. 


again, 80 that the bearings need only be refilled 
about once a month. When two wheels are fitted, 
as seen in this example, one, D, is provided with a 
water supply and trough, the other is reserved for 
dry grinding only. e wheels are protected by 
corrugated-sheet hoods, which can be adjusted as the 
wheel wears. The wheels measure 20 in. up to 24 in. 
thick, and take a 3-horse-power motor to drive. 

In a modified design by this firm, the surface of 





the grinding-rest is pierced with small slots, 


on the contact of fragments of a broken wheel, | whole surface of a casting, and so remove particles 
while a rigid guard might fracture. The dust is of sand adherent and leave a smooth and clean sur- 
exhausted by the fan seen below, which is belt- face. When heavy work cannot be moved, the 
driven from a pulley formed on one of the emery- grinding-wheel must have a large range of mobility. 
wheel washer-plates, though not seen. The dust This is secured in various ways, either by a swing- 
is drawn from underneath each wheel through the | ing arrangement with telescopic shafts, or by means 
pipes seen, and is removed through the fan. of flexible-shaft driving. In any case, the wheel 

ortable grinding-wheels are indispensable if | must be readily brought over any portion of the 
large castings are to be fettled otherwise than by | work, and be easily held and applied at any angle. 
hand, or by pneumatic chisels, and the excres-| The group of Figs. 933 to 937 illustrate in general 
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views and in some details a swing-frame grind- 
ing-machine, as constructed by Messrs. Luke and 
Spencer, Limited, of Broadheath, near Manchester. 
The general design is as follows:—The emery 
wheel, 14 in. in diameter by 2 in. thick, makes 
1450 revolutions per minute, and is carried in a 
horseshoe-shaped frame (Figs. 930and 931), provided 
with handles for the operator, the weight of the 
whole being counterbalanced by a suspended 
weight. The entire mechanism is hung from 





principal details of the construction will be clear | 
from the drawings. 

In Figs. 933 and 934, A is the triangular | 
swinging-frame, hanging from and swinging on 
the bosses of the bearing-brackets B B, bolted to 
the ceiling. Thence connection is made to the 
grinding-wheel frame C, provided with handles, by 
means of the rods carried at right angles, the 
vertical one D being capable of considerable tele- 
scopic movement in the sockets in which it is held, | 


















































Fries. 933 ro 937. Swinc-Frame Ferruinc Grinpinc-Macuine ; 
Spencer, Limitep, BROADHEATH, NEAR MANCHESTER. 


brackets, bolted up to the ceiling or roof of the 
fettling-shed. The driving-shaft runs in bearings 
in these brackets, and around its axis a triangular 
casting swings on trunnions, around which the 
wheel can be swung backwards and forwards. Two 
telescopic shafts at a right angle make connection 
thence to the wheel-head, both shafts being 
capable of a slewing motion in their sockets, for 
which purpose grooves and set-screws are provided. 
By these combinations the universality of adjust- 
ments of the wheel are made instantly. The 
driving is by belt to fast and loose pulleys on the 
upper shaft. Thence by ropes to the wheel- 


pulley, with two multiplications in speed. The 
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Messrs. LUKE AND 


with a set-screw in the top socket and a taper- 
in in the bottom one. The bracket E, which 
orms the connection between the two rods at 
right angles, carries a shaft, on which a pair of 
rope poe F run freely. The smaller one is 
driven from the pulley overhead, the larger drives | 
by a similar cord to the pulley G on the grinding- 
wheel spindle. The tension on the cords may be 
adjusted by telescoping the shafts. The weight of | 
the wheel and its framing is relieved by the 
balance-weight H, the cord from which passes over 
pulleys J, J (Fig. 934) to the boss K on the hori- | 
zontal shaft. The emery wheel is turned with aj 
dovetail section, and a corresponding dovetail is, 





formed on the plates. The wheel is made with 
a large hole to minimise the amount of waste. The 
striking gear in Figs. 933 and 934 is operated by a 
suspended looped chain attached to the bracket seen. 
The details of the wheel in its frame C are shown 
in Figs. 935 to 937. 





THE ROYAL SHOW AT BRISTOL. 
(Concluded from page 22.) 

Favourep by weather much better than is 
often experienced, the meeting at Bristol last week 
was remarkably successful. The total number 
which the turnstiles was 179,148, as against 
but 90,139 at Doncaster last year. In that case, it 
will be remembered, an outbreak of cattle disease, 
just before the opening, led to restrictions which 
destroyed the interest of the Show to a very large 
number of prospective visitors. At Norwich, in 
1911, the number registered was 121,465; and at 
Liverpool, in the preceding year, 137,812. In 
1909 the meeting was held at Gloucester, and 
was ruined by atrocious weather, the numbers 
attending falling to 88,396. The Bristol total has 
only been exceeded five times in the history of the 
Society, and its financial results should go far to 
make good for the failure of the last meeting of 
the Society held in the West. 


Sream-ENGINEs. 


For the present, at any rate, there is apparently 
no signs of the advent of the large wheeled solid- 
tyred wagons, which road surveyors are now de- 
manding. A wide wheel, no doubt, does distribute 
its load fairly well on a soft ground, but as a road- 
way is designedly hard or firm, the width of a 
wheel has very little effect on the intensity of the 
local pressures experienced. Wide wheels merely 
bear ‘‘on the corner,” and there is no doubt that 
the modern heavily -loaded solid -tyred motor- 


| wagon imposes an unfair amount of wear and tear 


on a macadamised road. The damage done could 
be greatly reduced by the adoption of really large 
wheels, some 6 ft. or 7 ft. in diameter, and it seems 
quite probable that ultimately wheels of this type 
will be demanded by law. The main difficulties in 
their use arise from their greater weight and the 
way they diminish the accessibility of the wagon. 

Messrs. Alley and MacLellan, Limited, of 
the Sentinel Works, Polmadie, Glasgow, show a 
steam-wagon which is capable of carrying 6 tons 
on the platform and of hauling behind it a trailer 
carrying 4tons more. The boiler is of the water- 
tube type, of very simple and straightforward con- 
struction. This boiler consists of an inner and outer 
shell, of which the inner serves as the fire-box, and 
is crossed by the water-tubes, which are straight 
and nearly horizontal. A superheater coil is pro- 
vided in the upper part of the fire-box. The 
boiler is stoked through an opening in the top. 
The designed working pressure is 230 Ib. per sq. in. 
The engine is of the horizontal a type, 
completely enclosed and protected from dust. 
Poppet valves are used in place of the ordinary 
slide-valves. The differential is mounted on the 
back axle and is chain-driven from the engine 
crank-shaft. The wheels are of composite struc- 
ture, having a cast-steel inner core, the space 
between this and the steel tyre being filled in with 
solid oak about 6 in. deep in the radial direction. 
It is claimed that these compound wheels are very 
resilient. 

A 6-ton steam-motor tip- wagon embodying 
some special features was exhibited by the York- 
shire Commercial Motor-Wagon Company, of the 
Vulcan Works, Hunslet, Leeds. The boiler is a 
double-ended horizontal return-tube boiler, placed 
athwartships at the front of the wagon. The 
fire-box occupies a central position, and the pro- 
ducts of combustion pass out to asmoke-box at each 
end of the boiler by a lower set of tubes, and then 
back again by an upper set to a central uptake. 
Ejector jets fitted in the smoke-box doors enter 
into the mouths of these upper sets of tubes, and 
heing fed by the engine exhaust, maintain a good 
draught when the engine is under weigh. At the 
same time, by this device, the exhaust steam is 
superheated before being finally discharged from the 
uptake. The designed working pressure is 175 lb. 
per sq.in. The engine is of the vertical type, with 
the ids - vebews operated by a variant of the 
Marshall valve gear, at one time used somewhat 
extensively for marine engines. The whole of the 
gear is completely enclosed and lubricated by 
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steam motor-wagon, showed two of their standard 
tterns, the larger being capable of taking a 
-ton load up a gradient of lin 7. The smaller of 
the two wagons had rubber tyres, and carried a 
3-ton load. 


INTERNAL-COMBUSTION ENGINES. 


A new design of motor road-roller, weighing 
10 tons empty, was exhibited by Messrs. Barfo: 
and Perkins, Limited, of Peterborough. The roller 
is fitted with a White and Poppe four-cylinder 
engine, rated at 25-30 brake horse-power, and 
driving the back roller through a gear-box and 
Renold’s chain transmission. ‘l'wo speeds forward 
and two backward are provided. The radiator is 
of the type used on the Paris motor-buses, con- 
sisting of an upper and lower drum connected 
— on each side by sets of tubes bent into 
half-circles. A fan causes a rapid draught past 
these tubes, which are of about } in. to ;5 in. dia- 
meter. A hopper carrying }? ton of rvad-metal is 
fitted to the roller when required. The exhibitors 
make motor road-rollers up to 15 tons in weight, and 
it is of interest to note that whilst for the bituminous 
roads now favoured in this country a weight of 
8 tons is generally preferred, much heavier rollers 
are asked for in certain foreign countries, a 15-ton 
roller recently sent to Aleppo being found too 
light for the work demanded. Even at home some 
road surveyors demand very heavy rollers, but they 
are accused by their critics of using such rollers as 
substitutes for a stone-breaker, it being asserted 
that they strew boulders on the road and then rely 
on the roller to reduce these blocks to road metal. 

Messrs. Davey, Paxman and Oo., Limited, of 
Colchester, had on view a gas-engine designed to 
develop 40 to 45 horse-power when operating on 
suction gas, the normal speed of running being 220 
revolutions per minute. This engine, of which we 
give two views in Figs. 8 and 9, page 41, has the 
cylinder and bed-plate cast in one piece, and, as 
will be seen, the cylinder is directly supported for 
practically the whole of its length. he liner is 
fixed at one end only, and, being free at the other, 
can expand or contract without distortion from 
changes of temperature. The combustion-chamber 
has been designed so as to expose & minimum 
surface to the action of the flame, and is free from 
pockets or protuberances such as might give rise to 
premature ignitions. The cam-shaft is fitted with 
chain lubrication, as are the main bearings. The 
valve gear has been recently re-designed, its 
characteristic features being well shown in Fig. 8. 
The gas-valve is, it will be seen, located on the 
upper side of the cylinder. A helical spring, placed 
in the spring-case shown, tends to hold the valve 
on to its seat. Itis opened by means of the rocking- 
bar B, which is operated by the link E, which in its 
turn derives its motion from a cam on the side 
shaft. The rocker-bar does not, it will be seen, 
act directly on the inlet valve, but, by means of the 
swinging link shown in dotted lines, is coupled to 
a lower arm a at one end to the framing, and 
carrying at the other the roller A. The upper end 
of the link which connects A with B can be moved 
so as to occupy different positions of the slot 
shown in B. In the position illustrated in the 
drawing the valve would get its full opening ; but 
if moved to the right by the action of the governor, 
the roller will be swung through a smaller arc, and 
the opening of the gas- valve correspondingly 
reduced. The amount of gas admi is thus 
controlled by the governor, and asa full charge of air 
is drawn in each time, the engine works with con- 
stant compression, and very great regularity in 
speed is secured. Ignition is effected on the low- 
tension magneto system, the timing being readily 
adjustable. The engine is started by means of 
compressed air. 

A somewhat striking novelty was the implement 
exhibited by the Darby-Maskell Motor-Plough 
Syndicate, Limited, of 49, North-road, Manchester. 
One of the difficulties in adopting self-moving 
— is to obtain sufficient adhesion to 
pull a large number of deep-cutting shares. This 
difficuty is absent from the cable system of plough- 
ing. e Darby-Maskell plough is an attempt to 
rival the latter system of ploughing by means of a 
motor-plough. e machine consists of a tractor 
supported on three travelling wheels, but these 


wheels, though positively driven, are not called | 





one on each side of the machine, each chain being 
supported on an arm which is detachably, but 
rigidly, connected to the main tractor frame. The 
pitch-chains are positively driven, and the shares 
are thereby dragged through the ground, and are 
intended to provide, by the resistance experienced, 
the main portion of the effort by which the 
machine is propelled forward. 

The special feature of the 9-brake-horse-power 
oil-engine exhibited by Messrs. Walsh and Clark, 
Limited, of Guiseley, Leeds, was a new type of 
hit-and-miss governor. The cam operating the 
inlet valve is loose on its shaft, but a sleeve ex- 
tends from it into a polished cylindrical casing, 
inside of which are placed a pair of weighted levers, 
which serve as governor balls. A spring, the ten- 
sion of which can be adjusted whilst running, tends 
to keep these arms as near as possible to the centre 
of rotation, and in this position a hardened steel 
catch-plate, mounted on one of the arms, engages 
with and drives the loose cam, which, as aforesaid, 
operates the inlet valve. If the arms fly out under 
centrifugal force, the cam is disengaged, and the 
inlet valve therefore remains closed. 

A simple form of inertia governor formed the 
most characteristic feature of a number of small 
vertical oil and petrol-engines exhibited by Messrs. 
Russell, Newberry and Co., of Altrincham, Cheshire. 
In these engines, in addition to the main inlet- 
valve, there is a subsidiary fuel-valve, which is 
operated by a hit-and-miss device from the lever 
system of the main inlet valve. The governor con- 
sists simply of a pivoted weight, which, if the 
speed rises unduly, is flung up, so that the hit- 
and-miss plates fall out of engagement. 

Small petrol and paraffin plants constituted, as 
usual, a striking feature of the Show. The market 
for these has apparently been little affected by the 
rise in the price of fuel, and, in fact, these small 
engines are generally employed in services character- 
ised by a very small ‘* power factor,” being employed 
for a few hours’ pumping weekly, for occasional chaff- 
cutting, and the like, e question of the price of 
fuel is thus of very small importance in comparison 
with that of easy starting and other questions of 
convenience. The many American engines of this 
type, of which a large variety were exhibited by 
Messrs. Fairbanks, Morse and Co., of 87, South- 
wark-street, S.E., and by the Associated Manu- 
facturers’ Company, of 72-80, Mansell-street, E., 
generally govern by preventing the exhaust-port 
closing, so that a fresh charge is not drawn into the 
cylinder until the governor releases the exhaust- 
valve. They are also generally fitted with low- 
tension magneto ignition. A few of the English- 
built petrol - engines adopt a similar system of 
governing, but high-tension ignition is used almost 
cole. Messrs. R. A. Lister and Co., Limited, 
of Dursley, exhibited a small electric-lighting plant, 
consisting of a low-speed petrol-engine direct 
coupled to a dynamo, with a switchboard, an auto- 
matic controller and battery complete. A con- 
veniently arranged farm-engine, mounted on a base 

mitting of easy transport, was exhibited by the 
ristol Wagon and Carriage Works Company, 
Limited, of 138, Victoria-street, Bristol. A well- 
designed two-cylinder petrol-engine direct con- 
nected to a dynamo was shown by the India-Rubber, 
Gutta-Percha and Telegraph Works Company, of 
Silvertown, Essex. These engines have float-feed 
carburettors, high-tension magneto ignition, and 
govern on the exhaust-valve. Both oil and petrol- 
engines were shown by the ‘‘ Eagle” Engineering 
Company, of Warwick. In the smaller petrol-engines 
shown by this firm the cylinder is almost wholly im- 
mersed in a water-tank. Messrs. Capel and Co., of 
186, Dalston-lane, N.E., entered in the New Imple- 
ment class a carburettor designed for use with 
engines which are being started up with petrol and 
then operated with paraffin. In this carburettor a 
portion of the exhaust is directed round a helical 
ge formed between the inner and outer walls 

of the carburettor, and, once the latter is heated up, 
the engine can be operated on oil. Other exhibits 
at this stand included a direct-driven petrol-electric 
set rated at 700 watts, and complete with switch- 


The Ivel Agricultural Motors, Limited, of Biggles- 
wade, showed an agricultural motor of the same 
build as that which secured the Society’s silver 
medal in 1904. This was fitted with a two-cylinder 


upon to provide more than a small fraction of the water-cooled engine, having the cylinders on oppo- 
total traction required for the twelve furrows which | site sides of the crank-shaft. A vaporiser allows 


the machine is designed to make. 


The shares | the engine to be run on kerosene after being started 


which do the ploughing are attached to pitch-chains, | up on petrol. 


The Ideal Agricultural Motor Company, Limited, 
of Wembley, showed a self-contained motor-plough, 
which is also arranged so that the machine can be 
used for ordinary haulage purposes, and for such 
services as driving thrashing machinery. The most 
distinctive feature of the machine lies in the fact 
that the wheels are fitted with ‘‘ feathering” spuds. 
A series of rods connected at their inner ends to 
an eccentric protrude at their outer ends through 
the wheel. e amount of protrusion can be regu- 
lated by varying the throw of the eceentric. 

A 50-horse-power ‘‘ Universal ” agricultural motor 
was shown by Messrs. Saundersonand Mills, Limited, 
of the Elstow Works, Bedford. This has a four- 
cylinder engine, with three forward speeds of 2, 3, 
and 6 miles an hour, and one reverse speed. 

Messrs. J. and. E. Hall, Limited, of Dartford, 
Kent, showed a 5-ton motor tipping-wagon, of which 
they have already supplied five to the Corporation 
of Sheffield. They also showed a motor char-a-banc. 
The engine for this has four cylinders, 110 mm. in 
diameter by 140 mm. stroke, and is capable of 
developing 32 brake horse-power at 1000 revolu- 
tions per minute. The carburettor is of the two- 
nozzle type, the flexibility of which secures a low 
fuel consumption at all s s. Four s 
forward and ies reverse 2 one provided. PThe 
final drive is by chain to sprockets on the back 
wheels, which run on roller-bearings. The wheels 
have solid-rubber tyres, with a guaranteed life of 
10,000 miles. 

A novelty in the way of motor lawn-mowers is 
exhibited by Messrs. W. J. and C. S. Burgess, of 
Brentwood. In this-case the motor is driven by a 
small air-cooled bicycle-engine, a couple of fans 
being used to create the necessary current past the 
radiating fins of the cylinder. The machine is 
designed so that the roller and the cutter are driven 
ey gm either or both being coupled up at 
will by means of friction-clutches. The machine can 
therefore be used as a roller without cutting. 


MISCELLANEOUS EXHIBITS. 


A novelty exhibited at the stand of Messrs. 
John Fowler and Co., Limited, Leeds, was a self- 
lifting spring-tine cultivator. This implement is 
intended to be operated by cable haulage, and will, 
it is stated, cultivate top soil uniformly to a given 
depth, which may be varied between 2 in. and 
5in. The frame of the machine is made in three 
sections, each of which can rise or fall indepen- 
dently of the others, and thus, although the 
machine covers a width of 16 ft., all the tines enter 
to practically the same depth even on uneven 
ground. 

A new clover-huller was shown by Messrs. Ran- 
somes, Sims and Jefferies, Limited, of Ipswich. 
This machine is arranged so that the drive of the 
engine is taken direct to the pulley of the lower 
drum, on which falls the hardest part of the work, 
whilst the upper drum is driven from the lower 
pulley by means of a second belt. Special provi- 
sion has been made for facilitating access to the 
drums. Self-oiling dust-proof bearings are fitted 
throughout. 

An interesting demonstration of brazing cast iron 
was given at the stand occupied by the Société des 
Plaques et Poudres 4 Souder J. Lafitte, of 40 and 
41, Redcliffe-street, Bristol, and a number of 
specimens were exhibited showing the high efli- 
ciency of the joints produced, the iron fracturing 
under test in a new place, instead of at the joint. 

A highly interesting display of steel and iron 
products was made by the Kirkstall Forge Com- 
pany, Limited, of Kirkstall, near Leeds. Amongst 
them were a series of built-up motor-car axles, 
ranging in size from an axle intended for a 
16-ton timber- wagon down to a light 10-horse- 
power pleasure-car. The body of these axles 
consists of two steel channels placed back to 
back, and having riveted between them at each end 
forged nickel-steel pins to take the wheels. By 
this construction a large economy is effected in the 
amount of high-grade steel used. This is a quality 
priced at so much a pound, whilst the body of the 
axle is formed of a quality of metal sold by the 
hundredweight. The metal in the body of the 
axle is now distributed to the best advantage. 
Axles of similar type, complete with a steel fore- 
| body, and intended for use on thrashing-machines, 
| were also included. A model of a live axle to 
be constructed on the same system formed an- 
other exhibit. Some heavy stampings, amongst 
which was a connecting-rod 3 ft. long and de- 





signed to take a 6-in. brass, were also shown. The 
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rod in question was of I-section, 5in. deep. Bright 
and blue planished round, recta , and hexa- 
gonal sections for turret-lathe work were also 
shown. Many of these were of 40-ton steel. ‘The 
‘*blue” sections are guaranteed accurate to within 
5 mils, and the bright sections accurate within 
3 mils, but smaller limits of error can be worked 
to when required. Another interesting exhibit was 
a trophy of best Yorkshire iron, which was the 
same as that originally exhibited at the great 
Exhibition of 1851. 


Messrs. Tuke and Bell, Limited, of 69, Leaden- | 


hall-street, E.C., exhibited two small sewage- 
disposal plants. Of these, the one intended for 
country-house service consisted of a septic tank 
having an overflow on to a filter-bed, which is con- 
structed in two stages, separated from each other by 
an air space, so that the effluent undergoes a double 
filtration before being finally discharged. The 
sewage is arranged to enter the septic tank at the 
bottom, and without shock. The solid materials 
carried in therefore rest at the bottom until 
broken up by septic biolysis. Another plant shown 
at the same stand consisted of a circular filter 8 ft. 
in diameter over which the sewage was sprinkled 
by revolving arms, thus ensuring its thorough 
aeration before it enters the vat. The arms are 
revolved not by the reaction of the discharge, but 
by a pair of tipping buckets, which are alternately 
filled with the sewage and tipped. At each tip the 
arms are revolved through a considerable arc by 
means of ratchet gearing. To reduce friction and 
the need for lubrication the weight of the arms is 
taken by a ball-bearing. 

Messrs. H. Brown and Co., of 66, Prince-street, 
Bristol, show a complete well-boring plant of the 
chilled-shot rotary type. The drill io this case 
consists of a tube under the edge of which chilled 
cast-iron shot are introduced, and these shot crush 
the rock when the tube is rotated, a core bein 
removed similar to that obtained with a diamon 
drill. A continuous flow of water brings the 
débris to the surface, the speed of flow being 
adjusted so that, whilst sufficiently rapid to remove 
the crushed rock, it leaves the shot behind in 
virtue of their higher specific gravity. Some 
sample cores of Cornish ite obtained in sink- 
ing a 500-ft. bore-hole with the machine were on 
view at the stand. 

An interesting exhibit was made by the Asso- 
ciated Portland Cement Manufacturers, Limited, 
of Lloyd’s-avenue, E.C., showing some of the many 
applications of concrete either alone or reinforced. 
Amongst the exhibits was a four-way concrete sign- 
post, fence-post for wire - fencing, cattle-troughs 
and cattle pens, whilst a demonstration was given 
of the manufacture of concrete blocks suitable for 
building purposes. 

A pneumatic conveyor for handling grain was 
exhibited. by Messrs. R. Boby, Limited, of Bury 
St. Edmunds. The suction is produced by means 
of a rotary exhauster, and the grain is sucked and 
rene sap through a system of piping, flexible 
lengths being used where required. e firm also 
build pressure conveyors, in which the grain is 
transported by a blast of compressed air. This 
type is stated to be convenient when the grain has 
to be distributed from one centre to a number of 
points of delivery. 

The competitive trials of implements carried 
out on this occasion by the Society were not of 
very general interest, being confined to milking- 
machines, for which a first prize of 251. and a gold 
medal were awarded, and a second prize of 101 
and a silver medal. The trials were carried out 
last April at Bishop Auckland, with the result that 
the first place was awarded to the machines entered 
by Mjolkningsmaskin Om Fleu, of Stockholm, 
and the second to Vaccar, Limited, of 7, Denman- 
street, S.E. Trials were also made of hand-power 
machines for s i insecticides on bushes 
and trees. In this competition the first prize of 
101. was taken by Messrs, F. W. Moellenkamp and 
Co., of 85, Farringdon-street, E.C., whilst Messrs. 
Pilter and Co., of 22, Bush-lane, E.C., secured the 
second prize of 5l. 





Tue Massacausetts Institvte or Tecunotocy.—We 
are informed that in gentry to the ey - put forward by 
Institute of hnology oesesy Dentin, f the De- 
te ‘ec! y iels, o 
of the Navy, has appointed Assistant Naval 
ructor Jerome ©. Hunsaker to deliver courses 
of lectures in aerodynamics at the Institute. The object 
of the courses is to establish systematic instruction in 
the theory and design of aeroplane:. 


INDUSTRIAL NOTES. 


Art the end of last week Sir George Askwith was 
engaged with the employers and men in connection 
with the strike in the Birmingham district, and 
although nothing definite was arranged it was —— 
hopeful that the dispute would be settled on the fo!- 
lowing Monday. The employers and workmen engaged 
in the Stourbridge fire-brick industry came to an 
agceement on Thursday, in last week. About 500 men 
and 700 women were affected. The advance secured 
by the former is 10 per cent. in the rates, while the 
women and girls have gained a minimum wage of 103. 
a week. The terms do not appear to have been well 
received by sections of the men. 

On Monday it was thought that Sir George Askwith’s 
efforts were rewarded, and the strike, which has lasted 
for over six weeks and paralysed the industries of 
Birmingham district, had come to an end, as 30,000 
men agreed to return to work. The terms of settle- 
ment were:—A minimum wage of 23s. for unskilled 
workers has been given for Birmingham, Oldbury, and 
Smethwick, and 223. for the Black Country, to be 
raised to 23s. at the end of six months. For the pay- 
ment of youths and girls schedules were agreed to. 
No general advance in piece rates or in other day 
rates was made. 

Things did not settle down so smoothly, however, 
as was expected, and it was found that in some of the 
districts round Birmingham feeling among the em- 
ployees ran very high regarding the terms of the 
settlement, so much so, in fact, that some of the 
leaders who were party to it appear to have been in 
danger of personal violence. The men are to be bal- 
loted on the subject, and it is expected that in some 
parts, at any rate, there will be a unanimous vote 
against returning to work. A better feeling may, 
however, spring up during the next few days. The 
employees of Messrs. Stewart and Lloyds, to the 
number of between 4000 and 5000, have decided to go 
back to work, though not directly affected by the 
settlement. The wages named in the agreement will, 
however, be paid them. 





An interesting case in connection with trade unions 
came before Mr. Justice Darling and a special jury 
on Wednesday, in last week. This was an action 
for slander in which the general secretary of the 
National Union of Railwaymen and Mr. James Henry 
Thomas, M.P., the assistant, sued Mr. John Passmore, 
a member of the union. It appears that in the 
course of a speech at a meeting of the Hammersmith 
Branch the defendant had uttered words to the 
following effect :—‘‘I know for a fact that the head 
office officials have been robbing the society of 
hundreds of pounds a year, and I have the annual 
report and proofs, not one, but a thousand and one.” 
This is what'the defendant was reported to have said, 
but what he himself owns to having said was: ‘‘I 
believe as a matter of fact that the officials have 
robbed us of hundreds of pounds; I have proofs of 
some small items, and I have noticed some things in 
the annual reports which I should advise all members 
to peruse for themselves.” Mr. Williams, the general 
secretary, in the evidence denied that there was 
any truth in the suggestion that he was dishonest, 
and Mr. Thomas, .P., stated in the witness- 
box that personally he had been attacked in all 
sorts of ways by the defendant for about three 
years. There was not the slightest truth in the 
statement that he had robbed the society. He thought 
that it was due to his pees to Syndicalism t 
he had been the object of abuse and slander. There 
was no evidence in defence, and the defendant pleaded 
that there was nothing malicious in what he had said. 
A verdict for the plaintiffs was returned, awarding 
each of them 500/., and the judge granted them an 
injunetion restraining the defendant from repeating 
the statements complained of. 





As an example of what great things may result 
from small beginnings, the recent strike on the Rand 
has, perhaps, never been surpassed in the labour 
world. From what appeared to be only a trifling 
dispute about no more than five men only a few weeks 
860, the wild spirit of disorder grew so rapidly 

t by the end of last week there had grown up in 
the Rand a condition of — little short of anarchy, 
and many lives have been lost.in riot and disorder. 
Io our issue of last Friday we stated that things 
looked very serious, and so true was this that on 
Saturday the outrages and disturbances had reached 
such a pitch that martial law was declared in Johan- 
nesburg. Scenes of bloodshed, incendiarism, and 
robbery took place. The Imperial troops had to fire 
on the mob, many deaths being the result. It 
appears that the spirit of disorder was not 





a | any 
means confined to the strikers, but possessed the hooll- | 


| gan and criminal classes. On the arrival of General 
| Butha aad General Smuts at Johannesburg on Satur- 
day, a settlement was arranged through their media- 
| tion, and so faras the Labour leaders were concerned, 


| the strike wae declared to be at an end. In spite of 





this, however, there was renewed rioting on Saturday 
night, the strikers appearing to have got out of their 
lesders’ control. The anarchy for which the leaders 
were responsible was not found to be easily con- 
trolled. The fundamental condition that the strikers 
should return to their homes and that all disturbances 
should cease was not easy of enforcement. The Star 
newspaper branch office was blown up by the strikers. 

The following are the terms said to have been 
accepted by the men’s leaders :—(1) The strike to be 
immediately declared off ; strikers to return to their 
homes; all further disturbances to cease, and no 
further property to bedestroyed. (2) The New Klein- 
fontein strikers to be reinstated, and the Government 
to grant suitable compensation to strike: breakers, who 
are in no way to be victimised. (3) ‘Ihe strikers on 
other mines to return to their work, and to be taken 
back as mining operations are resumed on their mines, 
and no victimisation is to take place. (4) Representa- 
tives of workers are at liberty to lay any other griev- 
ances before the Government, who will inquire into 
them. 

The employment of Imperial troops appears to 
have been absolutely necessary, and Lord Gladstone 
is to be commended for the firmness he showed. 
Indeed, it is probable that if the Government had 
shown more firmness earlier in the dispute no lives 
would have been lost. ‘he resumption of work appears 
now to have been general. All disorder among the 
natives has been promptly checked. It is thought 
that in future, if these convulsions are to be avoided, 
some system of conferences between the parties, fully 
representing the employers and the employed, must 
be adopted. 





The question of an eight-hour day does not appear 
to create much general interest among trade-union 
men, if we are to judge by the voting that has taken 
place in connection with the national ballot on the 
question. According to the Labour Press Agency, 
circulars were issued to unions having an aggregate 
membership of over two million, but the results were 
disappointing, the total number of members who took 
the trouble to vote being less than half a million, and 
in many cases the actual number of men taking part 
in the ballot was only a small proportion of the 
total membership of the society concerned. Not more 
than one-twelfth of the men in the boilermakers’ society 
voted, and this may be said also to apply to many 
other societies. Some of the textile unions are, how- 
ever, to be excepted. In the face of this, the Parlia- 
mentary Committee cannot initiate a national move- 
ment in favour of an eight-hour day, and it is probable 
that a recommendation will be made to the next annual 
congress at Manchester in favour of allowing each 
federation or group of societies freedom to take any 
action they may think fit to enforce their demands. 
Any movement organised in London will, it is said, 
have to be abandoned. 





If reports are true, the revolt against the Labour 
leaders in connection with the late Leicester election is 
much more widespread and eral than the leaders 
suspect, and there appears to be a movement on foot to 
retaliate by a refusal to pay affiliation fees or carry on 
pro da under the present auspices. According to 
the ur Press Agency, matters are assuming the pro- 
portions of a serious revolt. A marked feature of the 
movement is that personal feeling against Mr. Ramsay 
Macdonald does not appear to be the cause of the 
trouble, for the strongest protests come, it is said, 
from branches that have hitherto been ready to sup- 
port the officials in any course they took. The revela- 
tions made concerning the Leicester election seem to 
have gps a, | discouraged and disheartened the rank 
and file, and a feeling is abroad that until the leader- 
ship is changed and the policy reformed, confidence 
cannot be restored. It is said that unless something 
is done soon the Independent Labour Party will, as 
an effective force, vease to exist. 





On Monday last, at a joint conference of the farmers 
and labourers at Ormskirk, the following agreement 
was arrived at :—That a committee of six farmers and 
six labourers, with an independent chairman, be agreed 
to by both parties; the said committee to meet 
within ten days, and consider the question of raising 
wages and to advise all the farmers that a general 
stoppage should be observed on Saturdays at 2 o'clock, 
to commence on Saturday next. It is further 
that the committee will do their best to get the men 
reinstated or other places found for them. 





There appears to be a probability of a strike among 
the trainmen and conductors of the Eastern railway- 
lines in the United States, the men having voted for 
a strike for higher ; over 90 per cent. are in 
favour of the demand. From the railway companies’ 

int of view, the men are already paid sufficiently 

igh wages, and an increase is not justified. They re- 
fuse absolutely to agree to the advance. The men, 
however, are firm, and it now looks as though a strike 
were inevitable. In case it does occur, many thousands 
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of men will be thrown out of work, and there will be | buckets milled out of the solid, as best seen in Figs. | as indicated in Fig. 3, pushes over one arm of a bell- 


disorganisation on nearly all the lines on the Atlantic |6 and 7. 


side of the a The strike is expected to 


commence next week. 





Some time ago 2 Departmental Committee was 
formed to inquire into the Hours and Conditions of 
Employment of Warehouse-Boys and Van-Boys. The 
report of this Committee has recently ben issued, and 
contains the following recommendations relating to 
warehouse - boys:—(l) That in warehouses where 
goods collected by vans are received, sorted, and dis- 
tributed, the hours of work of those under 18 years of 
age shall be subject to the same regulations as the 

mmittee have proposed for van-boys. (2) That 
employment in warehouses where goods are stored till 
required for use should be regulated either under the 
Factory Act or by some other means. (3) That em- 
ployment of young persons in wholesale warehouses, 
where goods are laid out and displayed for sale, should 
be subject to the same restrictions as are applied by 
the Shops Act to persons employed in retail shops. 

The recommendations ees van-boys were the 
following :—(a) ‘That powers should be given to local 
authorities (in London the County Council, and else- 
where the borough or district councils) to frame by- 
laws to regulate the employment of all van-boys under 
18 years of age. (b) That no boy under 16 years of 

e shall be employed before 6 a.m. or after 9.30 p.m. 
(c) That no boy under 18 years of age shall be em- 
ployed for more than 70 hours, inclusive of meal times, 
in any one week, and that this regulation shall apply 
to boys employed on vans belonging to shops as well 
as to all other van-boys. (d) That there shall 
be allowed to every such boy not less than 1} 
hours per day for meals or absence from work, 
provided that, if a boy be not employed for more 
than eight hours on any particular day, it shall 
not be necessary to allow more than one hour 
for meals on that day. (ec) That there shall be 
allowed to every such boy the public holidays usual in 
his district, provided that if his services are requi 
on any one of these days he may be allowed some 
other day instead. (f/f) That every em — shall be 
required to keep a card or other record, showing the 
hour at which the boy commenced and ceased work 
each day, and the time he has been allowed for meals, 
these records to be available for inspection when 
required by the officers of the local authorities. It is 
stated in the report that in the exceptional cases 
where girls are employed instead of boys the regula- 
tions made for boys are not less necessary for girls, 
and what is known as a ‘‘ van-boy” may be of the 
feminine gender. 





THE STURTEVANT STEAM-TURBINE. 

THE use of the steam-turbine is, in the main, 
associated with the development of power on a some- 
what considerable scale, and, in fact, it would be 
commercially impracticable to construct a really small 
turbine which should show an economy of steam equal 
to what is readily obtainable with large outputs. 
Nevertheless, the simplicity of the steam-turbine and 
its low cost of maintenance have given rise to a 
demand for small units, which, as the result of careful 
experimenting, have now been rendered reasonably effi- 
cient, showing, in fact, an economy which is only sur- 
passed by the best class of small reciprocating engine. 

A simple and robust form of steam-turbine, specially 
dusigaal to give a reasonable steam consumption with- 
out an extravagant rate of rotation, has been introdueed 
by the Sturtevant Engineering Company, Limited, of 
147, Queen Victoria-street, E.C., and is illustrated in 
detail on Plate III. The general arrangement of the 
turbine is well shown in Figs. 1 and 2, but the longitu- 
dinal section, Fig. 3, which represents a 170-horse- 
power unit, gives a better idea of its characteristic 
features. The turbine is of the velocity compounded 
type, but the wheel carries but one set of buckets, 
through which, however, the actuating steam threads 
its way five times before finally escaping to exhaust. 
The casing of the turbine consists of a single casting 
and a cover. The main casting is provided with feet 
for bolting to the foundation, and exhaust branches 
are cast at both sides, as shown in Fig. 2, the one not 
used being blanked off. This makes it easier to meet 
from stock the special conditions of any proposed 
installation. 

A plan of this casting to a smaller scale is repro- 
duced in Fig. 4, which shows the seat for the left-hand 
plummer-block, which, it will be seen, is carried — 
bracket cast in one with the casi A simi 
bracket carries the plummer-block on 
of the wheel, and, as shown in Fig. 5, is similarly 
integral with the cover. In this cover is formed a 
rectangular port, or steam-way, clearly shown in Figs. 
3 and 5, and from this port the nozzles through which 
the steam is ipa we on to the moving wheel are 
fed. The steam supp y enters through two governor- 
valves arranged in series within the valve-box, shown 
at the lower right-hand corner of Fig. 3. 

The wheel is a simple disc of forged steel, having 


e other side | 


This operation of milling is accomplished | 
| by means of a special cutter, which requires no clear- | 
ance for its spindle. This cutter is mounted loose upon | 
|@ spindle of rather large diameter, the supports of | 
which do not extend beyond the centre of rotation, | 
and the cutter can therefore enter into the work for its 
full half depth. It is driven not through its spindle, 
on which, as stated, it rides loose, but by gearing, the | 
backs of its cutting-teeth being sha to gear with | 
the faces of the driving-pinions. The true shape of | 
the buckets along the line B, B, Fig. 7, is thus semi- | 
circular, the re eng d visible in Fig. 3 being apparent 
only. The buckets are carefully polished after the 
machining is completed. Their sides extend a little 
above the level of the partition between adjoining 
buckets, forming a guard against accidental injury 
to the latter. 

As will be seen from Fig. 2, six nozzles are provided, 
four of which are each fitted with a shut-off valve, 
shown may in Fig. 12, enabling the wheel to be 
run at partial load without loss by wire-drawing. 
These nozzles are illustrated separately in Figs. 8 to 11. 
The steam which enters at the right in Fig. 11 expands 
through the converging-diverging nozzle, best seen in 
Fig. 10, which directs it into the buckets of the wheel 
below. In passing through this bucket a portion of 
the velocity of the steam is abstracted, but a portion 
only, hence it escapes at the opposite edge of the bucket 
with a velocity which is still high. As it escapes it is 
caught by the first deflecting-chamber formed in the 
nozzle casting, as shown in Fig. 19. In this it is turned 
round and re-directed on the moving wheel. Escapin 
again from the latter, after having done some usefu 
work, the steam is caught in by a second deflect- 
ing-chamber, which directs it for a third time into 
the wheel. On again passing through the buckets 
of the latter, it is discharged into the fourth deflecting- 
chamber, which turns it once more through the wana 
A fourth deflesting-chamber is provided, as best shown 
in Fig. 11, and the steam thus threads the buckets five 





red | times in all, having some of its velocity usefully ex- 


tracted at each passage, before being ly discharged 
to exhaust. A jet of high-pressure steam discharged 
from a suitable nozzle may readily attain a velocity 
of between 3000 ft. and 4000 ft. per second. To 
abstract this efficiently on a single e through the 
wheel would require a bucket sank ddene 1200 ft. to 
1600 ft. per second, but with the steam threading the 
wheel tive times, a moderate rate of rotation will yield 
a reasonable efficiency. The efficiency curve is some- 
what flat, and a considerable de ure from the 
theoretical optimum does not involve any very large 
increase in the consumption of steam. Xt the same 
time, however, it is found that with the wheel running 
at the low — adopted, part of the steam tends to 
escape to the back of the first chamber above men- 
tioned, and would thus fail to be caught and re-directed 
on to the wheel. To provide against this contingency 
an additional diverting-chamber is  oeigie ew at the rear 
of the nozzle opening (Figs. 10 and 11), which traps any 
steam thus ‘‘spilled,” re-directing it on to the wheel. 
The governor is, as shown to the right in Fig. 3, 
mounted direct on the shaft, and is of the type origi- 
nally introduced by Dr. de Laval for running at high 
speeds of rotation. Details of its construction are 
given in Figs. 13 to 22. It consists of a cylindrical 
shell or cage, which, as shown at e, Fig. 13, has a 
screwed socket by which it can be secured to the 
shaft. In Fig. 13 the governor is shown complete, 
but this shell is illustrated separately in Figs. 16, 
17, and 18. The transverse hole through the ‘solid ” 
end of the shell, which is visible in Fig. 18, 
takes the emergency governor, which is shown in place 
in Fig. 3, and is also to be seen in Fig. 13. This emer- 
gency governor consists simply of a bolt sliding trans- 
versely, and having its centre of vity out of line 
with the axis of the shaft. When the latter is revolv- 
ing there is therefore a tendency for the bolt to slide 
endways, and thus protrude through the lower cap in 
Fig. 13, but at normal —_ this tendency is resisted 
by the spring shown. Should, however, the speed at 
any time become excessive, the centrifugal force over- 
comes the resistance of the spring, and the bolt moves 
so that its end protrudes and strikes and releases a 
| trigger, which holds open the valve p (Fig. 3) against 
| the torque of a spring, which can be seen to the right 
| of the valve-box in Fig. 2. The possibility of any 
| ‘*run-away,” due to a failure of the ordinary governor- 
r, is therefore eliminated. 
| The “weights” of the rc ager governor consist 
of two semi-cylindrical shells, of which one is shown | 
| separately in Figs. 14 and 15. The pair of them fit 
inside the governor cage, as shown in Fig. 13, and are 
held on to knife-edges by the central spring shown. 
The pressure of this spring is also transmitted to the 
‘*weights” by means of knife-edges, so that the governor 
has no internal parts requiring continuous lubrication. 
Details of these knife-edges are illustrated separately 
in Figs. 19to 22. If the governor “ weights ” diverge, 
owing to the speed of the turbine-shaft ae rs 
of the 








normal, they push up, inst the resistance 
spring, the pM vol anon in Fig. 13, and this then, 


crank lever, the other arm of which is connected to 
the double-beat governor valve, shown at g, Fig. 3. 
This lever is, it will be observed, also suppor on 
knife-edges in place of on bearings, being kept in 
position by the spring shown at x. This adoption 
of knife-edges throughout the governor gear largely 
eliminates frictional resistance, and makes the action 
of the governor both regular and sensitive. 

The valve-box, in which both the ordinary and the 
emergency governor valves are located, is shown 
“ey in Figs. 23 to 25. 

he shaft bearings are of the spherically seated pat- 
tern, and, as best seen in Fig. 3, are enclosed in shells 
bolted to the brackets on the turbine cover and casing, 
the lower portion of each shell forming an oil-well, from 
which lubricant is distributed over the rubbing surfaces 
by two rings, as indicated. The construction of these 
bearing shells is shown in detail in Figs. 26 to 30. The 
seats for the spherical exterior of the bearing proper 
are lined with white metal, as shown. Oil-guards are 
provided where the shaft passes through. The bear- 
ings are themselves lined with white metal, as repre- 
sented in Figs. 33 and 34. The upper and lower halves 
are held together by four set-bolts, the holes for which 
are shown in Fig. 35. The rings which lift the oil have 
a channel section, as shown in Fig. 36, and to ensure 
the proper distribution of the oil a spring scraper 
similar to that illustrated in Fig. 37 is fitted for each. 

The turbine illustrated is designed for working 
non-condensing, steam being supplied at a pressure 
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of 180 1b. per sq. in. Under these standard condi- 
tions the relations between the output and the steam 
consumption of the turbine and its running speed are 
represented by the curves reproduced in Figs. 38 and 
39. A superheat of 50 deg. Fahr. is stated to reduce 
the consumption by about 6 percent., and of 100 deg. 
Fahr. by 10 per cent. A further reduction in the 
consumption results if the initial pressure of the 
steam be increased. The turbine is also constructed 
to work condensing, the nozzles being modified acoord- 
This results in an increase of output and a 


ingly. 
uction in the expenditure of steam per brake 
horse-power per hour. With a vacuum of 20 in. the 


steam consumption per brake horse-power per hour 
is thus 25 per cent less than when working non- 
condensing, and the maximum output is about 50 per 
cent. more. 





Tue tate Mr. ALexanpeR Bast Wiison.—At the 
time ew hg learn with much t of the 
death of Mr. Alexander Basil Wilson, OC. which 
occurred at his residence, Belfast, on Wednesday last, 
the 9th inst. Mr. Wilson was formerly a director of 
Messrs. Harland and Wolff; he then @ res ible 
position with the Rowan York-Street Foundry. Latterly 
and for several years he had one of the most pro- 
minent consulting engineers in Ireland. We propose to 
give a notice of his career in our next issue. 





Exvecrric- Licnt Swirrosinc ComprriTion.—Messrs. 
A. P. Lund and Sons, of 477-489, Liverpool-road, 
London, N., are holding a competition for money prizes 

i ith ir small on 


and certificates in connection with their 


‘* Lektrik ” lighting connections. The booklet deals with 
the various types of electric-ligh switches, and the 
various irmg circuits which have been deve- 
loped by Landboen, onl ostane methods of con- 


trolling lights from two or more points, the lay-out of 
musterautel circuits, restricted circuits, &c. com- 
petition takes the form of an examination on the subject 
of the booklet, although most of the questions are not 
directly answerable from it. Copies of the examination 

and conditions can be had Messrs. Lundberg. 





examiner is Mr. W. Perren Mayoock, M.1L.E.E, 
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CABIN-BOATS AND DAVITS FOR SAVING LIFE AT SEA. 


THE WELIN DAVIT AND ENGINEERING COMPANY, LTD., LONDON. 
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Tue new Life-Saving Appliances Rules of the Board | 
of Trade require vessels to be equipped with enough | 
boats and rafts to carry all on Trent, both pas- 
sengers and crew. This introduces no new element 
in cargo-boate, which always carried sufficient boats 
on each side of the vessel to accommodate the crew. 
But it means a great change for passenger steamers, 
for it has hitherto not been considered commercially 
possible to equip them with sufficient boats to carry 
the immense numbers who cross the ocean in them. 
The new rules are the result of the public agitation after | 
the loss of the Titanic, and for good or ill they have | 
to be obeyed. Whether they are necessary is quite | 
another question. However, since the rules have been 
made, and have the force of law, shipowners and ship- 
builders must conform to them, difficult as this may 
be. So far the solution of the problem has generally 
been sought in the use of collapsible boats ; Bat these 
are, at the best, somewhat of a makeshift, and in future 
vessels quite different arrangements will have to be 
adopted. Probably there is no nayal architect and 
but few shipbuilders who are rot considering the 
question, and getting out new plans for stowing and 


launching boats from steamships. To assist them, | 


the Board of Trade appointed a Departmental Com- 
mittee to advise them (inter alia) on the most efficient 
arrangements for stowing boats on steamships, for 
launching them in an emergency, and for embarkin 
the passengers and crew ; and the Board also ask 
them for any recommendation which would contribute 
to the safety of life at sea. The gist of these recom- 
mendations is that boats should be stowed side by side 
on the top deck, parallel to the davits and with 
mechavical appliances to traverse them, so that th 
may be brought successively under the davits, 





less crude appliances. They further favour the use 
of much larger decked boats, so large indeed that 
mgers may be accommodated below deck, and 
Pattened down during the process of lowering. 
Naturally the Committee put forward no schemes 
as to the actual means by which their recommenda- 
tions were to be carried out. They left those to 
engineers and shipbuilders, and already several have 
been devised. Among these are some by the Welin 
Davit and ee Company, Limited, of Hope- 
toun House, Lloyd’s-avenue, London, E.C., whose 
|name is associated with some of the most notable 
improvements in davits made during recent years. On 
| this page and pages 43, 47, and 48 we put before our 
readers three of their designs, from which it will be 
| seen that they cover the whole scope of the Committee’s 
| suggestions, and provide methods for their realisation 
based on a wide experience of the subject. 

On page 43 there is shown an arrangement in which 
four boats are stowed on one F ta of the top deck, 
between two sets of davits, and are fitted with appli- 
ances by which they can be traversed in either direction. 
If the ship were on an even keel, the two inner boats 
would naturally be traversed in opposite directions, 
but if it had a list they would both go to the low 
side, if that were considered the safer for lowering. 
The traversing gear is worked by hand, for useful as 
it would be to have it power-driven, it is quite likely 
that this power might not be available at the critical 
moment. 4 doubt the ship of = may — o be 

ui with a dynamo and oil-engine far above 
the sre Sica but it will be some time before 
this is universal, and even when it is, it may well 
be that in the hurry and confusion connected with 
a sinking ship current may not be promptly avail- 


























that the present ropes and falls should be replaced by 


able. Mr. Axel Welin has therefore fitted all his 
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ARRANGEMENT OF CABIN LIFEBOATS AND MOTOR-LAUNCHES ON SHIPBOARD. 
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appliances with efficient hand gear, although, of 
course, there is no objection to steam or electric 
gear being fitted also. It is, however, axiomatic that 
& boat should not require to be lifted in order to reach 
the water. It has always needed to be slung out- 
wards, but this operation only offers a frictional re- 
sistance, and if the davits be well designed and 
properly cared for, the friction will not be great. 

It will be noticed that the inner boats, on Page 43, 
are fitted with wheels that run on rails, and that 
these wheels are permanent. Naturally, they will 
offer some resistance to the propulsion of the boat, and 
if it were intended that prolonged trips should be 


made they would constitute a serious objection to the | tude of the spot towards which it must steer. 


Scheme. Every boating- man knows that any ex- 


crescence on the hull of a craft reduces the speed ina| shall be carried, and these could easily be 
very noticeable manner. If it were contemplated that with a small wireless installation that 
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the passengers should try to reach land in the boats, 
it would be necessary to fit the wheels in such a way 
that they might easily be unshipped. But the intro- 
duction of wireless telegraphy has wrought a change 
in our ideas as to the funotion of boats at least on 
the great passenger routes. It is no longer expected 
that the ts will have to make their way to the 
nearest land, or into the track of other vessels. If 
there be time to launch the boats, there will also be 
time to send the news of the disaster over tens of 
thousands of square miles of ocean, with the certaint 
that some vessel will pick up the message and will 
come to help, knowing the exact latitude and —- 
e 


|Committee recommend that a couple of motor-boats 
“a 
Id guide 


wou 





the rescuing vessel for a few miles through dark- 
ness or fog. Their chief office, however, would be 
to shepherd the other boats, to get them into line 
and rope them together and to a sea-anchor, when 
_ could ride safely in bad weather for a few 
ours, 

The boats on the top decks run on rails, and across 
the deck is laid a wire rope (Figs, 1 and 2) runnin 
round pulleys. <A bight of this rope is reeved em 
a Vpulley, which can be rotated by gearing (Figs. 4 
and 5). This gearing is turned by a fo and worm- 
gear, and at the bottom of the spindle there is a pinion 
gearing into a wheel cast in one with the Y-pulley, 
the whole forming a very powerful tackle, by which an 
immense pull can be exercised towards either gunwale, 
440 turns of the handle being sufficient to run a boat 
from side to side of the ship. There is no direct con- 
nection between the boats and the wire rope, but a 
number of clamp-levers are provided, by which a firm 

p can be obtained on the rope (Fig. 7), and the other 
end of the lever can be hooked into an eye on a boat. 
By means of these levers each boat can be traversed 
up to the davit, and can then be filled with passengers 
and lowered. The wire rope and the rails would 

revent the boat ‘‘ taking ~_ * when it was released 
rom the wire stays (Fig. 3). Welin davits give a 
wide overhang, so that boats are well clear of the 
ship’s side. A ship’s lifeboat of the usual size is 28 ft. 
long, 8 ft. 6 in. beam, and weighs, empty, from 30 to 
35 owt. It is designed to carry about fifty persons. 

The Committee suggest that the ‘‘ ideal appliance 
for saving life at sea is an unswampable self-empty- 
ing boat, which provides adequate shelter for the 
passengers.” They prepared a plan for a boat of this 
type, 50 ft. long, 15 ft. broad, and 6 ft. 8 in. deep, 
with capacity for 250 persons. The weight of such a 
boat, with equipment and 250 s on board, would 
be about 28 tons, and evidently new means would have 
to be introduced to deal with it. On 46, in 
Figs. 8 to 10, we illustrate an arrangement which has 
been designed by the Welin Company for the purpose. 
It will be seen that the boat is hung from davita of 
great strength (Fig. 10), and is to be lowered in the 
same manner as the ordinary boat, but, of course, with 
wire ropes. Indeed, wire ropes become imperative 
immediately the plan of lowering boats successively 
from one set of davits is entertained, as hemp ropes 
are very difficult of m ment with modern high- 
sided vessels. Even if non-toppling blocks are used, 
ropes have a tendencyto wind themselves into a six- 
strand cable immediately the weight has been taken off 
them, and it is almost impossible to get the bottom 
block up again. Even if the blocks and falls are pulled 
up in a piece, so to , and laid along the deck, it 
is a matter of time to bring the blocks together again 
and coil up the ropes. ‘In case of shipwreck, time is, 
as the lawyers say, of the essence of the contract, 
and a vessel may sink long before all the boats 
have been lowered if half an hour has to be spent 
in disentangling the ropes after each descent. It is 
sometimes suggested that the boats would float off as 
the ship went down, but when we remember the large 
number of stays and guys there are on a vessel to 
support three or four funnels and two masts, the 
chances of a boat getting clear seems doubtful ; even 
if some of them even 'y got loose, they would either 





be full of water, or else they would float keel upwards 
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when they would be of littleservice. If the big decked 
boat were made self-righting, it might survive such an 
ordeal, but our sympathy would go out to the passen- 
gers who made the adventurous trip. However, as 
eight such boats would carry 2000 people, it seems 
possible to carry enough boats for that number ready 
slung in davits. 

There is, in our opinion, a good deal to be said for 
the proposal to carry large decked boats. In spite of 
the action of the Board of Trade, we all know that 
boats are @ very poor safeguard, and that it may be 
forty years before a vessel like the Titanic will again 
go leisurely down in an absolutely smooth sea. But 
there may be many cases in which vessels will founder 
in gales, or in a few minutes after collision, and 
then all this equipment of boats will be nearly use- 


less. If passengers are to be saved in large numbers, 
they need something better than the ordinary ship’s 
lifeboat, good as that craft is, and also something that 


can be dealt with much more quickly. It seems natural 
that as ships increase in size boats should do so also— 
that is, if it be conceded that boats are really neces- 
sary nowadays—and that the passengers should be 
embarked more speedily. With eight large boats hung 
in davits, ready to be filled and lowered in a few 
minutes, and eight more alongside which only need 
traversing a few feet, 4000 people could be put on 
the water in a short time, and they would be prac- 
tically secure when they reached it. The same 
number of people in open beats in a gale would 
only be exchanging one form of drowning for 
another, and, even if they managed to keep afl at, 
might die of exposure if not very speedily rescued. 
The illustrations on page 47 represent a method of 
carrying twenty-four cabin lifeboats, each 42 ft. by 
13 ft. by 5 ft., and also four motor-launches, besides a 
— of emergency boats of smaller size. Fourteen 
of the cabin boats are slung in davits, as are the four 
motor-boats. Ten cabin boats are arranged in two 
tiers across the deck, as already explained in connec- 
tion with the ordinary ship’s boats, ready to be 
traversed up to the davits as required. The davits 
are illustrated in Figs. 13 to 16, and follow the usual 
Welin construction more closely than the design 





shown in Fig. 10. These are, of course, provided with 
the usual screw, quadrant, and rack, in order to carry 
the boats clear of the side. 

The objection naturally arises that such a load of 
boats is very undesirable on the top deck of a vessel. 
Evidently this arrangement would need to be taken 
into consideration when the ship was designed, and the 

roportions made to suit it. The large boat is not, 

owever, very much heavier per unit of accommoda- 
tion than the present boats, and unless collapsible 
boats are to be used in future, which is not likely, 

rovision must be made for a large weight. It must 
Be remembered that if an injured vessel has a list, the 
boats will be dropped from the low side, and their 
removal will have a tendency to raise her, while if she 
is on an even keel they will be lowered from each side 
alternately, and as they are floated the ship will 
become stiffer. 

In our account of the Hamburg-Amerika liner 
Imperator we explained that all the boats are carried 
by wire ropes, the two ropes being wound on a winch 
shown in Figs. 17 to 19, herewith. This winch is, in 
principle, similar to the Lancashire teagle. Connected 
to the drum there is a friction-wheel, which is equip 
with V-grooves, and on one side of it there is a similar 
friction-pinion, while on the other side there is a brake- 
block. The central shaft of the winch is carried on a 
bearing, which can be rocked to either side, so as 
to bring the wheel into contact either with the 
pinion or the brake-block. In lowering a boat the 
wheel is first pressed against the brake-block, and 
locked there. Then the chocks are removed, and 
the davits swung outwards to bring the boat clear 
of the side, all its ‘ being carried by the wire 
ropes and the winch. The lever of the winch is then 
unlocked, and the pressure on the brake-block reduced 
until the winch begins to rotate, when the boat 
descends under perfect control. If necessary, it can 
bs stopped opposite a lower deck to enable the pas- 
sengers to embark there, or it can be permitted to 
descend immediately into the water, when it is cast 
loose in the usual way. The winch has then to be 
rotated to bring up the ropes and blocks, and this can 
be ‘done either by an electric motor or by hand. Of 
course, if power is available, the operation is only a 
matter of seconds ; but if there is no current, the hand 
gear, consisting of a handle, a pinion, and a wheel, 
shown in Figs. 17 and 18, is brought into action, and two 
or three minutes are required to get the blocks up ready 
for a second boat, which in the meantime has been tra- 
versed across the deck and put underneath the davits. 
In our previous article we described the very ingenious 
device by which boat can be set on an even keel 
even if the vessel is far down by the head or the stern. 

What will be the design of the boat and gear 
which experience will prove to be the most suitable it 
is difficult to say. Whether the present lifeboat will 
be retained, or whether it will be superseded by the 
cabin boat, can only be determined by trial ; but it is 
certain that some method of traversing boats must be 
adopted, and that the old blocks and falls will be 
superseded entirely by more mechanical tackle. The 
—— designs are put forward for consideration and 

iscussion, and the fact that they are the outcome of 
the experience of- the Welin Davit and Engineering 
Company will secure them serious attention, 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a strong tone, but 
business was limited to 1500 tons of Cleveland warrants 
at 55s. 1ld. cash, and at 56s. 74d. and 56s. 64d. three 
months. At the close there were sellers over at 
55s. 11d. cash, 56s. 34d. one month, and 56s. 64d. 
three months. In the afternoon Cleveland warrants 
were easier and only one lot changed hands at 56s. 3d. 
| three months. Closing sellers quoted 55s. 9d. cash, 
56s. 1d. one month, and 56s. 44d. three months. On Friday 
morning the market was harder, but dealings continued 
light, and consisted of 3000 tons of Cleveland warrants 
| at 55s. 10d. six days and 56s. 1d. one month. Sellers’ 
os ta were 55s. 10d. cash, 2d. one month, 
aad 74d. three months. Cash hematite was quoted 
71s. €d. buyers and 73s. 6d. sellers. Theafternoon session 
was quite idle, and sellers of Cleveland warrants quoted 
| the turn easier at 55s. 9d. cash, 56s. 1d. one month, and 
| 56s. 6d. three months. Hematite was steady at the morning 
| quotations. On Monday morning the market was firmer, 
but the turnover only amounted to 2500 tons of Cleveland 
warrants at 55s. 9hd., 55s. 1ld., and 55s. 104d. cash, and 
56s. = month, and closing sellers named 55s. 11d. 
cash, 3d. one month, and 56s. 9d. three months. In 
the afternoon Cleveland warrants gained more strength, 
and 1500 tons were done at 56s. cash, with sellers over, 
and at 56s. 4d. one month, with sellers over at 4d. more. 
For the three months position the quotation was un- 
changed at 5s. 9d. sellers. Cash hematite was steady at 
73s. 6d. sellers. On Tuesday morning the market was 
steady, but business continued on a small scale. The 
turnover was 2500 tons of Cleveland warrants at 55s. 104d. 
and 56s. cash and 563. 74d. September 30, and at the 
close there were sellers at 563. cash, 56s. 4d. one month, 
and 563. 10d. three months. In the afternoon the 
market was quite idle, ard sellers’ quotations for Cleve- 
land warrants were 56s. cash, 563. 44d. one month, and 
56s. 9d. three months. When the market opened to- 
day (Wednesday) the tone was the turn easier, and 
dealings were again light. The total business con- 
sisted of 1500 tons of Cleveland warrants at 55s. 9d. 
cash, with sellers over at that figure, and at 56s. 1d. one 
month, and 56s. 9d. three months. The afternoon 
session was quite idle, and sellers of Cleveland warrants 
quoted 55s. . cash, 563. one month, and 563. 84d. three 
months. C hematite continued steady at 73s. 6d. 
sellers, but there were no buyers in the market. 


Sulphate of Ammonia.—Only a moderate amount of 
business has lately been passing in the sulphate of 
ammonia market; but the price is steadier this week, 
and no ry has taken place. The current quotation 
for prompt delivery, Glasgow or Leith, is 12/. 17s. 6d. 
per ton. 


Scotch Steel Trade.—The middle of next week will be 
welcomed by many of those responsible for the carrying 
on of large establishments, because the past month or two 
has been a very trying time, and the annual holidays will 
therefore bring some relief. In the various steel works 
there is only a moderate amount doing, and fresh booking 
is very poor indeed, especially for the home market, 
while inquiries seem to be on the smallest ible basis. 
The new trouble in the Balkans has not helped things 
here, and the makers of black and galvanised sheets, who 
send fairish lots to that district, are suffering from the 
insecurity of things there. They report business as dull 
generally, but although getting a fair amount of employ- 
ment on thin sheets, they find heavy gauges in very poor 
demand. Export orders of all kinds are not very heavy, but 
a tolerably respectable ton: is being made up of mis- 
cellaneous material for the Colonies and South America. 
The official list of prices is unchanged, but there is a very 
general feeling among buyers that a reduction is almost 
certain after the holidays, if not before they are over. 
The reasons advanced are that scrap and raw material 
are easier and fuel is cheaper, while pig iron has also eased 
off alittle. A reduction would certainly make for an in- 
creased order-book, because many consumers have simply 
been hanging off as long as possible, and for some time past 
have only been purchasing for more immediate uire- 
ments. Export prices are a good deal cheaper than home 
buyers are required to pay, and while there may be 
reasons to justify that, the local consumers cannot always 
see eye to eye with the associated sellers. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade has undergone no cha and makers are 
still very quiet, with little prospect of an early improve- 
ment. The usual length of holidays will be granted this 
year, but it is doubtful if some of the works may start 
within a fortnight of ope | down, unless there happens 
to be an accumulation of orders during the holidays. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
continue to be well employed, and there are 89 furnaces 
at present in full operation. Prices have certainly been 
easier of late, and that has tended to increase the 
amount of orders, and ensure the output for some 
time ahead. Hematite is quiet as regards new business, 
but deliveries to consumers have been heavy. The cur- 
| rent price is called about 85s. per ton, delivered locally. 
| The following are the market pricesfor makers’ (No. 1) 
iron :—Clyde, 76s. ; Calder, Gartsherrie and Summerlee, 
| 76s. 6d. ; and Langloan, 77s. 6d. (all mae at Glasgow); 

Glengarnock (at Ardrossan), 763s. 6d. ; Shotts (at Leith), 
| 76s. 6d. ; and Carron (at Grangemouth), 77s. 








General Enyineering.—Although the iron and steel 
trades have not been so well employed of late, there has 
been no falling away in activity in the general engineer- 
ing trades. Night shifts have been the rule for some 
time, and overtime is not uncommoa ju-t now, in the 
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endeavour to finish up a number of jobs before the Fair 
holidays. The latter will commence in most establish- 
ments at ja | on Thursday next, and work will be 
resumed on Tuesday morning, July 29. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—The steady ex ion of the coal 
trade since the beginning of this year is very fully demon- 
strated by the Hull shipment returns just publisted. A 
fresh record has been set up for six months, over four 
million tons having been received at Hull during that 
period. Eight years ago the output for twelve months was 
not greater than this. The actual figures are 4,041,619 
tons, as against 2,997,821 tons in the same period of 1912, 
an increase of 1,043,828 tons. The June returns show an 
increase of over 100,000 tons on those of June last 
year. The figure is 729,830 tons. Most of the increase 
on the six months (828,143 tons) comes under the heading 
of foreign exports. The quantity sent abroid was 
2,132,890 tons. The month’s foreign shipments amounted 
to 499,772 tons. The Baltic trade has > em the biggest 
advance. Russian takings in the first half of this year were 
nearly a quarter of a million tons more than in the cor- 
responding period of 1912. Germany, Folland, Egypt, 
France, Denmark, and Sweden all received substantially 
larger quantities. To the home ports the quantity sent 
during the half year approached half a million. 


South Yorkshire Coal Trade.—At the present moment 
buying and selling operations, as regards the house-coal 
market, are not very extensive, although there has been 
a little improvement upon a week ago. The London 
demand is quiet. A good many house-coal pits are only 
working about four days a week, and are endeavouring to 
keep down accumulations of stocks, particularly on account 
of the new demurrage regulations. Quotations this summer 
have not shown the usual weakness. Largely because of 
the additional claims upon them under the minimum wage 
and other legislation, collieries are ee up prices as 
much as possible. The industrial deman =o. and 
will probably improve when the works have finished stock- 


taking. Exports are somewhat better. Slacks area strong | be 


market, and have an added firmness on account of the 
reduction of output at house-coal pits. Ooke has been 
steadier during the week. Quotations:—Best branch 
hand-picked, 14s. to 15s.; Barnsley best Si 12s. 
to 13s. ; Derbyshire best brights, lls. 6d. to 12s. 6d. ; 
Derbyshire house, 10s. 6d. to 11s. 6d. ; best large nuts, 
103. 6d. to 11s. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 
12s, to 133. ; Derbyshire hards, 11s. to 12s.; rough slacks, 
7s. to 8s. ; seconds, 6s. to 7s. 6d. ; 4s. 6d. to 6s. 

Tron and Steel.—Business is still nob very brisk in the 
iron market, and in spite of the reductions in hematite, 
little fresh buying has taken place. Lincolnshire producers 
are even worse placed with regard to new business, and 
practically all their work is on old contracts. The Derby- 
shire makers have had a spell of more active conditions, 
but complain that prices are not very remunerative. Pro- 
ducers seem to have wrongly estimated the position of 
consumers. New orders for finished work have not been 
80 —— and manufacturers ap to be able to carry 
on longer than was anticipated with their present stocks. 
The bar-iron trade has not altered, but prospects are better, 
and the South Yorkshire Association, at their monthly 
meeting, maintained the 9/. quotation. In the billet 
market depression prevails. Bessemer acid qualities are 

uoted at 8/. 5s., and Siemens from 8/. 10s. to 8J. 15a. 
Dead soft sorts are from 5/. 10s. to 6/., but cheaper Con- 
tinental material has been bought here. In the heavy 
trades of the city further very substantial orders have 
been received. One of the East End firms is engaged 
upon 5000 tons of armour for ships in two of the Govern- 
ment shipyards, and a big weight of work is being turned 
out on account of Spanish naval construction. South 
American, Australian, and Indian railways are in the 
market for axles, springs, tyres, and miscellaneous stores. 
A good order has been received by a local firm for the 
London County Council tramways. The general export 
trade remains excellent. Employment has been excep- 
tionally mg during June, and there is a shortage of 
skilled labour. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The all-absorbing topic is the 
proposal of Messrs. Bolckow, Vaughan and Co. that the 
Cleveland ironmasters should create a limited liability 
company for the purpcse of distributing the pig iron e 
in this district. The ironmasters do not unanimously agree 
with the proposal, and merchants have protested against 
the suggestion. Ata meeting of ironmasters this week 
the matter was referred to a committee fully to consider 





and report on the proposal. There is not a great deal of |g. 


business passing in pig iron just now. No. 3 g.m.b. Cleve- 
land is 56s. 9d. f.c.b.; No. 1 is in the neighbourhood of 
59s.; No. 4 foundry. 56s. 6d.; No. 4 forge, 56s. 3d. 
mottled and white iron each 55s. 9d. 

early delivery, andaremerchan’ 

being rather higher. East Coast bematite 
and dull. Supply is said to be not over 
notwithstanding this values are very easy. d hands 
offer Nos. 1, 2, and 3 freely at 74s. for both early and 
forward delivery, but bu ider that too mu-b. 
Foreign ore business is idle, but dealers are not disposed 
to give way, and market quotations remain on the basis 
of 20s. ex-ship Tees for Rubio of 50 per cent. quality. 
Coke shows little change. Local consumption is bape, 
and avi blast-furnace kinds are in the neighbourhood 
of 19s. 6d., delivered at Tees-side works. 


Blastfurnacemen’s Wages.—The average net selling price 


.3 and 


is quiet 
tiful, but 





These rates are for | 
ts’ prices, makers’ quotations | 


of No. 3 g.m.b. Cleveland pig iron for the three months 
ended June 30 last has been certified at 63s. 7.51d. per 
ton. For the previous three months the certified selling 
price was 63s. 5.76d. The advance in price carries an 
Increase in blastfurnacemen’s wages of 0.25 per cent. 
bringing wages from 39.25 per cent. above the standard 
to 39.50 per cent. above the standard. 


Manufactured Iron and Steel.—In the various branches 
of the manufactured iron and steel industries a lot of 
work is being turned out, and many firms have con- 
tracts made which will keep them busy for some time 
to come ; but the 1 outlook is regarded as none too 
encouraging. Orders are now difficult to secure, and a 
marked downward tendency in prices is noticeable. As 
yet market rates have not lowered, but substantial 
reductions for some descriptions may be announced at any 
time. Principal quotations stand :—Common iron bars, 
81. 15s. ; best bars, 9/. 2s. 6d. ; best best bars, 9/. 10s.; 
packing iron, 6/, 15s.; iron ship- 
angles, 8/. 15s. ; iron ship-rivets, 9/. 10s. ; iron boiler-plates, 
8. 17s. 6d ; steel bars (basic), 8/.; steel (Siemens), 
8l. 103.; steel on. 82. i 
7l. 17s. 6d.; steel boiler-plates, 
steel +4 82. 
all less ¢ 
7l. 7s. 6d. ; cast-iron railway chairs, i 
rails, 7/. to 7/. 5s.; heavy steel rails, 6/. 12s. 6d. to 62. 15s. ; 
Eo railwa 5 —s net ; and iron and 
8 van corrugated sheets, 24-gauge, in bundles, 
111. f.0.b.—less the usual 4 per cent. discount. 


Bi 
~ 
F 





Tue CommerctaL Motor Suow at Otympra.—This 
exhibition, for which the Society of Motor Manufacturers 
and Traders is responsible, is to be opened on July 18, 
and will remain open for eight days. It will be inter- 
national in character, and the entries embrace varieties 
of vehicles for the conveyance of merchandise, agricultu:al 
oy municipal War Office work. The different 
} of boilers for solid and liquid fuel, steam and 
internal-combustion motors, and the multitudinous varie- 
ties of metal and wood wheels, tyres and accessories, will 
fully re - In connection with the exhibition, 
an Imperial Motor Transport Conference has been 
arranged, under the presidency of Prince Arthur of 
Connaught, and re tatives of the governments, 
railways, and municipalities, and of private firms from 
India and the over-seas dominions to the number of 
several hundreds have already promised to attend. 


‘ EXHIBITION or} ey TIMBER ~ een 
nyone interested in the seasoning and preservation o 
deker should take the Ea, ! of inspecting an 
exhibit by the Powell Wood- yndicate, Limited, 
718 and 719, Salisbury House, London Wall, London, 
E.C., in the furnishing department of Messrs. William 
Whiteley, Limited, Queen’s-road, Bayswater, W., where 
may be seen various specimens of timber and furniture 
that have beer subjected to the Powell process. The 
exhibition comprises many kinds of wood and some fine 
examples of cabinet-making. The Powell process was 
fully described in ENGINEERING, vol. xciv., 3 
but we may here briefly describe it again. Ib con- 
sists of saturating wood with various saccharine solu- 
tions, by means of which the timber is very ey. 
seasoned and improved, being rendered dry-rot proof, 
and immune from the attacks of white ants, besides 
having its strength in ie Wi is placed in 
tanks, where it is boiled fora certain time in the preserva- 
tive solution, after which it is taken out and dried, being 
then ready for use. The whole process, including drying, 
occupies only a few days, though in the case of pieces 
of large section the time required may be a week or two. 
Among the articles exhibited at Messrs. Whiteley’s are 
specimens of elm, a wood that is plentiful and low in price, 
and —— uot much used on account of its tendency to 
rotand warp. After treatment, however, it yields a hand- 
some and durable wood, which, for —_y ~~ can take 
the place of more expensive timber. boon mahogany, 
a wood looked upon by cabinet-makers as practically use- 
le:s, is also shown; this wood becomes really beautiful 
and useful after treatment. The effect of submitting 
wood, treated by this process, to the attack of white 
ants is shown, the wood not having suffered in 
the smallest degree, whereas similar pieces of untreated 
wood, under exactly similar conditions, were com y 
destroyed. ‘‘ Powellised” piles of yellow pine have been 
nad side by side with untreated piles in Australian 
waters, where the teredo commits t ravages ; the wood 
treated has been found to last fully twice as long as that 
untreated. Thespecimens, however, were treated only to 
resist white ants, and we understand that the syndicate 
is now experimenting with piles treated specially to resist 
the attacks of the teredo. e understand thata 12-in. by 
12-in. pile requires about three weeks to ‘‘ powellise.” 
pecimens of railway sleepers are also shown, as well as 
railway keys. As a comparison of the loss in weight due 
to seasoning, it is stated that in the case of “ ised ” 
boards the loss is about 1.7 per cent., and in naturally 
seasoned boards 11.16 per cent. For paving blocks it is 
claimed that the process B pomemes great advantages as 
regards the life of the bl Many other specimens of 
timber are on view. Sates, Se articles of furniture 
shown is an oak gate-leg le, the size of which is 
42 in. by 60 in. when open, and 42in. by 16in. when 
clo ed. It is made entirely of American red oak, a 
timber not usually considered at all suitable for such 
work. The timber from which it was arrived 
from the docks in a wet state on May 1 this year, and was 
ready for use three weeks later. From 14 to 4 years 
would, we understand, have been neceesary to season this 
timber in the ordinary way. The exhibition will be open 
until July 31, 





71. 15s.; iron ship- | jas 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown rather more 
strength, a taking an optimistic view of 
the outlook for balance of July and August. This is 
— to some extent, to extra shipments which are being 

le en Admiralty account for the naval manceuvres. 
Tonnage arrivals over the week-end, although not up to 
expectations, have been sufficient to keep ees well 
i for a few days. House coal and patent fuel have 

shown little ch The best Admiralty large steam coal 


bas made 20s. to 21s. per ton ; best secondary steam coal, 
19s. to 19s. 6d.; other qualities, 183. to 18s. 9d.; 
best bunker smalls, 10s. 6d. to 11s. ; and smalls, 7s. 9d. 


to 8s. 9d. per ton. The best household coal has made 
19s. to 20s. ; good household, 17s. to 183.; No. 3 Rhondda 
large, 17s. to 18s.; and smalls, 12s. to 13s, 6d. 
No. 2 Rhondda has realised 13s. 
No. 2 smalls, 8s. 6d. to 9s. 


good furnace coke, 21s. to 
ore, Rubio has been quoted at 19s. 
upon a basis of 50 per cent. of i and charges, including 


>| freight, insurance, &c., to Cardiff or Newport. 


Electricity at Cardiff.—It was stated at a esting of 
the finance committee of the Cardiff Town Council on 
Monday that a profit of 50007. had been made upon the 
Corporation electricity undertaking for the past year. 
For some years the undertaking has been unprofitable. 
Mr. A. is, ineer and manager of the tramways, 
stated that it had become necessary to raise 30,000/. of 
the purchase of new plant and machinery at the power- 
station. 


Dowlais.—The Dowlais Works have been generally 
well ~ ed, but the Goat Mill has not been fully 
occupied. The production of the mill last com- 
ogy heavy steel rails, steel sleepers, slabs, &o. The 

ig Mill has been busy upon light rails, steel sleepers, 
and fish-plates. 





Tue Istz or Wicut Pustiicity Orrick.—We have 
received from this office copies of ts issued by 
Isle of Wight towns. These give illustrated descriptions 
of Bembnd Sandown, view and St. Helens, 
Ventnor, Freshwater and Totland Bay, and free copies 
will be sent by the town clerk of each place on application. 





Tue Gearep-TurBing STeameR “Paris” FOR THE 
NEWHAVEN AND Dieppe Service.—This steamer, built 
by Messrs. William Denny and Brothers, Dumbarton, 
for the London, Brighton, and South Coast Railway 
Company, has just completed her steam trials with most 
successful results, the mean attained on the 
measured mile at Skelmorlie, on the Olyde, being 24.745 
—— or — _knot in excess E= nteed rate. 

6 princi imensions are :— tween perpen- 
diculars, 500 ft 6 in.; breadth moulded, 35 ft. 6 in. ; depth 
pease. 23 ft. 3 > es = . - qecne - sme. 

propelling machinery, ins’ y Messrs. Denny 
and Se. the gearing alone being supplied by Messrs. 
Parsons, consists of two independent sets of Parsons com- 
pound steam-turbines, each set driving a single shaft. 
oem is supplied by boilers of Messrs. Yarrow’s latest 

esign. 





Wakrrincton Bripor.—Their Majesties the King and 
~~ commenced their visit to Lancashire Jast Monday, 
e 7th inst., and entered the county at Warrington, 
where one of the first official acts of the King was to 
open the first half of the new Town rae wy which is 
now being erected. The new bridge, for which Mr. John 
J. Webster, M. Inst. O.E., 39, Victoria-street, West- 
minster, is the engineer, is sixth which been 
erected on the site. The first was built about 600 years 
and little is known of the details beyond the fact 

t it lasted 50 years. The second bridge was built at 
the end of the fourteenth century, and lasted 100 years. 
The third bridge, a stone structure, was built by the first 
Earl of Derby in 1496; it was erected about three- 
quarters of a mile below the old ford. In 1745 the 
central arch was destroyed; this was rebuilt in 1747, a 
watch-tower being erected at the centre. This structure 
was demolished in 1812, and was replaced by a wooden 
one on stone piers, which, on gradually becoming weaker, 
was finally demolished, a stone bridge, the fifth on the 
site, being opened in 1837. The new bridge is being 
constructed of reinforced concrete, and will be the 
largest of its kind in the country. It consists of ten 
sme ribs of 134 ft. clear span, the roadway and 
ootways being 80 ft. clear between the inner face of the 
pets—about 2 ft. Jess than the width of Westminster 
Bridge. ‘The contractors are Messrs. Alfred Thorne and 
Sons, Westminster. The ribs are about 4 ft. 6 in. deep 
at the springing, and 3 ft. 9 in. wide, and 2 ft. 6 in. 
deep by 3 ft. 9m. at the centre of the span; they have 
transverse bracing to the vertical columns, which support 
the roadway, consisting of longitudinal and transverse 
beams with 6}-in. sla The roadway is paved with 
wood, and the footpaths are of concrete slabs. The re- 
inforcement is upon the Considére spiral system. The 
river-walls are of reinforced concrete, made to represent 
coursed masonry. As the ribs and abutments are homo- 
ae ep the engineer decided to adopt temporary Ringes 
uring erection at the and at the crown; this 
plan overcame any ill effects from internal stresses due 





to possible subsidence or other causes. hinges were 
made up solid after the ribs had borne the whole of the 
dead weight of the structure for several The 


cost of the work, when complete, will approximate 
25,0002. The second portion of the bridge is well ad- 


| vanced, and will be completed early next year, 
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THE FRENCH BATTLESHIP “COURBET.” 
BUILT AT THE GOVERNMENT DOCKYARD AT LORIENT. 
(For Description, see Page 55 ) 

















a? 


~ , , 
Gy - : im t 
a " : wt . | 














Fic. 1. View rrom Quarter Deck sHowine Four 12-In. Guns. 


























we , ——_— - a yo 
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THE THEORY OF THE GAS-ENGINE. 


As is well known, a Committee of the British 
Association has for some years past been en 
in developing the theory of the internal-combustion 
engine, which, as in so many other cases in the 
history of technical progress, had fallen far in arrear 
of practice. It was, in fact, im ible to reconcile 
experiments made in the laboratory with the 
results of actual ao in the operation of gas- 
engines, and many futile suggestions were advanced 
to account for the enormous discrepancies found. 
This unsatisfactory condition of affairs pointed to 
the necessity of further investigation, and here, as 
in many other cases in the past, the British Associa- 
tion rose to the occasion. It has in some quarters 
been the fashion to affect to this body with 
a certain tolerant contempt, but it must be remem- 
bered that our present system of electrical units, 
for instance, is, in the main, the work of a Com- 
mittee of the British. Association, and this body, by 
constituting this Committee for the Investigation of 
Gaseous Explosions, has put under deep obligations 
the whole science of practical thermodynamics. One 
by one the outstanding discrepancies have been 
eliminated, and a condition of nearly perfect con- 
eordance has been established between theory and 
practice. In view of the supreme importance 
attached to magnificently equipped technological 
laboratories by some persons, it is of interest to 
note that many of the most important and in- 
structive of the whole series of the researches due 
to the Committee have been carried out in the 
workshop. 

The results of these researches were referred to in 
detail in the most interesting and valuable lecture 
which Dr. Dugald Clerk, F.R.S., delivered to the 
Junior Institution of Engineers on Monday, June 30, 
of which we complete the publication in this issue. 
This lecture demonstrates once again that the late 
M. Gustave Canet, in founding the Canet Medal, 
did a service not merely to the enterprising society 
of which he was a most popular president, but to 
the engineering world at large. As Sir Trevor 
Dawson, the President this year, said in intro- 
ducing Dr. Clerk, no better way could be con- 
ceived of stimulating the youth of the profession 
to pursue the theoretical investigations which are 
certain to lead to practical success than in founding 
a lectureship to be held by the leading authorities 
in ditferent departments of technology. 

Dr. Dugald Clerk’s interest in the gas-engine is 
of very old standing. His paper read before the 
Institution of Civil Engineers some quarter of a 
century ago has become a classic, but though no 
doubt has been thrown on the accuracy of his 
observations there recorded, some of his results 
were by no means in good accord with gas-engine 
practice. Roughly speaking, in these experiments 
the indicator-card failed to account for about half 
the heat of the explosion, but in actual gas-engines 
rather better results aresecured. The cause of this 
discrepancy has been, in the main, traced down by 
Dr. Dugald Clerk himself, by a most ingenious 
series of experiments carried out on actual engines. 

Three suggestions were originally advanced to 
account for the low maximum pressure recorded 
whena very rich explosive mixture was fired. In the 
first place, dissociation was suggested as a ible 
cause of the discrepancy. Another suggestion, due 
to Dr. Clerk himself, was that the combustion 
took place relatively slowly, and that it was accord- 
ingly far from complete at the moment when the 
maximum pressure was attained. This theory-was 
rendered plausible by the fact that in his original 
laboratory experiments there was a sensible lapse 
of time between the instant of ignition and the 
attainment of the maximum pressure. In actual 
gas-engines, however, the rate of explosion is 
found to be very much greater than in these 


/experiments, a discrepancy which Dr. Clerk has 


ultimately shown to be due to the effects of tur- 
bulence. He has proved, and his results have been 
conclusively confirmed by Professor Hopkinson, that 
if an explosive mixture is in turbulent motion, its 
rate of combustion is enormously increased, and 
it appears that were this not the case, not merely 
would the development of the motor-ear have become 





completely failed to secure a reasonable fuel 
economy. In spite of the effects of turbulence, 
however, it appears that Dr. Clerk’s original con- 
tention is partially true. Combustion is not ordi- 
narily completed at the moment that the maximum 
pressure is attained, and the course of reasoning by 
which this result is established forms by no means 
the least interesting and valuable section of Dr. 
Clerk's Canet lecture. The first-mentioned sugges- 
tion, that dissociation was responsible for the “miss- 
ing heat,” has been definitely discredited, though it 
has been proved that the third suggestion, which 
was that the discrepancy was due to an increase 
in the specific heat of gases, has, like the second, 
turned out to be partially true. Here, again, 
Dr. Clerk’s workshop experiments have been most 
illuminative, and it may perhaps be questioned 
whether his most ingenious method of measuring 
the specific heat of the products of combustion is 
not in principle the most accurate of any. In it 
he makes the its own thermometer, the tem- 
perature being deduced from the observed pressure 
and volume of the fluid. With the usual methods 
of measuring the temperatures of a gas, the thermo- 
meter records as heat some of the kinetic energy 
of any such streams or vortices as may impinge 
upon it. Ultimately this energy, no doubt, is con- 
verted into heat, but it is not actually heat at 
the moment of measurement, and there is thus a 
tendency for a thermometer to read too high. 
In Dr. Dugald Clerk’s method, the exhaust-valve 
is thrown out of action after an explosion, and the 
charge thus trapped is expanded and re-expanded 
time after time, a continuous record of its pressure 
ae this series of cycles being recorded by an 
optical indicator, which gives large-scale diagrams 
practically free from error. 

The rate at which heat is being lost from a cooling 
ae any instant depends both on its temperature 
at that instant, and on its specific heat at this tem- 
perature. The rate of loss is readily deduced by an 
analysis of the successive diagrams, obtained as 
explained above, whilst the same diagrams also 
afford the means of determining the temperature, 
and from the two sets of values thus ascertained 
the specific heat is finally computed. According to 
Dr. Clerk’s results, the specific heat at constant 
volume of gas-engine mixtures rises from 19.6 ft.-Ib. 
per cub. ft. at0 deg. up to 27.45 ft.-Ib. at 1500 deg. 
Cent. It would be of considerable interest from a 
physical standpoint to know the reason of this 
increase, and also whether the same law holds 
for monatomic gases, the molecules of which 
are apparently practically spheres, as well as for 
the triatomic and diatomic molecules which occur 
in ordinary gas-engine mixtures. It is this large 
increasé in the specific heat of the gases with 
rise of temperature which is partly responsible 
for the fact that there is a limit beyond which an 
increase in the compression of the mixture involves 
a decrease in the efliciency of the cycle. Another 
important factor in this regard is, however, the 
rapid increase in radiation losses as the tempera- 
ture rises. The importance of this consideration 
was, we believe, first established by Professor 
Hopkinson, at Cambridge. 

he researches of the Explosions Committee 
have shown that the Committee of the Institution 
of Civil Engineers, which reported on standards of 
comparison, were a little premature in fixing the so- 
called air standard as the criterion of the thermal 
efficiency of a gas-engine. Even with low com- 
pressions, the discrepancy between the efficiency 
deduced from the so-called air standard and that 
calculated on the basis of a gas having the proper- 
ties of the actual gas-engine mixture is sufticientl 
serious. With a compression ratio of one-third, 
for instance, the theoretical efficiency possible on 
the air standard basis is 0.360, whilst with a gas 
having the properties of the actual working agent 
the corresponding figure is but 0.286 if the initial 
temperature be taken as 1600 deg., and 0.293 if 
the very low temperature of 1000 deg. Cent. is 
assumed as that of the explosion. 

An exceedingly interesting point brought out by 
Dr. Clerk is that a very large proportion of the 
loss to the jacket water occurs during the exhaust 
stroke as the gases sweep over the water-cooled 
ed and sides of the exhaust-valve and ports. 
This might, perhaps, have been anticipated, only, as 

nerally happens, it was not. Now the fact has 

m pointed out, itis easy to see that it is in entire 
accord with the researches of Osborne Reynolds 
on the interchange of heat between solids and 


impossible, but the ordinary gas-engine would have | fluids. In these, Reynolds established very con- 
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clusively the fact that the rate of transfer of heat is 


in such cases nearly directly proportional to the rate| work a 


shipowners, even in this country, are placing 
because the quotations by Con- 


with which the gases move over the surface. One) tinental firms ranged from 15 to 27 per cent. 


deduction to be drawn from this large loss of heat 
to the jacket water during the exhaust is that 
no very material improvement in the efficiency 
ratio of a gas-engine is possible. The loss of heat 
to the walls during the explosion strokes is appar- 
ently only about one-third of the total heat carried 
away by the cooling water, and it further appears 
that the work indicated in the diagram is 88 per 
cent. of that which would be realised in an ideal 
engine operating with the same working agent, but 
with the heat losses during the expansion stroke 
completely suppressed. 

In concluding his lecture, Dr. Clerk referred to 
the possibility of constructing a satisfactory gas- 
turbine, and we are gratified to note that apparently 
he is in agreement with the views which have from 
time to time been expressed in these columns to 
the effect that little prospect of success is to be 
hoped for along any of the hackneyed cycles so 
far experimented with. 

In proposing a vote of thanks to Dr. Clerk, Sir 
Trevor Dawson laid great emphasis on the import- 
ance of such investigations as those discussed by 
the lecturer. In the future, as in the past, there 
may no doubt be cases in which great — for- 
ward in extending the control of man over Nature 
may be made by minds original rather than erudite ; 
but the higher the general level of intelligence the 
higher is the level from which the occasional man of 
genius may make his advance. It is probably true 
that no invention of the last 150 years represents 
quite so far a step forward as was taken by the 
primeval savage who first learnt to utilise and 
control fire, or by him who devised the bow and 
arrow. No invention can survive, however, if it be 
far in advance of its generation. The steam-engine, 
the dynamo, and the art of wireless telegraphy could 
only have been developed in a society which con- 
tained a considerable number of educated people, 
using the term ‘‘ educated” in its less restricted 
but more legitimate significance. This in itself is 
sufficient reason for a pursuit of the scientific side 
of engineering. Moreover, though our predeces- 
sors had learnt much that was most valuable by 
actual experience, such knowledge cannot readily 
be transferred to others so long as it remains unco- 
ordinated. This co-ordination of knowledge is the 
principal function of science, and in no field of human 
activity is there greater scope for this useful process 
of generalisation than in the art of the engineer. 





DECREASING ACTIVITY IN THE 
SHIPBUILDING TRADE. 

In reviewing the condition of the shipbuilding 
trade three months ago (on page 500 of our pre- 
ceding volume) we stated that until prices became 
steadier there would not be many ships put into 
construction, and the official figures issued this week 
by Lloyd’s show that there is an actual decrease of 
60,000 tons in the measurement of the merchant 
ships now in process of construction. The reasons 
for our anticipation of this result, and of the 
result itself, were that builders, owing to recent 
great advances in wages to operatives in the 
ea and the increased cost of materials due to 

igher wages in the steel and ancillary works, and, 
further, to increased charges due to recent legisla- 
tion, were compelled to quote much higher prices 
for the new shipping. These difficulties have by no 
means decreased, and the situation is aggravated by 
the continued tendency of almost all employees to 
work shorter hours. It is not fully recognised that, 
_ from the delay involved in this policy by 
the men, the tendency is greatly to increase the 
cost of production, because permanent charges due 
to the provision and maintenance of mechanical 
appliances and to staff emoluments, rents and 
taxes, are constant, irrespective of the volume 
of work being turned out. It thus follows 
that. with a lessened volume of output a greater 
charge per cent. must be made against the 
value of the production. The pressure of forei 
competition is therefore more keenly felt, 
because there is no question of the fact that 
the foreign workmen are more regular in their 
attendance to work, and, co’ uently, there is a 


greater value of output over which to spread con 
stant charges. Dr. Inglis, at a recent meeting of 
the Institution of Naval Architects in Glasgow, 
clearly established this point. He indicated that 





less than the lowest British tenders, and in 
at least one case to 50 per cent., because abroad 
steel costs less, wages were:lower, and hours longer. 
This bodes ill for the future, because, as Dr. Inglis 
stated, if building for Continental owners fell 
off, there would be more severe competition 
between the firms at home. These are points that 
cannot be too ey forced upon the attention 
of those responsible for the control of the British 
workman, and in this matter the trade-union leaders 
must recognise it as their duty, in the interest of 
the maintenance of employment for their members, 
to ensure that the part played by workmen shall 
be consonant with the dominant idea that, while 
labour has its fair share of remuneration, the best 
economy must be realised in production generally, 
particularly when the fulfilment of this aim is all 
to the advantage of the workmen, increasing, as it 
does, the sum of his wage per week, and the possi- 
bility of continued employment, not only now, but 
in the immediate future. 

Lloyd’s list shows that the total number of 
vessels now in course of construction is 543, of 
which only 24 are sailing-ships. The total tonnage 
is 2,003,241 tons. This is, as we have said, 
60,000 tons less than three moaths ago, although 
very much greater than at any other period 
in the history of the trade. Under favour- 
able conditions, however, this falling-off in trade 
need not be permanent if sound economic condi- 
tions exist. It is true that lower freights now 
pam partly due to the season of the year, 

ut also to some excess of tonnage. Should the 
world’s crops prove satisfactory, the fall in rates 
may be recovered ; but shipowners very properly 
are conservative, realising that the present boom in 
shipping, especially in view of the enormous aug- 
mentation of tonnage, may not continue, and it 
would not be prudent to order ships at excessively 
high rates now foremploymentin the coming slacken- 
ing of transport trade. Another point that must not 
be lost sight of is, that many of the vessels recently 
laid down are for special trades, notably for the 
carrying of oil in bulk, and for augmenting the 
fleets of the large mail liners. These additions are 
more or less imperative, and have to be made in 
large measure irrespective of the high rates quoted 
by shipowners, so that when such special require- 
ments are met there may be a still further diminu- 
tion in the demand for new tonnage. 

The decrease in the volume of 60,000 tons 
of shipping now in course of construction is very 
widely Sister ibuted. In fact, with the exception of 
Belfast and Hull, where special conditions prevail, 
each of the oe districts reports less work 
in ty n the case of Belfast, the number of 
ships building three months ago was 26, witha 
total tonnage of 330,290. There are now three 
more ships in progress, the addition to tonnage 
being about 30,000 tons. In the case of Hull 
there were 39 vessels, of 30,229 tons, building 
three months ago, whereas now the number is 
54, due obviously to a large quantity of fishing- 
craft, the tonnage being 31,119 tons. The largest 
decrease, although not the greatest pro rata, is 
at Glasgow, the total being 40,000 tons less, due 
to 7 fewer ships being on hand. Thus there are 
now 119 vessels of 457,117 tons. At the neigh- 
bouring port of Greenock there are 10 fewer 
vessels building, with 7500 tons less of tonnage, 
the total being 61 vessels, of 308,983 tons. Hartle- 
pool has suffered severely, for although the number 
of — is only three less, the tonnage is something 
like 15 per cent. less, being 88,518 tons. On the 
Tees the number of ships is the same, 34, the 
tonnage being 106,980 tons, as compared with 
108,210 tons. On the Tyne there are 70 vessels 
now on the stocks, as compared with 76, the ton- 


decrease of nearly 23,000 tons. At Sunderland 


there are 3 fewer vessels, the total tonnage now | 


being 238,080 tons—a reduction of 7600 tons. At 
Liverpool 5 fewer vessels are building, the tonnage 
being over 9000 tons less. 


As regards warship work, there is also a very con- | 
| increase the cleaning and opening effect. 


siderable decrease, amounting to over 21,000 tons, 
but it is probable that before the next three months 
are over the British Admiralty will have added very 
Hapa to the amount of work in hand in 
the shipbuilding yards. The present reduction is 
largely due to the completion of a large Japanese 





tected cruiser for the British fleet. The following 
figures show the total of all work in progress :— 














July, 1913. | April, 1918. 
|No. Tons. | No. Tons. 
Merchant ships .. .. ..| 543) 2,008,241 | 563| 2,063,694 
British warships (private works) 57 273,149 58 273,421 
Forei; — * 17. «(129,300 13 150,700 
Briti warships (Royal Dock-| | 
yards) oe oe oe -. 14 182,190 14 182,190 


Totals .. - | 631) 2,537,880 | 648 2,620,005 





Tt will therefore be seen that, combining war- 
ships and merchant ships, the total decrease, com- 
pared with three months ago, is 82,125 tons. 





TEXTILE MACHINERY A'l THE GHENT 
EXHIBITION. 

As regards its textile activities, Ghent, in a 
smaller measure, combines those carried on at 
Oldham, Bolton, Belfast, and Dundee. Its cotton 
industry employs over a million spindles, spinning 
counts from 2’s to 40’s, and up to 60’s, from 
Egyptian cotton, and finds work for 11,000 opera- 
tives. Cotton and cloth manufacturing is also an 
important industry, and a wide range of fabrics 
are turned out of the Ghent weaving-sheds. Of 
311,000 flax spindles in the whole of Belgium, 
Ghent has 224,000, the ae of fourteen firms, 
who employ approximately 10,000 operatives. 
Between 7000 and 8000 linen looms and over 2000 
jute looms are to be found in Ghent. It will be 
understood, therefore, that the textile industry of 
Ghent is important, and one would have thought 
that more textile machinists would have seized the 
opportunity to display their latest types of machines. 

he fact of the matter is, however, that during 
recent years there have been too many large exhi- 
bitions—which are costly affairs for machinists— 
and singularly enough the majority have been held 
in textile centres ; for instance, Milan, Tourcoing, 
Roubaix, Turin, and now Ghent.- The textile 
machinery at the Ghent Exhibition can be broadly 
divided into two sections, British and German. 
The machines outside these sections are few and 
comparatively insignificant. With the exception of 
one or two machines, no exhibits afford ground for 
direct comparison of the respective merits of the 
British or German work, but the technical visitor 
will be impressed by the ingenuity and originality 
of many of the machines in the German section. 

In the large machinery hall of the British 
Section will be found two important stands which 
dominate it. They are occupied respectively by 
Messrs. Platt Brothers and Co., Timited, of 
Oldham, and by Messrs. Fairbairn, Lawson, 
Combe, Barbour, Limited, of Leeds. . With 
their usual thoroughness, Messrs. Platt Brothers 
have arranged a comprehensive exhibit of cotton- 
preparation and spinning machinery, and have 
added a set of machines for preparing and spinning 
cotton-waste. Although the machines shown are 
excellent examples of their types, being well con- 
structed and finished, they do not present any 
striking features of novelty. Minor improvements 
have been effected in all of them, and constructional 
details have been perfected. The whole range 
represents all that is best in cotton-spinning 
machinery, and one’s insular pride is satisfied that 
nothing better can be shown by any Continental 
maker. The different combinations of blowing- 
room machinery are interesting ; one set—that com- 
bining a hopper bale-breaker, automatic hopper 
feeder, and Buckley opener and lap-machine— 
being particularly well suited to the dirty cotton 
often received by Ghent spinners. The other set, 
which employs as a unit a Crighton opener, is 


{much more gentle in its action, but may not 
| be sufficiently drastic for the Indian cotton— 
nage being 312,620, as compared with 335,310—a | 
|Some of the machines are connected up by a 


which is of inferior quality—used in Belgium. 


dust-trunk, through which the cotton is drawn 
by means of an exhaust fan. There is no doubt 
as to the cleaning action of such a method, and 


|in some cases additional devices in the form of 


ids have been applied to these dust-trunks to 


Although improvements of a minor character have 
been made in all classes of textile machinery, it has 
only been in connection with two types that apy 
very considerable improvement has been made, 
namely, in the combing-machine and in winding 


battle-cruiser and of some destroyers and a pro- | machinery generally. Automatic weft-replenishing 
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mechanism is not forgotten, but it must be remem- 
bered that such mechanism is auxiliary to the loom, 
and does not enter into the general principle of loom 
construction or the three essential operations of 
weaving—namely, shedding. picking, and beating- 
up. Combing-machines have been improved very 
considerably during recent years, due largely to 
the introduction of the Nasmith comber some ten 
— : The Whitin, and other patented forms, 

ve been introduced, and such firms as Platt 
Brothers, although still retaining the Heilmann 
principle, have improved the construction of their 
combing-machine chiefly in the direction of solidity 
and strength, so that it can be run at the highest 
practicable s quietly and steadily. In the 
draw-box of the Platt comber five lines of rollers 
are employed to effect a more gradual drafting or 
attenuation of the sliver. Platt’s ring spinning- 
frames are well worth inspection, and their construc- 
tional details excellent. In textile machinery, 
wherever possible, metal is being employed in place 
of wood, and on the ring-frame one may notice 
that the wire-thread guide supports—or ‘“lappots “ 
—are made in metal, and are of a special con- 
struction. Three different patented forms are 
shown on the frames, Appleby’s, Cook’s, and 
Tytler and Bowker’s. There is nothing very novel 
about the self-acting mule shown, which, however, 
is a good-type machine. Automatic stop motions 
have been applied, which render it ible to 
bring the machine to rest quickly should an acci- 
dent occur to the operative. The machine that 
will attract most notice on Platt’s stand is a cotton 
or wool-waste or woollen ring spinning-frame. The 
machine shown is suitable for spinning yarn 3's 
to 12’s English counts, and is engaged in spin- 
ning cotton-waste. It is made with two lines of 
top and bottom rollers, and between these lines the 
twister-heads are placed. Beneath the lowermost 
line of rollers the spindles are arranged, and a 
notable feature with relation to them is that they 
are vertical, and do not incline towards the rollers, 
as is usual. The twister-head has two small nugs, 
or projections, formed or attached to its upper 
face, and as the head is revolved these projec- 
tions engage the yarn, which passes vertically 
through it, and jerk or ‘‘twitch” it, which has 
the same effect as is obtained in the mule by the 
yarn slipping off the spindle point when twisting 
is taking place. The aren sed are driven by 
bands from a tin roller, which is additional to the 
ordinary tin roller employed to drive the spindles. 
There is no doubt that, although continuous-waste 
spinning-frames are by no means new, and evidence 
is not wanting that further inventions may be put 
on the market in the near future, this machine is 
certainly worthy of consideration, and the results 
of its practical operations under mill conditions 
should be closely watched. 

Messrs. Fairbairn, Lawson, Combe, Barbour, 
Limited, have arranged a large exhibit of flax and 
jute preparation and spinning machinery, in which 
machines employed in three distinct systems (two 
tow and one line system) are to be seen. The most 
important exhibit is a centrifugal-flyer dry spinning- 
frame. This frame is fitted with ball-bearing rings, 
and the flyer has only a single leg. As the cop 
produced is quite dry, and is spun on a bire 
spindle, no re-winding is necessary. The cop can 
be taken direct from the frame to the loom, and at 
Ghent a special Hessian loom, made by Messrs. 
Charles Parker, Sons and Co., of Dundee, has been 
installed on the stand to demonstrate the direct 
use of the cops in the shuttle. The brush and 
doffer hackling- machines have Eve’s automatic 
spreading attachment. By means of this mechanism 
the fibre is taken from the last holder of the hack- 
ling-machine and spread evenly on the table of the 
special spread board, which is interconnected with 
the hackling-machine. 

The well-known Nasmith comber is shown on 
the stand of Messrs. John Hetherington and Sons, 





Limited, Manchester. Since this machine was first | 


introduced it has been modified as regards details of | 


construction, and, if anything, its remarkable pro- 
duction has been increased: 
ing-frame is also shown on Hetherington’s stand. 
In place of the usual reciprocating traverse guide 
a pair of blades, pivoted at their centre and rotat- 
ing in opposite directions, are employed to guide 
the yarn from side to side of the cheese. The 
action of this form of traverse is certainly gentle, 
and consequently the machine is very suitable for 
winding the finer counts or tender yarns. 

A collection of ten looms made by Messrs, David 


‘aylor’s camless wind- | 





Sowden and Co., Shipley, do not call for much com- 
ment. They are well-constructed examples of stan- 
dard types, and in certain instances are fitted with 
time-saving devices. For example, the 24-shaft 
dobby, 84-in. reed space worsted loom is operated 
ve pattern-chain of wooden lags and pegs in place 
of the usual rods and bowls so commonly used. The 
advantage gained is that when a change in pattern 
is to be made it is much easier to extract wooden 
pegs from the lags than to break up a whole chain 
of rods and bowls ; besides which the new pattern 
can be more readily made. 

An exhibit of ingenious, though auxiliary, appli 
ances is made by Messrs. Horsfall and Bickham, 
Limited, Pendleton, near Manchester. These 
appliances are for the purpose of maintaining the 
efficiency and prolonging the life of the revolving 
flats of carding-engines, and comprise grinding, 
milling, and re-clothing tools. An ingenious type 
of clip is employed to fasten the ont clothing on 
to the iron flat, and both power and hand clipping- 
machines are being shown. 

The British visitor will find in the German 
Section much that will prove of interest and a 
great deal that has not been seen in this country. 
On the stand of the Siichsische Maschinenfabrik 
vorm. Richard Hartmann of Chemnitz, for example, 
will be found a new type of combing-machine 
which has been designed to give a considerable 
production. The machine, which is constructed 
under the Alisy-Triibenach patents, is a double- 
sided machine, but employs a single - combing 
cylinder only. Earlier attempts have been made 
to produce a double comber of this type, but no 
machine has been openly exhibited before. The 
advantages of a machine working on these lines 
will be recognised. In a space little larger than 
the floor-space occupied by an ordinary comber 
twelve h are placed, and at the same speed as 
an ordinary comber twice the production is obtained. 
The combing action is secured by equipping the 
oscillating comb-drum with comb-segments having 


teeth operating in o ite directions. At each 
side of the drum a eating: and delivery device and 


two pairs of nippers are provided, which alternately 
swing from the combing device to the detaching 
rollers, thus effecting detaching and combing simul- 
taneously. The disadvantages of this type of 
machine, however, appear considerable. When it 
is considered that the combing-cylinder has to make 
a two-third revolution in one direction and a two- 
third revolution in the opposite direction for every 
‘*beat ” of the machine, of which there are 100 per 
minute, the wear and tear on the machine will be 
appreciated. A combing-machine is a complicated 
and intricate piece of mechanism, and doubling a 
number of the parts, as in the case of this type, must 
necessarily add to the difficulty of adjustment. An 
automatic weft-replenishing loom shown adopts 
similar principles of changing mechanism to those 
employed before in other makes of loom. The co 

of weft are placed on spindles carried in a simple 
form of inclined hopper. In connection with auto- 
matic weft-replenishing mechanism two ingenious 
appliances have been devised for placing a weft 
cop, or a cop on a paper tube, on to a spindle 
having a base similar to the Northrop bobbin 
base, and for withdrawing the butt end of the cop 
on the empty pa tube when the spindle is 
ejected from the shuttle. Hitherto the Northrop 
form of bobbin has been adopted, calling for special 
spinning or winding. Where this has not been 
done extra labour has been employed to perform 
the operation of pressing the cop on a special con- 
struction of spindle. The first appliance of Hart- 





mann’s comprises a drum, carrying on its circum- | 
ference eight renewable cones. In these cones are | 
placed cops lightly fitting on their spindles. The | 
drum is moved forward by one division for every | 
revolution of the driving pulley, and the spindle, 

with its cop, is brought under a presser, which 

forces the latter into its correct position and at 
the same time compresses it. A further movement | 
causes the delivery of the spool into a receiving | 
magazine. In the tube drawing-off machine a hori- | 
zontal disc having eight slots is provided. In the | 
slots the spindles are hung, and by the revolution | 
of the disc they are brought into reach of rubber- | 
covered fork catches, which draw off the tubes or | 
‘* butt” ends of the cops from the spindles, and | 
deliver the former to one box and the latter to | 
another. A two-card waste set, which has been | 
excellently designed, forms an interesting exhibit. 

The two cards are driven by a single motor placed 

between them. These cards are wider than those 


made by English makers, being 65 in. across their 
carding surface. 

Winding machinery of much originality is shown 
by Messrs. W. Schlafhorst and Co., of M. Gladbach 
and Herm Schroers and Co., of Krefeld. Pirn wind- 
ing for weaving has come rapidly to the front, and 
the former firm show a machine which has been 
designed especially for this class of work. The 
spindle is arranged vertically, and the presser 
cone is supported in such a manner that it is vir- 
tually self-adjusting. In all other cases the cone does 
nut make complete contact against the spindle or 


i-| yarn until several layers of yarn have been wound 


on to the spindle. In the case of the cone under 
review it makes contact over its whole height with 
the spindle immediately the latter commences to 
revolve. The advantage gained is that the cop 
roduced is much harder and more com than 
ormerly, and shedding or ‘‘ sloughing” of the yarn 
in the subsequent unwinding is obviated. Other 
winding-machines of an ingenious type are shown 
by Schlafhorsts, icularly one in which a Hill 
and Brown type of split drum, arranged vertically, 
is applied. A similar machine to this is shown by 
Herm Schroers, in which a very direct draw-off 
of the yarn from the bobbin to the traversing 
device is arranged. The yarn has to pass through 
no acute angles. Owing to this fact, and the further 
one that the traverse motion is gentle, high speeds 
can be obtained. In a cross-quill filling-machine a 
new type of spool-holder is used. Hitherto slots in 
the spool-holder have received the ends of the spool 
spindle. These slots were most unsatisfactory, 
owing to their open nature, easy fit, and the possi- 
bility of dirt and waste accumulating in them. 
The new form of spool-holder shown has a pivoted 
bearing at one side in which one end of the spindle 
is always held. This bearing is completely 
encl , a8 is the other when the spindle is in 
position, the spindle being forced into it against 
spring-pressure. In the 36-in. roller-raising machine, 
of Messrs. Franz Miiller M. Gladbach, ball-bearings 
are a notable feature. They are used wherever pos- 
sible, except for the pile-rollers, and in this Miiller 
differs from the English makers, who use them 
throughout. By reason of their employment a much 
lighter drive is obtained. The lubricating means 
provided are excellent, a force-pump operated from 
the machine itself efficiently lubricating the = 
economically and without damaging the fabrics 
treated. A cord-cutting machine for cutting the 
threads of certain fabrics to form pile is distin- 
guished by the employment of rotary-disc knives, 
and special forms of guiding devices which enable 
a fabric to be completely dealt with at one run 
through. It is necessary to apply special stop and 
brake motions to this machine to bring it to rest 
instantly should the guides penetrate the fabric. 
Messrs. Seydel and Co., Bielefeld, and Mr. OC. 
Oswald Liebscher, Chemnitz, show flax and jute 
machinery. On the stand of the former a dry- 
spinning frame, provided with a four-sided spindle- 
rail, demonstrates how doffing, or removal of the 
full bobbins and replenishment with empty ones, 
can be facilitated. The spindle-bearings on the 
wet-spinning frames are totally enclosed, thus 
preventing the entrance of water or waste. 








THE EXPLOSIONS IN MINES 


COMMITTEE. 

Tue fourth report of the Explosions in Mines 
Committee deals again with coal-dust explosions, 
and in particular with the difference between in- 
flammation and explosion. During an inflammation 
of coal-dust—from bituminous coal, at any rate—it 
is generally assumed that the flame is propagated 
largely by the burning gas which has been distilled 
from the dust, whilst during explosive combustion 
each dust particle which aids in propagating the 
flame is burned as a whole, the volatile matter 
and the fixed carbon as well being consumed. 
Fundamentally the phenomena a to be of 
the same nature, that of a rapid combustion ; 
the more finely divided the combustible dust, the 
more the dust cloud will approach the condition of 
agasor vapour. Yet the great difference in size 
between gaseous molecules and dust particles must 
be borne in mind, and, further, the rapid move- 
mente of us molecules must be taken into 
account. If the diameter of fine coal-dust icles 
were as little as 0.001 mm., that would still be 
more than 3000 times the computed diameter of 
an oxygen molecule, and gas molecules are, at 
ordinary conditions of temperature and pressure, 
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supposed to be moving at the rate of 425 m. per| travelled 425 ft. This rise in the gas pressure is, 
7 A dust ers ee floating among oxygen | however, not due to an increased liberation or dis- 


molecules might be compared to a balloon which is tillation of explosive gas from the dust particles ; 


second. 


being lashed by a storm of hailstones. 


As regards the propagation of the initial inflam- coal containing 


mation of coal-dust, it must not be overlooked that 
in mine explosions a dust-cloud, in which the in- 
flammation might spread, does not necessarily pre- 
exist. The cloud may have to be created by the 
explosion, and that requires both flame and con- 
cussion. The theory of a ‘pioneering cloud” 
was formulated by Mr. W. C. Blackett—a member 
of the Commission—in 1894, after the disastrous 
Seaham explosion. This problem was further 
studied by Dr. Wheeler, in the Altofts gallery, 
which has since been dismantled and re-erected at 
Eskmeals for the Mining Association. As the 
results had not been published so far, the fourth 
report notices these experiments. We may add that 
the other experiments, to which we shall subse- 
quently refer, were also made in the old Altofts 
gallery ; at Eskmeals itself little appears to have 
been done so far. 

In the first-mentioned experiments dust-clouds 
were ignited by large gas-flames without any con- 
cussion. To produce the flame, coal-gas was com- 
pressed to 20 1b. on the square inch by a weighted 
piston in a vertical cylinder, from the bottom of 
which a pipe rose ; this pipe was bent and entered 
the gallery, the atindet being outside. The 
pipe, which was fitted with an _ electrically-con- 
trolled valve, ended in a nozzle 2 in. in diameter, 
before which electric sparks were passed. On 
releasing the valve, a jet of flame, up to 14 ft. 
in length, shot out into the gallery like an ignited 
blower of fire-damp. This flame was found to ignite 
a ready-formed dust-cloud, but nota heap of dust at 
some distance. To create clouds, boards covered 
with fine coal-dust were hung about 8 in. below the 
roof of the gallery in such a way that they dropped 
simultaneously with the ignition of the gas-jet, and 
were tilted in dropping. The experiments demon- 


strated that if the dust.cloud extended for 150 ft., | P’ 


or more, sufficient force would be developed at 
the end of this cloud to raise dormant dust and to 
make the flame self-supporting beyond the cloud. 
Thus a concussion is not essential to propagate 
the flame after it has acquired force; the gas 
pressures developed in the gallery in these experi- 
ments never exceeded a few pounds, however, and 
the following experiments concern the rise of 
pressure. 

We have already briefly described* the ingenious 
apparatus adopted by the Mining Association of 
Great Britain in their coal-dust experiments for 
obtaining, among other things, continuous records 
of the pressures at distances of 250 ft., 300 ft., 
350 ft., 400 ft.,and 450ft. from the poiut of ignition 
by the aid of manometers generally fixed at these 
distances and fitted with revolving drums. The 
gallery had a length of 600 ft., and as the return 
tube, leading to the fan, joined the explosion 
tube at right angles, and, further, had several 
right-angled bends, the explosion practically took 
place in a tube closed at one end and open at 
the other. The report reproduces many of the 
successive pressure-time diagrams obtained at 
intervals of ;45 second. These diagrams are very 
instructive, though they hardly bring out any 
novel points. he reader can trace the concus- 
sion wave (ignition was by means of an electrically- 
fired cannon, the position of which in the tube 
could be varied, and which pointed towards the 
open end of the tube), which travelled towards the 
‘*closed ” end of the tube, was reflected there, and 
travelled back to the open end, at a speed rather 
faster than that of sound in air at ordinary tem- 
perature and pressure. There was, further, a pro- 
gressive rise in the gas pressure as the inflammation 
approached the open end, as the following figures 
will show. Column A marks distances from the 
point of ignition in feet, B the maximum pressure 
in pounds per square inch, and © the increase in B 
per 25 ft. travel :— 


A. B. C. 
350 4.5 — 
375 6.5 1.0 
400 65 1.0 
425 10.0 3.5 
450 16.0 6.0 


Thus explosive combustion, as distinct from in- 
flammation, seemed to set in after the flame had 


* See ENGINEERING, vol. xc., page 865. 


is once more confirmed that coal-dust, when suffi- 
ciently fine, acts somewhat like a very coarse gas, 








for the gas pressures were practically the same with 
16 per cent. or 35 per cent. of 
volatile matter, and with wood charcoal. Thus it 


the heat energy necessary for the propagation of 
the explosion being derived from the combustion 
of each particle as a whole, without any appreciable 
preliminary distillation of gas. In other words, 
heated oxygen molecules, coming into collision with 
the combustible dust particles, form highly heated 
carbon dioxide and steam molecules, which in turn 
transfer their energy to other oxygen molecules and 
unburnt dust particles, and so propagate the flame. 
If the distilled gas played any essential part in the 
phenomenon, this preferential burning of the volatile 
constituents of the coal-dust should result in the 
production of a smaller proportion of carbon 
dioxide and monoxide than would be given by the 
combustion of the dust (carbon) particles as a whole, 
since the volatile constituents contain a larger pro- 
portion of hydrogen than the coal as a whole. The 
report proves that there is indeed —— dis- 
tillation during the initial period of comparatively 
slow inflammation. This evolution of gas is im- 
portant for the more or less ready inflammability 
of a coal-dust; but it does not account for the 
peak in the pressure curve. 

The last point discussed in this fourth report is 
the influence of constrictions in the gallery. It 
has long been known, and has more recently been 
demonstrated by experiments in this country and 
abroad, that obstructions in the path of the explo- 
sion, due to a narrowing of the gallery caused by the 
timber or by special means, or to a partial closing 
of the cpen end of a gallery, will heighten the 
violence of the explosion. At Altofts the pressure 
reached 50 lb. per sq. in. after the explosion had 
travelled 225 ft. in the gallery when provided with 
rops in the ordinary way, but did not exceed 16 lb. 
after having travelled 450 ft. when the gallery had 
been cleared of all obstructions. To test this point 
further, the gallery was kept clear of the irregular 
obstacles, whose influence it would be difficult to 
determine, but was constricted by bolting one or 
several rings of angle-iron, provided with a 6-in. 
flange, to the inside of the gallery. The internal 
diameter of the gallery was thus reduced from 
7 ft. 6 in. to 6 ft. 6 in., and the open cross-sec- 
tion from about 44 sq. ft. to 33 sq. ft. The point 
of ignition was 400 ft. from the open end. At 
350 ft. from the point of ignition the inflammation 
advanced slowly in the clear gallery, and the 
pressure did not exceed 2 lb. per sq. in. When 
one constriction was fixed, 200 ft. from the point of 
ignition, a maximum pressure of 10.5 lb. was at- 
tained in one second (againss 14 second in the 
first instance), and the sudden rise of pressure, 
indicating the beginning of explosive combustion, 
took place at about 350 ft. from the point of igni- 
tion. When a second constriction was added, 250 ft. 
from the ignition point, the maximum pressure 
of 21 lb. per sq. in. was reached within } second ; 
and when a third constriction was added, 300 ft. 
from the point of ignition, the pressure rose to 
55 lb. per sq. in. within % second. It will be 
remembered that the time was measured in hun- 
dredths of a second. When, in another series of 
experiments, the ignition point was 500 ft. (not 
400 ft.) from the open end, so that the waves could 
travel further, much higher pressures were recorded 
in the constricted gallery, as the following table 
demonstrates. In this table, A marks the distance 
in feet of the pressure-gauge from the point of 
ignition, B the maximum pressure in pounds per 
square inch attained in the clear gallery, and C the 
maximum pressure, again in pounds per square 
inch, attained in the gallery provided with three 
constrictions :— 





A. B. C. | 
30 ft. 4.5 23 
400 ,, 6.5 83 
450 ,, 16.0 150 


Thus three constrictions, 50 ft. apart, {of com- 
p3ratively unimportant charaeter, have an enormous | 
effect. The report does not discuss how the con- | 
strictions produce this large ultimate pressure ; | 
but it is accentuated that constrictions lead to high 
pressures being reached at early 


NOTES. 
Toe Renewals Fund or THE Lonpon County 
Counci, Tramways. 

As has already been recorded, the receipts of the 
London County Council tramways during the past 
financial year were nearly 150,000/. short of the 
amount required to maintain the contribution to 
the renewals fund at the figure which was fixed in 
1908. After an inquiry then made, it was decided 
that out of each year’s receipts the sum of $d. per 
car-mile should be transferred to a renewals fund, 
and it was hoped that in this way no new borrow- 
ing would be necessary for the cost of renewals, or 
even for the supersession of obsolescent plant. In 
a report of the Highways Committee presented last 
Tuesday a new estimate of the cost of renewals is 
made, based on the further experience accumu- 
lated during the past five years, and in view of the 
unfavourable condition of the undertaking it is 
satisfactory to find that the former estimate is now 
considered to err a little on the side of safety, and 
that the actual costs will not exceed 0.635d. per 
car-mile, made up as follows :— 


Annual Provision, 


by Means of Amount per 
Cumulative Annuity, Car Mile, 
for the Renewal of Based on 
the Respective 56,000,000 
Items at End of their Miles per 
Permanent way— Estimated Annum. 
Surface work only, ex- Life. 
cluding slot-rails, but 
including _ electrical £ d. 
equipment... ... 116,304 0.498 
Generating station ma- 
chinery and plant ... 13,235 0.057 
Sub-station machinery 
and plant... ne 6,566 0.028 
Cables and _ feeder 
pillars ... ssie sive 9,497 0.041 
Machinery and plant in 
central car - repair 
dépét and _ other 
dépots ... ae : 1,319 0.006 
Motor - cars, lorries, 
wagons, carts, &c. ... 1,182 0.005 
Total ... 148,103 0.635 


The lower estimate is mainly due to the fact that 
the wear of the slot rail has been found to be less 
rapid than was anticipated, the life being now 
estimated at thirty years. The above figure does 
not compare strictly with the previous estimate, 
since it includes a provision of 0.028d. per car-mile 
for the renewal of switch-gear and repairs at the 
sub-station. In view of the unsatisfactory nature 
of the revenue, the committee do not for the 
present propose to take any action on the basis of 
the new estimate, and suggest that the matter 
should be reconsidered two years hence. 


Scanpinavia’s WIRELESS TELEGRAPH SCHEMES. 


The wireless telegraph problem, as far as Scandi- 
navia—or, at least, Norway and Denmark—are con- 
cerned, has been very materially advanced during 
the last few days. In Norway the Storthing, con- 
trary to what was expected some little time ago, 
and in opposition to an earnest warning on the 
part of the Minister for Public Works, has sanc- 
tioned the preliminary contract between Norway 
and the Marconi Company, and by an overwhelming 
majority, too (99 against 16). Details of the con- 
templated installations were worked out some time 
ago, and Mr. Heftye, the chief of the Norwegian 
State telegraphs, has evinced much interest in the 
advancement of the scheme, which provides for 
wireless stations in the vicinity of Stavanger, on 
the west coast of Norway, likely to entail an 
expenditure of some 110,000/. These are to 
correspond with an American station near New 
York. The Norwegian station is expected to 
handle a considerable amount of international tele- 
graphing from Denmark, Sweden, Russia, c. 

mmark is about to erect its own Poulsen station 
for trans-Atlantic telegraphy, and Sweden (which, 
if we mistake not, has some preliminary arrange- 
ments with the British Government with reference 
to the Marconi system) will probably also soon 
have her own station. In Denmark private enter- 
prise is to the fore, and although the actual agree- 
ment has not yet been signed, and although the 
information which has been made available by 
many is considered as premature, still the matter 
may no doubt be looked upon as virtually settled. 
A strong syndicate, in which the large Landmands- 


iods, and it is | bank of Copenhagen will be interested, has secured 


mentioned that confirmatory evidence has since|the necessary rights from the Copenhagen Conti- 
nental Syndicate for Poulsen’s radiotelegraphy and 


been obtained at Eskmeals. 

















JuLy 11, 1913.] 


ENGINEERING 











THE FRENCH BATTLESHIP 


“COURBET.” 


BUILT AT THE GOVERNMENT DOCKYARD AT LORIENT. 
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Fic. 3. THe ‘‘ Coorset” at SPITHEAD DURING THE Visit OF THE FRENCH PrREsIDEAT TO LoNDON, 


the Universal Radio Syndicate, of London, for erect- | 


ing stations in Greenland, Canada, the United States, 
Danish West Indies, and Panama. The station 
in Greenland is intended to make telegraphing with 
the American continent doubly safe, cot 

the cost of installation, inasmuch as it will enable 
the syndicate to avoid the heavy expense entailed 
by the building of long-distance monster stations. 
A Greenland station will also be of the test 
service, meteorologically, to the whole of Europe. 
Denmark will obtain constant connection with her 
distant colony, and the Greenland station will be 
able to supply valuable reports about the ice in the 
Atlantic, &c. It has not been decided where the 
Danish station is to be located, whether near 
Copenhagen or in Jutland, but the installations 
will be complete in ten months’ time. The 
apparatus, which will be built at the Poulsen tele- 
graphone works in Copenhagen, are already in 
hand. A contemplated station at Bergen, in 
Norway, will, of course, have to be abandoned now 
that Norway gets her own Marconi service. It 
is quite possible that at some future time the new 
Poulsen syndicate will open a direct America- 
Denmark service. . 


PeRsonaAL.— Messrs. Flannery, Boggallay and Johnson, 
Limited, consulting engineers, of don, Liverpool, 
and Rotterdam, announce that Mr. Harold Fortescue 
Flannery, B.A., son of their senior partner, has joined 
their private company as one of the directors and 
m rs.—Messrs. Charles Barker and Sons have re- 
moved their business from Birchin-lane to White Lion- 
court, Cornhill, E.C. It is interesting to note in this 
connection that Measr3. Barker have been established 100 
years, over 60 of which have been spent in Birchin-lane.— 
Mr. Walter Wylie Coubrough has been appointed resident 
engineer of the Midland and Northern Railways of 
Uruguay. Mr. Coubrough has been a member of the 
engineering staff of the Midland Railway of Uruguay 
during and since its construction—a period of 25 years. 








NATIONAL INSTITUTION OF APPRENTICESHIP. — The 
annual meeting of the governors and members of this 
Institution was held at 2.30 p.m., on Wednesday, the 
9th inst., at Fishmongers’ Hall, London Bridge E.C. 
The Right Hon. the Earl of Portsmouth occupied the 
chair, and presented 134 certificates of merit to the 
apprentices who had satisfactorily completed their ap- 
prenticeship during the t twelve months. Of these 
apprentices, about two-thirds were continuing to work 
with the same masters, the remaining third having found 
berths with otheremployers. Attention was called to the 
satisfactory fact that at the present time there were more 
masters seeking apprentices than a) tices seeking 
to join a trade, emphasis was laid upon the great 
advisability for youths to learn a trade and become 


skilled mechanics, rather than take now a better-remu- 
— berth, be discharged from this latter in a few 
years’ time. 





THE FRENCH BATTLESHIP ‘ COURBET.” 


ConsIDERABLE interest was taken in the French war- 
ships which accompanied President Poincaré on his 


soa Ben | visit to this country, because they represented the 


latest types added to the French Navy. The battle- 
ship Courbet attracted particular attention, because 
she was built contemporaneously with the earlier 
vessels of the Orion class for the British Navy. We 
therefore reproduce on this page and on 50, three 
ge ek taken by Mr. Stephen Cribb, of South- 
sea, which illustrate not only the vessel, but the out- 
standing features of the armament. 

There is a striking similarity in the dimensions of 
the Courbet and the Orion. The former is 546 ft. 
long by 884 ft. beam, while the British ship is 545 ft. 
long by 884 ft. beam ; but the draught for the French 
ship is given as 29 ft. for a displacement of 23,100 
tons, with 900 tons of fuel on rd, and for the 
British ship as 274 ft. for a displacement of 22,500 
tons, with the same weight of fuel on board. The 
French ship’s Normand boilers and Parsons turbines 
are designed for 28,000 horse-power; the Orion’s 
gg + Ri Wilcox boilers and Parsons turbines 
or 29, orse-power, the corresponding speeds 
being 20 and 21 knots respectively. a . 

The important difference has reference to the arma- 
ment. In the Orion the British Admiralty stepped 
up from the 12-in. gun. for the primary armament 
to the 13.5-in. wea The French still relied 
on the 12-in. guns; but whereas the Orion mounts 
ten primary guns, all in centrally situated barbettes, in 
order that all may fire on either beam, the French 
authorities fitted twelve 12-in. guns in six barbettes. As 
shown in the general view of the vessel on this page, 
two of these barbettes are forward and two aft, while 
one is placed amidships on each side. The guns in the 
two turrets forward are mounted at different elevations, 
as is also the case with the two pairs aft, as shown 
in the general view on this page and in Fig. 1 on 
poge 50. In this way there are available eight 
2-in. guns to ‘fire ahead in line of the keel, includin 
the two ag of guns amidship on each side, an 
eight to fire aft, with ten for broadside fire. In the 
Orion the same arrangement of guns at different 
elevations was introduced forward and aft, but there 
is only one central barbette, the two guns of which 
have a wide arc of trai on each beam. 

A striking feature of the Courbet is the power of 
the armament for repelling torpedo attack. Thus 
while the Orion was fitted with sixteen 4-in. 8, the 
Courbet has twenty-two 5.5-in. guns, in addition to 
four — guns. She has thus a very consider- 
able advantage in this respect. Moreover, she has 
four submarine torpedo-tubes, whereas the Orion aud 
the other seven ships of the same class have only 
three. The 5.5-in. guns are grouped in a some- 
what interesting way. They are placed, as shown in 
the general views on this on the main deck in 


page, 
four batteries on each side. Forward alongside the | 





| main barbettes there are grouped on each side three 
of the guns in a manner corresponding to that so 
clearly shown in Fig. 2 on page 50. Amidships, 
forward of the main barbette, on the port and star- 
board sides are three 5.5-in. guns similarly disposed, 
and firing ahead, with a considerable are of trainin 
abaft the beam, while abaft the barbette on 

side are three more guns firing aft, with a consider- 
able arc of training before the beam ; aft again, along- 
side the main after barbette, are two such guns. "ta 
this way it is ible to fire twelve of these guns 
ahead, eleven abeam, and ten astern. 

The main belt of the Courbet is of 11-in. armour, 
reduced to 7 in. forward and aft, while over this is 
the protected deck of 3 in. The broadside, for a con- 
siderable len of the ship, has, on the strake above 
this main belt, 7-in. armour ; the light guns are within 
armour of the same thickness. © armour of the 
main barbettes is 104 in. , and that of the gun-hoods 11 in. 
in thickness. The newer ships of the French Navy are 
mounting heavier guns, but many naval officers have, 
even still, a strong preference for a ship armed with 
such & numerous battery of 12-in. and 5.5-in. guns. 





Tue Propuction MaNnaGcers’ AssociaTion.—A dinner 
of the above Association is to be held at the Holborn 
Restaurant to-murrow evening, the 12th inst., at.7 p.m., 
at which Mr. Frank B. Gilbreth will be the principal 
guest. Tickets for the dinner may be obtained from the 
secretary of the Association, . J. W. Stannard, of 
Queen ’*s Chambers, S.W., or at the doors to-morrow 
evening, if accommodation is available. The price of 
the tickets is 5s, each. 





a. Ghee Roi a vas Oe ee 
ndon an w Engineering and Iron Ship ing 
Company, Limited, Govan, launched on the 7th inst. 
H.M. torpedo-boat destroyer Owl, the third of the class 
floated this year by that compene fer the British Navy. 
The dimensions of the Owl are ft. in length between 

diculars by 27 ft. in breadth. She is fitted with 
) en turbines to dorian 25,000 shaft horse-power, and 
has water-tube oil-fired boilers of the Yarrow type, con- 
structed by the builders. Her armament consists of three 
4-in. guns and two torpedo-tubes. 





Tue InstiTuTION OF AUTOMOBILE ENGINEERS.—The 
members of the Institution who took in the visit to the 
United States have now returned to England. It is hoped 
that a paper will be read at the November meeting of the 
Institution embodying the results of the observations of 
the various members of the party, and it is expected that 
a number of members of the American Society of Auto- 
mobile Engineers, who will be in London on a visit to the 
Motor Show, will be present at that meeting to take part 
in the discussion. At the inaugural ing of the forth- 
coming session, on October 8, the presentation of the 
Crompton Medal of the Institution will be made to each 
of the past presidents. The prize awarded by the Council 





Sor 0 a eee coos Ws Oe, Greemee 
at the same meeting. irmingham ventry 
es of the Institution have now definitely 


been 
amalgamated under the title of the Midland Centre. 
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at any rate diminish, the width of the impressions made 
on the driving-band, as in photograph, Fig. 6, of a shot 
with two fixed bands. This allows jets of high-pressure 
powder gas to pass, and is about the only damage done to 
the bore by erosion. The Admiralty contention that 
erosion alone is the cause of the excessive wear ef | 
ns is entirely wrong, since erosion would wear bot 
ds and grooves equally ; whereas in the ‘‘ Treatise on 
Service Ordnance,” 1904, page 630, it distinctly states 
the lands wear away. ; 
With shot banded on my system, the rear band being 
free to revolve, the exact impressions of the rifling were 


Fig. 2. SW, 
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THE TRUE CENTRING OF PROJECTILES. 
To THE Eprror OF ENGINEERING. 
Sir,—That the true and exact centring of projectiles, by 
which is meant the coincidence of the axis of shot and 
bore, has not been before developed and adopted will be a 
surprise to laymen; it is a question which engineers 
would have tackled first, but, unfortunately, the design 
and construction of everything connected with ordnance 

seems to have drifted along in a haphazard pS 

Lynall Thomas, F.R.S. (see his book, ‘‘ Rifled Ord- 
nance,” 1859, page 84) endeavoured to solve this question, 
also others, from a scientist’s standpoint. 

He says: ‘‘Making experiments with long shot, I 
found a difficulty in procuring with them an expansion 
sufficiently even to cause their axis to coincide with the 
axis of the bore, &c. (see Fig. 1). 5 

“‘ After many attempts I succeeded (see wip. 2 and 3) 
in effecting this object by means of the ferrule B, which 
acts in the following manner :—Upon the explosion of 
the powder, the lower ring D is caused to expand and fill 
the grooves, by means of a wooden sabot, and at the same 




























support and prevent the shot touching the bore. Again 
no true centring, but a change, although with a lot of 
drawbacks, the principal being the strain thrown on the 
gun and disturbance when the shot leaves the muzzle; 
the opposite of the French, three narrow bands. 
Yours truly, 
Henry STANBRIDGE. 
Ivy House, Tinsley, Yorkshire. 





‘INDUSTRIAL MANAGEMENT.” 
To THE EpiTor oF ENGINEERING. 

Str,—My attention has just been called to your editorial 
on ‘‘ Industrial ment” in your issue of June 27. 
It is possible that at the meeting to which you refer I did 
not give a — a definition of scientific management, 
but a few wee! pacem, in a lecture to the engineering 
students at Cambridge University, I defined it as ‘‘an 
elaboration of the principles of standardisation, coupled 
with scientific methods of investigation,” which is possibly 
as simple a definition as one could wish for. 

Personally, I think it ttable that in the numerous 
controversial writings on the subject which have appeared 
in this country, practically all the attention has n 
devoted to its purely incidental developments, and little 
or none to the function of scientific management as a pro- 
duction principle. As you say in your article, much of 
the specialisation which scientific management stands for 
has already been carried out by firms in this country. In 
fact, scientific yp a as a principle, is nothing 
more than a natural development of principles already in 





























moment is driven, together with the iron ring B, in a 
forward direction ; the latter, acting upon the top ring C, # D B c 
causes it to expand sufficiently to fill the bore (should be Fig 3 
‘and grooves’).” 
Fig.7. ' “lll 
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Stanbridge System, Pryectile centred true. 
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Converted to Stanbridge System with present Projectile. 
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use, and no useful parpos can be served by continual dis- 
cussion on the methods of applying the principle until the 
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The factors which militate against the success of any ved on the rear band (see photograph, Fig. 7); and 
such schemes—and several to expand and centre after | further, on leaving the muzzle, din’ deavletn to pew 
firing have been submitted to the Admiralty of late— pga any disturbing influence acting on the projectile. 
are:— : he Ordnance mittee, Woolwich, Ly a long series of 

1. Centring dead true cannot take ove Se trusting | experiments, found that the driving-band was best 
to ——-. as the rifling will not impress i equally. | placed as far to the rear as possible, for this very reason ; 

2. That centring must be effec before firing, t | 80 if two bands are employed on a shot, the rear one must 
pressure and velocity preventing any readjustment. This | be free to rotate. 
is well known to cartridge-makers, sheet-metal rollers, | In Fig. 5 I show a 6-in. projectile, with a single 
and others. With the former, taper dies will never right band, as at present used, lying in a shot-chamber of a 
and produce concentric walled cases from a blank placed | gun converted to my system, and leaving the powder- 
untrue in the die. nee chamber capacity unaltered. This gets over the question 

Needless to say, Lynall Thomas admits in his book, | of using up old stores of projectiles, an objection raised 
page 194, that failures were frequent when his ideas were | against my system. The same drawing shows how the 
applied to larger calibres. i ies pat system wears out the guns. It is not by erosion, 

e only true way of centring is by the application | but steel to steel, the hardened shoulder of the shot (the 
of the formula in use on the lathe, &c.—viz., two cones, two | difference in diameters of shot and bore being 0.07 in new 
counter cones, and a sliding adjustment parallel to the | guns, throwing the axis quite 4 in. out of line) splutter- 
axis of the said cones. This is system invented by | ing from side to side in its passage up the bore, knock- 
mé, illustrated in Fig. 4, which shows it a to a | ing out bits at a velocity of 3000 ft,-seconds. e wear 
6-in gun. Practically speaking, the present d has /| isin direct proportion to the weight of the shot on the 
been divided (no changes are made in the diameters), a| square area. Thus a 6-in. gun—weight of shot 100 lb.— 
pers forming a front jong om fgenee Maman. &@ cone cut | wears out at gheuslibueale, inst a 12-in. gun—weight 

rther forward out of the bore, a shot-chamber ; 


\ i 1 of shot 850 Ib.—lasting only 130 rounds. ese figures 
the rear portion of the band of larger diameter is placed | are official (see ‘‘ Treatise on Service Ordnance,” 1904, 
in a groove by itself, free to slide and rotate, and fits a 


660). 
cone—the original cone of the gun-chamber. This band P*Battleshipe, sometimes in pairs, are laid up to have the 


Fie. 7. 
ae itself has been properly discussed and under- 
sti 


_ Production control has developed on very definite 
lines, always on two well-defined and fixed principles, 
without which no control can be efficient—viz., apes 
and comparison. Its last stage was the analysis and 
comparison of ‘‘ jobs” (as distinct from complete orders), 
in the form of operations. These operations were taken, 
and time, material, and expense recorded inst the 
previous operations of the same character. Differences in 
time taken, cost of material, &c., could thus be seen at 
a mee and led to investigations to discover the cause. 
These, again, led to the discovery of the best man, or the 
best material, or the best machine, for a given job, and 
thus tended constantly to reduce costs and intensify 
production. 

Scientific management merely carries out this idea to 
another stage, but in addition to splitting up a job into 
operations for analysis and comparison, it takes the 
operation itself and splits it up into its constituent move- 
ments. Many of these may be wasteful, and can be 
eliminated. Others, again, may appear efficient to the 
eye, bub by comparison with similar movements made by 
other employees may prove inefficient. This leads to the 
discovery of the right movement, and thus to the one 
best way of doing the operation. It is merely the 





is of such a shape as not to collapse or be crushed in on the | crown-plates of their barbettes torn off in feverish haste 
shot being pushed into place. This sliding of the rear “—— out the guns and change and reline them. 
band allows of adjustment for any differences in manu- French have already grasped this fact and formed 
facturing, and ensures perfect centring. |® shot-chamber in their guns. Their projectiles have 
In firing to perfect my system, a curious fact, of interest three narrow bands, which saves the wear of guns, but, | 
to artillerists, itself, and constitutes an im- , ofcourse, does not give true centring. 
portant advantage for my system. It was found thatthe; The U.S.A. (see report of the Chiat of Ordnance, 1909, 
rifling twist at once communicates to the shot an accele- 28) made a series of epee, Sas lene last | 
very wide bande, so as entirely to 





rating gyroscope action, which has a tendency to strip, or ' year definitely adopted 


development of the a of analysis and comparison 
one step further. Previously we analysed and compared 
to find the right man and the right machine. Now we 
go a step further, and in addition to finding the man, 
we also find the — method. 
I ~_* seen = ts in this eye — in —_ ea 
ps, through the application of these principles, but 
without analysing tions, which would put many of 
the marvellous ts of scientific ment in the 
shade; yet it has not led to any extreme development of 
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the method, all the same. In fact, I look forward to the | 
same result in America from the present enthusiasm for 
scientific management Se in the development 
of analytical costing me . During my first period 
over there, these were at about the same stage of develop- 
ment that. scientific management is now, but they deve- 
lo so quickly that they ran to seed. As a result, | 
within a few years, the biggest firms found that it was 
costing too much to get costs, and the over-elaborate 
systems were taken out, and modified systems substituted 
which compared with the systems now in use in the best | 
organised businesses in England, where they were deve- | 
leged gente? without fuss or over-enthusiasm. 

of the functional units in the application of | 
scientific ent in American businesses are not 
merely impossible in this country, but are also likely to 
suffer considerable modification in America before long. | 
Consequently, I think it necessary for any discussion in | 
this country to be kept as far as possible to scientific | 
management as a principle, or to its adjustment to the | 
different production conditions applying on this side of 
the Atlantic. This could best be done by means of a con- 
ference, somewhat on the lines of the Dartmouth confer- 
ence held in America last year, at which all classes could 
be represented. 

Our chief danger in this country at present is that our 
manufacturers are not giving the matter anything like 
the attention it is getting from the educated Labour and 
Socialistic classes, led by experienced investigators like 
Mr. Sidney Webb. As a ep yn sap any attempt to 
use even a simple application of the principle may, before 
long, be met by determined agpeaine on the part of the 
trades unions, which have already obtained an idea of 
the purpose of the principle, and have begun to form very 
definite opinions on it which are by no means in its favour. 

It id not be forgotten, by the way, that experi- 
enced and practical manufacturers in America that 
it takes at least a year to develop the principle, and 
another to begin the best results from it. is is in spite 
of the fact t conditions there are infinitely more 
favourable to its se ay « than they are in this 
country. Consequently the few experiments 
tried here, and given up as failures in a few weeks, 
cannot be taken asa criterion of the success, or other- 
wise, of the principle, if properly applied under the 
direction of experienced investigators. 

Yours faithfuily, 
J. W. Srannarp, Industrial Engineer. 

Queen Anne’s Chambers, Westminster, London, 8. W., 

July 7, 1913. 





CENTRIFUGAL PUMP DESIGN. 
To THE Epitor oF ENGINEERING. 

Srir,—I am much obliged to Mr. Longland for his 
reply to my letter on the above subject. The analysis 
which he suggests is, of course, classical {see Gibson’s 
“‘ Hydraulics and its Applications,” page 649]; but I am 
still not satisfied. It must be possible to conceive of a 
tangential force (the resultant cf the tangential compon 
ents of the pressure of the blrde on the water) which, 
when multiplied by the linear velocity of its point of 
application, gives rate of doing work. Mr. Lon 
a the epee de conceiving this to act at 
the tip of the blade ; yet that is precisely where it seems 
to come when the angular momentum method is used. 
There is ——* some factor whose omission causes this 
paradox, but at the moment I do not see it. 

Youts faithfully, 
“RT CHATLEY. 
Tangshan Engineering College, Tangshan, North China. 
June 11, 1913. 

_ P.S.—I have just seen the letter which appeared in your 
issue of May 9, for which I thank your corres ent. 
I do not, however, see that he has added anything new 
to the diseussion. The mere fact that the position of the 
— force does not seem to matter is not a solution 
of the Ox. 


Sin,—With respect to Mr. Wallace’s letter on this | canal 


subject in ef issue of May 22 (for which I must thank 
him). he, like all your other correspondents, suggests 
that the angular-momentum method supplies a complete 
solution of the problem. Probably this is true, hut t 

is most wey discrepancy between it and the linear 
method. Mr. Wallace says he has always considered the 
latter to be an erroneous way of attacking the problem. 
Evidently it is, but where is the error? 

The only idea that occurs to me is that the linear 
method omits a certain amount of angular momentum 
which is of such a form that, when it is considered as 
equivalent to a linear effect and added, it causes the 
“imaginary” resultant force to act at the periphery of 
the impeller. 

Yours faithfully, 
Herpert CHATLEY. 

Tangshan areas | College, Tangshan, North China. 

une 26, 1913. 





MACFARLANE GRaAY’S (?) DEFINITION OF 
THE MEANING OF INDICES. 
To Tue Eprror oF ENGINEERING. 

S1r,—I have often found that ng ery leaving school, 
have a somewhat v: notion of what is meant by such 
& quantity as #”. ‘The usual answer, when asked what it 
means, is “‘x multiplied by itself n times.” This is 
obviously wrong, as 42 would in that case mean 4 multi- 
plied by itself once (equals 16) and a second time, eq 
64. On pointing out this error, a youngster will generally 
correct himself by saying itmeans xx2x2z... , 
with z written » times. This definition fails, however, 
when such an ex ion as 0° is used, as it would make 
out the value to be 0. 





The late Mr. Macfarlane Gray once pointed out to me 
that x” equals 1 multiplied n times by x. I believe this 
definition tu have been devised by himself when a young 
man, but although known to a certain number of people, 
it is by no means universally adopted as it should be. 
The following short table shows its adequacy :— 


x” = 1 multiplied n times by 2. 
Therefore 4° = 1 multiplied no times by 
” = 1 multiplied no times by 
4-* = 1 divided 6 times by 4. 
oe 4-° = 1 divided no times 4 4(.°. = 1). 
o- 4-1= 1 divided once by 4(.°. = 4). 


I et that this definition should be adopted in all 
school-books on arithmetic and algebra in future. 
Yours faithfully, 
C. H. | 
M. Inst. C.E. 
28, Victoria-street, S.W., June 25, 1913. 
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SEMI-STEEL. 
NS) BB od Pang ayn my ge 

1k,—Referring to the inquiry o' . J. J. Rutter 
Lawrence, M. Ein your hm May 23, the term ‘“‘semi- 
steel,” or, to use our own e name, “ Ferro-steel,” 
designates a very strong cast iron. It is commonly called 
‘‘semi-steel,” a name which is somewhat misleading. 
Many people think that ‘‘semi-steel” is partly steel in 
its nature, and this view is, at first thought, borne out 
a rake it is wey — ps in Se one by 

c ing a percentage of steel scrap along wi i 
iron. The truth of the matter is that the ies of 
steel scrap, which is added, are entirely obliterated in 
the melting and fusion with the pig-iron and the cast- 
iron scrap, and the resulting product is a cast iron with 
pe ad a somewhat lower total ae en Rae 
inary cast iron, manganese, and lower silicon, 
y induced, which results in lower graphite and 
igher combined carbon. That the addition of steel 


Y | scrap is not an essential part of the process of production 


is demonstrated by the fact that the Crane Company 
does at times, when it is economically preferable, make 
its ferro-steel by proper proportioning of charges, using 
pig-iron and cast-iron scrap, and not one pound of s' 

of any kind. I is the final composition of the alloy, and 
its su uent treatment, which determine its —_——, 
not what the raw materials were. So ferro-steel wo 
be expected to, and does, behave under heat much like 
cast iron. 


Yours truly, 
Crang Company, 
Jno. B. Berryman, Secretary. 
836, South Michigan-avenue, Chicago, June 11, 1913. 





RELICS OF JAMES WATT. 
To THE Eprror or ENGINEERING. 

Sn, Bome meee ise, at the —_ a eg od of Mr. 
George " pleasure of seeing a collec- 
tion of the Boulton and Watt relics, which are in safe keep. 
ing in the Watt museum at Messrs. «’s works, Soho, 
Smethwick, and can only say that the whole engineering 
world are tly indebted to Mr. G. Tavgye and his 
assistant, oa R. a for & > the 
collection been kept together or 80 
many years. To me it was a pleasure to hear Mr. Kirton 
explain in detail the relics, pictures, and letters of many 
years ago; but I was even more gratified actually to see, 
a Oe ee 

att. 
ae, = April 12, 1913, at the eg | = 

jirming. Canal Navigation Company, m L 
- age Fo Ma AE Ey 
tion o! re of see- 
ing, in full working order, No. 1 engine, made by 
Boulton and Watt, which is now in safe keeping at the 
pumping-station, Hill. engine in ques- 
tion was made about the year 1764, and, to my mind, is 
a perfect monument of engineering ski ; for when this 
engine was le there were no screwing, drilling, 
or boring-machines. Watt’s construction of the engine, 
almost without tools, was as great a feat as if a man 

with a -knife went into a and made 
a bedroom suite of furniture. It is really wonderful to 
gaze upon this engine and try to conceive how he made 
and fashioned the many parts, both steam and water ends, 
of this most interesting pump. For instance, upon the 
iron trunnion end which carries the wooden beam 
there are four fairly massive wrought-iron shackles 
screwed at each end, with square threads and nuts to fit. 
It would be very interesting to hear from any Me md 
a t 


who can explain how Watt cut those scre 
2 in. in diameter, with square or semi-square threads, 
from solid metal, without the use of mac’ . Can 
any reader suggest? 

irmingham. R. Berry. 





THE WORKING OF THE BOILER 
EXPLOSIONS AOTS. 

Tue annual report for the year ended June 30, 191 
on the working of the Boiler Explosions Acts, 1882 an 
1890, has just been issued by the Board of Trade. 
During the period named, 100 preliminary inquiries and 


uals | six formal investigations were held under the - 


visions of the Acts. The 106 explosions thus dealt 
with caused the death of 30 persons and injury to 75 
others. As showing the character of ex: 

on ships it is interesting to note that in 20 out of the 27 
explosions which occurred on ships no person was injured, 


and that in the remaining seven explosions 13 persons 
were kiled and four injured. The number of persons 
killed during the year from the explosion, &c., of boilers 
on land and sea is above the average (26.3) for the 30 
years since the Act came into force, and compares 
unfavourably with the comparatively low death-rate 
during the preceding three years, in which the av 

was only 13. This is very y due, the report states, 
. hy explosions, in each of which six persons were 


illed. 

There were 10 explosions from heating apparatus during 
the 3 nine of these occurred during the cold weather 
at 2 of February, 1912, and were all due to 
the pipes being obstructed by ice. 

On 3 of Appendix A, which gives a summary 
of the explosions, it appears that 18 boilers, &., were 
under boiler insurance companies or associations, 17 were 
under mutual marine insurance companies, &c., and 11 
were under the Board of Trade and Lloyd’s Survey. 

Appendix B describes the 106 explosions as 
arisen from the following boilers or vessels, &c. :— 


15 horizontal multitubular boilers. 
7 vertical boilers. 
4 Lancashire or Cornish boilers. 
2 locomotive boilers, 
6 water-tube boilers. 

10 tubes in steam-ovens. 

10 heating apparatus. 

24 steam-pipes, stop-valve chests, &c. 
4 hot plates, &o. 
4 calenders, drying-cylinders, &c. 
4 economisers. 


ving 


4 steam-jacketed pans. 
4 rag boilers, kiers, stills, &c. 
8 miscellaneous. 


The causes of the 106 explosions were as follow :— 


29 deterioration or corrosion. 
17 defective design or undue working pressure. 
8 water-hammer action. 
16 defective workmanship, material or construc- 


tion. 
24 ignorance or neglect of attendants. 
12 miscel Guows 


A ix O states that the six explosions ing 
wit tonal investigations were during year 
related to :— 

2 stop-valve chests. 

2 steam-pi 

1 ire boiler. 

1 vertical boiler. 
_ The explosions resulted in the death of 15 persons and 
injuries to eight others. The cause of these explosions, 
tho sopert states, tne been eieaely osssetataed, and in no 
case has the explosion been attributed to accident. 
Siening sonoma Gap ordered to be paid towards the 
costs expenses of the investigations :—In one case an 


engine-fitter was ordered to pay 5/. In one case a black- 
smith was ordered to pay In one case the manager 
was ordered to pay 10/. In one case the owner was ordered 
to pay 15/. In one case the manager was ordered to pay 
254. Inone case a steam-pipe manufacturing company 
was ordered to pay 50/. 

Appendix D gives the total number of explosions dealt 
with since the passing of the Acts, the number of lives 
lost and persons injured :— 


Personal Injuries. 











| Number ____ : 
Year. | of 

| Bxplostons.| member of | Mumberet}. 

Lives Lost. | Injured. | 

| | | 
1882-83 | 45 35 33 68 
1883-84 41 18 62 80 
1884-85 43 40 62 102 
1885-86 57 33 79 112 
1886-87 37 24 44 68 
1887-88 61 81 52 838 
1888-89 67 83 79 112 
1889-90 77 21 76 97 
1890-91 72 82 61 93 
1891-92 88 23 82 106 
1892-93 72 20 87 57 
1893-94 104 24 54 78 
1894-95 1l4 43 85 128 
1895-96 79 25 48 73 
1896-97 80 27 76 102 
1897-98 84 87 46 83 
1898-99 68 36 67 103 
1899-1900 59 24 65 89 
1900-1 72 33 60 93 
1901-2 68 30 55 85 
1902-3 69 22 67 89 
1903-4 60 19 45 64 
1904-5 57 4 40 54 
1905-6 54 25 21 46 
1906-7 77 28 65 93 
1907-8 73 | 23 50 73 
1908-9 93 j 12 58 65 
1909-10 103 | 4 62 76 
1910-11 100 } 18 61 74 
1911-12 106 30 76 105 

| 
Totals ..| 2180 789 1761 2550 

Average of 30 | 
years as 72.7 | 26.8 58.7 85 





~ 


The Board of Trade states that the issue of the 
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Fic. 12. ExpertmentaL Enoine with Opticat Inpicator AND RESERVOIR. 


THE WORKING FLUID OF INTERNAL- 
COMBUSTION ENGINES.* 


By Dueatp Cirrk, D.Sc., F.R.S., M. Inst. C.E., 
M.I. Mech. E., F.C.S. 
(Concluded from page 31.) 

I HAVE applied the same method with improved 
apparatus to the determination ot the specific heat of 
air, carbonic acid and nitrogen at lower tempera- 
tures, using the optical indicator referred to. 

Fig. 10 shows an optical indicator diagram of the 
compression and expansion of air within the cylinder of 
the 9-in. by 17-in. engine, from which specific heat can 
Mag IT abo ison of the fi presi 

: ows a com e first com) on 
and ex ion lines of air and carbonic acid in. the 
same cylinder. First compression lines are marked 1c 
and first expansion lines le. The same volume of gas 





*The Gustave Canet lecture delivered before the 
Junior Institution of Engineers on June 30. 





was used in both cases, and it is notable -how t is 
the difference between air and CO,.. With identical 
compression ratie in the same cylinder:at the same 
— it is seen how much the compression pressure 
of air exceeds that of CO.. This is, of course, due to 
the higher —- heat of carbonic acid per cubic foot, 
and it supp ies # means of calculating specific heat. 
Figs. 12, 13-and 14 are photographs of the engine used 
—— experiments, with optical indicator, reservoir, and 
other gear. 

From cooling curves determined during the actual 
operation of the piston in the gas-engine enter in the 
manner described, and the dynamic value of the tempera- 
ture falls at high and low temperature in foot pounds per 
standard cubic foot of working fluid, calculated from my 
specific heat values, balanoe-sheets of the engine have 
been prepared from indicator measurements only. No 
gas measurements or determinations of heat flow to 
jacket water are required. 

Three diagrams were taken at full load of 50 brake 
horse-power, from which the following balance-sheets 
were calculated :— 








Heat Balance-Sheets for ‘‘X” Engine Prepared from 


Clerk Diagrams. 
Card No. 22. 
Heat flow during explosion and 
expansion oe aes & 
Heat contained in gases at end 
of ex tes sae = 
Indicated work 


Total heat 


i.e., 104 B.Th.U. 


Card No. 23. 
Heat flow during explosion and 
expansion ue be ne 
Heat contained in gases at end 
of expansion . By 
Indicated work 


Total heat 


i.e., 106 B.Th.U. 


Ft.-Lb. 
12,480 
39,800 
28,900 


81,180 


Ft.-Lb. 
14,000 


40,500 
27,7! 


82,200 





Per Cent. 
15.4 


49.0 
35.6 


100.0 
Per Cent. 
17.0 
49.3 


33.7 
100.0 
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Fie. 13. 























Fie, 14. 
Fies.. 13 anv 14, Experimenta Eneine. 


Card No. 24. 
Ft.-Lb. Per Cent. 
Heat flow during explosion and 


expansion 13,100 16.0 
Heat contained i in Bases | at end 
of expansion... ' 40,600 49.5 
Indicated work 28, 260 34.5 
Total heat 81,960 100.0 
s.¢., 106 B. Th. U. 
All the values have been taken in foot pounds. Taking 


Card No, 22, for example, the heat loss due to cooling is 
equal to 12,480 ft.-Ib., the heat contained in the gases at 
the end of the expansion is equal to 39,800 ft.-lb., and the 
positive loop of the indicator diagram shows that the 
work done on the piston is 28,900 ft.-Ib. Now, if we add 
together these three items, we should get the total heat 
given to the charge for one stroke the engine ; this 
amounts, it would seem, to 81,180 ft.-Ib., whieh ta is equiva- 
lent to 104 B.Th.U. Cards 23 and 24 vary slightly from 
this, but they show each 106 B.Th. U. 

Now, if the combustion is nearly complete at the end 
of the stroke, the heat present found in this way should 
be equal to the heat evolved by the gas known to 
ae in the charge. The gas present in the c is 

nown to be approximately 0.183 cub.-ft. at the working 
temperature of the measuring meter, and its lower 
calorific value was 574 B.Th.U. per cubic foot. The 
heat of combustion of the gas is therefore : 0.183 x 574 = 
105 B.Th.U. Itis thus seen that the approximation is 
very close. The indicator has been able by the new 
pe of application to account for the heat present in 
the c 

The distribution of the heat varies to a small extent in 
the three diagrams, so that it is better to consider the 
mean result. 

The mean balance-sheet of these three from Cards 
Nos. 22, 23, and 24 is as follows :— 


Mean Balance-Sheet. 
Cards Nos. 22, 23, and 24, 


Per Cent. 
Heat flow during explosion and expan- 
sion 16.1 
Heat ant qooteined in ‘gases “at end of ex- 
ea ite ‘ 49.3 
Tudicated work 34.6 
100.0 


In this balance-sheet each item is directly determined 

by separate measurement, and no item is obtained by 
difference as in the earlier balance-sheet given on page 30 
ante. It is interesting, however, to compare & mean dia- 
gram, » Fig. 15, page 60, taken by my optical indicator from 
the 9-in. by 17-in. gas-engine at full load with hot-water 
jacket. Particulars are marked upon the diagram. 
A balance-sheet prepared by measuring the temperature 
drop from D to A 1% exhaust heat and the positive loop 
for indicated power, then deducting the sum from the 
total heat known to be present, is as follows :— 


Per Cent. 
Heat flow during explosion and expan- 
sion (by difference, 21 
Heat contained in gneee ot end of ex- 
pansion mar = 47 
Indicated work 32 
100 


This balance-sheet, from a smaller engine, differs but 
slightly from the values calculated ew my method which 
has been discussed. My mean balance-sheet, poearen, 
differs ad from @ balance-sheet calculated for 
the 14-in. by 22-in. engine at full or nearly full load by 
the Thermodynamic Standards Committee of the Institu- 
tion of Civil Engineers, whose measurements consisted 
of brake horse-power ; heat carried away by the water- 
jacket and radiated from the e; and heat di 
one ——— a ed y exhaust calorimeter = 
as to cool the exhaust ter passing out o 
the engine eylinder, all items ako es parately determined. 
—. Committee’s balance-sheet is compared with mine, 
as follows :— 


Gide oo 
mmittee’s i m 
Trials. Trials. 
Heat flow during peneneen and p.c. pe 

expansion 25.4 6.1 
Heat contained i in ‘gases at end 

of expansion . -- oas 49.3 
Heat in indicated work | 34.7 34.6 

100.0 100.0 


This Somreeoey | is mainly due to the fact that in ordi- 
vary trials the heat passing into the water-jacket —- 
includes not only the heat loss during explosion and e 
= while the cylinder is entirely closed, but > 
eat from the exhaust which passes into the jacket 
oe the exhaust-valve opens during the exhausting 


"Fi . 16 is a transverse section through the combustion 





chamber and exhaust- valve of the e and it will be 
evident that when the exhaust-valve lifte, the hot gases 
impinge on the walls of the o peemnee ich is included in 
the combustion-chamber water-jacket, so that the exhaust 
gas is cooled by that jacket before it reaches the exhaust 

calorimeter, which is shown attached (Figs. 16 to 19). 
pe women shown on rn — al — + + ome that the 
exhaust gases fall in rough the exhaust passages 
from about 650 deg. to 500 » hen . Cent. The exhaust gases 
remaining in the cylinder after fall of pressure to nearly 
atmosphere also give up heat to the cylinder walls during 
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the expelling stroke, and the exhaust-valve and spindle 
become heated by the rush, so that alternately the water 
jacket receives heat not due to wall loss, which should be 
apportioned to heat contained in the working fluid at the 
end of the me or gna bee | In tests made 
"y Professor Burstall for the titution of Mechanical 

ngineers’ Gas-Engine Committee with a gas- 
engine of 16-in. cylinder diameter and 24-in. stroke and a 
compression ratio nearly the same as that of the 
‘*National” engine discussed, the indicated thermal 
efficiency was 34.5 per cent., and a balance-sheet average 
of three tests was as follows :— 


Professor Burstall’s Experiments— Balance-Shect. 


Per cent. 
Heat flow during explosion and ex- 
pansion... be ena ons Le 28.6 
Heat contained in gases at end of ex- 
pansion (by difference) ... ns on 36.9 
Heat in indicated work 34.5 
100.0 


Professor Burstall had separate water-jacket systems 
for breech, barrel, valves, and piston, and the heat carried 
away by the jacket was divided as follows :— 


Per cent. 
Breech, plus valves ... 46.5 
Barrel ... oa oe 40.0 
Piston ... 13.5 
100.0 


From the construction of the engine it appears that 
the area presented by the breech or cover to the explo- 
sion flame was the same as the piston; it was, in fact, a 
flab cylinder eover with valves opening directly into the 
cover ; and so, if the valves never opened, the heat ab- 
sorbed should be the same for breech and piston: 46.5— 
13.5 = 33 per cent. therefore represents the heat absorbed 
in the peeeness by the rush of exhaust — after omg 
and during discharge. Of the whole heat flow credi 
to expansion, 33 per cent. should be deducted and 


Fig.15. TEST OF "R’TYPE NATIONAL ENGINE 
9°BORE /7°STROKE. 











EXPLOSION IN ACLOSED 
200 Periods per Sec. 





VESSEL. LONDON GAS, /900.(CLERK) 


away through the walls, and many schemes for working 
with emt ye ve. bese, an — are, sometimes 
yet, pro under the idea that a great increase in 
thermal efficiency is possible by saving wall loss. Asa 
matter of fact, only a comparatively small increase in 
thermal efficiency is possible even if the whole of the wall 
loss could be prevented. To calculate this it is necessary 
to use either Fig. 9, a Sam. or ae He ne 
ante. I have made calculations from my own Table of 
Specific Heats, which have been fully discussed at the Insti- 
tution of Civil Engineers some years ago, and they prove 
conclusively that in the ‘‘ National” engine referred to, 
complete elimination of all heat loss during explosion and 
expansion, using the compression ratios and combustion 
temperatures actually attained in the working of the 
engine, would give an indicated thermal efficiency of 39.5 
per cent. instead of 34.7. That is, the ac engine 
gives 88 per cent. of what an ideal engine of the same 
expansion, and using the same working fluid, could give 
with heat losses assumed to be absent. I have calcula 


pression ratio the efficiency of air at constant specific heat 


is the highest, and that with ee specific heat 
the lower the maximum temperature the higher the 
efficiency ratio. For example, with a compression space 
of gen ar — ae the air J ag my ee is 
0.48 ; worki uid of varying specific heat at 1000 deg. 
Cent. maximum temperature, ideal efficiency 0.394, and at 
1600 deg. Cent. maximum temperature, ideal efficiency is 
0.384. ith both working fluids ideal efficiency increases 
with increasing compression, and with the actual working 
fluid without heat loss, efficiency increases as temperature 
falls. The greater the specific heat, the lower is the 
thermal efficiency for a given ex ion. 

So far the yep uid has treated as if all the 
operations of the cycle could be carried out without refer- 
ence to the properties of inflammable mixtures, and as if 
heat could be added at will without difficulties due to the 
nature of combustion and explosion phenomena, The only 
question which has been discussed is thermal efficiency, 





ted | and it has been shown that the best engines closely ap- 
















SECTION FF. 
Exhaust-Gas Calorimeter as coupled to Engines ‘‘L,” 
“R,” and “‘X.” Institution of Civil Engineers’ 
(Reproduced by the kind permission of the Institution 
of Civil Engineers.) 
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credited to heat of gases at the end of ex ion. As-|the ideal efficiencies for different compression ratios, 


suminz the same oe meee to be absorbed in the exhaust 
passages of the ‘‘ National” engine, we get the following 
corrected comparative balence-sheet :— 











| 
Barstall | Committee) ,,Clerk 
| Trials. Trials, ay 


Heat flow during explosion 








and expansion .. 19.1 169 16.1 

Heat contained in gases 
at end of expansion 46.4 48.4 49.3 
Heat in indicated work 34.5 34.7 34.6 
100.0 100.0 


| 10.0 


In other experiments with a Crosley | engine of 
ollowing 


40 horse-power, Hopkinson determined t 
balance-sheet :— 
Per Cent. 

Heat flow during explosion and ex- 
pansion i Jul ML ad os 21.0 

Heat contained in gases at end of ex- 
pansion _... kA Bs = 42.0 
Heat in indicated work 37.0 
100.0 


From this discussion it is evident that heat loss to the 
cylinder walls is much less is popularly su in 
engines of modern design. It is often belie by in- 
veators that one-half of the whole heat of the fuel passes 





—- no heat loss to walls, for maximum temperatures 
of 1600 deg. and 1000 deg. Cent., with working fluid having 
variable —_ heat according to my values, and for air 
standard having constant specific heat at all temperatures. 


I would remind you that I = compression volume , that 
r 





oo — 


: total volume 

is, the volume of the compression space with the piston 
full in, divided by the total volume behind the piston 
when it is full out, and the indicated ideal thermal 
efficiency, 


E=1- (3)** where 0.4 is y - 1. 


The following table gives the ideal efficiencies :— 
Ideal Efficiencies. 
(With apparent specific heats given in Table.) 
Suction temperature = 0 deg. Cent., -y for compression 
line = 1.37. 


Maximum 





Maximum 





- bony song Temperature Air Standard. 

r 1600 deg. Cent. 1000 deg. Cent. 
0.195 0.200 0.246 
0.286 0.293 0.360 
0.354 0.856 0.430 
0.384 0.304 0.480 

! 0.439 0.448 0.550 


From this table it will ‘be even that for a given com- 
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Fig ZL EXPLOSION rae PART COOLING CURVES OF VARIOUS MIX- 
PER SQ.IN. ABSOLUTE. (BAIRSTOW AND ALEXANDER) 


ND AIR AT INITIAL PRESSURE OF 55 LBS. 





16 40 


40 

Tine. Secs. 
proach the limits of economy possible from the physical 
nature of the working fluid. 1 understand the difficalties 
which are met with in practice, it is now n to 
study the behaviour of the combustible mixture durin 
ignition and oxpansion under different circumstances o 
density and maximum temperature. First, then, it is 
desirable to remind you of some of the leading facts with 

to gaseous explosions within closed vessels. 

: ena mixture of inflammable gas or vapour and air 
is confined within a closed vessel and ignited, the act of 
combustion causes the pressure to increase because of rise 
of temperature. With a mixture of coal gas and air at 
atmospheric pressure and temperature, having just enough 
gas to consume all the oxygen of the air, the mean 
a at its highest is about 2000 deg. Cent. The 
whole vessel becomes filled with flame, which, near the 
walls, is at a lower temperature. But at the 

centre of the vessel the temperature may be higher by 
about 300 deg. Cent. If the mixture be ignited at atmo- 
spheric pressure and temperature (16 . Cent.), the 
maximum attainable pressure is about 100 lb. per square 
inch above atmosphere, or 115 1b. per square inch absolute. 
If the initial temperature be kept at 16 deg. Cent., and 
the oe ee before ignition, then double density 
ae double maximum pressure after explosion, treble 
ty treble maximum and soon. This has 


been found to be approximately true up to initial pres- 
sures of over 1000 Ib. per sq. in. by Professor Petavel, 
of Manchester University. 

The tem 
| slightly wi 
| are required on this point. 





rature of explosion appears to increase 
increase of density, but further experiments 
Reduction of the proportion 
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of inflammable gas present reduces the maximum tempera- 





























ture attained by combustion, and therefore the maximum Explosion in © Closed Vessel. eee ee mo ey pape hme = to 
Lee ca y a a ~ oo — dilution it paper tn (Bairstow and Alexander.) ty — with aap = a ; and a connate —_— a 
possible to fire the inflammable mixture. The weakest! — Thitial pressure... 55 Ib. per sq. in. absolute. | 10m of the greater rate was offered year, when, in 
mabsfanaan temperatece ot bogs S00 tee, Gest eves ®| Initial fomporatare Erecipberie. "| thecoume of come experiment I found thes the sass of 
Fig. 20 shows a set of closed-vessel explosion di ms Mixture containing from 6.36 to 12.7 per cent. gas. | revolution, increasing with increased number of rotations 
ules me with London coal-gas and air, with different persed _ minute, and was due to the turbulence or eddying 
mixtures of gas and air, ignited at atmospheric pressure. | Maximum Pres- caused by the rush of gases into the cylinder during the 
The v was 7 in. in internal diameter by 7 in. long ; ont of | sure Onserved, Time toReach| Maximum | suction stroke, which persisted during the compression 
capacity, 269 cub. in. The curves show the pressure rise Gusagied te | Pounds per Maximum Pres-| Temperature | stroke. I was studying the effect of this suction turbulence 
of the explosion on a time base, and the cooling curve up to Gas. —S sure in Seconds. of Explosion. |on heat loss during the working stroke of a gas-engine 
0.4 second from the beginning of the explosion. The tahle \ by drawing in a ee charge into the cylinder in 
in a ad on eae | 70 rseors | “OOD [Suara onceins nae meaeareasans. 
different mixtures. The time of explosion is the time 7.27 A. “—7 os utions before firing. By this means turbulence was given 
taken from the beginning of the pressure riss to the 7.72 127 08 396 time to die away, and it was expected that a compari 
moment of maximum pressure. The mixtures vary from 8.18 140 0.8 465 of an expansion line obtained in this way with that follow. 
1 ETL Ol ileepretiies ae io = |e ee Us cokes ree 
atter mixture 01 urns. 7 bulence on hea ex 8 did no rly 
Fig. 21 shows a - of damboenss explosion diagrams shas = | | = indicate increased heat loss on the explosion and ex on 
Ditton diaaem| = | = cco | «Bet [gapeaiaiee eteaped Up eeatietie-enieniinets ama Ges 
ignited at 55 Ib. per sq. in. absolute. The vessel was 10 in. | ther interesting point was discovered which is of con- 
B ” 7 
Fug. 22. Fig. 22, TURBULENCE / 
‘ TURBULENCE oo ; 
Mizatare of OneVol: of Coal Gas andl 9-8 Vol: of Snahine of Coat Caine 8 yd ose / 
Air and other Cases Ignited ty Back Ignater of : aye Bae peal iy a of -¢ . 
Line AtoB indicates Ignition of Charge Fired upon Firet ton, Stroke which tal 
Fired upon First Compression Stroke which takes 0-008 LineA'to B’ indicates Ignition of 
0:037 Second . Line A'to B' indicates Ignition of Second. } 
Charge Fired upon third Compression whach Charge Fired upon third Compression e whach 
bak t " takes 0078 Second 
A: 
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COOLING AFTER EXPLOSION IN CLOSED 
VESSELS OF DIFFERENT DIMENSIONS 


Fig hb. FROM TEMPERATURE 1600°C.FORO'S 


q 














Explosion in a Closed Vessel. (Clerk, 1900.) 
Mixtures of Air with London Coal-Gas. 


Temperature before explosion 16 deg. Cent. _ 
Pressure before explosion ... 14.8 1b, per sq. in. 














Mixture. Max. Pressure | Temperature | 
X. } A 
above Atmos- of Explosion P a Bi 
phere in Pounds| from Observed P : 
Gas. | Air. |per Square Inch. Pressure. 
vols. | vols. | deg. Cent. seconds. 
1 12 4 } _ cir 
1 ll 58 1150 0.290 
1 10 60 1155 0.305 
> A oe 65 1270 0.155 
1 | 8 7 1476 0.087 
. oe 80 1565 0.067 
1 | 6 85 1660 0.055 
1 5 87 1710 0.042 
1 4 93 1830 0.045 





in internal diameter by 18 in. long, and its capacity was 
1419 cub. in. ‘ 
The next table gives the maximum pressures measured 


by indicator, and the calculated maximum temperature 
as before. 








; Strong spherical 





Professor Petavel has made many interesting experi- 
ments with very high initial and final pressures in a 

ne aon — of 4 - ee —_ In one 
typi experiment—initial pressure, per sq. in. 
absolute ; initial temperature, 18 ey By —he obtained 
& maximum explosion pressure of Ib. per sq. in. in 
0.058 second, and a maximum temperature about 
2300 deg. Cent. The mixture contained 1 volume of coal- 
gas to 6 of air. 

Comparing Clerk, Bairstow and Alexander, and Petavel 
for similar mixtures, the rates of explosion of the richer 
mixtures are nearly the same; but Petavel’s explosion 
temperature is higher, but not much higher than would 
be expected from the heating value of the gas used. 
Petavel, however, considers that the higher apparent 
tem ture is due in part to deviation from Boyie’s law 
at the high pressure, to diminished relative heat loss at 
the high densities, and to possible prevention of disso- 
ciation. 

The rate of rise of pressure due to explosion, however, 
is practically the same for all pressures within workit 
range. This rate is little affected by change of ini 

re. For economical mixtures of gas air, such 
— ptt pe Le ate a aye oS 

irstow’s experiments time of explosion is 
longed, being respectively 0.155 and 0.2 second. I had 
long ago observed that ines would have been im- 


practicable had the rates of explosion been the same in 
actual engine cylinders as in closed-vessel experiments. In 
an engine running at 150 revolutions per minute the stroke 
takes 0.2 second, so that it would be impossible to attain 
maximum pressure till the end of the stroke with a time of 
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COOLING FROM THE SAME MEAN TEMPER- 


ATURE IN THE SAME EXPLOSION VESSE: 
SEC. Fig 27 WITH DIFFERENT INITIAL PRESSURES. 
AFTER EXPLOSION OF MIXTURE 


CONTAINING | VOL.GAS TO 5:95 VOLS. AIR. 


MNITIAL 


44-8 Lbs. Abs. 
865 «+ «= 





Time, Secs. 


siderable importance in the ice of the internal-com- 
bustion engine in all its forms. It was at once found that 
the effect of damping down turbulence was to retard the 
rate of inflammation or explosion to a remarkable extent, 
so that the nature of the indicator diagrams 


was com- 
pletely changed. Two of the diagrams so taken are given 
at Fi $2 and 28, from which it will be seen that suxtion 


turbulence is of vital importance in producing the high 
rate of inflammation necessary to secure economical work- 
ing in all internal-combustion motors, In Figs. 22 and 
23 the ordinary ignition a to b at the end of the first 
compression stroke rises to maximum temperature of ex- 
plosion in oy my 2.608 seems on ae an J ; Ey the 
ition a' to b' on the third compression piston 
after - ad [myn pape has been com and 
expan twice and then again compressed respec- 
tively 0.092 and 0.078 second. The mixture in both cases 
was | volume of gas and 9.3 volumes of air and other 
The cylinder was kept hot (jacket tem 70 deg. 
p and the engine was run at 1 revolutions per 
minute under full-load conditions. The engime was 9-in. 
cylinder diameter and 17-in. stroke. It was fitted with 
two Sagas pam, St in Fi aes ms 
operated in port at of com- 
bustion Sauber ane other at the side of the cylinder, 


close to the piston when it was at its full in position. In 
Fig. 22 the back e igniter was used for both 
tgeicas cn Ge Ge and in Fig. 23 ignition was 

ected by the igniter. It will be observed 


that the inflammation is more rapid in both normal 
and delayed ignition with the side igniter, but in both 
cases the time of in tion wi t tur is 
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about two and a half times that of a normal ignition when 
the gases have some turbulent motion. In most and 
petrol-engines the mean velocity of charge flow through 
the inlet valve is of the order of 100 ft. per second, and 
flame carried at this rate would completely fill the com- 
bustion s of this engine in about ;4, second, as the 
distance from each igniter to the extreme wall limit is 
about 9in. The actual time taken for normal complete 
inflammation was respectively 7, and J, second, so that the 
rate of normal flame propagation with turbulence was 


about a = 22.25 ft. per second, while the rate with 


trapped ignition and turbulence nearly died down was 
about 8.9 ft. per second. From this it appears that the 
effect of suction turbulence is to increase the rate of 
infiammation about 13 ft. second in this particular 
engine running at 180 revolutions per minute. The rate 
of inflammation in Clerk’s closed-v experiments with 
a similar mixture was about 4 ft. per second, and in 
Bairstow and Alexander’s corresponding experiments 
2.5 ft. per second. 

In a large vessel of 6.2 cub. ft. capacity, with a similar 
mixture, Hopkinson found the rate of inflammation about 
5ft. per second. The velocity of inflammation in an actual 
engine is thus four to five times that found in a closed 
vessel by Clerk and Hopkinson, and nine times that 
found by Bairstow and Alexander. The temperature of 
compression was much higher than the initial tempera- 
ture in the closed-vessel experiments, and this partly 
accounts for the velocity of 8.9 ft. per second in the dia- 
gram with minimum turbulence in the actual engine. 

My experiments would suggest a residual turbulence 
effect in this ~ or at the moment of explesion of about 
20 ft. per second. 

Hopkinson experimented on turbulence last year at the 
same time as myself, but he operated in a closed vessel 
and produced his turbulence by the rotation of a fan 
within the mixture. Hopkinson’s apparatus consisted 
of a cylindrical vessel of 12 in. diameter and 12 in. long, 
which was lined with ~~ strip for the purpose of 
measuring the rate of heat loss by means of a record of 
the rise of electrical resistance of this strip. A small 
fan was mounted in the centre of the vessel, and 
comparisons were made of the results of exploding the 
same mixture, with the fan at rest and in motion. The 
qugutunate showed a great increase of the speed of 
inflammation consequent on the motion of the gas. With 
amixture of 1 of gas and 9 of air by volume, the time 
from ignition to maximum pressure, with the gas at rest, 
was about 0.13 second; with the fan running at 2000 
revolutions per minute it was reduced to 0.03 second, 
and at 4500 revolutions to 0.02 second. 

Hopkinson experiments to determine the 
turbulence in an engine of 7-in. cylinder diameter and 
15-in. stroke, running at 240 revolutions per minute, 
driven by electric motor. The method was to deter- 
mine the rate of loss of heat from a platinum wire 
mounted in the combustion-chamber, the wire being 
heated by an electric current. Hopkinson states that 
**within moderate limits of temperature the heat loss 
from such a wire is oe to the temperature 
difference between it and the surrounding gas. The ratio 
between heat loss and temperature difference is a measure 
of the effective conductivity of the gas, and depends on 
its temperature, density, and state of motion. If the 
first two factors are the same, then the effective con- 
ductivity depends only on the state of motion, and may 

taken as a measure of its amount. Measurements 
were made of effective conductivity at the top of com- 
pression, firet, with the valves working in the ordinary 
way, and, second, with the valves closed, so that the 
same charge of air was continually com and ex- 
exp*nded, and suction turbulence was a t.” At 240 
revolutions per minute the conductivity of the compressed 
air was more than 60 per cent. greater in the first case 
than in the second ; and at 60 revolutions per minute the 
difference was only about 20 per cent. The temperature 
and density of the gas were the same in both cases, so 
that the difference could only be due to motion. 

Hopkinson mounted a wire before a fan, and deter- 
mined the air velocity which would produce a similar 
cooling effect on the wire, and from this experiment he 
estimated the residual turbulence at the end of the 
ordinary compression stroke. 

It is to be remembered that the time of inflammation 
necessary for a motor-car petrol-engine is very much less 
than the second which a gas-engine requires. In 
petrol-engines running at 1200 revolutions per minute, 
the time of explosion should be about ;}, second, but at 
2400 revolutions ,}, second is necessary for efficiency. 
Dr. Watson gives ys}, second as the time in a small 
petrol-engine. If the flame travels for 4 in., in order to 
fill this small cylinder, then its rate must be 100 ft. per 





second, so that a high suction velocity is necessary in | plated 


— to ignite the contents in time to produce an effective 
stroke. 

From this it will be seen that the conditions of explo- 
sion are very different in closed vi and actual engine 
experiments. Nevertheless, much has been learned by 
closed-vessel experiments, both as to rate of explosion 
and rate of heat loss due to cooling. We shall now 
consider the effect of dimensions and density on the rate 
of cooling of similar mixtures. 

First it is found, as would be expected, that cooling in 
a closed vessel from a given maximum temperature is 
siower in a vensel then in © omall oan Fig. 26 
shows very clearly the fall of tem ture from the same 
maximum temperature of 1600 . Cent. experienced 
in vessels of different dimensions. The vessels 


were all cylindrical, and the capacity varied from 6.2 
cub. ft. (Hopkinson’s large vessel) to 0.150 cub. ft. (Clerk’s 
vessel, 1900), 

In 0.5 second the mean temperature in the large vessel 





fell from 1600 deg. Cent. to about 1070 or. Cent., while 
in the small Clerk vessel the tem ture fell in the same 
time to about 520 deg. Cent. e other vessels showed 
cooling, which, on the whole, became less and less as 
dimensions in . . ; : 
Fig. 27 shows clearly the effect of increasing density 
on cooling from the same temperature in the same vessel ; 
here the maximum temperature is about 1720 deg. Cent., 
and the initial pressures range from 14.55 lb. absolute to 
44.8 1b. absolute. In 0.5 second, with an initial pressure 
of 44.8 lb. absolute, the temperature falls from 1720 deg. 
Cent. to about 1240 deg. Cent.; while with 14.55 lb. as 
the initial pressure, the fall is to 1000 deg. Cent. 
Although the rate of fall diminishes with increase of 
density, yet the actual heat flow increases, although not 
directly proportional to density. ; 7 : 
Broadly, it is true for cylinders, with moving pistons, 
that rate of temperature fall diminishes with increasin, 
dimensions and increasing fluid density, but it is foun 
by experiment that it is not possible to accept closed- 
vessel conditions as even approximately the same as those 
which hold in a cylinder with a moving piston. If closed- 
vessel conditions controlled those of the actual engine- 
cylinder, then the fall of temperature per unit of surface 
exposed would depend on the following factors :—Tem- 
perature difference between walls and gas, density of 
gas, and time of exposure. Thus, an engine running at 
200 revolutions per minute should lose one-half of the 
heat which it would lose at 100 revolutions per minute 
at equal temperature difference and equal density, but it 
is found that this is not true. At 200 revolutions the loss 
is less per explosion, but the difference is not so great as 
would be expected. Large dimensions and high speeds 
should greatly diminish heat losses, but, as a matter of 
fact, the practical conditions are such that heat losses 
diminish little and thermal efficiencies increase little in 
large engines ; indeed, it is more difficult to obtain high 
thermal efficiencies in very engines. When an 
ine cylinder is of 14 in. diameter, the highest 
ciencies are readily obtained. Tests were made by 


the Institution of Vivil Engineers Committee on three| prod 


engines of 5.5 in., 9 in., and 14 in. cylinder diameter, 
with as nearly as possible the same compression ratio and 


t 
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the same combustible mixture. The brake thermal 
efficiencies were respectively 26.7, 28.3, and 29.8 per 
cent., and the indicated thermal efficiencies 31.8, 33.3, 
and 34.7 per cent. The small engine of 5 brake horse- 
power thus gave a brake efficiency of 90 per cent. of that 
of a large engine of over 50 brake horse-power, while the 
poe of indicated efficiencies showed that the 
8 engine gave 92 per cent. of that of the large one. 

In the same way it is found that thermal efficiency 
increases but little with increase of speed of the same 
engine. This is due to the fact that at low s 
suction turbulence is less, and oe gy heat loss 
from this cause is reduced; although the hot gases are 
ex for a longer time, they are not circulating so 
rapidly, and so cool more slowly. When the engine speed 
increases, although the time of explosion is less, the tur- 
bulence is greater, and accordingly heat loss is greater 
per time unit. : 

Hopkinson’s experiments with the rotating fan and 
varied explosive mixture showed that with a 10 per cent. 
gas mixture giving a maximum explosion temperature of 
about 1600 deg. t., the rate of heat flow was nearly 
doubled with the fan run at 4500 revolutions per minute 
when compared with the loss with the fan stationary. 
With a 15 per cent. mixture, however, giving a maximum 
temperature of about 2000 deg. Cent., the heat loss was 
not materially altered by the turbulent motion produced 
by the fan. This was due to the very great increase of 
radiation loss between 1600 deg. and 2000 deg. Cent. 

It is now necessary to consider the question of radiation 
from flame and the hot gases remaining after combustion 
is completed. __ . 

Professor Hopkinson and his pupil, Mr. W. T. David, 
have made important experiments, which have thrown 
much light on the losses incurred by radiation. 

rey prepared a cylindrical cast-iron explosion 
vessel of 30 cm. diameter by 30 cm. long (11.8 in. by 
11.8 in.), the whole of the interior surface of which was 
with silver, and he compared the result of ex- 
ploding a mixture ee 15 per cent. of Cambridge 
coal gas, first with the v ee as highly as nos- 
sible, and second, with the ace blackened over. Pre- 
cautions were taken to ensure that the mixture in the 
comparative experiments should be of identical compo- 
sition. Fig. 28 shows super the pressure records 
obtained by an optical indicator with one such com- 
parison. From this it will be seen that there is an in- 
creased maximum pressure of between 3 Ib. and 41b. per 
sq. in. in the record with the ished surface ; and, 
further, the blackened surface cools the hot con- 
tents more quickly. bays 
polished surface by abou®70 deg. Cent. near the tempera- 
ture of 2000 deg. t., which, at the high volumetric heat 
at that temperature, amounts to about 5 per cent. of the 
whole heat value of the inflammable gas. 

Other experiments were made with a platinum strip 
calorimeter, which measured the radiation passing from 
the explosion vessel through a fluorite window, which 
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clearly proved that in 0.05 second taken to attain maximum 
temperature and pressure this mixture lost nearly 5 per 
cent. of the total heat in radiation. 

From these determinations it is possible roughly to 
estimate the heat loss on the explosion line in an ordinary 
gas-engine using the most economical mixture, and a 
maximum temperature of about 1800 deg. Cent. With 
time of explosion 34, second under ordinary compression, 
a 3 per cent. loss may be expected. Radiation loss has 
been found to increase very rapidly with temperature ; 
the loss is proportional approximately to the fourth power 
of the temperature difference from the walls. This limits 
the temperature attainable in gaseous explosions during 
gas-engine working conditions, and dissociation has been 
proved to have but little effect at temperatures about 
2000 deg. Cent. Radiation also increases with increase 
in the dimensions of the containing vessel. 

I have now discussed in an imperfect manner some 
points of importance which have been the subject of much 
investigation and study. A large part of the work done 
has been devoted to the consideration of the internal-com- 
bustion engine ce-sheet, and a — man may feel 
inclined to ask in what way does such minute consideration 
aid in improving the internal-combustion motor. Some 
practical men have gone so far as to say that gas-engine 
designers have brought internal-combustion engines to 
their present state of efficiency without any aid from scien- 
tific fname and that no knowledge of chemical and phy- 
sical constants is really necessary to continue the progress 
on the lines which have been sv far successful. In my 
opinion, practical men very greatly underrate their in- 
debtedness to theory. They do this partly because the men 
of to-day have been brought - with fairly accurate notions 
on the theoretical side of such motors, and it is necessary 
to go back to about 1876 to understand the full measure 
of ignorance of both engineers and physicists on this 
subject. At that time ase ratio was supposed 
to have nothing to do with the success of the modern gas. 
engine. The absurd theory prevailed, even among high] 
scientific men, that slow combustion, however obtained, 
uced economy. The emergence of even the rela- 
tively imperfect theory of the gas-engine, which adopted 
the use of air of constant specific heat as a basis for calcula- 





Seconds. 


tion, provided long ago a clearly indicated line showing 
that progress in thermal efficiency could be made in-a 
certain direction only. The air-standard diagram, 
together with an early py some properties of gaseous 
explosions as far back as 1885, clearly demonstrated two 
points :—(1) That within wide limits thermal effi ciency 
could be incréased by increasing compression ; and (2) that 
in the use of the Otto or constant-volume cycle higher 
temperatures do not give higher thermal efficiencies ; on 
the contrary, for & — ex ion, the lower the maximum 
temperatu'e, the less the heat loss and the greater the 
thermal efficiency. With these simple indications the 
indicated thermal efficiency was increased from 15 to about 
30 per cent. in twenty-five years. In practice, however, 
many difficulties appeared, and the air standard did not 
give information as to how near practice approached to 
the ideal efficiency for the particular working fluid. It 
therefore became necessary to determine actual specific 
heat, and from this work it has been proved that reduction 
of temperature improves efficiency in two ways—first, by 
reducing heat loss ; and, second, by increasing the possible 
output for a given expansion because of a lower specific 
heat. Engineers now know with fair accuracy that 
a modern gas-engine indicates about 88 per cent. of what 
it could possibly do without i loss whatever, 
having regard to the nature of working’ fluid used. 
Many of the experiments which I have described 
show very eleagly the reason for practical difficulties in the 
larger-cylinderengines; theedetermination of the heat 
loss at ifferems peaks of the stroke proved conclusively 
that in an ordisiary engine the rate of heat flow at the 
combustion-chambe eral per unit of time and surface was 
often more than six timies that prevailing at the outer end 
of the stroke. This points.clearly to simplified con- 
struction in engines, dispensing entirely with complicated 
castings and double walls, and cooling from the interior 
by water jet, ibly in the manner proposed and tried 
by Professor Hopkinson. A knowledge of the nature of 
flame and the rate of flow under different conditions at 
different parts of the cylinder has aided the practical 
engineer very greatly in overcoming difficulties of con- 
struction. In the absence of that knowledge it would 
be impossible to propose any line of work which would 
avoid cracked cylinders and combustion-chambers, which 
even now are too common with cylinders of large 
dimensions. 

Apart from suggesting mechanical alterations in oe 
construction, a knowledge of the working fiuid enables 
us to_see in what way to obtain the highest mean pres- 
sures and thermal efficiencies with the lowest temperature 

pressure stresses. It shows, for example, that it is 
better for good working to use a dense working fluid at 
a lower maximum temperature than a less dense fluid 
at a higher maximum temperature. This knowledge has 
led to attempts, such as air and exhaust supercompression, 
which have applied to some extent, and have been 
useful in providing easier conditions of temperature and 
pressure stress. Undoubtedly, further knowledge of 




















JuLy 11, 1913.] 


ENGINEERING. 





63 








these things will enable the remaining difficulties to be 
met in an efficient manner. 2 
Knowledge of the nature of the working fluid, too, has 

shown how to control such internal-combustion engine 
troubles as are due to pre-ignition. Experiments with 
modified working fluid, produced by the addition of 
carbonic acid and nitrogen to the charge, have shown very 
clearly that even coke-oven gases, having high percen- 
tages of hydrogen, can be safely used in engines of con- 
siderable cylinder diameter. Pre-ignitionsin large-cylinder 
engines are known to be dangerous, and a knowledge of 
the working fluid showed how to overcome the danger 
entirely without diminishing the power of the — 

idering again the question of thermal efficiency, 
our present knowledge of the working fluid points 
conclusively to the fact that further improvement may 
be obtained by means of the regenerator in various forms. 
Theoretically, regeneration applied to the working fluid 
itself would give the highest efficiency values ; practically, 
so far the only regenerator used has been the steam re- 

tor, using the waste heat from the ne. The 
eaapensy J efficiency of the poeple ong | 

put great pressure upon steam-engine builders, an 

undoubtedly recentsteam-turbine efficiencies haveattained 
such figures that it becomes necessary for the gas-engine 
designer to attempt further economies in order to keep 
ahead of his steam rival. This he can only do by exact 
knowledge of his heat losses and the properties of his 
working fluid. The success of the steam-turbine, too, 
has applied great pressure to the gas-engine designer 
in the direction of dispensing with cylinder and 
piston. Noone has yet succeeded in producing a 
successful gas-turbine, but many methods of operation 
suggest themselves to the engineer familiar with his 
working fluid. Progress here is possible in several 
directions, and one direction is that which is pointed 
out by the success of Mr. Humphrey’s gas pump. So 
long as the engineer adheres to nothing but the old 
cycles of ne, copied by designer after designer 
from the older inventors, he may get along without much 
knowledge of the working fluid; but it is to be hoped 
that new cycles will be discovered, and that the high 
thermal efficiencies possible by internal combustion may 
be combined with the great mechanical advantages of 
the rotary turbine in some manner which will enable 
the large gas-engine fully to rival the steam-turbine in 
mechanical power and dimensions as it, at present, more 
than rivals it in economy and thermal efficiency. 








THE EFFECT OF WATER-CHAMBERS ON 
THE ROLLING OF SHIPS.* 
By Lioyp Woottarp, R.C.N.C., Member. 


Or the various methods proposed for limiting the roll- 
ing of aship ina seaway, the installation of a or 
channel partly filled with water has proved to some 
extent successful. Trials at sea have carried out 
with a number of ships fitted with such tanks, commenc- 
ing with H.M.S. Inflexible, and including a number of 
recent passenger vessels; model experiments have also 
been made—to cite two instances, those by Sir Phillip 
Watts, which are recorded in the Transactions of this 
Institution for 1885, and by Major Nino Pecararo, which 
are recorded in the Institute of Italian Naval and 
Mechanical Engineers. 

The object of this paper is to investigate as far as pos- 
sible on theoretical grounds the efficacy of water-tanks as 
a means of reducing rolling atsea. It is believed that 
the results presented here may be of interest and value 
owing to the wide range of conditions that can be postu- 
lated ; and that they may be of use in corroborating or 
explaining any peculiarities in the observations made 
either in ships at sea or in mod Details of the 
mathematical investigation are given in the Appendix. 

Before stating the conclusions arrived at, it is con- 
sidered desirable to outline the nature of the hypotheses, 
and to indicate the method by which the extent of the 
rolling, under given conditions, can be . Inthe 
theory of rolling, founded by W. Froude (of which a 
brief recapitulation is here given), the wave is assumed 
simply harmonic, having a ‘‘ virtual slope” expressed at 
any instant by a sin r ¢, to which the ship constantly 
tends to incline. The apparent wave period is then 


ae, depending on the wave length and the speed and 


course of the ship. The maximum slope a depends on 
the ratio of the height to the length of the wave, and on 
the position of the ship relative to the wave; it does not 
geni y exceed a few degrees among the waves en- 
countered by large ships. Assuming the resistance to 
rolling to vary as the first power of the angular velocity, 
and 6, the angle of heel, to be fairly small (say, up to 
15°), the well-known differential equation— 

a2 6 - a0 : 

: : = peasinr 12 

gat *hs te peasinrt (12) 
is obtained, where P is 27 divided by the double period 
of unresisted roll of the ship. 

The validity of the assumptions made has already been 
very fully treated, and it need not further be discussed 
here. It is of interest, however, to note that the linear 
law of resistance postulated above has been found to hold 
with a fair d of exactitude up to about 6 deg. of 
heel in a battleship of modern type, and that the value 
of the coefficient K, that is assumed throughout this 
Investigation—viz., 0.05, fairly closely with that 
deduced for the ship. is resistance corresponds to 
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an a coefficient of = or 0.157 in the decremental equa- 
tion— 
- — = 68, 
dn 

On solving equation 12, @ is expressed as the sum of 
two terms— 

(a) A “‘ free” oscillation represented by 

Be-*:t sin (¢ / p?— Kj? + 8), 

which is damped, is arbitrary in amplitude and phase, 
and has a period equal to the natural resisted period of 


| the ship ; and 


(6) A «’ forced” oscillation represented by— 
sin ( ¢ — tan-! per) 
r-r 


Po. Wp rp + KP 


that is undamped, has definite amplitude and phase, and 
is co-periodic with the wave. 

Since any complex wave system may be resolved by a 
Fourier series into component simple waves of the type 
above considered, this result can be extended to cover 
effect of a confused sea; each component gives a 
** forced ” oscillation, and the resulting roll is obtai 
by adding together all these components. Ib is sufficient, 
therefore, to consider the effect of a simple wave system 
on the ship. , 

When estimating the pa angle to which a ship 
will roll among waves of a particular period, both free 
and forced oscillations must be considered. From ob- 
servations of rolling at sea it is known that a ship rolls 
irregularly with a gl ng ane to her own 
natural period ; the free oscillation is not only t, 
but it dominates the period. The amplitude and phase 
of the free oscillation depend on the initial conditions. 
If the assumption is made that the ship is originally at 
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rest and upright on the crest or trough of the wave, the 
free and forced terms must then neutralise, so that the 
— amplitude of the “‘ free” oscillation depends in 
such circumstances on the amplitude of the forced oscil- 
lation. The former is degraded (when resistance coeffi- 
cient K, is 0.05) to 0.86 of itself each single roll—i.e., 
in four single or two complete double rolls the free term 
is little more than one-half (0.55) its original amount. 
The persistence of the free oscillation observed in practice 
is ascribed to irregularities in the wave system ; a slight 
lengthening of one wave is sufficient to throw the system 
out of pi and new free oscillations are thereby con- 
tinually introduced. 

It appears, therefore, that the most important factors 
affecting the angle of roll are :— 

(a) The magnitude of the forced oscillation, which 
ooeas also to some extent that of the free oscillation ; 
an 


(b) The coefficient of resistance K,, which determines 
the rate of degradation of the free oscillation. 

In dealing with the rather different problem of the 
maximum roll in a non-synchronous wave, Mr. 
Froude, in a paper read before this Institution in 1896, 
combined these two factors, and obtained what was 
termed the criterion amplitude of roll. This, however, 
is inapplicable when two free oscillations appear simul- 
taneously (as will be found when rolling under the action 
of the water-tanks) ; it is then necessary to retain the two 
criteria referred to above by oo magnitudes of 
the forced oscillation as a curve on a of wave period 
2", and by noting at certain points of the curve the corre- 
8 ing resistance coefficient, which is variable when 
the effect of water-chambers is included. 

Fig. 2, page shows the forced oscillation thus 
plotted for a a water-chambers. The dotted 
curve by it is corresponding curve for an unre- 
sisted ship. It is evident that the curves are almost 
identical except over a narrow of wave periods 
where these nearly coincide with the ship’s period. It 
appears from this that the forced roll does not, when 
taken alone, provide an accurate indication of the actual 
rolling in all conditions ; ¢.g., among cangeensy short 
or long waves its amplitude is unchanged by any additional 
resistance (due, for instance, to enlarged ; 
The necessity for taking some account of the resistance 


coefficient K, by greatly affects the free component 
of the roll) is thus illustrated. 
Effect of Water-Chamber.—The assumptions made and 








the symbols used in dealing with the water-chamber are 
given in the Appendix. The water is conceived to move 
along a tube having guide-plates, so that the effects of 
edd and irregularity of motion 
motion of the water relative to the is represented by 
the angle ¢ (see Fig. 1), so that if bis the distance of 
centre of the tank at side from the middle line of the ship, 
b¢@ is the amount by which the water surface has moved 
from the mean position. A resistance coefficient K, is 
assumed for the tank similar to that for the ship: it is 
assumed that this can be increased or diminished as de- 
sired by throttling either the water in the channel or the 
air in the cross-connecting pipe. Four cases are taken— 

1, When the water in the tank is prevented from moving. 
This has already been considered. 

2. When the ship is stationary and the water is allowed 
to oscillate in the tank. The equation shows that the 
motion is then a damped harmonic oscillation of period 


2", where g is determined from a certain integral depend- 


ing on the size and shape of the water-chamber, which 
can be readily evaluated by graphical means. A moderate 
change of the water-level in the tank, or in the resistance 
due to throttling, has no appreciable effect on the period 


of tion. 

3. When the tank is in tion but the motion of the 
water and of the ship are absolutely unresisted. 

_In_still water, the ship and the water can describe 
simple harmonic oscillations in one of two periods deter- 
mined by a quadratic equation. These are termed the 
princi: oscillations of the system. In general both 
ship and water have oscillations arbitrarily compounded 
of these two principal oscillations, and are in consequence 
apparently irregular. The periods of these principal 
oscillations, and, moreover, the complete solution of the 
motion under these conditions, depend upon two 
factors :— 

(a) The fraction of the original metacentric heigh 
lost due to the movement of the water in the tank. is 
represents the power of the tank to affect by the statical 
position of the water the motion of the ship, and is 
denoted by «. Its value can be calculated from equa- 
tion (9) in the Ap ix. 

_(b) The effect of the inertia of the water moving from 
side to side, denoted by a coefficient \. This is deter- 
mined by eget (5) in the Appendix ; and involves the 
evaluation by a ical process of a second definite 
integral. a gensrally fairly small ; it is quite negligible 
when the horizontal portion of the tank close to 
the axis of oscillation, #.¢., to the centre of gravity of the 
ship. When this part of the tank is low in the ship ) is 
positive, and the inertia of the water opposes the statical 
effect expressed by the factor u ; on the other hand, when 
the tank is entirely high up, the statical effect is aug- 
mented by the inertia. The tank should therefore be as 
high as possible in the ship, It is assumed in the 
numerical results given that ~ has the value of }, and 
that \ is negligible. 4 

Among waves the oscillations of ship and water are 
each represented by two ‘‘free” oscillations of arbitrary 
amount having the periods of the ee 
oscillations, and of one forced oscillation in the period of 
the wave. The latter is infinite when the wave syn- 
chronises with either of principal oscillations, and 
zero when the wave period is about 10 per cent. greater 
than that of the tank alone. As is seen below, this result 
is greatly modified by the resistance of the shipand tank ; 
but it points to the conclusion that, whatever the period 
of the ship may be, the rolling is a minimum when the 
wave period is slightly greater than the tank period. If 
it were possible, t ‘ore, to modify readily, and to any 
extent required, the tank period, a large reduction in 
rolling could be ensured b = and continual adjust- 
ment of the apparatus. In the most favourable con- 
dition, when the ship and wave are synchronous, and the 
tank period about 10 yd cent. leas, the angle ¢ (which 
defines the movement of the water in the ship) is equal to 

a 


a 
a{l-A\G-wp % |Z 


approximately. This determines the height necessary to 
low the tank for an assumed wave angle; for if 4 be 
this height, 
> h 
— 
and therefore— 
2ba 


eh ahs eS 


Conversely for a fixed height of tank, th i 
fixes the test wave angle sun whisk the an 
co When the resistances are taken into account it 
will be found, however, that the height h can be reduced 

ta) Whee the k pera 

en tank isin o; tion, and shi 
-~ ay subject to a seslstamse prepestionsl y yg od 
velocity. 

For simplicity the effect of the inertia of the water, 
represented by the coefficient \ is neglected entirely. 
Both 6, the angle of heel, and ¢, the angle subtended by 
the water service, are com of two free oscillations, 


damped, and of arbitrary amplitude and . 
1 on a forced oscillation, undam and of definite 
amplitude and phase. The period of latter is the 


iods of the principal oscillations of the system, 
which, together with the ae coefficients, are found 
by solving equation (26) in the Appendix. 
_ The effect of the free terms may first be briefly con- 
sidered. They are two in number, either of which may 


preponderate, 
motion grows to any 
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quiescence, one of the free terms must have been opposed 
in phase to the forced term, and nearly co-periodic with 
it. The two terms will then gradually come into phase, 
giving rise to fairly large angles of roll. If, on the other 

and, the periods of the forced and of one free term are 
not approximately equal, it is impossible to get the state 
of no roll to endure for any length of time, for the rela- 
tive phase of the two terms alters immediately.* If it 
be assumed, as appears reasonable, that periods of 

uiescence are experienced fairly frequently, it follows 


that the more important free term is that whose period is | 


more approximately equal to that of the forced term. 
Tt has been shown 

limit the rolling (apart from their influence on the forced 

oscillation) by their effect on the free term. The values 


of K, and Ky, the damping coefficients of the free 


oscillations, are therefore marked on the curves of forced | 


roll (UI., IIL, IV., V., Fig. 3) at points correspond- 
ing to their corresponding periods Se and oe. From 
4 
the preceding h it is seen that over « range of 
periods near these a ark these coefficients correspond 
to the damping of the more powerful “free” term, and 
they indicate approximately the degree of damping to 
be expected. In condition V., for instance, the coefficient 
is 0.21 near the lower peak of the curve and 0.09 near the 
higher peak; the ‘‘free” component oscillations would, 
therefore, be rapidly quae tone the former ition 
—i.é., among waves of comparatively short period, while 
their d ation would be much lower among longer 
waves. 

The amplitude of the forced oscillation and the various 
coefficients have been calculated ; the former is a 
in the form of curves on a base of Sie aied or 
Pp 


a The resistance of the water in the tank has been 


varied, but that of the ship is assumed constant 
(K, = 0.05 giving a decremental a coefficient of 0.157). 


In general, the tank period 7 is 0.9 times that of the 
ship, but in one case it has diminished to about 


0.7 times that of the ship **. The results are given in 


the table below. 

Curves II., III., IV., V. (Fig. 3), indicate the 
effect of the tank. In curve II., where the tank resist- 
ance is low, the results already found for the condition 
without resistance are broadly confirmed. At the 
periods of the principal oscillations humps are formed, 
and the tank greatly enhances the rolling of the ship. 
When the ship and wave synchronise the rolling is enor- 
mously reduced. The damping coefficient is unaltered. 

In curve III. the water in the tank is throttled, so 
that its resistance is increased five-fold. The humps are 
now less Pe mayer and the gain at synchronism is 
correspondingly reduced. The damping coefficient is 
greatly increased—-to about 0.15, so that the free com. 
ponent of the roll would be go diminished. 

In curve IV. the water is further throttled, so as to 
multiply its original resistance by 10. The curve now 
approaches curve I. with no tank, the humps previousl 
situated at the principal periods have disap; 





, an 

the hollow at synchronism with ship is rep! by a 
hump. The damping coefficient is again increased. 

Of the three conditions by curves ITI., III., 


represen 
and IV., probably III. is the most favourable as —_ 
the reduction of rolling over the whole extent of the 
curve. When considering the application to a large 
ship it is evident, however, that the periods of the waves 
actually encountered by such a ship are usually less than 




















4 or Ship's period No | 1.118 | 1.118/1.118| 1.398 
p tank period **| 0K | or ./),95 or (1.25)! 
! or resistance coeffi- | 
cient of ship 0.05 | 0.05 | 0.05 | 0.05 0.05 
or 4 times the resist- 
ance coefficient of | | 
tank .. ee ol = 0.05 0.25 | 0.5 0.25 
ks , or damping coeffi- 
cient for first prin- 
cipal oscillation - 0.05 0.17 | 0.276 0.21 
4 or damping coeffi- 
cient for second prin- | 
cipal oscillation — 0.05 0,18 | 0.274 0.09 
™ , or period of ship + 
period of first prin- 
cipal oscillation - 1,28 1.244 | 1.08 1.48 
| 
™ or period of ship + | 
period of second 
cipal oscillation —_ 0.78 | 0.786 | 0.854 0.882 
No. of curve in Figs. 2 
and3 .. - on. oe | I It, Iv. 
that of theship. For purposes of comparison the lengths 
of the waves are shown below the base, corresponding to 


a ship of 14 seconds double period, moving perpendicu- 


* It is possible, of course, for three harmonic terms to 
produce a condition of no roll in an infinite variety of 
wage: _ However, for this condition to continue for some 
little time, and then to give place to rolls of gradually 
increasing amplitude attaining a climax of heavy rolling, 
it is necessary for two of the terms to be nearly co- 
periodic, and for the amplitude of the third to be 
negligible, as assumed. 





at the ‘‘K” damping coefficients | 


larly to the direction of wave advance. Although the 
apparent wave-period may be increased for the same 
wave-length if the ship is moving partly in their direction 
of pagation, this effect is probably limited, since 

itching rather than rolling would result if the vessel’s 
ke hh made too great an angle with the line of crests. 
It follows that in rare cases only can the wave-period 
exceed, or even equal, that of the ship. The initial 
portions of the curves are therefore of greater practical 
importance than the remainder, and in all the cases, 
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creased for wave periods from 0.55 to 0.7 of the ship’s 
period ; but a big reduction results for ratios of from 0.7 
to 1.15. A y the reduction of the fre3 roli by the 
increased damping coefficient would widen the range of 
usefulness of the tank, probably sufficiently to render it of 
some service for all short-wave periods. The maximum 
angles ® taken by the water relative to the ship are shown 
& terms of the wave angle a) on Fig. 3, curves II., III., 

V., V., ® is actually limited by the height of the side of 
the tank, and the height required may be determined by 
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considered the forced roll has been increased under short- | the aid of these curves. If condition V. be regarded as the 
period wave-impulses. 


In order to reduce the rolling under these shorter 
waves, advantage can be taken of the fact that the 
forced roll is a minimum when the wave period is 
slightly greater than that of the tank. In curve V. the 
tank period is lowered to about 70 per cent. of 
ship’s period, so as to render the installation useful 
under waves of reduced period and length. The resist- 
ance in the tank is the same as in curve III. This con- 
dition is that which would also be obtained if the meta- 
centric height were increased by about 45 per cent. As 
compared with no tank, the forced roll is slightly in- 


most important and useful, © does not exceed 2.5, except 
a 


when the tank increases the roll. The tank need be 
designed, therefore, only to have a height b @ or 2.56 a 


the | (a in circular measure) above the mean water-level. The 


> ship, wave, and tank have not 

investigated in detail; but it is of interest to note 
that the modification in the rolling caused by the tank 
water is due not only to the direct gravitational and 
inertia effects of the water, but also to the different atti- 
tude of the ship relative to the waves. For instance, in the 


ase differences 
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condition when the tank is causing increased rolling, the 
waves are doing increased work on the ship, since energy 
is dissipated both in the tank and in augmented 
resistance caused by the accelerated motion of the ship. 
The change in the work done on the ship by the waves 
is therefore of importance, and needs consideration when 
it is desired to ascertain the effect of any device whose 
object is the mitigation of the rolling of a ship. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEUTS. 


We give below a few data on several colonial and | 
foreign engineering projects taken from the Board of | 
Trade Journal. 


Farther information on these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


New Zealand: H.M. Trade Commissioner for New 
Zealand has forwarded extracts from the local press, from 
which the following are taken :—The estimates of the 
Wellington Tramways Department for the current year 
provide for the expenditure of 34,8007. on new works, of 
which 9264/. is for new cars, 5164/. for the extension of a 
car-shed, and 5020/. for a new boiler and accessories for 
the power station. The Gisborne Borough Council has 
secured a loan of 15,000/. for the purpose of extending its 
electric light system. Three new cinematograph theatres 
are shortly to be erected in Auckland. The Napier Har- 
bour Board has resolved to proceed with a bill empowering 
it to raise a loan of 300,00 V. to carry out a scheme for an 
inner harbour. The ratepryers have agreed toa gs 
for raising a loan of 15,000/. for the extension of St. Mar- 
tins, Christchurch, tramway system for a distance of 
nearly two miles. The Borough Council of Dargaville 
has approved a proposal to expend 26,500/. on a gravita- 
tion water supply system. The Dunedin City Council 
has invited designs and estimates for a town it is pro- 
posed to add to the present municipal buildings at a cost 
not exceeding 30,0002. The demand for motor-cycles in 
New Zealand is now greater than it has ever been, and it 
is stated that the repair and renovation trade is brisker 
than is usual at this time of the year. The Borough 
Council of Petone has approved a scheme for disposal of 
sewage, and work is to be commenced at once. 


Norway: The British Vice-Consul at Bergen re 
that, according to the local press, the Sulitjelma Mining 
Company has decided to apply for a concession to extend 
its railway from the present terminus at Hellarmo to 
Fagerlid, a distance of 12 kiloms. (about 74 miles), thus 
bringing the total length of line to 25 kiloms. (about 154 
miles). 


Netherlands: The Nederlandsche Staatscowrant pub- 
lishes the text of an agreement entered into between the 
Netherlands Ministry of Waterstaat and the Mass- 
Buurt-Spoorweg Company, Limited, whereby the latter 
are empowered, aided by various communal and muni- 
cipal subsidies, to construct and work a railway from 
Nijmegen to Venlo. 


France: H.M. Consul-General at Marseilles reports 
that it is estimated that 1,994,200 francs (79,768/.) will be 
spent on the proposed harbour improvements at Cette. 
The improvements include the reconstruction of the 
Montpelier swing-bridge, which is to be operated by 
electricity, the rebuilding of the Pont des Moulins on 
similar lines, and the reconstruction of the quay-walls. 


Italy: The Gazetta Ufficiale, Rome, notifies that 
tenders will be opsned on July, 18 at the offices of the 
Ministry of Public Works, Rome, for the laying of the 
last set of sowage pipes on the left bank of the Tiber as 
far as Mezzocammino, a distance of about three-quarters 
of a mile The upset price is put at 1,750, lire 
(70,0007. ). yy - this contract will in all probability 
be awarded to an Italian firm, nevertheless the carrying 
out of the work may involve the purchase of some 
materials outside Italy. 


Austria-Hungary: The Lieferungs-Anzeiger, Vienna, 
states that, at a recent meeting, the munici autho- 
rities of Floridsdorf approved a scheme which has been 
drawn up for extensive city drainage works, the carrying 
rorry fo, - it is estimated, will cost 8,257,650 kronen 


_ United States of America: With reference to the estab- 

lishment of a branch of the Baldwin Locomotive Works 
at Chicago, H.M. Consul-General at that place reports 
that the foundations of the first building, which is to be 
1150 ft. by 600 ft., have been commenced, and the con- 
struction of the masonry portion was expected to have 
been started by July 1. 


Chili: The Diario Oficial, Santiago de Chili, contains 
& notice, issued by the Chilian State Railways Adminis- 
tration, formally inviting tenders for the supply of the 
following railway rolling-stock :—Fifty s-locomo- 
tives, 20 passenger-locomotives, four (which may be 
increased to 10) shunting-locomotives, ‘‘ Flamme” typs, 
60 first-class r-coaches, five Pullman cara, six 
motor-coaches, 300 cattle-trucks (of 20 tons), 300 flat- 
bottomed trucks (of 20 tons), and 100 automatic ti 
wagons for 1.676-metre (5-ft. 6-in.) gauge ; also 20 the. 9 
traffic locomotives, 15 first-class passenger-coaches, 10 
third-class -coaches, seven lu -vans, and 
two motor-coaches for 1-metre gauge. vee, which 
must be accompanied by a deposit of 5 cent. of the 
contract price, should be addressed, ‘“‘ Al Sefior Jeneral 
de los Ferrocarriles del Estado, Santiago, Chili,” by 
whom they will be opened on August 9. repre- 


sentation is necessary. It will be observed that the time 
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CATALOGUES. 

Electric Wires and Cables.—Messrs. William Geipel and 
Co., Vulcan Works, St. Thomas’s-street, S.E., have sent 
us copies of their latest price-lists of rubber insulated 
wires and cables, with either copper or aluminium con- 
ductors. Particulars have also reached us of “‘ Firmacit” 
cables, which are 5: { 
use in situations w they will be ex to the action 
of acid or alkaline vapours. The results of comparative 


tests made with “‘ Firmacit” and two other kinds of acid- | 


resisting cables are included, to show the great superiority 
of the former. 


Rolling - Shutters, Shop- Fronts, 4&c.—Messrs. S. W. 
Francis and Co., Limited, 64 to 70, Gray’s Inn-road, 
W.C., have sent us a copy of their latest catalogue givi 
full particulars of steel and wood revolving shutters, an: 
brass sash shop-fronts, manufactured by them. These are 
illustrated by reproductions of drawings and pho .phs 
of contracts carried out by the firm. Numerous designs 
of brass-covered sash-bars, brass stall-plates, glass and 
other facias and signs, are also illustrated. The firm also 
manufacture collapsible steel gates and wrought-iron 
doors for fire-prevention ; some examples of these articles 
are illustrated in the catalogue. 


Electrical Measuring Instrwments.— The Electrical 
Company, Limited, 122-124, Charing Cross-road, W.C., 
have forwarded us a catalogue section relating to elec- 
trical measuring instruments. Prices and full particulars 
are given of ammeters and voltmeters of the moving-iron 
and moving-coil types, for switchboard and portable use. 
The catalogue also deals with ammeters, voltmeters, and 
wattmeters of the dynamometer type, electrostatic volt- 
meters, galvanoscopes, testing sets, current and d 
transformers, and other accessories for use with various 
instruments. The constructional details of each type of 
instrument are illustrated and described, and dimensioned 
drawings and photographs are also reproduced. 

Safety Attachment for Ladders.—A circular relating to 
their safety-attachment for ladders used against shafting 
in factories and workshops has been issued by the makers, 
Messrs. Guest and Co., of Halesowen, near Birmingham. 
By means of this attachment, which consists of a pair of 
curved arms fixed to the rungs of the ladder and 
to be hooked on to the shaft, the workman is kept a con- 
venient distance away from the shafting, and the tendency 
for the bottom of the ladder to slip is overcome. A wire 
basket, in which tools, &c., may be placed is also pro- 
vided, so that they are not so likely to fall and injure 
some person or apparatus below. The circular states the 
price of the attachment, and also mentions that it is 
adjustable to any ladder and to any height. 


Marine Oil-Engines.—We have received from Messre- 
W. Beardmore and Co., Limited, Naval Construction 
Works, Dalmuir, N.B., a pamphlet relating to the 
Beardmore oil-engines. These engines, which are of 
the two-stroke semi- Diesel Sype. will run on the heaviest 
classes of crude and residual oils. They are especially 
suitable for marine work, but are also used for electric 
lighting, air compressing, pumping, and other work on 
land. The pamphlet gives a brief general description 
with a full specification, and also includes numerous 
illustrations of the engines and of vessels propelled by 
them. Powers, weights, and other particulars are given 
of eight sizes, ranging from 30 to 200 horse-power in 
capacity. 

Pulley-Blocks and ee Tackle.—We have received 
from Messrs. Herbert Morris, Limited, of Empress 
Works, Loughborough, a copy of their latest catalogue, 
which deals eee with what is known as the ‘‘2240” 
pulley-block. This block, which is of the American 
triple-gear type, is made in fourteen sizes, having lifting 
capacities ranging from 5 cw. to 20 tons. The object of 
its rather peculiar designation is to call attention to the 
fact that ee of these blocks are given in British 
tons, whereas the imported American blocks of this type 
are usually rated in American tons of 2000 lb. This is, 


of course, of particular significance in view of possible 
overloading. The catalogue states prices for these blocks, 
and for plain and geared trolleys for running on the 


lower flanges of overhead steel joists. Prices are 
stated for worm-geared blocks, Goi, rl 
blocks, wedge-lock self-containing hoist- 

head travelling cranes. 

Motor-Cars.—From Argylls, Limited, of Alexandria, 
Dumbartonshire, we have received a copy of their current 
catalogue of Argyll cars. This catalogue, which is of 
attractive appearance, first illustrates and describes the 
Argyll engine, the special feature of which, it will be 
remembered, is the sleeve-valve. y one sleeve is 
employed, and this has a combined reciprocating and 
semi-rotary motion, such that a point on its surface 
traces out an ellipse during each cycle ; full particulars 
of the arrangement will be found in our issue of Novem- 
ber 3, 1911, on 590. Specifications and prices are 
then given of the various models made. These include 
12-18, 15-30, and 25-50-horse-power standard cars, and a 
15-horse-power Colonial model. The first and last of 
these have engines with poppet-valves, while the other 
two have engines of the sleeve-valve type, above ref 
to. Throughout the catalogue numerous illustrations of 
coachwork are reproduced and inclusive prices for each 
model are mentioned. 

Heating Railway Carriages.—The Westinghouse Brake 
Company, Limited, of 82, York-road, King’s Cross, N., 
have sent us @ copy of a pamphlet they have issued 
poe meyer | and aes = Westinghouse P mnsoe 
system of steam-heating for railway carriages. Amo 

vantages it is mentioned 
ic 


travelling 
and over- 


other distinctive features and ad 
that the steam in the heaters cannot exceed atmospheri: 


ially made for aerial work and for 


also | instead of ten 12-in., the secondary 


erred | 8#les amounted to about 38,000 tons. On the 


pressure since the heaters are in direct communication 
with the atmosphere, the temperature of the heaters can, 
however, be regulated to any degree below 212 deg. 
Fabr., and the desired temperature is automatically 
maintained constant. It is claimed that trains of 
any length are equally heated throughout, and that the 
heaters are warmed up very rapidly as soon as steam is 
turned on. The —— illustrates different types of 
| heaters suitable for saloons, corridors, and compartment 
| coaches, and also deals with the various fitti 
which are few in number and of simple construction. It 
also illustrates and describes the company’s water-heating 
| apparatus for carriage lavatories. 


|_ Ejector for Vacwwm Brakes.—From the Westinghouse 
| Brake Company, Limited, 82, York-road, y~ + Cross, 
| N., a pamphlet illustrating and describing a self-regulat- 
| ing ejector for vacuum brakes come to hand. Itis 
| pointed out that, in this ejector, several small jets are 
| used in place of one large one, this arrangement giving 
| greater economy in steam consumption. A suleeiag 
| valve is also embodied in the ejector to reduce the pres- 
sure of the steam supplied to the nozzles to about io Ib. 
| per sq. in., this pressure being maintained constant, 
irrespective of variations in the boiler pressure, so that 
the vacuum produced is always uniform in intensity. 
Another special feature is the valve by means of which 
air is admitted to apply the brakes. This valve, which 
is of the poppet type, remains on its seat in all positions 
of the ejector handle except, of course, that in which the 
brakes are actually applied. Several other advantages 
are claimed for this ejector, and of these we can only men- 
tion that it is said to be extremely rapid in action, and 
to prevent the brakes from creeping on. 


Gravity-Bucket Conveyors.—From the O. W. Hunt 
Company, of West New Brighton, N.Y., U.S.A., a 
pamphlet illustrating and describing the Hunt noiseless 
gravity-bucket conveyor for mw gy Kom ashes, and 
other materials has nll received. ese conveyors, it 
will be remembered, consist of a series of buckets linked 
together, and pivoted so that they always remain hori- 
zontal whether the direction of travel of the conveyor be 
horizontal, vertical, orinclined. Several special advantages 
are mentioned in connection with these conveyors. It is 
pointed out, for instance, that the materials are handled 
with the minimum of disturbance, and that wet or dry 
substances can be conveyed equally well. Another point 
mentioned is that gravity-bucket conveyors can be in- 
stalled in awkward situations under conditions which 
could not be complied with by conveyors of others types. 
The pamphlet illustrates and describes the driving, 
filling, and cunges mechanism, as well as various 
accessories for -handling plants, such as coal-crushers, 
valves for coal-bunkers, &c. Several installations in 
power-houses and locomotive cosling stations are illus- 
trated by means of reproductions from drawings and 
photographs. 

Tool Steel, d:c.—A booklet giving particulars of the 
various brands of tool steel manufactured by them has 
reached us from Messrs. Cammell, Laird and Co., 
Limited, Cyclops Steel and Iron Works, Sheffield. The 
booklet, which contains ninety-two pages, bound in cloth- 
covered boards, and is very nicely got up, first deals with 
‘* Cyclone Special,” ‘‘ Cyclone,” and ‘ H.R.D.” brands of 
high-speed tool steel, pointing out the special qualities of 
each and giving brief instructions for heat treatment. 
Similar particulars are then given of best cast steels for 
tools, mining-tool steels, shear steels, air-hardening steels, 
and cast steels for eral a as well as various 
special steels for making cold saws, hot punches, perma- 
nent magnets, minting dies, taps, -bar bits, &c. 
Special steels for motor-car construction, including nickel 
steel, nickel-chrome steel, and case-hardening steel, are 
also dealt —. a= of the ~ y= other ~ eo such 
as spri es rasps, steel forgi and castings, 
tyres and axles, &c., are also nentiened | in the booklet, 
and several pages of useful tables and data are included. 








Tue GeRMAN Navy.—It is rumoured that the new 
German battleships will be armed with eight 15-in. guns, 
‘ 1 armament to consist 
of sixteen 6-in. guns. The new cruisers, it is also stated, 
sg be armed with eight 12-in. guns, instead of eight 

-in. 





Tue Coprrr Market.—In their monthly report dated 
the 1st inst., Messrs. James Lewis and Son state that 
copper has been devoid of animation during the past 
month in sympathy with the generally prevailing depres- 
sion and very serious shrinkage in the value of stocks and 
shares. Standard fell from 67/. 2s. 6d. for cash on the 
2nd ult. to 65/. 2s. 6d. on the llth, advanced to 
662. 2s. 6d. on the 13th, declined to 617. 15s. on the 23rd 
and recovered to 64/. 7s. 6d. on the 25th, when three 
months neyo sold up to 641. 15s. A to 632. 10s. 
for cash and 63/. 15s. for three months took place on the 
27th, and a reaction to 64/. 2s. 6d. and 64/. 10s. on the 
30th. On the Ist inst., the closing values were 63/. 12s. 
6d. for cash and 63/. 15s. for three months pt. The 
16th ult. 
American refiners reduced their quotation for electro- 
lytic copper to 15 cents lb., but sales from second 
hands were made down to 14} and 149 cents, with sellers at 
671. 5s. per ton c.i.f. for wire without inducing 
much demand from consumers whose immediate 

ments were evidently well supplied from recent 
deliveries. With slackening trade generally and much 
reduced consumption of copper for the manufacture of 





sulphate, combined with ily i ing production, a 
considerable increase in the stocks aj very probable 
during the next six months. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 

in each ; where none is mentioned the Specification is not 


here t tions are icated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 265, ee Buildings, Chancery-lane, W.C., at 


the uniform of 8d. 
The date of the advertisement of the poetics of a Complete 
Spetioesen is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement ¥ 4 t of a Complet » 
ive notice at the Patent Offee of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 


HYDRAULIC MACHINERY. 


15,907/12. A. Whatl A. H. Whatley, and W. H. 
Whatley, ° Well-Boring Tools. (3 Figs.) July 8, 
1912.—A tool for boring artesian wells, according to this inven- 
tion, consists in the combination with a tubular reservoir to receive 
the débris, and through which water can circulate, the upper end 
of said reservoir being connected to rods for raising and lower- 
ing it within the papers Ry a cutter, having, at ite upper end, a 
cireular socket, by which it is connected to the lower end of the 
reservoir, the cutter being formed with a downwardly and dia- 
metrically extending blade, formed wider at ite lower and cutting 
end than the reservoir, and having segmen le parte or 
cheeks; conjoining the circular socket, a bore being formed in the 
socket and communicating with each side of the diametrically 
extending blade and with the reservoir, and a non-returp valve at 
the a op! end of the bore. 1 is the tubular reservoir to which the 
cutter is detachably connected, and which is, at ite u) end, con- 
nected, by means of a screw-threaded union 2, to the lower and 
enlarged end of a tool-carrying rod 8. This rod 3 is formed with a 
central duct 4, which leads to a transverse channel 5, open at one 
or both of ite ends to the outer face of the en end of the rod 
8, and which channel 5 may, if d , be prov with an outlet 
valve. The base of the reservoir 1 is screw-threaded on its exterior, 
and enters a screw-threaded tubular socket 6 provided at the upper 











end of the cutter ; and a non-return valve 7, carried by a plate 8 
having a central aperture 9 therein, is provided in the lower end 
of the socket 6, the valve being so arranged as to allow of the 
panmage, through a duct 10 in the tubular upper end of the cutter, 
of dé and water into the reservoir 1, but to prevent its return 
through the duct 10. The cutter is formed by cheeks 11 depend- 
ing from the socket 6, the lower ends of which are out- 
ly, and are each formed with a chisel cutting-edge, and 
these cheeks 11 are connected by a central web 12, the lower 
of which preferably extends below the cheeks 11, and is of knife- 
edge formation. The —- edge of the central web 12, where it 
joins the tubular or socket portion of the cutter, is cut away at 
the centre, as at 13, so as to leave a free passage into the central 
duct communicating, as aforesaid, with the interior of the reservoir 
1 from the upper end of the web and from the interior of a bell- 
shaped portion 14 formed at the lower end of the socket 6, the 
lower end of the duct 10 being preferably of greater diameter, as 
shown, than the upper valve-controlled end thereof. By out- 
wardly flaring the lower end of the cheeks 11 of the cutter it will 
be seen that the boring made will be of larger diameter than the 
reservoir 1, and therefore provides sufficient space for the reser- 
voir to work freely in. (Sealed June 12, 1913.) 


15,906/12. A. Wha A. H. Whatl and 
whitey, Pewsey. Bering Arvorian Wells 
July 8, 1vl2.--This invention relates to for 


the boring-tool used in sinking artesian we 
in such apparatus to lift and 
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the valve 8. An exhaust-chamber 9 is formed in the upper part 
of the valve-casing 6, and communicates, by means of a suitable 
, with an exhaust-pipe, and an annular steam inlet 

11 is formed in the valve-casing, with which chamber 
communicates a steam inlet pipe. This inlet chamber communi- 
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cates, by means of an annular , or a series of 13, 
with ports in the reduced tion of the valve 8, and these ports 
14, in turn, communicate with the interior of the valve 8, which 
valve is open at its upper end, so that steam admitted to the 
interior of the valve has a free passage into the cylinder 1 below 
the piston 3. (Sealed June 12, 1913.) 


MOTOR ROAD VEHICLES. 


F. H. Royce and Rolls-Royce, Limited, 
Derby. Spring Drive. (4 Figs.) July 1, 1912.—This inven- 
tion relates to ing for the transmission of rotary motion, 
and has for its object the elimination of certain forms of irregular 
angular velocity and/or torque in the driven element of such 
ring. According to the present invention, a spring or elastic 
buffer. rive and a spring-controlled frictional damper are inter- 
between the driving and driven elements of the gearing, 
e construction and arrangement of the devices having the fol- 
lowing characteristics :—({1) that the spring or elastic buffer- 
drive can alone transmit the whole of the drive; @) that the 
g-controlled frictional damper cannot efficiently transmit 
e drive ; and (3) that the two devices function independently— 
that is to say, each performs the function it is designed to per- 
form independently of the other. The shaft a has four outwardly- 
jecting radial lugs a! which are preferably equally 
The gear-wheel b, from or to which is transmitted the rotary 
movement of the shaft a, has its boss b® made of annular box- 
like form and has its ends closed by plates p and pl. This 
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boss carries within it four lugs b! which project inwardly and 
alternate with the lugs a!. Interposed between the lugs a! and 
bl are spring or elastic buffers c, which are stiff enough to 
transmit the whole of the drive. Mounted on the shaft a by means 
of castellations a2 formed on its external circumference are 
a series of friction discs d, and mounted in a similar manner on 
castellations b2 formed on the internal circumference of the boss 
68 of the wheel b are a series of friction discs e which alternate 
with the discs d. These friction discs are kept in contact with 
one another by means of a row which operates between a 
ly shaped end-friction disc f! and the end cover-plate p. 

e ye of the spring J is such that it cannot transmit the 
drive, so that the de can only function as a vibration damper. 
The other end-friction disc /2 is suitably strengthened, and con- 
tacts one side of the lugs 1, and the other cover-plate p! contacts 
the other side of the lugs 5!. The lugs a! are made slightly 
narrower than the lugs }!, so that they are free to move in a 
rotary direction, independent of the gear-wheel ) and its box- 
like boss. (Sealed June 26, 1913.) 


13,156/12. Bowden Wire, Limited, and G. F. Larkin, 
London. ehicle Control-Levers. [6 Figs.) 
June 4, 1912.—This invention relates to improvements in control- 
levers for use on cycles, motor-cycles, motor vehicles, and the 
like, and has more particular reference to that class in which one 
or more control-levers, for use in connection with Bowden or 
other wire-transmission mechanism, are frictionally fulcrummed 
in a box-like container, which, in the case of Bowden mechanism, 
is with a stop for the outer member, and which box is 
adapted to be fixed or clamped to the handle-bar or other like 
part of thevehicle. This invention comprises a lever formed from 
a sheet-metal ig which is folded so as to form at its end two 
spaced leaves or discs of com ively large diameter, which, in 
conjunction with an intermediate wodeer or disc of smaller dia- 
meter, is adapted to form a grooved disc. The box a is formed 
sheet engemny ~ es as in 9 construc- 
an n top or cylinder ng two converging straight 
faces a}, A, tanguatial charade. A part of the curved side wall of 
the box is cut away at } for the passage of the two control-levers 
c,d, which are fulerummed about a conimon fixed stud e 
in the centre . Anopening is in one of the tangential 
side walls of the box, and in this opening the stopsg,h forthe outer 
members & of the mechanism are arranged, they sare, sores, 
p le 
d are formed from folded metal, so that 
their disc ends resemble two parallel spaced leaves or discs i, 
between which the inner operating ey AK the mechanism 
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valve-casing 6, the latter 





an intermediate washer or perforated disc j, Fig. 4, between each 
ir of leaves i, so that the ent of the disc ends of the 
vers resemble ved discs such as are usually, iv such levers, 
formed from solid metal. Each of the folded-over leaves i of each 
lever, as well as the intermediate washer or disc j, is cut away, as 
shown at 71, j! vely, at ite periphery for the reception of 
a cylindrical or o suitably shaped ge m on the end of the 
inner operating wire 1, which is thereby secured firmly to the 
lever. Thus when it is desired for any reason to free the 
operating wire / from the levers c, d, it is only necessary to lift. 








the lever disc i from the fixed fulcrum e, when the intermediate 
washer disc j will fall out, enabling the wire / and the nipple m to 
be pushed out of its slots j}, and the wire then drawn out between 
the two leaves i of the disc. A suitable spring or other fixed 
friction disc or washer n may be placed between the disc ends of 
the two levers c, d to prevent movement of one by the turning of 
the other, and the whole box may be closed by the provision of a 
cap o engaging the of the box, and secured in position by a 
nut p engaging the screwed end of the fixed fulcrum-pin e is 
nut p also serves to adjust the friction on the levers c, d, as will 
be readily understood. (Sealed June 19, 1913.) 


TEXTILE MACHINERY. 


12,897/12. T. A. B. Carver and Textile App 
ited, Glagow. Knitting-Machines. (3 Figs.) June 1, 
1912.—This invention relates to mechanism whereby the e 
to the product of circular or other knitting-machines which 
ensues when the operation of the machine continues without the 
proper delivery of the yarn may be prevented by ensuring the 
stoppage of the machine upon the breakage or exhaustion of the 
yarn, or upon the tension of the yarn exceeding, from any cause, 
a predetermined value. The invention comprises an electrically- 
controlled stop motion for knitting-machines, wherein the yarn 
is led from each bobbin between two movable members associated 
with the controlling circuit of a knock-off or stop mechanism, the 
arrangement being such that breakage or failure or extensive 
tension of the yarn brings the knock-off mechanism into opera- 
tion. a is one of the yarn-bobbins from which the yarn is led 
vertically upwards to a grid 6 which takes the place of the first 
yarn-guide. Passing over the — b the yarn is led horizontally 
to and around a guide c, and thence vertically downwards to 
the knitting mechanism. The grid b is carried upon a lever d 
fulcrummed at ¢, and balanced, as by means of an adjustable 
weight f or an equivalent spring, so as to hold the lever 
against a stop witha predetermined force. When the tension 
in the yarn overcomes this force the grid is drawn downwards, 








and the consequent movement of the lever establishes or breaks 
an electric circuit controlling the knock-off mechanism, which is 
thereby brought into action, and the machine stopped. In order 
that the machine should be —— upon failure or ry Se 
the yarn a fork or a grid h, similar to the grid b and similarly 
eoreled upon a lever i, which is preferably fulcrummed coaxial with 
the lever d and is coun by an adjustable weight or 
equivalent spring, is arranged to rest uponjthe yarn, so that should 
the latter break or fail and its 0 (iy be removed, the grid A will 
overbalance its counterpoise and the consequent movement of the 
lever will cause the establishment or breaking of an electric 
circuit controlling the knock-off mechanism. As shown in the 
drawings, one contact device serves for both the above pu: 5 
a contact member j upon the lever i beingnormally held just clear 
ofa we of spring contacts k, included in an electric circuit con- 
taining a battery m and knock-off mechanism n. Should the grid 
b be drawn downwards by reason of excessive tension in the yarn, 
the grid A will no longer be supported by the yarn, and conse- 
quently the lever i will also drop so as to bring the contact 
member j from the position shown in full lines in Fig. 3 to that 
shown in dotted lines, thereby com oo circuit controlling 
the knock-off Similarly, ure or breakage of the 
yarn causes the grid h t@ drop and establish this circuit by the 





contact j bridging over the between the two ng contacts k, 
(Sealed June 12, 1913, ad —_ 
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THE WORKS OF MESSRS. RANSOMES 
AND RAPIER, LIMITED. 


AttHoucH Cambridge would, in general, hardly 
be looked upon as an engineering centre, it has, 
none the less, been found possible to arrange a 
very attractive series of visits to works in connec- 
tion with the forthcoming summer meeting of the 
Institution of Mechanical Engineers in the town. 
Krom among these visits, that to the Waterside Iron 
Works, Ipswich, of Messrs. Ransomes and Rapier 
stands out as giving the members who make it an 
opportunity of seeing a class of work which not 
only will they not see at any of the other works to 
be visited, but which in some particulars they 
cannot see anywhere else. Messrs. Ransomes and 
Rapier’s business covers a very wide range, and 
isolation the manufacture of contractors’ plant, all 
kinds of cranes, operated either by hand, elec- 
tricity, steam, or oil-motors, railway plant and 
permanent-way accessories, turntables, traversers, 
hydraulic buffer-stops, switches and crossings, 
water-cranes, tanks, steel bridges, lock and dock 
gates, and electric capstans. The firm are also sole 
makers of the Stoney sluices, the Ransome patent 
concrete-mixers, and the R. and R. absorption 
refrigerating-machines. 

The business now carried on by Ransomes and 





side, and the foundry on the west. The yard is/| 


In dealing with the individual departments of 


fully open on the south side and is s>rved by rail- the works we may begin by referring to the offices, 


way sidings, which connect up, through the east afterwards passing on to the 


wer-house, and from 


gate, to a siding which connects to the Great thence to the group of buildings lying to the east 


Eastern Railway main line. These sidings, as will 


be seen, are carried round the foundry, and serve 


the north side of the yard, together with the 
machine-shops and smithy and the girder-shops 
and stock-yards in which plates and sections are 
stored. A branch from the sidings also runs to the 
pattern-store and wood-shed, which lie to the 
south-west of the works, while a further branch is 


carried to the coke, iron, and charcoal stocks, which | 


are kept near the south-west corner of the foundry, 
as shown in Fig. 1. It will be clear that this rail- 
way system puts the works in a very favourable 
— for shipping and receiving material and for 
largely deal. In addition to the railway facilities, 
however, the works are favourably situated, owing 
to their position on the banks of the River Orwell. 
Barges can lie alongside the neighbouring wharf, 
and, as indicated in Fig. 1, a 10-ton swinging-crane 
is provided to handle heavy stock, or parts of 
machinery, during transhipment. For material 
entering or leaving the works by road there is a 
second gate in Harland-street, on the north side, 
which gives direct access to the stock and erecting- 
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Rapier, Limited, was originally started at the 
Waterside Works, in 1868, as a private firm, to take 
over the manufacture of railway plant and materials 
from the then firm of Ransomes, Head and May, 
who had found that they could not well combine this 
class of work with their principal manufactures, 
consisting of agricultural machinery. Ransomes 
and Rapier was turned into a limited company in 
1897, without, however, any change in the manage- 
ment or staff. The firm early took a leading part in 
supplying railway material to British and Conti- 
nental railways, and many important undertakings 
were carried out largely due to the energy and 
enterprise of the late Mr. R.C. Rapier. An inter- 
esting piece of work was the So, in 1875, 
in conjunction with Messrs. Jardine, Matheson 
and OCo., of the first railway in China—that from 
Shanghai to Woosung. The first locomotive intro- 
duced into China was also built at the Waterside 
Works by Messrs. Ransomes and Rapier. It was of 
2-ft. 6-in. gauge and weighed only 30 cwt. Loco- 
motive-building forms now no part of the business 
of the firm, but they are still prominently connected 
with railway work, as our previous reference to 
permanent-way accessories, turntables, traversers, 
«c., will make clear. Although not one of their 
principal specialities, the firm also build tipping- 
wagons, special railway trucks, &c., as well, of 
course, as railway breakdown cranes. 

The present works of Messrs. Ransomes and 
Rapier stand ona freehold site of over 13} acres, 
and employ nearly 700 hands. Their general lay- 
out is shown in Fig. 1, on page 68. As will be seen, 
the shops are grouped around a central erecting- 
yard, in which turntables, sluices, cranes, bridges, 
and the other larger articles built by the firm are put 
together. Roughly speaking, the girder and plating- 
shops are situated on the north side of the 








the fitting, machine, and pattern-shops on the east 
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yards. This is the gate by which workmen enter 
and leave the factory. 

As the works have been established for forty-five 
years, it is naturally to be expected, as is the case, 
that considerable differences are to be found in the 
type of construction adopted for the various indi- 
vidual shops. The older buildings are, generally 
speaking, those lying at the east side of the site. 
In all cases, however, we think we are correct 
in saying the original shops carry extensions 
of comparatively recent date. When necessary 
for the extension of other departments, various 
classes of work have been moved to entirely 
new buildings, and, as a result, the whole lay- 
out has remained a consistent whole, with the 
various departments in such relation to each 
other that work can progress directly through 
machine or fitting-shops to the erecting-shop, 
girder-shop, or yard. 


naturally greatly facilitated by the railway system, | of each bay. 


and, as is clear from Fig. 1, not only can plates 
and sections be directly pein, ie into the stock- 
yard, but built-up girders may be directly entrained 


from the girder-shop. In the same way not only and planing-shop is made by a corrugsted 
can coke and material be brought to the foundry, | screen. 


dling the heavy class of sat ny which they so, 


side, concluding with the foundry, girder-shops, 
and erecting-yard. The aoe or be a. 
are situated at the north-east corner of the works, 
facing the quay, and can be entered without ing 
through any part of the works. They are housed 
in a well-fitted-up modern brick building. Of the 
commercial offices we need not speak; but some- 
thing should be said of the drawing-office, as it 
forms an important link in Messrs. somes and 
Rapier’s manufacturing system. This follows, as 
so much of the work turned out is of the class which 
may be described as the mechanical side of civil 
engineering. As a result a great part of it is 
special for particular jobs, and consequently demands 
much draughting. The office, which is on the 
first floor, is a fine, well-lighted room, with a charm- 
ing outlook over the river. It is lighted at night 
by inverted arc-lamps, which reflect from the white 
ceiling. Tracing is carried out by girls in an inde- 
pendent office downstairs. 

The power-station is situated close to the east 
gate. Its position can be seen from Fig. 1, while 
a view of its interior is given in Fig. 2, on page 68. 
The works are entirely driven by electric power 
from this station, the supply being direct current 
at 230 volts. The engine-room, the general lines of 
which will be seen from Fig. 2, contains two 125-kw. 
inverted high-speed engine sets, with Laurence 
Scott dynamos and vell engines, and one 
250-kw. set of similar type, with dynamo by J. P. 
Hall, of Oldham, and engine by James Howden 
and Co. The station also contains two air-com- 
pressors of respective capacities of 300 and 800 
cub. ft. of free air per minute at 100 lb. pressure. 
The 300 cub. ft. compressor is by Reavell, and is 
driven by a Ransomes, Sims and Jefferies’ inverted 
open-type engine. It can be seen in the fore- 
ground in Fig. 2. The 800 cub. ft. compressor is 
by Alley and MacLellan. The air-compressors 
~erve the various pneumatic tools throughout the 
works. Steam from all the engines is 
through an oil-separatur and into a common 
surface-condenser. In addition to the engine sets, 
the engine-room contains a motor-generator set 
built by the Lancashire Dynamo Company, and 
arranged for the supply of either direct or alter- 
nating current over a wide range of voltage or 
periodicity. It is used for supplying the various 
types of current which may be required for test- 
ing the electric cranes built at the works. The 
engine-room has also a 3-ton overhead hand- 
operated traveller, which can be seen in Fig. 2. 
The boiler-house contains three boilers—two of the 
single-ended wet-back marine type, each 8 ft. 9 in. 
in diameter and 10 ft. long, and one of the Paxman 
‘** Economic ” type, 8 ft. 9 in. in diameter and 
14 ft. 6 in. long. Steam is supplied at 150 lb. 

ressure. An economiser of 120 tubes is also 

tted, and an induced-draught fan for assisting the 
boilers at peak loads. The fan is driven by a 
variable-speed motor. 

Turning now to the machine-shop, the position 
of which can be seen in Fig. 1, it may be said that 
the northern end is housed in one of the older 
buildings, while the southern end is formed by a 
recent extension. The shop is 302 ft. long and 
70 ft. wide, being divided into two bays, each of 
35 ft. span. An interior view of the east bay look- 
ing south is given in Fig. 3, on page 68. The shop 
is in general a brick structure with wood roof 





| 


e handling of material is | principals and double roof lights down the centre 


In the older part of the structure the 
roof is carried by cast-iron columns, and in the 
newer by built-up columns. This can be seen in 
Fig. 3. The division between the machine-shop 
iron 
Artificial illumination is by arc-lamps 


but completed castings may either be shipped or with clear glass lanterns set high up in the roof. 


taken right into the oe 
system allows coal to be brought 
coal-store at the south-east corner of the works, and 
finished packages to be loaded on to the trucks 
in the packing-shop. For the inter-movement of 
mehesidl 


is, in addition to the main railway system, a lay- west bay is used principally for shaft turning. 


The railway The shop contains a very fine collection of tools, 
directly to the | many of them of a powerful 


pe, to deal with the 
eavy work which is 


large crane parts, and other 
machines are in 


turned out. Most of the 


the east bay, which is shown in Fig. 3. This bay 
between the various departments there | is served by a 10-ton electric travelling crane. The 


It 


out of truck-rails, which interconnects the various is served by a 5-ton traveller. Among the various 


which is situated to the west of the machine-shop 
is directly in touch with the erecting and fitting- | 


shops, the machine-shop, girder-shop, and foundry. | 25 ft. long, a 7-ft. 6-in. Asquith radial drill, and 


These are shown in Fig. 1, from which it tools to be seen in the shop are seven gear-cutting 
seen, for instance, that the general stores, | machines of various types, for the manufacture of 


spur, bevel, and worm - gears, a large planing- 
machine capable of taking work 8 ft. square by 
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a large boring and turniog-mill, which is able to| the pig and coke. There is a complete provision of | building up of girders, crane-jibs, sluice-frames, &c. 
deal with work 15 ft. 4 in. in diameter by 4 ft. 6 in. | core-ovens and drying-stoves. Pig and coke are|It is served by a 20-ton overhead electrically- 


deep. It is principally used for machining the 
bed-plates of cranes. In addition, there is a very 
complete collection of planing and boring-machines 
of smaller capacity, lathes, ho. The small tools, 
capstan lathes, and special bolt-lathes are situated 
in the side bay on the east side, which can be seen 
in Fig. 3. This bay is served by two 15-cwt. hand- 


cranes. The smaller tools in the shop are group | 


driven, but the larger has each its individual motor. 
The large planing-machine already referred to is 
fitted with the *‘ Lancashire ’”’ electric drive. 

Before leaving the machine-shop, we should say 
that the tool-room and tool-stores are situated at 


its north end. The general stores are situated at | parte 


its south-west corner, in a building 96 ft. by 60 ft., 
which contains the usual stocks of smaller goods. 
As before mentioned, plates, sections, and bars are 
stored elsewhere. The general stores, as already 
referred to, are brought into touch with the various 
shops by means of the works trolley system. To 
the west of the stores come the fitting and erecting- 
shops. These open one into the other, as shown 
in Fig. 1. The fitting-shop measures 100 ft. by 
76 ft., and is served by a 7-ton overhead electric 
crane. The greater part of the smaller fitting is 
carried out in this shop, and it is —_—— with 
the usual vice-benches, &c. The shop is, however, 
also used for setting-out and drilling, there being 
a fine installation of machines for this latter work. 
The erecting-shop is 125 ft. by 45 ft., and has a 
25-ton overhead electric traveller. A view of the 
shop is given in Fig. 4, on page 68; it is used for 
the assembling of what one may call machinery 
parts in distinction from structural parts which 
are dealt with in the girder-shop and erecting- 
yard. Crane crabs, hydraulic buffers, and refriger- 
ating-machines are, for instance, erected in the 
shop. From Fig. 4 it will be seen that the 
department contains a series of vice-benches for 
use in connection with the erection work. In addi- 
tion there is an installation of screwing-machines 
and grinding machinery in the annexe on the east 
side of the erecting-shop, which can be seen in Fig. 1. 
There is a large boring-machine in the erecting- 
shop, which has a capacity of 14 ft. by 14 ft. 
It is used principally for boring the crane-sides, 
&c., when bolted to their foundations. The type 
of construction employed in the erecting and fitting- 
shops can be well seen from Fig. 4, which is a 
view from the erecting shop looking through into 
the fitting-shop. The fitting-shop is of brick, 
while the erecting-shop is, in general, a_ steel 
structure with corrugated-iron screens. Artificial 
lighting in both shops is on the same system as 
that employed in the machine-shop. 

The only remaining shop of the group of build- 
ings lying to the east side of the works which we 
need mentionis the pattern-shop, which lies between 
the power-house and erecting-shop. It is a depart- 
ment 75 ft. by 75 ft., and is divided into two bays. 
One bay serves for the pattern-makers, and the 
other for the carpenters. The shop contains 
circular and band-saws, thicknessing and planing- 
machines, a universal wood-working machine of 
Messrs. Wadkin’s make, lathes, a sand-papering 
machine, &c. Smaller patterns and those regu- 
larly in use are stored in the shop on the north 
side of the pattern-shop, which can be seen in 
Fig. 1. Thelarger patterns are kept in the pattern 
stores which adjoin the wood-drying stores in 
the south-west corner of the works. Following 
naturally from the pattern-shop, we may refer to 
the foundry, which is situated on the opposite side 
of the erecting-yard, and of which a view is given 
in Fig. 5, on page 68, This isa brick building, 
180 ft. by 75 ft., ha:iag a single-span steel rcof, 
completely covered with glass. Sun-blinds are 
fitted over the greater part of the roof, forming, we 
believe, a somewhat unusual arrangement. ‘The 
shop is well provided wit1 cranes. There is a 
25-ton overhead electric traveller, working down 
the full length of the centre of the shop, and carried 
by girders on two rows of built-up columns, which, 
in addition to supporting the girders, partly carry 
the roof. There are also four 6-ton electric revolv- 
ing-pillar cranes fitted to four of these main 
columns, and two similar 30-cwt. hand - cranes. 
The arrangement of all these lifting appliances is 
well shown in Fig. 5. There are two cupolas at the 
south end of the foundry. Their ition is indi- 


cated in Fig. 1. One is capable of melting 
6 tons of iron per hour, and the other 4 tons. 
A charging-stage and electric hoist are fitted for 


stored outside in the yard, in a convenient position 
for the charging-hoist, and alongside one of the works 
| sidings, as already referred to. The brass foundry 
‘is in the north-east corner of the iron foundry, and 
alongside it there is a fettling-shop. The brass 
foundry is mostly concerned with small work, cast- 
ings being run from hand-crucibles. 

The buildings at the north side of the works site 
‘contain a series of shops which deal with a very 
‘important branch of the work turned out. All 
crane-jibs, girders for overhead travellers, traverser- 
frames, bridge members, and similar parts are here 
built, as also the frames for self-contained sluices, 
of framework for larger sluices, penstocks, and, 
indeed, all work of a structural class which requires 
riveting. Thesmithy, which forms one of these north- 
side shops, may be dealt with first, as it may, perhaps, 
be considered as an appendage to the machine-shop 
and equally with the girder-shops. It measures 
131 ft. by 80 ft., and contains 22 fires and three 
steam-hammers of 25, 15, and 5 cwt. respectively. 
The fires are connected to the various hammers by 
an overhead runway fitted with turntables. The 
shop also contains an ‘‘Acme” bolt-heading machine, 
on which all the bolts which are used for structural 
work are made. In the corner formed between the 
projecting smithy and the machine-shop there is 
a small house containing an acetylene-generating 
soap which is used in connection with oxy-acety- 
ene welding, a. process with which the firm have 
done much work during recent years. On the 
north side of the general stores, and in a con- 
venient position both for the smithy and the 
railway siding, there is a bar-iron stores. Its 
position can be seen in Fig. 1. In passing we may 
say that the small building shown to the west of 
this and to the north of the fitting-shop is the 
shop-drawing stores. As will be clear, it occupies 
a position approximately in the centre of the 
whole factory. 

The shops which deal with plate and section work 
are divided into three parts, which are indicated as 
the planing-shop, the saw and press-shop, and the 
girder-shop in Fig. 1. Views in the three shops 
are given in Figs. 6 to 8, on page 69. The planing- 
shop, shown in Fig. 6, is a brick building, 250 ft. by 
48 ft., with a steel and wood roof with centre 
lights. The shop is open at the west end, and the 
crane gantries are carried out into the stock-yard, 
so that the 10-tun overhead traveller can travel out 
over the yard and carry plates to or from the 
machines. The total length of crane gantry is 
438 ft. This shop is fitted with plate-rolls, which 
can be seen at the left-hand side of Fig. 6, and 
with a large marking-off table, which can be seen 
beyond the rolls in the figure. The end of the shop 
is occupied by a large plate-edge planing-machine, 
while on the opposite side from the rolls there 
are two planing-machines of standard type, but 
having a very long travel on the beds. ese are 
used for such plate-work as may be necessary, but 
are largely employed on planing the long cast-iron 
frames on which sluices are built up. The longer 
frames of this class cannot be dealt with by the 
planing-machines in the machine-shop. The plating- 
shop, as will be seen, is lighted by arc-lamps, but 
incandescent lamps are also fitted where necessary, 
as, for instance, over the marking-off table. 

The saw and press shop, which is used for 
straightening and sawing rolled sections and bars, 
is shown in Fig. 7, on page 69. Its dimensions 
are 140 ft. by 54 ft. In this case, again, the end 
of the shop is open and the gantry is carried out 
over the stock-yard, so that the 10-ton overhead 
traveller can work out over the yard. The total 
length of gantry is 550 ft. The shop is a steel- 
frame building, with the north side of the roof of 
glass, and the south of tiles. The sides of the shop 
consitt of corrugated-iron screens. The machinery 
equipment consists of saws, cropping - machines, 
and hydraulic presses. The presses are supplied 
with water at 1 ton per sq. in. from duplicate 
electrically-driven pumps, which are fixed in a 
separate pump-house to the west of the planing- 


driven traveller, and a number of riveting cranes, 
each complete with its own oil furnace for the 
heating of rivets. One of these cranes can be seen 
in the centre of Fig. 8, handling one of the hydraulic 
riveters which form part of these crane equipments. 
There are also a number of single-rail riveting cranes 
which work down two sides of the shop, as shown 
in Fig. 8. These also are fitted with oil-heated rivet- 
furnaces, and are adapted for working in con- 
junction with portable hydraulic riveters. The 
shop is also equipped with a set of flange-plate 
drilling-machines, and two banks of radial drilling- 
machines ear om for working on the upper and 
lower flanges of built-up girders. They are erected 
alongside pits, in which deep girders can lie while 
being drilled. Artificial lighting in this shop is by 
arc-lamps with opal globes. 

The erecting-yard is used for the assembling of 
the large type of work on which the firm is con- 
stantly engaged. It is here that Titan cranes, over- 
head travellers, and bridge members are erected, 
and turntables, traversers, and large sluices put 
together. A view of the yard is given in Fig. 9, on 
page 69. As will be seen, it is equipped with several 
steam, travelling, jib, and derrick cranes. There are 
also tracks of various gauges for the testing of 
travelling cranes and other such articles. Much of 
the work handled is of a heavy character, bridge- 
spans, for instance, of considerable length being 
dealt with, and much of the sluice work being of 
large size. The total weight of material handled 
reaches a high figure, and, as an example, it may 
be said that the weight of metal in the company’s 
Assouan dam contracts amounted to 11,000 tons. 
Packing and painting is all carried out under 
cover in the packing-shop, which lies to the south 
side of the yard. The shop measures 131 ft. by 
64 ft., and contains a 124-ton overhead crane. A 
siding from the railway runs through the shop, so 
that material may be loaded into railway wagons 
under the crane. This siding can be seen in Fig. 1. 
There is a special machine-tool erected in the 
packing-shop, which is adapted for turning the 
roller-paths of large cranes. It will machine up to 
35 ft. diameter. 





THE PANAMA CANAL.—No. V. 

One of the great objections to the scheme for a 
high-level canal at Panama was raised in connection 
with the risk to which the whole undertaking would 
be exposed by possible damage to the locks. The 
level adopted is 85 ft. above mean sea-level, and this 
height is maintained for a distance of 324 miles along 
the canal, included in which length is the Gatun 
Lake, of about 167 square miles area. The failure of 
a lock, due to the wrecking of the gates or other 
cause, would prove disastrous, more especially if it 
were a question of one of the high-level locks. In 
view of the unwieldiness of the large vessels which 
the canal has been built to accommodate, and which 
in time it will undoubtedly have to deal with if it 
— at all successful, several precautions are 

eing taken to minimise risk of accident. Three 
schemes have been invoked with this end in view. 
The first consists of taking all control of the 
vessels out of the hands of those on board. It 
is considered that the great majority of the 
accidents of steamers coming into contact with 
fixed structures are due to the failure to comply 
with, or, at least, to a misunderstanding in the 
engine-room of, the orders from the bridge. The 
risk will be lessened, it is thought, by towing 
vessels through the locks instead of allowing them 
to do their own warping or manceuvring. For this 
reason they will be required to draw up to the 
approach-walls, described in a previous article of 
this series,* where they will be taken charge of by 
towing-locomotives running on rack railways on the 
lock copings. These locomotives were fully illus- 
trated and described in ENGINEERING, vol. xciv., 
page 772. 

The second protective device consists of the 





shop and alongside the north fence of the works. 
Its position is indicated in Fig. 1, which also shows | 
the position of the accumulator fixed alongside. | 
The pumps are arranged to automatically start up | 
}as required. The girder-shop is shown in Fig. 8. | 
| As will be seen, it is of the same type of construc- | 
| tion as the saw and press-shop. It measures 340 ft. | 
by 76 ft., and with its cranes and riveting and | 
drilling equipment forms a very fine plant for the | 





adoption of chain-fender gear. These chains are 
slung across the lock 100 ft ahead of the most vul- 
nerable gates. There are 24 of them, and normally 
they remain slack in grooves at the bottom of the 
lock, but should a vessel approach at too high a 
speed they can be rapidly tautened across its bows, 
and will offer such a resistance to it that within the 
100 ft. available even the largest ships will be 





* See page 622 ante. 
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brought up. It will be understood, of course, that 
under no circumstances will a ship approach the 
lock at any really high s —the term in such a 
connection is relative. is fender gear was like- 
wise illustrated and described in our article pub- 
lished in vol. xciv., page 772, and for further 
particulars we would refer our readers to the 
account then given. It may be added that fender 

ear of this description is not altogether novel. 

imilar systems, on a reduced scale, have been 
employed in this country. 

The third protection scheme has been, perhaps, 
more criticised than any of the three. It consists 
in the provision of so-called emergency dams in the 
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cautions are therefore necessary. It may be inte- 
resting if we recall some recent accidents due to 
collisions with lock-gates, to show that every care 
should be taken at Panama to avoid failure of the 
undertaking from this cause. 

In June, 1906, the steamer Cassia carried away 
a gate on the Manchester Ship Canal at the Irlam 
locks, and the water from one level rushed down 
to that below, doing a good deal of damage, which 
was only repaired ake some days. In July, 1907, 
for the fourth time within a dozen years, a pair of 
lock-gates were carried away on the Cornwall Canal 
in Canada, also releasing the water from one reach 





to another. A month previously, on the Erie 


the upper gates of a lock on the Welland Canal, 
and the rush of water carried them away and 
wrecked the lower gates. On August 2, upper and 
lower gates of a fock on the same canal were 
carried away by the. steamer Wiley M. Egan. On 
August 16 another somewhat similar accident 
occurred on the same canal. On November 1 of 
the same year still another collision happened 
between a steamer and a pair of gates on the same 
canal, the steamer being washed down about a 

uarter of a mile. As the result of a collision on 

ptember 24, 1912, with a pair of lock-gates on 
the Lachine Canal, Montreal, water with a head of 
about 12 ft. was let down on to a lower level and 
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fore-bays, to cut off the flow of water from the high 
level should the lock-gates be carried away or other- 
wise fail to fulfil their duty. These dams take the 
form of swing-bridges, from which wickets and gates 
are let down to stop the rush of water. They were 
proposed at an early date, and were the subject of a 
good deal of ridicule. The supporters of the 85-ft.- 
level project claimed that in canal history serious 
accidents due to collisions with lock - gates and 
allowing water to pass to a lower level were unknown. 
It was held that the precautions being taken were 
in excess of those requisite, and that the emergency 
dams would possibly never be utilised. That this 
was not a correct attitude to adopt, but one based 
on incomplete knowledge, will be evident from the 
fact that accidents of the kind had occurred before 
and have happened since, so that it may be taken 
for granted that the high-lift locks on the canal 
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are open to very grave dangers. Excessive pre- 
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Pockets in Stl for Ends of Wicket Girders 


Canal, at Fort Hunter, gates were forced open 
from the down-stream side, and. the water above 
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|did considerable damage. Other cases might be 
cited. 

In nearly.all the above cases a good deal of 
damage was done to shipping, in some cases 
several vessels needing subsequently extensive re- 
pairs. In most of these cases the wrecking of 
one pair of gates has resulted in the rush of water 
tearing out others. Most of. the accidents cited 
were attributable to a misunderstanding of orders 
in the engine-room. At least one, however, was 
directly attributed to wind, and is of some sig- 
nificance in such a connection. The effect of wind 
on the large modern liner with so much top 
hamper is appreciable in narrow waters. Control 
has m lost of vessels in such places as the Suez 
Canal through wind alone, and at some of the 
points on the Panama Canal vessels will ‘be equally 
ex In none of the cases above mentioned 
was the vessel of any great size. On the other hand, 
the gates were in most cases of wood, and therefore 
liable to failure under impact. On the Panama 
Canal, though the gates are of stiff structural steel- 
work, as described in our article on page 761 of our 
last volume, the ships using the canal will be of 
much larger tonnage, and the utmost precaution 
is therefore essential, in view of the comparative 
frequency of such accidents in the past. 

hile the accident in 1909 on the Canadian Canal 
at Sault Ste. Marie was one of the worst of the kind 
known, it has also been claimed maar supporters 
of the high-level canal project for Panama that it 
proved the efficacy of the means adopted there 
to avoid catastrophe. At the Canadian lock 
there was installed a movable dam which, as a 
matter of fact, is the prototype of those designed 
for the Isthmus. About fifteen years ago this dam 
was installed on the ‘‘ Soo” Canal, but for twelve 
years it stood idle, a point which provided much 
capital for the supporters of the high-level canal 
at Panama. On June 9, 1909, this dam was brought 
into action. It was worked by hand-power, swung 
into position, and the wickets were dropped and 





released. These and other previous accidents were 
ignored at the time of the Panama Canal controversy, 
but it was impossible to overlook a more serious | 
occurrence in 1909, when gates on the Canadian 
Canal at Sault Ste. Marie were wrecked, releasing 
water with a head of 20 ft., which poured through 
the lock for a considerable period before it was, 
brought under control. Five months later the Poe 
lock, on the American Canal at Sault Ste. Marie, 
also had its gates run into, but fortunately the! 
lower gates were closed, and the water was at the | 
high level at the time of the accident. In August, 
1911, three pairs of gates were torn out on the 
Welland Canal, near Thorold, Ont., the steamer 
Key West colliding with one pair, and the rush of 
water from the high level tearing out the others. | 
In June, 1912, the steamer La Canadienne struck 





gates lowered on them, the water rushing through 
the lock in a raging torrent in the meanwhile. 
One of the wickets failed to swing heme, and 
became distorted, so that it was useless, and the 
gp at that point had to be closed by timber 

ks. It was not till 34 days had elapsed that 
the flow of water was stopped. The seriousness 
of so long a continued flow through the high locks 
at Gatun, for instance, can scarcely be exaggerated, 
and though the movable dam on the ‘‘Soo” Canal 
is claimed to have stood up to its work satisfactorily, 
those at the Isthmus are still open to the same 
risk—namely, the possible failure of the wickets, 
owing to obstructions in the pockets provided for 
them in the lock-floor. 

This will be evident on reference to Figs. 112 
to 116, Plate IV., with this week’s issue of 
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ENGINEERING, and to page 71, which show the 
type of movable dim adopted on the Panama Canal. 
Of these illustrations, Fig. 113 is an elevation of 
the dam, Fig. 112 a half plan of the top of the 
structure, Fig. 114 a plan of the deck or floor, and 
Fig. 115 a plan underneath the deck. An end 
elevation is shown in Fig. 117, page 71. while 
sections are shown in Fig. 116, Piste IV., and 
in Figs. 118 and 119, page 71. The general idea 
of the appliance will be readily appreciated from 
these drawings. The structure takes the form of a 
swing-bridge, composed of two main girders 32 ft. 
apart, and fitted on one side of the long arm with a 
horizontal truss, and on the other with crane-jib 

irders. The width over all these is over 92 ft. 

uspended under the structure are hinged girders, 
which, when the bridge is swung across the lock, can 
be dropped from the position indicated in Fig. 119 
to that occupied by them in Fig. 116, When in the 
latter position their feet enter pockets shown in the 
lock-floor in Fig. 115. On these girders, or wickets, 
eo panels are slid down into position until the 
lock- prism is closed, as indicated in part in 
Fig. 120, page 71. 

‘The dams are centred 200 ft. ahead of the upper 
guard-gates, on the side walls. An idea of the 
structures may be obtained from Figs. 121 and 122, 
page 86, the former showing one of them under 
construction at the Gatun locks, while the latter 
shows the two dams at these same locks in the 
position they occupy relative to the other lock 
works. 

Further descriptions of these dams and their 
machinery must be deferred to a future issue, when 
we purpose giving illustrations of several of their 
details. 
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Commercial incering. By ‘‘A GENERAL MANAGER” 
(AtrrepD J. Liversepck). Manchester: Emmott and 
Uo., Limited. [Price 7s. 6d. net. ]} 


Tuts book is rather disappointing, or, perhaps, 
one should say, unequal in its merits. there are 
chapters which are excellent because they are 
encouraging and suggestive, but on the whole the 
book is too overloaded with detail. The design, it 
is stated very frankly, is to help the ambitious man 
who wants to ‘‘get on”... ‘‘it aims to be at 
once a guide and a stimulus to the engineering 
man of business, aiming to conserve and fortify an 
existing connection or to open up new ones.” 
From this expression of intention, we expected to 
find more attention given to creation, and less to 
management. The author will tell us how to pre- 
vent waste, how to save money, not how to make 
it; this distinction ought to be clear, and yet, from 
the first page to the last, the self-evident truth is 
enforced, that the object of all engineering con- 
cerns is to make money. The burden of Mr. 
Liversedge’s remarks is that there is pothing too 
insignificant for careful attention. Granted, but 
this unceasing care is the duty of the second-rate 
man, not for the directing, controlling brain that 
gives energy to a huge manufactory, the real cap- 
tain of industry. Doubtless there are qualities 
which cannot be taught, and we may be asking 
impossibilities from our tutor. The acumen, the 
penetrating instinct of the business mind, may 
a gift, inherited, or acquired by methods that 
cannot be explained, and that we are able to imi- 
tate only in a very feeble degree. We may recall 
some wonderful achievements, we may have seen 
and marvelled at the results obtained by decision 
and opportunity; but to trace the chain of reasoning 
or the motives for action by which these results 
have been obtained is altogether beyond our 
analysis. 

But to work in the groove that our predecessors 
followed, even if that groove be made a little 
straighter and the friction reduced, will not keep 
us in the forefront of engineering activity, will not 
enable us to overcome alert and resourceful com- 
petitors in the world’s markets. Industry is a 
struggle without end and without truce; those 
who would win its prizes need the keenest 
weapons that skill and experience can supply. 
We must have a different equipment from that 
which put our forefathers easily in the first place, 
and the author has not sufficiently emphasised 
the inadequacy of the obsolete armour that long 
did duty, or insisted on the necessity of replacing 
it with modern outfit drawn from the armoury of 
science. In all departments of industry and com- 





be | trade returns, the preparation of the data on which 


merce, but especially in engineering, success can 
come only by paying due regard to the methods of 
science. 

The author would have done well to have in- 
sisted on a closer union between the man of science 
and the manufacturer, because, as a rule, the 
English manufacturer does not appreciate how 
much he may profit from the assistance of pure 
science. The author fails to rise to this higher 
standard. In one place, he especially commends 
the growing tendency to increase the subordinate 
members of the staff—the foremen—because their 
attention being concentrated upon particular pro- 
cesses of productiveness, the results of these pro- 
cesses will be incr We would rather that he 
had recommended the establishment of laboratories 
of research. wigs is not made by the mecha- 
nical repetition of the same process ; increased out- 
put is only one, and not the most important, end 
to be sought. The aim evidently is to get the 
utmost out of existing organisation, but advance is 
only possible if science penetrate the minds and 
actuate the endeavours of the leaders of industry. 
A juster view of training is necessary for the 
initiation or development of important enterprises. 
Because a well-instructed technical staff is indis- 
pensable in every works, the mistake has been 
made that engineering industry has need only of 
technicists, and need not trouble about scientists, 
specifically taught with the view of increasing brain 
power. Such a false idea should be combated 
wherever it is met or implied, and the salutary 
truth should be insisted upon that original research, 

rsevering and sustained, is an indispensable 
eaine for the maintenance of our position. The 
Germans, who in many workshops employ more 
scientists than technical assistants, make no 
mistake about the value of laboratory work. In 
season and out of season, they are never tired of 
asserting that ‘science is the golden guiding star 
of practice ; without science there can only be 
a blind groping in the region of undefined 
possibilities.” 

There is no necessity to follow the author through 
the many chapters dealing with production and 
distribution. The rules of trade, which are every- 
where operative, apply equally to engineering. 
The information which is given with regard to 
materials, to labour, to capital, is, no doubt, acces- 
sible in other sources. If the author has any 
special knowledge for encouraging the utility, or 
repressing the evils, of trades unionism, he has not 
given us the benefit of his experience. He main- 
tains commonplace, one might say, rudimentary 
lines throughout, yet he has collected within a 
moderate compass a vast amount of information 
which could only be gathered by consulting many 
authorities. His care and industry are commend- 
able, but it is not till we come to the discussion of 
markets that we are impressed by the capacity of 
the expert. These chapters are very good, at once 
informing and well arranged. The lessons sug- 
gested by the analysis of trade statistics are driven 
home with vigour; the opportunities for trade 
extension are rendered apparent, the amount and 
character of competition to be encountered clearly 
explained. How to capture trade is the problem 
for the genius endowed with that instinct to 
which we have referred, but the examination of 


judgment can be founded, seems to be a necessary 
preliminary, and one that Mr. Liversedge has 
undertaken with ability and discretion. The 
statistical tables from the Board of Trade and 
those from other sources need discussion to make 
them illuminating in particular directions, and in 
the few chapters devoted to this subject we 
get a very distinct apergu of the distribution of 

ome, foreign, and colonial trade, indicating 
from whom competition may be feared, and the 
direction it will take; the possible development 
according to population, industrial conditions, and 
other factors ; the operation of hostile tariffs, 
and the general commercial relations that obtain 
in different parts of the world. Of facts which are 
known in a vague kind of way, and of which it is 
well to be reminded, we may note that, notwith- 
standing the advantages the country with 
regard to raw material and the supply of efficient 
labour, we import three million pounds worth of | 
machinery (about 11 per cent. of our production) for | 
our own requirements. The author traces the nature 
of the imports and whence they come. It is 
humiliating to find that about one-sixth of the total 





incapacity to produce those forms of machines re- 
quired by the most recent developments, and point- 
ing possibly to insufficient training in the a 
of science to industrial purposes. An illustration 
of a different kind is afforded by the small quantity 
of machinery exported to Canada, amounting to 
something less eo 1ld. per head of the popula- 
tion. It is not that Canada does not want machi- 
nery, but that she does not want ours. While we 
could sell her only a paltry 217,000/. worth, she 
accepted machines from the United States to the 
total of 2,660,0001., or, in other words, while every 
Canadian spends 13s. 5d. annually on machinery, 
he spends only 11d. in this country. Of course, 
the effect of geographical position is illustrated 
here; nevertheless, it is impossible to escape the 
irresistible conclusion ‘‘that Canada represents 
an immense machinery market very inadequately 
exploited, if not neglected, by British manufacturing 
engineers.” 
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THE PATERSON SYSTEM OF RAPID 
FILTRATION. 


WE believe that the first record of a slow sand filter 
installation, of the type now so extensively used, is of 
one laid down by James Simpson at the Chelsea Wat:2r 
Works in 1829. Since that date slow sand filtration 
has been recognised as the most effective method of 
securing @ pure public water-supply from contami- 
nated sources. But while wat2r engineere may be 
said to be agreed that the slow sand filter is a 
reliable and efficient device for attaining this result, 
it must be admitted that it has definite limitations, 
and that recent developments in rapid mechanical 
filtration are now advancing their claims to high 
efficiency. This being the case, we recently took advan- 
tage of an opportunity offered to us of visiting and 
inspecting under actual working conditions the rapid 
filtration plant fur the Borough of Cheltenham at 
Tewkesbu umping-station, which was recently in- 
stalled by the Paterson Engineering Company, Limited, 
12, Norfolk-street, Strand, London, wc. 

It is recognised that filtration through slow sand- 
beds of sound construction, operated under efficient 
supervision, secures a de of purification leaving 
little to be desired beyond the elimination of the dis- 
advantages inherent in this system—namely, the 
inability to remove discoloration due to fire-clay, peat 
stains, and other causes. These cannot be removed on 
a large commercial scale without chemical treatment, 
and water so treated must not be passed directly on to 
slow sand-beds owing to the rapidity of choking up, 
which necessitates repeated paring of the surface film 
and washing. The principal screen for the interception 
of suspended matter and bacteria in the slow sand filter 
is this surface film, consisting of algoid and other vege- 
table growths, and requiring considerable time to form. 
In order to maintain the required output it is necessary 
to duplicate installations of moderate size, so that the 
cleaning may be effected without hastening the rate 
of filtration in the active beds ; but this entails a large 
capital outlay and considerable waste of water for 
sand-washing and film formation. With the rapid 
filtration system these ager filtering processes 
occupy only a few minutes, and by the Paterson method 
of compressed-air cleaning the amount of wash-water 
required is reduced to a minimum, as the water is not 
used during the agitating poe but only to wash 
the honmnel impurities to the drain. 

For satisfactory working it is essential that the 
surface film be uniform, otherwise the rate of percola- 
tion will vary in different parts of the bed. ith the 
slow sand filter, weather conditions may affect the 
uniformity of the filtering film, and it is frequently 


injured b a earthworms and insect lave, 
which perforate the film and allow the paesage of un- 
filtered water. The rapid filter is free from this 


defect, as its film is com of pure inorganic 
matter—hydrate of alumina. Slow sand filtration 
effects no appreciable reduction in colouring matter, 
and fails to remove peaty acids, which are found in 
many moorland — and which, owing to their 
distinctly plumbo-solvent powers, constitute a source 
of danger. 

The rapid filtration system under review claims to 
effect in a convenient manner the complete elimination 
of all discoloration, the neutralisation of natural 
acidity, and the removal of suspended matter and 
harmful bacteria. Mechanical filters installed in this 
country have, for the most part, been of the vertical- 
poovens type, consisting of a steel receiver for the 

ltering medium, which medium is periodically agitated 
by various t; of mechanical stirrers, the —— 
of the coagulant being effected by means of pumps 
driven by turbines in the supply main, the water, after 
treatment, passing directly on to the filter-beds. 

The Paterson stan practice differs essentially 
from this, however, in so far as (a) the gravity system 
is adopted; (b) the filtering surface is not broken 
up by mechanical agitators; (c) two or three hours 
are allowed for the reaction to complete before the 
water passes on to the filters; (d) the rate of filtra- 
tion is much lower, as the filtrating area is more 
than double the recognised standard of existing rapid 
filters. The process, moreover, is carried out in 
distinct stages—namely, (1) the accurate measuring of 
the water and the addition and mixing of the coagu- 
lant (and, where necessary, sterilising reagent) in 
precise ratio to the amount of water passing ; (2) the 
subsidence of the treated water in a reaction and 
precipitating tank of sufficient capacity to allow the 
completion of the chemical reaction and the precipita- 
tion of the grosser impurities ; (3) the final purification 
by rapid filtration through quartz sand. 

It is maintained by the Paterson Engineering Com- 
pany that gravity filtration is preferable to the pres- 
sure type for the following reasons :—(1) The gravity 
filter is open to inspection, and the condition of the 
filter-bed and the efficiency of the cleansing process 
can be seen at all times. (2) The gravity filter works 
with a natural head, and cannot be influenced by 
variations of pressure in the supply main. 

The Paterson plant at the Cheltenham Water Works, 











at Tewkesbury, which, by the courtesy of the borough 
surveyor, Mr. J. S. Pickering, M. Inst. C.E (Presi- 
dent of the Institution of Water Engineers), we recently 
had the pleasure of inspecting, effects the purification 
of the supplementary water supply, amounting to 
1,000,000 lions a day, pumped from the River 
Severn. The City of Worcester, fourteen miles higher 
up the river, at present discharges its crude sewage 
into the Severn, making it a highly-polluted source of 

ublic supply. Between Worcester and Tewkesbury, 

owever, a marked natural purification takes place, but 
the analysis (given later in this article) shows that it is 
still very much polluted. The river at times of heavy 
flood is very turbid and highly discoloured from the 
washings off the land an © peat and decaying 
vegetable matter from the upper reaches of the stream. 
Asa result the slow sand filters previously installed 
at Tewkesbury choked up rapidly, and at times 
required scraping every day or two, entailing a heavy 
expense for labour, the waste of a large quantity of 
filtered pressure-water for sand-washing, and causing 
grave anxiety to those responsible for the maintenance 
of a pure supply. 

In the spring of 1909 the problem reached an acute 
stage, and tenders were invited from various filter- 
makers, but at that time no proposal was considered 
quite satisfactory under the special conditions. In 
1911, however, a deputation, consisting of the Mayor 
of Cheltenham, Mr. Pickering, the borough surveyor, 
Dr. J. H. Garrett, medical officer of health, and the 
eminent authority, Dr. Rideal, visited the installation 
of Paterson’s rapid filters, installed by Mr. Robert 
Askwith, M. Inst. C.E., at the works of the Weardale 
and Consett Water Company. The impression formed 
was favourable, and it was at once decided to order 
a similar apparatus, with the addition of chemical 
treatment. 

Having referred generally to the installation, we 
will now, with the aid of illustrations on pages 74, 75, 
and 78, describe more in detail its actual construction. 
The water pumped from the River Severn enters the 
automatic measuring and chemical supply tank shown 
at A in Figs. 1, 2, 4, and 6, page 74, and discharges 
through two Y notzhes, which mag pes gauge the 
Syed of water passing (see Figs. 4 and 6). A float 

riding on the surface of the water controls the 
position of two tapered valves C and D, Fig. 6, the 
construction and action of which we have previously 
described on page 843 of our eighty-second volume in 
connection with the Paterson water-purifier. 7 are, 
however, shown in detail in Fig. 10, page 75. These 
valves give annular orifices for the supply of the re- 
agents in the precise ratio to the quantity of water 
delivered. The reagents (sulphate of alumina for the 
lation of the impurities and extraction of the 
colouring matter, and hypochlorite of lime for sterili- 
sation when uired) are maintained at a constant 
head above the valve openings by ball-cocks E and F, 
Fig. 6, which are connected to the pressure storage 
tanks in the basement by means ad per The contents 
of the chemical tanks are continually agitated by com- 
pressed air, which also supplies the pressure required 
to lift the reagents to the controlling apparatus 
referred to. The chemical solutions are prepared in 
concrete tanks on the filter-house floor-level, the 
necessary agitation and mixing being performed by 
compressed air. 

As the water passes from the tank A it comes in 
contact with the reagents, with which it is thoroughly 
mixed as it v~ down the mixing-trough G, Figs, 2 
and 3, which discharges into a reaction and precipi- 
tating tank H, having a capacity equal to about three 
hours’ pumping, allowing time for the complete 
reaction of the alumina, and the precipitation of the 

r impurities. The partially purified water over- 

ows through bell-mouthed draw-off pipes I into six 
Paterson rapid gravity filters, as shown in the illustra- 
tions. These filter-tanks are made of reinforced 
concrete, and contain 36 in. of special-grade quartz- 
sand filtering medium resting on a stratum of pea- 
gravel. In each of these filters there is a centrally- 
laced inlet distributing and a waste draw-off channel 

, Figs. 2and3. The filtered water is collected from 
underneath the gravel by the system of gun-metal 
strainers shown at L, Figs. 3 and 5. ese have 
screwed caps and renewable phosphor-bronze screens, 
and they discharge through the automatic outlet con- 
troller into the inepection-box, from which the water 
passes into the clear-water channel. All the valves 
and fittings are so arranged that the entire filtering 
and washing operations are controlled by one atten- 
dant from the main gallery. 

During our inspection the cleansing process was 
demonstrated, the filter - bed being first itated 
with sterilised compressed air at a pressure of about 
5 lb. per sq. in., and the impurities, loosened by this 
air scouring operation, afterwards floated to waste by 
&@ reverse current of wash-water. The process appeared 
to be particularly efficient, and the filter unit was 
thoroughly cleaned and restarted within 10 minutes. 
We were particularly struck with the itation 
effected by the compressed air, every part of the bed, 


the wash-water was turned on, it forced the air out of 
the system, and so ensured agitation up to the moment 
when the loosened particles were floated into the 
waste channel. 

After the cleansing had been carried out, and while 
the surface film was forming, the filter was prevented 
from coming into full operation until from 10 to 15 
minutes had elapsed by means of the automatic con- 
troller, shown at M, Mig. 5. This appliance fulfils a 
very important duty. It is in the io of an equili- 
brium valve under double control, and acts in the 
following way :—When the cleansing process has been 
completed, the water above the filter-bed is, of 
course, at the level of the waste-trough, and the 
outlet valve is held down in its closed position by the 
weight of the float N, Figs. 3 and 5. When the 
filtration process recommences, however, the inlet 
valve O, Fig. 3, is opened by means of the hand- 
wheel P, and the filter gradually fills up, but the 
outlet controller M remains closed until the level 
of the water reaches the float N. The outlet valve 
gradually opens as the float rises until it is released 
from the restraint of the float, and the rate of dis- 
charge is then controlled only by the regulating- 
float in the inspection-box. This inspection-box is 
fitted with an overflow weir in the form of a Y 


notch R, Fig. 5, the arrangement being such that 
when the water, before flowing through the weir, 
rises to the height dvturmined by the maximum 


allowable rate of discharge, the regulating float S 
partially closes the outlet valve, so that this maxi- 
mum rate of filtration cannot be exceeded. B 
means of this outlet-controller the following condi- 
tions on which successful filtration de are 
secured :—(1) It allows time for filling, and then 
starts the filter gradually, after the cleansing process 
is complete, so ensuring that all water entering 
the service main is of the required degree of purity.’ 
(2) It governs the rate of outflow, so that the maxi- 
mum safe rate cannot be exceeded. (3) It steadies 
the flow and ensures a uniform rate of filtration. (4) 
It prevents furrowing of the filtration surface by 
ensuring that a protective layer of water is always 
maintained above the sand bed when the supply, for 
any reason, is very much below the normal, or, indeed, 
is ae shut off. 

At the time we visited Cheltenham the river water 
appeared to be very turbid, although we were informed 
by those in charge that it was at times worse. When 
viewed through a 2-ft. tube it showed a muddy dis- 
coloration, and was quite opaque. After filtration 
the water was bright, clear, and colourless, and the 
smallest print could be read through the water in a 
2-ft. tube, By means of a Lovibond’s tintometer, 
in which the colour of the water in a narrow trough 
2 ft. long is compared with a standard white light, 
and uated coloured my inte between 
the eye and the light until the tint of the sample is 
exactly matched, the colour of the water entering 
the filter was found to be represented by red, 7 ; 
yellow, 10.5; and blue, 5.7—a total of 23.2, while 
the filtered water was practically colourless, the 
amount of tint present being almost too minute for 
expression by the stendard scale of glasses available. 
The lowest—0.1 blue and 0.1 pink—most nearly 
approximated to the sample under examination— 
@ percentage removal of over 99 per cent. On 
March 31 the river water gave a reading of red, 10.5; 
yellow, 18.0; blue, 8.5—total, 37.0; the filtered water 
was colourless. With regard to the chemical and 
bacterial quality of the water, the following par- 
ticulars are of interest, having being derived from an 
independent analysis carried out by Dr. Samuel Rideal 
on samples of water taken from the plant we are 
describing in September, last year :— 











— Untreated Water. Treated Water. 
Physical examination. . This was highly -\This showed a v 
pees Vor am rt marked — ~ 
n purposes;; ment, chemical] 
_# ve a brown vaoealie” wand 
menton stand- ysically 
ingandhedaslight| Clear, colourless 
marshy smell inodorous, and 
tasteless. 
Chemical inati Parts per 100,000 Parts per 100,000 
Dies >lved solids. . 40.92 42.7' 
Suspended solids 1,97 nil 
hlorine.. ° 6.28 6.92 
Free ammonia .. - 0.0040 0.0045 
Albuminoid ammonia. . 0.009 0.004 
Nitrates (as nitrogen). . 0.088 0.100 
Nitrites .. se = Heavy trace nil 
Oxygenconsumed . 0. 0.115 
Bacterial examination. . - — 
Total organisms - 2500 per c.c. Less than 1 per c.c, 
Coli organisms .. . 50(or more) per c.c. | Entirely absent from 
00 c.c. 





From this it will be noted that a very high degree 
of purification (well over 99 per cent.) be been 
attained on all three headings of discoloration, sus- 
pended matter, and bacteria. 

As will be seen by the illustrations, the whole 
installation is very simple in design, and all the work- 











even the corners, being agitated to the same extent. As 





ing parte are particularly easy of access, All the 
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appearance being very pleasing. The general arrange-|accounts for the rather peculiar construction of the 
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flooring and platforms are laid with ‘‘ Terrazzo,” and |the complete installation was erected in what was; drawn from a river or other source and pumped 
oles with green glazed bricks, the general|formerly the crude -water receiving - tank, ery through the filters into a reservoir at. higher level, 
which saves re-pumping, and under some circumstances 


ment is shown in Figs. 11 12, 78;.which are | lower half of the subsidence reservoir, as may be seen | makes the installation of the pressure filter an advan- 


collecting-channel an 
with white glazed bricks, and as the water is at all|strongly recommend the adoption of gravity filtra- aieecing area is advoca 
times viewed through a depth of 3 ft. or 4 ft., the|tion for the reasons already mentioned, they appre- | of disc 


reproductions from photographs. he pure-water jin Fig. 3. tage. In this case, where the purified water is in- 
¢ the inspection-boxes are lined| Although the Paterson Engineering Company | tended for a domestic supply, an mye y cme | large 

, in order to keep the rate 

arge per square foot of area at a low figure. 


slightest discoloration is at once apparent to the | ciate that there are circumstances when the pressure | With the exception that the filtering medium is con- 


attendant in charge. 








We may mention here that | type of filter is more convenient, as the water can be| tained in a closed vessel capable of withstanding the 
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pressure, the working of this type of filter is ve 
similar to the gravity type already described. It wi 
be noted from the following description, and from the 
illustrations on page 78, that the characteristic 
feature of the Paterson gravity filter is maintained in 
so far as the top film of sand is unbroken by any form 
of mechanizal agitator, and the waste water is drawn 
off by a central collecting-trough within 18 in. of the 
level of the sand bed. 

We recently inspected two of these pressure filters, 
constructed for the India Office, for the purification of 
the water supply to the military camp at Chidam- 
baram, amounting to half a million gallons a day. In 
Fig. 13 may be seen a perspective view of these two 
filters, reproduced from a photograph, the pipe-work 
being clearly shown. Fig. 14 isa view of the metering 
and chemical-supply gear, which we will presently 
describe. The filters are also shown in Figs. 7 to 9, 
page 75, Fig. 7 being a front elevation, Fig. 8 a plan, 
on Fig. 9 a vertical longitudinal section through one 
of the filters. 

Each filter is in the form of an 8-ft. diameter stzel 
riveted shell, 14 ft. long, carried on two cast-iron 
stools. This arrangement enables the filtration units 
to be constructed with a very large filtering surface, 
and very materially reduces the cost and the amount 
of attention required—matters of very considerable 
ag in large installations. 

‘he filtering medium consists of about 30 in. of 
quartz-sand resting on about 6 in. of pea-gravel. The 
purified water is drawn off by the Paterson system of 

un-metal strainers with screw caps, which hold securely 
in position the removable perforated bronze screens. 
The arrangement is clearly shown in Fig. 9. The 
central channel g running the full length of the filter 
effects the distribution ot the incoming water during 
the filtration process, and the withdrawal of the waste 
during the cleansing process. The pipework has been 
very carefully and conveniently arranged, and bears 
evidence of having had much thought bestowed upon it. 

In connection with pressure filters, one of the diffi- 
culties has been to obtain a thoroughly reliable means 
for effecting the addition of the coagulant in exact 
ratio to the amount of water passing. In the plant 
we are describing a large reciprocating meter of the 
Kennedy type is made to operate a plunger-pump, 
which forces in a definite weight of the necessary 
coagulant in exact proportion to the flow of water as 
metered. The arrangement is shown in outline in 
Figs. 7 and 8, and in perapective in Fig. 14. It 
will be noted that there are two pumps in the 
arrangement shown, one of which is for coagulant, and 
the other for the hypochlorite of lime. These pumps 
draw their supply from two sto tanks d and e, 
on the top of which are two small preparing-tanks 
b and c (Figs. 7 and 8). By this arrangement a 

sitive operating force is available for pumping 
in the reagent under pressure in the exact proportion 
required, and which has in practice been found to be 
very simple and satisfactory. 

The impure water, atter being treated with the neces- 
sary coagulant (and, if required, sterilising reagent), 
passes through the inlet-valve f (Figs. 7 and 8), into 
the distributing-channel g (Fig. 9), and after filterin 
through the quartz bed, is drawn off by the gun-meta 
strainers a, and discharged through the outlet-valve 
into the filtered-water main h, The yy Ay of the 
filter-bed with impurities is indicated by the gradual 
rise in the difference of pressure between the inlet 
and outlet sides of the filter, as indicated by the 
pressure-gauges. When this difference has reached 
the maximum permissible—from 5 lb. to 10 lb. per 
sq. in.—it is time to cleanse the filter. 

This operation is effected in about 10 minutes, by 
first closing the inlet-valve, then opening the waste- 
valve and draining the water down to the level of the 
wasts-trough. n opening the air-valve, sterilised 
comp air at about 5 lb. per sq. in. enters the 
strainer system, and by the special arrangement of 
the distributing pipes and strainers unseals the orifices 
of all the gun-metal strainers at the same time, so 
that an equal distribution of air takes place over the 
whole filter-bed. After agitating with compressed 
air for two or three minutes, the loosened impurities 
are flushed over into the central waste channel by a 
reverse current of cleansing water and flow away to 
the drain. On the completion of this process, the 
waste-valve is closed and the inlet-valve at f is opened 
and the filter gradually fille w> and the filtering pro- 
cess recommences. A by-pass valve is fitted at k, 
which connects with the outlet from the filters to the 
waste-drain, so that the first filtered water can be run 
to waste for about five minutes. 

The sterilised compressed air is stored at a pressure 
of about 50 lb. per sq. in. in an automatic receiver /, 
Fig. 7, the air being pumped in by a steam-driven 


air-compressor, fitted with a cut-off valve which comes 
into action when the air in the receiver has attained 
the desired pressure.. It will be seen, therefore, that 
the compressor is only required occasionally for the 
soehargice of the receiver. The compressed air is 
fil free from grit, oil, or other impurities and 
sterilised before entering the air-receiver. 


incoming water, paren furrowing, and draws off 
the impurities uniformly during the cleansing process. 
thoroughly scours the sand grains, and keeps the bed 
fresh and wholesome by repeated aerations. 
lowest possible proportion of wash-water is required, 
averaging | or 2 per cent. of the total volume purified. 
This result is due to the fact that the wash-water is 
not required during the air-scouring process, but only 
afterwards, to flost the loosened impurities to the 
drain. (4) The construction of the manifold strainer 
system ensures uniform agitation of the filter-bed by 
¢ compressed air and wash-water. These cleansin 
agents reach every part of the filtering medium with 
equal force, as is obvious from inspection of one of 
the gravity: filters during the cleansing process. (5) 
The liberal filtering area provided (more than double 
the —— standard for existing rapid filters) 
enables the rate of filtration to be kept at a low figure. 
(6) The filters are simple, compact, and so arranged 
that all valves are operated from the main working 
platform. 

From our own observation at Cheltenham, and the 
report on the working of the plant by Dr. Rideal, it 
would appear that the slow sand filter has a formid- 
able rival in this latest development of the rapid 
mechanical filter, which, in regard to the sterilisation of 
the water and the complete removal of colour, effects a 
result which hasnever yet been attained by.slow sand 
filtration. Indeed, these gravity filters at the Chelten- 
ham Water Works were, we understand, originally 
put down by the engineer in order to give the Severn 
water rough —— before it was passed through 
the slow sand filters, but it was found that when the 
Paterson filters were installed they purified the water 
alone to a higher extent than was found possible on 
the slow sand filters. 





ON THE CRITERION FOR THE OCCUR- 
RENCE OF CAVITATION.* 


By Professor Dr. L. GUmBEL, Member. 


As a result of his experiences on board the torpedo- 
boat destroyer Daring, Mr. Sydney W. Barnaby suggests 
as the criterion for the occurrence of cavitation in screw 
propellers that the pressure must not exceed about 11 Ib. 
sg inch of projected blade surface. Mr. D. W. 

‘aylor, however, is of the opinion that this criterion is by 
no means absolute, since instances of cavitation in screw 
propellers have been observed when such surface pressure 
only amounted to from 4 Ib. to 5 lb. per square inch. 
Mr. Taylor considers that this setting in of cavitation 
a a great deal more on the following :— 

. The speed at which the propeller blade moves 
—* - the water. 

2. The shape of the blade. 

The researches described below are intended to show 
that this occurrence of cavitation depends upon :— 

1. The absolute pitch of the cross-section of the blade, 

2. The angle ¢« formed between the ta: t of the fol- 
lowing edge and the face of the blade in the cross-section 
of the blade (see eo 3, on the — page). 

3. The amount of the slip as a function of the vessel’s 
8 


peed. ; 
4. The temperature of the water, the degree of its 
saturation with air, the barometric pressure, and the 
depth of the blade under the surface of the water. 

5. Not upon the pressure per unit blade area or upon 
the tip speed. 

When a screw-propeller blade, having a pitch p, a 
diameter d, and n revolutions per second, moves through 
the water with a speed of advance of V fj, per second, 
(speed of advance of propeller being speed of ship minus 
speed of wake = V), then the water on the influx or 
suction side of the blade can only be in contact with the 
latter as long as the velocity of the water, obtainable by 

over-pressure of the atmosphere, and by the pressure 
of the column of liquid as against the tension of a result- 
ing cavity, is equal to or greater than the velocity actually 
required for the influx of the water to the propeller blade. 
If we increase the number of revolutions at a certain 
speed of advance, and thus increase the slip so that the 
possible velocity of influx due to the pressure of atmo- 
sphere, gases and water is below that required, the pro- 
peller gets an insufficient supply of water, and the occur- 
| rence of cavitation is brought about. 
| The criterion of cavitation depends on the required 
| rate of supply to the blade being in accordance to the 
possible =. 4 of this influx. The influx velocity to 





| the propeller blade, as long as cavitation does not set 
| in } ... ~ wy | surface friction), is normal to the 
| surface and = A B = v cos a (see Fig. 1). 


| The maximum possible influx velocity A B = v cos a 
- be calculated under the a that Me —— 
water passing through the + pea ie must 

brought to the velocity A D. This velocity results from 

that of the speed of advance V = B D, and that of the 
influx A B = v cos a by the speed V, combined with the 
effect of the pressure of the atmosphere », above that 
which would exist in a cavity py due to water tension 
and gases and of the pressure D w of the column of water 


* Paper taken as read at the meeting of the Institution 
of Naval Architects, June 25, 1913. 








(2) The compressed-air and wash-water agitation | 
(3) The, 





Iu conclusion, the advantages claimed for this | above the blade, where D = depth of water to propeller, 
system may be summarised as follow:—(l) The |» = weight of water per unit of volume. 
central channel ensures the equal distribution of the | 


Hence, according to Bernouilli’s theoreni— 














v2 in a)2 ' 
Po _ Pg +p =!V sine)  (V cosa + v cos a)? 
2y w w 2 29 
2g (= + D) 
v+2Vv7= —- —f* 
, cos? a 
Taste [. 
Speed of | | ; 
} Slip Speed, | en 
ev V ft./aec | V + vfit./cec, v ft. /sec. | Limit Slip. 
0 0 12.65 4265 | 1000 
4 6.76 43.18 | » 36.42 0.845 
8 | 13.52 44.72 31.00 0.693 
12 20.28 47.20 26.92 0.570 
16 27.04 | 50.43 | 23.44 0.465 
20 33.80 54.40 } 20 60 0.379 
24 40.56 58.80 18.24 0.310 
28 47.32 63.80 | 16.48 0.258 
32 54.08 | 6880 | 14.72 0.214 
36 60.84 | 74.80 | 13.46 0.181 
40 67.60 | 79.85 | 12.25 0.154 











(3519 AJ 











50.8) 


Table I. is calculated for a blade element with a pitch 
angle, a = 16 deg. 20 min., and for the pressure— 


po — Ps — 20 ft., 
w 


and D = 6 ft. for various speeds of advance V, the slip 
limit being 
» 
V+v- 

The most important result observable is that, as the 
speed of the vessel increases, the limit of slip which can 
take place without cavitation is reduced. Further, that 
cavitation will start on the tip of the blade, where the 
pitch angle a isa minimum. / : : . 

For the purpose of the above inquiry, an infinitely thin 
os ller-blade has been imagined. If we take a real 

ladle into consideration, then we must introduce into 
our formula the angie corresponding to the greatest pitch 
of the blade. This is generally the pitch angle at the 
emersion edge on the suction side of the blade. (Fig. 2.) 

Let ¢ be the angle formed between the tangent of the 
following edge and the face of the blade in the cross- 
section of the blade. The said pitch angle then equals 
a + ¢, and our criterion will be :— 





v+2Vv= } Sa 
cos? (a + €) 
The limit of allowable ship is thus arrived at :— 
sata tan (a + €)V_ 
tana. (v+ V) 
= i nditions 
for granted en are stipulated in Table 1, we, then obtain 


Table II. on the next page. From this it will be seen that, 
in order to prevent cavitation in the examples given, the 
propeller-blade element must work with a negative slip 
at — of 24 knots, bo ary } > rs’ of the _ 
ni in propeller, imagin or Table I., a posi 
slip 31 per cent. would still have been admissible, at « 
of 24 knots. By a comparison of the two Tables, 
. and II.,a very clear idea can be formed of the enor- 
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— ee by the om 5 ny Nap pepe 
of propeller-blade, and more especially by the angle ¢ at 
the emersion edge. One sulin the importance of 
making the feather-edge angle ¢ as small as possible, and 
hence of forming a cross-section of the blade as nearly as 
possible approaching Fig. 3. 

A practical test of the results arrived at can only be 
made by actual experiment. Many observations have, 
indeed, made of the phenomenon of cavitation, but | 
only a few measurements are available. The 7 
measurements known to me are those of Mr. D. W. 
Taylor, who tested a screw propeller with a diameter of 
16 in. and a pitch of 6.4 in. at the three speeds of 5, 6, and 
7 knots respectively, under various conditions of slip, | 





NEW SECTION FORM. OLD SECTION FORM. 


Fig.6. TWO SHAFT TURBINE DRIVEN DESTROYER 
740 TONS DISPLACEMENT. 


Slip S. 


rom — 0.3 to + 0.4. The pitch angle at the tip of this 
propeller blade was a = 7 deg. 20 min. 


Tasie II. 








: : 
8; of } | 
Advance V| V ft./sec. | V-+0. tt./sec. | 222¢+® | rimit stip. 
in Knots. | | Tana 
| 
0 0. | 44.90 1.548 1.000 
4 an | we | — 0.770 
8 1362 | 469 | — 0.555 
12 20.28 | 49.30 = 0.865 
16 27.04 52.40 . 0.202 
20 33.80 | 56.20 a 0. 
24 40.56 5 | — ~ 0.088 
28 47.82 a ens -0.120 
32 54.08 7.30 | — -0.188 
36 60.84 75.60 re — 0.242 
40 67.60 81.10 os — 0.286 














The angle formed between the tangent at the following 
edge and the face of the blade « = 21 deg. 50 min. ; if, as 
above, we take 

Pb — Po — 9 ft., 
w 


and neglect D, we arrive at the criterion for the setting 
in of cavitation— 

24+3Ve=___29_ _ 
cos? 29 deg. 10 min. 
Hence we get at 


5 knots a limit slip of 11.1 per cent. 
6 ” a 2.6 ” 
7 * — 22.0 


A com with Taylor’s experiments (see Fig. 4) 
shows tha, os a melew af fact, we can take the setti 
in of cavitation for granted at the above speeds, wi 
the slip values given. If, from the known values of the 


” ” 


thrust T and the torsion moment Q we calculate the 
abstract values :— 
T9 _Q27g 





and co-ordinate these with the corresponding slip values, 








then, as long as no cavitation occurs, and no matter what 
the que of advance of the propeller may be, we obtain 
two lines 


thrust 
a, same 


torsion moment res 
for all geometri 


water or air. These characteristics for thrust and torsion 


moment run almost in straight lines, as experience shows, | and bs t slow 
ot cent., and in such a way that | at which, under ordinary circumstances, cavitation is not 


up to slips of about 40 
the following relations hold good (compare Fig. 5) :— 
ie =a + bs, and aeee. =c+ds, 
aT w pent = w pn? 


which can be taken as characteristics of the | 

tively. These lines are | narrow propeller blades as possible by consideration of 
ly similar screws, of any | strength, with as small a feather angle as is allowable at 
dimensions, and for any desired fluid, say, for the emersion . Broad 


section, in consequence of the increased friction, an 
attempt should be made, by distributing the cross-section 
in an appropriate manner, as in Fig. 3, to construct as 


propeller blades should espe- 
where, as in the case of merchantmen 
the vessel’s speed is kept below the limit 


| cially be avoid 
ttleshi 


to be anticipated. é 
The criterion here put forward has, of course, nothing 
to do with the cavities caused by the narrowing of the 
through- section between two blades, the presence 
of which is often shown by the occurrence of erosion, 


Fig.4. TAYLORS METHOD OF REPRESENTING 
RESULTS OF EXPERIMENTS. 


Thrust T. 





Slip S. 


from which we get— 


Efficiency e = (a + bs) (1 - 8) 
" (¢ + ds) 
As soon, however, as cavitation sets in these characteristic 
lines alter by taking a considerable “~~ = : 

In Fig. 6, above, for instance, the thrust and torsion 
moment characteristics for a twin-shaft turbine vessel are 
given, from which it will be seen that cavitation sets in 
when a slip of about 15 per cent. is reached. 

Taylor’s experiments, illustrated in Fig. 4, give entirely 
similar results. It may be observed that, so long as no 
cavitation sets in, the propeller thrust and torsion 
moment are determined by the linear equations :— 


Tg 


= 0.430 + 0.8748 
or w pn? 
pure = 0.750 + 0.4928 
.y wp n2 


and that the deviation of the lines downward occurs, in 
reality, at the slip values worked out above :— 


0.111 for V = 5 knots. 
— 0.026 for V = 6 knots. 
— 0.220 for V = 7 knots. 


Hence Taylor's experiments absolutely confirm the 
criterion advanced above. We may, therefore conclude :— 

(1) That the setting in of cavitation in screw-propellers 
en pressure on the blade 
area nor on the tip speed of the propeller blades. 

(2) The finer the pitch of the screw-propeller and the 
greater the angle formed by the feather-edge, and the 
greater the speed of advance, the less the slip should be 
to prevent the formation of cavities. 

(5) That cavitation sets in earlier in a rough 
air is mechanically mixed with the water. ; 

A wor pig ae ee pe will be more easily 
obtained in -bladed propellers than 
ones. In this fact lies, in my opinion, the secret of the 
success that has been obtained with turbine screws with 
broad blades. Since, however, broad blades have a lower 


sea, when 


efficiency than narrower ones of the same proportional 

















D.W. TAYLOR /904. 
Helicoidal Area _ 9.392 
Disc Area 
Number of Blades = 3 


Fig. 5. 










pp -arbs "@_.¢ 
Z wp7in? wp? n? 


eons near the root on the thrust side of the blades. 
r occurrence of these cavities is worthy of special 
study. 
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British Locomotive Exrorts.—There appears now 
to be a chance of 1913 proving a fairly good year for our 
locomotive exports. The value of the engines exported in 
June was 246,524/., as com with 194,109. in June, 
1912, and 312,627. in June, 1911. 


AssIsTANT OLERKSHIPS, Royat Navy.—The Secretary 
of the Admiralty announces that an examination for 
assistant clerkshi Royal Navy, will be held on 
December 2, 1913. number of candidates declared 
successful will depend upon the requirements of the 
Service. Applications for nominations to attend this 
examination must be made to the Assistant Private Secre- 
tary to the First Lord of the Admiralty, Whitehall, S. W., 
by September 30 next. No application received after 

t date will be entertained. e regulations for entry 
may be obtained on ication to the Secretary of the 
Admiralty, Whi S.W. No candidate will be 
eligible for the examination in December who is under 
17 or over 18 years of age on January 15, 1914. 


Tue Barirish Fire-Prevention Oommitrer.—The 
British Fire-Prevention Committee make the following 
announcements as to classification obtained under the 
Universal Standards of Fire Resistance. A hinged door, 
by Ohubb’s Lock and Safe Company, Limited, made to 
an opening of 20 ft. super, has been classed as affording 
** Full Protection,” Tene deg. t a o' — test » tem- 
peratures exceeding .» follow the application 
of water. Electro-glazin the Luxfer Priem yndicate, 
Limited, has been classified asaffording ‘‘ Partial Protec- 
tion,” Class Aes i , hours’ test at tem: tures exceed- 
ing 1500 deg. Fahr., followed by the ication of water, 
2 ft. by 2 ft.; and the same classification has 
ing the name bd i bs bo yA? Phe heal 
ing jon size by cen oO 
report in respect ¢o the abovocented tests will be issued 
next month. The Committee also announce that the 





special series of fire tests with some eighty fire-extin- 
guishers of different makes that have in use for some 
time will be undertaken this month. ; 
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EXPANDING ARMATURE ABSORPTION 


DYNAMOMETER. 


CONSTRUCTED BY THE GRIFFIN ENGINEERING COMPANY, LIMITED, BATH. 


Lig. 2. 




















Fic, 3. 


THE three illustrations above show a new form 
of disc absorption dynamometer which is being intro- 
duced by the Griffin Engineering Company, Limited, 
of Bath. The appliance is a development from 
the earlier form of dynamometer manufactured 
by the firm, which we illustrated and described in our 
issue of October 25 last. The new dynamometer 
embodies the principle of the original in a simpli- 
fied form, and is specially valuable for use at high 
speeds. _ Although, of course, not restricted in its 
application to such service, it is potiematy suitable 
for petrol-engine testing, and should find a wide appli- 
cation for such work. It is suitable for speeds from 


500 up to 3000 revolutions per minute. 
The dynamometer consists of a closed conical-ended 








drum, in the interior of which are two adjustable 
conical friction-discs mounted on a central shaft. 
The petrol-engine, or other source of power, to be 
tested is coupled to this shaft. The drum and shaft 
are independént from each other, and are each mounted 
on ball-bearings, so that as the friction-dises revolve 
inside the drum they tend to pull it round with them. 
The drum is prevented from rotating by the horizontal 
arm which is carried from one side of it, and the 
torque is measured by a spring-balance connected to 
the end of this arm, as shown in Fig. 3. In this figure 
the arm is shown with a dead-weight attached to it, 
the spring-balance measuring the apparent loss of 
weight due to the driving torque of the friction-discs 
on the drum. As an alternative arrangement, the 





weight may be omitted, and the pull taken directly by 
the spring- oe. 

The adjustment of the distance between the discs 
and the interior surfaces of the drum is carried out by 
the screw and double-lever mechanism, which will be 
followed from Figs. 1 and 2, it being understood 
that the discs and the centre spider casting in Fig. l 
are shown in a section taken al the line X Y of 
Fig. 2. This has been done in order to show more 
clearly the details of the mechanism. As will be 
seen, the discs slide on feathers on the shaft, and are 
acted on by four spiral springs, which tend to move 
them away from the inner surfaces of the drum. The 
main shaft is hollow at its left-hand end, and carries 
inside it a second shaft, which has a slot at its inner 
end engaging the points of two rocking levers, one of 
which can be clearly seen in Fig. 1. e second shaft 
can slide endwise inside the main shaft, and it is 
clear that when it so slides it will press the discs 

inst the inside of the drum owing to the action of 
the rocking levers. The sliding of the second shaft is 
controlled by the hand-wheel and screw arrangement, 
which can be seen at the right-hand side of Fig. 1. 
The hand-wheel controls a lever, which acts on a collar 
on the shaft, the pull of the lever being transmitted 
to the discs through a —_ spring. 

The cooling of the dynamometer is effected by a 
stream of water which enters at the lower part of the 
drum, is carried over the frictional surfaces by centri- 
fugal action, and passes out again at the lower part of 
drum. The two water connections are clearly shown 
in section in Fig. 2. It should be noted that the film 
of water which forms round the inside of the drum 
gives considerable frictional grip between the drum 
and discs, and that up to about one-third power the 
dynamometer may be worked without any actual con- 
tact. between the discs and drum. It will be clear that 
comparatively little cooling water is uired, and 
that, owing to the effective circulation, the tempera- 
ture of the frictional parts may be kept down to a 
low figure. Owing to the water system being entirely 
enclosed, the apparatus is convenient and cleanly in 
use. It gives a steady reading on the dial pointer, and 
is arranged so that it can be run in either direction. 
It is built in four sizes, the largest, with 24-in. discos, 
being suitable for testing engines from 30 to 60 horse- 
power at speeds from 500 to 1800 revolutions per minute. 








Contracts. — The City Commissioners of Regine, 
Saskatchewan, have just ordered from Messrs. 08 
Peebles and Co., Limited, through that firm’s Eastern 
Canadian agents, a 1200-kw. motor converter (Peebles La 
Cour patents).— We are informed that over 230 locomotives 
are now being fitted in this country with the Robinson 
superheater. The Buenos Aires and Pacific Railway 

pany have given instructions for further engines to 
be fitted with it, and the Great Indian Peninsula Rail- 
way and the Buenos Aires Midland Railway have, 
amongst others, recently placed orders for the superheater 





in question. 
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THE SOUTHEY OIL-GAS PRODUCER. 
On Thursday, July 10 last, a demonstration of a 
suction producer operated with oil as its fuel, and 
intended for use on motor vehicles, was given by Com- 
mercial Cars, Limited, of Luton. The apparatus, of 


which the total weight for a 32-brake-horse-power | 
engine is about 10 lb., makes it possible, using paraffin | 


as the fuel, to start up engines from the cold as 
readily as if the fuel were petrol, and the engine can 
be ‘‘run on the throttle” just in the same way. 

The piece of apparatus would perhaps best be 
described as a combined producer and carburettor, 
since only a portion of the fuel supply is actually 

asified, some pert goning over to the cylinder in the 
Com of vapour. The heat needed to evaporate this 
portion of the supply is, however, provided not from 
the exhaust gases, as is usual in paraffin carburettors, 
but by the partial combustion within the producer of 
part of the actual fuel fed. This combustion takes 

lace with a restricted air supply, so that the carbon 
in the fuel is converted into carbon monoxide, which 
is, of course, a highly valuable gas-engine fuel. 

A section through the producer is represented dia- 
grammatically in Fig. 1. The float-chamber, shown 
on the right, automatically maintains the fuel-oil at 
the level indicated in the diagram. A supply of com- 
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pressed air at 7 lb. to 10 lb. per sq. in. passes up 
through the small ejector shown at A, and sprays a 
portion of the fuel, as indicated by the dot lines. 
A diaphragm shown at B cuts off the edges of this jet, 
the particles intercepted falling back into the oil at 
the bottom, whilst the remainder passes into the 
combustion-chamber C. At the top of this is a baffle 
D, which intercepts the whole of the spray, which, 
accordingly, tends to fall down quietly to the bottom 
of the chamber C, and thence through the small holes 
chown, back into the oil-tank again. 
engine is at work, the suction produced, draws in air 
through the two flap-valves shown, and if a spark be 
aamell across the spark-gap indicated, the contents of 
the chamber C are ignited. The air supply being 
restricted, however, combustion is only partial. 
Carbon monoxide is formed and hydrogen is liberated, 
and these gases, with some of the ungasified portion 
of the spray, are drawn over into the cylinder through 
the hole shown at E, and round the annulus F, and 
finally through the throttle-valve shown on the right. 
The air supply needed for completing the combustion 
in the cylinder is drawn in at G, the opening being 
— e by the slide shown. 

t was stated above that the mixture in the 
ited by a spark, but this is only 
necessary at starting. Once ignition is effected, the 
coil which — the spark is switched off, and 
combustion will continue so es as the engine is 
running. The air supply needed for spraying the 
oil is taken from one of the engine cylinders. No 
air reservoir is carried. There is merely a special 


chamber C was i 


valve and a filter interposed between the cylinder and | Thomas Tilling, 


If, however, the | #7 





the bottom of the producer. This valve has two 
alternative seats, bedding on the one when the 
— pressure is too low, and on the other when 
this pressure is too high. A passage to the producer 
is opened therefore only when the cylinder pressure 
is between 7 Ib. and 10 Ib. per sq. in. An adjustable 
spring prevents the valve being forced on to its second 
seat until the cylinder pressure exceeds the upper of 
the two limits above given. At the demonstration 
it was shown repeatedly that with all cold the engine 
could be relied on to start with two revolutions of the 
crank. In thus starting the engine, the extra air 
inlet at G is closed; but once the engine is fairly 
going, this opening is uncovered and the engine is 
afterwards run on the throttle merely. At jee de 
demonstration, the producer, after being dismantled 
for the purpose of showing its construction, was re- 
placed on a motor-lo which, with its load, weighed 
4 tons 3 cwt. gross. The engine was started at the 
first attempt, and the lorry was then driven up the 
long hill on Crawley Green road, parts of which are 
at a gradient of 1 in 7}. The engine showed great 
flexibility, and during a considerable ~ rtion of 
the run a clean exhaust was obtained. Probably this 
desideratum could be realised in all conditions by 
suitably adjusting the air supply ; but the engine was, 
as stated, run entirely on the throttle throughout 
the whole of the trip, the air opening being kept 
constant. 

It was stated that in one of the earlier tests of the 
producer the supply of paraffin ran short, but the 
vehicle pled er in getting home by using lubricating 
oil for fuel. It is suggested tnat it may be possible 
to cperate the producer with creosote, of which it 
appears some 75,000,000 gallons are produced in this 
country yearly. The fuel consumption per mile is 
said to be certainly not greater than it is with petrol, 
and is, perhaps, @ little less. It has been arranged 
that one of these producers shall be handed over to 
the Petrol Substitutes Committee for the wg of 
exhaustive tests. It would seem that the device may 
prove useful for stationary engines as well as for motor 
vehicles, and we learn that a 15-horse-power Crossley 
gas-engine has been successfully operated for some 
time with one of these producers. The body of the 
producer is of gun-metal, and in spite of the combustion 

ing in its interior, it never gets so hot that it 
cannot be touched. This would of itself suffice to 
show that the loss by partially burning the fuel in the 
producer, in place of wholly in the engine, must be 
very small. After prolonged use, a slight sooty deposit 
occurs in the walls of the annular chamber F, but this 
is not thick, and the area affected is, moreover, readily 
accessible for cleansing if required. 





Tue Tin-PLate Trapge.—The exports of tin plates 
from the United Kingdom in June amounted to 41,483 
tons, showing an increase of 11,012 tons as compared 
with June, 1912. There was a specially satisfactory 
rally of 4321 tons in the exports to the United States of 
America. The aggregate exports to June 30 this year 
were 255,019 tons, as compared with 216,089 tons in the 
first half of 1912. 





ImpeRIAL Motor TRANSPORT CONFERENCE.—This con- 
ference commences to-day, and will last until Friday next, 
the 25th inst. To-day, at 11.30 a.m., the Commercial 
Vehicles Exhibition of the Society of Motor Manufac- 
turers and Traders, at Olympia, will be —— by 
H.R.H. Prince Arthur of naught, K.G., President 
of the Imperial Motor Transport Conference. To-morrow 
free tickets of admission to the Brooklands Automobile 
Racing Club are available for delegates and their friends, 
and an opportunity will thus be afforded of observing cars 
travelling at highspeedson a track which has been the scene 
of many record performances. An ingenious apparatus 


for accurately timing cars at high speeds will repay in- | th 


spection. Examples of motor vehicles of the types 
for subsidy by the War Department will be available for 
inspection and demonstration. On Sunday, the 20th inst., 
free tickets of admission to the London Aerodrome at 
endon will be available for delegates and ladies accom- 
panying them. On Munday, the 2istinst., the Conference 
will meet at Olympia for a discussion on fuels for motor 
vehicles, and the production within the pire of an 
adequate fuel supply for internal-combustion engines. 
On Tuesday, the 22nd inst., motor-buses, placed at the 
disposal of the ty by the London General Omnibus 
Company, will leave the Royal Automobile Club at 
2 p.m. for Windsor. On Wednesday, the 23rd inst., the 
Conference will “ae meet at Olympia, for a discussion 
on the design of Colonial and military motor vehicles, 
and the relations of British manufacturers with buyers 
overseas. On Ys the 24th inst., motor-buses, 
placed at the disposal of the y by the London 
General Omnibus Company, will take members for a 
tour of inspection of London traffic, including a visit to 
a typical dépét of the London General Omnibus Com- 
y. On Friday, the 25th inst., there will be a Con- 
ene ~yny | at the Royal - pn oe b for a 
ussion on the organisation 0 an 
traffic by motor vehicle. Motor-b Seok ob the 
dis of the party by Messrs. Thomas Tilling, Limited, 
will convey members to the big farage of the General 
Motor-Cab Compa yaad the mail-van dépét of Messrs. 
mited. 





A CASE FOR ELECTRIC PROPULSION.* 
By Jonn Retn (Member) and H. A. Mavor. 


THE development of the canal-barge or freighter pre- 
sents a problem of much greater interest and importance 
than may at first sight appear. No one who travels on 
the great rivers of Europe—on the Rhine, Danube, or 
Volga—can fail to observe the immense traffic which they 
bear, and the remarkable way in which the vessels 
employed in such traffic have been designed to suit local 
conditions and requirements. It is so also on the great 
North American inland waterways, the importance of 
which, as affording the only system of transportation 
which can compete with the railroad, has been very 
generally i Perhaps nowhere in the world 
is the influence of local conditions on vessel design 
more recognisable than on the Great Lakes of North 
America, where the immense quantities of bulk ore, 
coal, and grain, which have to be handled in a short 
six months’ season, the importance of quick loadin 
and discharge, the shallow nature of the canals an 
river channels connecting the lakes, and other local 
considerations, have led to the evolution of a very remark- 
able type of vessel, enormous in size, unique in propor- 
tions, and unapproachable in the efficiency and economy 
of its operations. The same influence of local conditions 
on vessel design is very marked in the Canadian vessels 
which make use of the St. Lawrence and Welland Canals, 
by which access by water is maintained between the head 
of ocean navigation at Montreal and the end of lake 
a proper at the eastern end of Lake Erie. This 
canal system com the range of canals by which 
vessels are enabled to the currents and rapids of the 
St. Lawrence River above Montreal, and the Welland 
Canal, by which the difference in levels between Lake 
Erie and Lake Ontario, of which the Falls of Niagara is 
the outcome, is surmounted. 

In this series of canals the limiting draught is 14 ft. 
under normal water conditions, in many of the canal 
reaches as well as on the sills of the numerous locks. 
These locks themselves are for the most part of a standard 
size (Figs. 1 and 2), permitting the convenient passage of 
any vessel not exceeding 250 ft. between perpendiculars, 
42 ft. 6 in. beam over plating, and drawing not over 14 ft. 
in fresh water. Larger vessels have been locked through, 
but only with difficulty, and for our present purpose it 
may be taken that the above dimensions can not safely 
be exceeded. When it is considered that a Canadian 
canal vessel can only operate on the lakes and canals 
for six months in the year, owing to prevailing ice con- 
ditions, and that for various reasons it is not possible to 
——w it during the off Lake season in any deep-sea 
trade, and when it is remembered that the trade in 

in, coal, pulp-wood, package freight, &c, between 
ontreal and the Upper Lake ports, and vice versd, is 
already very large and rapidly increasing, it will be 
easily understood that not only is it of prime importance 
to carry the utmost possible deadweight per trip on the 
limiting — of 14 ft. ; but it is equally important to 
obtain quick loading and disch , and to lose as little 
time in =e the canals and locks of the St. Law- 
rence and Welland systems as possible. 

The last consideration is due to the fact that, as the 
speed in the canals is limited to four miles an hour, and 
as there is ever present in the canals the possibility of 
vexatious delay on account of passing vessels, railway 
swing-bri waiting turn at locks, interference from 
fog or darkness, when the main canals cannot be navi- 
gated, and so forth, the vessel cannot too. quickly 
eseape into open water, where only continuous naviga- 
tion at full 5; can carried on. Under these 
conditions it is fair to state that anyone starting out 
to design or build a canal vessel suitable for the Canadian 
trade, without reference-to the local conditions, would 
be pretty certain to produce a failure, however successful 
the vessel might be in open water alone. For example, in 
attempting to enter a lock which is only 45 ft. wide with 
a vessel which is 42 ft. 6 in. beam, and under which there 
may only be an inch of water over the canal bottom, it 
would be natural to expect that the navigating officer 
would arrange to approach ~~ = lines ashore, and 
gradually eed the vessel in. To follow such a course 
would probably obviate a good deal of canal da which 
ese V now sustain, but it would inevitably entail 
such a delay in the locks as would most a reduce 
the vessel’s earning capacity. Actually the course followed 
is for the navigating officer, as he approaches each lock, 
to line up his vessel as well as wind and current will 
allow, and to enter at considerable speed, so as to dis- 
place the lock water the vessel’s sides as quickly as 
possible. Full stop a few feet short of the gate ahead is 
obtained by quick engine reverse, and by holding on with 
an extra heavy compressor to a snubbing-wire made fast 
to a mooring-pin on the 2“. When the vessel has risen 
or descended in the lock, it is ey important to get 
— =e in with the least loss - =, — - 
usually done by passing a mooring-wire forward along the 
lock-wall or canal , and warping out fora short dis- 
tance until the propeller can get the vessel up to the 
desired sj ls 

It will be at once apparent that, under such conditions 
as have been outlined, the form of the propeller, its revo- 
lutions, and its control must play a most important part 
on the efficiency of the vessel asacanaller. Engineers 
experien in this line of work look for a screw which 

ill cause this very full-formed vessel to respond imme- 


| diately to its actions, and, of course, there goes with that 


an arrangement of propelling machinery which must 
respond immediately to the demands of the engineer in 





* Paper read before the Institution of Naval Architects 
on June 27, 1913. 
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charge. A quick-acting throttle and an instantaneous 
and positive reverse are all important. These would be 
valueless, however, to the desired end but for a pe 
which will enable the vessel to be driven into and out of a 
lock with the least loss of time. Bear in mind that in 
entering the lock there is a direct resistance from the water 
throttled in front of the vessel, and in leaving the lock a 
corresponding vacuum tendency behind the vessel, and 
a refusal of the water to flow quickly through the re- 
stricted channels between the vessel’s sides and the lock 
walls towards the propeller. Evidently, for successful 
work under such peculiar conditions, everything depends 
on the propeller. Note that there is no question here of 
hull form ; that is to all intents and purposes fixed and 
unalterable. It will be understood that if a Canadian 
canal vessel has to pass every week through a hundred or 
more locks, and if the time lost in locking can vary from 
seventy hours week for an unsuitable type to forty for 
a well-designed and well-handled canaller, it may be well 
to design rather to overcome the lock and canal delay 
than from mere considerations of the best speed obtain- 
able in open water, especially as the time which many of 
these vessels spend in open water is very short. 

It has been found, for example, that by the use of a 
very broad-bladed propeller, with a pitch ratio of 1.1, and 
at about 80 revolutions per minute, the best results can 
be obtained in locking operations. The propeller is so 
designed that it has great driving power ah and astern 
in locking operations, quickly decelerating and accelerat- 
the s in manceuvring into or out of a lock as the case 
ma . A type of Lake propeller is shown in Figs. 3 
and 4. If, in imagination, the vessel shown in Figs. 5 to 
10, 82, be placed in one of the locks, which it abso- 
lutely fills, it will be easily realised how helpless for 
efficient results any small fine-pitched high- propeller 
would be, however excellent that type might be in open- 
water work. Furthermore, in lining up to enter a lock, 


Fig. 1. 


























(3507.A J 


the broad-bladed Canadian propeller can be utilised to 
throw over the stern of the vessel without occasioning 
headway by giving the big, coarse screw a short full- 
speed impulse with the rudder hard over. This is done 
as a last resort in entering a lock to prevent a foul 
entrance, the occurrence of which generally results in a 
heavy blow on the one bow, a rebound witha blow on the 
other bow, and, finally, a severe nip abreast of No, 1 or 
No. 2 hatch, with the inevitable consequence of serious 
structural straining, leaky rivets, and damaged cargo. 

When the design of the hull, Figs. 5 and 6, is carefully 
considered, it is found that other circumstances, for the 
most part also arising from local considerations, militate 
against any advantage being taken of the fact that these 
vessels trade in comparatively sheltered waters, to reduce 
the scantlings in an effort to add to the dead-weight. The 
main scantlings, framing, and plating must be full up to 
deep-sea requirements, apart aay me oy! from the fact 
that these vessels, being largely built in the United 
Kingdom, have to make to Montreal, generally 
in a two-thirds full load condition, over the stormiest 
region of the Atlantic. It is essential, in fact, to have 
even stronger close-spaced main framing forward, almost 
as if providing against ice, to enable the vessel to resist 
the continual pounding against the lock walls and ap- 
proaches, to which it is inevitably subjected in this canal 
trade. 

The double bottom must be deep, so as to provide ample 
water ballast to get the vessel well immersed in ballast 
trim, otherwise canalling and locking become impossible 
in a high wind, a t cause of lost time for badly- 
designed vessels. e bottom plating must not be less 
than 4 in. to resist occasional rubbi in the canal; the 
tank top plating must be — eavy to withstand 
blows from the unloading ; the bilges require 23/40 
for protection against canal-bank rubbing ; and the decks 
must be heavily plated and well supported for deck 
cargoes of pulp wood and lumber, which may be stacked 
as high as 14 ft., 16 ft., and even 20 ft. above the deck. 

_ Under these conditions, if an attempt is to be made to 
increase the dead-weight carried on the canal draught of 
14 ft.—and owners are perpetually urging such increase— 
it is found that a limit is soon reached beyond which no 
reduction in weight of scantlings is possible, and as the 
form is usually 0.83 block, or fuller, the dead-weight capa- 
city cannot be materially inc’ by any changes in hull 
form or structure. Ina word, thedesigner is bound hand 
and foot as to dimensions, form, and hull weights, and is 
therefore driven to reconsider his propelling machinery 
in an effort to economise in the Saas of machinery 
and fuel. It is this fact that makes this class of vessel 
& most natural type in which to experiment with the 
internal-combustion marine engine of Diesel or other 
pe. First efforts, however, were devoted to adapting 
the gas-engine and producer, because, while fuel oil is 
very plentiful and cheap on the Lakes, coal of all kinds, 
in ling anthracite, is even more widely available, 








and at very reasonable rates. Therefore it was natural to 
consider the producer-gas proposition in the first place. 
In 1908-9 the marine gas-engine had not been reduced 
to any very practical or reliable form, and the land 
engines built and running offered very little in the way 
of experience to guide one in adapting them to marine 
work. Reliability was doubtful, reverse uncertain, revo- 
lutions much too high, and reduction-gear at that time 
by no means to be relied upon. Finally, the attempt to 
adapt the gas-engine was reluctantly abandoned, and the 
experience of other investigators in this field goes to 
show that this was an escape from an adventure full of 
trouble. One thing, however, the writers’ investiga- 
tion did indicate, and that was that no internal-com- 
bustion engine then extant could be coupled direct to 
a Lake type of —— and that to substitute a suit- 
able type of propeller for the proposed engine, regardless 
of | requirements in Canadian waters, was to court 
certain failure under the conditions indicated above. 
Mechanical reducing gears, though considered, did not 
offer any great prospect of success, because the reversing 
gear on the main engines had to be retained, which cer- 
tainly promised another source of weakness and loss in 
canalling, possibly a failure to start or to stop under con- 
ditions as regards locks and gates certain to result sooner 
or later in serious disaster. At this time electricity 
seemed to offer possibly the best prospect of successful 
solution to this problem. Being satisfied that the single 
Lake type of propeller and the facilities for manceuvring 
the same under steam would have to be retained if failure 
was to be avoided, it remained to find some third feature 
through which the desired large tet a ropeller 
could be reconciled with the comparatively light high- 
speed in -combustion engine of the Diesel or other 
type. It must be admitted that the introduction of 
clecteteley for this purpose, while committing one to a 
certain loss in transmission, gave assurance of certain 











controlling this mechanism is set in motion by the racing 
of the engine in a seaway, and the cycle of the cylinder 
operations, so far from continuing uniform, as is essential 
for good working, are periodically interfered with, prob- 
ably under impulses given too early or too late, with 
inevitable trouble. It must be considered also that no 
engine of the Diesel type, with its numerous spring-loaded 
cam-driven valves and other fine-set gear, can take kindly 
to the vibration set up by the action of a vessel in a sea- 
way. The reference here is particularly toa vessel engined 
astern, but the same is true of any position of the machi- 
nery in direct drive. nie any adjustments necessary 
on the Diesel engine, need for which may not be at once 
apparent—in fact, which may not become apparent at all 
until serious trouble has developed—-must be at once 
attended to, to avoid trouble, whereas in a steam-engine 
they may without serious detriment be put off to a suit- 
able opportunity. 

Enough has Coen said to indicate some of the points 
which experience has already developed as requiring con- 
sideration in the present Diesel type of marine engines 
before its reliability can be confidently placed in the same 
yen | with that of the triple-expansion steam-engine. 
After all it is the average shipowner’s wish to have a shi 
which, while attaining all reasonable efficiency ont 
economy in its operations, shall be, first and foremost, 
trustworthy, and the propulsion of which will be carried 
on as surely as the limitations of the best engineering 
mechanism wiil permit. It is hopeless to introduce new 
methods of marine propulsion which do not guarantee all 
the security and certainty of the mechanism which they 
displace. Therefore it is suggested that it is unfortunate 
that so much effort has been devoted to attempting 
to force the Diesel engine into conditions of service for 
which it appears inherently unfit, without saying that in 
certain classes of vessels where the itions are special 
there may not be a perfectly legitimate field for the type 
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incidental advantages of great value which had not 
originally been anticipated. 

No internal-combustion engine, Diesel or other, known 
to the writers, is an absolute substitute so far as simpli- 
city of operation and reliability of handling are con- 
cerned for the ordinary up-to-date triple-expansion 
steam-engine, even in deep-sea go-head work, much less 
in manceuvring in narrow waters within harbour limits or 
in rivers or canals. Whatever success may have been 
obtained by the recently-developed two-cycle, slow-speed, 
marine type of Diesel engine—and there is here no 
suggestion that success has been other than most en- 
couraging—it still seems that the line of development fol- 
lowed is not such as appears likely to lead to the evolu- 
tion of a propelling engine, which an owner will be as 
ready to have in his vessel as he would an ordinary steam 
outfit. Attention has been paid to obtaining a specious 
resemblance to the marine eteam-engine in an effort 
to make the Diesel engine exactly suited to take the 
steam ’s place direct on the propeller-shaft for the 
sake of a simplicity which is more - +> than real. 
To get the low revolutions most desirable for propulsion 
in slow-s cargo vessels, important advantages in the 
normal Diesel a such as high , low weight, and 
moderate over-all dimensions, have sacri , while 
the necessity for fitting reversing gear on the engine itself 
has added a most unfortunate complication, necessitating 
the lavish use of compressed air in manceuvring, an 
addition of a particularly troublesome and expensive 
nature. Furthermore, experience has already shown that 
the use of large single-screw Diesel engines in propulsion 
is attended with grave risk of the breakdown of the whole 
propelling mechanism of the vessel. 

It is idle to deny that there is inherent in the very 
operating principle of the Diesel engine an element of 
delicacy and unreliability very little in keeping with the 
rough work of marine propulsion, which modern 
steam-engine emerges with credit. The fuel economy 
which has been the one real outstanding claim for the 
adoption of the Diesel engine is, in fact, dependent on 
an operation of great nicety, involving the use and main- 
tenance of very delicate mechanism. A governor action 











” ” 


criticieed—viz., the direct-drive, slow-speed, two-cycle 
open marine engine. Such scope is most assuredly 
not found in the full-bodied cargo-boat, still less in the 
Canadian canal vessel, under the peculiar conditions and 
limitations above described. It is unthinkable tha 
with its present form of hull, which cannot be varied, 

the still more definitely -fixed type of propeller, the 
present triple-expansion engine can be displaced by any 
direct-connected Di engine. Eighty revolutions per 
minute, which is common with the steam-engine, is almost 
hopeless for the Diesel, and however successfully the 
reversing gear may ay in the latter engine, it is little 
likely to be improved by hundreds of rapidly alternating 
go-ahead and go-astern motions required in negotiating 
such a series of locks as in elland Canal. 

Broadly speaking, the introduction of electricity in this 
connection puts the Diesel engine back into work for 
which it is eminently suited, under conditions which give 
it every chance to maintain efficiency and reliability. I 
is as far as possible removed from the uncertain action 
of the propeller, and the uneven loading and vibration 
incidental to a direct pro) drive. In Canadian canal 
work the power requi for propulsion varies between 
very wide limits. In the canals ves, 4 miles being 
the limiting speed, 150 indicated horse-power or less is 
sufficient, though full speed must be always available for 
emergency, especially in backing. In the open lake in 
fair weather 500 indicated horse-power is sufficient to 
maintain fair speed, while 750 indicated horse-power is 
| » ag oy! with y Lawrence currents. 

n some designs the writers, ore, posed three 
Diesel generating units of 250 indented besv-powen, 


each of which can be switched on to thé propelling motor 


as required. Such an arrangement is shown in Figs. 11, 
12, and 13, page 83. In the Tynemount, which is now build- 
ing, todemonstrate the Diesel ic arrangement of pro- 

ing machi , & two-unit subdivision is for, 


each unit furnishing 300 horse-power. Figs. 14 to 18 
show approximately the general layout of the installation 
wnt ory = E mgm in oa ee, and also in 

igs. © ease with w generating units 
can be located in any desired position, in a separate 
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of rotation is reversed, and by connecting the 40-pole 
wipees of the motor to the 6-pule tor, the speed in 
either direction drops to 58 revolutions per minute, or 
about three-quarters of the full revolutions. If full 
7 ape be not required, one generator may be stopped and 
the other left running at full revolutions under governor 
control and at full economy, because the power required 
to drive the ship at three-quarters speed is about half of 
that required to drive it at full speed. If either of the 
generators be left attached to its own winding and the 
other generator shut down, the ship is propelled by 
either engine at a little over half-s , the speed of the 
ship falling with the speed of rotation of the engine, until 
an automatic adjustment of power and speed is reached 
at about half-speed. 

The control gear consists of an apparatus for changing 
the connections of the generator and motor windin 
respectively. There are five positions on the switch, 
corresponding to the ordi itions on the engine- 
room telegraph. They are ‘ Pull Speed Ahead,” “ Half 
8 Ahead,” ‘‘Stop,” ‘ Half Astern,” and 
‘*Full Speed Astern.” Each position of the controller is 
definitely fixed by means of cams and rollers, so that 
stopping at intermediate positions is prevented. The 
controlling gear provides for the interruption of the exci- 
tation of the generators while the switch is being moved 
from one step to another, the exciting switch and the 
main switch being interlocked so that the switching-over 
operation is accomplished while the electric circuits are 
‘* dead,” thus avoiding injurious sparking. Should it be 
found convenient, a very simple arrangement could be 
made whereby the control could bs operated from the 
bridge of the vessel, and the engineer’s attention confined 
to the keeping of his engines lubricated and supplied 
with fuel to run at constant q 

It will be seen that this method of control entirely 
dispenses with the stopping and starting of the Diesel 
engines for manceuvring, an operation which, in itself 
somewhat difficult, becomes impossible if a liberal supply 
of compressed air be not available. To ne up a supply 
of compressed air for manceuvring the vessels in the locks 
and channels of a canal involves the upkeep of a very 
expensive and inefficient air-compressing plant, and the 
dispensing with this auxiliary is a very important feature 
of the system. It is also advantageous to have two 
units, each capable of —— the ship, so that in the 
event of an interruption to the running of either the 
vessel is still under control. 

The functions performed by the electric equipment 
may be recapitulated :— 

1. It adapts the speed of the engine to the speed of the 
propeller. 

2. It combines the power of separate engines and 
applies the whole to a single propeller, with perfect 
freedom to use either or both power units. 

3. It provides a simple and easy reversal of the pro- 
peller, while leaving the engines running in one direction 
at constant speed. 

4. It also provides ready means of distant control should 
this be required. 

It will be seen that the use of mechanical gearing could 

rform the first, and the first only, of these functions, and 
or this reason it is anticipated that, compared with a 
mechanically-geared or direct-connected Diesel engine 
equipment, the electrical equipment will offer very 
material advantage in the operation of the vessel in the 
special circumstances under which it is placed. 

The writers have endeavoured to show how important, 
and, indeed, even indispensable for reliability and effi- 
ciency, the use of electric transmission may be in the 
poor of so relatively simple a type as this Canadian 

rge where it is decided to adopt the Diesel engine. 
This should help to dispose of the too prevalent idea that 
the natural scope for electrical propulsion is in war- 
ships or other highly specialised vessels, in which elec- 
tricity might provide means for adjusting economically 
the power generated to the very conflicting power re- 

uirements, say, under peace and war conditions. Un- 
doubtedly a battleship or battle-cruiser does offer the 
very best scope for the electric drive, but only because 
that class of vessel presents on a seale the same 
problems in propulsion which are found in almost all other 
vessels—viz., how to adjust efficiently and economically 
the power available to the power we at any given 
time, not necessarily always from the point of view of 
propulsion alone. 

From the analysis of the voyage logs of an ordinary 
tramp steamer, the second writer has shown (see the Elec- 
trician, June 10, 1910) how important towards efficiency 
of propulsion might be the introduction of electric trans- 
mission, with the added economy of a modern mah epnee 
reaction turbine as the power-generator in place of the 
usual triple-expansion engine, and, of course, in this case 
such possibilities of economy are confirmed by the results 
since obtained with mechanical gearing introduced for 
the same purpose. An advantage, however, lies with the 
electrical arrangement, in that it »ermits a much wider 
range and variation of revolutions between the propeller 
and the turbine, permitting also a more advantageous 
subdivision of the generating plant into units of 
different sizes, and finally eliminating the necessity for 
reverse in the turbine and simplifying the control. 

In the United States, Mr. Emmett, of the General 
Electric Company, has also shown the suitability of 
electric propulsion for a deep-sea collier of great size and 
7000 horse-power, for which the equipment has already 
been completed and tested with the most brilliant results. 
From such a vessel to a large passenger liner such as the 
Celtic is a mere step, and in such vessels also the possi- 
bilities of economy and all-round efficiency are most 
marked. 

In such matters it is much too common to pronounce 
judgment for or against without adequate analysis of the 





problems which are as numerousand varied as the vessels 
which come up for consideration. In this connection, 
trial-trip data, however valuable for comparative pur- 
poses, cannot be used as a guide, because what we are 
concerned with is maximum efficiency in working con- 
ditions ; not propelling efficiency alone, but the innumer- 
able phases of the working of a ship, of which propul- 
sion is, perhaps, the most important, all of which have 
a bearing on the general efficiency of its operation. Ex- 
perience in developing a comparatively simple type, 
such as this Canadian canal vessel, shows that it is fre- 
quently quite impossible to convey to the builder any 
adequate conception of how such a vessel is handled, and 
has to be handled, to get maximum efficiency out of it in 
the short six months’ season. What Lord Kelvin used 
to call the ‘‘ bias of preconceived notions” is apt to pre- 
vent a detached view on the part of a builder, especially 
when a decided departure from established practice and 
precedent is called for. For example, the idea that 
special scantling provisions forward should be fitted to 
any type of vessel to enable it to ‘‘ butt” stone walls and 
quays with impunity seems to many builders very un- 
reasonable, though the same builders might not hesitate 
to fit special bow stiffening against ice. 

It is for this same reason that one is not surprised to 
meet with considerable scepticism in regard to the scope 
for electricity in marine propulsion. To the majority of 
sea-going engineers the idea of a transmission feature 
between the driving-engine and the propeller is simply 


Fig .19. 
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illustration it is Fw omg better to take a simpler 
case, such as a dredger, say, of the self-propelled 
suction type. Attention was first called to the suit- 
ability of electric drive for such vessels by Professor 
Biles and Mr. H. A. Mavor, and Mr. John Reid 
has recently completed a design for a large vessel 
of this class which clearly indicates the very important 
advantages which may be obtained by the introduction 
of a central generating station furnishing power as 
required to the propellers, the dredge-pumps, or the 
numerous auxiliary machines. : 
Figs. 19 and 20 show the general lay-out of the engine- 
room in which there is a single generating turbine plant, 
with electric motors on the screw-shafts and also on the 
dredge-pumps. In a similar steam-driven job there are 
four separate triple-expansion engines, two for propul- 
sion, each of 800 indicated horse-power, and two for the 
pumps, each of 500 indicated_horse-power, or a total of 
2600 indicated horse-power. When it is considered that 
the introduction of the electric system allows the total 
horse-power generated to fall back to 2000 as a maximum 
without in any way prejudicing the operations of the 
dredger, it is at once apparent that here we have a first- 
class incentive to adopt an electric arrangement. A 
further incentive uf great importance in such work is the 
ability which the use of electricity confers to place the 
pes Be control of the dredger in the hands of 
one man, the dredger master. Here, again, we have 
evidence of the importance of studying such a problem 
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anathema. To prevent such an introduction an infinity 
of pains will be devoted to experimenting with high- 
speed propellers and low-speed turbines and oil-engines 
with an all-round lowering of total efficiency and an 
increase in complication actually in excess of that which 
it is desired to avoid. There are not 10 per cent. of the 
merchant vessels now afloat which would not be most 
efficiently propelled by screws designed to turn at revo- 
lutions not exceeding 80 per minute, and for real progress 
towards maximum efficiency in marine propulsion one 
should at all costs retain the simplest form of propeller, 
the efficiency of which permits of no dispute, and from 
that basis arrive through the various methods of trans- 
mission now available at an arrangement of machinery 
best suited to each individual case. At the start such a 
scheme of powering a vessel would work a hardship on 
the builders of standard marine machinery ; but it should 
be understood that, in advocating the use of transmission 
gearing, one does so to enable the newer forms of power 
generators to be utilised. 

Nothing is more likely to retard the introduction of the 
internal-combustion engine in marine work than the mis- 
taken attempt to treat it as a perfect substitute for the 
triple-expansion engine which it is intended to displace. 
Tt is at this point that electricity acts as a safeguard in a 
way that no other system of transmission can approach. 

here are, of course, problems of propulsion, the 
analysis of which shows that approximately equal results 
may be obtained whichever form of transmission ~— 

lectric, hydraulic, or m ical—is adopted. In su 
cases the decision will, no doubt, lie with that system 
which offers the greatest reliability and simplicity of 
operation. The success which has attended the intro- 
duction of the turbine and the hydraulic trans- 
former is of augury for similar success with electric 
transmission. But there is a of problem in marine 
propulsion for which the only possible solution is through 
electrical means—viz., vane in which propulsion is only 
one, and sometimes not the most important one, among 
many functions calling for power, which it is evident 
would be most efficiently provided from a central gene- 
rating station. Among such v one might class the 
larger sizes of warships, with their multitudinous require- 
ments in power for the driving of auxiliary engines 
as well as propelling machinery, but for purposes of 





rather from the side of the dredger-operator than from 
that of the dredger-builder. No real progress can be 
made until this is done. By a simple system of switches 
scarcely more complicated than ordinary bridge tele- 
graphs, one man can handle the whole machine directly 
with the very greatest advantage to the efficiency of the 
dredging operations. 

Such are some of the most likely cases in which elec- 
tricity seems to offer a means of solving certain diffi- 
culties in the power question, which are, after all, only 
components of a problem which, in one form or another, 
has long confronted the marine engineer—viz., how to 


generate the power required in a given vessel inde- 
— of the means used for propulsion, enabling the 
source of power for all purposes to be concentrated in a 


central station with a — economical, and easily- 
controlled system of distribution, by which the power 
generated for any particular purpose may be exactly 
related to its requirements. 





Port oF MANcHESTER.—The Dock Office, Manehester, 
has issued a new schedule of rates of toll and wharfage, 
quay porterage rates, and other char, — y 
merchants to the Manchester Ship Canal mpeny, 

ving also the rules and regulations relating to traftic 

ealt with at the Manchester Docks. This schedule 
operates on and from the 1st inst. It has also issued a 
list of ‘“‘ Rates Applicable to Iron and Steel, List ‘C.’” 





Tue Amertoan Iron INDustRY.—The production of pig 
iron in the United States in the first four months of this 
year amounted to 10,883,646 tons. The monthly produc- 
tion to April 30 compared as follows with the output in 
the corresponding months of 1912 :— 


1913. 1912. 
Month. Tons. Tons. 
January .. 2,787,800 2,052,806 
February 2,578°670 2,098,796 
March... 2,762,823 2,411,529 
April Sia pe se 2,754,253 2,377,621 
The number of furnaces in blast in the United States at 


the close of — was 297, as compared with 278 at the 
close ef March, 
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STEAM TRIALS OF THE CHILIAN TOR- 
PEDO-BOAT DESTROYER ‘ ALMIRANTE 
LYNCH.” 


CoNSIDERABLE interest attached to the steam-power 
trials of the torpedo-boat destroyer Almirante Lynch, 
the first of six similar vessels ordered from Messrs. J. 
Samuel White and Co., Limited, of East Cowes, Isle 
of Wight, by the Chilian Government, for whom Sir 
Philip Watts, K.C.B., is acting as technical adviser. 
This craft is the largest of the class so far built, with the 
exception of the special torpedo-boat destroyer Scout, 
built for the British Navy. These destroyers, which 
we intend to illustrate fail later, have a length of 
330 ft. over all and 320ft. on eunehentinn, the moulded 
breadth being 32 ft. 6 in. and the moulded depth 21 ft. 
The designed draught approved for the trial was 
9 ft. 9in., at which the vessel displaced 1530 tons. 
The vessels will have remarkable sea-going qualities, 
owivg to the height and length of the forecastle, 
which is about 100 ft. long. The armament is par- 
ticularly powerful. On the forecastle deck there are 
two 4-in. 40-calibre quick-firing guns abreast, with a 
very considerable arc of training abaft the beam. On 
a raised platform, which is aft of the forecastle, are 
two more 4-in. guns, to fire over the fore- 
castle-deck, also with considerable arc of training 
abaft the beam. Two other 4-in. are placed abreast 
on the upper deck aft, so that they also have a very 
wide range. A raised platform, extending across the 
ship, is built in the way of these guns, with a hinged 
portion outboard, to enable the guns to be worked at 
the extreme angles of training aft. Four Maxim 

are placed under the boats on the upper deck. Two 
torpedo-tubes are placed between the funnels and one 
aft of the engine-room skylight, all on the centre 
line. 

A notable feature in the ship is the extensive radius 
of action provided for, while she is also fitted with 
both the een and Telefunken systems of tele- 
graphy. In her general equipment she is in advance 
of many vessels of the class. This applies to range- 
finders, navigating appliances, and boats, the latter 
including a motor-boat with a Mumford paraffin-motor, 
two whalers, two gigs, and one dinghy. Great care, 
too, has been devoted to the protection and insulation 
of the magazines, while the accommodation for the 
officers has had special consideration, not only in 
respect of its spaciousness, but its ventilation. ere 
are two electric generators of a collective power of 
nearly 50 kw., and two refrigerating machines. 

The propelling machinery is of the Parsons impulse 
and reaction turbine type, and is mounted on three 

ropeller shafts, the designed power being 30,000. 
The centre shaft is driven by the main high-pressure 
turbine, with which is incorporated a cruising element. 
On the wing shafts there are the low-pressure tur- 
bines, with each of which there is incorporated an 
astern turbine, arrangements being made to cut off the 
steam supply from the centre shaft and pass it direct 
to the astern turbines for going astern. Manceuvring 
can also be done with only the low-pressure turbines 
on the wing shafts. 

The full-power trial took place on the measured 
mile at Skelmorlie, on the Clyde, on Friday. The 
designed power of 30,000 horse-power was exceeded, 
and the guaranteed speed was thus easily maintained, 
not only over the six runs over the measured mile, 
but on the six hours’ continuous trial. The mean 
8 on the measured mile was 31.7 knots, and on 
the six hours’ run 31.85 knots ; coal only was used on 
the full-power trial, and at the large horse-power 
developed the boilers, which are of the White-Forster 
type, gave splendid results as regards coal consump- 
tion, absence of smoke, and flaming at funnels, &c. 
We tabulate the results :— 


Official Six Hours’ —— Trial at Skelmorlie, July 11, 
1913. jal Results on the Mile. 








Number of 8.H.P. 


| Mean | 
Time. Speed. | Revolutions. 











Run, Mean. 
| m s. | knots | 
1 | 1 68 | 8186 | 615.1 30,300 
2 1 5t | 82.48 | 611.7 80,740 
3 1 87 | 907 605.7 29,525 
4 1 51 32.43 | 603.3 29,685 
5 }/ 1 6 | 81.08 | 621.7 $1,085 
6 | 160 | 8278 | 623.4 31,135 
Admiralty mean of | 
oe } 81.688 ome 
Mean over Six Hours’ Trial. 
Speed .. os a os oe oe 81.85 knots. 
Revolutions oe 612.5 
Shaft horse-power .. ee oe ee 29.792 
Mean coal per shaft horse-power per hour 1.85 Ib. 


At the time of trial the displacement of the vessel 
corresponded to that of her complete sea-going con- 
dition, with all armament, officers and crew, and 
stores, spare gear, and 200 tons of coal on board. 

There were present at the trial Admiral Munos 
Hurtado and Gipteine Dublé and Wright, of the 
Chilian Naval Commission. Sir Philip Watts, the 


| technical adviser, was represented by Sir William 
| Smith, formerly of the Admiralty, and by Captain 
Maudling, while Messrs. White, of Cowes, were repre- 
sented by Mr. Edward C. Carnt and Mr. John Smith, 
the directors of the firm. 





THE LATE MR. GEORGE HEATON 
DAGLISH. 

WE regret to have to announce the death, which occurred 
on Saturday, the 12th inst., at Rockmount, Aigburth, 
Liverpool, of Mr. George Heaton Daglish. Mr. 
Daglish wasin his seventy-fifth year. He served an 
agg of six years, from 1855 to 1861, with 

essrs. John Hick and Co., Soho Iron Works, Bolton, 
during which time he passed through the pattern shop, 
the erecting-shops, and the drawing-office, assisting 
also in out-door work. 

On leaving the Soho Iron Works, in 1861, he entered the 
St. Helen’s foundry, where he was entrusted with the 
general superintendence of the designing and the con- 
struction of all the different pieces of machi built in 
that establishment—+.e., steam-engines of all descriptions, 
ocr a for chemical works and glass factories, railway plant, 

idges, boilers, &c. Eight years later he was oeates 
a partner in the firm, and for a very long period he acted 
as the managing partner in full and responsible charge. 





“Hutt as a Coat Port.”—We have received a copy 
of this booklet, which is edited and Published by Me 
H. E. C. Newham, proprietor of ‘‘Hull Trade and 
Transit” and of the “Port of Hull Annual,” at the 
price of 2s. 6d. net. It also gives data upon the York- 
shire, Derbyshire, and Nottinghamshire coal-fields. The 
work is intended primarily to make known the extensive 
facilities now provided, and very shortly to be largely 
augmented, by the local railway and dock authorities 
for the transport and shipment of coal, and also to convey 
some adequate idea of the immense resources of the 
great mining district which lies nearest to the port. It 
also contains a new railway map of the colliery district, 
new plans of the docks, much information relating to the 
collieries, natures and kinds of coal produced, &c. 


PrrsonaL.—The address of the Sheffield branch of the 
British Thomson- Houston Mega dl Limited, will, after 
August 1, be 8, East Parade, Sheffield, instead of, as at 
present, 41, Church-street.—Owing to increase of busi- 
ness the Imperial Lighting Company have had to take 
over larger premises ; in future their address will be 2, 4, 
and 6, Pocock-street, Blackfriars-road, S.E.—Messrs. 
Morris and Lister, Limited, of Carlton Works, Lock- 
hurst-lane, Coventry, advise us that in order to deal 
more effectively with the greatly increased demand for 
their manufactures—more especially for their time 
element circuit-breakers and transformers—they have 
placed their representation in the hands of Messrs. Morris 
and Lister (London), Limited, who have taken offices at 
3 and 4, Palace Cham Westminster, and to whom all 
inquiries and communications should be addressed. 








THornyorortT Sxea-Gornc Moror-Cruiser ‘‘ Maiko.” 
—Messrs. John I. Thornycroft have recently completed 
and sent away, under its own power, to France, a sea- 
going motor-cruiser named Maiko, built to the order of 

A. Darrasse, of Paris. The vessel is 55 ft. in 


length by 10 ft. 6 in. with a draught of 3 ft. 6 in. 
The propulsive power is a Thornycroft motor, developing 
70 brake horse-power on paraffin. Electric light is fitted 


throughout the yacht, including a large projector, the 
dynamo being driven from the main engine. Accumu- 
lators are also fitted capable of supplying the lights 
for twelve hours without recharging. e bull is built 
of Honduras mah y, 1 in. thick, with framing of 
steamed American elm, and a deep keel of American elm, 
with stem and chocks of English oak, and the necessary 
stringers and beams. The sleeping cabin is a commodious 
room, containing a double bed, sofa, wardrobe, mirrors, 
folding wash-basin, bulkhead lockere, drawers, &c. 


Wuirtr-Lxeap.—In the King’s Bench Division, on 
Tuesday, the 8th inst., before Mr. Justice Avory, a 
settlement was announced in the case of Thomas Ra 
and Son, of Baldock, Herts, v. Thomas M and Co., 
Limited, of Suffolk-street, Birmingham. r. C. OC, 
Hutchinson, K.C., for the plaintiffs, said the parties had 
come to terms. It was desired to submit the terms of 
settlement, which are as follow :—‘‘ The defendants admit 
that, as alleged in the statement of claim, ona sale of 

by and under the description of white-lead, or 
any of the descriptions aforesaid, it is a condition to be 
implied, according to the usage and custom of the trade, 





substance commonly known as white lead, otherwise 
hydrated oxy-carbonate of lead, and also admit that they 
supplied to the plaintiffs a pigment which was of a 
different eee ge and composition, being composed 
not of hydra oxy-carbonate of lead, but of sulphate 
of lead. The plaintiffs admit that the defendants did 
not make any Fim my pe intentionally or fraudu- 
lently so as to induce the plaintiffs to enter into the said 
contract. And the plaintiffs and defendants, in considera- 
tion of the respective admissions, have mutually agreed 
to settle the said action upon the terms and conditions 
hereinafter contained, so as to put an end to the action. 
The defendants hereby und e that at all times here- 
after they will not offer for sale, or sell and deliver in the 
course of their business, any substance or pigment under 
the name of ‘white-lead’ other than the substance or 
pigment commonly known as ‘ white-lead ’—viz., h ted 
oxy-carbonate of lead.” Mr. T. Terrell, on 





defendants, agreed to these terms. 


that the substance to be sold and delivered should be the | will 


of the | There 





THE UNION OF GERMAN MACHINE-TOOL 
MANUFACTURERS. 


AT a recent meeting of the Union of German 
Machine-Tool Manufacturers in Berlin, a ‘report was 
read dealing with the state of the machine-tool indus- 
try. According to this report the position of the 
trade, which had shown some slight improvement in 
1910 and 1911, had continued to develop satisfactorily 
during 1912. This was made manifest both in an 
increase in the number of hands employed and in a 
pronounced expansion in the export trade. The 

ition in the machine-tool industry was thus in 
eeping with the tendency of trade in general. The 
effect of the increased demand and of the wars of last 
year had, however, caused a rapid rise in the price of 
raw materials, of wages, and o eral costs of every 
description. Prices obtainable in the machine-tool in- 
dustry were still depressed, notwithstanding numerous 
orders, and only in some branches had it been possible, 
by means of combines, to secure prices corresponding 
to the enhanced cost of production. Added to this, 
the unsettled political conditions had resulted in 
orders being withheld, so that the trade with difficulty 
secured orders on a scale corresponding to its increased 
capacity. Even if the orders at present in hand were 
considered to be sufficient, the business situation could 
not become thoroughly satisfactory and sound until 
the political corm * cleared, and the difficulty 
of shortness of money, which greatly impeded the 
industry, had been got over. Attention was drawn 
to the fact that the competition between the machine- 
tool manufacturers not only resulted in lowering 
prices, but also had an unfavourable effect upon the 
manner in which payments were made. Reports from 
the different branches bore out this assertion. With 
the increase in the turnover, prices were shown to 
have fallen. 

The general increased activity was, in the first 
instance, due to the growing home demand, although 
exports had also inc satisfactorily. It was a 
notable circumstance that, in the case of machines 
which were manufactured in large quantities, the 
manufacture of which necessitated no special ex- 
perience, export prices were slightly above those of 
the home market. For special tools German makers 
were able to obtain very eee pore in foreign markets. 

When statistics were looked into, it appeared, as had 
been shown to be the case before, that the benefit of 
improving trade affected the German machine-tool in- 
dustry much later and to a much smaller extent than 
it did other industries. One of the chief reasons for 
the disproportion between the satisfactory employ- 
ment returns and the unsatisfactory prices obtained 
was to be found in the fact that numerous machine 
manufacturers, owing to inadequate methods of fixing 
costs and to erratic calculations, submifted tenders at 
figures which were much too low, and allowed them to be 
reduced to a level of prices which excluded all profit. 
It was, therefore, again necessary to lay stress upon the 
need of better arrangements for costing and estimating. 

The terms of payment which the customers had 
forced upon the mnchine-toek manufacturers had simply 
resulted in the buyers being enabled to extend their 
works at the expense of the machine manufacturers, 
payments being made only out of the increased subse- 

uent profits, and taking place therefore long after 
divers. The same practice seemed to be finding its 
way into the foreign trade. The custom also of in- 
sisting upon alterations in constructive details with- 
out additional remuneration was having a bad effect. 
The competition which existed was also used by the 
buyers as a lever for obtaining more stringent condi- 
tions of delivery and compensation. This was the case 
with orders both from the State and municipalities, as 
well as private buyers, who all tried to tie the manufac- 
turer down in every way. In order to check this ten- 
dency, the Union strongly impressed upon its members 
the necessity of abid by the delivery conditions 
framed by the Union, which do full justice to the buyer. 





University or Lonpon: ScHooL OF ARCHITECTURE. 
—The new buildings for the School of Architecture at 
University College are approaching completion. They 
ill be ready for the opening of the new session in 
October. The buildings provide accommodation for one 
hundred students; they include three large studios for 
both ordinary and advanced students, a museum, a cast 
gallery, a library, a lecture theatre (with two screens for 

ouble lanterns), and a room. There are also 
private rooms for essors and lecturers, a diagram- 
room, dark-rooms, cloak-rooms, lavatories, and additional 
rooms for new dev ts, which can be u as 

uired. It is intended to use some of rooms at an 
early date for a Department of Town-Planning. The 
new buildings adjoin the Slade School of Fine and 
new modelling studios are about to be erected, so that 
the three + arts of Painting, Sculpture, and Archi- 
tecture will be housed side by side. e Senate of the 
University and the University College Committee will 
have the assistance of a special Architectural Education 
i i itects in managing the school. 
will also be evening classes for those engaged in 
architects’ offices during the day. 
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THE PANAMA CANAL; EMERGENCY DAMS AT THE GATUN LOCKS 
(For Description, see Page 79.) 











Fig. 121. Emercency Dam onpDER ConsTRUCTION, SHOWING Down-Strream Horzontvat, TRUSS. 


Fic, 122. View sHowine Postrion or Emercency Dams, angap oF Guarb-GaTEs. 
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THE AUSTRALIAN RAILWAY-GAUGE 
QUESTION, 


Ir is possible that the Australian railway-gauge 
question may have been advanced one stage further 
towards settlement, from the political point of 
view, by the publication of the report of the recent 
conference of the engineers representing the dif- 
ferent States, but it has certainly not been brought 
nearer to a eatisfactory solution in the minds of 
those who would prefer to see the matter settled 
from the standpoint of economics and the future 
of the country. To us the report is a disappoint- 
ment, though we never great hope that it 
would contribute very much of value to the dis- 
cussion. Some of its features, based on early pub- 
lication in Australia, were discussed by Mr. James 
Alex. Smith in a letter which appeared on page 749 
of our issue of May 30 last. The report itself gives 
rather more detailed information than our corre- 
spondent was able to refer to, and as other and 
more recent advices from Australia inform us that 
the question is by no means regarded as settled, 
and that there are no signs that early action is to 
be taken on this report, we may be allowed perhaps 
to revert to the subject once again. 

The question, as a broad issue, has been so fre- 
quently alluded to editorially in these columns that 
there is no object in again embarking upon the 
general subject, and we will confine ourselves more 
closely to the actual value of the recent re In 
the first place, this is a report by civil engineers re- 
qos for the permanent-way and structures 
of the various Government railways of the country. 
In saying that we do not consider a conference so 
formed adequate to adjudicate upon this compli- 
cated question, we do not wish it to be thought 
that we are implying « anything derogatory to either 
the ability of the engineers in question, or to their 
dignity as Government officials. Having had inside 
experience of Government railway service, we speak 
with knowledge when we say that a loyal servant 
can hardly fail under some circumstances to be 
slightly biased in favour of his Government’s view 
of a case. The present controversy is just the 
sort of case in which such influence would be diffi- 
cult of elimination. To be finally settled the ques- 
tion must be lifted high out of the reach of all such 
matters, and, from the point of view of those 
anxious to see the best done for the future of the 
great island continent, the decision must come from 
a commission of much wider purview. 

Such a commission as we would like to see cannot, 
of course, be got together without some trouble. 
The ultimate effect on the country, will, however, 
be such that the best opinion should be secured, 
even at some trouble and expense. In the first 
place, it is essential that its members should be 
absolutely independent of connection with the 
Australian Governments. In the next, it should 
include members expert in the science of trans- 
portation economics, in motive power, rolling- 
stock and traffic problems, as well as in civil engi- 
neering. It should further embrace, or at least be 
in a position to collect evidence from, experts in the 
railway management of long-distance and heavy- 
traffic lines of the United States, and of the broad- 
gauge lines in such countries as India and the 
Argentine, and perhaps also of the narrow-gauge 
system of South Africa, in order that it might be 
realised to what degree economic development is 
possible. From such a commission we might ex- 

t a broad and comprehensive judgment. 

Whether the decision would be accepted in Austra- 
lia is another matter, and we must reluctantly admit 
that on that score we are not over-confident. It 
is frequently held by Australians that only their 
own countrymen can form responsible and reliable 
conclusions as to the needs of their country. They 
claim that their land and its requirements are 
unique. But every other land is also unique. 
The United States, Canada, France, Germany, 
South Africa, and so on, are each unique, and 
require different solutions. But there are, in all, 
problems which can be solved on the basis of 
economics by men of capacity gifted with a judicial 


|turn of mind. We have no hesitation in saying 


that the broad judicial mind has been much more 


| highly developed, particularly on railway economics, 





in other countries than in Australia. To all who 
have been in close enough contact with that country 
to be able to form an opinion as to the manner in 
which views expressed by any but their own folk 
are received, it will be clear that there would be a 
risk that a decision of an independent tribunal, 
even of the most competent character, might be 
somewhat lightly set aside. We trust, however, 
that the gravity of the question will be realised 
sufficiently, before it is too late, to encourage the 
various Governments involved to combine in en- 
listing assistance of the kind we have mentioned, 
and to abide by the result whatever it may be 

The present report constitutes the barest 
sible treatment of a very complicated case. Points 
of vital import are dismissed with the utmost 
brevity, and even without comment. Of the 94 
foolscap of — and appendices, less than 
+ page (sth of the whole) o devoted to the 
question of the most suitable gauge from the 
operating and economic standpoints. The baldest 
statements are made in this connection. The 
reader learns nothing more than that the confer- 
ence decided to eliminate from the discussion 
gauges wider than 5 ft. 3 in. and narrower than 
4 ft. 8} in., and that, leaving out of account the 
question of interest on conversion, the relative advan- 
tages of these two gauges were considered to balance 
each other. Thus summarily is the wide question of 
economic operation dismissed. By thus acting, the 
Commission, of course, simplified the problem before 
it, but as a result reduced soneiietetley the value of 
its work. 

More surprising still, however, is the fact that no 
mention whatever is made of the question of loading 
gauge. This issimply extaaordinary, since Mr. Deane, 
the Chairman, has always championed the 4-ft. 84-in. 

uge on the ground that it has sufficed in America. 
% America, of course, the loading gauge is not 
nearly so limited as in Australia, but if, after 
adequate investigation, it has been decided to retain 
the present Australian 4-ft. 84-in. loading gauge, all 
we can say is there is an astonishing and quite 
inexplicable discrepancy between the prospects of 
Australia as constantly set forth over here by the 
State advertising agencies, and the development 
actually anticipated by people in the country itself. 
Again and again have we pointed out that a large 
portion of the railway traffic in Australia is, 
and is likely to be in the future, for long hauls 
with definitely marked flows in one direction 
or another at certain periods. Such traftlic is 
well suited for handling in maximum train-loads, 
but the loading gauge in Australia does not 
now allow of full a being taken there of 
the gauge, in the manner adopted in America. The 
only conclusion from the report is that it will never 
be necessary to work even the 4-ft. 8}-in. gauge to 
its maximum capacity, so that the future of the con- 
tinent cannot, after all, warrant the rosy colouring 
in which it is so often painted. 

For ourselves we are loath to think that develop- 
ment will be quite so limited. Even now New 
South Wales is being forced to go in for extensive 
duplication, and it would, we believe, be a distinct 
advantage to seize the present opportunity of 
bringing the loading-gauge up to t used in 
America, so as to have something in reserve for the 
future. But, as we have before pointed out, if any 
work of that kind be undertaken, it would cost very 
little more to go the whole length and adopt the 
5-ft. 3-in. gauge with a liberal loading gauge, and 
have done with it. There is no question in the 
minds of designers of rolling-stock as to which is 
preferable. Opinion in countries where the stan- 
dard gauge has reached the limits of development 
is one of regret that the day has passed when the 
adoption of a wider gauge might have been feasible. 
Those countries in which conditions of long haul 
obtain, but which early adopted @ wider gauge, can 
look forward, in confidence, to economic operation 
for long years to come. Only in Australia is a 
miserable present allowed to carry more weight 
than the nation’s future. 

The figures of the present report are not, we 
venture to think, such as will convince engineers 
without some further explanation. We do not 
pro to deal with them in detail, but would 

aw attention to a few points on which they do - 
appear to be quite clear. The estimated cost of 
converting all lines to the standard gauge is 
37,146,0001. That of converting all lines to the 
5-ft. 3-in. gauge is placed at 51,659,000). Of this 
latter figure the sum of 19,319,0001. isthe estimated 
cost of converting the railways of New South Wales 
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(4-ft. 8}-in. gauge) to 5 ft. 3 in. This estimate | 
is based upon the conversion of 6099 miles of 
track, although, according to the last report, these 
railways only had 4510 miles of track and 3831 
miles of line. The cost of conversion would thus | 
be about 50431. per route mile, or taking the larger | 
figure of 6099, about 31701. per mile of track. 


It should be borne in mind that for very long | what sizes of lamps, and what conditions suitable | 


distances indeed permanent works would not require 
alteration for so slight a change as 3} in. on either | 
side. The cost of the change in country station-yards | 
would be negligible, and only in spe gies places | 
would there be much expenditure on the permanent | 
way. We believe it to be the fact that in recent | 
ears a standard-length sleeper has been used in | 
New South Wales and Victoria ; but even if this be 
not actually the case, for very great distances on 
the country lines in New South Wales the rails 
could be set out less than their own width on either 
side without re-sleepering. That this should be 
ssible is evidenced by the fact that many of the 
eeder lines are of comparatively inexpensive con- 
struction, not intended for the heaviest main-line 
traffic. On such roads there could be no objection 
to the wider gauge laid on a sleeper proportional to 
the 4-ft. 84-in. track, as a temporary measure, till 
re-sleepering became necessary. 

In spite of these points, of the 19 millions in- 
volved, over 9 millions is allocated to conversion 
of permanent way, or an allowance of 1500/1. per 
track-mile. In recent years many miles of line 
have been constructed, with all appliances and 
buildings, for 35001. per route-mile, so that the 
figure allowed for conversion appears to be high. 
This impression is substantiated when it is found 
that it is only about 1001. less per track - mile 
than is allowed for the conversion of the 3-ft. 6-in. 
lines of Queensland to.5 ft. 3in. In the latter case 
there is no doubt that new rails, new sleepers, and 
much in the way of alterations to permanent way, 
embankments, &c., would be needed in changing 
over from one gauge to another 1 ft. 9in. wider. 
The estimates appear, therefore, low for Queensland 
or high for New South Wales. Again, the cost of 
rolling-stock on the New South Wales system has 
been 23401. per mile of line, or 1990l. per track- 
mile. On the 6099 track-mile basis (which would 
involve an amount of stock of which the State is 
not yet possessed), the allowance for conversion of 
rolling-stock is placed at over 11001. per mile, or 
more than half the original cost, in spite of the fact 
that a fair proportion is bogie stock, which could 
be converted at small expense, and that there 
might be expected to be a very fair market for 
discarded standard stock, unless in a worthless 
condition. 

To meet transhipment expenses during con- 
version in New South Wales, nearly three million 
sterling is set down. The troubles involved would 
naturally be considerable, but making all allow- 
ances for difference in the extent of traftic, would 
they be over nine times greater in New South 
Wales than in Queensland, with a track-mileage of 
only one-tenth less, especially when it is considered 
that the route-mileage is greater in Queensland 
than in New South Wales? The inconveniences 
of transhipment would be more numerous on a 
system such as that in Queensland, where the pro- 
a of single line to sidings is high, than in a 

tate where yards and sidings form a greater pro- 

rtion of the whole, as they apparently do in 

ew South Wales. It would seem that the 
Queensland engineers have devised methods of 
meeting this trouble which might with advantage 
be imparted to their southern neighbours. 

Under these circumstances people may, we think, 
be pardoned for thinking, as they have done, that 
the New South Wales are inflated, or 
enlarged, so that, if the State were forced to con- 
vert, the indemnity which might come to assist it 
in the work would cover large renewals instead 
of simple conversion. The fi submitted for 
costs certainly need greater explanation, as do those 
for the mileage for which the estimates are made 
in the various States, which appear to include 
different proportions of actual and prospective 
mil Given such explanations, the estimates 
would be of some use to the broader Commission 


which we consider essential to a correct and final 
decision on the question—a decision which, to our 
mind, must cover fully the consideration of future 
developments, and of the effect of present or 
possible loading gauges, as well as track gauges, 
and not be confined wholly to the present cost of 
conversion. 





IGNITION OF MINE-GAS BY GLOW- 
LAMPS. 

Tue United States Bureau of Mines has investi- 
gated the danger that attends the use of electric 
incandescent lamps in air containing inflammable 
gas, with the particular object of determining 


for mine use, may be considered safe or unsafe. 
That all types of glow-lamps are not, in cases of 


accidents, equally liable to cause ignition of explo- 


sive gas was known from previous experiments, 
conducted chiefly in Belgium, France, and Germany. 
The American investigators* come to the following 
chief conclusions :—The naked carbon filaments of 
standard types of lamps, burning at rated voltages, 
will invariably ignite explosive gaseous mixtures. 
If the gas can reach those filaments without breaking 
them, or without producing partial combustion 
within the bulbs, the gas is sure to be ignited. 
Several—but not all—sizes of standard lamps (car- 
bon and metallic filaments) and of miniature lamps 
(small lamps for miners) will ignite the gas when 
smashed while burning at rated voltages ; and those 
lamps which do not usually cause ignition may do 
so if the broken pieces of the filament produce a 
short circuit when the lamps are smashed. 

These conclusions indicate the general line of 
research adopted, though they do not exhaust the 
tests. The bulb was broken by a blow, or pierced, 
or the tip of the bulb was knocked off, so that the 
explosive gas gained access through large or small 
openings. The number of lamps experimented on 
was unusually, possibly unnecessarily, large. About 
a thousand lamps were supplied by leading American 
lamp manufacturers, and more lamps were bought 
for the investigation. Altogether 1219 standard 
lamps (carbon and also tungsten) were tested, rang- 
ing in candle-power from 8 up to 50, in watts from 
25 up to 190, and in volts from 50 up to 225, and 
further, 234 miniature lamps, ranging in candle- 
power from 0.5 up to 2, in volts from 1.5 up to 5.5, 
and in amperes from 0.23 up to 0.73 ; most of the 
small lamps were provided with tungsten filaments, 
some with carbon filaments. The gas was the natural 
gas taken from the Pittsburg mains; this gas con- 
tains about 82 per cent. of methane, and the mixture 
with which the explosion chamber was filled gene- 
rally contained 8.6 per cent. of the gas. 

The explosion chamber-—the designation ‘‘ test- 
ing anges ll seems hardly justified—was a rect- 
angular box of boiler iron, 18 in. by 18 in. by 
24 in., provided with a glass door, two observation 
windows, and a circular opening, 13 in. in diameter, 
at the top, to relieve the explosion pressure ; the 
opening was closed by paraffin paper held down by 
a heavy iron ring. The chamber communicated 
with a fan to withdraw and to introduce gas; quick- 
closing valves were inserted in the connections. 
The electric leads entered the box through bush- 
ings. In the ordinary smashing tests (I.) a sliding 
rod, passing through one of the sides of the 
chamber, was driven a short distance into the bulb 
by the blow of a hammer; another fixed rod 
touched the opposite wall of the bulb. In the 
tip-breaking test (II.) the tip of the bulb was 
knocked off by a swinging hammer. In the 
puncture test (III.) the bulb was, before its mount- 
ing in the chamber, indented at two points, dia- 
metrically opposite one another, with the aid of the 
blow-pipe ; these indentations were first covered 
with paper, which was afterwards pierced by the 
sharp ends of the puncturing rods. Naked- 
filament tests (IV.) were also made ; the bulb was 
carefully removed, the lamp mounted in the box, 
and the current turned on. 

In the ordinary breaking test (I.) the filament 
was broken in the case of almost all the standard 
lamps (three exceptions), whilst the miniature 
filaments remained intact. The blow generally 


|smashed the whole bulb. Gas ignition occurred, 


as a rule, simultaneously with the blow; some- 
times it was delayed several seconds, especially in 
miniature lamps, which also caused milder explo- 
sions than the large lamps. When carbon filaments 
continued to burn, although the bulb was broken, 
the cooling effect of the air and gas reduced the 
incandescence noticeably, so much sometimes that 
the dull-red glow did not lead to gas ignition. 
This was not so with the tungsten filaments, which 
were generally broken by the blow before the gas 


* See Bulletin No. 52, Bureau of Mines: Ignition of 
Mine-Gases by the Filaments of Incandescent Lamps. 
5 a H. Clark and 
Office, Washington. 
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reached them ; they either retained sufficient heat, 
however, to cause direct ignition, or the pieces of 
the broken filaments short-circuited, and thus pro- 
duced ignition ; the last-mentioned case was that of 
the high-voltage (220 volts, 25 watts) lamps. 
Tip-breaking tests (II ) were only made with 
standard lamps. The gas mixture, rushing 
into the bulb through the small hole, sometimes 
cooled the filament so much that ignition did not 
occur at all, or only after some time—possibly 
5 minutes ; the final ignition generally started 
from some hot spot at which the filament would 
break simultaneously with or a little before ignition. 
The bulb was not destroyed by the ignition in 
most cases, and'a second weaker ignition of fresh 


inflammable gas might follow the first; in such 


cases the filaments fluctuated much in bright- 
ness. The size of the hole was, of course, an 
important factor ; with large holes and large fila- 
ments there would first be cooling and then 
ignition of the gas both in the bulb and without 
it. The filaments were often distorted. The 
puncture tests (III.) led to similar observations, 
except that fewer filaments were broken, and there- 
fore more explosions occurred. All the naked- 
filament tests (IV.) resulted in ignition of the gas ; 
but that ignition was sometimes delayed for several 
minutes, especially with the small filaments of 
miniature lamps, until a hot spot developed some- 
where. 

Some peculiar observations were made. In the 
puncture test (III.) a 30-watt 106-volt lamp was 
first cooled to blackness by the inrushing gas ; it 
recovered, burned at dull red and then brightly, 
and ignited the gas in the bulb 47 seconds after 
being punctured; the bulb was destroyed and 
there was a snapping report, but the gas outside 
the bulb was not fired. Two carbon filaments 
(120 watts, 220 volts) glowed for 5 minutes in the 
test (II.) before the carbon burned off; in the 
one lamp eighteen partial ignitions were indeed 
observed, but the gas outside the bulb was not 
fired in either case. A 16-candle 110-volt lamp 
was not perceptibly affected when the breaking of 
the tip had produced a hole less than ,, in. in dia- 
meter ; the gas entered very slowly, and the carbon 
burned off in five minutes. A 30-candle 55-volt 
lamp exploded two seconds after having its tip 
broken off ; but the filament continued to burn for 
four seconds before the gas in the chamber was 
ignited, and the filament again remained intact until 
a hot spot developed. In the case of a 120-watt 110- 
volt lamp test (II.) the explosion of the gas within 
and without the bulb, in general simultaneous, 
was separated by a short, but distinct interval. 

Reviewing the results, we find that all the lamps 
tested must be considered unsafe, though some 
specimens of a class might not cause ignition. 
Alternating or direct current, and coupling in series 
or parallel, made little difference. Yet there are 
graduations; low candle - power, high - voltage 
lamps certainly proved safer than others; the 
8-candle lamps at 220 volts did not produce ignition 
at all, and the 16 and 32-candle lamps of these 
volts were almost safe likewise. Ignition was even 
rare with 8-candle lamps at 55 volts. This applies 
in the first instance to standard lamps and to the 
smash tests (I.); but the order of merit was the 
same in the other tests. Miniature lamps were 
not submitted to test (II.). None of the small 
carbon filaments caused ignition in test (I.); but 
they were of low power, and the brighter tungsten 
lamps did ignite the gas in most cases, so that the 
serviceable and fairly bright miner’s lamp would 
not appear to be safe. These accumulator lamps 
are not standardised, moreover, and the danger 
increased when they were run at higher than 
normal voltages, which may happen in practice, 
purposely or accidentally. The naked filaments of 
miniature lamps did not always cause ignition. 

As regards the immediate cause of the ignition, 
the authors of the report do not consider that the 
spark produced by the breaking of the filament 
need directly be nsible for ignition, though 
some experiments made with lamps in series and 
in parallel would support that view. In many cases 
the spark seemed to be quenched by the inrushing 
gas. The experimenters rather incline to the belief 
that the likelihood of gas ignition is a function of 
the cross-section of the filament. On their request, 
Reinhardt Thiessen made microscopic measurements 
of the cross-sections of 24 types of standard 
lamps. Filaments having a cross-section 0.000177 
. cm. or less, it is stated, failed to ignite gas in 
the test (I.), filaments of more than 0.000234 sq. em. 
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always ignited in that test, and cross-sections of 
0.000194sq. cm. and 0.000215 sq. cm. ranged between 
these two extremes as regards the percentages of 
ignitions. It is admitted that a similar relation 
would hold for the current flowing through the 
filament and the ignition percentages, but it is sug- 
gested thatthe filament is firstcooled and then broken 
by the inrushing gas, and that ignition occurs during 
the cooling before the filament is actually broken. 
Large filaments should, on that view, ignite gas 
more readily than smaller ones, because they would 
not be so much cooled before being broken, and 
because they would not so quickly succumb to the 
breaking action of the inrushing gas. The cross- 
sections of carbon filaments, at any rate, will hardly 
be sufficiently uniform for classification by exact 
measurements. 








TURNERY MANAGEMENT. 

A StLECTION of machines which would to-day be 
considered suitable for a first-class turnery, engaged 
on medium size and small repetition work, differs 
much from that which would have been made for 
the same purpose ten years ago. Nevertheless, 
ideas on this subject change comparatively slowly, 
for the change is small considering the progress 
made in that period in manufacturing turned work. 
Only the efforts of an individual here and there, and 
competition among lathe-builders, cause advance. 
In the not very remote future, however, it is probable 
that, in a works of the kind referred to, most turret 
lathes will be either semi or full automatic, and the 
majority of centre lathes, if not semi-automatic, 
will at least be run in groups by unskilled men, one 
to each machine, with a skilled man to each group 
to set up tools and stops. Of course, much depends 
on the number of similar articles to be made and 
the time taken to execute a batch. If a batch can 
be quickly worked through, the groups would 
necessarily be small—too small to make the system 
worth while, perhaps. Since diameters fixed by stops 
are not quite accurate enough for many purposes, 
grinding would, under the conditions mentioned, 
follow turning more generally than it does at 
present. The surface of economically-turned work 
should be too rough to permit of fine measurement ; 
it is sufficiently good if it be within the limits 
of just failing to clean up and of excessive allow- 
ance for grinding. 

One of the greatest obstacles in the way of 
economical production is the time commonly re- 
quired to educate men to make good use of the more 
modern types of machines. It is the practice to 
blame trade unionism, the decadence of the nation, 
and other assumed causes, when the real root cause 
is lack of adequate knowledge on the part of fore- 
men and staff officers. To advise a man, and assist 
him by descriptions and sketches and previous pre- 
paration of special requirements, may appear to 
savour of spoon-feeding, but really it is a logical divi- 
sion of labour. Few men will resent it—it saves 
them thought. To order men how to stand and where 
to place their fingers is not quite the same thing, 
just as a caricature is not identical with its subject. 

There are some who view the achievement of 
modern tools with considerable interest as applied 
to other people’s work ; beyond that they fail to 
go. Either they are doing well, and see no reason 
for change, or, on the other hand, they are com- 
pelled to economise and proceed to starve their 
plant. Another cause operating against change is 
that the displacement of an old machine by one of 
newer type may considerably affect the distribution 
of work on other machines. Some of the more 
modern manufacturing tools have a very restricted 
range, which must be weighed and considered 
before deciding to buy them. In certain circum- 
stances an old machine may be adapted for just one 
or two special jobs at a cost of a few pounds, and 
prove highly efficient. But it is easy to go too 
far, as, for example, in converting an old lathe 
intoa grinding-machine. This can be—in fact, has 
been—done ; but such freaks are expensive follies. 

If a manufacturer has a number of machines of 
one make and type, he will do well to consider 
awhile before adding others of a different and 
slightly superior class. But if provision can be 
made for readily interchanging tools, there is no 
objection to the addition. 

The stage has been reached when it is con- 
sidered r policy to buy an ordinary centre 
lathe. Even in the tool-room there is a fair pro- 
portion of repetition work; quite sufficient to 


warrant the employment of a few lathes fitted with 


| viously be out of place there. 





longitudinal and diametrical stops and other time- 
saving features. Of course, tool-room lathes 
should not be spoilt by these for general pu a 
The ‘‘Lo-Swing” lathe, for instance, Seat ob- | 
In its field this | 
machine has no peer; but a lathe of more ordi- | 
nary vate Me taking a greater variety of | 
work, could certainly be kept fully employed— would | 
be chosen for a tool-room or small works. Oncom- 
paratively short shafts, with numerous shoulders | 
and tapers, the ‘‘Lo-Swing” will give a great out- | 
put. A little facing can be done on it, and it will 
**neck in,” but not so well as an ordinary lathe. 
On the other hand, it cannot screw. It is a rough- 
ing tool pure and simple—a navvy among lathes. 
It is well to bear in mind that an idle navvy is an 
unprofitable servant. 

he hand turret lathe, according to advanced 
opinion, is principally useful for dealing with 
small lots, and for finishing after partial machining 
on semi or full automatics. As a manufacturing 
tool for work in quantity it is outclassed by the 
latter. If a hand turret lathe be suitably equipped 
and set up, its output should not be inferior to 
that of the corresponding size of automatic. But 
this being done, one might as well go the whole 
way and a. the man by gearing. It would be 
pleasanter for the man. Many men operating hand 
turrets work twice as hard as they need, and never 
aon the machine's maximum output, because 
they never make time to set the stops properly. 
They have always ‘‘cut and tried,” and mean to con- 
tinue. Perhaps a later generation will lack the 
hardihood to take such a risk. In that case super- 
men will be required to set stops. Probably there 
will be no exaggeration in stating that, at a rough 
estimate, 80 per cent. of the main turrets on com- 
bination turret lathes are used scarcely at all in the 
larger sizes and not advantageously in the smaller 
ones. It is not invariably the operator’s fault, 
though many of them prefer working entirely with 
the auxiliary square turret. Quite a few carefully- 
designed bars and tool-holders will cope with a 
large range of work and enormously increase out- 
= Multiple tool-cutting :nust be insisted upon. 

ee and four tools cutting at once is quite a 
modest output compared with the ten and twelve 
used regularly with success on such a job as an 
automobile road-wheel hub. 

A good chuck is the most important accessory to a 
turret lathe. The work must S held secure before 
it can be cut. It is not wisdom to have every known 
make of chuck represented in the machine-shop. 
One or two well-tried makes are plenty for general 
use. More will tell against interchangeability. 
The common practice of fitting jaws to slide in 
guides formed in the body of the chuck is barba- 
rous, especially for turret-lathe work. The jaws 
should be mounted on slides which work in the 
guides. Then special jaws can be cheaply made, 
and the wear and tear will be much less. An in- 
spection of any ordinary scroll-chuck which has 
seen service probably will reveal fracture of the 
chuck body, due to gripping work of a small 
diameter with the jaws far out from the guides. 
The effect is most often seen in chucks with a 
comparatively large central bore. The method of 
locating jaws on the chuck-slides ought to be stan- 
dardised. Most existing scroll-chucks can be con- 
verted to carry jaws thus with benefit to the chucks, 
because the length of the jaws can be such that the 
slides will never need to depart from one position 
with respect to the scroll and guides. Further- 
more, there is the advantage that special jaws are 
not tied to one chuck or one class of madiiee, In 
periods of extraordinary pressure little liberties of 
this nature are of inestimable value. 

As previously remarked, a certain number of 
hand turrets is indispensable to deal with odd jobs, 
but those about to increase their plants wuld be 
well advised to consider automatic and semi-auto- 
matic turret-lathes, even if the quantities to be 
produced are on the small side. The secret of 
success with these machines is to provide universal 
tools whenever possible rather than special ones. 
It is true the first cost will be a little more, 
but later expenses will be far less. Besides that 
hurry work can then be undertaken, as a matter of 
course, on the ‘‘autos,” which would otherwise 
have to go to the hand turrets. It is surprising 
what intricate work can be turned without a single 
special tool, with the help of a few auxiliary slides 
and cams for working in conjunction with them. 
Unless extremely large quantities are being regu- 


on “autos” which necessitate expensive special 
tools. So soon as the desired result cannot be 
obtained by straightforward turning and facing, 
form tools are brought in. The practice is excus- 
able sometimes ; it is generally right for bar work 
or where surfaces can be cleaned from scale by 
a previous tcol. But to apply it indiscriminately 
is slovenly and exceedingly costly. It is said that 
forming is speedy : suppose a cylinder 2 in. in dia 
meter by 4 in. long were to be turned, who would 
dream of forming it? Why, then, should it be more 
economical to form it, because instead of being a 
straight cylinder it is like a Hindly worm, for 
example, when a single-point tool can be simply 
and inexpensively arranged to tool that or any 
other simple form. If deep grooving is required, 
forming is the only way; but its wholesale usu 
simply leads to a huge tool bill and early destruc- 
tion of the machines. 





THE TRADES DISPUTES ACT. 

Ir was not to be expected that the injustice 
of the Trades Disputes Act would be fully 
appreciated until its provisions came to be dis- 
cussed in courts of law. Until an Act of Par- 
liament directly affects the man in the street he is 
not inclined to worry much about the contents of 
the Statute Book. In several recent cases, how- 
ever, it has Leen shown that in the hands to which 
it has been entrusted the Act above referred to can 
be used as a weapon of oppression. For instance, 
in one case it was shown that in certain circum- 
stances the Act debars a person whose character 
has been defamed from bringing an action. The 

laintiffs sued the defendants, a trade union, for 
ibel, and for conspiracy to publish libels of and 
concerning the plaintiffs, and to induce persons 
not to deal with them. It was held that, by virtue 
of Section 4, Sub-section I. of the Trades Disputes 
Act, 1906, such an action was not maintainable 
(Vacher and Sons, Limited, v. The London Society 
of Compositors, 29 T.L.R. 73). 

Again, when one looks at the meaning which the 
courts have attached to the word *“ e dispute” 
it will be seen that the Act is by no means narrow 
in its application. Various cases have arisen as 
to the meaning of the term “‘ trade dispute,” and 
it has been held that this expression within the 
meaning of the Act is not confined to a dispute 
between an employer and his workmen, or between 
the workmen themselves. A person may be en- 
titled to the protection of the Act notwithstanding 
that the act done by him was not done entirely in 
furtherance of a ne dispute, or that in doing the 
act his mind was not altogether free from malice 
(Dallimore v. Williams and Jesson, 29 T.L.R. 6). 

The above cases show that the courts have often 
placed a construction upon the Act which causes 
it to bear very hardly upon employers. We can, 
however, mention others which show that it is not 
always to be used as an engine of oppression. Thus 
it appears to be the law, as illustrated by a recent 
case, that the question whether there is a trade 
dispute is one of fact for the jury to decide, and if 
the jury decide that there was no such dispute, those 
responsible may be made to suffer the consequences 
of unjustifiable interference with contracts of 
employment. This is the inference to be drawn 
from the case of Dallimore v. Williams, which was 
recently decided by Mr. Justice Darling. 

The facts of the case may be briefly summarised. 
The plaintiff was a bandmaster, and was in the 
habit of giving concerts at places of public amuse- 
ment. e defendants were secretary and branch 
secretary of a trade union called the Amalgamated 
Musicians’ Union. The plaintiff had arranged with 
the National Sunday League to give a concert at 
the Alhambra on Sunday, October 1, 1911, but 
when the time arrived for the performance the 
defendants placed pickets outside the building and 
induced the bandsmen to refuse to perform for the 
remuneration they had agreed to accept. In con- 
sequence the plaintiff was only able to give the 
concert by paying (under protest) the increased 
wages they demanded. The defendants alleged 
that the p!aintiff had offered his men less than the 
union minimum wage, but the plaintiff denied this. 
He said that his rate of payment compared favour- 
ably with that of other employers, but there had 
been friction between himself and the defendants 
over other matters, and the defendants had taken 
the opportunity offered by this Alhambra concert 
to cause him embarrassment and inconvenience, 





larly turned out it is foolish to attempt operations 
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defendants denied malice, but pleaded that in any 
event they were immune owing to the provision of 
the Trades Disputes Act, 1906. 

In the course of his summing up Mr. Justice 
Darling pointed out that the law was that if 
@ person induced another to break his contract 
with a third person, the third person had a 
right of action. Up to 1906 that had been the 
law for everybody, but since then the exception 
had been introduced that if the inducement took 
place in the course of a trade dispute the person 
injured could not recover. That was the law. It 
was his duty to tell them the law, and, so far as it 
was in his power, to see that the law was carried out. 
There was the law, and if they were satisfied that a 
trade dispute had been made out, and the defendants 
had induced the breach of the contract in contem- 
plation or furtherance of the dispute, they must 
find for the defendants. Section 3 of the Act said 
that an act done in furtherance of a trade dispute 
should not be actionable on the ground that it 
interfered with the right of a person to dispose 
of his capital or labour as he willed. In words, 
therefore, it admitted that the right existed 
to dis of one’s capital or labour as one 

i ; that was what we had hitherto called 
iberty. It used to be a boast of English law ‘* Ubi jus 
abi remedium,” but that must be altered now to read 
‘Wherever there is a right there used to be a 
remedy.” Whether there wasa trade dispute or not 
was the essence of this action. It must have been a 
bond fide existing dispute ; the Act did not say ‘‘in 
contemplation of a dispute which I am about to 
create ’’—Conway v. Wade (909) A.C. 506. The 
defendant in the box had said the only way to get 
a strike was to get the men to break their con- 
tracts. No doubt it was the way in which you 
could do most harm to the man you wished to 
injure, but it was not the only way. It was 
possible to tell the men that they had agreed to 
work for an improper rate, and that when they 
had worked out that contract they must not take 
another at that rate. 

The jury found (a) that the defendants induced 
the bandsmen to break their contracts with the 
plaintiffs ; (b) that they conspired to that effect ; 
(c) that they did not so act in furtherance of a 
trade dispute, and that there was no trade dispute 
at the time when the men were induced to break 
their contracts, nor when the defendants con- 
spired. They assessed the damages at 350/., and 
his lordship gave judgment accordingly. 

Here, then, the plaintiff found a loophole of escape 
from the rigours of the Act. It is probable that 
many of the acts alleged to be done in further- 
ance of a trade dispute are really done for other 


purposes, 








NOTES. 


Tue INTERNATIONAL ASSOCIATION FOR TESTING 
MatTERIALS. 


A meEeEtTING of the British Section of this Associa- 
tion was held on Wednesday afternoon, July 16, in 
the offices of the Iron and Steel Institute. Mr. 
Harbord was elected to the chair. It was resolved 
to fix the minimum annual subscription of members 
of the British Section at one guinea. Suggestions 
were to be made for the nomination of British 
members on various working committees of the 
Association. In most cases the meeting resolved 
to refer these nominations to the Engineering 
Standards Committee as being already engaged in 
cognate research ; this concerned the Committees on 
Tests of Constancy of Volume of Cements, on the 
Effect of Sulphuric Acid Anhydride in Portland 
Cement, and on the Testing and the Nomenclature 
of Road Materials. The representation of the 
British Section on Fire-Resisting Building Construc- 
tion was left to the British Fire Committee, that on 
the Committee on Accidents in Reinforced-Concrete 
Building was referred to the Concrete Institute, 
and Professor Dixon, of Birmingham, and Mr. 
Kirkaldy were selected to serve on the Com- 
mittee for Wood Tests of Large Pieces. The ques- 
tion of the organisation of the British Section then 
came up for discussion, and the appointment of a 
ea advisory committee was proposed. Professor 

Jnwin insisted that the Association was far too 
little known and appreciated in this country, and 
that British members contributed too little to the 
work of the International Association ; they should, 
in the first instance, endeavour to increase their 
membership—there are at present 145 members on 
the rolls of the British Section. The meeting was 





entirely in concord with Professor Unwin on this 
point, and an advisory sub-committee of seven 
members—Messrs. Unwin, Harbord, Lloyd, L. 
Robertson, Rosenhain, Butler, and Sachs—was 
appointed to report to a meeting, to be held this 
autumn, on steps to be taken for the purpose 
of organising the British Section, increasing the 
membership, and of securing adequate represen- 
tation on the committees of the International 
Association. We fully endorse the opinions 
expressed. In our reports on the proceedings of 
the congresses of the International Association we 
have regretted that England does not take more 
interest in the work of the International Testing 
Association ; it would certainly popularise British 
goods in foreign countries if they were more 
frequently standardised to International rules. The 
offices of the British Section of the International 
Testing Association are at 28, Victoria - street, 
Westminster ; Mr. G. C. Lloyd, Secretary of the 
Iron and Steel Institute, being the British member 
of Council of the Association. 


Apmiratty Screw-THREADs. 


In an article in ENGINEERING in April last,* we 
drew attention tothe inconvenience which attended 
the retention of special fine screw-threads by the 
Admiralty. It was pointed out that lack of standard- 
isation in this matter might possibly mean con- 
siderable inconvenience and delay at critical times, 
to say nothing of the additional expense involved 
to a public service. Point was further given to the 
case by the fact that for some classes of similar 
work, while the Admiralty insisted on their own 
threads, the War Office accepted the British 
standards adopted by the Engineering Standards 
Committee, so that co-operation between these 
services would be hampered by the conservative 
action of the former service. It is unnecessary 
to dilate. upon the advantages of adopting 
recognised standards in engineering work, espe- 
cially when regard is had to emergency repairs 
such as might be expected to fall on naval and 
military equipment ; and it is therefore satisfactory 
to learn that the matter has now so far been re- 
considered that in future the British standard fine 
threads will be accepted for paraffin and petrol- 
engines. The standards in question are embodied 
in the Engineering Standards Committee’s Specifi- 
cation No. 20. e are not ina position to state 
definitely whether it is the intention to replace 
completely the present Admiralty fine threads by 
the British standards, but the inconvenience of 
having two standards for one type of work would 
probably prove so great that the entire supersession 
of pe Admiralty threads would appear most likely 
to follow. 


THe Cunarp LINE AND THE CANADIAN TRADE. 


The entrance of the Cunard line into the 
Canadian passenger and cargo service two years 
ago was welcomed as an event of Imperial ee 
ance. This was due to the unique position held by 
the company and to the expectation that there 
would be displayed in the new service that enter- 
prise and care in management which has won for it 
a premier position among the maritime assets of 
the nation. The expectation has already been 
realised ; the company have had built specially 
for the service two steamers of an unusual type. 
They do not carry any first-class passengers ; the 
second class passengers will occupy those parts of the 
ship usually given up to the first-class, and although 
the decorations may not be quite so elaborate, 
the accommodation is as spacious, as admirably 
arranged, and as well ventilated and lighted. At 
first sight it might seem as if the same result could 
be achieved by calling the accommodation first- 
class, which would be quite legitimate, and 
charging lower rates; but this would mean 
“cutting” rates, making possible invidious com- 
parisons with other ships. As it is, the emigrant 
going to the Dominion and the Canadian re- 
turning home, with less surplus cash than the 
American and with less desire to B -y money 
in order simply to boast of it, have the 
best of accommodation at the lower rate. More- 
over, there are obvious advantages in only one class 
having to be catered for. 
the Andania and Alaunia, have been built by the 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, and the former sailed on her 
first voyage on the 17th inst. The vessels are 





* See ENGINEERING, vol. xcv., page 572. 
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540 ft. long, 64 ft. beam, and 46 ft. deep moulded, 
with a registered tonnage of 13,300 tons. 
There are nine decks, and the flying-bridge is 50 ft. 
above the load line. There is accommodation for 
520 second-class passengers, besides 1620 third 
class, for whom specially well - fitted quarters 
are arranged — all being in state-rooms. In 
addition the vessel takes 9500 tons deadweight, 
and yet at the service speed of 144 knots the coal 
consumption will only be about 120 tons per day. 
The engines are of the quadruple-expansion type, 
of 7500 horse-power. ‘The cylinders are respec- 
tively 26 in., 37 in., 53 in., and 76 in. in diameter, 
with a 54-in. stroke. Steam ata pressure of 210 lb. 
is supplied by five double-ended boilers working 
under natural draught. The engines are balanced 
on the Yarrow-Schlick-Tweedy system, and the 
absence of vibration in every part of the ship was a 
most noticeable feature in the trial cruise on 
Monday and Tuesday of this week. Indeed, every- 
thing has been done that long experience and a 
desire to ensure = suggest to make the 
ships suitable for the London and Southampton to 
Canada and the Canada-Plymouth to London 
services. 


METALLISING PROCESSES. 


A few years ago we noticed a process by Mr. 
V. Schoop, of Ziirich, by which he coated various 
materials with atomised metals by forcing a 
jet of steam or some gas under high pressure 
through the fused metal and directing the spray 
of finely-divided metal against the surface to be 
treated. Even paper, fabrics, and celluloid could 
be coated with liquid metals in this way; but 
there was difficulty in obtaining cohering coatings, 
because the finely-divided metal cooled too quickly. 
In a modification of his process Schoop therefore 
started from powdered metal and hot gases under a 
pressure of about three atmospheres. Crucibles, 
originally required, were dispensed with in the newer 
process, but the noble metals could not be worked 
in this way. A further improvement of the Schoop 
process was recently described by Dr. Lach before 
the Verein zur Beférderung des Gewerbefleisses at 
Berlin. In this modification the metal is used in 
the shape of a wire or a tape, which issues from a 
nozzle and which is surrounded by a flame fusing 
the wire. The gases, mixtures of oxygen or hydro- 
gen or of other gases and air, leave the nozzle 
under high pressure and carry the fused metal with 
them. ‘I'he apparatus is about the size of a heavy 
revolver and bears a certain resemblance to it. 
One tap, turned by hand, admits or cuts off the 
compressed gas and the air. This compressed-gas 
mixture operates a small turbine, which makes 
about 30,000 revolutions per minute, and sends the 
gases into the nozzle. The turbine drives a worm 
gearing which turns the two rolls gripping the 
wire, and the arrangement is such that the wire- 
feed keeps pace with the rate at which the wire is 
being fused. How the process is worked to yield 
deposits which either adhere to the object or alloy 
with it, or which can subsequently be taken off for 
the reproduction of patterns, was not explained by 
Dr. Lach, who showed numerous examples demon- 
strating the wide range of applications to which 
the process lends itself. Thus pipes and utensils 
can be coated with tin, lead, or aluminium, inside 
and outside. When the pressure is low, or the 
distance large, the metallic particles will unite to a 
porous conglomerate ; accumulator-plates are made 
in this way. Solid resistance-tapes for electric 
heaters can, on the other hand, be directly deposited 
on the insulator. The utilisation of the process 
seems to promise well for the purpose of apply- 
ing anti-corrosion coatings, because the metallic 
spray will penetrate into crevices and fill up sharp 
corners, so that a uniform smooth surface, little liable 
to rusting, is produced. That the process may become 
a dangerous rival to electric galvanising and to 
electrotyping will readily be understood. Any 
object, no matter of what shape, can be galvanised 
by the spray after having been sand-blasted, and 
the lecturer showed, among other exhibits, a 
replica of a picture post-card of Cologne Cathedral, 
which had been produced by applying a rather 
sharp pressure in printing the card, so that the 
ttern came out in relief. A miniature relief map 
of the Alps was also reproduced in iron, which, 1t 
is noteworthy, can also be sprayed by the modified 
process. Wood and paper are ‘‘ bronzed” by the 
Schoop process, seamless tubes and cigarette 
mouth-pieces are made by it, and the metallised 
balloon fabric shown was pliable. That the coat- 
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ings will in some cases consist rather of the oxide 
than of the metal may be an advantage. Finely- 
divided iron would easily rust, for instance, but 

iron oxide is a very stable compound. We 
should add that Mr. F. Herkenrath has collaborated 
with Mr. Schoop in developing these metallising 
processes. 





THE LATE MR. ALEXANDER BASIL 
WILSON. 

In our last issue (see page 45 ante) we briefly 
recorded the death, which occurred on the 9th inst., 
of Mr. Alexander Basil Wilson. Mr. Wilson was 
born on October 26, 1846, and was the —- son of 
Mr. Alexander George Wilson, of Maryville, near 
Belfast. He was educated at Blackheath, and having 
decided to adopt engineering as a profession, he 
began his pupilage, on the recommendation of Sir 
Edward Harland, Bart., with the firm of Messrs. 
MacNab and Co., engineers, Greenock. He remained 
with this firm from March, 1862, to March, 1867, 
during which time he was actively engaged, among 
other work, in submarine operations and in the raising 
of sunken vessels. In 1868, on the completion of his 
apprenticeship, Mr. Wilson went as an engineer on 
board various steamships with the purpose of gaining 
experience in the working of marine engines. He 
returned to Belfast in 1869, and entered the employ- 
ment of Messrs. Harland and Wolff as manager of 
their engineering de ent. He became a partner 
in the same firm in the year 1874; another partner 
being his brother, the late Mr. Walter H. Wilson. 
He resigned this position in 1878, when the firm was 
formed into a limited liability company, and became 
the managing director of Messrs. soba Rowan and 
Sons, Limited, engineers, Belfast. When this latter 
firm ceased to exist, in 1883, Mr. Wilson established 
a consulting engineering practice in Belfast, and he 
acted, among other firms, for Messrs. Harland and 
Wolff, Limited, Messrs. A. Guinness and Sons, Limited, 
the Lord Line of Steamers, and the York Street 
Spinning Company. 

His extensive experience and great ability specially 
fitted him for the position of consulting engineer, and 
he soon had a very large connection. r. Wilson 
became a member of the Institution of Mechanical 
Engineers in 1882, and a member of the Institution of 
Civil Engineers in 1897. He was a member of the 
original and also of the reappointed committee of this 
latter Institution on tabulating the results of steam- 
engine and boiler trials. Local matters, and particu- 
larly education problems, interested him greatly, and 
received from him great attention. He was for a lon 
period one of the co-opted members of the Library an 
Technical Instruction Committee of the Belfast 
County Borough Council, and displayed great activity 
in the work of this committee. Mr. Wileon was also 
chairman of the Malone and Balmoral Unionist Club, a 
member of the Ulster Club, Belfast, and of the Royal 
Societies Club, London. 

Personally, the deceased was of a most kind and 


genial disposition, and counted among his friends | P 


people of all kinds of interests. Members of the 
Institution of Mechanical Engineers who took part in 
the visit of that body to Belfast in 1888, and in the 
meetings held there in 1896 and last year, will in 
particular have most pleasant recollections of Mr. 
Wilson’s untiring efforts to ensure the success of 
these gatherings. 








PROPOSED MEMORIAL TO THE LATE SiR _ WILLIAM 
Wuitr.—A meeting was recently held at the Institution 
of Naval Architects (Sir Philip Watts, K.C.B., F.R.S 
in the chair) to consider what steps should be taken to 
establish a memorial to the late Sir William White. 
Representatives of the princi ineering and allied 
institutions with which Sir Willi m White was connected 
attended this meeting, and it was resolved to form an 
influential general committee representing the naval and 
merchant services, as well as the Gemeente, 
in order to carry out the object in view. Promises of 
financial 2 and communications relating to the 
proposal will be gladly received - the Secretary of the 
institution of Naval Architects (Mr. R. W. Dana, M.A.), 
5, Adelphi-terrace, W.C., who is acting as honorary 
secretary to the provisional committee. 





Tue Propuction MANAGERS’ ASSOCIATION.—A very 
successful dinner of the above Association was held at the 
Holborn Restaurant, Kingsway, on the evening of the 

2th inst. Some fifty members and others were pre- 
sent. The subject of discussion for the evening was 
“Scientific Management,” and was introduced by Mr. 
Frank B. Gilbreth in a racy and most interesting 
address. In the time available it was not possible for 
Mr. Gilbreth to deal with his subject in t detail, but 

© described some of the early work of Dr. Taylor, and 


gave a clear indication of the main features of scientific 
management. The discussion was joined in by a large 
number of speakers, and was carried on until a late hour. 
The chairman, Mr. W. Howard Hazell, stated that he 
would shortly be visiting America, and would certainly 
attempt to see someth’ 
practical operation. 


ing of scientific management in 








INDUSTRIAL NOTES. 


AccorDING to the Board of Trade Labour Gazette, 
which appeared on the 16th inst., the state of the 
labour market in June was as follows :—Employment 
in the month continued very good. There was some 
falling off in pig iron and iron and steel manufacture, 
which was y accounted for by the dispute in the 
Midlands. The tin-plate trade fluctuated iooancelh, 
and there was the usual seasonal decline in coal-mining. 
On the other hand, the boot and shoe, pottery, glass 
and brick trades showed some improvement. In the 
other principal industries there was little change from 
the good conditions of the previous month. 


It is reported by the Labour Exchanges that there | 


was a continuance of the demand for workmen of all 
classes in the shipbuilding, engineering, and buildin 
trades. In the case of women the demand exceed 
the supply in the cotton, woollen, worsted, linen and 
clothing trades, and for laundry work. There was 
also a demand for women and girls in the Birmingham 
plate and jewellery trade. 


The upward movement in wages continued. Com- | 


pared with the high level of a year ago, employment 
nerally showed an improvement, omni in the 
uilding, pig-iron, and shipbuilding trades. The 
tin-plate trade, however, was much worse, and the 
iron and steel and glass trades showed some decrease. 

Trade unions with a net membership of 921,564 
reported 17,888 (or 1.9 per cent.) of their members as 
unemployed at the end of June, 1913, com with 
1.9 per cent. at the end of May, 1913, and 2.5 per 
cent. at the end of June, 1912. These fi are based 
on 3152 returns. The percentage of ‘‘ insured ” work- 
people unemployed at the end of June was 2.8, com- 
pared with 2.7 at the end of May. 

Returns from firms employing 408,013 workpeople 
in the week ended June 28, 1913, showed a decrease 
of 0.1 per cent. in the number of workpeople employed, 
and an increase of 1.3 per cent. in the amount of 
wages paid, compared with a month ago. Compared 
with a year ago, there was a decrease of 0.4 per cent. 
in the number of workpeople employed, and an in- 
crease of 2.3 per cent. in wages paid. These figures 
are based on 1910 returns. 

The changes taking effect in June were all increases, 
and amounted to 8500/. per week on the wages of 
nearly 264,000 workpeople. The principal changes 
affected 190,000 coal-miners in South Wales and Mon- 
mouthshire, 25,400 iron and steel workers in the 
North of England, the Midlands, and South Wales, 
15,000 engineers at Coventry, 3000 dyers and finishers 
in Lancashire and Cheshire, and 5000 carters at 
Bradford and Sheffield. 

The dispute, involving about 35,000 metal-workers, 
in the Midlands continued in progress throughout the 
whole of June, but was settled in July. The number 
of disputes beginning in June was 150, and the total 
number of workpeople involved in all disputes in 
progress during the month was 122,623, as compared 
with 149,812 in May, 1913, and 135,929 in June, 1912. 
The estimated number of working days lost by dis- 
utes in June was 1,718,200, as compared with 
1,088,800 in May, 1913, and 1,505,700 in June, 1912. 

Cases dealt with during the month include a general 
strike of metal-workers in the Midlands ; brickmakers 
in the Stourbridge district ; building-trade operatives 
in London, Cheltenham, Merthyr, Rugby, and 
Shrewsbury ; boot and shoe operatives in the United 
age: woollen workers at Morley ; explosives 
workers at Ardeer; settmakers at Penmaenmawr; and 
gas-producer men at Sheffield. Several appointments 
of chairmen of conciliation boards under the Railway 
Conciliation Scheme were made. 

The weekly number of vacancies notified to the 290 
Labour Exchanges which were open at the inning 
of June, 1912, for the four weeks ended June 13, 1913, 
was 21,228, com with 20,407 in May and 17,339 
in June, 1912, The weekly number of vacancies filled 
was 15,663, compared with 14,252 in May and 12,818 
in June, 1912. 





The monthly report of the Steam-Engine Makers’ 
Society for July records continued prosperity both to 
the society and to the individual members in the shape 
of unprecedented good trade and a percentage of un- 
employment that is exceedingly low. Had certain offers 
of situations to members during the past month been 
accepted, there would have been practically no unem- 
ployed. There has also been a steady growth of 
membership. It is pointed out, however, that there 
are branches that do not take advantage of the present 
opportunity, and do not show befitting activity in the 
way of looking after members. At the end of June 
there were out of employment 83 fitters, 25 turners, 
2 pattern-makers, 3 millwrights, 8 sea-going engineers, 
2 smiths, or 123 in all, while 370 were on the sick fund. 
This was an increase of 37 in the number of unem- 
ployed and 48 in the number of sick. There were 
also 461 superannuated members. 





Last Saturday afternoon, the 12th inst., a number 


| of Black Country strikers who had marched to London 





were welcomed in Trafalgar-square by several thou- 
sands of trade unionists from Fost and West London, 
and by members of Socialistic organisations. Among 
the speakers were Mr. Keir Hardie, M.P., and Mr. 
George Lansbury, and there was, as usual on these 
occasions, & good deal of foolish talking. Several reso- 
lutions were passed. Among them was one ask- 
ing for the recall of Lord Gladstone on account of the 
part he took in the calling out of the Imperial troops 
with the object of —— riot and outrage during 
the recent Rand strikes. It is interesting to note 
that while this demonstration was going on here the 
Press throughout South Africa, irrespective of 
rty, was defending the Governor-General. In 
Poot. according to Reuter, the Volksstem went so 
far as to say, “‘It is sheer twaddle to blame the 
Government or Lord Gladstone. It is the Govern- 
ment’s duty to maintain law and order. The natives 
were being openly encouraged to make common cause 
with the whites. The mind is staggered in the 
attempt to picture what would have happened if their 
infernal machinations had proved successtul. It would 
have been impossible for Lord Gladstone to refuse his 
co-operation.” In a speech delivered at Potchefstroom 
on Saturday last, General Botha said that he very 
much regretted the resolutions condemning Lord 
Gladstone on account of his connection with the employ- 
ment of military during the Rand strike, for he was not 
responsible for the step taken, and did not deserve any 
such criticism. The Government alone were respon- 
sible. They had expressly asked the Governor-General 
to send troops, and he not done so uotil such action 
was absolutely n . General Botha also called 
attention to the fact that all the violence which took 
lace in Johannesburg was not due to the strikers, 
or there was a large — element involved, 
and this was the cause of much of the trouble. The 
strikers had indeed not been in the majority. Now 
that peace had been restored he hoped that no traces 
of the trouble would be left by starting a persecu- 
tion. Strikes he did not object to, but he objected 
to violence, and law and order must be maintained. 
In conclusion, he said that he was sure that if the 
mine-owners were sensible, and tried to solve the 
troubles, there would be no repetition of the recent 
happenings. 

t seems that there are fair prospects of an avoid- 
ance of a railway strike. A letter has been addressed 
to the railway employees of South Africa by Mr. 
Sauer, acting Minister of Railways, in which he urges 
the men to bring forward their grievances in a tem- 

rate manner, promising that prompt attention will 

given by the Government to their representatives. 
He also points out the very serious consequences, not 
only to the country, but to the men themselves, if 
extreme action be taken. It is said that Mr. Richard 
Goldman has made a statement that the recent Com- 
mission, of which he was Chairman, made a very 
exhaustive inquiry into the railwaymen’s grievances, 
and presented very comprehensive reports to Parlia- 
ment. From thisit may be gathered that the Government 
has adopted wholly, or partially, a bulk of the 
Commission’s recommendations. The fact that over 
500,000/. per annum has been paid out to the railway- 
men since the Union was formed, in increased wages, 
is pointed out by Mr. Sauer. 





According to the Z'iimes, it has been declared in a 
manifesto of the provisional Executive Committee of 
the United Labour Party that the striking feature of 
the recent Labour Congress in New Zealand was the 
absence of any true spirit of unity, as the revolu- 
tionaries tolerated no compromise. The autocratic 
power vested in the Executive under the new Consti- 
tution is condemned in the manifesto, and especially 
the power involving unions unwilling to strike. An 
appeal is made to affiliated unions to maintain their 
al cieglanse to the evolutionary and constructive 
programme of settling disputes by conciliation or 
arbitration and reserving strikes as a last resort only. 
It was resolved at the recent Labour Congress to 
empower the United Federation to declare a strike— 
local, general, or national—as circumstances demanded, 
and a large majority rejected an amendment requiring 
@ previous secret ballot of the unions affected. In 
consequence of this, the railway workers withdrew, 
and it is expected that there will be other secessions. 





The recent voting of the Boiler-Makers’ Society 
showed that 4184 members were in favour of accepting 
the shipbuilding employers’ offer of an advance of 1s. 
a week on time rates, and 24 per cent. on riveting 
rates ; and 3492 against it. The vote was pooled with 
those of eleven other shipyard trades, and was 
counted on Monday last. 

The result was made known in Newcastle-on-Tyne 
on Monday night, and showed that there was a very 
large majority for ting the employers’ terms, the 
actual figures being 15,702 for and 5582 inst. 
Things do not appear, however, to have settled down 
altogether in the Clyde district, for there is dis- 
satisfaction there among the riveting squads on 
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account of the action of the officials in agreeing to a 
led vote. Moreover, in addition to this, the re- 
usal of the employers to concede the claim for a 5 per 
cent. advance seems to have given offence. fhe 
society voted for accepting the modified offer, but in | 
spite of this a large section of the members are in- | 
clined to renew the agitation at the close of the holi- | 
days, which began this week. These malcontents have | 
provisionally to a strike on August 3. 





The National Insurance Act has brought about a | 
rather curious state of things at Birmingham, a strike 
having been caused thereby. It appears that a local 
company failed to pay any contributions under the 
unemployment part of the Act, and were consequently 
called upon for twelve months’ arrears. The money 
has been paid, but the men have been requested by 
the company to pay their share of the arrears at the 
rate of 24d. a week until the whole is cleared off. This 
is in eddition to current expenses, and the men object, | 
preferring to strike rather than pay, and 150 hands | 
are consequently out of work. | 





According to the 7'imes there now seems good reason 
to hope that the three-shift difficulty, which has for 
so long been a cause of anxiety in the Northumber- 
land coal-fields, is nearing a settlement. Extreme 
courses are, moreover, evidently becoming rather 
wearisome to the miners. A Syndicalist resolution was 
recently brought forward, and a proxy vote taken on 
it, asking the executive of the Miners’ Federation of 
Great Britain ‘‘ to arrange a joint —_ of miners, 
railway men, seamen, po a &e., with a view to 
the amalgamation of all grades of labour, so as to 
enable them to adopt a ‘down-tools’ policy at one 
and the same time, believing this to be the only 
effective means of gaining any advantage for the 
workers.” The result was not encouraging for the 
promoters, there being only 264 votes in favour 
of the resolution and 412 against it. Although the 
cosl-owners absolutely declined to entertain any 
demand for the abolition of the third shift, they are 
open to discuss any reasonable proposals for modi- 
fying the system. The employers’ offer was laid 
before the representatives of the sixteen three-shift 
pits in the county, and was rejected by ten votes to 
six. This decision was, however, overridden by the 
Council of the Miners’ Association by 34 votes to 32, 
and a modification was declared for. In a circular 
issued by Mr. Burt, the retiring agent, the opinion is 
expressed that the men run a danger of getting 
nothing if they persist in demanding entire abolition, 
while, i modification, some of the worst evils might be 
mitigated. He goes on to say that abolition has been 
tried for three years, at a very heavy cost, with no 
good result. A ballot on the subject is now in progress. 





The threatened strike on the railways of the 
United States, which, at the time of publication last 
week, looked as though it might easily become an 
accomplished fact, has, fortunately, been averted. 
According to news from Washington, a conference was 
held between President Wilson and the presidents of 
four of the large eastern railroads, representing the 
employers on one side, and representatives of the con- 
ductors and train employees’ unions, the result of 
which was that an agreement was come to regarding 
amendments to the present Arbitration Law, and by 
means of which the Eastern Railway employees will 


have their demands promptly submitted to arbi- 


tration. 





A strike has broken out in the shipping yards at 
Hamburg, and about 18,000 men are Bid to be 
idle, 13, of whom are in the Vulkan yards and 
in the yards of Messrs. Blohm and Voss, while the 
remaining 5000 are in smaller yards. A rise in 
wages of one pfennig per hour has, it is said, been 
offered by the masters this August, and another 

fennig in April next year, but the amount demanded 

y the men is much more than this, and they want a 
scale of wages adapted to local conditions. A 52-hour 
week instead of a week of 55 hours is also among the 
demands made, as well as less work on Saturday, and 
other reforms. The employers say that they cannot 
comply with the dem of the men, because they 
would thereby “es their powers of competition 
with foreign firms. ere is also some unrest in other 

ts of Germany. The men have struck against the 
wishes of the union leaders. The announcement that 
there will be no strike pay has had no effect on the 
attitude of the workers. 





Official Prussian statistics dealing with the hands 
employed in the mining industry divide these 
into five groups or classes:—(a) The miners proper, 
upon whom fall the different main kinds of under- 
ground work; (b) other underground hands (repairs, 
auxiliary work, &c.); (c) hands employed above 
ground, exclusive of juvenile and female labour ; 
(d) es male hands under sixteen years ; and (e) 
fema 8. 





hands. 
The following table, given in percentages of the total 


number employed, shows the fluctuations of these 
different classes within the three important districts 
—Dortmund, Upper Silesia, and the Saar—for the 
last five years :— 





Groups. 








which the dearth of rolling stock later in the year also 
had a detrimental effect upon theearnings. Neverthe- 
less they averaged 24 marks more per hand than in 1907. 

It is of special interest to note that in the Ruhr 
district the lowest wages class (up to 2 60 mark), which 
in the year 1900 comprised 5.9 per cent. of the aggregate 
in 1912, had receded to 4.2 per cent. ; the second class 
(2.61 to 3.80 marks) also fell from 17.7 to 4 0 percent. ; 
the third (3.81 to 5.0 marks) from 24.4 to 14.1 per 





a. b. e. d, é. 
cent. ; whilst on the other hand, the highest (fourth) 
Dortmund District. class of wages (5.01 to 5.80 marks) rose from 52.0 per 
1998 49.8 97.7 19.0 3.5 = cent. in 1900, and 31.7 per cent. in 1902, to 77.7 per 
1909 49.6 27.9 | 189 36 | - cent. in 1912. 
1910 49.8 27.6 19.0 3.6 — 
1911 60.3 27.0 19.2 3.5 — 
1912 50.5 26.6 19.3 3.6 = NOTES FROM THE NORTH. 
Upper Silesia. Gtascow, Wednesday. 
1908 52.7 15.5 22.6 41 5.1 Glasgow Pig-Iron Market.—Last Thursday morning 
1909 52.1 16.0 22.5 4.3 5.0 the pig-iron market was idle, and Clevela: warrants 
1910 50.8 16.8 28.1 4.3 5.1 were quoted easier at 553. 74d. cash, 55s. 104d. one 
1911 49.8 17.0 28.7 4.5 5.0 month, and 56s. U three months sellers. In the 
1912 43.9 16.9 24%.3 | 5.0 4.9 afternoon Cleveland warrants were again weak, and 
Suar (state Undertakings). changed hands at 55s. 54d. cash and 55s. 6d. three days. 
1908 40.1 $2.6 134 38 cs The turnover was 1000 tons, and at the close there were 
1909 48.2 34.3 13.4 42 ie sellers at 55s. 6d. cash, 55s, 9}d. one month, and 
1910 48.7 33.8 | 185 2.9 es 56s. 44d. three months. On Friday morning the business 
1911 49.4 835 | 187 3.4 _ in Cleveland warrants was confined to 1000 tons at 
1912 49.3 27.9 | 108 | 380 = 55s. 44d. cash, with sellers over. For the other positions 


As the last two classes are of such minor importance 
it will suffice to give particulars of wages for the a, b 
and c classes, om the following table shows the shift 
earnings for these classes during a series of years :— 


Average Wages (in Marks) for One Shift in Coal-Mining. 






































sellers named 55s. 9d. one month, and 56s. . three 
months. Hematite was also dealt in, 1000 tons changing 
hands at 72s. 6d. cash. The afternoon session was quite 
idle, but the tone was 44 and Cleveland warrants 
were quoted by sellers at 55s. 7d. cash, 55s. 104d. one 
month, and 56s. 6d. three months. On Monday morning 
there was again no dealing of any kind, but the market 
was firm, and sellers of Cleveland warrants quoted 
55s. 9d. cash, 56s. one month, and 56s. . three months. 


[Dortmund District.| Upper Silesia. Saar. Hematite was unchanged at 72s. 6d. cash sellers. In the 
na) —_ ——_—___- & — |——— —— | afternoon the market was once again quite idle, and 
a ee SP ee ig a. | bv. | ¢. | prices of Cleveland warrants were nominally unchanged. 
& | ig ar ea llers quoted 55s. 9d. cash, 56s. 04d. one month, and 
—| ——|——= il ——|——|——| | 56s. 9d. three months. Hematite was quoted at 72s. 6d. 
=. = opntee ete aye sgt dee 4 °¢ cash sellers. On Tuesday morning Oleveland warrants were 
1s06../ 848 75 205|274 2an|a-7s 240 [210 8.27 870 260 260 | yeh and at the close sellers named Bos. 74d, cach bo. 11d 
1905..| 4:08 4.84 8.40/3:42 8.08 8.60 8.22 2.70 ee 3.16 |&.26 | one month, and 56s. 8d. three months. In the afternoon 
1906..| 4.37 5.29 8.64|8.61 3.23 |8.69|8.43 |2.81 8.88 4.40 3.21 |3.36 | there was little doing, and the business consisted of one 
1907..| 4.87 (5.98 4.04 |3.88 3.48 |4.00 |3.75 |3.00 4.02 |4.57 |3.42 | 3.53 | lot of Cleveland warrants at 55s. 64d. cash, and the closing 
a. - nas iees = 7 — = Poe —_ — bed y eeagense were 55s. 74d. cash, 56s. one month, and 56s. 7d. 
«+| & 3S | a G9 | 3. i 
10. 54 31 S.os|sas £44 /80l|8.7 (8104887 S086 $00| 730° Ga caah, fis, one month, and Tis. three monsha, but 
1912 | 6.08 6.02 4.81 /4.15 3.64 |4.22 /3.97 3.26 4.22 4.83 3.91 3.64 | there were no buyers. When the market opened to-day 
‘eel ak Pepe (Wednesday) Cleveland warrants exhibited some weakness, 


For the sake of accuracy it should be remarked that 
the top figures for the Saar district a and } classes are 
the average of the two, and the figure for the ¢ class 
is the average of classes c and d. 

The shift earnings show a rapid rise in the three dis- 
tricts, the greatest being in the Ruhr district, where the 
shift earnings per man last year alone shows an in- 
crease of 34 pfennig (4}d.), the corresponding figures 
for the two other districts—Upper Silesia and the Saar 
ye than half that amount—viz., 16 pfennig 
(2d.). During last year the average shift earnings in the 
Dortmund district were, respectively, 38.19 and 19.19 
a cent. higher than in Upper Silesia and the Saar, and 
or a hewer (class a) even 42.65 and 24.64 per cent. 


greater. 
The following table shows the aggregate number of 
hands employed in the three districts, the total amount 
id in wages, and the average annual earnings of the 
ands employed :— 
Dortmund District. 





Average 
al Number of Aggregate of — Ansunlitemin 
Hands. Wages Paid. |" er Hand. gs 

marks | marks 
1886 99,952 77,188,454 } 772 
1890 123,984 182,339,258 } 1067 
1895 150,212 145,456, 344 | 968 
1900 220,031 292,008,361 1832 
1905 279,608 307,778,713 1186 
1906 270,288 851,584 } 1402 
1907 294,101 459,435,021 | 1562 
1908 824,895 485,378,494 | 1414 
1909 330,414 445,995,884 1350 
1910 334,619 462,985,579 1382 
1911 341,716 493,952,905 1446 
1912 784 570,594,223 1586 





The increase in annual earnings for the (a) class during 
the above period is still larger than the average—viz., 
from 848 to 1858 marks. 

As Upper Silesia and the Saar cannot vie in impurt- 
ance with the Dortmund district, we do not pro 
to publish the corresponding tables for them. It will 
suffice to state that in the former district the number 
of hands —— rose from 40,093 in 1886 to 119,863 
in 1912, the average yearly earnings per hand 
from 490 to 1053 marks, whilst for the district 
the number of hands employed rose from 24,714 to 
50,111, and the average annual earnings per hand 
from 809 to 1251 marks. 

In estimating the rise in the earnings of the Ruhr or 
Dortmund district, it should be borne in mind that 
the strike in March, 1912, meant a loss in wages of 
an average of some 22 marks per hand, in addition to 








. to 3d. The turnover was 4000 
tons at 55s. 6d. cash, and from 55s. 6d. to 55s. 74d. nine 
days, with closing sellers at 55s. 5d. cash, 55s. 9d. one 
month, and 56s. 4d. three months. The afternoon session 
was quite idle, but Cleveland warrants were nominally 
firm at the morning closing quotations, except for the 
three months’ position, which was 1d. easier. Sellers of 
hematite were m the market quoting 72s. 6d. cash, 73s. 
one month, and 73s. 104d. three months, but there were 
no buyers’ quotations. 


Sulphate of Ammonia.—The manufacture of sulphate 
of ammonia continues to go on steadily, but business is 
on rather a limited scale at the present time. The market 
price shows no change over the week, and is still called 
121. 17s. 6d. per ton for prompt delivery, Glasgow or 
Leith, which is the lowest figure of the year. 


Scotch Steel Trade.—In the Scotch steel trade the con- 
ditions have varied nothing since last report, but the pub- 
lication of the ballot figures of the shipyard workers 
have certainly improved the outlook. The fact that a 
great and very possibly disastrous strike nD 
averted has "lag a much better feeling in steel and 
iron circles this week. The home demand is quiet 
in anticipation of easier prices in the near future, and 
the export trade is also of a limited description. In the 
latter case fair orders have lately come to hand from 
Australia, India, and South America principally, and 
these are for general material. The makers of black 
sheets cannot report any change in their position, 
and although they are fairly well employed at the 
moment on thin sheets, they are unable to chronicle 
any improvement in the demand for the heavier gauges. 

ork will cease on Thursday evening in most establish- 
ments, and by Friday at mid-day all departments will 
have closed down for the annual holidays. The official 
list of prices is unchanged, and there is no word of any 
possible reduction as yet. 


Malleable-Iron Trade.—The main work in the West of 
Scotland malleable-iron works this week has been the 
clearing up preparatory to the holidays. Inquiries, 
however, have been a little better, which is a sign. 
‘* Crown” bars are still called 8/. 2s. 6d. per ton, but there 
has been a little shading reported on the part of mer- 
chants, the idea of an early reduction in price having 
gained ground. 

Scotch Pig-Iron Trade.—Good business is still being 
done by the Scotch pig-iron makers, and easier prices 
have filled » order-books once more. The competition 
in some of the foreign markets is keen, but local makers 
are ing to hold their own very well indeed. The 
number of furnaces in blast has been reduced to 88, as 
one on hematite iron has been put out. The following 
are the market quotations for makers’ (No. 1) iron :— 
ae ve. “|e mt tee pry and a ane 
an ngloan, 77s. ship at Glasgow); Glengarnoc 
(at Ardrossan), 76s. ; Shobts (at Leith), 76s. ; and Carron 
(at Grangemouth), 76s. 6d. 


and prices declined from 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, W y: 
The Trade Future.—The question of whether the boom 
in trade has passed its height and the decline set in is 
just now the subject of anxious consideration in local 
manufacturing and commercial circles. There is no 
doubt that a marked falling off in new work has 
been experienced, and the doubtful question is whether 
this is just the no decrease expected at this time 
of the year, or whether it signifies something of more 
serious impert. Judging by the big drop in the ton- 
nages dealt with on the railways, there seems ground 
for the latter supposition, and in further support of this 
pea — — ice that 7, boom p.. in 
reality y due to the piling up of orders at the time 
of the coa] strike last year, and that now these have been 
worked off the colla is unavoidable. On the other 
hand, there is no lack of optimists. The special condi- 
tions of midsummer slackness and the high price of raw 
materials are held by them to be sufficiently explanatory 
of the present position of affairs. They point to the big 
contracts on hand at the large works and the stead 
growth of the steel exports as proofs that Sheffield will 
not suffer any serious decline in industrial activity, for 
the present year, at any rate. 


Exports to America.—The exports from Sheffield to 
the United States, except with regard to cutlery, show a 
substantial increase for the June quarter over the corre- 
sponding period of last year. The return just issued by 
> yy United States Consul in Sheffield shows that the 
total value of is sent from the district was 223,208/., 
an increase of 67,891/. The item of steel sheets, bars, 
wire, &c., is 166,798/., an increase of 57,2197. There have 
been increases in machinery, hardware, and saw-plates, 
- a marked decrease in the export of sheep and garden 
shears. 


Sout Yorkshire Coal Trade.—This is the quietest time 
of the year in the coal trade, and consequently a restric- 
tion of business is nothing unexpected. The demand is 
even considerably smaller than a year ago. Prices, how- 
ever, remain ata good level, and whilst concessions are 
easy to obtain on small orders, demands for large con- 
signments at once strengthen the quotations. There is 
very little buying of house coal, and the demands of the 
gas companies are pore most of the work in the house- 
coal pits, many of which are working a four-day week. 


Manufacturers are keeping their calls as low as ible, 
but are likely to come forward again in a few weeks’ time. 
Spot lots are a feature of the market. Coking smalls are 


quiet, as are slacks, the demand from the Lancashire 
mills having fallen off owing to the holidays. Quota- 
tions :—Best branch hand-picked, 14s. to 15s.; ley 
best Silkstone, 12s. to 133.; Derbyshire best brights, 
6d.; Derbyshire house, 10s. i to 

nuts, 10s. 6d. to lle. 6d.; small nuts, 

’ ire hards, 12s. to 13s.; Derbyshire 
hards, 11s. to 12s.; rough slacks, 7s. to 8s. ; seconds, 6s. 


to 7s. 6d. ; smalls, 4s. 6d. to 6s. 
Iron and Steel.—There is not much change in the raw 


material market, and the majority of the hematite buyers | —all 


are deferring their orders. Their hope of easier prices 
has been encou by the drop in coke quotations, 
which should make it easier for producers to meet 
them. There is very little inquiry for Lincolnshire 
iron, bub fair business has been done in the Derby- 
shire sorts. Scrap is very quiet. Orders for billets 
have been few and of small amount, although an 
improvement is looked for in the near future. The 
om of dead soft sorts is still — but, even so, is 

ing undercut by Continental materi Prices of alloys 
are very firm. In the heavy branches of the local trades 
work in hand is of substantial proportions, and the arma- 
ment firms have a very big programme of orders on naval 
shipbuilding account, both for home and foreign govern- 
ments. It will not be long, either, before these demands 
are augmented from the new gun works in Russia. The 
East India Railway Company has again been in the 
market for supplies, this time a good contract for springs 
having been p in Sheffield. There are a number of 
other substantial contracts of miscellaneous character 
from the Colonies. Workers in various departments of 
the heavy trades are asking for advances in . There 
are considerable variations in activity in the lighter 
trades. The demand for crucible steel has shown a 
falling off, but there are plenty of orders for tools for 
ay and agricultural purposes, and the file trade 
is good. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

; MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Quietness continues to 
characterise the Cleveland -iron market. Values of all 
kinds of pig iron are down a little, but they have nob 
fallen sufficiently to suit ideas of buyers. What business 
is passing is chiefly in small lots for early delivery, but a 
few inquiries for autumn business are re} . Amongst 


visitors to the Cleveland market this week have been | 


large hematite consumers from Sheffield, but so far as can 
be ascertained they have not placed orders, and indeed, 
it is very doubtful whether the object of their journey to 
Tees-side was to buy. The general market quotation 
for early f.o.b. delivery of No. 3 g.m.b. Cleveland pig is 
now 56s. 3d., at which figure merchants have d of 
the ruling quality. No. 1 Cleveland pig is obtainable at 
58s. 6d.; No. 4 foundry, 56s.; No. 4 f 55s. 9d.; and 
mottled and white iron each at 55s. 
delivery. Second-hands are now pressing sales of Nos. 


| early or forward deliv 





-—all for early | 


. There is little or nothing 
passing in foreign ore. ers still stand firm and quote 
on basis of 20s. ex-ship Tees for Rubio of 50 _ 
cent. quality. A rumour of a sale of best Rubio at 18s. 
delivered over five years is denied. Freights, Bilbao- 
Middlesbrough, 5s. 44d. Coke is fairly plentiful, 
and with rather keen competition in ‘Yorkshure kinds 
values are easier. Aver qualities of Durham blast- 
Cuasse coke are obtainable at 19s. delivered at Tees-side 
wor 


The Proposed Pig-Iron Distributing Company.—The 
committee appointed to consider and report on the sug- 
gested scheme to form a limited liability company for the 
sale and distribution of Cleveland pig iron has metseveral 
times, and has now adjourned for a fortnight. Careful 
consideration, however, has already been given to the 
details of the scheme, and so far as can be ascertained 
there seems a probability that the company will be formed 
to take over for distribution the output of the ironmasters 
concerned. The company will fix prices and control pro- 
duction. Such steps will result in the abolition of the 
warrant stores. ‘ollowing on protests by Scotch 
merchants and Middlesbrough merchants against the 
proposed drastic change in distributing pig, the Scotch 
ironfounders have intimated that if the Middlesbrou h 
ironmasters carry out the proposals there is likely 
- _ a large importation of foreign pig iron into the 

yde. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores here continues 
to be steadily reduced. The quantity now held stands 
at 202,962 tons, 10,216 tons having been withdrawn since 
the beginning of the month. Shipments of pig iron from 
the Tees ports are not up to expectation. To date they 
average 3198 tons per working day, the total despatches 
being returned at 44,787 tons, 39,381 tons of which have 
gone from Middlesbrough, and 4856 tons from Skinnin- 
grove. To the same date last month the loadings of pi 
totalled 43,829 tons, or a daily average of 3202 tons, an 
for the corresponding part of July last year the clearances 
— 60,717 tons, or an average of 4336 tons per working 

jay. 


Manufactured Iron and Stecl.—There is very little to 
report concerning the various branches of the manufac- 
tured iron and steel industries Works are kept busy 
on contracts, but orders are now very scarce. Quotations 
show a marked downward tendency, and reductions may 
be announced at any time, but 2 to the present prices 
have not been actually lowered. Principal market quota- 
tions stand :—Common iron bars, 8/. 15s.; best bars, 
91. 2s. 6d. ; best best bars, 9/.103.; packing iron, 6/. 15s. ; 
iron ship-plates, 7/. 15s.; iron ship-angles, 8/. 15s.; iron 
ship-rivets, 9/. 10s. ; iron boiler-plates, 8/. 17s. 6d.; steel 
bars (basic), 8/.; steel bars (Siemens), 8/. 10s.; steel ship- 
plates, 8. 5s. ; steel ship-angles, 7/. 17s. 6d.; steel boiler- 
plates, 9/. 5s. ; steel strip, 87. ; steel hoops, 82. to 87. 2s. 6d. ; 
steel joists, 7/. 7s. 6d.—all less the customary 24 per cent. 
discount ; cast-iron columns, 71. 7s. 6d. ; cast-iron railway 
chairs, 4/. 15s. ; light iron rails, 7/. to 7/. 5s. ; heavy steel 
rails, 6/. 12s. 6d. to 6/. 15s. ; steel railway sleepers, 7/. 10s. 

net; and iron and s i corruga 
sheets, 24-gauge, in bundles, 11/. f.0.b.—less the usual 
4 per cent. 








Crype SHIPBUILDING APPOINTMENT.—The retirement 
from the Navy of Engineer-Captain William Onyon, 
M.V.O., was recently gazetted. Captain Onyon, who 
has joined the staff of Messrs. William more and 
Co., shipbuilders and engineers, in a highly responsible 
— in the engineering cyte ee served on the 

lyde for many years as chief engineer inspector for 
the Admiralty. He was chief engineer on H.M.S. Dread- 
nought when that vessel was first commissioned. Later 
he was transferred to the Admiralty, where he was 
responsible for the construction of the turbine machinery 
of all the Dreadnought battleships. Afterwards he 
became engineer on the staff of the Admiral of the First 
Cruiser Squadron, and he was on Admiral Sir Colin 
ae staff as an engineer on H.M.S. Medina when 
the King and Queen went to India on board that vessel 
in 1911. Later he was engineer on the staff of Admiral 
Bayley on the flagship Invincible, and afterwards he was 
appointed by Mr. William Beardmore to his engineering 
staff at Dalmuir. 





PotyepHaseE Meter. — The Electrical Company, 
Limited, 122-124, Charing Cross-road, call our attention 
toa wy” in the London Gazette of Tuesday, June 17, 
which states that for the purposes of the Electric 
Lighting Acts, 1882 to 1909, and all Provisional Orders 
and Licences made and issued thereunder, the Board of 


Trade approve of the construction and pattern of their | 1} in. in thic 
meter for the measurement of electrical energy when | 
ree- 
ternating-current systems for all | 
purposes; and for single-phase supply, from a three- | 


supplied on the eo three or four-wire, and 
phase three-wire, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Tonnage arrivals over the week-end were 
fairly satisfactory, and with the _ princi collieries 
heavily booked with Admiralty orders, colliery owners 
have shown no di ition to modify the somewhat 
harder quotations which have prevailed of late. The 
are expecting that in A buyers will come for 
more readily, and that loading pressure will continue, 
new orders taking the place of Admiralty calls. The 
house-coal trade, patent fuel, and coke have shown 
little change. The best Admiralty steam coal has 
made 20s. to 2ls. per ton; best secondary descriptions, 
19s. to 19s. 6d.; other secondary qualities, 18s. to 18s. 9d.; 
best bunker smalls, 10s. 3d. to 10s. 6d.; and 
7s. 9d. to 8s. 6d. per ton. The best househol 
been quoted at 19s. to 20s. ; good household, 17s. to 18s.; 
No. 3 Rhondda large, 17s. to 18s.; and N 
8s. 6d. to 9s. per ton. Special foundry coke has been 

uoted at 30s. to 32s.; good foundry coke, 25s. to 28s.; and 
mange othe, Sie, So Sib gee te Ae iron 
ore, Rubio has made 19s. 6d. to 20s. per ton, upon & 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The works have been running of late day 
and night, but some pig iron is being stored until a more 
active demand prevails. The out-turn of the Goat Mill 
was heavy, comprising large-section rails, blooms, tin 
bar and slabs. The sleeper press was also actively 
employed. The Big Mill has been busy upon fish-plates, 
small-section, underground, and siding rails, props, &c. 


Gloucester Wagon Company.—The directors of the 
Gloucester Railway Carriage and Wagon Company, 
Limited, recommend a dividend of 5 per cent. upon the 
ordinary shares for the past half-year, together with a 
bonus of 24 per cent. The distribution for the whole of 
1912-13 will accordingly be at the rate of 10 per cent. per 
annum. 


Fishguard.—The Fishguard and Rosslare Railways 
and Harbours Company has entered into a contract with 
Messrs. Topham, Jones and Railton, Limited, of West- 
minster, for the construction of new harbour works at 
Fishguard. Theamountof the contract is about 400,000/. 
The contracting firm built the Queen Alexandra dock, 
Cardiff, and the King’s dock, Swansea. 





Tae Minine Institure or Scortanp.— Arrangements 
have been made for a joint excursion on Saturday, 
A t 9, with the members of the Scottish Braneh of 
the National Association of Colliery Managers and the 
East and West Branches of the Association of Mining 
Electrical Engineers. 





Go.p.—The value of the gold imported into the United 
Kingdom in June was 3,437,723/., as compared with 
3,539, 3462. in June, 1912, and 3,286,997. in voy - 
The sgnregate value of our gold imports in the six 
months ended June 30, this year, was 23,219,166/., as 
com with 22,923,552/. in the first half of 1912, and 
21,178,738. in the first half of 1911. 





Re-BvILpInc or THE Town Briper, Boston, Linco. 
—The first mention of a bridge at Boston occurs in a 
se to King Edward I., in 1305, by the Earl of 

ichmond, who obtained ‘“‘pontage” for five ya 
similar grants being subsequently obtained. A bridge 
was erected in 1500; it was in a bad state in 1539, and 
fell in 1556 ; it was repaired, and it remained until 1629, 
when it had become in such a ruinous state that it was 
taken down. A new bridge was erected in 1631; this 
bridge was in a dangerous state in 1736, the crown of the 
arch being lowered to prevent its falli A new bridge 
was built in 1742, at a cost of 3962. 14s. 6d.; in 1771 it was 
reported to be in a dangerous state, and in 1800 it was 
decided to erect a new bridge of iron. John Rennie 
designed the new structure, which consisted of eight cast- 
iron arched ribs, of about 88 ft. span, carrying a roadway 
35 ft. wide. This bridge had lasted its time, and upon 
the advice of Mr. John J. Webster, M. Inst. C.E., 39, 
Victoria-street, Westminster, the structure was con- 
demned, and a new one designed by him. The new 


brid, which is to be opened to-day, consists of six 
parabolic steel ribs, hinged at the springing and at 
the crown, with a versed sine of 6 ft. 6 in. the 


width of the road and footways being increased, by 
means of cantilevers on the south side, from 35 ft. to 
43 ft. between the inside of the parapets. The ribs are of 
box section, constructed of angles and plates, the angles 
being 6 in. by 6 in. by ? in. average, with top and 
bottom -plates 24 in. wide, varying from } in. to 
; i, hs nage ae) is ig = edd 
plates ? in. av ickness, stiffened wi i 

at intervals. The ribs are 1 ft. 9 in. deep at the centre, 
tapering to 1 ft. 3 in. at the pins, the latter being 6 in. in 
diameter, with cast-iron bearings. The spandrel verticals 


four-wire system, between any one wire and the | fixed on the top of the ribs and to the longitudinal 


ourth wire, or neutral for lighting 
known as the Electrical Company, 
Meter, Type D.a. Provided that the meter be construc 
as descri in the specification and drawings deposited 
at the Board of Trade, and dated and numbered May 27, 
1913, and H. 7127, and be in accordance with the pattern 
meter No. 1490354, deposited at the Board of Trade on 
April 23, 1913, by or on behalf of the Electrical Com- 

y, Limited, and serled by the Board of Trade. The 
Somat of Trade further approve of the means provided 
for fixing meters of this description, and for connecting 


——- only, and 


imited, Polyphase | i 
ted | with elditional plate top and bottom 4 in. thick under 
6 





them with the service lines as described in the specifica- 


1,2, and 3 East Coast hematite pig at 72s. 6d. for either | tion and drawings above referred to. 


| being Mr. H. F. Richards, 


ers, are of }{ section rolled joists 10 in. by 5 in. ; the 
consists of corrugated steel plates 9 in. by @ in., 


the roadway, and 3 in. by @ in. under the footway, 
the former my gy with wood blocks, and the latter 
with concrete A cast-iron cornice and parapet 
surmount the outer rib on the north side, and the canti- 
levers on the others. old brick and stonework abut- 
ments were in splendid condition, and have been retained 
with suitable modifications for the new rag The con- 
tractors for the work were Messrs. Goddard, Massey and 
Warner, Limited, of Nottingham, the resident engineer 
M. Inst. O.E. 
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DEDICATION OF THE KELVIN MEMORIAL 
WINDOW IN WESTMINSTER ABBEY. 


Tue dedication of the window placed in the northern 
side of Westminster Abbey in memory of Lord Kelvin 
took place on Tuesday, the 15th inst., at 3 p.m., the 
memorial service being interpolated in the Even-song. 
The Dean having delivered an impressive address on 
Lord Kelvin’s originality, range of study, ingenuity, 
and resource, and on the —— of his early 
Christian faith, the clergy and the chief members of 
the general memorial committee of British, Canadian, 
Indian, African, Australian, and American engineers, 
headed by Professor W. C. Unwin, its chairman, and 
Mr. R. Elliott-Cooper, President of the Institution of 
Civil Engineers, moved in procession to the nave, 
where the window was accepted by the Dean on behalf 
of the Abbey. 

The light entering through the window falls on the 
raves of Newton, Kelvin, Darwin, Herschel, and 
ivingstone. The memorial windows dedicated to the 

memory of Sir Benjamin Baker and Sir William 
Siemens are near the new window ; it was designed 
and carried out for the Abbey by Mr. J. N. Comper, 
of London. Some even of the more recent windows 
—notebly that of William Siemens—being rather 
dark and shutting out too mueh light, the authorities 
of the Abbey, it is understood, now prefer designs in 
light colours. In accordance with what is probably 
general church practice, there is little on the window 
to remind the visitor of Lord Kelvin ; the observer 
sees chiefly the representations of King Henry V. 
(1413 to 1422) and of the Abbot of Westminster 
of his reign, William Colchester. These two 
figures, in gold and light blue, the king in armour, 
the abbot in the effigy on his tomb in the 
Abbey, almost fill the left-hand and the right-hand 
lights. A cinquefoil, with the arms of Henry V., his 
badges of the Swan and Antelope, is at the head of 
the window ; the canopy above the king is a picture of 
his coronation, and the canopy above the abbot a 
representation of the contemporary story of King 
Henry V. visiting the Westminster Recluse on the 
night after the death of Henry IV. The connection 
of the window with Henry V. is ibly that he 
energetically recommenced the building of that nave 
immediately after his accession ; the statuettes around 
the two main figures refer to men of the time, includ- 
ing Richard Whittington, Lord Mayor of London. 

The references to Lord Kelvin are two inscriptions 
on tablets held by angels in front of the pedestals of 
the two large figures. The one inscription, under 
the king, reads: In memory of Baron Kelvin of 
Largs ; the other inscription (under the abbot), says : 
Engineer, Natural Philosopher, B. 1824, D. 1907; 
the words are in English, as stated. Underneath 
these tablets are the arms of Lord Kelvin and of the 
University of Glasgow. The name ‘‘William Thomson” 
is not given, so far as we are aware. 








A PORTABLE LATHE. 
To THE Eprror OF ENGINEERING. 

Srr,—Some years ago, during the long evenings of a 
winter visit to the seaside, I, as an amateur turner, re- 
gretted the lathe I had left behind me, and from regrets 

on to scheming a portable tool. It was easy to 
recognise that the heavy fly-wheel was the outstanding 
impediment to portability and then to perceive that some 
modification of the primitive pole lathe, in which a spring 
replaced the cumbersome pole, might meet all reason- 
able requirements. Not to mention the watchmaker’s 
**turns,” flute turners at the Inventions Exhibition 
at South Kensington in the ’eighties, and occasional 
glim of chairmakers at work in the beech woods, or 
the shop of an old rural cartwright, were reminders that 
the old-fashioned implement was by no means unservice- 
able even in its simplest form. In fact, it was brought to 
my notice that one of the best trade wood-turners in 
London habitually started ais apprentices on a pole lathe, 
finding that they acquired the art in less time, and with 
less damage to person and material, than when over- 
weighted by the momentum of a fly-wheel. 

An extremely simple outfit suffices to turn wooden 
spindles such as form the structure of a rush-bottomed 
chair, or make up the patient complexity of a Cairo 
lattice-window. But more than this was in view: I 
sought for a tool that would accommodate a moderate- 
sized table-leg or turn light brasswork up to 5 in. or 6 in. 
in diameter, and yet pack up so as to be as portable as 
a cricketer’s outfit or a set of ercquet. 

It was plain, therefore, that wood must, on the score of 
lightness, replace metal whereve: possible, and, as in its 
——" the lathe-bed must be a wooden bar. Then 
came the idea of utilising as an in 1 part of the struc- 
ture the actual packing-case into which the lathe itself 
and all its outfit of tools and chuoks fold back and are 
compactly stowed. 

The lathe may, as the annexed illustration shows, be 
set upon any firm table, and is driven by a ladder chain 
passing over a sprocket on the mandrel. running 
through small pulley-blocks, connect the one end of the 
chain with a long light treadle, the other with a spiral 
spring, which performs the office of the original pole in 
making the return motion. The spring is attached to the 
bottom of a rod resting on the floor, and clamped to the 
lathe at top by a screw and wing-nut. The rod, treadle 





and gear lie snugly along the lathe-bed when it is folded 
back into the box. 

The two to one purchase speeds up the mandrel, 
obviating an excessive stroke of pedal and stretch of 
spring. The mandrel is tubular, with }-in. bore, as also 
is the back Poppit cylinder, which is controlled by a 
lever and lock y @ pinch-screw, an a ment which 
is simple and effective. The tool-rest is held by a plain 
wooden bar clamped to the bed, which proves much 
lighter than its equivalent in metal. 

The usual practice with plain light lathes is to fit the 
chucks to a screwed mandrel nose, and supply with the 
lathe a running centre and a prong driver for wood- 
turning. Very little can be accomplished with these 





alone, and fitting additional chucks to the screwed nose 
is not a beginner’s job, even if the necessary tools are | 
available. After a few trials it was decided to drop the | 
screwed nose and fit permanently a combined bell and | 
face chuck. The bell or cup will take stock of small and | 
medium diameter, and plankways wood can be held to | 





the face-plate with ordinary wood screws from the back. 
The face-plate effectually shrouds the heads of the pinch- 
ing-screws in the bell, saving it from operating as the 
‘. knuckle-duster” it notoriously was in its old flangeless 
orm. 

A “cross” driver, fitting freely in the bell and held by 
the screws, is used for turning w between centres, so 
that by roughing down one end of a piece to fit in the 
bell, wooden arbours and cups, which, in unlimited variet 
and with or without the aid of glue, serve the miscel- 
laneous requirements of wood and brass turners, can readily 
be supplied. Schemed originally for the occasional pur- 
os of amateurs, it became obvious in the process of 

evelopment that the portable lathe, with its carefully 
adjusted kit of appliances, was especially suitable for 
educational and quasi-educational use. 

The mechanically-minded boy always desires a lathe, 
but, as a rule, even when cost is not a deterrent, the cum- 
bersome and permanent character of a serviceable tool 
forbids its installation in the home, where it is likely 
to be of use for little more than the Christmas holidays. 
Even if a lathe be purchased, it is found that an expendi- 
ture on chucks and tools and miscellaneous wants exceed- 
ing the price of the lathe itself is called for, in order that 
any satisfactory progress may be made. 

The portable lathe meets both kinds of difficulty. The 
oo includes everything that is wanted for a start, not 
orgetting directions and materials for a course of work 
calculated to lead the beginner clear of the usual aimless 
gropings towards proficiency. Then when the lathe is 
out of use, it can be packed up at once and stowed con- 
veniently away. 

As is usual in books on turning, the making of tool- 
handles is recommended as an carly exercise, and for this 
reason one necessary gouge is supplied with its handle; 
other tools are ae without handles, but with the 





stuff out of which the handles are to be turned. Other pre- 
liminary products are a mallet and-sundry wooden chucks. 


After this the holiday worker will probably go his own 
way. But for stricter educational use I have in prepara- 
tion outlines of three courses, choice among which may 
be determined by local and personal considerations. One 
course deals with toys and exercises, ninepins or skittles, 
balls, tops, wheels for toy vehicles, and Indian clubs, for 
instance. Another consists of what may be described as 
household utilities, and includes inkstands, candlesticks, 
and small round frames, making a definite appeal to the 
sense of form. The third deals with elementary mechanics, 
in which the wheel and axle, compound and differential 
pulleys, inclined planes and rollers figure, and tops and 
some other toys must not be forgotten as giving an oppor- 
tunity for combining a little theory with mani uletive 
training in a manner tending to bridge the gap Serene 
book lessons and practical fact. 

It is difficult nowadays for anyone to escape having to 
do with mechanism in some form or other, and the parent 
of all machine-tools should be a fit introduction to the 
mechanical sense, taking its place as an instrument in a 


course of instruction, distinct from and previous to any 
specialised technical training, with the sole aim of impart- 
ing a general handiness and practical intelligence as a 
counterpoise to a too purely clerkly education. 
I am, yours truly, 
W. A. 8S. Benson. 
83, New Bond-street, London, W., May 14, 1913. 








Lonpon-Cowes Motor-Boat Racg. —This test of the sea- 
going capabilities of motor-boats took po on Saturday, 
the 12th inst., under the auspices of the British Motor- 
Boat Club, six boats starting from Erith at 6 a.m. on that 
day. The winner was the Thornycroft cruiser Advice, 
owned and piloted by Mr. Tom Thornycroft, who covered 
the 176 sea miles in 17 hours 284 minutes, the second 
boat being two hours later. The Advice thus won easily. 
This, we may add, is the first occasion on which a Thorny- 
croft boat has taken part in the race. The Advice is 
43 ft. 6 in. over all, with a beam of 8 ft. and a draught 
of 2ft. 9in. Although somewhat light in appearance, 
she has proved, in the many cruises Mr. Tom Thorny- 
croft has undertaken, an exceptionally good sea-boat, very 
quick and easy to handle. She is built throughout of 
mahogany. er engine is of the Thornycroft type, 
having six cylinders, capable, in the ordinary form, of 
developing 53 brake horse-power at about 1000 revolu- 
tions per minute ; but with the special arrangements for 
reducing the size of the valves to comply with the rules 
for the race, combined with the fact that the engine ran 
at barely 800 revolutions per minute, the power developed 
on the cruise was not more than about 30 brake horse- 
ay The speed of 10 knots, which was maintained 
or the whole journey, is therefore exceptionally good. 
The boat has sufficient fuel to run over 350 miles at this 
speed. A number of similar boats are now under con- 
struction, both in this country and by the firm’s agents 
and licensees abroad. 
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MOULDING-MACHINE FOR MOTOR CRANK CHAMBERS. 


CONSTRUCTED BY MESSRS. J. 


W. JACKMAN 


AND ©O., LIMITED, LONDON. 








above has been con- 
structed by Messrs. J. W. Jackman and Co., Limited, 


THe machine illustsated 
Caxton House, Westminster, London, 8.W., and 
supplied to the Associated Equipment Company, 
Limited, 9, Grosvenor-road, 8.W., for making the 
moulds in which the aluminium crank-chambers of the 
engines used on the motor-buses of the London 
General-Omnibus Company are cast. The illustration 
shows the machine in perspective, and is a repro- 
duction from a photograph. 

The machine is fitted with hydraulic rams for 
raising the pattern, and, as will seen from our 
illustration, the table is fitted with a mechanical 
turn-over and stopping device, which is operated 
by worm and harnd-wheel. The pattern is mounted on 
either side of the table. The table is raised or lowered 
by four uprights, one at each corner, and these are 
connected by a girder frame to an hydraulic piston 
below the machine. A trolley runs under the table 
from the front to carry the finished boxes. The 
pattern shown on the machine is for an aluminium gear- 
case which is moulded ina box measuring 40 in. by 24in. 
internally. In the bottom, or core-box, are the loose 
cores and draw-back pieces. The machine operates in 
the following manner:—The bottom box is first 
clamped on the reversible table, filled with sand and 
hand-rammed. The sand is then struck off, the table 
is reversed, and the box rests on the trolley. The 
clamps are then removed, the table being at the same 
time raised and the pattern drawn clear of the mould. 
The draw-backs are then removed, the cores set, and 
the bottom box is carried by a crane to the moulding- 
floor. The same operation is then carried out with 
the top box, the two halves are then clamped together, 
runners and risers finished, and the mould is ready 
for pouring. The complete operation is carried out 
by two workmen, the time required to make a com- 
plete mould being about one hour. 








SINGLE-PHASE TRACTION.* 
By Marius Latour. 

In the first place the author proposes to make a few 
general observations in regard to the mechanical con- 
struction of single-phase locomotives and to the erection 
of overhead conductors. Some cognate questions will 
then be discussed, such as the very important subject of 
the disturbance caused to telephone and telegraph lines. 
Finally, some solutions of the problem of single-phase 
traction will be indicated. 

Mechanical Considerations.—There are some general 
mechanical considerations which have no special relation 
to single-phase traction. In all cases there is the alterna- 
tive of a crank or a direct drive Opinions on this point 





* Paper discussed at the Paris joint meeting of the 
Institution of Electrical Engineers and the Société Inter- 
nationale des Electriciens, May 21 to 24, 1913. 











are stiil divided. As regards the crank-drive, some 
adopt dummy axles (Thomson-Houston) and others do 
not (Westinghouse). ‘I'he respective methods are out- 
lined below. It is convenient here to mention that the 
Oerlikon type of locomotive, bowever, is not fitted with 
dummy axles. Using cranks, the motors may or may not 
drive through gearing without the normal working being 
thereby altered to any extent. A point to which atten- 
tion must be drawn in the case of single-phase traction is 
the advantage obtained by using springs. 

The torque being oscillatory, an objection has already 
been raised that the whole weight of the locomotive is 
thereby not fully available for traction, and there will 
also be dangerous vibrations. Asa matter of fact, this 
criticism does not seem to be entirely justifiable. In any 
case the use of springs is a complete safeguard against 
this. With springs dangerous resonance effects, such as 
arise at certain speeds with mechanical transmission, can 
be avoided, in so far as these arise from fluctuations in 
the torque. 

Equipment with springs exhibits, moreover, a somewhat 
curious property, which I shall mention here. In this 
respect it can be said that the motor does not rotate at a 
constant speed throughout a whole cycle, but has an 
oscillatory movement in addition to its mean speed of 
rotation. It is by paying attention only to this oscillatory 
movement that it will be seen to be liable to produce a 
leading wattless electromotive force in the armature. 
This phenomenon has not been utilised in locomotives 
up to the present time, and will not have a promising 
future. 

Overhead Conductors.—The overhead conductors have 
generally a catenary suspension. In the case of the 
catenary suspension the conductor is suspended from one 
or more overhead wires by means of hangers, of which 
the ends grip the upper half of the conductor, which is 
in the form of the figure 8. The object of this method 
of suspension is to ensure that the conductors shall be 
horizontal. Where there is only one supporting wire 
there is a simple catenary suspension. Where two sup- 
porting wires are used, and the second is supported by 
the first, it is called a double catenary. When two sup- 
porting wires are used for the suspension of the conductor 
we have the triangular catenary suspension. This last 
has been set aside because it is too rigid. The double 
catenary suspension has greater flexibility, but it is also 
more expensive, and it is found that when the speed does 
not exceed 80 km. per hour the simple catenary sus- 
pension is adequate. 

In order to avoid the effect of changes in the length of 
the cables due to temperature variations, and the variable 
sag which results therefrom, balance-weights or springs 
are often utilised, but such arrangements are not always 
considered advantageous. Passage through tunnels and 
over level crossings requires adjustments in the height 
of the conductor, and such adjustments would other- 
wise appear to be essential. As it is easily adapt- 
able in this respect, provided that adjustments ‘are 
made on a sufficiently low gradient, variations in the 
sag resulting from the diurnal temperature changes 
will not influence appreciably the proper working of the 
line. The use of balance weights or springs increases the 
cost of the line, and their value is somewhat uncertain 





when the track bas many curs. It is desirable to avoid 
hard points in the line, and, similarly, heavy collecting 
gear should not be used lest the pantograph after being 
— depressed should break contact with the con- 

uctor owing to the shock. Oare should be taken that 
the conductor is not made too heavy or too light. In 
the latter case the pantograph can raise the conductor, 
and if the suspension yields, the pantograph may cause 
trouble. The type of pantograph to be adopt d depends 
upon the kind of conductor. more rigid the line the 
more flexible the collector must be, and vice versd. 

Another important question arises in regard to the 
conductors, and that is their insulation. In the case of 
a echeme for working jointly by steam and electricity, 
care must be taken to use double insulation in tunnels 
and under bridges, since a good conducting carboniferous 
—— liable to cause leakage may be formed. 

he spacing of the standards being fixed at 100 m., 
the Compagnie du Midi insisted on the use of “ anti- 
oscillating” standards in the middle of each span. In 
view of the appreciable increase of cost due to these 
precautions, it may convenient to adopt a smaller 
spacing. That which appears to be most suitable is one 
of from 60m, to 70m. As regards the construction of 
the standards, it is prop sed to use reinforced-concrete 

ts ay well as metal posts. Reinforced-concrete posts 
ave the advantage of a very long life, but they have the 
drawback of py Pm and their total mass renders 
them cumbrons. etal posts have the advantage that 
they can be built up of two parts, and, generally speaking, 
they are cheaper. The above considerations lead to the 
ee that the line should be made as simple as pos- 
sible. 

Motors.—The tests carried out hy the Compagnie du Midi 
have been very interesting, because every type of motor 
has been tried. Perhaps a definite outcome will :esult from 
the tests which are proceeding in various countries, and 
possibly oy tee traction, with all the facts before us, 
will finally be appreciated equally by its opponents as well 
as hy its advocates. 

Reference will now be made to the various types of 
motor which have been supplied to the Compagnie du 
Midi, and to the various snaphennetetl devices of these 
motors. A few general observations will first be made. 

The motors experimented with, excluding the well- 
known Westinghouse series type, have been :—(1) The 
simple repulsion motor (Brown, Boveri) and the com- 
pensated repulsion motor (A.E.G.) ; (2) the series motor, 
with a transverse local field, for compensating the electro- 
motive force of short-circuit under the brushes (Jeumont), 
and the series motor with an elliptical field (French 
Thomson- Houston Compenyi. 

: ston Motors.—Thesimple repulsion motor is shown 
in Fig. 1, on the next As the present author has 
shown,* there is found in the repulsion motor, due to the 
current produced in theshort-circuited coil by itsrotation, a 
transverse field which interacts with the main field, so as 
to give a synchronously rotating field, thus ensuring satis- 
factory commutation at that speed. This simple obser- 
vation, which previous authors (Steinmetz and others) 
have overlooked, has settled the future of the repulsion 
motor. At speeds above synchronism, however, the 
transverse field increases in strength, the commutation 
becomes unsatisfactory, the iron losses increase, and at 


speeds above /2 times synchronous speed the commuta- 
tion of the repulsion motor becomes worse than that of 
the series motor. 

I have given the name ‘‘ compensated repulsion motor ” 
to the motor}+ shown in Fig. 2, on the next page. i 
motor has the essential characteristics of an ordinary 
repulsion motor. lt has, moreover, the advantage of 
working at approximately unity power factor, due to the 
pronerte of commutator motors with short - circuited 

rushes having no inductance at synchronous s and 
negative inductance above that speed, even when sup- 
pled with simple alternating current. t 

Series Motors.—The arrangement in a series motor with 
an artificial transverse field which neutralises the electro- 
motive force of short-circuit, as happens naturally in 
repulsion motors at synchronism, was first desoribed in 
the German Patent No. 162,781 of the Maschinenfabrik 
Oerlikon, March, 1904, and in the author's Austrian 
Patent No. 235,502, of April, 1904 (French Patents: 
Latour, No. 342,571; Oerlikon, No. 354,449). 

A series motor of the type described in this last patent is 
shown in Fig. 3, page 96. The winding h can be con- 
nected in shunt to the terminals of the motor.§ If it is 
assumed that the compensation in the motor is provided 
so as to ensure perfect commutation with continuous 
current, it is clear that the winding / should carry a 
current 90 deg. out of phase with the main current. “But 
the winding / can be allowed to assist compensation, and 
in this case such winding, in addition to the current which 
is 90 deg. out of phase, will carry a current in phase with 
the main current. If, on the other hand, over-compensa- 
tion takes place with the winding C, the winding A will 
carry a current op} to the main current. 

I have given the name “elliptical field motor” to the 
motor arranged as shown in Fig. 4, on page 96.|| 

In the arrangement shown in Fig. 4 a short-circuit is 
established between the point q of the exciting winding, 
which can be extended for this purpose, {] and the point h 








* Elektrotechnische Zeitschrift, June 11, 1908. 

+ French Patent No. 329,058, of January, 1903 ; Supple- 
mentary Patent No. 1827. 

t Industrie Electrique, May, 1902. 

§ In accordance with my Patent No. 342,571, the wind- 
ing h could be distributed round the surface of the stator. 

|| #.7.Z., February 1, 1906, French Patent No. 355,687 ; 
American Patent No. 841,257 ; German Patent No. 218,086. 
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of the transformer supplying the motor. Apart from the 
ordinary compensation, which would give good commuta- 
tion in the case of continuous current, a local strengthen- 
ing of the field can be provided, as is shown in Fig. 4 ;* 
it follows that the = q should not be so far removed 
from the rotor. have already publishedt a detailed 
theory of this motor. Attention has since been called to 
somewhat similar earlier arrangements of this nature, but 
it will be clearly seen that no one previous to the author 
had either understood or indicated precisely the correct 
conditions for securing perfect commutation. Having 
reviewed these four types of motors, it is now proposed to 
make a systematic comparison between them. 

Contact Surface.—By rubbing surface we mean the 
contact area of the brushes on the commutator. The 
reduction in the contact surface is the important feature 
in alternating-current machines provided with a commu- 
tator. In this connection we may refer to previous 
pa on this subject.t ; é 

ff the starting torque with satisfactory commutation 
is represented by ©, and w represents the maximum 
angular velocity when the motor is running, we have 
already suggested in the Electrical World§ that the 


following product, 
re Ow =P, 


should be taken as one of the essential characteristics of 
the power of the motor. 
us, if 
= frequency of the supply current, 
i; gulgbens speed of the commutator at angular 
velocity w, 
a = width of the brushes, 
v = the pressure between the two edges of the brush, 
and 
I = current in the commutator, 
we have proved that whatever the type of motor and 
the number of its poles, or whatever form of winding is 
adopted, in every case we have the relation— 
vI="2Sp (1) 
For a given power P, if f, a, and v are given, it is only 
necessary to reduce 1—that is to say, the surface of con- 
tact—in order to increase the peripheral velocity ¢. Thus 
until ¢ has been chosen the product v I may be taken as 
constant in the case of the motor under consideration, 
and if we suppose the contact resistance of the brushes to 
be constant in these circumstances, it is easily shown that 
the losses on the commutator are a minimum when tke 
losses due to the current are equal to the losses due to the 
short-circuit currents. If we denote by k the decrease of 
resistance under the brushes due to the current I, this is 
exactly what occurs when the pressure between the seg- 
ments issuch that e = 2.45 k when the brushes cover only 
one segment, and such that ¢ = 1.55 k when the brushes 
cover two ents of the commutator. In this connec- 
tion it should be remembered that the losses due to the 
short-circuit currents under the brushes are all the smaller, 
for a pressure v between the edges of the brushes, when 
this pressure is divided up among a large number of seg- 
ments. With an infinite number of segments the losses 
would be reduced to half those for a commutator having 
only one segment. And with two segments they are 
already reduced to eee. ; &! 
Let us assume that the working conditions are so 
that there is a minimum loss at starting, and 
let q stand for the quantity of heat set free per square 
centimetre of contact surface on the commutator, a quan- 
tity which defines exactly the character of the commu- 
tation. We have then shown that in the case where the 
brushes cover one segment the total rubbing surface is 


equal to 
= 2r af a. (2) 
~V/ 16° ta 
The total quantity of heat liberated on the commutator 
is given by 
= 2" of ‘~ 
V15° ¢ 
The following relations hold when the brushes cover 
two segments :— 


2r afp. (2a) 
S= aa ta 

29 af 
cea i” A t (3a) 


It should be noticed that these expressions take no 
account of the nature of the brushes. To ensure a mini- 
mum loss the nature of the brushes should be chosen 
according to the pressure v between their extreme edges. 
We shall then have either brushes of high 
with a low value of v and a high value of I, or brushes of 
a high resistance with a high value of v and a low value 
of I. It follows, therefore, that she better results obtained 
by working at low densities will lead to the choice of 
brushes of high resistance adapted for use where v is 
high and I is low. : 

All the above formule show the decided advan’ of 
a high peripheral speed for the commutator. To obtain 
these high peripheral speeds high-speed motors should be 
used.|| But high speed requires the introduction of 
gearing. This is the feature of the Jeumont and West- 





* Su plementary Patent No. 8322 to Patent No. 355,687. 

+ £.7.Z., February 1, 1906. 
t Kelai Electrique, November 12, 1904; January 7, 
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1905 ; April 29, 1905. Also Electrical Worl 
1904; January 14, 1905. 
§ Electrical World, December 3, 1904. 
See Eclairage Electrique. 
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inghouse locomotives, as well as of the Oerlikon loco- 
motive at Litschberg. Gearing appears to give entire 
satisfaction from the mechanical point of view. It is 
well, however, to notice that a reduction in the area of 
the contact surface, S, if it involves a corresponding 
reduction in the electrical losses on the commutator, does 
not result in a corresponding reduction of the m 
losses. With constant pressure on the brushes the latter 
losses are independent of the permissible , 
speed.* From this point of view, theoretical working 
would consist in running st all speeds at the maximum 
flux which gives the short-circuit pressure v whilst making 
it possible to lift those brushes which have become un- 
necessary owing to the reduction in the current. I had 
already ory epee this previously. ; Papa 
It should be noted here that high speed is not in prin- 
ciple incompatible with any type of repulsion or series 
motor. But itso happens that in the case of the repul- 
sion motor, where the number of poles is determined by 
the number of conductors, a frequency of 15 leads toa 
motor with a number of poles. , 
Let us next consider in turn the disadvantages which 


arise from this situation. 
Fig.4. 
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1. It would seem to be difficult to obtain a pressure 
between the segments low enough for large powers, but 
the arrangement of having two short-circuits has 
suggested (see Fig. 5), in which the brushes would be 
placed in a — where the pressure between the seg- 
ments is still lower ; and I have also su ted the use of 
independent overlapping windings, and especially the 
arrangement of two overlapping windings with two com- 
ny: > i hether it i ibl 

5 oubt may arise whether it 1s possible to a 
for a sufficient number of sets of brushes to carry the 
current. My arrangement of multiple brushes (see 
ig. 6) would, however, at the same time do away with 
this difficulty. 

3. Trouble may arise due to lateral lack of room, but 
recourse may be had to short-pitch flat connections, as 
has already nm seen. t 

4. At the same time, it may be feared that it will be 
impossible exactly to compensate what certain authors 
term ‘reactance pressure,” but this may be provided for 
by suitable windings on the stator and rotor. In this 
connection it should be noticed that the bad commutation 
of repulsion motors is often wrongly attributed to over- 
synchronism. Faulty compensation is alone responsible 
in such cases. 

From this it should not be imagined that the repulsion 
motor cannot be constructed for the same speed variation 
as the series motor. It should, however, be observed 


* Electrical World, December 3, 1904. ; 
+ French Patent No. 340,343, of February, 1904. 
t Kelairage Electrique, April 29, 1905. 








that for a given power a certain pressure between the 
segments at rege be more dangerous when the machine 
has fewer poles. is depends on the fact that the im- 
fae seen of the short-circuited sections—which is due to 
eakage and to the resistance of the windings, and which 
has an influenee in limiting the short-circuit current—is 


cal | relatively much greater as the Pere per pole is smaller. 


Weight.—The inferiority of the repulsion type of motor 
at a frequency of 15 me to he in its weight, and 
indirectly in its lower efficiency. In consequence of the 
smaller number of poles, the repulsion motor requires a 
greater amount of iron; a larger external diameter is 
necessary, or, on the other hand, for a given external dia- 
meter a smaller bore has to be used, thus leading toa 
less advantageous utilisation of the material. We have 
already observed* that whatever may be the frequency, the 
7 of the repulsion motor remains in principle 
identical with that of a single-phase alternator of the 
same frequency, whilst the efficiency of a series motor 
tends at lower frequencies towards that of a continuous- 
current machine. The difference in efficiency between 
- _ types of motor is thus appreciable at a frequency 
of 15. 


Commutation at Variable Specd.—The transverse field 
which is 90 deg. out of phase, and is required to neutralise 
the short-circuit electromotive force, varies directly as 
the current and inversely as the speed. Supposing the 
excitation is provided by constant current the resultant 
field of commutation is a function of the speed, as repre- 
sented by the hyperbola I in Fig. 7. 

All the types of motors to which we have referred above, 
even the series motor of which the auxiliary pole is in 
shunt with the terminals, possess, so long as their circuits 
are not modified, a transverse field 90 deg. out of phase, 
which increases linearly, as is shown by the line IT in Fig.7 
Accordingly, the electromotive force v of short circuit 
can only be neutralised satisfactorily for a certain s 
w, The resulting pressure which appears in the short 


circuit at speed w is proportional to v (1 — — 


It is therefore quite natural to think of adjusting the 
transverse field according to the speed. In the repulsion 
types of motor it is possible to screen locally the trans- 
verse flux at speeds abovesynchronism.}+ In series motors 
the supply in the coil h of Fig. 3 can be adjusted, or the 
connections shown as q, h in Fig. 4 may be moved. These 
adjustments can be carried out by a centrifugal governor, t 
or by an electrico-dynamical device.§ Complica- 
tions, however, arise in this respect. It should be 
noticed that the presence of true commutating poles in 
repulsion motors detracts from the simplicity of their 
construction and connections as compared with the series 
motor. If simple arrangements could be fitted so as to 
ensure a transverse field suitable for all speeds and for 
effecting satisfactory commutation, such arrangements 
would then be preferable. It is from this point of view 
that we shall study the current in the winding h of Fig. 3 
connected across the terminals of a resistance r through 
which the principal current of the motor flows (see 
Fig. 8). It is seen at once that with this arrangement 
the transverse field will be proportional only to this 
current, and will be independent of the speed. It is 
represented by .the horizontal line III in Fig. 7. 

pressure in the short-circuited coil, which will 
appear this time at a speed w, differing from the 
speed w for which there is perfect neutralisation of 


all electromotive force, will be v ( - =! ) instead of 


o(1 - “), 


In other words, with variable s , the commutation 
of a polyphase series motor is substituted for that of a 
repulsion motor. The arrangement with the resistance 
is therefore of the greatest interest, and we now have to 
determine what energy is dissipated in the resistance. 

Let us suppose that we have a winding h of n turns, 
and that by means of a suitable series transformer we 
could always supply it with a current I, say. The wind- 
ing h not only encloses the flux, which is 90 deg. out of 
phase, and which should neutralise the pressure v, but it 
also encloses the opposing flux, the object of which is to 
ensure good commutation with continuous currents. This 
opposing flux can be = either wholly by the 
compensating winding C or wholly by the winding h, 
if the compensation only neutralises the rotor field in the 
stator in the same manner as the short-circuited winding C. 
It can be finally uced in part by the winding h. 
Whatever method used, however, as soon as the 
number of turns n is determined, the pressure at the 
terminals of the winding h will be constant whatever 
the function of h may be. As a first approximation we 
shall neglect the resistance of the winding h. 

Let us take as our standard of reference the phase of 
the current I, which is that of the main field of the 
motor. The resultant flux &, enclosed by the winding h, 
is, for a given motor, determined in magnitude and 
phase. The electromotive force induced by the flux ? at 
the terminals of h has a direction perpendicular to that 
of &. The current I, which circulates in the resistance 
has a direction opposed to this pressure. The current 
circulating in the winding A is at first the current Ji, 
capable of producing a transverse field which is 90 deg. 
out of phase, and afterwards a current J. in phase with 
I, which has a variable value depending on the amount 
of compensation ~S by the winding h. The resultant 
of J, and J, is Ih. We know that the resultant of I- 





* Bulletin de la Société des Electriciens, February, 1907. 

+ Leblanc, Lehmann, and Eichberg. 

4 yg Patent, No. 8684, to the author's 
French Patent No. 355,(87. 

§ See the author’s German Patent No. 240,453. 
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and In, 4.¢., I,, must be in phase with I; from this fact 
I, may be determined, if In is known, by drawing a line 
parallel to O V from the 

It is seen from Fig. 9 t 
of the current J, in 


int In. 
t, whatever may be the value 
) with the current I which 
circulates in the em | h, the point Tn remains on a 
line parallel to OI, and that consequently the current 
I, remains constant as well as V. The losses in the 
resistance, equal to VI, accordingly remain constant, 
whatever adjustment may be made. The adjustment of 
Jo has simply the effect of varying the value of the cur- 
rent I, which we require according to the number of 
turns n selected for the winding h. J, can be chosen in 
such a way that I, is 2 tol. As the losses are inde- 
pendent of the value o' 
case where the winding h carries the current 90 deg. out 
of phase with reference to I (see Fig. 10). 
e shall study the losses a in this case. 
Let R be the reluctance of the magnetic circuit of the 
winding h and @ be the angle 10%, then— 





V=2rnf?, 
J,= -_oane, 
4rn 
J, RR 
Ir = os 4an’t on. 


Therefore— E 
a=V xI, 9 f $2 tan 0. 


The flux is the resultant of two fields 90 deg. out of 
phase—i.e., a reversed field $, in phase with I and a 
transverse field +; 90 deg. out of phace in regard to I. 


ci 
The expression &, is exactly equal in magnitude to tan 0, 


and, other things being equal, it is immediately seen that 
this expression is proportional to the frequency of the 
supply current. e have therefore— 


tan 0=kf, 
$2 = 2 + & Y= o,2 (1 + Kf), 
The expression for the losses a then takes the form— 


R 
a= gkf*(l+ # fo? (4) 
This becomes, for a motor having 2 p poles— 


p esr + BS)? (4a) 

It will be understood to how great an extent they are 
affected by the frequency f, since it is almost the fourth 
power of the frequency which is involved. Whilst the 
use of a resistance may be practicable at 15 periods, it 
may be expected to be inadmissible at 25 periods. It 
is equally important to notice the effect of the number 
of poles on these losses. It is found that the total 
losses a for the motor vary at least inversely as the 
number of poles. It is therefore desirable, with a view 
to reducing the losses a, to increase the number of poles. 

It may be asked, What happens in a motor having 
a given number of poles when its 5 of rotation is 
increased ? Under these conditions the more the speed 
rises above synchronism the smaller the out-of-phase field 
needed ; this is expressed in the formula by the fact that 
k varies inversely as the speed. The losses, however, 
diminish proportionally with R*. It is clear, therefore, 
that the narrower the auxiliary poles the smaller are the 
losses. To bring about this reduction, a small tooth 
pitch must be used for the rotor. The effect of the width 
of the poles is shown in formula (4a) above, by the pre- 
sence of the term R®,2 (= R®,- + &, + 2 ), a value in- 
—— of the width, but *, is determined by the 
width ef the poles. The importance of small air-gaps is 
thus seen ; for R diminishes as ®, diminishes. 

It follows from formula (4a) that in order to reduce the 
losses @ it is convenient, a low frequency and narrow 
auxiliary poles having been chosen, to work with reduced 
air-gaps, high speeds, and a large number of poles. Ata 
poem d of 15 periods these losses can be reduced to the 
negligible value of 4 or ¢ of 1 per cent. It might be 
thought that the author has been led to the idea of the 
artificial creation of a transverse field in the series motor 
(Austrian Patent No. 23,502) as a result of his observa- 
tions on the repulsion motor. As a matter of fact, the 
author arrived at his results in exactly the opposite way. 
An article on the use in a series motor of auxiliary poles 
excited by a current suitably out of phase was sent by the 
author to Eclairage ique in January, 1901 ; thisarticle 
was not published, but the original communication was 
returned to the author, with some comments by Professor 
Guilbert. It was asa result of the automatic formation of a 
similar transverse field in repulsion motors that the author 
at first condemned the series motor with auxiliary poles. 





** MANUAL OF ELECTRICAL UNDERTAKINGS.”—We have 
received a copy of this manual for 1913-14, which is com- 
iled under the direction of Mr. Emile Garcke, M.I.E.E., 
-S.S., and is published by the Electrical cr 
13 to 16, Fisher-street, near Kingsway, W.C., at the 
price of 21s. net. The present volume is the seventeenth 
annual issue ; it gives useful information on a large number 
of British, Colonial, and foreign electrical undertakings. 
The information covers a brief history of the forma- 
tion of the undertakings, the ‘“‘voting power,” names of 
directors and officers, capital, and last balance-sheet. 
In the latter part of the manual, in the Directory of 
Officials, we find that Sir Trevor Dawson is stated to be 
Consulting Electrical Engineer to the London, Brighton, 
and South-Coast Railway ; this is a printer’s error, this 
post being filled by Mr. Phili whose name 
appears in the list immediately above that of Sir Treyor. 





Je, we can consider the special | was not considered, and it was endeavou 





THE INFLUENCE OF THE METALLOIDS 
ON THE PROPERTIES OF CAST IRON.* 


By H. I. Cor, M.Sc. (University of Birmingham). 


THE present research is intended as preliminary to one 
dealing with the effect of metals not usually present in 
cast iron on the iron carbon alloys, in order subsequently 
to ascertain by comparison the utility of adding those 
metals to cast iron. 

The general scheme of work involved an investigation 
of the effect of varying quantities of manganese, sulphur, 
and phosphorus on cast irons containing different pro- 
portions of silicon. The influence of varying total car 
to keep that 
element as constant as possible, in the region of 3 per 
cent., though complete success in this direction was not 
attained owing to the diluting action of the ferro-silicon 


field,* and by Hage and Turner,+ though the conditions 
as } size of bar and total carbon content were 
slightly different, both factors tending to an increased 
separ ee of graphite in the present series. 

i 6 increasing separation of ite the strength 
and hardness ot the tone decreases, ont the deflection 
fluctuates somewhat irregularly. 

The Influence of Manganese on Cast Iron in the Presence 
of Silicon.—The influence of manganese on pure iron 
carbon alloys has been investigated by Wiist,t by the 
author,§ and others, and it has been shown that in such 
cases the addition of increases the stability of 
the carbide owing to the formation of a double carbide of 
iron and manganese, which does not readily decompose ; 
a direct hardening effect is also observed. 

_ In the presence of 2 or 3 per cent. of silicon the effect 
is similar though not so pronounced ; the hardness is con- 
siderably increased, and the general effect of the addition 















































employed. © base used was American washed iron, | of large quantities of manganese is to retain the carbon 
TABLE I. 
! re = | — : | z 
S25 = <3 is 5 24 3. : 
: = a 
Pe :| 3 22 H a By £8 he 3 Remarks on the 
¢ ga 4) € os |be| 381 #3 53 = ie . Fracture. 
Zeer" & | «* |e Fs chad o z x 
| owt, | in, | amen p.c, p.c. p.c. pc. | p.c. p.c. p.c. 
| gq. in, 
1, 24 | 0.084 | 1295 | 57 | 3.22 0.08 3.19 | 0.40 - 0.011 | 0.018 |White and crystalli 
2) 29.1 0.098 | 18.72 | 66.5) 3.12 0.25 2.87 | 0.50 | - = — {Slight cen’ motties 
$ m8 0.100 10.08 68 3.04 1.77 1.27 | 0.80 — 0.018 | — _ |White 
: Y 1 4 3.28 2.15 1.13 | 100 | 004 | — 0.090 |Narrow white ed 
§) 5) 220 | 0.098; 9.03 | 49 | 280 | 1LéL 119 | in| — — — |Very slight chill. 
=) 6 23.5 0.102 | 9.03 | 47 | 3.05 1.95 1.10 | 1.81 — 0.011 | — Ditto. 
al] 7) 238 0.132 | 10.10 | 43 | 3.02 2.10 0.92 | 1.62 | 0.040 | 0.015 | 0.093 |Light grey. 
8) 24.6 0.115 ae — | 3.05 2.05 1.00 | 187 _ — — | Ditto, 
9 238 0.080 14.33 40.5; 288 1.80 1.08 | 2.08 0.020 _ More grain. 
\10) 20.0 0.080 9.92 | 45 | 279 1.73 1.06 | 2,94 | 0.016 | 0.016 | 0,027 Bitte 
11} 29.8 0.080 _ 59,.7| 3.08 0.46 2.62 | 0.58 | 0.784 _ —  |White and crystalline. 
12} 34.7 | 0.093 | 15.50 | 58 | 322 | 1.09 | 218 | age | os50| — —  |Mottled centre. 
4) 24.4 0.004 | 1267 | 47 | 3.28 2.15 113 | 100 | Qo] — 0.000 |Narrow white edges. 
13| 32.0 0.098 | 13.28 | 50 | 3.30 2.25 1.05 | 100 | 0.050 | — _ Ditto. 
;|14) 30.9 0.092 | 16.59 | 51,5) 3.15 2.38 0.82 | 102 | 0.866) — = Ditto. 
$115) 33.0 0.108 | 16.35 | 65.5) 3.08 1.07 2.01 | 108 | 200) — — | White and crystalline. 
Fs 7) 23.8 0.182 | 1010 | 43 | 3.02 2.10 0.92 | 1,62 | 0.040 | 0.015 | 0,098 |Light grey. 
e 16} 24.0 0.132 | 14.93 | 31 | 3.19 2.89 0.30 | 1.52 | 0.541 — 0.027 |Dark velvety grey. 
gi) 2.1 0.110 | 15.11 | 40 | 8.04 2.61 0.43 | 1.50 | 1080) — —  |Corners white. 
18} 28.2 0.148 18.16 42.5; 3.20 2.42 0.78 1.69 2.220 - — (Silvery grey. 
10} 20.0 0.080 9.92 | 45 | 279 1.73 1.06 | 2,24 | 0.016 | 0.016 | 0.027 Light and open. 
19} 208 | 0.188 | 1212 | 81 | 3.05 2.83 0.22 | 225 | 0611) — - Dark gras and olsen. 
20| 24.6 0.129 | 15.48 | 88 | 3.11 2.64 0.47 | 229 | 1.028) — —  |3omewhat lighter. 
\21) 28.6 0.120 | 16.47 43 3.08 2.34 0.69 2.42 | 1.960 _ — | Ditto. 
3} 25.3 0.100 10.06 | 58 | 3.04 1.77 1.27 | 0.80 _ 0.018 | — |White 
s 10.46 | 59 | 8.06 0.26 2.80 | 0.80 _ 0.034 | — |White, t mottle. 
23} 35.4 | 0.114 me 60 | 3.13 0.33 2.30 | 0.78 _ 0.060 — | tto. 
24| 39.6 | 0.120 10.18 | 58 | 3.00 0.38 2.67 | 0,82 ~ 0.108 | — Ditto. 
6} 23.5 0.102 9.08 | 47 | 38.05 1.95 1.10 | 1.81 _ 0.011 —  |Slight chill. 
25) 82.5 | 0.116 | 13.28 | 50 | 316 | 2145 | 171 | 135 | — | 0.050 | —  |Considerable chill. 
26| 42.0 0.127 wt 56 | 3.00 0.80 2.20 | 1.80 - 0.105 | — |White, t mottle. 
27/ 35.6 | 0,122 56 | 2.94 0.50 244 | 1.32 a 0.150 | — tte. 
28} 396 | O122/ 13.05 | 61 | 291 0.40 | 251 1.17 — 0.198 | — Only centre mottled. 
-| 7] 2&8 0.132 10.10 | 43 | 3.02 2.10 | 0.92 | 1,62 | 0.04 | 0015 | 0.098 Light ry. 
5 |}20) 24.1 | 0.118 15.84 | 43 | 8.12 2.12 | 100 | 1.60 _ 0.031 _ tt. 
6 30} 302 | 0.120 14.28 | 43 | 2.90 175 | 1.15 | 1.68 _ 0.056 | — Ditto. 
3 |31) 30.7 0.126 _ 40 | 3.02 180 | 122 | 1.40 — 0.084 | — |Corners chilled. 
2/132) 23.9 0.127 | ss | 43 | 3.09 1.95 1.14 1.57 _ 0.000 | — Ditto. 
33| 26.7 0.006 | 14.50 | 49 | 2.96 1.69 1.25 | 1.62 _ 0.108 | — |Edges chilled. 
845 28.5 | 0.102 18.48 60 3.05 1.80 1.25 | 1.69 - 0.112 - Ditto. 
35) 30.5 | 0.090 | 1224 | 60 | 287 0.67 2.20 1.55 _ 0.155 | — |White, mottled centre. 
10} 20.0 | 0,080 9.92 | 45 | 279 1.78 1.06 | 2.24 | 0.016 | 0.016 | 0.027 |Light open. 
36 27.9 | 114 | 18.04 | 45 | 2.90 1.84 1.06 | 22% — 0.104 | — Bitvo. 
37| 85.7 0.150 | 19.71* | 43 | 270 1.57 | 113 | 2.87 — 0.1890 | — Ditto. 
38 81.38 0.106 | 16.61 63 | 270 0.85 | 1.85 | 2.05 _ 0.452 — |Whiteedges, grey centre. 
39, 27.8 0.007 | 1261 | 58 | 290 1.57 | 183 | 1.23 | 0.325 | 0.204 | — (Chilled edges. 
(40) 29.0 0.125 14.90 | 44 | 3.06 2.34 | 0.72 | 1.06 | 0.867 | 0.027) — Grey. 
4, 24.4 0.094 12.67 | 47 | 3.28 215 | 118 | 1.00 | oom | — 0.090 |Narrow white edge. 
41) 21.2 0.093 13.20 | 40.5) 38.24 2.05 119 | 1.05 — - 0.406 |Uniform open grey. 
42, 25.0 | 0118 | 15.30 | 48 | 3.19 2.19 1.00 | 1.08 - — | 0.810 Clover gral 
43) 22.1 0.074 | 1250 | 62 | 248 0.90 158 | 1,05 _ — 2,000 |Whitish tinged grey. 
7] 238 | o1s2 1010 | 48 | soz | 210 | o92 | 162 | 0.040 | 0.915 | 0.008 t grey. 
44, 26.1 | 0.128 | 14.90 | 37.5) 3.08 2.14 0.89 | 1.62 — _ 0.400 tto. 
z 45| 27.7 0.119 — 87 | 3.05 2.17 0.88 1.40 _ _ 0.620 | Ditto. 
5) 46) 27.2 | 0.123 16.56 | 40 3.01 2.14 0.87 | 1.58 _ ~ 0.755 | Ditto. 
447) 24.4 | 0.090 7.68 | 48 2.77 1.68 | Li4 1.40 _ a 1.225 tto. 
48} 18.9 0.078 | 11.39 | 64 | 2.41 1.03 | 188 | 1.59 — | — | 1.746 |Mottled grey 
z/| 9 23.8 0.080 14.33 | 40.5) 288 1.80 | 108 | 203 | 0.020) — 0.080 |Light grey, open. 
49) 263 | 0.121 15.10 | 40 | 288 1.78 | 1.05 | 2.05 _ _ 0.512 kled grey. 
50} 22.4 0.109 | 5.65 | 40.5) 2.64 1.56 | 108 | 284 -- — | 0,980 apeckied are, paler 
61) 41 | — 12.10 | 43 2.66 1.39 1.27 200 | — — | 1100 tto. 
62! 19.7 0.080 | 10.87 | 52.5) 226 1.11 115 | 246 | — — 1.850 Ditto. 
53) 166 | 0.050/| 11.10 | 58 | 295 0.92 133 | 208 | — | — | 2246 Ditto. 
(54) 20.4 0.055 | 7.98 62.5) 2.42 1.33 1.09 2.00 _ - J 2.880 |Glazed appearance 
| | 




















which was melted under charcoal in a graphite crucible, 
and when melted the other elements were added in the 
form of suitable alloys. 

Transverse bars 15 in. by 1 in. by 1 in. (tested on 12-in, 
centres), and 9-in. tensile bars, 6in. of which had a 
diameter of #in., were prepa’ Since many of the 
bars were too hard to machine, all were tested as cast. 
The hardness, as determined by the scleroscope, often 
varied very considerably from the exterior to the interior. 
In order therefore toget relative results the hardness values 
were in all cases obtained from the polished surfaces of 
the transverse bars; their actual value will have to be 
considered in connection with the remarks in Table I. 

The Influence of Silicon on Cast Iron.—The influence 
of silicon on the condition of the carbon will be seen 
upon reference to Table I. Broadly, the results are 
in agreement with those given in recent papers by Hat- 

* Paper taken as read at the Iron and Steel Institute 
meeting on May 1, 1913. 








* Broke in shoulder. Turned down to } in. and re-tested ; broke at 21.2 tons per 8q. 


in the combined form. A point of very considerable 
importance was observed A. Hague and T. Turner 
relative to the influence of a small quantity of man- 
ganese on 2 siliceous cast iron. 0.6 per cent. of man- 
ganese added to a cast iron containing 3 per cent. of silicon 
resulted in a considerable decrease in the percentage of 
combined carbon. ‘ , 

The author investigated this point more fully, the 


* W. H. Hatfield, ‘Influence of the Condition of the 
Several Varieties of Carbon u the 8 of Cast 
Iron as Cast and Heat-Treated,” Journal of Tron and 
Steel Institute, 1906, No. II., page 157. uf 

tA. H and T. Turner, “Influence of Silicon on 
Pure Cast Iron,” Journal of the Iron and Steel Institute, 


1910, No. IL., 72. 
oon btn R Fhe Influence a Manganese on the Iron 
stem,” i % 
g Joursal of tho Iven onal Heel Tootitute, 1910, No. II. 


page 105. 
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results of the research being embodied in a paper 


D 
to the British Foundrymen’s Association (1916, vol. ii., | notably by J. E. Stead* 
page 163). It was found that the addition of manganese t)_ ; I 
a cast iron containing 2 per cent. of silicon, either in the | tory on the influence of sulphur on cast iron, states that 
ted in a diminu- | ‘‘sulphur in certain proportions has the power of causing 


presence or absence of phosphorus, resul 


tion of the percentage of combined carbon, with a corre- | 8 
a| tion after fusion.” 

er | firmed by later investigators. f 
At the same time comparatively little is known of the 
effect of sulphur on the mechanical properties of cast 
The cast irons examined in the present research were | iron, other than that it hardens the metal owing to its 


sponding decrease in hardness, this effect apg am | 
maximum with 0.5 per cent. of manganese; furt 


addition of manganese was accompanied by an increased 


percentage of combined carbon and increased hardness. 


ted | important researches +e | with it have been published, 
an 


D.M.Levy.t 
Dr. Percy, in discussing work performed in his labora- 


carbon to remain in the combined state during solidifica- 
This statement has been fully cun- 


prepared in a different manner from those described | influence on the state of the carbon. Again, the general 
above, but, nevertheless, the facts observed are in sub- | opinion is held that it renders cast iron brittle, though 


stantial agreement. 


In discussing the influence of manganese there is | the value of suitable proportions of sulphur in increasing 


the author knows that some foundry managers realise 


another factor to consider—namely, rate of cooling. The | the valuable mechanical properties of cast iron. 





| may be made without any considerable change in the 


condition of the carbon. The hardness of the bars is 
eg! a function of the combined carbon. 

2. Thes of the bars increases in a remarkable 
manner with the increase in sulphur content, =f 
in the case of the bars which are wholly grey. 37, 
which has the high tensile strength of 21.2 tons per 
sq. in., associated with high transverse strength and 
deflection, was too to be machined easily with 
ordinary tools, though it would be serviceable where 
small strong castings were required. 

1t is probable that the increased strength of the bara is 
due to the effect of sulphur in modifying the dendritic 
structure of the irons, and on the fineness of the 
oe, more than to its effect on the condition of the 
carbon. 





Fie, 1.—Bar1. 0.42 per cent. silicon. 
Magnified 80 diameters. 





Fie. 5,—Bar 35, 
0.15 per cent. sulphur. 
diameters. 


1.55 per cent. silicon ; 
Magnified 80 
meters, 





Fie. 9.—Bar 48. 
r cent. phosphorus. 
agnified 160 diameters 


1.69 per cent. silicon ; 1.75 
Heat tinted. 


fracture and the microstructure show that the chilling | 


action of the sand is intensified by even small additions 
of manganese. The softening influence of the manganese 
=m however, observed on the unchilled interior of the 

r. 

This softening influence of small quantities of man- 
ganese on siliceous irons is due to the precipitation of 
secondary graphite after solilification down to the 

lite arrest point; evidence for this statement is found 
in eehage curves and photomicrographs that have been 
published. 

Reference to Table I. shows that the addition of 
small quantities of manganese considerably increases the 
strength and deflection, the effect being more marked in 
those irons which in the ordinary cast condition are 
wholly grey. In the latter irons also the hardness is seen 
to fall with the addition of 0.5 per cent. manganese, 
and then to increase with further addition. It will be 
observed that while the hardness varies with the com- 
bined carbon, the strength is more influenced by change 
in structure. 

The Influence of Sulphur on Cast Iron Containing 
Silicon.—The subject of the influence of sulphur on cast 
iron has attracted considerable attention of late years, and 


Fig, 2.—Bar 3. 0.80 per cent. silicon. 
Magnified 80 diameters. 





Fie. 6.—Bar 34. 1.69 per cent. silicon ; 0.11 
per cent, sulphur. 





Fie. 3.—Bar 7. 


Magnified 30 dia- 
meters. 


1.62 per cent. silicon. 
Unetched. Magnified 80 diameters. 


Fic. 7.—Bar 46. 1.58 per cent. silicon; 0.75 
per cent. phosphorus. Magnified 130 dia- 


Fie, 4.—Bar 16. 1.52 per cent. silicon ; 0.54 per 
cent. manganese. Magnified 80 diameters. 





Fie. 8.—Bar 48. 1.59 per cent. silicon ; 1.75 
Ee cent. phosphorus. Heat tin 
agnified 120 diameters. 











Fig.10 

















Reference to the figures given in Table I. shows the 
influence of small additions of sulphur on the mechanical 
and chemical properties. The author has already dis- 
cussed most of the results given in this portion of the 
table in a paper entitled “Sulphur in Cast Iron,” read 
before the British Foundrymen’s Association (1911-12, 

78), so that only brief reference to it is required here. 

e outstanding features may be summarised as follows :— 

1. The influence of sulphur on the condition of the 
carbon is dependent to a considerable extent on the per- 
centage of silicon; with a lowsilicon content the addition 
of mere traces of sulphur is sufficient to throw the greater 
part of the carbon into the combined form in the con- 
ditions under which the bars were cast, while with a 
higher silicon content appreciable additions of sulphur 


* **Sulphor and Iron,” Proceedings of the Staffordshire 
Iron and Steel Institute, 1907-8. page 103; ‘‘Sulpbur and 
— in Cast Iron,” Address to the British Association, 
1910. 

+ “Iron, Carbon, and Sulphur,” Carnegie Scholarship 
Memoirs, No. II., 1908, 33; “‘A Study of the 
Manganese Sulphides and Silicates in Iron and Steel,” 
Carnegie Scholarship Memoirs, No. III., 1911, page 260. 








Rough te’ts with a hammer showed no indication of 
brittleness due to sulphur. 

3. Manganese in the proportions required to form MnS 
practically neutralises the normal influence of sulphur on 
the condition of the carbon, and in excess it tends to the 
elimination of sulphur owing to the separation of man- 
ganese sulphice from the fluid cast iron before solidifica- 
tion commences. The mixture made up for bar 40 was 
= to 1.2 per cent. manganese and 0.2 per cent. 
sulphur. 

4. There was no evidence in the experiments described 
to show that high sulphur content results in the forma- 
tion of blowholes. 

The Influence of Phosphorus on Cast Iron Containing 
Silicon.—The physical and chemical relations of phos- 
phorus and the iron carbon alloys were made the subject 
of a classical research by Dr. Stead, and the results were 
embodied in a paper presented to this Institute in 1900. 
Further interesting information relating to phosphorus in 
cast iron was given in Dr. Stead’s address to the British 
Association, 1910. Wiist,* too, has thoroughly investi- 





* F. Wust, “‘ Influence of Phosphorus on Iron Carbon 
Alloys ;” Metallurgie, vol. v., pages 73 to 87. 
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gated the influence of phosphorus on iron saturated with 
carbon, and << complete information of the 
changes in these alloys in the al of other impurities. 

The influence of phosphorus on the condition of the 
carbon in siliceous irons is shown in Table I. Additions 
up to 1 per cent. have comparatively little effect, appear- 


ing slightly to diminish the percen of combined 
carbon and to decrease the hardness, but quantities 
cause the retention of an increased tage of carbon 


in the combined form. It is possible that two influences 
are at work : on theone hand, the tendency of phosphorus 
to retain iron carbide as the third constituent of a triple 


eutectic, and, on the other hand, the tendency to the | i 


formation of graphite owing to the metal remaining in 
the fluid or semi-fluid condition for a longer time b 
reason of the presence of phosphorus. ith 
percentages of ge oe ae only the latter factor more 
than balances the tendency of phosphorus to retain the 
carbon in the combined form. : piace: 

The chilling action of the sand in irons low in silicon 
is not nearly so marked in the presence of phosphorus. 

The addition of about 1 per ceat. of Le eee appears 
to strengthen cast iron, but the addition of 2 per cent. 
results ina hard, weak, brittle material possessing low 
deflection. 

The Microstructure of the Cast Irons.—The micro- 
structure in general bears out the change in the condi- 
tion of the carbon as shown by the analysis. Fig. 1, 
on the opposite page, shows that the microstructure of 
bar 1, 0.4 per cent. silicon, is identical with that of 

ure white iron containing about 3 per cent. of car 

urther addition of silicon results in the partial break- 
down of the iron i lu: : i 
structure of bar 3, 0.8 per cent. silicon (Fig. 2). Fig. 3 
shows that complete decomposition of all free iron carbide 
has taken place with the addition of 1.6 cent. silicon. 
The eo was not etched, and the p! — shows 
very clearly the marked dendritic form of the primary 
crystals, and also the replacement of the iron carbide- 
pearlite eutectic by one of graphite and pearlite. Whetlier 
this graphite-pearlite complex is a true eutectic is a 
matter for discussion. The pearlite (the result of the 
decomposition of austenite in the neighbourhood of 700 
deg. t.) is better developed in the irons that are 
mottled or white than in those thataregrey. 

It may be repeated here that any diminution in the 
pronounced dendritic structure of the cast irons is accom- 
panied by an increase in s and that the influence 
of sulphur in increasing the strength of cast iron is largely 
due to this action. es ele 

Farther addition of silicon within the limits of the 
experiments described is not accompanied by any change 
in the microstructure. 

Manganese in small ) age (0.5 per cent.) added to 
grey irons results in the replacement of part of the 
pearlitic ground mass by ferrite (Fig. 4), thus bearing 
out remarks made in discussing the effect of manganese 
= the condition of the carbon and the hardness of the 

rs. 

Fig. 5, on page 98, illustrates the influence of a consider- 
able addition of sulphur to an iron containing 1.55 per 
cent. silicon ; in the absence of sulphur the iron carbide 
areas are absent. Fig. 6 is interesting, since it 
illustrates a structure under low power, which has been 
shown to be characteristic of cast irons possessing con- 
siderable strength ; further, it — to an interesting 
sequence in the solidification of the metal, grey areas, 
consisting of pearlite and graphite, being surrounded b; 
a network of the iron carbide-pearlite eutectic, whic 
solidifies last, : 

The blobs of yellow-brown iron sulphide (FeS) in the 

rey irons of the series were found towards the n- 
ym he of the primary crystals, while in the mottled and 
white irons the greater portion of the iron sulphide was 
observed in association with the iron carbide-pearlite 
eutectic. , 

The addition of phosphorus results, as is well known, 
in the formation of a eutectic, the nature of which varies 
according to the amount of other impurities present in 
the cast iron. Fig. 7 (bar 46, 1.6 per cent. silicon, 
0.75 per cent. phosphorus) shows the normal form 
of phosphide eutectic, together with flakes of graphite 
embedded in a ground mass of pearlite. . 

There are apparently three stages in the solidification 
of such an iron :—(1) The separation of primary austenite 
crystals, followed by (2) a separation of graphite, and 
afterwards by (3) the solidification of the eutectic. 

Fig. 8 (bar per cent. silicon, 1.95 r 

cent. phosphorus, heat tinted) shows a considerable 
change in the character of the eutectic, which now 
ap} ears to consist of three constituents: iron carbid 
tinted darkest; iron phosphide, slightly lighter; anc 
pearlite, which make up a ternary eutectic. The recti- 
linear crystallisation of. the iron carbide is well displayed 
in Fig. 9, which is a microphotograph of the same iron ; 
it explains the brit of these cast irons, since these 
thin plates of hard brittle material form lines of weakness, 
along which fracture easily takes place. 
_ Pyrometric Results.—An investigation was made of the 
influence of the metalloids on the temperature of pearlite 
formation, and results were obtained in accordance with 
those that have already been published—namely, that 
tilicon raises the temperature of pearlite formation by some 
25 ~~ Cent. i each per —_ added, Norge Sos _—- 
of 1 per cent. o' lepresses that point by about 
the same aunbiaret Geasene. 

: plete cooling curves of a number of pl horic 
irons were taken ; 450 grms. each of bars 9, 49, 50, 51, 53, 
54, containing about 2 per cent. of silicon, up to 
2.8 per cent. of phosphorus, were melted in a gas-injector 
furnace, and readings taken during cooling on a thermo- 
couple potentiometer. The composition of the buttons 
obtained were as follows :— 


ide, as is illustrated by the micro- ing 








| 

win ja*|B)O| D | Bt] F 
PS Re) Me Pl TG 

c. Cc. | p.c. c. c. 

Total carbon Pm 7. Bi . |e Os 20 
Graphitic carbon -.| 2.54] 208 | 1.55 1.60 1.50) L3L 
Combined carbon 0.17 | 0.74 | 1.05 | 1.08 | 0.70 | 1.07 
Silicon .. .. ..| 201) 209) 217/ 1.81 Les | 1.85 
Phosphorus -.| 0.09 | 058| LOl| 1.23 216 | 2.90 


| | 
* Re-heated to about 940 deg. Cent., and cooled slowly. 


_ The curves drawn in Fig. 10 show a number of interest- 
ing arrest-points. The temperature of initial solidification 
is lowered, at first slightly, then more rapidly, with over 
2 per cent. of phosphorus. The same statement holds 
good for the second arrest-point, except that the effect is 
more marked ; the intensity of this arrest diminishes with 
increase Cot pee spe a 

The third arrest-point in those melts containing _ 
phorus is due to the solidification, at about 930 deg. t., 
of a phosphide eutectic ; the intensity of this arrest in- 
creases with the increase in phosphorus content, which 
also raises the actual temperature at which solidification 
takes place. . 

The fourth arrest point, due to the formation of 
pearlite, does not appear to be influenced by the addition 


of phosphorus. 

<a yo E FY a sli ~—e4 was re nay ae 
eg. t., which ma: ue, as suggested x 

Stead, formation of pearlite from the seston of 





to the 
the ternary eutectic. 

The assistance of the microscope is required in the 
interpretation of these various arrest points on the cool- 
curves, and the remarks made in discussing the 
microstructure of the bars will be sufficient to explain 
the arrests. A reference to the shrinkage curve of a 
phosphoric iron given by Professor T. Turner on 63 
of his paper on ‘* The-Volume and Temperature OC 
during the Cooling of Cast Iron”* will be instructive in 
this connection. 

Finally, with regard to the formation of graphite in 
cast irons, was strong evidence in many cases of 
the preliminary separation of carbide of iron, followed 
by its decomposition with the liberation of graphite. In 
a section, part of which is shown in Fig. 2, the complete 
meee could easily be followed. 

ndecomposed areas of eutectic were associated with 
others in which part of the iron carbide had just decom- 
posed before complete solidification took place; mere 
spots or very flakes of graphite had formed, but 
nearer the centre of the bar, which remained fluid rather 
longer, long flakes had formed by the linking up of these 
spots or smaller flakes 

Summary.—Silicon decreases the strength and hardness 


of cast iron owing to its effect in ns the decom- 
position of -iron carbide. .to the extent of 
0.5 per cent. results in a considerable softening of siliceous 


grey i owing to its effect on the ition of the 
carbon; the strength is increased by the addition of 
manganese. The influence of sulphur is largely deter- 
mined by the Y ees py of silicon t. Carefully 
controlled, it should be of considerable value to the iron- 


founder in mixing his irons for any particular purpose. | fo; 


In the absence of ma ese, and in the presence of 
about 2 per cent. of silicon,-very strong grey cast irons 
may be obtained if the percentage of sulphur be judi- 
ciously raised. Phosphorus to the extent of about 1 per 
cent. is useful, since it confers fluidity upon cast iron, 
slightly increases the strength, and also slightly diminishes 
the hardness of the metal. A higher percentage results, 
however, in a hard, brittle material. 


The ter part of the work described was performed 
at the Municipal Technical School, Birmin and 
the author has much pleasure in expressing his thanks 


to Mr. A. H. Hiorns, lately head of the Department of 
Metallurgy in that school, for providing every facility 
for the conduct of this , and for the kindly 
interest he displayed in its progress. 





Tue Roap Boarp.—During the months of April, May 
and June, 1913, the Road Board, with the approval of the 
Treasury, have made advances amounting to 205,262. 
from the Road Improvement Fund to county councils and 
other highway authorities as follows :— 


£ 

For road-crust improvements... ws Pm 160,973 
For road widenings and improvement of curves 

and corners. . és ee és - on 30,628 
For road diversions .. oe a sa di 4,076 
For reconstruction and improvement of 

bridges oi = - as ma ee 9,085 
For construction of new roads and bridges .. 500 


The total grants up to June 30, 1913, are as fullows “ta 


For road-crust improvements’... oe -» 1,078,087 
For road widenings and improvement of curves 

and corners. . a “wi be os és 118,636 
For road diversions .. és os ea on 335 
For reconstruction and improvement of 
For construction of new roads and bridges 61,078 


Advances by way of loan have also been arran to 
the sum of 229,6437. In addition, further advances 
amounting to about 1,870,942/. have been indicated to 
highway authorities towards works of road construction 
and improvement. 

The total amount paid into the Road “~~ £ 


ment Fund from the constitution 
Board up to June 30 amounted to... 3,556,995 
Total advances made and promised up 
June 30 oe se wel oe ée -- 38,435,233 
Leaving a balance now available for grants and loans of 


121,762/. 


* Journal of the Iron and Steel Institute, 1906, No. I., 
page 48. 








LOAD-EXTENSION DIAGRAMS. 





By W. E. Daxsy, City and Guilds Engineering College. 


THIS paper may be regarded as a continuation of that 
communicated in January, 1912,+ wherein I described a 
new optical apparatus, by means of which it is possible 
to obtain we persone oh diagrams free from the inertia 
effects of the parts of the testing-machine in which the 
materials are strained and broken. 

The apparatus is automatic in its action, and gives a 
true record of the physical perties of the materials. 
The curve corresponding to straining and breaking of 
& specimen is drawn - de of a spot of light mov 
over a photographic p placed in the camera, whi 
forms part of the instrument. There is no practical 
limit to the speed at which a diagram can be taken, other 
than that imposed by the “‘rapidity” of the plate. 
When fracture of a specimen takes place, the spot moves 
across the plate so rapidly that no impression is made, 
and hence the actual load carried by the specimen at the 
instant of fracture is determined without ambiguity, be- 
cause the spot of light ceases to record at the instant of 
fracture. Even if a plate were used so rapid that the 
quick movement of the spot across the plate after fracture 
of the specimen were brought out, the discontinuity in 
the curve and the difference in intensity would fix the 
point accurately. This property of the instrument, 
namely, its power - wees true — er 
curve at any speed o ing, opens up a new of re- 
search in the subject of the s of materials, as is 
indicated below by the results obtained by the almost in- 
stantaneous straining of a piece of mild steel beyond its 
“Fo dggeens given | | related 

© diagrams given in my vious paper to 
mild steel, iron, and copper. present paper relates 
to the physical | ome note of > brass, and phos- 
phor-bronze, as disclosed by their respective load-exten- 
sion diagrams and the corresponding microphotographs 
of their molecular structure; to fu experiments on 
mild steel, with the instrument arranged somewhat 
differently in order to magnify the extension so much 
that the photographic record exhibits the elastic part of 
the diagram ; and also to diagrams obtained by the a 
plication of load so quickly that the straining of the 
material up to the elastic limit may almost be regarded 
as done by an = meat ane o ieedinid 

Group 1— -Tin a Copper-Zine Alloys.— 
piece o sheanhar tania, which was turned to adiameter 
of 0.54 in., was broken in the testing-machine by a load 
applied so that the rate of ~~ g approximately 
constant. The composition of the specimen was :— 
Copper, 89.7 per cent. ; tin, 885 per cent. ; lead, 1.21 
per cent.: phosphorus, a trace. 

The load-extension diagram is shown in Fig. 1, on the 
next page, together with the microphotograph (Fig. 2) 
showing the structure of the material. The magnification 
is 1500 diameters. 

The form of this diagram is in marked contrast to the 
rm obtained from mild steel. There is no period of 
molecular instability between the breaking-down point 
and the plastic yielding, as in the case of mild steel. The 
curve is smooth and continuous from the commencement 


of the loading to the _— of fracture. There is a quasi- 
elastic streto ing of material up to a load of about 
7 tons, follow 


by a plastic yielding with a con- 
tinually falling load. oned on the original area of 
the bar, the load at fracture corresponds to a stress of 
22.9 tons per sq. in. The reduction of area at the point 
of fracture was, however, 69 per cent. of the original 
area of the bar, so that the actual load carried by the bar 
at the instant of fracture was 74 toms per sq. in. The 
extension of the bar, red on a gauge length of 5 in., 
was 9.4 per cent. The peculiar scythe-shaped diagram 
of this material is different in almost every respect from 
the characteristic diagrams obtained from iron and steel. 

Gun-Metal.—A load-extension diagram from a speci- 
men of gun-metal is shown in Fig. 3, and the correspond- 
ing microphotograph in Fig. 4; magnification, 750 
diameters; diameter of specimen, 0.6 in. ; distance 
between the gauge points, 5in. The composition of the 
metal was :—Copper, 85.4 per cent. ; tin, 12.4 per cent. ; 
lead, 2.41 per cent. 

There is a general resemblance in form between the 
curves in Figs. 3 and 1, but the gun-metal has a consider- 
~ increased plastic limb. he quasi-elastic line in 
each diagram is very much the same in character, but the 
difference between the maximum load and the breaking 
load is not so great in the gun-metal as in the phosphor- 
bronze specimen. . 

The stress on the gun-metal specimen at the instant of 
fracture, reckoned on the original area of the bar, was 
21.2 om oe sq. in., but reckoned on the actual area 
anne ing toa reduction of area of 55 per cent., it 
was 45.8 tons per sq. in., considerably lower than in the 
case of phosphor-bronze. On the other hand, the exten- 
sion on 5 in. was 14 cent., considerably greater than 
in the extension of or-bronze. It is noteworthy 
that a not very great difference in chemical composition 
of the two materials results in a considerable difference 


in the physical a 
y if -extension diagram of a piece of brass 


Brass.—The 
rod is shown in Fig. 5, and the co micro- 
photograph in Fig. 6. Fig. 7 shows the load-extension 
diagram of a second specimen cut from the same brass 
rod, and Fig. 8 shows the corresponding microphoto- 
graph. The magnification in both Figs. 6 and 8 is the 





— read before the Royal Sooiety, February 13, 
t Royal Society’s Proceedings, A, vol. 86, page 414, 
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100 
same—namely, 190 diameters. The first imen (Fig. 
5) was tested just as it was cut from the rod. T° 


second specimen (Fig. 7) was annealed in a muffle fur- 
nace before testing. The specimen was heated to a dull 
red, and then allowed to cool in the furnace, the cooling 
ae about ny — P 

Jomparing the two -extension diagrams ether, 
and also the two corresponding aienthebapain to- 
gether, it will be seen that the process of annealing has 
exerted a marked influence on the physical properties 
and on the molecular structure of the contest n fact, 


ie | than on 





the annealing process has destroyed entirely the quasi- 
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elastic part of the load-extension diagram. Whereas the 


unannealed bar carried a load of nearly 7 tons before 
passing into the plastic state, the annealed bar begins 
to approach that state before a load of 2 tons is 
reached. Further, if the diagram for the annealed bar 
is compared with the load-extension curve of the copper 
bar given in my previous paper, it will be seen that 
there is a striking resemblance in form. The resem- 
blance is so close that at a first glance the load-exten- 
sion diagram. of the annealed brass bar would be mis- 
taken for adiagram from acopper bar. The composition 
of the bar is as follows :—Copper, 58.6 per cent. ; zinc, 
40.8 per cent. ; lead, 0.6 per cent. 

There is a marked contrast also in the crystalline 
structure. In the unannealed state (Fig. 6) the metal 
appears to be constructed of two kinds of material, 
roughly equal in size and uniformly distributed ; the 
lighter areas represent one kind o etal, and the 
darker areas another kind. After annealing (Fig. 8), it 
will be observed, the dark areas have grown and the 
lighter areas have almost disappeared. 6 ifica- 
tion is the same in each figure, hence it is clear that the 
substance represented by the darker area has grown 
into aggregates of relatively large size. These large 


aggregates seem to indicate that the long period of an- 
nealing has probably resulted in the formation of a true 
eutectic alloy. 

Another peculiar characteristic of brass will be seen on 
the diagrams for both the annealed and the unannealed 
specimen—namely, the peculiar discontinuities in the 
curve as the specimen draws out, 


These discontinuities 


earlier on the diagram of the unannealed specimen 
that of the annealed specimen. The bar itself 
gives evidence that the internal stress has been somewhat 
differently distributed than in the case of the other 
metals tested, because after it has been drawn out to a 
length approaching the breaking-point, the bar is no 
longer round but veined. To the hand it feels as 
though the original smooth, circular, and a 
homogeneous bar, has been drawn out into a bundle of 





thick strings. 


The effect of annealing is also shown by comparing the | pumped to the 
ultimate stress and elongation of the specimens, though | then stopped. 


A common characteristic of all the alloys tested was 
the absence of a true elastic modulus. e load line 
in to bend away very soon after extension begins. — 
Mild Steel Specimen Broken with Suddenly Applied 
Load.—One of the most interesting diagrams I have ever 
taken with the apparatus is that shown in Fig. 9. A 
mild steel specimen was put with the apparatus into the 
shackles of a 30-ton testing-machine. The straining 
cylinder of the machine was connected directly to the 
hydraulic main of the works. The accumulators were 
top of their strokes, and the pumps were 
The regulating valve on the testing- 








Fig. 6. 


Fig. 9. MILD STEEL.C.0-26. DIA.O-55. GAUGE 
POINTS 5. DEC.3/l2. BROKEN IN 10 SECONDS. 
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the annealed specimen extended so much that the end of 
the curve did not appear on the end of the plate; con- 
sequently the actual load at fracture could not 


measured. 
Unannealed. Annealed. 
sy ~Neat elongation on 





P in. pe bas on 20.0 42.4 
ercen reduction of 
— cue ote rh 18.8 46.0 
Maximum load per sq. in. 
carried by the bar, 
reckoned on the original 
a ne ate 29.2 25.7 tons. 
Tr 8q. in. carried by 
the os reckoned on the 
actual area at fracture... 42.8 - 


be | it, with the result that the whole 
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Fig. 10 MILD STEEL. C.0-26.055: GAUGE 5° 
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machine admitting water to the straining cylinder was 
then opened wide, as quickly as it was ible to turn 
reak occupied 
only 10 seconds. Notwithstanding this extremely rapid 
break, the whole of the load-extension di was 
obtained with the apparatus, with the exception of just 
the end, which came off the plate. Everything worked 

rfectly, and after the fracture the spot of light came 
Pack to its initial position. 

Although the whole period of the break was smal]— 
namely, 10 seconds—the time occupied by the purely 
elastic extension was a very small fraction of the whole 
time. This is indicated by the relative intensity of the 
line in the elastic and in the — part of the diagram 
in the actual photograph. The time occupied by the 
elastic extension was certainly less than 1-10 second, 
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Fig. 10 is placed beside Fig. 9 for the pu of com- 
parison. The curve is the load-extension di of a 
second specimen cut from the same bar as that from 
which the specimen broke in 10 seconds was cut, the 
load-extension diagram of which is shown in Fig. 9. The 
time ——_ in breaking this second bar was 
minutes. e effect of the rapidity of the straining on 
the apparent properties of the material can be estimated 
by a comparison of the two figures. Each bar was 
0.55 in. diameter, and in each case the gauge points were 
5 in. apart. The scale of extension is practically the 
same in each case—namely, 37 to 1, whilst the load scale 
is just the same, and is practically 1 ton = 9 mm. on the 
original diagrams. 

he following results are found by measurement from 
the diagrams and the bars :— 


10-sec. break 150-sec. break 


(Fig. 9). (Fig. 10). 
Original diameter... 0.55 in. 0.55 in. 
Original area al ... 0.288 sq. in. 0.238 sq. in 
Fractured area... < See os 0.084 = ,, 
Reduction of area... 70 per cent. 65 per cent. 
Gauge length 5 in. 5 in. 
Extension ... 1.45 in 1.22 in. 
Elongation ... ae 29 per cent. 24.4 per cent. 


Maximum load reckoned 
on the original area of 


the bar ... 26.5 tons per 25.2 tons per 
sq. in. sq. in. 

Load at yield-point 25.2 tons per 24.0 tons per 
sq. in. sq. in. 


Comparing these results, it will be seen that the 
rapidity of breaking has little effect on either the yield- 
point or the maximum loads, but has a more marked 
effect on the plastic properties of the material. With 
quick loading the extension of the material on 5 in. in- 
creases from 24 to 29 per cent., and the reduction of area 
is increased from 65 to 70 per cent. A third specimen 
cut from the same bar was broken in nine seconds, and 
ag 4 obtained was essentially the same as that shown 
in Fig. 9. 

Load-Extension Diagrams of the Elastic Part of the 
Curve.—A specially-designed extensometer and a modified 
arrangement of the instrument were to obtain a 
diagram of just the elastic part of the curve. Fig. 11 
shows a diagram taken from a a of mild steel, in 
which the extension is so magnified by the instrument 
that only 0.01 in. extension appears on the diagram. 
The scale of extension is such that 2.1 in. on the diagram 
represents an actual extension of 0.01 in. of the specimen. 
By measurement of this diagram it was found that the 
bar extended 0.0804 in. on 5 in. for a change of load of six 
tons, the area of the bar being 0.282 sq. in. From these 
data E = 13,240 tons. 

A similar diagram is shown in Fig. 12 for a piece of 
electrolytic oars From this it appears that copper 
has no true modulus of elasticity, since it begins to curve 
away directly the load is applied. It would almost 
appear that for materials of this kind another definition 
of the modulus of elasticity should be used, if the term is 
used at all. For example, it might be defined as the 
ratio between unit stress and unit strain, measured from 
a tangent at the — of the diagram. The difficulty of 
taking diagrams with this t ification of the ex- 
tension, 1s chiefly that, with the oleae testing appli- 
ances, it is difficult to get a true axial pull on the speci- 
men. For this kind of work it is necessary to use the 
device of crossed knife-edges instead of the ordinary 
spherical joints usually found in testing-machines. The 
diagrams shown in this and the preceding paper suffi- 
ciently illustrate the use of the apparatus as an instru- 
ment of research in determining the s' th of materials, 
and indicate that many lines of investigation may be 
followed in connection with the determination of the 
physical properties of materials. Summarising the points 
of advance made :— : 

1. The di ms are obtained free from inertia of the 
heavy mass of the beam of the testing-machine and the 
jockey weight usually used as part of an autographic re- 
cording a a i 

2. Pencil friction is entirely eliminated, since the 
diagram is obtained by the movement of a spot of light 
over a photograph plate, the movement of the spot being 
determined by small angular displacements of small light 
mirrors. 

3. The load on the specimen is measured by a weigh- 
bar placed in series with it. A variation of 1 ton on the 
specimen causes an elongation of about 0.001 in. on the 
weigh-bar. is movement is multiplied by the mirror 
and beam of light toa movement of about 1 cm. on the 
photographic plate. 

4. An extensometer is placed on the bar to measure 
its extension, and up to the elastic limit the specimen 
extends a distance of the order 0.01 in. on a 5 in. length. 
This movement is multiplied by a mirror and beam of 
light to about 4 cm. on the photographic plate. f 

5. The accuracy of the multiplication and the sensi- 
tiveness of the mirror- and extensometer are shown 
by the results obtai in Fig. 11. Fig. 11 may be re- 
garded as a refined test of the instrument, since the 
slightest deviation from true proportionality in the multi- 
plying mechanism of the instrument would be apparent 
on the elastic curve of a piece of mild s' As shown 
on the di m, the line is straight and has a slope which 


gives an elastic modulus known to bs correct from inde- | 


pendent measurements. The accuracy of the instrument 
sing established by this test, the ror mes | of the curve 
in Fig. 12 for copper, which was obtained by the instru- 
ment, is also established. 

6. The accuracy with which the instrument will follow 
the quick variations of stress in the specimen—that is to 


of the ts, is indicated by the diagram Fig. 9, which 
shows how every detail the variation of load and 
corresponding extension is brought out, even when the 
loading is so rapid that it is almost impulsive. The 
elastic part of curve in this figure was described 


24 | in certainly less than 0.1 second. From other evidence 


I know that the instrument will follow quicker varia- 
tions than this, the first limit to the speed being the 
speed of the plate. 

7. The elastic line is drawn by the instrument con- 
tinuously without a stop. An elastic line plotted from 
observations in the usual way is drawn — points 
which correspond to periods of dead loading. The load- 


ing is, in fact, intermittent, a stop being necessary at 


elongation produced by the load. 
8. In the diagrams of the whole curve up to the break, 
as in Fig. 10, the load on the bar at the instant of fracture 


is recorded. 

Comparison Fd the Physical Characteristics of the Mate- 
rials Tested.—When compared together the diagrams of 
gun-metal, brass, phosphor-bronze, copper, steel, and 
iron show two distinct parts: the elastic or quasi-elastic 
part, and the plastic part. There is, however, a sharp 

istinction between the alloys of copper, tin, and zinc 
and irons and steels. The distinction lies in the manner 
in which the material passes from the elastic into the 
plastic state. In the case of pure copper and its alloys, 
it is impossible to say where the elastic state ends and 
the plastic state begins. The elastic diagrams of the 
alloys of copper, tin, and zinc all show a quasi-elastic 
line (a line which in fact may almost be mistaken for an 
elastic line in those diagrams which show the whole of 
the break) with a perfectly smooth join on to the plastic 


part. 

With the iron and steels, the elastic part of the 
diagram ends not quite suddenly but with a quick 
change into a curve, where there ap to be some 
struggle going on in the bar between the broken crystals 
—a struggle which apparently is settled, after an exten- 
sion of about 0.1 in., in favour of a predominating plastic 
partner. The curves obtained from annealed and un- 
annealed brass rod, when considered with the micro- 
pho phs and the curve from pure copper, show that 
the plastic properties of the ma’ are profoundly 
modified by the size of the aggregates from which the 
material is builo up. And if steel is assumed to be 
an alloy of iron constructed of iron a tes of lar 
size through which is distributed a network of crystalline 
structure, the peculiar characteristic diagram which is 
always obtained from steel may be explained on the 
assumption that it is the resultant load-extension diagram 
of two pe materials, the one material being present 
as ah crystalline structure. the other being the iron 
with which it is associated. The material breaks down 
in the elastic sense when this crystalline network gives 
way, but it continues yielding in the plastic sense and 
even carries & pase load than was carried at the time 
the network failed before local yielding ns. The 
giving way of the crystalline network is probably only 
a slip of the crystals, because, as is well known, annealing 
in boiling water a; to restore the elastic properties 
of the bar, though this boiling does not cause the bar to 
return to its original length, it merely permits the recon- 
stitution of the network into a resisting system in the 
new relative position of the crystals produced by the first 
slip. It would be interesting to obtain the diagram of a 
piece of chemically - pure iron. The load-extension dia- 
gram would probably be the same in character as that 
of pure copper. 





Tue Dutch Navy.—The Dutch Naval Commission 
have issued their report, and in it ask for the construc- 


8 of 21 knots; they further advocate the construction 
of six 1200-ton 36-knot torpedo cruisers, forty-four 300-ton 
to! o-boats, and twenty-two submarines. The steam 
boi would be for burning oil fuel. Theships 
in question would be destined both for service in home 
waters and for the defence of the Dutch East Indies. 





Tue Wuirts Star AUSTRALIAN TRIPLE-ScREW STEAMER 
‘“‘Czramic.”—This new liner, which left Belfast on the 
5th inst. for Liverpool, whence she will sail for Australia 
on the 24th inst., is of the follo dimensions :— 

h over all, 674 ft. 9 in.; length between perpen- 
dicu! 655 ft.; th, extreme, 69 ft. 5 in.; depth, 
48 ft.; indicated horse-power, 9000 (about); gross ton- 
nage, 18,500 (about). The Ceramic built 
with a double bottom extending right fore and aft, and 
with twelve transverse water-tight bulkheads carried 
to the upper deck. There are seven steel decks. There 
is accommodation for about 600 ordinarily, 
with arrangements for a possi extension for 4 
further 220, or a total —— of 820, all in state- 
rooms. The Ceramic has lifeboats of sufficient capacity 
to accommodate all on board. There are eo ge] 
tubular steel derricks—three working each hatch, and 
four on the boat-deck for coaling purposes ; also twenty- 
nine steam-winches, two warping capstans, and steam- 
windlass. The steering-gear is of Messrs. Harland and 
Wolff's well-known design and manufacture. The emer- 
gency dynamo (driven by a Diesel oil-engine) is situated 
in a steel house on the upper deck aft. e veseel is 
provided with a complete installation for wireless tele- 

phy ; also submarine signalling apparatus, and electric 
fight ircughents The Ceramic is a triple-screw steamer 
combining reciprocating nes with a low-pressure 
turbine, the former driving the wing propellers, and the 
turbine the centre —— _Like all White Star 
liners, the Ceramic has built by Messrs. Harland 





Say, the freedom of the apparatus from lag due to inertia 


and Wolff, Belfast, 


each load added to measure with an extensometer the | f 


tion of nine battleships of 22,000 tons each, having a | 7) 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few particulars of several colonial and 
ry engin projects, taken from the Board of 
T Journal. Further information concerning these 
undertakings may be obtained from the Commercial 
In oe Branch, Board of Trade, 73, Basinghall- 
street, London, E.C. 

South Africa: H.M. Trade Commissioner for South 
Africa has forwarded a copy of a draft ordinance which 
has been introduced into the Provincial Council of the 
Cape of Good Hope, for the purpose of enabling the 
municipality of Villiersdorp to obtain a supply of water 
or drinking and domestic purposes by impounding the 
night water of the Komissie Kraal River. 
_ Netherlands: The Nederlandsche Staatscowrant pub- 
lishes the text of a concession issued by the Ministry of 
Waterstaat, under the terms of which the communal 
authorities of Nijmegen are empowered to construct a 
railway from Nijmegen to Beek, and Dal. 

Portugal: The Diario do Governo publishes a decree, of 
the Portuguese Ministry of Finance, empowering the 
General Junta of the District of Ponta a to con- 
struct and work a railway (electric or steam traction) 
between the town of Ponta Delgada and the Vale das 
Furnas, passing by way of and Vila Franca do 
Campa, and also from Ponta Delgada to Ribiera Grande. 
The concession may be carried out by the Junta itself or 
let out to contract; in the latter event the Junta may 
guarantee interest not —— 44 per cent. on the 
capital required to execute the u ~—— 

italy: The Gazzetta Ufficiale, Rome, publishes a decree 
ratifying the contract entered into between the Ministry 
of Public Works and the Societa Elettrica Comense A. 
Volta, whereby the latter is empowered to construct and 
work an electric tramway from Maslianico to Ponte 
Chiasso. The Gazzetta also contains two notices of tenders 
for work and material in connection with construc- 
tion of aqueducts for the supply of drinking water, as 
follows :—1. A supply from sources Bracatorta and Bagni 
to the Yo of Gerace ina. Tenders will be 
received up to July 16 at the Council Chambers of the 
Municipality ; the upset price is put at 000 lire 
(8800/.). 2. A supply for the Commune of 8. Fele. 
Tenders will be received up to July 28 by the Commis- 
sariato Civile of the Province of Basilicata ; the upset 


large | price is fixed at 84,300 lire (33721.). Although these con- 


tracts will doubtless be awarded to Italian firms, never- 
theless the execution of the work may involve the pur- 
chase of materials outside Italy. 

Morocco: With reference to the calls for tenders for 
nee works at Rabat and Tangier, the Actiug British 

msul-General at Tangier reports that a Fren citizen 
of Tunis has been awarded the contract for the improve- 
ment works at the port of Rabat, whilst a Spanish sub- 
ject of Tangier has secured the contract for construc- 
tion of a sea front there. The names of the successful 
contractors may be obtained on 2 to the Com- 
mercial Intelligence Brauch by United Kingdom firms 
desirous of supplying plant or material. 

United States of America: H.M. Consul-General at 
Chicago reports that a firm of electrical manufacturers in 
that city wishes to get into touch with United Kingdom 
manufacturers of hard- ie aluminium sheets and rods, 
and also lead glass. Prices should be quoted, if possible, 
f.o.b. New York City. The name and address of the 
above inquirer may obtained by United Kingdom 
manufacturers on application to the Commercial In- 
telligence Branch. 

Mexico: The Diario Oficial contains a notice ting 
to Sefior Agustin Mendoza a concession for the utilisation 
of 15 litres per second of the waters’of, the River Tula for 
irrigation purposes. The Diario also states that Don 
iego Moreno granted a concession for the 
utilisation of 5000 litres per second of the waters of the 
River Tuxpan or Coahuayana for irrigation purposes. 





INTERNATIONAL RUBBER CONGRESS AND EXHIBITION 
aT Batavia, Java.—An abbreviated programme of this 
Congress and Exhibition, to be held at Batavia, Java, in 
September, 1914, has now been issued. © place is well 
chosen for these functions, since in the Netherlands East 
Indies 260,000 acres are planted with rubber, and the 
exports of rubber from there reached in 1911 a total of 
2249 tons. Further particulars of the and 
Exhibition may be obtained from the Secretary-General, 
Mr. J. Lieftinck, LL.D., Weltevreden, Java. 


ASSOCIATION OF PRIVATE Owners OF Raiway Rott- 
1nc-Stock.—The twenty-second annual general meeting 
of this Association was held in London on Thursday, the 
26th ult. In the unavoidable absence of Mr. F. Parker 
Rhodes, the chairman, the chair was occupied by Mr. 
G. C. Locket, deputy-chairman, who moved the adoption 
of the balance-sheet and In doing so Mr. Locket 
called attention to the satisfactory financial position of 
the Association, as shown by balance-sheet, and 
especially to its possession of a substantial reserve fund. 
He pointed out that, beyond the matters considered of 
sufficient en to be referred to in the 
report, a v number of matters equally important 
to individual members came before the ‘solicitor of the 
Association (who advised all members gratuitously), and, 
where necessary, were considered and dealt with by the 
committee. Subjects of special interest referred to in 
the report were commented on by Mr. Locket and dis- 








cussed by the meeting, and the balance-sheet and report 
were then approved and adopted. The retiring members 
of the committee were unanimously re-elected, and a 
cordial vote of thanks to the a for pre- 


| siding brought the proceedings to a c 
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EFFECT OF INTERNAL LOOSE WATER ON 
THE ROLLING OF A SHIP. 


Y Determination of the Effect of Internal Loose 
ater upon the Rolling of a Ship amongst a Regular 
Series of Waves.* , 
By A. Cannon, Associate-Member. 


§ 1. Brrore entering upon the subject of this paper, I 
shall ask you to allow me to outline briefly the sequence 
of events that led up to this experimental work, as it 
explains, in the clearest manner, the object of the study 
and its importance. 

§ 2. Professor Sir John H. Biles, in the opening 
remarks of his presidential address to the Engineering 
Section of the British Association in 1911, said :——‘‘ During 
recent years accidents have happened to ships, and they 
have mysteriously disappeared. The complete disappear- 
ance without leaving any trace has led to the assumption 
that the vessel has capsized. The circumstances of such 
cases obviously preclude the existence of any direct 
evidence. The only subjects of investigation can be (1) the 
condition of the ship prior to the accident, and (2) the 
probability that such a condition could be one which in 
any known possible circumstances could 
lead to disaster. The first is determinable 
by evidence in any particular case. The 
second involves a consideration of the 
whole question of the behaviour of ships | 
at sea. What is the effect upon anygiven | 
ship of # known series of waves? hat | 
waves isa ship likely to meet ? 

§ 3. ‘“‘ This subject has occupied the 
attention of scientific engineers, and it 
may be said to have considered a 
solved blem. We have thought that, if iC 
a ship ioe certain metacentric height and {4 
a certain range of positive stability, she is 2! 
quite safe from the action of a series of {| 
waves of any kind which we know to } 
exist. If, however, a known ship (and 
perhaps more than one) has these safety- 
ensuring qualities and mysteriously dis- | 
appears, it may be desirable to review | 
the grounds of our belief, to see whether . 
any known possible combination of cir- 
cumstemces may court disaster.” 

§ 4. He then reviewed the whole sub- 
ject of rolling of ships amongst waves 
and summarised his conclusions as follows :— 

**(1) With wave-slopes of 3.6 deg. the angles of maxi- 
mum roll obtained in the Revenge with bilge-keels may 
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be taken ag 22 deg. 
‘*(2) This roll takes place when synchronism exists 
tween the wave and the ship, when the wave is 910 ft. 


long and 184 ft. high and has a wave-slope of 3.6 deg. 

**(3) Waves exist which aie of this length, but which 
may have a height of 50 ft., and possibly more, and a 
wave-slope of 10 deg. 

**(4) In such steeper waves we should expect to get 
much larger angles of roll. 

“*(5) Each ship has peculiarities of rolling due to its 
form, as well as to its lading and bilge-keels, &c. 

**(6) These peculiarities and the effect they have upon 
rolling, and the effect different waves will have upon the 
rolling of the ship, can best be studied experimentally.” 

§ 5. It had been the Professor’s intention, however, to 
have placed before the British Association the results of 
an experimental study of the subject, but, unfortunately, 
an accident incapacitated him for some time, and it was 
impossible for him to get the 7 ready. 

§ 6. In December, 1911, I had the honour to be 
appointed by this Institution to the new Post Graduate 
Research Scholarship in Naval Architecture, and Profeesor 
Sir John H. Biles suggested that I should take up the 
experimental study of the rolling of ships amongst waves, 
and he placed the machine that he had designed for this 
purpose at my disposal. I accordingly submitted it as 
one part of a proposed scheme of research work, and the 
results of this study, so far as it has gone, constitute the 
subject of this paper. 

§ 7. Before entering upon this experimental work I 
investigated the statical effects of loose water in ships. 
This formed the subject of a paper that I had the honour 
of submitting to this Institution last year. It was 
intended as a preliminary to the determination of the 
dynamical effects when rolling amongst waves. 

§ 8. The machine that has m used for these experi- 
ments is in many ways unique, and is the onlyone of its kind 
in existence in this country. The principles underly ing it 
design were pointed out to this Institution in 1900 by 
Colonel (then Captain) Russo, R.I.N., in his paper on 
the navipendulum ; and also in 1902, when he gave the 
results of an ae study of the rolling of ships 
amongst waves obtained by his apparatus. As, however, 
there are several new features in connection with the 
machine at Glasgow, it ma;” be as well to give a brief 
description of it and the theory underlying its design. 


THEORY AND CONSTRUCTION OF THE ROLLING-MACHINE. 


§ 9. ABand CD (Fig. 1.) are two radii that revolve 
about A and O respectively, and are always parallel to 
each other. AC is a vertical line. A rod E is pivoted 
at Bto AB, and can slide through a sleeve D that is 
pivoted toC D. Then, if the values of r, and r, are cor- 
rectly chosen, and A B and CD are revolved at a parti- 
cular uniform speed, B will represent the orbit circle of 
a trochoidal wave of height 2r,, and B D will always lie 
in the direction of the norma! to the wave slope at B. 


* Paper read before the Institution of Naval Architects, 
June 25, 1913. 





*f Fig.1. 


APPARATUS FOR STUDYING THE ROLLING OF SHIPS 
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Thus the resultant force on any particle at B will, at this 
speed of rotation, always act along D B. 

§ 10. The lengths of rv, and r. and the speed of rotation 
may be obtained as follows :— 

Let the machine represent a wave at a scale of *th the 


full size. Let / be the length of the actual wave and h its 
height. Then— h 





rT = - 
2n 





R_R-d 


To 


vr, 2 
r,d 
T — To 


R= 


and, therefore, if r,, r.and d are fixed quantities, R is 
constant ; that is, AC and B D always meet in the same 
point O. Thus, if we make r, of such a length that R is 
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equal to the radius of the rolling circle of a trochoid of 

1, and rotate the machine at the appropriate revo- 
lutions, B D wili always represent the normal to the wave 
surface; as it isa property of the trochoidal wave that 
the line joining any point of its surface to a point verti- 
cally above its orbit centre at a distance equal to the 
radius of the roiling circle is a normal to the surface at 
that point. 

ow— 


anc—, 





and 3), and in the general view (Fig. 4). The main 
frame is of cast iron. The radii AB and CD (Fig. 1) 
are formed of slotted steel levers, so that their lengths 
may be set to any values desired. The machine is driven 
by an electric D.-C. shunt-wound motor with a speed 
control in thea rmature circuit for the low s and in 
the shunt circuit for the higher speeds. This is directly 
coupled to a worm driving a worm-wheel attached to the 
lower lever. The upper lever is driven from the lower 
one by means of a bicycle chain that passes over two 


lever. 

§ 12. In order to secure uniform rotation and to pre- 
vent the machine from stopping too suddenly when the 
current is cut off, a heavy fly-wheel (seef{Fig. 2) is fixed 
between the motor and the worm. The speed of the 
machine can be varied from 15 to 40 revolutions per 





BRACKET FOR ROLLING MACHINE. 


minute, and the control resistances are very sensitive 


Fig.6. 
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The period of a wave of length / is— 
fas 
g 
and therefore the period of the machine will be— 
2eT 
gn 


So that, in order to represent a wave of length / and 
height h, we make— 





— . 
"1™ 6, 
wae (1-220), 
2n l 


and rotate the machine at such a speed that its period is— 
Jz 
gn 
§ 11. The method of construction adopted for the 
machine can be seen in the detail drawings (Figs. 2 








of Rolls. 


| indeed, so that any desired rate of revolution can be 
obtained within the above limits. 

| § 13. The machine was originally intended _ to be trans- 
portable, so that the various parts were made as light as 
was deemed advisable. It was found, however, that a 
good deal of vibration was set up in the vertical standard 
when the motor was running. To remedy this astay was 
taken from the top of the standard to an adjacent wall. 
It was also found that, owing to the great weight of the 
model—about 200 Ib.—some means of balancing this was 
necessary to ensure a uniform rotation. Thisnecessitated 
making a continuation of the worm-wheel shaft and sup- 
porting its other end upon an independent bearing. The 
stay, fly-wheel, and counterbalance weight are shown in 
Figs. 2to 4. The whole stands upon a wooden base that 
is fixed to a specially-prepared concrete floor. 


Tue Mop. 


§ 14. Itis well known that if a cylinder be made whose 
section is of the form of the locus of the projection of the 
centre of buoyancy of a ship u a transverse plane as 
the ship is inatined, and the cylinder be so weighted that 
its centre of gravity is in a similar position to that of the 





equal chain wheels, one uf which is fixed to each, 


ship, then if this cylinder be placed upon a horizontal 
plane, the restoring couple at any inclination is directly 
proportional to the restoring “ee acting upon the ship 
when at the same inclination. This principle has been 
made use of so often that it is unn to demonstrate 
it here. It is also used in this case. Two steel plates 
are ery oy! made to the shape of the curve of buoy- 
ancy of the ship that it is desired to experiment upon, 
and the model is supported by them. 

§ 15. Colonel Russo supports his navipendulum upon 
curves that are involutes of the metacentric evolute and 
that are as near the centre of gravity of the ship as pos- 
sible. This, however, necessitates very shortcurves, and 


| hence increases the mechanical difficulty of making them 


accurate. Also, his trochoidal path passes through a 


| point near the centre of gravity of the ship, whereas in 


this case it passes through the centre of buoyancy. This 
is referred to again later (see paragraph 21). 


Fig. 10. Locus OF Z FOR CARGO BOAT 182427 13'.5° 
AT 5:3° DRAUGHT AND 600 TONS DISPLACEMENT 
KG=3:8 FEET. 
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§ 16. The model itself consists of a wooden framework 
made to the shape of a section of a ship. Attached to it 
is a heavy gun-metal casting, shown in Figs. 5 and 6, to 
which the supportin, x ooo are fixed. These plates rest 
upon two stee cole t terwards referred to as the roller- 
paths), each having a V-shaped groove in its upper sur- 
face. The bottom of this groove is made of semi-circular 
section, and the edges of the yoy lates are 
rounded, so that there is no rubbing between the sides of 
the grooves and the plates. Lach roller-path is sup- 
<a upon two gun-metal wheels (Fig. 4), mounted on 

all-bearings. These wheels are fitted to maintain the 
centre of gravity of ship in the position it will occupy 
relatively to the wave surface if its displacement in 
wave remains constant. 

§ 17. In order to obtain the correct rise and fall of G 
relative to the wave surface, these wheels should be cam- 
shaped. The shapes of the cams are difficult to deter- 
mine. Some have been designed for various shaped 
vessels, and are shown in Figs. 7, 8, and 9 (annexed). A 
set was made for Fig. 7, but it was found that as the 
model rolled clipping took place between the cams and 
the roller-paths. The wheels were then made circular. 
It was found that in some cases the cams would have re- 
entrant parts, which would preclude their use. 

§ 18. At the centre of gravity of the model a steel rod 
passes from front to back (Fig. 6) through two slots in the 
gun-metal casting that carries the buoyancy plates. The 
position of this rod can be so adjusted that the centre of 
gravity of the model is at its centre line. Ball-beari 
are fitted to each end of the rod, and these pass through 
slotted guides, so that the only possible motion of 
centre of gravity is along a straight line. This line is 
parallel to the wave normal. hen the machine is 
revolving at its correct speed, the force between these 
ball-bearings and the sides of the slots will be negligible 
and will not interfere with the ee. 

§ 19. In Colonel Russo’s machine the curved supporting 
plates of his navipendulum rest upon a rigid base-plate, 
so that the instantaneous axis of rotation of the pendulum 
is the line joining the points of contact of the supporting- 
plates and the base-plate. Thus the locus of instantaneous 
axes of rotation is the cylindrical surface formed by the 
plates, whereas in this case it is the locus of Z, whereG Z 
is the righting lever at any inclination (Fig. 10, above). 
This is similar to the upper half of the curves given in 
the pa r read before this Institution in 1999 by Mr. A. 
W. Johns. He showed that the locus should be a double- 
loo curve, intersecting at a point near the C.G. In 
Colonel Russo’s arrangement the axis might be some con- 
siderable distance from the C.G. 

§ 20. Double-bottom tanks, &c., can be fixed to the 
wooden framework. By means of slotted bara, shown in 
Fig. 2, weights can be attached to the model and moved 
vertically to get the correct position of the centre of 
gravity, and horizontally to obtain the correct moment of 
inertia about the centre of gravity. 

§ 21. The whole is so mounted upon the rolling-machine 
that, when the machine is in an upright position, corre- 
sponding to a wave crest or trough, the point of contact 
of the supporting buoyancy plates and the roller-paths 
supporting them—i.e¢., the centre of buoyancy in the up- 
right condition—is at the same level as the point B (Fig. 1 
In this way the trochoidal wave produ is that whic 
passes through the centre of buoyancy in the upright 
position, or, in other words, it is the effective wave acting 
upon the ship. This will be very slightly flatter than the 
surface wave. 

§ 22. To obtain the correct C.G. of the model, the C.G. 
rod is set to its correct position relatively to the C.B. 
The model is then supported by small wooden blocks 
placed in the slots beneath the ball-bearings on the C.G. 
rod, and the weights adjusted vertically until the whole 
balances at any inclination. In this way the C.G. can be 
set very accurately. ; 

§ 23. Having done this, the next step is to ‘* wing” the 
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weights until the correct moment of inertia of the model 
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is obtained. The method adopted is to time the model 
for small angles of roll. Within the limits of isochronism 
the period of roll of a ship is given by— 


4 
on a 
gm 
where K is the radius of gyration of the ship about a longi- 
tudinal axis through its C.G., m is the metacentric height 
and g the gravity acceleration. Now, K and m for the 


model depand upon the transverse scale of the model 
relatively to the ship, and are indepandent of the longitu- 


dinal scale. Calling the transverse scale 1 , as in the 
n 


case of the rolling machine, we see that the period of roll 
of the model is equal to— 


T / K* or 1 - 
gmn af n 
times that of a ship. The weights are then winged out 
or in until the period of roll at small angles is correct. _ 
§ 24. The choice of the value of nm in any case is 
governed by many considerations. In the model the | 
limits of B G in the upright condition are 5 in. and 12 in. 
The limiting length of G Z, the lever of stability, is 4} in. 
If it is greater than this, the point of contact of the 
buoyancy plate and its supporting roller path would fall 
outside the wheels supporting the path. The required 
lengths and heights of waves to be experimented upon 
also determine the value of n. The greatest and least 
wave heights are the limits to which the lower lever of 
the machine can be set; these are 24 in. and 4 in. respec- 
tively, and are equal to one half the maximum and mini- 





mum wave height. The length r. of the top lever has 
been shown to depend upon the wave height, length, value | 
of n, and also the length d of Fig. 1. In the machine dis | 
33 in. and the limits of r. are 3.8 in. and 21.75 in. 
§ 25. Having fixed upon a suitable value of n subject to | 
the above considerations the shape of the buoyancy plates | 
can be determined, and the size and shape of any double. | 
bottom tank, &c., with which it is desired to experiment, 
can also be determined and its — with respect to | 
the C.B. In the case of a tank the longitudinal scale is | 
of importance, as it may be desired to experiment with a | 
tank of known length. This ecale is fix w the relation 
between the weight w of the model and of the ship. | 


conclusion that the law of resistance to the rolling of a rr | came to the conclusion that the a term in the equation for 
in still water at small angles was given by d 9 = a 6 + b 6, resistance was induced by a retarding couple whose 
where @ is the angle of roll from the vertical, and a and b| moment was proportional to the von velocity, and 
are two coefficients that are constant for the same ship the } term was induced by a retarding couple of moment 
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SECTION AT X.Y. 





ANGLES OF ROLL FROM NORMAL TO WAVE SURFACE, FOR VARYING WAVE HEIGHTS AND LENGTHS, 
AND VARYING PERCENTAGES OF FREE WATER IN DOUBLE BOTTOM. 
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Let thisscale bez. Then W =2zn2w. We know W, 1», | when under the same conditions of surface, displacement, popes to the square of the angular velocity. 


and w, so that x can be determined. 
RESISTANCE TO ROLLING. 


and position of centre of gravity, but are different for | 
different ships. | to apply to the model resistance couples varying as the 


t was therefore considered that, if it were possible 


$ 27. From a consideration of the nature of the resist- angular velocity and the square of the angular velocity, 


§ 
§ 26. The researches of the late W. Froude led to tke | ances to rolling that were likely to act upon a ship, he together with means of varying each, independently of 
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one another, the whole field of resistance could be dealt 


with. 

§ 28. The first step, however, was to determine how 
much resistance was already acting as a result of pure 
mechanical friction and air resistance. At this time no 
suitable method had been devised of recording the angles 
of roll, so that the only means of determining the 
magnitude of the resistance was to heel the model to 
some known angle, and count the number of rolls 
before coming to rest. This was compared with all 


available data, and estimates were also made of the | 


number of rolls that would be required under various 
resistances. 

§ 29. These experiments indicated that the mechanical 
friction of the machine was too great, and steps were 
taken to reduce this as far as_possible. The wheels 
supporting the roller paths (Fig. 4) had originally 
plain bearings. These were made ball bearings. There 
was also a plain bearing at each end of the C.G. rod, 
where it passed through the guides (see paragraph 18). 
These were also altered to ball bearings. i 
the ro!ler paths were considered to be too steep, and a 
new set of paths was made with a more — groove, and 
then the bottom of this groove was made semi-circular, 


| 


he grooves in | 


belt. The shape of the pulley has to be determined for 
each case. So far, however, our efforts have been confined 
to arranging some means by which a variation of resist- 
ance can be easily accomplished. With respect to the 
experiments referred to in this paper, Iam of the opinion 
that it is unnecessary to aim at any very faithful repro- 
duction of the resistance. The reasons for this are stated 
later (see paragraph 52). 

§ 33. In addition to the problem of how to produce the 
resistance, there is the question of the amount that is 
necessary. Very little data are available respecting the 
resistance to rolling of actual ships, and practically the 
whole of this refers to warships. And of what is available 
there is such a difference in the values of « and } (para- 
graph 26) for the different vessels that it is impossible to 
say from this what the resistance would be for a merchant 
type. Owing to the courtesy of Sir Archibald Denny we 
were supplied with the results of tank experiments upon 
models ,of Channel steamers. In Fig. il ( age 103) is 
shown a curve (No. 11) of declining angles for one case. 
This curve has been drawn to the full scope of the infor- 
mation available in this particular case. On the same 
diagram are shown curves that are drawn to the scope 
necessary for our purpose. It will be seen at once that it 


attached to A by a ball bearing, and is constrained to 
pass between two guides P P, so that it always lies along 
the direction of the wave normal. At the end of this 
lever another wheel B is mounted, also on ball bearings. 
A cord R passes round these wheels. Then, as the 
model rolls, any point in R moves a distance propor- 
tional to the angle to the wave normal. This mo is 
attached to a small metal block D that forms one joint ina 
pantagraph as shown. Thelinks CG, GD, and FG are 
equal, and F Gis equal toD E,and F Hto CF. Then the 
motion of H isan exact copy of that of D to ascale equal to 


OL The diameter of the wheels A and B and the 
length of the links have been so proportioned that the 
motion of H is ;yth in. for every degree the wheels are 
turned. f 

§ 38. A roll of paper is actuated by a small electric 
motor and cylinders as shown. The paper moves across 


a small metallic table, and the whole is mounted upon 
a wooden framework and attached to the rod E (Fig. 1), 
so that a pen attached to the pantagraph at H will 
By my a record of angle 

to the wave. 


move across the paper and 
of roll relatively to the norm 


CURVES OF ANGLES OF ROLL FROM NORMAL TO WAVE SURFACE. 


Each curve is for a constant wave heght and 
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and the edges of the buoyancy p'‘ates rounded, so that the 
contact was as near as possible along the edge (see 
paragraph 16). 
bS 30. In this way it was found possible to diminish the 
riction very materially, and, although it could not be 
totally eliminated, it was judged to be reduced beyond 
what would be the amount necessary. This was after- 
wards verified when a method was devised of recording 
the angles of roll (see paragraph 52). 


§ 31. The problem of arranging the necessary additional 
esistances in the manner desired has not yet been solved. 


Various methods have been ~~ to accomplish this. 
These have been correct in theory, but could not be 
practically applied. The initial idea was to drive from 
the model a small dynamo having a constant field. This 
would induce a torque varying directly as the angular 
velocity. Part of the current so generated was then passed 
into an electric magnet of constant air gap, fitted with a 
circular armature that was oscillated by the model. In 
this way a torque would be induced that varied as the 
square of the angular velocity. By resistances in the two 
circuits the amount of each torque could be independently 
varied. An apparatus was designed to carry out these 
ideas, but it was found that the mechanical friction 
involved was too great, and also that the small currents 
generated at the dynamo were too weak to produce any 
magnetic effect. They were all lost in overcoming the 
internal resistances. 

§ 32. It is, of course, possible to have recourse to the 
device of Colonel Russo, He produces a resistance by 
causing a wooden pulley to rub against a stretched elastic 








is practically impossible to tell what the resistance should | 
be at, say, 30 deg. The most that we can do is to judge 
from known data whether it is very far from the actual 
amount. This does not detract from the value of the| 
machine, as in all these matters it is comparative rather 
than actual results that we wish; and, indeed, the 
conditions of loading and state of the bottom of a vessel 
will materially alter her resistance to rolling, so that it is 
unnecesssary to strain after great accuracy. 


Tue Recorpine Gear. 


§ 34. The problem of recording the angles of roll of the 
model was a difficult one, and attempts were made to solve 
it along various lines. 

§ 35. The chief difficulty is that there is no point on the 
model that is fixed. In other words, the axis of rotation 
changes from time to time. The nearest point to a fixed 
one is the C.G. . 

§ 36. Colonel Russo uses the device of a third lever im- 
mediately beneath A B (Fig. 1), rotating parallel to it 
and of the same length. hen a rod joining the ends of 
the levers is always vertical. The recording gear is carried 
upon a table fixed to this rod, so that by means of a 
pen attached to the Navipendulum the angles of roll to 
the vertical are registered. The introduction of this 
third arm naturally makes the machine very high and 
much more massive. It is for this reason that it was nob 
included in the Glasgow machine. 7 

§ 37. The method ultimately de vised is that shown in 


2 3 
Waves 1000 F¢ Long 





Fig. 12 ( 104). A gun-metal wheel A is fixed to the 
C.G. and oscillates with it. A steel lever N is 





§ 39. As the model rolls, the C.G. rises and falls, so 
that the record must be corrected for this. To enable 
this to be done, a rod M is attached to N and moves with 
it. At its end a pen is fixed which registers the rise and 
fall of the C.G. The pens J and K are attached to electro- 
magnets. One is connected to a clock, and registers half- 
seconds, with a break at every ten seconds. The other is 
connected to a circuit that is automatically closed when 
the machine is at its lowest position, i’¢., in the wave 
trough. From this the inclinations to the vertical can be 
found by adding the inclinations of the normal to the in- 
clinations of the model relatively to the normal. So far, 
however, it has not been possible to do this, as it is 
found that the point D has a certain amount of side 

lay, no matter how tightly the cord is stretched. 

his is, of course, magnified in the record. It does 
not affect the angle registered, but alters its position 
relatively to the wave trough. Means are being devised 
to guide D co that it will always move along a straight 
line. 

§ 40. As the object of this study is primarily the safety 
of ships, the angle to the wave normal is the most im- 
portant. A vessel that always moves with the wave, so 
that it is never inclined to the normal, may be said to be 
absolutely safe, although, perhaps, uncomfortable. The 
dangerous positions are those inclined to the wave sur- 
face, so that in investigating the question of the | of 
ships at sea, we are reaJly concerned with the rolling 
relativel 4 the wave noretal “i 104) 1. 

§ 41. Referring again to Fig. 12 ( , & pen Lis 
fixed, and draws a straight Tine tats serves as a base 
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pe. A specimen of the record obtained is indicated in 


ig. 13. 

’ EXPERIMENTAL RESULTS. 

$ 42. As the only available information regarding 
resistance to rolling was for a Channel steamer, it was 
considered best to experiment at first upon this type. 

§ 43. The dimensions of the vessel chosen for this pur- 





pose are 330 ft. by 42 ft. by 18 ft.; service draught, 


ascertain the speed, the time todo about 20 revolutions is 
counted and compared with the correct time. The speed 


is then altered to suit, and another record taken. The | 


uantities required are the maximum angle reached and 
the amplitude of the forced oscillation. It was found 
that if several records were taken, as near around the 
correct period as ible, the results when plotted to a 
base of period of machine fall upon a regular curve, 
generally a straight line, and the values at the correct 


1l ft. 9in. moulded ; and displacement at this draught | period can be obtained to a very fair degree of accuracy. 


2380 tons. 


$44. From considerations already outlined the scale | 


chosen for the transverse ratio of the ship to the model 
was 13.5. With this ratio, the following are the parti- 
culars of the ship and model :— 


—_ | 


— | 








— Ship. | Model, | Betcct Ship to 
| in. 
Oe ss < | £8 2.49 18.5 | 
B. M. i ve oo] 206 9.42 13.5 
a. tee ie --| 680 | 6.04 13.5 
Period of single roll ..| 6secs. | 1.63 secs. n/ 18.5 


§45. The double-bottom tank used was one that had | 
been designed for a different vessel, and is shown in 
Fig. 4. It is fitted with five division-plates, so that | 
varying breadths of tank could be experimented upon. | 
In these experiments only the two outer plates were | 
kept in place, and water admitted into the space 
hetween them. The total transverse breadth of this is | 
32 in. in the model, or 36 ft. in the ship. Thus the com- | 
partment stretches practically right across the ship. 

§ 46. The height of the compartment is rather large, 
being 4 in. at the centre line and 34 in. at the wings of the | 
model. These correspond to 4 ft. 6in. and 3 ft. 11} in. 
respectively in the ship. 

§ 47. The length of the compartment depends “ee the 
longitudinal scale x (paragraph 25), which in turn depends 
upon the total weight of the model. The length of the 
model tank is 4} in. 

§ 48. The model was tested upon waves of height | 
equal to 15 ft., 20 ft., 25 ft., 30ft., and 35 ft. For each | 
height five different wave lengths were taken — viz., 
600 ft., 700 ft., 800 ft., 900 ft., and 1000 ft. One set of 
experiments was also carried out for a wave of 40 ft. 
height and 1000 ft. long, but at this radius the machine 
was very difficult to balance, and there was a probability 
of overstraining it, so these experiments were not carried 
any farther. 

§ 49. With each wave length and height the model was 
tried in six different conditions. First with no free 
water, and then by five successive additions of water, 
each of 24 lbs. weight. This alters the total weight of the 
model each time, and thus affects the value of the longi- 
tudinal scale x and, therefore, the length of the tank. 
Owing to the free water surface the positions of stable 
equilibrium are inclined to the vertical. The following 
table shows the particulars of the ship corresponding to 
these conditions :— 





Inclination to 
Percentage Length of “ 
Weight of ee of Total Compart- eo of 


Water in Displacement ment in Equilibrium 


Model. Model. as Free Water. Ship. Pedition. 








Ib. Ib. ft. deg. 
0 201 0 ~ — 
2h 203.5 1.28 57.0 3.1 
5 206 2.48 56.3 4.4 
74 208.5 3.60 55.6 | 5.4 

10 2u 4.75 55.0 5.9 

124 213.5 5.87 54.4 6.1 


§ 50. In each case the centre of gravity of the model 
was kept fixed by moving the balance-weights. With 
free water the centre of gravity is at the place it would 
be if the water were solid. Thus the effects produced 
are due merely to freedom of surface. 

§ 51. The method of procedure was as follows :— 

‘The magnetic brake that had been originally designed 
to develop the resistance to the rolling was mounted in 
position as shown in Fig. 2, page 102, and was connected 
to an external circuit. When a current is sent through | 
this the model is held rigidly and cannot roll. The | 
machine is then started, when the proper revolutions | 
are reached the brake is released when the model is in the | 
trough of a wave. It was found that the brake blocks | 
still touched their circular armature and thus produced | 
a certain retarding couple. Experiments were carried 
out to determine the amount of this, and in how far it | 
affected the rolling, and also, at the same time, to deter- | 
mine the effect of internal free water in quenching | 
rolling in still water. 

_ § 52. Fig. 11, page 103, showsa series of curves of declin- | 
ing angles that were obtained with the brake-blocks, first | 
in contact and then absolutel7 free, each with different 


| 
| 


. amounts of free water. On thesame diagram is shown the 


curve from the experiments of Sir Archibald Denny. It 
will be seen from these that the resistance with the brake- 
blocks touching is nearer the required amount than when 
they are free. Indeed, if the Denny curve were extended 
to large angles, it would probably be steeper than this. 
But, apa: from this question, as soon as a little free 
water is introduced into the model the resistance is. 
enormously increased, and when the amount of water is | 
from 4 to 5 per cent. of the total displacement there is no | 
appreciable difference between the curves of declining 
angles, whether the brakes are touching or not. 

§ 53. As before stated, when the arms are set to their | 
correct lengths, the machine only simulates the true wave | 
motion when rotating at the correct speed. In order to | 


§ 54. All the records were subjected to a system of 
cross-fairing, as shown in Figs. 14 to 19 inclusive, 

age 104. In these diagrams the values of the wave 

eights and lengths are set out in two directions at right 
angles to each other, in perspective, and the angles 
reached are set out perpendicularly to these. This enables 
one tosee at a glance the effect of wave heightand length. 
Thus a plane section like A B C D, in Fig. 14, shows the 
results for waves of the same height but of different 
lengths. While a section like E F G H shows the results 
for waves of the same length, but of different heights. 


| With the longer waves of small heights, the oscillations 


were often of a double nature, a maximum and minimum 
occurring alternately. They were not very great, and to 
facilitate fairing the curves were drawn through the mean 
value. These oscillations are of no importance in affect- 
ing the safety of the ship. ‘ 

§ 55. The results have also been plotted, as shown in 
Figs. 20 to 24, page 105. Each diagram is for waves of 
the same length, and each curve is for the same wave 
height, the abscisse being the amount of free water in the 
ship and the ordinates the angles reached. 

§ 56. Referring to Figs. 14 to 19, page 104, it will be 
noticed that, generally speaking, the shorter the wave 
and the greater the height, the larger is the angle reached. 
— is not always ~ _ wit angen to the —— 

eight, especially wit to the maximum angle 
aaa, but it — be remembered that these angles are 
relative to the wave normal, and that, although this is 
smaller in some cases with an increase in height of wave, 
it is quite possible that the inclination to the vertical is 
not any less. This is borne out by the fact that the 
decrease of angle in any case is less than the increase of 
angle of the normal to the vertical, due to the increase 
of wave height. Another point to note is that the point 
of maximum angle to the normal is not necessarily one of 
maximum angle to the vertical. 

§ 57. Another notable fact is that, as water is admitted, 
the superiority of the maximum over the forced oscilla- 
tion dies away, and at 3.60 per cent. free water there is no 
difference. At this stage the ordinary cycles of roll no 
longer take place. The model rolls over to the Le of 
forced oscillation immediately, or else the roll gradually 
increases to a state of fo oscillation. In every case 
there was a very great effect noticeable upon these cycles, 
even with the smallest quantity of free water, indicating 
that a great deal of the energy was taken up in — 
the motion of the free water. Although, with intern: 
free water, the positions of stable equilibrium in still 
water are inclined to the vertical, the forced oscillations 
when amongst waves were generally found to be equally 
inclined to the wave normal and not to the equilibrium 
position. In the longer and flatter waves, however, there 


| was a slight tendency to oscillate about an inclined posi- 


tion, which was very near to the wave normal and never 


|so much inclined to it as the still-water equilibrium 


position. The total oscillation in these cases was always 
small. It is conceivable that in very long flat waves the 
oscillations may be about the equilibrium ition, but in 
the shorter and steeper waves the internal water rushes 
across from side to side, and the rolling takes place about 


| the wave normal. 


§ 58. As the quantity of water increases, so the curves 
of angle of roll for constant wave length get steeper for 


| an increase of wave height. With 5.87 per cent. of water 


on waves 600 ft. long and 35 ft. high, the motion was 
extremely violent ; the water "4! rushed in a foaming 
cascade from side to side, and the least disturbance only 
increased the effeet. 

§ 59. Synchronism should take p!ace at a wave length 


,of about 750 ft., but it will be seen that the maxi- 


mum angles reached will be for a much shorter wave. 
Upon timing the model, however, it was found that the 
period for an oscillation of 36 deg. was only 1.25 seconds, 
so that it is evident that the maximum angles are affected 
by the periods of roll for large angles, which one would 
expect to be the case. 

§ 60. Referring to Figs. 20 to 24, page 105, it will be 
seen that, generally speaking, the addition of free water 
decreases the angle of roll. In the shortest and highest, and 
therefore — waves, however, the effect is to in- 
crease the angle of roll, so that the forced oscillations are 
even greater than the maximum oscillations with no free 
water. This effect seenis to be produced by the syn- 
chronism of the pericd of rush of water across the vessel 
and the period of the wave. There will be a certain com- 


bination of wave length and height—i.c., a certain wave | 
steepness that will produce just the critical period for , 


pao age 4 rush —— When ba esege b songe = 
angle of roll may very 5 urther, these es 
are reached in a very few waite and have been pes oor 
when starting from rest. It is, therefore, quite Teco 
that dangerous angles may be reached in actual ships, 
where the vessel may have an initial heel and roll, 
although the resistance to roll may be very great. 

_§ 61. On the other hand, if the quantity of water be 
limited, the les reached ‘are always smaller. This 


| proposed to carry out a similar series of experiments with 

| anti-rolling tanks, with a view to ¥ Ae experi- 
mentally the actual effects of such upon the 

| maximum angles of roll. Till such work is systematically 
| done, we cannot be sure that in all circumstances anti- 
| rolling tanks will reduce rolling. It is hoped that this 
| paper will stimulate interest in the subject. 

63. In conclusion, I have to —s my very great 
indebtedness to Professor Sir John H. Biles for having 
the machine made and giving me the use of it, and for the 
great interest he has taken in these exper:ments. I think 
this Institution is under a debt of gratitude to him for 
giving the machine for this purpose, as it has been a very 
costly apparatus, and for the time which he has spent in 
consultation with me in carrying out this work. 

| § 64. My best thanks are also due to Sir Archibald 
Denny for his kindness in supplying me with some very 

| valuable information respecting the rolling of ships, and 

also to Mr. S. J. Reed, of Messrs. J. H. Biles and Co., 
for his assistance in the mechanical arrangements of the 
apparatus. 








| 

| THe Humser.—The Humber Conservancy Board 
| recently instructed Sir W. Matthews, Mr. A. G. Lyster, 
| and Sir J. P. Griffith to report upon a scheme of river 
improvement which has been under the consideration of 
the board, and which embraces the following works :—A 
| half-tide training-wall in the Humber, from Flaxfleet 
| Ness to Oyster Ness, 5 miles in length, 90,000/. ; removal 
of the rocky ledge, known as Brough Soalp, 96,000/.; half- 
tide wall in the Trent, from Island House to Trent Falls, 
25,000/.; half-tide wall in the Ouse, from Ouse fleet Ness to 
Trent Falls, 17,000/. ; half-tide wall in the Humber, from 
Hessle Low Light to the western extremity of the St. 
Andrew’s Dock, 44,400/.; and half-tide wall in the 
Humber, from the eastern extremity of the joint dock to 
Paull, 55,0007. ; total estimated cost, 327,400/. Theengi- 
neers consulted have drawn up an alternativescheme, the 
main features of which comprise the construction of 
training-walls at the junction of the Ouse and the Trent, 
and in the Upper Humber with the view of developing 
the channel. Under the scheme of the engineers, the 
south channel at Read’s Island would also be closed. 
The cost of the works proposed comes out as follows: 
— Training-wall on the left bank of the Trent, at 
Trent Falls, 6700 ft. in length, 28,8007. ; training-wall 
on the right bank of the Ouse, extending from Trent 
Falls towards Ousefieet Ness, 7000 ft., 23,2007. ; training- 
wall on the right bank of the Trent, 5200 ft., 12,8007. ; 
training-wall forming the north bank of the proposed 
Whitton low-water channel, extending from Taxflieet Ness 
to a point in the Humber opposite Brough Scalp, 
30,000 ft., 99,8007. ; training-wall extending from Whitton 
Ness to the entrance to the proposed Aucholme Channel, 
29,000 ft., 99,7002. ; training-wall extending from Ferriby 
sluice to the east end of the entrance to the proposed 
Aucholme channel, 10,250 ft., 29,2002. ; dredgio of 
Whitton Ness, 30,000/.; Channel to Winteringham 
sluices, &c., 80007. ; and contingencies, 10 per cent., 
34,150/. ; total estimated cost, 375,650/. 





MANUFACTURE OF SUPERPHOSPHATES IN Russ1a.—The 
consumption of superphosphates and, to a smaller 
extent, of other artificial manure in Russia is rapidly in- 
creasing owing to the development of the country’s 
agriculture, and endeavours are being made in diverse 
directions to encourage the home manufacture of these 
commodities. The imports into Russia of superphos- 
phates and Thomas slag during the last few years will 
appear from the following table :— 


Poods. 
1977 .. te - “— ie ‘ si 6,486,000 
1908 ; 6,210,000 
1909 10,230,000 
1910... ; . 15,237,000 
1911 .. oe oi 17,938,000 


(624 poods = 1 ton.) 
The consumption of manure in Russia has during the 
same period risen from 13,500,000 poods to 28,000,000 
poods, of which 95 to 96 ‘wd cent. are superphosphates, the 
manufacture in Russia having risen from about 6,800,000 
poods in 1907 to about 9,000,000 poods in 1911. Thomas 
slag is produced at two works in Russia—at Sartana and 
Taganrog, but their annual output cannot be put above 
1,000,000 poods. This figure is not likely to increase, as 
the Russian iron works, on account of the high quality of 
the Russian iron ore, do not use the Thomas process, bub 
the Martin. Tbe Russian factories for the manufacture 
of superphosphates, in order to obtain cheap phosphorite 
from abroad, are mostly situated on the borders of the 
Baltic and the Black Sea, and the Russian factories for 
soluble phosphates have a kartel arrangement with the 
foreign syndicates, and have hardly any influence upon 
the prices for manure manufactured by them. The 
prices in consequence range very high—40 per cent. in the 
western Governments, and as much as 80 per cent. in 
the eastern, above the prices abroad. Extensive experi- 
ments, which have been carried out on an increasing scale, 
| have proved that there are large deposits of phosphorite 

in the Governments of Kostroma, Wjatka, Perm and 
| Kasan, which are suitable for the manufacture of 12 per 
| cent. superphosphate, and that, besides, residue from 
| certain factories lends itself to the manufacture of cheap 
superphosphate of high quality. In the eastern Govern- 
ments it has therefore been decided to start the manufac- 
ture of — osphaie. A congress has been held for the 
| purpose of advancing this scheme, and it has been agreed 





points to the efficacy of anti-rolling tanks having small | to endeavour to secure certain facilities, such as import 


water capacity for the safety of ships. 

§ 62. A great deal of work remains to be done on this 
very important subject. It is one of very great practical 
importance, especially in view of the growing tendency 
to adopt free water as a means of reducing rolling. It is 


| free of duty of machines and other plant used for this 
| manufacture, reduction of the railway rates for the trans- 
port of raw materials and the manufactured manures, and 
reduction in the price of timber from the State forests for 
the building of factories, &c 
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THE WORKS OF MESSRS. W. H. ALLEN, 
SON AND CO., LIMITED. 


As Bedford is only some thirty miles from Cam- 
bridge, it is very natural that the Queen’s Engi- 
neering Works of Messrs. W. H. Allen, Son and 
Co., Limited, in the former town, should have 
been chosen as the object for one of the visits to 
be paid by the Institution of Mechanical Engineers 
during their summer meeting in Cambridge next 
week. The visit should prove very attractive. 
All the members of the Institution who make it 
will certainly be more or less familiar with Messrs. 
Allen’s products, and will be glad of an opportunity 
of inspecting their works. Further than this, how- 
ever, there is much in the methods and procedure 
of the works which is of great interest, particularly 
in connection with the very complete system of 
testing both of materials and finished products, 
which is a striking feature of Messrs. Allen’s prac- 
tice. If we may be permitted to say so, there is 
an additional interest in connection with Messrs. 
Allen and Co., as representative of a type of firm 
not very common in these joint-stock days. It 
is, we believe, strictly a family concern and has 
as working members representatives of three 
generations of the Allen family. 

The business was founded in 1880 by Mr. W. H. 
Allen, the present chairman of the company, at 
York Street Works, Lambeth, London, the —— 
manufactures being low and medium-lift centrifugal 
pumps, steam-engines, and centrifugal fans. Early 
in its history the firm took up the development of 
direct-current dynamos, and carried out some of 
the first important electrical installations in the 
Navy and mercantile marine. This work was the 
beginning of the large business which Messrs. 
Allen have since built up in various classes of auxi- 
liary machinery for ships, and which, as is well 
known, forms such an important part of their 
present activities. Messrs. Allen’s products are 
now to be found throughout the ships of the 
British and many foreign navies, and in many 
important fleets of the merchant service. Owing 
to the continual growth of the business, it 
was decided, in 1893, that a move should be made 
from Lambeth to some new site on which the 
works could expand more freely, and in December 
of that year a site of about 12 acres was purchased 
in Bedford. The erection of new works was com- 
menced forthwith, and such good progress made 
that manufacture was started at Bedford in the 
latter part of 1894. Since that time large exten- 
sions have been made to the works at various 
periods as the business has increased in size. The 
existing works cover a large proportion of the 
12 acres purchased in 1893. 

The principal manufactures of the company at the 
present time consist of enclosed high-speed steam- 
engines, multi-stage impulse steam-turbines, centri- 
fugal pumps and multi-stage turbine pumps, turbo 
boiler-feed pumps, centrifugal fans for ventilating 
purposes and for forced and induced-draught 
plants, complete condensing equipments, high- 
speed enclosed oil-engines, direct-current electrical 
machinery and controllers. It is not necessary for 
us to deal with these various manufactures in any 
detail, as we have on many occasions in the past 
described various typical examples of Messrs. 
Allen’s manufactures. They are also generally 
known owing to the large extent to which they 
are employed in practice. The enclosed high-speed 
steam-engines are made in very large. quantities 
for driving pumps and fans, and also for electric- 
light purposes. The est engine of the class 
which Messrs. Allen have built is one of 2200 brake 
horse-power for the electric-light station of the 
Melbourne Corporation. Messrs. Allen’s steam- 
turbine is a comparatively recent addition to their 
line of manufactures. It is built for driving 
centrifugal pumps, fans, &. An example is to 
be seen in their works power-station. In con- 
nection with new lines of work we may add that 
the firm are contemplating the manufacture of 
Diesel engines. 

It is hardly necessary to say anything of Messrs. 
Allen’s centrifugal pumps. As stated above, they 
formed one of the original lines of manufacture of 
the firm. Turbine-pumps are naturally a later 
development. Their manufacture was first taken 
up some seven years ago. Steam or electrically- 
driven fans were also one of the early kinds of 
work on which the firm engaged. As an example 
of an important installation of centrifugal pum 
and fans, we may remind our readers that the 





forced draught and condenser circulating water 
plants on the Lusitania and Mauretania were 
supplied by Messrs. Allen. To the firm’s well- 
known surface-condensers and Edwards type air- 
pumps we need merely refer, pointing out in 
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passing, however, that jet-condensers are also con- 
structed at the Bedford works. Messrs. Allen’s 


oil-engine has been manufactured for some ten 
years or more. It is of the four-stroke vaporiser 
type, and is suitable for running on common 





It is built in sizes from 1 to 75 horse- 


petroleum, 


power and with one to three cylinders, and is 
supplied either independently or mounted on a 
common bed-plate with centrifugal pumps or 
dynamos. The last line of manufacture to which 
we need refer is the firm’s electrical apparatus. 
This is of the direct-current class only, follow- 
ing the practice set in the early days when 
the manufacture of electrical apparatus was 
first taken up. Dynamos, motors, and controllers 
are now built. As an important electrical installa- 
tion we may refer to the kw. machines, four in 
number, at present being constructed for the new 
White Star liner Britannic. 

Turning now to the more definite business of this 
article, which is the description of Messrs, Allen's 
works as they now exist, we may refer to the 
plan given in Fig. 1, annexed. his shows the 
whole of the present buildings, except the new 

ttern stores and part of the smithy, which the 
imensions of our page have compelled us to omit. 
The new pattern stores are situated at the far end of 
the site, well away from other buildings. As will 
be seen, the works are built on a rectangular plot 
of ground, which is served by railway sidings down 
practically the whole of one long side. These 
sidings adjoin the Midland main line, and the 
works are within a few minutes’ walk of Bedford 
passenger station. The entrances to both the 
works and offices are situated at the south end of 
the site in the Ford End-road. A view of the 
offices is given in Fig. 2, on 108. They are 
housed in a picturesque brick building facing on to 
an attractive garden, and carrying an air of pros- 

rity. The offices are separated from the works 

y an open space, so that the necessary noise of 
the shops does not reach them. The office building 
contains the usual commercial departments and the 
drawing-office, which is on the ground floor. The 
works offices are situated in a separate building at 
the eastern side of the roadway, which runs the 
full length of the works on the opposite side from 
the railway sidings. Their position can be seen in 
Fig. 1. 

Before describing the features of the various 
shops, it will be well to draw attention to the 
scheme of the general lay-out of the works, and to 
indicate the route of progression of material 
through the different departments. From Fig. 1 
it will be seen that the boiler-house, the pack- 
ing bay, the foundry, and the smithy are all 
situated on the east side of the works, so that 
they are directly served by the railway sidings 
which have already been referred to. The 
arrangements allow of coal for the bunkers, and 
coke and raw material for the foundry and smithy, 
being carried to their proper position in the works 
with the minimum of tandlin . ‘The branch of the 
railway entering the padiden eg allows of finished 
material being directly entrained by the packing- 
bay crane, while the continuation of the branc 
through into the machine-shop allows of finished 
material or castings from outside being carried 
direct to the department in which they are wanted. 
In addition to these sidings there is a system of 
truck-rails, which is laid throughout the works; 
it is indicated in Fig. 1. This system connects the 
machine-shop with the foundry and smithy, the 
electrical department with the erecting pos | test- 
shops, the patiern-shop with the foundry, &. It, 
in fact, interconnects all departments, and a study 
of Fig 1 will show that, as far as such a thing is 

ible, no piece of material ever works back on 
its own track, but always towards the 
packing-bay. A feature of the lay-out to which 
we may refer is that in the machine-shops ; the 
departments dealing with the heaviest work are 
situated the nearest to the erecting and testing- 
bay, so that the heaviest work has the smallest 

ible distance to travel after machining, the 
ighter articles, which are more easily handled, 
travelling the longer distance. 

Practically the whole of the works buildings are 
of the same type. They are single-storied struc- 
tures of steel framing fitted with galvanised-iron 
screens. The roofs, as indicated in Fig. 1, are of 
the weaving-shed form, with north lights glazed 
with wired glass. The remainder of the roofing 
is slated and felted over boarding. The over- 
head travelling-cranes run on longitudinal girders, 
bolted to the main stanchions which the 
roofs. In many of the shops these longitudinal 
girders also carry the line shafting for the machines. 
To this feature, however, we will refer more fully 
when dealing with the individual shops. The floors 
are in general paved with wood blocks. Heating is 
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by stoves of various types, depending on the shop 
in which they are situated, and lighting is by arc- 
lamps with opal globes. Natural ventilation is 


used. The works are driven throughout by electric | 


power, both group and individual driving being 
employed. Direct current at 250 volts on the 
two-wire system is used. Power is obtained both 
from the works plant, which is situated at the 
south end of the testing-aisle, and from a trans- 
forming sub-station which is supplied with high- 
tension current from the Bedford Corporation 
mains. This sub-station contains two rotary con- 
verters, which receive 2200-volt 60-period single- 
hase current and deliver 250-volt direct current. 

hese machines are, when necessary, run in parallel 
with the works plant. 

The power-house contains two Allen high-speed 
enclosed steam -engines and dynamos, and one 
Allen steam-turbine and dynamo. Steam is sup- 
plied at 220 lb. per sq. in., with 100 deg. Fahr. 
superheat. The surface-condensing plant is fixed 
in a pit behird the boilers, and in conjunction with 
it there is a cooling-tower which is situated between 
the boiler-house and the drawing-oftice. It can be 
seen in Fig. 2. The driving of the shops from both 
the works power-house and from the sub-station 
receiving power from outside is to be explained 
partly by the fact that successive extensions to the 
shops and number of tools have caused the power 
demand somewhat to outgrow the capacity of the 
works plant. In addition to this, however, the 
dual arrangement is of great convenience in connec- 
tion with testing. When tests of a large engine, 
or a series of engines, are being carried out it is a 
great convenience to be able to turn a large part of 
the shop load on to the sub-station, and so set free 
a great part of the boiler plant for the purposes of 
the tests. From this point of view the boiler plant 
must very largely be looked upon as part of the 
testing installation, which we will deal with 
later. It will be convenient, however, if we 
say here that the plant consists of five Babcock 
and Wilcox land-type boilers with superheaters, 
one having a capacity of 20,000lb. per hour, 
and the remaining four each a capacity of 6000 lb. 
an hour. The large boiler is fitted with a special 
type of superheater damper, by which the amount 
of superheat can be varied as desired, and the 
pion. 2 is of the French induced type, cold air 
being injected upwards through the throat of the 
chimney by means of a steam-turbine-driven fan 
of Messrs. Allen’s own make. The four smaller 
boilers are provided with a single induced-draught 
fan in the flue, driven by a small Allen enclosed 
engine. There are three feed-pumps, one being a 
steam-turbine-driven example of Messrs. Allen’s 
make. The feed-water is treated in a soften- 
ing plant and oil-eliminator. There is, in addition 
to the boiler plant already referred to, an indepen- 
dently-fired superheater by Messrs. Babcock and 
Wilcox, intended for use in connection with steam- 
ing tests. All the boilers are hand-fired with 
Welsh coal, as experience has proved this method 
to be the most flexible and satisfactory for test 
conditions, under which continued rapid fluctuations 
in load may have to be dealt with. 

Having now briefly reviewed some of the main 
features of the works, we may proceed to deal with 
the individual departments in somewhat greater 
detail. A start may be made with the smithy. This 
is housed in a single bay 200 ft. long by 365 ft. 
wide, the roof being carried on lattice girders bolted 
to the side columns. A series of buildings along- 
side, and served by the railway siding, form stores 
for various kinds of bar iron, coal and coke. The 
boiler for the steam-hammers is also housed in 
one of these buildngs. There is a fixed crane 
situated outside the smithy and alongside the rail- 
way siding, which is used for the unloading of heavy 
articles. Its position can be seen in Fig. 1. The 
north end of the smithy serves as a plate-metal 
shop in which ventilating-fans and similar articles 
are constructed. The south end forms the smithy 
proper. A view from the plating-shop end, show- 
log the general arrangement of both departments, 
is given in Fig. 3, on Plate V. The plate-metal 


department contains an installation of pneumatic | 
The smithy proper | 


tools, bending- rolls, &. 
contains eight fires, three steam-hammers, the 
largest being of 20 cwt., and an electrically-driven 
pneumatic hammer for the manufacture of bolts 
and other small forgings. The flues for the fires 
are placed below the floor, and the gases from all 
the hearths are withdrawn by an induced draught 
fan. The blast is provided from an elcctrically- 





driven positive blower. The department is largely 
devoted to the production of forgings in steel, 
including crank-shafts, connecting-rods, pump and 
dynamo spindles, &c. It is not able to handle the 
crank-shaft forgings required for some of the 
larger machines built by the firm. It may be said 
that the cranks of crank-shafts are in general forged 
solid, and are afterwards machined out. 

The pattern-shop is shown in Fig. 4, on Plate V. 
Its main building covers an area of 120 ft. by 50 ft., 
and in conjunction with this there is a separate 
structure containing the large saw-mill and planer. 
This separate structure adjoins the timber stores, 
the two together occupying the buildings which can 
be seen between the pattern-shop and the electrical 
test-bay in Fig. 1. ‘The pattern-shop is equipped 
with the usual pattern-making machinery, includ- 
ing lathes, planing-machines, a band-saw, anda core- 
box-making machine. An interesting and useful 
tool is a large grinding-wheel, on the flat side of 
which small irregular pieces of wood can be shaped, 
corners rounded off, &c. The shop is furnished 
with steam-heaters for use in winter, and is fitted 
with a dust andshavings extraction system consisting 
of a lay-out of galvanised steel tubing connected 
up to a dust collector fan. Before leaving the 
pattern-shop, we may repeat that the pattern 


the stores, &c. On the same side there are two 
cupolas which are operated from a single charging- 
floor. The floor is reached by an electric hoist 
situated outside the north-east corner of the 
building. The bottom of the hoist adjoins the 
railway siding, so that fuel and pig coming by train 
may be stored immediately convenient to it with 
the minimum of handling. The shop - trolley 
system serves the hoist, and loaded trolleys can be 
handled by it. A fixed crane serves the foundry 
store-yard, and is available for unloading railway 
trucks. The foundry is equipped with a number 
of moulding - machines, including pneumatically - 
operated shockless jarring - machines, two pres- 
sure-machines, and a number of hand machines 
for small work. The shop is provided with two 
electric travelling cranes in each bay, or four in 
all. Fettling is carried out at the north end of the 
shop, contiguous to, and in conjunction with, the 
sand-blast plant already mentioned. 

Turning now to the machine-shops, we may 
again refer to the method by which they are so 
divided up that the departments dealing with the 
heavier material are situated the nearer to the 
erecting and testing-bays. This is clearly indicated 
in Fig. 1, while characteristic views in three of the 
departments are given in Figs. 7 to 9, on Plate 
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stores, as already stated, are situated at the north 
end of the works site, and do not appear in 
Fig. 1. They are formed in a fire-proof building 
which has but recently been completed, and 
replaces an older building which was, unfortu- 
nately, burnt down last year. 

There are two foundries, for iron and brass 
respectively. The brass foundry may be dealt 
with first, as it comes next to the pattern-shop, 
as can be seen in Fig. 1. Owing to the class of 
work turned out by Messrs. Allen, the brass 
foundry is relatively of greater capacity and import- 
ance than is frequently the case in works of similar 
size. It consists of three bays each 30 ft. by 
100 ft. Castings, in various alloys, up to about 
3 tons are run, the greater part of the work being in 
Admiralty gun-metal A great many castings are, 
however, turned out in special high-tension bronzes, 
while much work is done in connection with white- 
metal bearings, &c. A view showing part of the 
foundry is given in Fig. 5, on Plate V. For the 
larger castings there is a reverberatory furnace with 
a capacity of 3 to 4 tons, and for smaller castings 
there are four coke-fired tilting furnaces. There 
is a producer-fired core-oven having very uniform 
heating and capable of easy regulation. The 
foundry is fitted with three overhead electric 
travellers. The fettling and dressing of castings is 
carried out at the southern end of the shop. There 
is a sand-blast cleaning plant for use in connection 
with both foundries. It is situated in the building 
shown to the west of the controller-shop in Fig. 1, 
and consists of a self-contained sand-blast machine 
of the rotating-drum type, and, in addition, a sand- 
blast chamber in which larger castings are treated 
by playing on them with a hose. A special motor- 


driven air-compressor is fitted for the sand-blast 


plant. 
The iron foundry is shown in Fig. 6, on Plate V. 


‘It consists of two bays, each 30 ft. wide and 


350 ft. long. There are, in addition, smaller 
sections adjoining the eastern side containing 
the various appliances for sand and loam mixing, 
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VI. Fig. 7 is the automatic shop, Fig. 8 the 
milling-bay, and Fig. 9 the heavy-machine bay. 
The machine-shops occupy in all five bays, each 
30 ft. wide by 150 ft. long. It is not necessary to 
refer in any great detail to their equipment, as it 
does not greatly differ from other good examples 
of modern machine-shops. The machines are, in 
general, driven in groups from line -shafting 
carried either by the overhead crane girders 
or the roof columns. The shafting is mostly 
carried in swivel bearings. Many of the larger 
machines are independently driven, there being, 
for instance, five planing- machines with elec- 
trical reversing-gear. As will be gathered from 
Fig. 1 and Figs. 7 to 9, the machinery is segregated 
into types as far as possible. The south end of the 
most westerly aisle forms the automatic shop, and 
contains a series of automatic and semi-automatic 
lathes, while the northerly end of the same aisle 
contains a fine installation of milling-machines. The 
next section contains all-gear centre and chuck- 
lathes, boring-mills, drilling-machines, &c., while 
the heavy-tool bay, in addition to planing-machines, 
contains some fine crank-shaft centre-lathes, large 
boring-machines, &c. The heavy machines are 
served by three electric travelling cranes, while 
there are several hand-travellers for the smaller 
machines. There is an overhead traveller working 
along the aisle which runs across the north end of 
the various bays, and this traveller serves to trans- 
ort large articles from one section to another. 

he shops are heated by coke-stoves. 

The space between the heavy-machine bay and 
the testing department forms the erecting and 
fitting-shops for engines, condensing plant, turbines, 
&c. It is 40 ft. wide and 150 ft. long. The shop 
is fitted with vice-benches, face-plates, erecting- 
beds, &c., and is served by an electric travelling 
crane and numerous small jibs swung from the 
roof standards. Pumps are erected in a separate 
shop, which, however, like the engine-shop, is 
situated conveniently close to the testing depart- 
ment. It is 49 ft. wide and 110 ft long, and lies 
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between the iron foundry and the packing-bay, as 
can be seen in Fig. 1. A view of the shop is 
given in Fig. 10, on Plate VI. ; as will be seen from 
that figure, it is fitted with an electric travelling- 
crane and numerous jib-cranes. After passin 
through one or other of the erecting-shops a 
machines go through the testing department, which 
we deal with below, and are then taken to the pack- 
ing bay for shipment. This bay is directly con- 
nected with the main-line railway sidings, as is 
shown in Fig. 1. 

The tool-room, of which a view is given in Fig. 11, 
on Plate VII., occupies a central position in the 
works. Its south end—i.e., the end nearest to 
the machine-shops—serves as a tool and gauge- 
stores, and is fitted with a series of racks which 
contain a fine equipment of internal and external 
limit-gauges for use in the shops. The remaining 
part of the tool-room contains an equipment of 
lathes, universal milling-machines, and grinding 
machinery for the manufacture of special tools, 
milling cutters, gauges, and the maintenance of the 
works tool plant. The tool-room also contains 
special grinding machinery for dealing with milling 
cutters, drills, band-saws, &c. It also contains 
two pantograph engraving-machines for the manu- 
facture of number-plates, &c. For purposes of 
comparison and reference, there are sets of standard 
cylindrical gauges, both internal and external, 
screw-gauges, face-plates, &c. In a special room 
opening from the tool-room there is a 4-ft. measur- 
ing-machine which has a rule standardised by the 
National Physical Iaboratory. The general stores 
is situated next to the tool-room. It contains the 
usual type of stock, together with a large collection 
of standard parts for machines going through the 
shops, which are set aside and ticketed in the stores, 
so that they are at once available when the works 
call for them. The stock of shop drawings is also 
kept in the general stores. 

For the purely electrical part of Messrs. Allen’s 
business three shops are set aside. Their positions 
can be seen in Fig. 1. The first shop, which lies 
alongside the tool-room, and of which a view is 
given in Fig. 12, on Plate VII., is used for the 
construction of dynamos and motors. It consists 
of two bays, each 30 ft. wide and about 100 ft. long, 
and contains a machinery equipment of lathes and 
other tools for dealing with machine-frames, &c., 
as well as winding, braiding, and other machines 
for the manufacture of coils. It is served by two 
overhead travellers. The second electrical shop is 
a new structure, and for the present is used only 
for electrical testing. It is an independent build- 
ing lying to the north of the main works buildings. 
The testing equipment in this shop, of which a view 
is given in Fig. 13, on Plate VII., is very com- 
plete, and — for the testing of all kinds 
of electrical gear. As Fig. 13 shows, there 
is a wire-resistance plant for loading tests. This 
new shop is fitted with two electric travelling- 
cranes. The third electrical shop serves for the 
manufacture of electrical switches, starting and 
controlling gear, resistances and dynamo-brush 
gear. It is situated at the northern end of the 
iron foundry. The shop is furnished with a collec- 
tion of tools suited for the small type of manu- 
facture with which it deals, and is fitted with 
a gallery, on which electrical material is stored. 
It is the only shop in the whole factory which is 
not entirely on one floor. Before passing on to the 
testing department we should refer to the mill- 
wrights’ shop, which, as can be seen from Fig. 1, 
is placed between the brass foundry and pattern- 
shop and the north of the winding-shop. It is 
used for works maintenance and repairs. e auto- 
matic electrically-driven compressed-air plant for 
shop tools is situated opposite the millwrights’ 
shop in the corner formed between the general 
stores and the brass foundry. 


The testing department and the various testing | 
arrangements form some of the most importanu | 


features of Messrs. Allen’s works. For material- 
testing there is a 30-ton Buckton single-lever 
testing-machine with autographic recorder, which 


stores. A view of this machine is given in Fig. 14, | 


on Plate VII. 
compression, bending, and torsion. 
is collected at this machine, and is not allowed to 
pass into the factory until the necessary tests are 
carried out, when required, of course, in presence 
of customers’ inspectors. Fig. 14 shows some 
forgings with the test-pieces attached. As is well 
known, all Admiralty forgings have to be made 


It is adapted for tests in tension, 


with such test-pieces, which are cut off and tested 
before the forgings are allowed to go forward for 
machining. he main testing department, in 
which engines, pumps, and fans are tested, lies 
between the erecting-shop and boiler-house. It is 
formed by a single bay 30 ft. wide and 130 ft. long, 
and is fitted with steaming beds for the temporary 
fixing of steam-engines and dynamos. A view of 
the bay, with high-speed engine electrical sets 
on test, is given in Fig. 15, on Plate VIII. 
Engines under test are supplied with steam from 
the boiler plant we have already described, 
any degree of superheat being available. The 
steam and exhaust mains are carried along the 
entire length of the boiler-room side of the bay. 
There is a surface-condensing plant fitted in con- 
nection with the testing-bay, and adapted for the 
accurate measurement of steam consumption. At 
times of light shop-load it may be operated in 
connection with the shop cooling-tower, but, when 
necessary, the condensing water may be turned 
into the large cooling-pond which is situated along- 
side the dynamo-shop in the works grounds, and 
which can be seen in Fig. 1. The testing-bay is 
fitted with an hydraulic dynamometer for directly 
testing brake-horse-power outputs, with various 
Crosby indicators, a Hopkinson optical indicator, 
and various electrical instruments, a potentio- 
meter, &c., for measuring the output of the elec- 
trical ends of generating sets. e side of the 
testing-bay next to the erecting-shop is formed by 
a large switchboard carrying the various electrical 
instruments and switches for the control of the 
electrical part of the test. A large loading resist- 
ance is provided above this board. 

For use in connection with the testing of centri- 
fugal pumps there is a covered-in tank, having a 
capacity of about 28,000 gallons, situated at the 
southern end of the bay. Such pumps are tested 
on Venturi meters, and there is an equipment of 
four such Venturi tubes with gauges. The largest 
tube has a diameter of 32 in., so that the larger 
pumps can be easily dealt with. Characteristic 
views showing the testing of centrifugals are given 
in Figs. 16 to 18, on Plate VIII. Fans are tested 
en an interesting appliance which is shown in 
Fig. 19, on page 110. It consists of a large air- 
duct, into which the fan discharges, and which 
leads to a flat rectangular perforated plate, clearly 
shown in the figure. The holes in the per- 
forated plate are so arranged that any number 
of them can be plugged up, so that the output of 
air through the plate may be varied to suit the 
capacity of the fan under test. At the back of 
the perforated plate—i.e., at the opposite side 
from that shown in Fig. 19, and a short dis- 
tance away from it—there is a wire screen 
divided into squares of about 8 in. side. When 
a fan is under test the casing, which is removed in 
Fig. 19, is fixed in place, and the perforated screen 
having been adjusted to suit the output, the fan is 
started. The output is then measured by means 
of an anemometer placed successively in all the 
squares of the wire screen. The mean of all the read- 
ings obtained gives a measure of the air flowing. 
It may be said that it is the practice of the firm 
when dealing with a batch of similar fans on a 
single order, to test one of them for output with this 
appliance and to test the others mechanically by 
running over speed in a closed casing. 

The details we have given of the testing plant 
will indicate the thorough character of Messrs. 
Allen’s practice and the care with which they work. 
It is ible, however, that a further feature of 
their plant will be held by many to show even more 
clearly on what a scientific basis their works is 
founded. This feature is certainly an uncommon 
one in a manufacturing works—more uncommon 





All material | 


than an adequate testing plant. It consists of a 





produced in the shop foundries, are subject to 
examination in the laboratory. 

Befere concluding this description we must 
make reference to work which has been done by the 
firm in connection with the comfort and entertain- 
ment of the employees. The most striking feature 
of this work lies in the works institute, which was 
built and equip by Mr. W. H. Allen in com- 
memoration of the twenty-fifth anniversary of the 
founding of the company. It contains a large hall, 
with a kitchen attached; it is used as a dining- 
room in the day-time, and is available for social 
meetings in the evenings. The institute also con- 
tains a library and billiard, reading, smoking, and 
games-rooms. Adjacent to it there are the grounds 
of the works tennis and bowling clubs. It is well 
known that Messrs. Allen have an excellent pupils 
and apprentices’ system, many of those from both 
classes ultimately passing to important positions in 
the works. As evidence of the interest which is 
taken by the firm in its pupils, we may mention 
that the Queen’s Engineering Works ine—a 

early and most excellent production of the firm— 
Res a section detailing the movements and occupa- 
tions of old pupils who have passed through the 
works in former years, and proceeded on to other 
firms and new itions. The details given in the 
magazine for this year show that old Allen men are 
likely to be met in all and every habitable part of 
the globe. In a final sentence we must thank 
Messrs. Allen for the facilities they have placed 
in our way for the preparation of this description 
of their works. 
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Tue enlarged traffic on roads, due to the more 
eneral use of motor vehicles, has compelled such 

increased attention to the methods adopted for 

securing the necessary conditions of permanence 
and smoothness, with economy of maintenance, 
that the publication of technical treatises detailing 
experiments and results might be expected. The 
books before us, however, are not new, and have 
not been suggested by recent improvement in loco- 
motion. Both have been before the public for 
some years, they have been submitted to the 
criticism of many road engineers, and embody 
the result of a vast amount of experience. Natu- 
rally, these authors cover much the same ground, 
quote the same authorities, and supply the same 
information on the same points. he piquancy 
that would arise from the detection of contra- 
dictory statements is denied us. The agreement 
is the more thorough and precise since both deal 
with American processes, and the authors have 
acquired their experience under approximately 





similar conditions. These books cannot fail to be 
of great service to those having c e of roads in 
this country, whether urban or rural, especially as 


increased activity is being shown in the case of our 
roads, due to the action of the Road Board estab- 
lished in 1909. Under the powers of this Board a 
considerable sum of money, drawn from the tax on 
motors and on motor fuel, has been already granted, 
and more will be allotted with the view of improving 
not only the main roads, but also those connecting 
rural areas. A distinct effort is to be made to 


complete micro-photographic plant for the micro- | provide a road surface that will diminish the nuisance 


scopic examination of metal and alloys. 
Allen, as 


Messrs. | arising from mud and dust due to traffic, and 
large Admiralty contractors, have | possessing such qualities of permanence that the 


naturally to pay much attention to the quality | cost of future upkeep shall be within the means of 
of the materials they use, but we think they have the funds drawn from local sources. Broadly 
carried the scientific examination of that material | stated, the object of the authors is to show 
is housed at the northern end of the general to a higher degree of refinement than is at all| how the objects contemplated by the promoters 


usual, 

The micro-metallurgical outfit, which is by Zeiss, 
is illustrated in Fig. 20, on page 110. In connec- 
tion with it there is a complete equipment of fur- 
naces, balances, &c. The outfit is situated in the 
chemical and metallurgical laboratory, which is, of 
course, planned for the chemical, as well as the 
microscopic, examination of materials. Iron, steel, 
and alloys purchased from outside, as well as those 


of the Act can be effected by inting out 
what has been already nd OE py Useful as 
is the information supplied in road construction 
—yet more, perhaps, than in any other branch 
of engineering—it is impossible to = with 
the exercise of individual judgment. e number 
of contributing factors is so great that every 
case has to be decided on its merits. It does not 
need the concurrence of our two authors to convince 
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have to take directions deter- 
mined by topographical con- 
siderations. Hence Mr. 
Spalding’s work is much 
fuller on rural economics and 
the necessities and methods 
of drainage, in order to give 
stability to roads of primitive 
construction. Valuable, if 
somewhat obvious, directions 
are added on the selection 
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us that roads, both in direction and in character of 
construction, are more frequently made by compro- 
mise than by science. Local conditions and neces- 
sities will outweigh a reasoned prudence, business 
and property interests demand paramount con- 
sideration, contingencies arising from possible ex- 
tension and the need of prospecting influence 
decision. The paucity of funds is apt to limit 
ambition, while the frontagers, or the abutters, as 
.our authors call the owners of property on the 
line of route, will each have his own view of the 
ot gd treatment of a very intricate technical prob- 
em. An ideal pavement, by which is meant the 
artificial surface of a roadway intended for vehicular 
traffic, should be cheap to construct, it should be 
easily cleaned, present little resistance to haulage, 
afford good foothold to horses, be inexpensive to 
maintain, free from mud and dust, and be sanitary. 
Each of these requirements, with some others, will 
appeal with very varying force to those concerned, 
giving rise to more or less determined opposition. 
Happy is that engineer who can satisfy a majority 
of his clients. Apart from this incompatibility of 
interests, it would seer that the experience of one 
city, or of one decade, has not benefited any other 
very greatly : both in time and place a distinct 
solution has to be found for immediate require- 
ments. This kind of isolation, with possibly need- 
less repetition of experiments, has been due to 
want of communication between city engineers. 
Official reports and technical journals have done 
much to spread accurate information, to accumu- 
late experience, and have made it possible to 
produce such books as those before us, whose chief 
merit lies in the collection of trustworthy statistics 
and details that have been submitted to expert 
criticism. 

The main difference in the treatment of the 
subject by the two authors is the greater attention 
paid to road construction by Mr. Spalding. In 
the first part of his book he gives useful hints for 
long-distance road-making, a subject entirely 
ignored by Mr. Tillson. The former recognises that | 
villages have to be connected, that farmers remote | 

from towns have to bring their produce to markets, 
and that earth roads, which may be an abomina- | 
tion to the town dweller, have to be employed and | 





of routes, the avoidance of 
steep gradients, and the 
gradual improvements that 
can be made in such roads 
when the increasing traffic demonstrates the 
necessity. The construction of any roadway is 
an expensive business, and in America, as with 
us, the original cost is a charge on the property 
for whose benefit the road is made. Each State or 
district apparently adopts its own plan for raising 
funds, and it is rather surprising to find that in 
some parts a kind of enforced labour is requisi- 
tioned. When a new road is acquired it is usual 
to assess a poll-tax against each voter in the dis- 
trict, payable in money or labour, at the option of 
the owner of the property. As might be expected, 
the labour provided = such poll-tax is usually in- 
efficient, the men do not work on the roads long 
enough, or regularly enough, to become expert ; and, 
moreover, it is not possible to have the work done 
when it is needed, but when the employer can 
spare the workmen with the least inconvenience to 
his own affairs. The plan seems antiquated, and 
might disappear with advantage. In towns another 
system more akin to ours obtains, but is not with- 
out its mischievous side. The law requires the 
property owner to pay for the first cost of pave- 
ment, the municipal authorities to pay for all 
future paving and repairs. The consequence is 
that the thrifty owners put down a cheap form of 
paving, submitting to the discomforts of dust and 
unevenness for the sake of avoiding a heavy 
assessment. 

The form usually adopted is that of broken stone 
or granite, so much in use in this country, and 
here we would say that we think both authors are 
inclined to be unjust to Macadam and his system. 
They contend, especially Mr. Tillson, that such 
roads are dusty, require much watering, and accu- 
mulate quantities of mud. But it should be 


|remembered that neither Macadam nor Telford 


contemplated the use of 15-ton rollers, and the 
employment of mud binding to fill up the inter- 
stices between the stones. They insisted upon the 
importance of keeping out all water, or clay, or 


|earth, relying upon the broken stone uniting to 


form a solid body. It is true that very much dis- 
comfort was entailed on those who used the road, 
since the vehicle had to do the work of the roller 
in forcing the stones into a closely-compacted 
surface, but the advantage was that the voids 
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were filled up by the chip and grit from the 
stones themselves. When mud sweepings are used 
to consolidate a road quickly by means of heavy 
rolling, the water evaporates in dry weather, the 
binding is diminished, and the stones are loosened 
and move, leaving holes for water to lodge in again. 
There are other evils attending the use of a roller 
on unsuitable materials into which it is not neces- 
sary to enter. The point we wish to make is, that 
Macadam and his school devised means to keep 
water out, and that it is not just to attribute to him 
the evils which have been introduced by the demand 
for a quickly made road, ready for use. 

In Mr. Tillson’s work, as suggested by the title, 
the materials for road-making are dealt with more 
exhaustively than the methods of road construction. 
Considering the roadway, or pavement, as formed 
of a foundation whose purpose is to support the 
weight of traffic, and a road covering which acts as 
a buffer or carpet, adding to appearance and in- 
creasing the convenience, while doing its work by 
elasticity, then Mr. Tillson deals mainly with the 
many forms this elastic covering can assume, 
whether it be asphalt or concrete, brick or 
wood, or some form of macadam, which it is 
usual to regard, or at least to describe, as 
‘* water-bound ” roads. The author has kept in 
view the intention of making his book valuable 
to the practical engineer who needs information 
on special subjects and methods. He has therefore 
entered into great detail on costs and organisation, 
on plans and specifications, in addition to abundant 
details connected with the chemical composition of 
materials and their suitability for paving, as deter- 
mined by ingeniously-contrived mechanical tests. 
The author has collected his facts from a great 
variety of sources; perhaps no material fact that 
could be of assistance is omitted, but experiment 
is yet in its initial stage, and much time, patience, 
and experience are required to interpret the results. 
It will be remembered that our Road Board has 
made arrangements on a representative piece of 
road to test no less than twenty-three different 
processes, and before the test is —— this 
number will probably be increased. Finality is 
still far off, but the activity displayed by so many, 
and in such different quarters, is a welcome sign, 
since the economic importance of the problem can 
hardly be over-estimated. For time and progress 
have introduced another factor, upon the gravity 
of which both authors insist : that is, the combina- 
tion of tram-lines with the surface of the roadway, 
introducing not only a breach of continuity in the 
covering surface, but adding the necessity of pro- 
viding for a 12-ton car propelled by electricity 
at ibly 15 miles an hour. In many towns the 
maintenance of the tramway is not under the same 
authority as that of the control of the roads, 
whence it happens that friction is not always con- 
fined to the rolling-stock. There seems to be 
only one possible solution, and this is gradually 





being adopted, to make the track a part of the 
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pavement itself, and not a separate and definite 
part of the work. 

Our roads are in a transition state. What suf- 
ficed for horse traffic is not suitable for motors and 
electrically-driven trams. What will be the out- 
come? Mr. Tillson is inclined to trust to some 
form of asphalt pavement, as being on all grounds 
the best adapted to meet growing uirements. | 
‘*It will,” he says, ‘‘ sustain traffic without being 
damaged and, in fact, is benefited by quite severe | 
traffic. It is smooth, pleasant to drive over, | 
almost noiseless for carriages, and can be kept 
absolutely clean. It is impervious to water or 
moisture, and consequently as a sanitary pavement | 
is without a mS is considered hy some to be 
expensive, and it is when compared with some of 
coarser rock pavements, but those who have tried it 
have no doubt but that they have received value for 
their money.” The ibilities of asphalt are far 
from being exhausted. Improvements are likely to 
be rapid since engineers are apparently agreed that 
the road of the future must be a truly bound road, 
in which the stone, whatever its nature, is held 
together by some bituminous material, so as to 
form a crust possessing real cohesion into which 
water cannot make its way. The days of mud- 
bound roads are numbered. It is known that a 
road can be constructed with a surface of even 
texture, strong enough to resist the pressure of 
constant and heavy traffic, and one that will 
materially reduce the haulage power required to 
move a given weight. On such a r puddle 
holes need not form to let the water filter through, 
neither will there be mud in winter and dust in 
summer, but where at all times a certain amount of 
resilience will add ease and comfort to locomotion. 
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Tue INTERNATIONAL AssocrATION FOR TesTING Ma- 
TERIALS.—Supplementing our note on the meeting of the 
British members of this Aseociation (see page 90 of last 
week’s issue), we have to state that members of the 
committee appointed to consider the organisation of the | 
British Section, to devise steps to increase the British | 
membership, and to arrange for British representation on 
the various committees are:—Dr. W. ©. Unwin, Sir 
Archibald Denny, Bart., Messrs. Leslie S. Robertson, 
F. W. Harbord, W. Rosenhain, E. O. Sachs, D. B. 





Butler, and F. Tomlinson. 


THE COMMERCIAL MOTOR VEHICLE 
EXHIBITION. 


Txe Commercial Motor Vehicle Exhibition, orga- 
nised by the Society of Motor Manufacturers and 
Traders, Limited, which opened at Olympia on 
the 18th inst., marks a distinct epoch in the 
progress of the motor-vehicle. The success of the 

leasure-car has for many years been assured, but 


it is only comparatively recently that the com- | 


mercial motor has begun seriously to oust the horse 
from his place. The last commercial vehicle exhi- 
bition at Olympia took place in 1908 (see ENGINBER- 
ING, vol. lxxxv., pages 444 and 463), and the progress 
since that date has been enormous. e most 
obvious example, no doubt, is the motor-bus, which 
has since then been completely revolutionised. It is 
only a very short time ago that the motor-bus was 
not only a machine of great weight and inconvenient 
to handle, but one which made a noise which was 
perfectly distractiag; also it frequently broke down. 
Now the motor-bus, though not absolutely silent, 
compares well with many of the best pleasure- 
cars of a very short time ago, while its weight 
has been greatly reduced, and, at the same 
time, its reliability increased. Not only has the 
horse-omnibus therefore become almost extinct, 
but motor-buses run to places which it would be 

uite impossible to reach with the horse-omnibus. 
n addition to this, there is a large and growing 
trade in motor char-a-bancs, which are now being 
often used to take pleasure parties runs of from 
100 miles to 150 miles in the day. The taxi-cab 
has also developed from an experimental machine 
of small importance into one dealing with a very 
large proportion of the traffic of large towns, and 
one which is completely taking the place of the 
horse-drawn vehicle. 

Motor goods traffic has not developed at the same 
rate, but it is still rapidly crowding out horse-drawn 
traffic, and is also developing lines of its own 
which could never have been filled by the horse. 
Traders are, for instance, delivering goods free at 
distances which would be quite impossible without 
the aid of the motor. It is clear also that this 
branch has enormous possibilities before it, and 
that it will develop very greatly in the near future. 

The field covered by the various exhibits at 
— is therefore very large, beginning with the 
parcel-carrier, which is only intended to carry two 
or three hundredweight, and ending with the heavy 
lorry to carry several tons. Even this does not 
really represent the whole range of vehicles used 
commercially, for it is quite common for both 
motor-bicycles and side-cars to be used by com- 
mercial travellers. As these have an exhibition of 
their own, however, they are not represented. In 
addition to the demand for vehicles for ordinary 
work in England, there is a very large market for 
motor vehicles for special purposes. Thus in the 
various colonies and in foreign countries motor 
traffic can be profitably used, but in many cases 
the vehicles must be specially designed to suit the 
roads, or, rather, in some cases, absence of roads, 
in the district. Other conditions, such as extremes 
of climate, may entail very special vehicles being 
built for various parts of the world, differing con- 
siderably from each other. 

A still further development is the motor fire- 
engine. It must have been evident for a very 
long time to those who thought about the matter 
at all that it was perfectly absurd drawing a fire- 
engine to the scene of a fire by horses when it 
had its own motive power on board. In the first 
place, the fact that it had to be horse-drawn limited 
the weight, and therefore the pumping power, very 


seriously, and, in the second, kept the speed at | i 


which it could travel comparatively low. Yet it is 
only in quite recent years that any attempt has been 
made to produce self-propelled fire-engines, at all 
events in England. is was first done by simply 
connecting the pumping-engine of the ordinary 
‘* steamer ” tothe driving-wheels. Later, however, 
pence fire-engines were produced which 

ve many advantages. They can be got under 
way quicker, and, further, can go any distance 
without picking up water—a most important point 
in country districts; also great power can be put 
into a very moderate weight. 

A still further development of the motor which 
looms in the future is its application to army trans- 
port. It is quite clear that in the near future it 


will be absolutely necessary to have an enormous | 


amount of motor transport to supply an army in 
the field, and the problem is, therefore, how to 


| supply it. For the army to own enough vehicles 
|for the purpose is impracticable, and therefore, in 
{common with other countries, our War Office is 
| arranging for motor-lorries to be subsidised, so as 
| to be available in time of war. It is quite clear 
that there are several points in which the 
; requirements of the army will differ from those 
of the commercial user, and therefore the War 
Office has formulated a specification for vehicles 
eligible for subsidy. This subject was dealt with 
in a paper read by Colonel H. C. L. Holden, 
C.B., before the Imperial Motor Transport Con- 
ference, on Wednesday last. In it he dealt with 
the importance of having the vehicles standardised 
in certain directions, and also with the special 
requirements of the army. 

The necessity for a certain amount of standardi- 
sation is obvious, as it is highly desirable that any 
driver shall be able to drive any vehicle. In order 
that this should be the case it is provided that all 
vehicles should have the same control motions, and 
have all the driving levers in the same positions. 
This means that if shifted on to a fresh vehicle a 
driver will not be liable to make mistakes, even if 
thoroughly overtired, as men in war time generally 
will be. It is also necessary that many parts likely 
to require replacement should be standardised, so 
that replacements can be made in the least possible 
time, and the number of spares reduced to a mini- 
mum. For this reason such parts as ball-bearings 
must be to certain standards, while the fixings of 
magnetos and radiators must be standardised to 
facilitate replacement. 

Apart from details, the principal requirements of 
the War Office are in regard to weight, ground 
clearance, hill-climbing, power, &c. The vehicles 
are to be called ‘‘ Class A” and ‘‘Class B.” The 
former must carry a useful load of 3 tons on a gross 
weight not exceeding 7} tons, this being the weight 
limit for military bridges. Allowing for three men 
and their kit and for the body, this allows about 3 
tons for the chassis. This is a considerably smaller 
proportion of tare to loaded weight than is usual in 
commercial vehicles. Class B must carry 30 cwt. 
useful load on 5 tons gross, the weight available for 
chassis being about 2 tons 5 cwt. It is preferred 
that the chassis weights be kept below these figures. 
The vehicles must have 12 in. minimum ground 
clearance, have maximum speeds of 16 and 20 miles 
per hour respectively, and climb 1 in 6 either 

oaded or light. The engines must be fitted with 
a governor confining them to 1000 revolutions, 
this preventing injury from the engine racing, and 
facilitating the running of the vehicle at one speed 
in convoy. They must have live axles and four- 
cylinder engines, with maximum diameters of 
110 mm. and 100 mm. (4% in. and 4 in.) respectively. 

At the above meeting another paper was read by 

Captain A. E. Davidson, R.E., dealing with the ad- 
vantages of a subsidy scheme, and the best manner 
of carrying it out. In this paper the history of 
our own War Office scheme is outlined and compared 
with those of other countries. From the comparison 
it appears that Great Britain requires the greatest 
degree of standardisation, but pays the smallest 
subsidy of any country, the total amounts being: 
Great Britain, 110). or 120/.; France, 300. ; 
Austria, 350] ; Germany, 4501. The reason given 
for these differences is that motor traction had 
developed to a far greater extent in England than 
elsewhere, while in Germany it had to be practi- 
cally created by subsidy. Germany goes in for the 
heaviest and slowest type of lorry, 4 tons load on 
the lorry and 2 tons on the trailer ; France for the 
lightest and fastest (2 tons load). It is stated that 
in — there are far more commercial vehicles 
in Great Britain than in any Continental country. 
Several other papers were read at the above-named 
meeting. Colonel Crompton dealt with the construc- 
tion of motor vehicles for going over really rough 
country, and pointed out the possibilities of really 
large wheels and powerful winding gear. Captain 
R. K. Bagnall Wild, R.E., dealt with the question of 
vehicles for colonial requirements, and again em- 
phasised the importance of large wheels and tyres, 
also radiators, &c., suitable for a considerable range 
of climate. 
* Mr. Horace Wyat discussed the means for making 
a subsidy scheme a success, and emphasised the im- 
portance of rendering a subsidy type of vehicle one 
which will commend itself to the commercial com- 
munity, and, if possible, of doing this in conjunction 
with our Colonies. 

Returning now to the Exhibition at Olympia, and 
| reviewing the Show as s whole, it is natural to find 
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that the most striking progress should be shown 
by the internal-combustion engine. The steam- 
lorry as well as the steam-tractor are, of course, 
represented, but compared with those propelled by 
petrol-engines, remain much what they were, except 
for matters of detail. This is natural, for the 
steam-engine has been on the road for a long time, 
and therefore there is less room for improvements 
in it. Steam vehicles appear to have settled down 
to a more or less fixed type, which is, generally 
mg the development of the traction-engine. 

hus the steam-tractor is a small traction-engine 
pure and simple, while the steam-lorry is almost 


invariably a small traction-engine with a lorry | 


body behind it. There are still a few steam 
vehicles with special types of boiler, &c., shown, 
but they are obviously in a small minority. To 
what extent the steam vehicle will maintain its 
position in the future it is impossible to say. It 
has many advantages, especially where coal is cheap 
and plenty of good water available. 

The tendency appears to be, however, to adopt 
the petrol-engine for most purposes, owing to its 
lightness, and therefore low tare weight. This is 
a matter of great importance, especially when rubber 
tyres are used, as influencing the wear on them. 
In reviewing the petrol-driven vehicles the two 
most striking features are : firstly, that the very 
large majority appear thoroughly workmanlike, 
and likely to give satisfactory results; and, 
secondly, that they seem to be almost entirely de- 
velopments of the pleasure-car. In former years 
a very large proportion of the exhibits were more 
or less freaks, and those in which all the parts were 
thoroughly up to hard work were few. Now, how- 
ever, although doubtless there are defects in some 
exhibits in detail, there are very few vehicles exhi- 
bited which a purchaser could not rely upon to give 
satisfactory service. The influence of the pleasure- 
car on the commercial vehicle is very obvious. 
The four-cylinder engine placed in front with fric- 
tion clutch and sliding gear is practically universal 
for all, except for the very largest and smallest 
sizes," the former of which have six cylinders, 
and the latter two or one. In the smaller sizes of 
chassis used for taxi-cabs and small vans the live 
axle and bevel drive is also usual, and pneumatic 
tyres are practically universal. The principal 
variations in the larger sizes are entailed by the 
greater reduction required between the engine and 
back axle. A direct drive on the top speed is now 
usual in the gear-box ; hence no reduction in speed 
is possible there. As the speed of the heavy 
vehicle is much less than that of the pleasure-car, 
while the engine speed is nearly as high and the 
wheels larger, a ratio between the gear-box and 
back wheels of something from 6 to 10 to 1 is 
—— This cannot be got on a single bevel, 
and other means must be used. The most obvious 
arrangement is to use the chain-driven axle, and 
this is largely adopted, and has many distinct 
advantages, as the differential gear can be placed in 
the gear- box. Alternatively, a live axle with a 
worm drive is used by many makers. If this will 
stand heavy work satisfactorily, without loss of 
power through friction, it is no doubt the best 
solution ; but it is evident that makers are not yet 
agreed as to this. An alternative plan used by 
several exhibitors is to have a short countershaft 
in the live back axle, and to make the reduction in 
two stages, spur and bevel gearing being employed. 
A further plan is to have the bevel and differential 
on a cross-shaft carried on the back axle, each end 
of the cross-shaft driving one of the road wheels 
through internal gear. In general constructional 
details the commercial vehicle has a strong ten- 
dency to follow the same lines of development as 
the pleasure-car, provision being, of course, made 
for heavier loads and longer working hours. Thus, 
pressed - steel frames, 4 - section front axles, 
Ackerman steering, &c., have all been adopted 
from the pleasure-car. Similarly, the engines are 
practically pleasure-car engines, built somewhat 
more substantially and run at a lower speed. In 
fact, in some cases makers are using identical 
engines for pleasure-cars and lorries. High-tension 
magneto ignition is universal. The tendency is to 
cast the cylinders in pairs, though examples of 
cylinders cast en bloc and separately are shown. 

In the matter of wheels and tyres, the smaller 
vehicles follow pleasure-car practice, and have 
wood wheels and pneumatic tyres. In some cases 
pneumatics are used for comparatively heavy 
weights, and twin tyres are employed to avoid 
sections of excessive size. For all the larger 





| petrol - lorries, however, solid - rubber tyres are 

used, and these are generally fixed on cast-steel 
| wheels, The steam-lorries often have wheels of 
the traction-engine type with steel tyres, but 
}even in the steamers the tendency is towards 
|rubber tyres. The tractors, of course, follow 
| traction-engine practice, and have the same type of 
wheels. The question of steel versus rubber tyres 
| probably depends entirely on two points : first, the 
speed, and, second, the size of the wheels, as these 
dealt with. Thus the tractor has large wheels, 
/about 60 in. and goes at a moderate pace. The 
|steam-lorry has wheels about 40 in. and goes 
slightly faster, while the petrol-lorry has the same 
sized wheels as the steam-lorry and is generally 
lighter and driven faster. Hence it is found that 
the damage from vibration with iron tyres is 
greater than the cost of rubber tyres. As the 
tendency of all speeds is to increase, there can 
be little doubt that the rubber tyres will be 
more and more used, and that the tare weight 
of the vehicles will have to be kept low to avoid 
excessive wear. This will have an important 
influence on road maintenance, as it is clear that 
on many types of road surface the wear produced 
by the rubber tyres is very small indeed. 

After these remarks on the general ideas which 
are exemplified by the Show asa whole, we will now 
turn to some of the individual exhibits and deal 
with them in detail. 

An excellent and very varied display is made by 
Messrs. Dennis Brothers (1913), Limited, of Guild- 
ford. It consists of 5-ton and 2-ton lorries, a 
char-a-banc, an ambulance, three fire-engines, and 
a War Office subvention-type chassis. e hope to 
deal with this latter exhibit next week, and in the 
meantime illustrate one of the fire-engines which 
are exhibited. This is shown in Fig. 1, on 
page 111. It has been built for the Basingstoke 
Corporation, and is fitted with a turbine-pump 
capable of delivering about 300 gallons of water a 
minute at 120 1b. pressure, and up to 400 gallons 
at lower pressures when working through 100 ft. 
of 2}-in. diameter canvas hose. An air-pump 
charging apparatus is fitted, which is of a capacity 
to obtain water from 26 ft. to 27 ft. in from 20 
to 25 seconds, the oe being disconnected 
when the main pump is charged. A 35-gallon first- 
aid water-tank is carried, and a 30-ft. escape ladder 
as shown in the figure, as well as 180 ft. of first- 
aid hose, 

The engine is capable of developing 45 horse- 
power, and a petrol-tank of 20 gallons capacity is 
fitted under the driver’s seat. The petrol supply 
is sufficient to — the — running continuously 
for at least four hours. e vehicle can travel at 
30 miles per hour, and is capable of ascending a 
gradient of 1 in 6 with full load. The gear-box 

ives four speeds forward and one reverse. A foot- 
rake operates on a drum on the gear-box shaft, 
while the back wheel brakes are of the internal- 
expanding type. The brakes can hold the vehicle 
on a gradient of lin 6. The frame is of channel 
steel and the wheels are of the artillery pattern with 
K.T. tyres, as will be seen from the figure. 
Among the exhibits likely to attract much atten- 


tion the ‘‘ Pedrail”’ must certainly be placed. It 
is shown by Pedrail Transport, Limited, of Wyfold- 
road, Munster-road, Fulham, London, S.W. It 


will be seen at once from Figs. 2 and 3, on 
page 111, which illustrate the new pedrail, that the 
appliance has undergone great transformation since 
it was last brought to — notice some few years 
ago. At that time the hinged feet were carried 
round the circumference of a wheel, and the whole 
arrangement was not unlike an ordinary vehicle, 
with the hinged feet added as an extra. In the 
new pedrail the feet are carried by an arrange- 
ment of chains carried between two axles placed 
at such a distance —- that always either two or 
three feet are on the ground at a time, and the 
downcoming foot approaches the ground at a 
velocity not exceeding 14 ft. a second at the 
highest travelling epood of the vehicle. The feet, 
of course, approach the ground with their faces 
horizontal, and there is no slip or suction effect on 
the road surface. These features have always been 
| essential aims in all forms of the il. 

The constructional features of the new pedrail 
may be best explained by reference in the main to 
‘the diagrammatic drawing given in Fig. 3. The 
whole of the mechanism is carried by a frame e, to 
| which the suspension rails o and p and the corres- 





| ponding upper rails are attached by means of the 





two points determine the amount of vibration to be | 


vertical members gy. The constructional details of 
this main framework are well shown in the per- 
spective view given in Fig. 2. The frame e is 
enveloped by the main steel rail /, on which an 
anti-friction roller-chain g travels. This chain 
consists of three rows of rollers connected by 
springs, the inner line consisting of rollers lying on 
a vertical plane, and the outer lines of rollers lying 
alternatively vertically and horizontally. The 


| object of the horizontal rollers is to prevent side 


motion and flange friction, while the vertical 
rollers give support to the main slippers h. It 
should be noted that this roller-chain does not take 
any of the drive; it is purely an anti-friction 
device, and has been introdu to eliminate the 
flange and axle friction which existed in previous 
models of the pedrail. 

The main slippers h support the foot-carriers, 
which are formed each with two projecting arms, 
one fore and the other aft. These arms carr 
suspension-slippers m and n, which engage eac 
one of the parallel suspension-roller chains which 
travel over the suspension- rails o and p. The 
slipper m is pivoted at the front of the foot carrier, 
and the slipper n at the back, so that the slipper 
m lies over and travels on the front suspension- 
rail p, while the slipper » travels over the back 
railo. The main object of the suspension-chains 
and rails is to control the position of the feet as 
they approach the ground. The chains do not 
take any part of the drive. As will be seen from 
Fig. 3, the suspension-rails are formed with their 
centre portions parallel to the ground and with 
their ends sloped upwards. These sloped ends 
control the feet and cause them to come down on to 
and to lift from the ground as required. The feet 
are made to approach the ground with their lower 
surfaces horizontal owing to the difference in the 
end slope of the two suspension-rails, the slipper 
mn, which is in advance of the slipper m, having its 
suspension-rail correspondingly advanced, so that 
a horizontal position of the foot is maintained. 

The lower part of the foot-carrier contains an 
articulated ankle motion, consisting of a ball-and- 
socket joint and a controlling spiral spring. This 
motion allows the feet to adapt themselves to 
inequalities in the ground. In addition, each foot- 
carrier contains two vertical compressed springs, 
the maximum extension of which is fixed. These 
springs take the vertical load which is trans- 
mitted through the feet. Owing to these springs 
the load is distributed between the feet which 
are at any time on the ground, any foot 
which may lie over an obstacle or lump on the 
surface rising, so that a due proportion of the 
weight comes on to the other feet. It will be clear 
that this possibility of a certain individual lift of 
the feet causes the pedrail to ride easily over 
obstacles on the ground, since the obstacles are 
passed without the main bulk of the vehicle rising 
to surmount them. The main drive of the mecha- 
nism is taken by a chains, parts of which are shown 
in Fig. 3. This chain is pivoted to the various 
foot-carriers, as shown. The drive from the engine 
is transmitted to the chain through the sprocket- 
wheel situated at the after end of the machine. 
This aft sprocket-wheel is not shown in Fig. 3, but 
it can be seen in Fig. 2. A corresponding sprocket- 
wheel is situated at the front end, and is shown in 
both figures. The shaft of the forward sprocket- 
wheel carries a brake of the usual internal-expand- 
ing type, which is operated from the driver's seat. 
The aft sprocket-wheel drives the chain s through 
pins on the foot-carriers. These pins are shown 
engaging the front sprocket-wheel in the case of 
foot b shown at the right-hand side of Fig 3. The 
rear sprocket-wheels are chain driven from the 
engine in the ordinary way, the chains forming 
the necessary flexible member in the drive between 
the sprung and unsprung parts of the vehicle. The 
pedrails proper, which are, of course, equivalent to 
the wheels of the vehicle, are not sprung, but 
carry the body, together with the engine and all 
other parts, rl laminated springs, two of which 
are shown in Fig. 3. 

The machine which is exhibited, and which is 
shown in Fig. 2, is intended to be worked always 
in conjunction with the pedrail trailer, to which it 
is shown attached in that figure, and steering is 
carried out by using the trailer to form what is 
ractically a rudder. The front vehicle has a steel 
imeem 6 at its rear end, which carries a worm 
which can be operated by a hand-wheel from 
the driver's seat. This hand-wheel forms the 





steering-wheel. The worm gears into a worm- 
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Fics. 4 to 7. 30-Horse-Power Moror Cuassis; Burtt to THe War Orrick SpeciricaTion By Messrs. JoHN I. Toornycrort anv Co., 
Limitrep, BasINGsTOKE. 


wheel section mounted on the rear vehicle. The 
two vehicles are connected together by a ver-| 
tical pin joint which is situated midway be- | 
tween them. In addition to this pin joint, which | 
allows angular motion in plan view between the 
tractor and trailer, the worm-wheel section on the 
trailer is mounted on a support which is capable of 
moving over a fixed arc in a vertical plane, and so 
of allowing either vehicle to tip sideways indepen- 
dently of the other. The possibility of these two 
motions allow of steering in the manner already 
stated. Ifthe machine is to be turned, say, to the 
right, the worm is operated, and as a result the 
pedrail swings over to the right on to feet which are 
already on the ground. The feet do not slip in any 
way. They act as a fixed point, and the body 
swings over on them, which it is able to do owing 
to the articulated ankle motion already described. 
The result of this is that the feet which next come 





to the ground do so a little out of line with those 


on the ground before, and the machine begins to 
turn. The large tractor pedrail shown can turn 
around a radius of 14 ft. to 15 ft. The pedrails 
of the trailer are quite unconnected, and during 
turning act exactly as wheels would, the pedrail 
on the outside of the curve travelling faster than 
that on the inside. It should be noted, however, 
that the two vehicles being pivoted together at a 
— —- between their centres, the trailer 
ollows exactly the track of the tractor. We should 
not close the description of this machine without 
saying that with the 10-ton vehicle we have been 
describing the average weight on the ground 
when fully loaded is only 14 lb. per sq. in. This 
point is obviously of great importance for travel 
over soft country, and is, of course, one of the 
main feature of the pedrail. It is interesting 
to note that 14 lb. per sq. in. is little more than 
half the weight which a man exerts when walking, 
so that the machine will work over ground in 





which a man will make deep footmarks in walking 
over. 

Figs. 4 and 5, above, illustrate a new type of 
lorry designed by Messrs. J. I. Thornycroft and 
Co., Limited, Caxton House, Westminster, South- 
ampton, and Basingstoke, to comply with the War 
Office requirements for subsidised vehicles. That 
the requirements of an army on active service are 
far more severe than those of the ordinary commer- 
cial user goes without saying. As already explained, 
the War Office has drawn up a specification of its 
requirements for two sizes of lorry, and is prepared 
to subsidise those which conform to them after a 
thorough test of a sample vehicle. Apart from 
details, the principal requirements are that the 
machine should be very light for the load it carries, 
and yet should be able to stand extremely hard 
work. The purchaser of such a vehicle, in addi- 
tion to the subsidy, should therefore have the 
advantage of a machine which has been spec'ally 
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Fics. 8 ro 10. 30-Horse-Power Cotonrat-Tyre Cuassis; Messrs. Jonn I. THORNYCROFT 
AND Co., Limitep, BAsINGsTOKE. 


built to comply with these requirements, both of 
which should be of advantage to the owner, the 
low weight giving low tyre upkeep and petrol con- 
sumption. The chassis illustrated weighs under 
approximately 2} tons, and is capable of carrying a 
gross load of 4% tons, and this type has been sub- 
jected by the War Office to trials extending to over 
2000 miles running in.severe winter weather with 
satisfactory results, 





The general arrangement of the chassis can be 
seen from the plan and elevation. The engine has 
four cylinders cast in pairs, 44 in. in diameter by 
6 in. stroke (114 mm. by 127 mm.), with valves on 
opposite sides, and transmits the power through a 
cone clutch to a four-speed gear-box. A belt- 
driven fan is provided, with spring adjustment to 
the belt. he valve-springs are cased in with 
tubular covers, which are preferred to doors as 





| being much more easily removed to get access to the 
valves, and also do not retain the heat to the same 
extent. A governor is arranged on a separate 
throttle to that used for hand control. The cone in 
the clutch is of pressed steel, and the springs are 
easily adjustable, while the whole clutch can be 
dismounted without disturbing any other part of 
the chassis. Speeds of 2}, 5}, 87, and 15} miles 
per hour are provided, and also a reverse. 

In order to save weight, the gear-box_is made of 
forged mild steel, all the bearings in it being ball- 
bearings. From the gear-box power is trans- 
mitted to the back axle by a propeller-shaft running 
|in a torque-tube. In order to satisfy the War 
Office requirement that the drive shall be by bevel- 
gear, and not by worm and wheel, and at the same 
time to get the necessary reduction on the axle, a 
double reduction is used. From the centees 
the power is transmitted by a propeller-shaft 
running in a torque-tube to a live back axle, 
which we illustrate in Figs. 6 and 7. The 
centre part of this is a steel forging, running 
right across the vehicle, and having the road- 
wheels running on the outside of it. The reduction 

ear and differential are all contained in a casin: 

bolted in the middle of this, and are therefore al 
accessible, while the weight of the vehicle still 
remains on the axle. A double reduction is used 
in the axle, the propeller-shaft transmitting the 
power toa short countershaft by spur-gear, from 
which‘the axle is driven by the usual bevel. 

An external foot-brake is provided in the pro- 
peller-shaft, and internal expanding brakes on the 
back hubs actuated by hand-lever: The frame 
consists of —- longitudinals, two of the 
cross-pieces being of pressed steel and two of tubes, 
to give torsional strength, while diagonal trussing 
is provided at the after end. 

n Figs. 8 and 9, annexed, we illustrate this firm’s 
Colonial mode] lorry chassis, which was originally 
designed for the Japanese Government. In this 
type, instead of the drive being by live axle, the 
bevel is placed on a cross-shaft, from which the 
wheels are driven by chains. This chassis has the 
same sized engine as above, but is fitted with three 
speeds of 4}, 8, and 13} milesan hour. A i 
feature is that the front axle is fitted with a cross 
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frout spring and slides in horn-plates. This is illus- 
trated in Fig. 10, which also shows the advantage 
for rough roads, the axle being able to tilt con- 
siderably. The weight of the chassis is approxi- 
mately 1 ton 164 cwt., and it is capable of carrying 
a load of 24 tons. The road clearance is 14 in., 
except under the chain-wheels, where it is 8 in. 

From among the fine display made by Messrs. 
Halley’s Industrial Motors, Limited, of Yoker, 
Glasgow, we have selected for illustration their 
8-ton Colonial-type vehicle, which possesses many 
features of special interest. The vehicle is shown 
in Figs. 11 to 13, annexed. It is of unusual 
appearance, and differs considerably from com- 
mercial motors as usually built for work in this 
country. Great strength is naturally a feature of 
the model, as it is intended to operate over roads 
of the most primitive description or in places in 
which there are no roads at all. Other features 
than mere strength, however, enabling the vehicle 
to successfully meet these conditions, consist in the 
rovision of driving-wheels 5 ft. in diameter and 
8 in. wide on the tread, and front wheels 3 ft. 10 in. 
in diameter and 9 in. wide, all wheels being steel 
shod, and the driving-wheels having diagonal 
bars to prevent slipping. The large and wide 
wheels prevent the machine from sinking in soft 
soil, a at the same time give a large under- 
clearance, so that the chassis can work over very 
rough ground. A special front axle is also adopted, 
which gives the whole chassis a three-pvint sus- 
pension. The axle is pivoted at its centre, and 
enables one of the front wheels to ride over an 
obstacle 16 in. high without any distortion of the 
frame, Winding-drums are fitted to the rear 
wheels, by means of which the machine can haul 
itself out of holes or bogs, and which may, of 
course, if necessary, be used for loading purposes. 
Other features of great value for work in new 
countries are the provision of a fuel-tank of nearly 
double the usual size, and an emergency water- 
tank which can be used for drinking water or as a 
supplementary supply to the engine-cooling arrange- 
ments. 

The main weights and dimensions of the machine, 
excluding the sizes of the wheels, which have already 
been given, are as follow :—The over-all dimen- 
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Figs. 11 to 13. 
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THe Hatiey Cotontat Mopet ComMEeRcIAL VEHICLE; Messrs. Hatiey’s 


InpcstRIAL Motors, Limitep, Yoker, GLascow. 


sions are 24 ft. by 8 ft., and the chassis weighs 
6tons. The carrying capacity of the chassis, exclu- 
sive of the weight of the body, is 6 tons, and an 
additional 2 tons can be carried on the trailer where 
road conditions permit a trailer to be used. The 
wheel base is 14 ft. 3} in., and the width of the 
track from centre to centre of the front wheels is 
6 ft. 2in. The minimum ground clearance under 
the chain-cases is 18 in., and under the rear 
axle and all mechanism 27 in. The body space 
behind the driver’s seat is 14 ft. by 7 ft. 6 in. 
The petrol-tank has a capacity of 25 gallons, 
and the supplementary water-tank a capacity of 
50 gallons. 

be engine, which is of the builder’s own make, 
has six cylinders, 5 in. in diameter by 5} in. 
stroke, and develops 75 horse- power. With the 
ordinary platform body the engine is capable of 
driving the vehicle at 9 miles an hour. Lubri- 


cation is by pressure feed, and the speed is con- 
trolled by a centrifugal governor, which is set 


normally at 1000 revolutions per minute. Double 





ignition is fitted. The radiator is of the honeycomb 
type, and is worked in conjunction with a fan and 
centrifugal circulating pump. The clutch is of the 
cone type. 

The gear-box gives four speeds forward and one 
reverse, controlled by a single change-speed lever. 
All gear-wheels are in constant mesh, and are 
brought into action by dog-clutches. The differen- 
tial is of the bevel type, and may be locked by a 
dog-clutch when driving out of soft ground. The 
drive from the differential shafts to the wheels is by 
a combination of chains and gearing, which allows 
of the necessary stepping down to suit the large 
wheels. 

The axles are of nickel steel, the front axle, as 
before stated, being centrally pivoted to allow of 
free movement over rough ground. The rear axle 
is fitted with radius-rods connected together by 
bevel gearing, as indicated in Figs. 1l and 12. This 
ensures equal adjustment of both driving-chains 
and prevents the rear wheels being thrown out of 
alignment. There are three brakes, one pedal- 
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Fics. 14 To 16 


operated on an extension of the gear-box second- 
motion shaft, and the others on the rear wheels 
and of the screw-down type. The brake arrange- 
ments are clearly shown in Figs. lland 12. Steering 
is of the irreversible type, with worm and segment 
enclosed in an oil-tight dust-proof case. Ball-and- 
map: joints are fitted to each end of the steering- 
in . 


A motor vehicle meee many unusual features | 
‘which is claimed to absorb road shocks and 
| vibration better than a steel frame. i 


is shown by Mass Cars, of 1, Bloemfontein-avenue, 
Shepherd’s Bush, London, W. It consists of a 
tractor chessis adapted for attachment to an exist- 
ing vehicle, such as a furniture van or fire-engine. 


The front-wheel drive, which is an essential feature | of the tractor. 
of this Mass chassis, is not, however, intended | facilitated, and it is clear that there is no locking 
merely for converted vehicles, and examples are | 


shown at the Exhibition of the same construction | 


adapted to specially constructed lorries, &c. The | 
independent tractor chassis is illustrated in Figs. 14 | 


to 16, on the present page. Before referring to it in 





Front-Drive INDEPENDENT Tractor CHassis; Messrs. Mass Cars, Lonpon. 


| detail, however, it will be well to enumerate some 
of the considerations which the makers put for- 
ward in favour of their front-axle drive system. 
Apart from its applicability for the conversion of 
existing vehicles, it is claimed that the system 
allows, when required, of a very low platform 
being fitted to the main body of the vehicle, so that 
‘very bulky packages may easily be handled. It 
also allows of a simple body frame of wood, 


A main 
body of any reasonable length may also be fitted 
without in any way altering the construction 
It is also claimed that steering is 


effect between the front and back wheels when 
turning through a sharp angle. The drive being 
from the front wheels, ful wer is available 


AT OLYMPIA. 
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_made is that in an ordinary rear-drive vehicle the 


main part of the chassis has both to carry its load 
and push it. With the front-drive arrangement 
the carrying chassis has to be strong enough, and 
consequently heavy enough, to carry the load only, 
the propelling being done by the independent 
tractor. 


The arrangement of the tractor is well shown in 
Figs. 14 and 15, while the front axle is shown 
separately in Fig. 16. As will be seen from this 
latter figure, there is very little unsprung weight, 
the engine and gearing being u.ounted on a frame 
which is carried by the semi-elliptic springs shown 
in cross-section. Connection between the sprung 
and unsprung is made through the driving- 
chains, which allow the necessary flexibility. As 
will be seen from Figs. 14 and 15, the engine and 
gearing are mounted on opposite sides of, and 
above, the level of the front axle. The engine is 
connected through the leather-faccd cone-clutch to 
a short shaft which joins to the gear-box. The 
gear-box and differential are mounted together, 
and the differential shaft projecting from each side 
of the differential casing carries the two sprocket- 
wheels, from which the chain-drives to the front 
axle are taken. The front-axle drive is very novel, 
and will be understood from Fig. 16. The forward 
sprocket-wheel shafts carry bevel-wheels on their 
outer ends, which mesh with other bevel-wheels 
carried at the top of the swivel-pins. The bottoms 
of these pins further carry bevel-wheels which 
drive on to crown bevels bolted to the road wheels. 
It will be clear that the arrangement allows of the 
front wheels being turned through their maximum 
steering angle without the efficiency of the drive 
being interfered with in any way. 

It will be seen that the system of drive used 
gives great flexibility in the arrangement of the 
gearing, and when desired a emall engine may be 
employed for heavy loads. A quick-running engine 
of moderate power allows of comparatively light 
chains being fitted for the drive.’ The engine on 
the 3-ton chassis, with which we are dealing, has 
four cylinders, 85 mm. bore by 140 mm. stroke. 
It is rated at 12-16 horse-power. The engine is 
fitted with a governor which limits its maximum 
speed. Lubrication is by force-pump, and petrol- 
feed by gravity. The radiator is of the ‘‘Solex’ 
type, in which the fan is situated in the middle of 
a nest of tubes drawing air from the front and 
delivering it circumferentially between the tubes, 
the back of the fan being closed in by a casing. 
The gear-box operates with a gate, and gives three 
speeds forward and one reverse. Four brakes are 
fitted. Two of them, operated by pedals, are of 
the external type, and act on drums keyed to the 
differential shalta. The other two are operated by 
a hand-lever and are applied to the rear wheels, 
the type used depending on the type of main body 
which is fitted behind the tractor. In conclusion, 
it should be said that a differential locking device 
is fitted, so that the vehicle is not crippled if one 
of the driving-chains breaks. 

Among the various steam vehicles exhibited a 
very interesting example is shown by Messrs. J. 
H. Exshaw and Oo., of 81, Shaftesbury-avenue, 
London, W. The vehicle, which is known as the 





when starting with these wheels set over even at 
the maximum angle. A further point which is | 


Purrey-Exshaw steam-lorry, and which is built in 
Bordeaux, is illustrated, along with some of its 
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details, in Figs. 17 jto 24,"on this and the opposite 
page. Briefly stated, the machine consists of a 
steel-frame chassis, carrying a water-tube boiler near 
the front end and immediately aft of the front axle. 
Both stoking and water-supply to the boiler are 
automatic. The car is driven by a single man, who 
is situated on a platform in front of the boiler. 
The engine is of the two-cylinder simple type, and 
is placed in an inclined position below the chassis, 
and behind the boiler. Each end of the crank-shaft 
is fitted with a pinion, the two pinions driving on 
to spur-wheels on the differential shaft. From 
the differential the drive is by chains to the road- 
wheels. 

The chassis is fitted with a tipping body, which 
is operated by an hydraulic jack which works in 
conjunction with a special steam-pump. The lorry 
shown in Fig. 17 is of the 4-ton type, and has a 
body tipping backwards; but the lorry exhibited 
at Olympia, which is of the 6-ton type, has a side- 
tipping body. Other details of arrangement are, 
however, similar in the two models. The brakes 
are of the steel-band type, acting on drums on the 
rear wheels. They are aperated from a foot- pedal 
from the driving-platform. A gripping device is 
fitted which allows the brakes to be left on with- 
out attention. An additional powerful brake is 
formed by using the reverse gear. 

The boiler, with its method of control, forms 
robably the most interesting feature of the vehicle. 
t is of a very simple type, as, indeed, is the whole 

of the gear connected with the propelling system. 
As will be seen from Figs. 21 and 22, on page 119, it 
consists of an upper drum and a lower header con- 
nected by a series of serpentine tubes. The header 
is divided into two compartments, the larger of 
which, which lies below and at the sides of the 
smaller, as shown in the figures, is connected to 
the drum by two straight tubes of comparatively 
large diameter, and by two sets of the serpentine 
tubes. One of these sets j>xins the drum above the 
water level, and the other below. A third set of 
serpentine tubes connects from a dome on the 
upper drum to the smaller compartment of the 
header. Water is fed into the larger compartment 
of the header, and an upward circulation is main- 
tained in the serpentine tubes and a downward one 
in the straight tubes. Steam collects in the upper 
part of the drum, and flows down the third set of 
serpentine tubes, in which it is superheated. It is 
taken off to the engine from the smaller com 
ment of the header. A safety-valve is fitted above 
the dome, as can be seen in the figures. 

The boiler burns coke, which is fed into a hopper 
situated alongside, as shown in Fig. 22, and works 
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Fics. 17 tro 20. Tae Purrey-ExsHaw Sream-Lorry ; Messrs. J. H. ExsHaw anp €o., Lonpon. 


down on to the sloping fire-grate owing to the 
vibration caused by the running of the vehicle. 
Fuel is carried for a journey of about 20 miles, and 
it is stated that the fuel feeds forward automatic- 
ally in a very satisfactory way, and that no atten- 
tion is demanded from the driver. The ashes fall 
through into an ash-pan fitted below the grate, 
which can be seen in the figures. A lagged door is 
situated between the boiler tubes and the body 
of the wagon to protect articles being carried 
from the heat. Tubes are removed or replaced 
through this door, screw-plugs being provided 
in the header and drum, which can be removed 
when it is desired to drive a tube out or expand 
one in. 

The water service to the boiler is looked after by 
duplicate steam-pumps, one of which is shown in 
Figs. 18, 19 and 20. The pump is started or stopped 
by the action of a float in the boiler drum, and the 
arrangement is found to work so well that many 
lorries of this type are in use in France in which 
no water-gauge glass is provided in the drum. The 
construction of the pump will be followed from 
the figures, which need not be referred to in detail. 
It may be pointed out, however, that the steam- 
valve is operated by a striker on the common steam 





> 


|and pump piston-rod. This striker operates the 


valve through collars on the valve-spindle. A 
spring control is fitted which prevents the valve- 
spindle being left in mid-travel if the pump stops 
with or in that position. The feed-pump draws 
from a water-tank which is placed below the chassis 
at the back, and has a capacity for a run of 15 to 
20 miles. The tank is filled by means of a steam 
injector. A simple exhaust-steam feed-heater is 
fitted at the back of the fire-box. The engine is 
shown in Figs. 23 and 24, and, as will be seen, is of 
such simple type as to require no description. It 
is easily accessible from above when the wagon is 
empty, and from below when it is loaded. All 
speed variations are obtained by varying the throttle, 
there being no change-speed gear of any type. 
Reversal is obtained by moving the eccentrics on 
the shaft. The crank-shaft and the differential 
are lubricated by splash. 

This year the gallery at Olympia is completely 
filled with exhibits of accessories. A great part 
of these are tyres, either pneumatic or solid rubber, 
and the number of exhibitors is good evidence of 
the volume of trade. In these, however, there is 
little to notice, the designs being now practically 
stereotyped, and the difference in the makes being 
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example is shown by Messrs. White and Poppe, of 
Coventry. This unit consists of engine, disc 
clutch, and three-speed gear-box all combined in 
one compact unit. In the matter of other com- 
ponents, perhaps the most interesting feature is 
the very great diversity in the proportions of worms 


and wheels shown by makers of the worm-driven | 


axle. The number of threads, depth, and angle 
vary enormously, and with apparently very little 
relation either to each other or to the work they have 
to do. It, therefore, appears probable that there 
is still room for improvement in the performance 
of the worm and wheel when long use has shown 
its best proportions. Itis noticeable that in the case 
of worm-gear the worm is practically always steel, 
and the worm-wheel bronze. 
(To be continued. 





60 TON ELECTRIC CANTILEVER CRANE 
FOR VALPARAISO HARBOUR. 

Tue cantilever crane which we illustrate on page 122 
has been constructed by Messrs. Stothert and Pitt, 
Limited, to the order of Messrs. S. Pearson and Son, 
Limited, for loading blocks for building the harbour at 
Valparaiso. The crane lifts the full load of 60 tons at 
52 ft. from the centre of the crane, and is intended for 
raising the blocks from railway trucks and transporting 
them to a barge lying alongside the jetty. 

The load is carried on a travelling jenny, and the 
machine is fitted with three independent lifts—viz , 
one lift for the maximum load of 60 tons operated by 
a 40-brake-horse-power motor, and two separate lifting 
motions, each capable of dealing with | ot 74 tons, 
and operated by two 20-brake-horse-power motors. 
This arrangement was fitted so that the crane could deal 
with tipping-skips, the intention being that the skip 
and its contents, weighing 15 tons, might be lifted by 
the two 7}-ton motions operating synchronously, and 
ae as desired by working them separately, each 
lift being fitted with an independent brake. The 
lifting-barrels are capable of coiling sufficient rope to 
allow the hook to descend 25 ft. below the quay level. 
All the gear-wheels, with the exception a the large 
barrel-wheel and pinion, are machine-cut from the 
solid. For the heavy lift there is a powerful solenoid 
brake, as well as rheostatic brakes, and a mechanical 
emergency brake is also fitted. The auxiliary brakes 
are fitted with both solenoid brakes and rheostatic 
brakes, and there is also a solenoid brake fitted to the 
reversing motion. The whole of the driving gear is 
roofed in, as shown by our illustration. 





Frenou Batriesuip “‘Courset”: ErratumM.—In our 
description of this vessel, on page 55 ante, we stated that 
the boilers were of the Normand type. We are now 
informed by the British Niclausse Boiler Company, 
Limited, of Caxton House, Westminster, S.W., that the 
vessel is fitted with the latest type of Niclausse boilers. 
we regret that the above-mentioned error should have 

een made. 





INTERNATIONAL TRIALS FOR STEAM OR Motor-TRACTORS 
AND P.LovucHinc-Enoings.—In order to generalise the 
use of engine-driven agricultural machinery in the Congo, 
the Belgian Ministry for the Colonies announces an mter- 
national contest for ploughing-engines to be held in 
September next, on the estate of Messrs. Dumont de 
Chassart, the largest farm in Belgium, of an extent of 
more than 4000 acres. The best engine will be bought 
by the colony, or will receive a prize to cover partly the 
expenses of the trials. The total sum to be expended 
amounts to about 36002. A number of English, German, 
Belgian, and French firms have alreany entered for the 
trials, or are about to do so. Entrances will be received 
until September 1 next. The trials will take place from 
September 23 to 27. The Minister for the i 
Colonies invites official agricultural committees or societies 
to delegate some of their members to assist at these trials. 
Further information may be obtamed from the Director- 
General of Agriculture at the Ministry for the Colonies, 
7, Rue Thérésienne, Brussels. A booklet, giving full parti- 
culars concerning the contest, will be sent on application. 


THe JAPANESE MercanTite Marine.—The annual 
report of the Japanese Mercantile Marine Bureau for the 
year 1911-12 has just come to hand. From this we find 
that at the end of the year 1911 there were in the Japanese 
mercantile marine service 284 steamers, with a total of 
1,386,534 gross tons, showing un increase of 299 steamers 
and 152,625 gross tons over the figures for the pas 
year. The sailing vessels numbered 8192, with 451,5: 
gross tons, corresponding to an increase of 1800 ves:els 
and 37,800 gross tons. Taking the larger steamers, there 
were in service 67 of over 3000 tons, 23 of over 4000 tons, 
11 of over 5000 tons, 26 of over 6000 tons, 1 of over 7000 





tons, 6 of over 8000 tons, 1 of over 9000 tons, and 3 of | hig 


over 10,000 tons capacity. At the end of the same year 
there were 216 shipbuilding yards, not counting the junk- 
builders, this showing a decrease of 14 in number as com- 
ed with the queniies year, These yards turned out 
uring the year 142 steamers, having a total capacity of 
41,229 tons, and 216 sailing vessels, having 13,13¢ tons in 
total capacity. These figures 
stedmers and 16,750 tons, and 69 sailing vessels and 2035 
tons. ‘ 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 10. 





moderate proportions. The tariff remains as the factor 
of the moment, and no general buying movement is 
probable until after the Bill is signed. Mills are 
running full time, and production shows no falling-off 
whatever. The unfilled orders of the Steel Corpora- 
tion are in the neighbourhood of 5,800,000 tons. Prices 
of bars, plates, and shapes have been reduced 2 dols. 
per ton at the leading steel centres, and the prices now 
quoted willbe permanent for months. A great man 
mills are making their semi-annual repairs, whic 
will necessitate a temporary idleness, but it will be 
very brief. Pig iron is the only product that shows 
an improvement, and an unexpected demand set in a 
| few days ago, which will probably continue for some 
| time under the influence of lower quotations. Pipe-iron 
|is exceptionally active, but steel-making irons are 
| particularly dull. A number of large consumers are 
| watching the market closely in the belief that the 
autumnal demand may harden prices in steel-making 
pig, and if they are satisfied that such a result is 
robable there will be some active August buying. 
Shipbuilders have been booking much business for 
small craft, especially in the East, and they cover 
their requirements promptly. It would be going too 
far to say that a general shading of prices in finished 
material is in sight, but there is an enormous produc- 
tive capacity and a constant anxiety to keep on the 
books a big bunch of orders. Railroads are buying 
very little at present, but their plans involve very large 


improvements soon to be undertaken involve an outlay 
of nearly 19,000,000 dols. Extensive municipal im- 
provements calling for iron and steel are soon to 
undertaken in many cities. 
July 17. 

Notwithstanding the very narrow margins of pig 
iron, production is maintained at a very high average. 
For the month of June the output was 87,619 tons, as 
compared with 91,039 tons for May, per day. On 
account, of tariff agitation and a weak market con- 
sumers are not willing to buy beyond actual neces- 
sities. The only activity is in low-grade yon, tee 
pipe purposes, and several good-sized lots have been 
taken this week, nearly all from southern furnaces. 
Makers of other grades are not able to shade prices, 
and have too much confidence in the future of the 
market to worry themselves over current conditions. 
Throughout the western mills a strung, steady demand 
for finished steel material continues in small lots for 
current requirements. Eastern shipbuilders are crowded 
with work, and it is doubtful whether the ten vessels 
wanted by the Bethlehem Steel Company, to be used in 
the Chilian ore trade, can be taken care of. There is a 


though there is no assurance that it will be presented 
to the market very soon. Heavy steel plates are under 
better inquiry this week than any other product, and 
steel bars come next. The general situation as com- 
pared to other seasons of the year is quiet, and the 
conditions will probably continue throughout the 
greater part of August. The threatened strike of 
upwards of 100,000 train-men was tentatively adjusted 
on Monday with the understanding that the dispute is 
to be arbitrated under the amended Erdman Law, 
which calls for six arbitrators, instead of three, as 
heretofore. The tin-plate mills have been booking 
considerable new business of a fragmentary sort, 
though buyers are not caring to contract for future 
deliveries until more settled conditions are obtained. 
Railroad buying is much restricted, and the con- 
templated buying for late autumn and early winter 
work can be safely postponed for a few weeks. 





Tue Harker System OF Firg-EXTINGUISHING AND 
Fumicatinc.—During the recent meeting of the Insti- 
tution of Naval Architects in Glasgow facilities were 

iven at the works of Messrs. Mechan and Sons, Limited, 

tstoun Iron Works, Glasgow, for inspecting an instal- 
lation of the Harker system of fire-extinguishing and 
fumigating. This system has been described on former 
occasions in ENGINEERING (see vol. lxxxvii., pages 665 
and 780). It consists in diverting part of the flue-gases, 
and, after washing them, conveying them in pipes to the 
hold in which the fire is located, or which is to be fumi- 
gated. The flue- being poor in oxygen soon extin- 





| bine and direct-coupled centrifugal pump, with a scrubber. 
f= md drawn from the flue through the scrubber 
j t 
| h The my bi hi he fi 
e inlet is at the top, whence the flue gas passes 
with water down through vertical tubes, through wire 
e, and then up in a spiral path and through a baffie- 
| box out to the Lamp When disinfecting, the fluid dis- 
| infectant is supplied from a small case to the stream of 
| gs as it enters the pan. Pipes are fitted to the various 
ids, so that any one may be dealt with. The address 


| tinguisher and Fumigator Com , Limited, is 124, 
| St. Vincent-street, Gieagew. ones 


| S§rexL mills are less active and new business is of | 


orders. In Philadelphia railroad elevation and track | 55s. 


great deal of work in sight for structural material, | }, 


isha fire. The installation consists of a small steam-tur- |}... 


pump, which, therefore, only has to deal with | 
The scrubber stands about 6 ft. | 


| NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a weak tone, and 2500 
tons of Cleveland warrants were done at 553. 2d. and 
55s. 1d. cash, and ab 55s. 14d. and 54s. 11d. eight days. 
At the close sellers quoted 543. 10}d. cash, 55s. 24d. one 
month, and 55s. 9d. three months. In the afternoon the 
market was steadier, and 2500 tons of Cleveland warrants 
were dealt in at 54s. eo eash, 54s. 11d. and 54s. 104d. 
five days, 55s. 64d. two days, and 55s 74d. September 23. 
Closing sellers named 54s. 11d. cash, 55s. 34d. one month, 
and 55s. 10d. thres months. Hematite was quoted by 
sellers at 723. 6d. cash, 73s. one month, and 743. three 
months, but there were no buyers’ quotations. On Friday 
morning there was little doing, and only one Cleve- 
land warrant chan hands at 54s. 11d. cash, 
with closing sellers at 55s. cash, 553. 4d. one month, 
and 55s. 1ld. three months. Sellers of hematite 
quoted without change at 72s. 6d. cash. There was 
no afternoon session, as business was suspended until 
Tuesday for the annual Fair Holidays. When the market 
opened yesterday the tone was fairly strong, but dealings 
were limited to 2000 tons of Cleveland warrants at 
55s. 14d. cash and 56s. three months. At the close sellers 
uo 55s. 2d. cash, 55s. 6d. one month, and 56s. 1d. 
three months. Sellers of hematite again named 72s. 6d. 
cash. The afternoon session was firm, and the turnover 
was 3000 tonsof Cleveland warrantsat 55s. 2d. cash, 55s. 34d. 
ten days, 55s. . one month, and 55s. 11d. September 30. 
Closing sellers’ quotations were 55s. 24d. cash, 55s. 6d. 
one month, and 56s. 14d. three months. To-day (Wed- 
nesday) the market opened firmly, and business was a 
little more active. The turnover amounted to 6000 tons 
of Cleveland warrants at 55s. 3d. and 55s. 24d. cash, 
6d. one month, 55s. lid. September 26, and 
56s. 14d. three months, with sellers over at 553. 3d. 
cash, 64d. one month, and 563. 3d. three months. 
Sellers of hematite quoted 72s. 6d. cash, 73s. one month, 
and 74s. three months. In the afternoon the market was 
dead idle, but quotations for Cleveland warrants were 
rather firm, and sellers named 55s. 34d. cash, 55s. 74d. 
one month, and 56s. 3d. three months. The quotations 
for hematite were nee except for the three months 
position, the figure named being easier at 73s. 104d. 


Sulphate of Ammonia.—Owing to the holidays there 
has been little or no movement in sulphate of ammonia, 
and the price remains steady at 12/. 17s. 6d. per ton for 
prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—There is scarcely anything fresh 
to report in connection with the Scotch steel trade, as 
the various establishments are at present closed down 
for holidays. The repair gangs are hard at work, and 
are hopeful of being ready to let the mills commence early 
next week. During the vacation there has been a 
welcome increase in the number of orders on hand, and 
it is anticipated that when business is resumed the out- 
look may be brighter than it has been lately. Of course, 
there is nothing doing locally, but foreign inquiries and 
orders show a healthy tendency, and were prices a 
little easier there is no doubt that a large increase in 
usiness would result. The official list of prices is un- 
changed. 

Malleable-Iron Trade.—The conditions in the West of 
Scotland malleable-iron trade are very similar to those in 
the steel trade, and business is coming in veryslowly. A 
few orders have been added to the books, and these, 
coupled with what was on hand, will ensure a fair amount 
to commence after the holidays. ‘‘Crown” bars are still 
called 8/. 2s. 6d. per ton, delivered locally. 


Scotch Pig-Iron Trade.—During the past week the 
amount of business in Scotch pig iron was naturally 
limited owing to the holidays, but all the same a fair 
amount took place. Prices are again the turn easier, and 
have been marked down 6d. per ton since last report. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 75s. ; Calder, Gartsherrie and 
Summerlee, 75s. 6d. ; and Langloan, 76s. 6d. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 75s. 6d. ; 
Shotts (at Leith), 75s. 6d. ; and Carron (at Grangemouth), 
76s. The export inquiry is not very heavy, so that the 
general outlet is meantime rather restricted on all sides. 


The Proposed Change in Distributing Cleveland Iron.— 
The merchants who have had charge of the distributing 
of Cleveland iron are all up in arms against the — 
to abolish the warrant market, and have expressed them- 
selves very freely at the various meetings held. The 
latest information is that the committee appointed in 
Middlesbrough to consider the scheme for the distribu- 
tion of the Cleveland output as against the present war- 
| rant stores has approved of the idea. sy pe have 
| now been framed, and will be submitted to a full meeting 
| of the Cleveland ironmasters, which will be held some 
| time in —- It is doubtful if any proposed scheme 
| will act with more satisfaction than the present method 
done, and a change in the meantime may not meet 
| with the success that is thought. 








Tae British Fire-Paevention Commrrres. — The 
| British Fire - Prevention Committee on the 23rd inst. 
| tested some seventy-five fire- extinguishers which had 
| been obtained from various public authorities and indus- 
| trial concerns, where they had been in uss for periods of 
varying length, the object of the test being to obtain 
some reliable data as to efficiency and the result of usage, 


show an increase of 65 | of the head office in this country of the Harker Fire-Ex- | the age of the extinguishers ranging from one year tv 
thirty years. The tests will be continued during the 


| summer and a report is in course of preparation. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Metallurgical Club.—In connection with the iron and 
steel branch of the Applied Science Department at 
Sheffield University, an interesting experiment is being 
initiated by Professor Arnold, the well-known authority 
on ferrous metallurgy. This is the formation of a 
University Metallurgical Club. The club will consist of 
manufacturers, steel works chemists, and university gradu- 
ates and associates, who will meet monthly on a common 
footing. The idea is to bring manufacturers into direct 
contact with the scientific work which is being done at 
the University, and give the industries of the city the 
fullest chance to benefit from the research work done in 
the laboratories of the Applied Sci partment 
Manufacturers will be asked to su t directions in 
which investigations may be made, and will be apprised 
of new discoveries which may affect them. 


Rolling-Mills.—The seventeenth annual report of the 
Tinsley Rolling-Mills ge shows a profit, including 
last year’s balance, of 5771. The directors recommen 
a dividend of 8s. per share on the ordinary shares, that 
10002. be transferred to reserve fund, 1000/. to renewals 
account, and a balance of 1271/. carried forward. The 
liquidator to the Kelham Rolling-Mills Company, 
Limited, presented his final report to the contributories 
on Friday last, and it was decided to declare a return on 
capital of 7s. 9d. per share on the 8569 shares entitled to 

rticipate. The company went into liquidation on 

une 24, 1910. 


South Yorkshire Coal Trade.—There is little new to 
report in the coal position. House sorts continue in slow 
demand and stocks are increasing. The steam-coal 
market is fairly steady. Coke is only in moderate 





demand, with blast-furnace qualities quiet. Prices are 
unchanged, but a weak tone prevails. Quotations :— 
Best branch hand-picked, 14s. to 15s. ; ley best 


Silkstone, 12s. to 13s. ; Derbyshire best brights, 11s. 6d. 
to 12s. 6d.; Derbyshire house, 10s. 6d. to lls. 6d.; 
best large nuts, 103. 6d.; small nuts, 9s. to 10s.; 
Yorkshire hards, 11s. to 13s.; Derbyshire hards. 11s. to 
12s. ; rough slacks, 7s. to 8s.; seconds, 6s. to 7s. 6d. ; 
smalls, 4s. 6d. to 6s. 

Iron and Steel.—The price of hematite iron has shown 
a downward tendency during the week, and the fact that 
East Coast mixed numbers have been quoted as low as 
79s. indicates that contracts may be forthcoming on behalf 
of steel manufacturers. The latter have been making 
inquiries, but no substantial orders have as yet come 
forward. A reduction in West Coast sorts has been 
made, and whilst Derbyshire makers are selling at a low 

uotation, Lincolnshire iron stands unchanged at a few 
shillings higher. Derbyshire forge and eo A have 
been selling at prices which are said to prohibit any 
appreciable profit. Though steel alloys are being asked 
for at a rate which exceeds the supply, no change of 
price has yet taken place. The steel industries are ex- 
periencing a quiet spell, but now that most of the firms are 
through with stocktaking, it is expected that business 
will recover to someextent. Traffic on the local railways 
is again falling off, and the slackness is more pronounced 
than a week ago. Despite the evidences of a general 
lull, however, there is little apparent cause for pessimism. 
The tonnage being sent from the large armament works 
is extremely heavy, and the War Office have just placed 
an order in the city for the largest guns, and various 
kinds of shell. For Buenos Aires, which requires a bi 
quantity of springs, and for Earlstown, which has p 
orders for blooms, several firms are busily engaged. The 
contract from Sheffield Corporation for motor surface- 
condensing plant has gone to the British Westinghouse 


Company. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.LesBRoucH, Wednesday. 
The Cleveland Iron Trade.—The Balkan trouble con- 
tinues to have a somewhat disturbing influence upon the 
Cleveland market, but, on the other hand, rather better 
accounts from American and Continental iron centres 
tend to encourage business, and many traders profess to 
see indications of returning confidence. Certainly the 


d| 82. 15s.; best bars, 9/. 2s. 6d. ; best best bars, 9/. 10s. ; 


quantity held in the public warrant stores here now | 
stands at 197,347 tons, or 15,831 tons less than at the | 
beginning of the month. Shipments of pig iron from the | 
Tees ports are very disappointing. July clearances were 
expected to be heavy, whereas to date they average only 
3047 tons per working day, the total despatches so far 
this month being returned at 60,944 tons, 54,464 tons of 
which have gone from Middlesbrough and 6480 tons from 
Skinningrove. To the same date last month the load- 
ings of pig amounted to 67,131 tons, or a daily average 
of 3356 tons, and for the corresponding part of July last 
year the shipments reached 78,600 tons, or an average 
of 3930 tons per working day. 

Manufactured Iron and Stecl.—Very little new can te 
reported concerning the various branches of the manufac- 
tured iron and steel industries. Orders are scarce, but | 
a lot of work is being turned out on contracts entered into 
some time ago. Prices show a marked downward ten- 
dency. As yet the only quotable ch is a drop of 
10s. m ship-rivets, but reduction in other descriptions 
may be announced at any time. Common iron are 


packing iron, 6/. 15s.; iron ship-plates, 7/. 15s.; iron 
ship-angles, 8/. 15s.; iron ship-rivets, 9/; iron boiler- 

lates, 8/. 17s. 6d. ; steel bars (Siemens), 8/. 103. ; steel 

rs (basic), 8/.; steel ship-plates, 8/. 5s.; steel ship- 
angles, 7/. 17s. 6d. ; steel boiler-plates, 97. 5s. ; steel strip, 
81. ; steel hoops, 8/. to 8J. 2s. 6d. ; and steel joists, 7/. 7s. 6d. 
—all less the customary 24 per cent. discount ; cast-iron 
columns are 7/. 7s. 6d. ; cast-iron railway chairs, 4/. 15s. ; 
light iron rails, 7/. to 7/. 5s. ; heavy s' rails, 6/. 12s. 6d. 
to 6/. 15s.; and steel railway sleepers, 7/. 103.—all net 
at works. Iron and steel galvanised corrugated sheet, 
24-gauge, in bundles, stand at 11/. f.o.b.—less the usual 
4 per cent. 





Cuitian Torpepo- Boat DestTroyer ‘‘ ALMIRANTE 
Lyncu.”—The Almirante Lynch, built by Messrs. J. 8. 
White and Co. for the Chilian Navy, and described in 
last week’s issue (page 85), has since completed her 
24-hours’ coal consumption trial at 15 knots. As with the 
full-power trial, the results of which were published in 
our previous article, this trial passed off thoroughly satis- 
factorily. The consumption for the 24 hours was 51 


speed of 15 knots, of 3850 nautical miles. 


General INDEX TO THE ‘‘ CHEMICAL News,” VOLS. 
1 To 100.—This index, which has recently appeared, 
includes both subjects and authors, and under the names 
of the latter all the contributions they have made to the 
Chemical News are mentioned, and any personal notes 
and reviews of their publications, or abstracts of their 
papers that may have appeared in the periodical are 
given. Large subjects are subdivided as much as possible. 
As an example, ‘‘ Acids” may be taken, as well as 
** Alcohol” and ‘“‘ Alcohols,” ‘‘ Water” and ‘‘ Waters.” 
Book reviews and notices are mentioned under the heading 
of ‘* Book,” and every notice is also placed under the 
name of the author of the book. Cross-references, where 
a have been inserted. The book contains 712 

ages. It is published at the Chemical News office, 16, 
ewenstie - street, Farringdon - street, London, E.C 
price 40s. 








Tur Lonpon Hypravutic Power Company.—During 
Tuesday, Wednesday, and Thursday this week there was 
on view the Falcon Wharf pumping station of the London 
Hydraulic Supply Company, which was the first of the 
stations established by the company, having been originally 
built in the year 1882. It has, however, been recently 
reconstructed and enlarged, the old machinery having 
been removed and the new put in its place, and it now com- 
a a boiler-house, engine-houses, hydraulic accumu- 
ator tower, hydraulic com tor, coal-store, filter 
a. overhead tanks, coal-handling machinery, boiler 
eed-water = measuring plant, workshop 
store-room, offices, &c. London is now served by five 
central agrees, which supply water to about 
175 miles of raulic mains. At present the amount of 
water pum into the mains is over 22 million gallons 

r week, and this actuates 7125 machines and 163 fire 

ydrants. The pumping engines at the Falcon Wharf 
station are of the inverted triple-expansion surface-con- 
densing type, supplied with steam at 150 Ib. per sq. in. 





market, so far as Cleveland pig is concerned, is steadier, 
and anticipated demand to meet autumn requirements | 
induces a more favourable view of the outlook. The pro- 
duction of pig iron is well taken up, but the amount of 
business ing is still on a very limited scale. Quotations 
for makers’ Cleveland pig move very little. No. 3 g.m.b. 
is firm at 56s. for early f.o.b. delivery, and, in fact, 
that is more a buyer’s than a seller’s quotation, though 
there are second hands prepared to sell the ruling quality | 
at the figure named. No. 1 is 58s.; No. 4 foundry, 
55s. 6d. ; No. 4 forge, 55s. ; and mottled and white iron, 
each 54s. 6d.—all for early ig 6 There is little or 
nothing passing in East Coast hematite pig, further 
reduction in price having failed to bring in buyers. | 
Customers consider prices still too high, and the opinion | 
prevails that a drop of 2s. more will have to occur before 
urchasing to any extent is likely. Merchants offer 
Nos. 1, 2, and 3 freely at 72s. for either early or forward | 
delivery. Business in foreign ore is still inactive, but 
sellers continue to take a firm stand, and market rates 
remain nominally on the basis of 20s. ex-ship Tees for 
Rubio of 50 per cent. ry Though local consumption 
continues heavy, coke is decidedly easier, and makers 
declare that the rates now mentioned leave little or no | 
profit. Average blast-furnace qualities are on sale at 19s. | 
delivered at Tees-side works. | 


Stocks and Shipments of Pig Iron.—Stocks of Cleve- 
and pig iron continue to be steadily drawn upon. The | 


pressure. The four engines recently erected to replace 
the original engines deliver 18,000 gallons of water per 
hour at a pressure of 750 lb. per sq. in. ; and those in the 
new house deliver 15,000 gallons per hour into a trunk 
main at a pressure of 900 Ib. sq. in. This pressure 
can, however, be raised to 1 lb. per 4. in. if desired. 
A network of street mains leads from the station, sup- 

ied by one 6-in. bore steel trunk main and four 6-in. 

re pressure pi An automatic valve controls the 
supply to the 6-in. trunk main, and this valve imme- 
diately isolates the main from the system in case of acci- 
dent, the general supply of power not being interfered 
with. Two hydraulic accumulators supply water to the 
lower- ure mains at 750 lb. per sq. in., and in connec- 


tons, which gives the veesel a radius of action, at this |p; 


NOTES FROM THE SOUTH-WEST. 


_ Cardiff.— Admiralty qualities of steam coal have been 
firmly held, shippers having heavy orders for coal for 
the naval manwuvres, and some leading colliery owners 
declining fresh contracts with prompt delivery. Other 
classes have been fairly plentiful, and occasional con- 
cessions have been made in prices. Sellers, however, 
have been asking harder prices for forward delivery, as 
they look forward to a decreased production during the 
approaching holidays. Smalls have shown little change 
for prompt shipments. Household coal has been rather 
dull, and the demand for patent fuel has also been 
sluggish. The best Admiralty large stcam coal has 
made 20s. to 2ls. per ton; the best secondary qualities, 
19s. to 19s. 6d.; other secondary descriptions, 18s. to 
18s. 9d.; best bunker smalls, 10s. 3d. to 10s. 6d.; and 
cargo smalls, 7s. 6d. to 8s. 6d. per ton. The best house- 
hold coal has made 19s. to 20s.; good household, 17s. 
to 18:.; No. 3 Rhondda 1 17s. to 18s.; and emalis, 
12s. to 12s. 6d. per ton. No. 2 Rhondda large has realised 
13s. to 13s. 9d.; and No, 2 smalls, 8s. to 8s. 6d. per ton. 
Special foundry coke has made 30s. to 32s.; gocd foundry 
coke, 25s. to 28s.; and furnace coke, 21s. to 22s. per 
- My hg iron ore, — has made 19s. 6d. to 

3. per ton, upon a basis o' r cent. of i and 
charges, instoding freight, lind oy &c., to Cardiff or 
Newport. 


Bristol Docks.—The revenue of Bristol Docks in the 
year ending April 30 was 341,825/. while the ordinary ex- 
penditure was 230,786/. The interest and sinking fund 
charges of the twelve months amounted to 238,102/. As 
the balance available for meeting these charges was only 
111, 039/., it was necessary for the Docks Committee of the 
Town Uouncil to resort to the borough rate to the extent 
of 127,0637. As the business of the docksis growing, how- 
ever, the committee considers that inaseneedl asneusmedis- 
tion has become necessary. 


The Permanent-Way Institution.—The summer con- 
vention of the Permanent-Way Institution concluded on 
Thursday with an inspection of the Severn Tunnel 
pumping-station works at Portskewett. In the after- 
noon the tubular nae across the Wye and Chepstow 
Castle were visited, the party afterwards proceeding to 
ntern to view the Abbey. 


Coal-Conveyors.—The quarterly meeting of the South 
Wales Institute of Engineers took place at Cardiff, Mr. 
W. N. Atkinson, the president, in the chair. A paper 
was read by Mr. S. Mavor on ‘‘Underground Coal- 
Conveyors.” Mr. Wes Brown, Mr. G. Hann, and 
Mr. G. Roblings indicated the geological conditions which 
differentiated the South Wales coalfields from the Mid- 
lands and the North of England in the employment of 
conveyors, and showed that there were almost as many 
mechanical coal-cutters and conveyors in South Wales 
as in the other districts named. Except Scotland there 
was no coalfield in the country where more conveyors 
were in use. There were 50 conveyors and 156 coal- 
cutters in use in South Wales in 1910, 43 conveyors and 
113 cutters in 1911, and 47 conveyors and 144 cutters in 
1912. The discussion was adjourned to a meeting at 
Swansea. The next meeting of the Institute will be held 
in Ghent in the first week in September. 








_ British ENGINEERING TRADE wiTH SipeRia. — A 
limited company is being formed, which will have its 
a gee offices in London, with an office in Western 
Siberia at Omsk. and another for Eastern Siberia at 
Vladivostock, together with a branch office for the Ural 
mining district at Ekaterinburg, to introduce British 
machinery, and more especially that manufactured by 
the firms composing the company, into Siberia ; to initiate 
schemes which involve engineering work; to provide 
Siberia with a staff of expert engineers and salesmen who 
shall be representatives of the firms comprising the com- 

ny, and to carry on other work likely to advance 

ritish trade in the country. The following classes of 
machinery will be handled :—Agricultural machinery, 
dairy machinery, &. ; mining machinery, railway plant, 
structural iron and steel work, flour-milling machinery, 
canning machinery, wood-working machinery, oil-presses, 
engines, boilers, pumps, &c. ; electric-lighting plant and 
materials, tools and contractors’ suppli brick and 
cement-machines, ironmongery, small tools, Further 
information may be obtained from Mr. A. G. Marshall, 
of 66, Victoria Street, Westminster, 8. W. 


Conrracts.—Messrs. Mitchells, Ashworth, Stansfield 
and Oo., Limited, 23 and 24, Old Bailey, E.C., have 
received from the Central Argentine Railway, Limited, 
an order for 15;000 insulator packing-pads to be made in 
their speciality ‘‘ Mascolite” quality P.S.P. } in. thick, 
which are to be used under the conductor-rail insulators 
in the electrification of the railway’s suburban lines ; al<o 
an order for 24,000 lineal feet of ‘‘ Mascolite” P.S,P. 





tion with the Strand district, wherethedemand for wateris 
the greatest, isan hydrauliccompensator, which is really the 
most interesting feature of the installation. It is placed | 
in the new engine-house, and acts as a differential acouv- | 
mulator governing the two pressures. The lower cylinder | 
of the compensator contains a moving ram, 16 in. external 
diameter and 14 ft. stroke, and this moving ram forms a 
cylinder for a second and smaller fixed ram, the diameter | 
of which is such that, with the higher pressure, it | 
balances the lower pressure on the large ram. Between | 
the two rams there is an automatic connection made 

whenever the pressure on the smaller ram exceeds 1000 Ib. 

per sq. in. The boilers are of the Babcock and Wilcox 


type. 





nearly all repeat orders; 4 Bennis furnaces for hand 
fring, being @ repeat order from the Clifton and Kersley 


tin. thick and 2 in. wide for the Burma railways, to be 
used for body cushions.—Among the contracts aad by 
Messrs. Ed. Bennis and Co., Limited, during the last 
few weeks, we note those for 13 elevators, mostly repeat 
orders, for various works in this country ; a Bennis coal- 
coating plant for Southend-on-Sea — ay tion; a set 
of soot-removing gear, Lay bo t order from Meesrs. 
Clarke, Chapman and Co., sasdeend ; 73 Bennis various 
types of stokers complete for various factories, mills, 
railways in this country, and for the Toronto Water Works, 


Company; and the fitti 
Bennett =n AR links to the 


of the Bennis-Miller- 
ting-frames of three 


| Other chain grates at a British factory. 
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NOTICE OF MEETING. 


Tue InstTrTUTION OF MecHaNnicaL Enoinemrs.—Tuesday, July 29, 
to Friday, August 1. Summer Meeting at Cambridge The 
following ange have been offered for reading and discussion, 
and will presented as time rmits, but not necessarily 
in the order here given :—‘‘A New Method of Cooling Gas- 

nes,” by Professor Bertram Hopkinson, F.R.S., Member, 
of Cambridge; ‘Modern Methods of Measuring Temperature,” 
by Mr. Robert S. Whipple, of Cambridge; ‘‘ Modern Pumping 
Machinery for the Drainage of the Fens,” by Mr. Richard 
W. Allen, Member, of Bedford; ‘“‘ The Drainage of the Fens,” | 
by Mr. Richard F. Grantham, of London; “ The Drainage of 
the River Ouse Basin,” by Mr. E. G. Crocker, Member, of Ely ; 
“*Modern Flour-Milling Machinery.” by Mr. Robert B. Creak, | 
Member, of Manchester ; ‘“‘ A Few Notes on Engineering Research 
and Its Co-ordination,” by Mr. G. H. Roberts, Member, of 
Woolwich. 

Tuesday, July 29, at 10 am.—The Right Worshipful the 
Vice-Chancellor of the University (the Rev. 8. A. Donaldson, 
D.D.), the Worshipful the Mayor of Cambridge (Councillor 
Walter H. Francis), and the Members of the Cambridge Recep- 
tion Committee, will welcome the President, Sir H. Frederick 
Donaldson, K.U.B., and the Council and Members of the Insti- 
tution, in the Senate House of the University, and then will 
follow the reading and discussion of papers. In the afternoon 
there will be visits to (1) the Observatory ; (2) the Saxon and 
Norman Cement Works; (3) to works, «c., in Cambri ; and 
(4) to Newnham College (for ladies only). The Institution Dinner 
will take place in the Guildhall at 7.15 p.m., and will be followed 
by a reception in Trinity Lodge, from 9.30 to 11.30 p.m., by 
kind invitation of the Rev. H. Montagu Butler, D.D., Master of 
Trinity College, and Mrs. Butler. 

Wednesday, July 30, at 10 a.m., meeting for reading and dis- 
cussion of papers. In the afternoon individual visits to works and 
laces of interest in Cambridge, and a garden party at Magdalene 

, by kind invitation of the Right Worshipful the Vice- 
Chancellor of the University, the Rev. 8. A. Donaldson, D.D., 
Master of Magdalene College, and Lady Albinia Donaldson. In 
the evening there will be a reception in the Guildhall, by kind 
invitation of the Worshipful the Mayor of Cambridge (Councillor 
Walter H. Francis) and Mrs. Francis. 

Thursday, July 31.—Alternative excursions to (1) Ipswich, to 
Messrs. Reavell and Co. and the Ipswich Corporation Electric 
Power Station and Tramways Dépét (ladies visit Messrs. William 
Pretty and Sons’ Corset Factory), or Messrs. Ransomes, Sims and 
Jefferies, Messrs. Ransomes and Rapier, Messrs. R. and W. Paul, 
and Messrs. Cranfield Brothers, or Christchurch Mansion and 
Park and other places of interest. (2) Ely, to visit the Cathedral. 

Friday, A t 1.—Excursion to Bedford, to visit the Queen’s 
orks of Messrs. W. H. Allen, Son and Oo., and 
other works in Bedford. For the ladies there will be a garden 

rty at Bromham House, by invitation of Mr. William H. Allen, 

ember of Council, and Mra. Longhurst. 


vee - NOTICE. 


Immediately following the Index to our last volume, which is 
published with the current issue, will be found a Classified 
Directory of Current Advertisements in ENGINEERING, together 
with a List of the Telegraphic Addresses of the Advertisers and 
Key. This Directory and List with Telephone Numbers and 
Telegraph Codes in use, together with Glossaries for the use of 
Foreign Buyers, is also published in pact book form for handy 
reference, and may be had gratuitously on application to the Pub- 
lisher. This Directory is sent at regular intervals to the principal 
purchasers of machinery throughout the world. 
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PARLIAMENT AND THE NAVY 
PROGRAMME. 
Tue solicitude of the Admiralty to maintain 
naval shipbuilding at the required rate, in view of 
the action of foreign Powers, is proved by the fact 
that tenders for the whole of the work proposed in 
the programme of the current year are now under 
consideration, and that contracts will probably be 
made for all the ships in the next two or three weeks. 
The practice in earlier years, with few exceptions, 
was to delay the placing of the work until lite in 
the financial year, usually until February, and, 
indeed, in some cases until March. There will thus 
be for all the ships a general acceleration of about 
six months, as compared with the normal condi- 
tions. The tenders include prices fer the hull and 
machinery of three battleships, the two others 
of the programme having been allotted to Ports- 


will be laid down before the end of the current calen- 
dar year, while the machinery will be ordered from 
the contractors in a few days. These new ships, as 
Mr. Churchill informed the House of Commons on | 
Thursday, will differ from the five vessels of the | 
Queen Elizabeth class in respect that they will | 
ordinarily use coal as fuel, with oil for emergency ; 





beam has been very considerably reduced, probably 
in order to render available a large number of exist- 
ing graving-docks. As a consequence, it has not 
been possible to reduce the —_ to the same 
extent as would otherwise have m the case in 
view of the smaller displacement ; but there is gain 
in respect of speed, as increased length conduces, 
other things being equal, to higher propulsive 
efficiency. The cost, of course, will also be re- 


| duced, and it would seem as if the contract for the 
| hulls and machinery of the three ships will be placed 
| at an average price from 13 to 14 per cent. less 
| than was the case with the contract ships of the 


Queen Elizabeth class. This is, however, due in a 
measure to that keen competition which has pre- 
vailed for a long time in connection with naval 
contracts. Perhaps the low prices may encourage 
the Admiralty to enter earlier than might otherwise 
be the intention upon orders for further ships, to 
meet the deficiency which, sooner or later, must be 
experienced in our standard of strength as com- 
pared with that of our neighbours. 

There are also under consideration tenders for 
five light unarmoured cruisers of exceptionally high 
speed ; these correspond in design to the eight 
vessels laid down a year ago. There has, however, 
been a slight increase in the size of the ship, and 
the prices show only a corresponding advance. Three 
other ships of the class are to built—two at 
Pembroke and one at Chatham. Work on these 
will be commenced shortly, and already, this week, 
contracts for the propelling machinery have been 
let. Messrs. Hawthorn, lie and Co., New- 
castle-on-Tyne, will construct the engines and 
boilers for two of these, and Parsons’ Marine Steam- 
Turbine Company the machinery for-one. For 
sixteen torpedo-boat destroyers of very high power 
and s the Admiralty have also under con- 
sideration tenders from private firms. These, 
like the eight unarmoured cruisers, will depend 
entirely upon oil fuel. All of these vessels, except 
the ae are to have increased speed 
compared with last year’s ships, and, regarding the 
exception, Mr. Churchill pointed out that ‘‘ the 
five ships of the (Queen Elizabeth class were in- 
tended to form a fast division of battleships of 
exceptional —_ requiring oil fuel.” Continuing, 
he said :—‘‘ Speed is only relative, and if the 
general speed of the line of battle were raised until 
it was equal to that of the fast division, the fast 
division would, ipso facto, fall back into the 
ordinary category. In creating the fast division 
we therefore have no intention of raising the 
ordinary speed of the fleet of the line of battle, 
which remains at a maximum of from 20 to 21 
knots, and coal will continue to be the main basis 
of our sea-power in the line of battle for the 
present ; and this year we revert to building shi 
= ordinary speed for the ordinary service of the 
ine.” 

The evidences therefore point to a full realisation 
of the promise to accelerate our shipbuilding pro- 

mme in view of the rejection of the Sanelion 
aval Aid Bill by the Senate of Canada. There is 

a general hope that Mr. Churchill will not for a 
moment lose sight of the distinct promise to make 
provision for the all-world safety of the Empire 
should the present Canadian situation not improve. 
The Canadian proposals were based on the Admiralty 
memorandum, which clearly established that such a 
state of emergency would arise in 1916 as to 
justify Canada in presenting to the Navy three 
ships to be supplementary to the normal programme 
of construction authorised by Parliament for the 
year. It was under contemplation to lay down 
these Canadian ships in the course of the present 
year in order to ensure their completion early in 
1916. The six or seven months’ acceleration of 
the programme of the Admiralty meets the con- 
tingency only for that period of time, and whatever 
may be the action of the Canadian Government, three 


, additional ships, according to Mr. Churchill’s own 


| whereas the vessels of the class named laid down | computation, ought to be laid down in Febr 


| under last year’s programme will depend solely on | or 
|oil. As a consequence, there will be a return to | there would be, beyond question, absolute need of 


| namely, to 21 knots, as compared with 25 knots. 
137|The difference due to increased weight of fuel | 
187 | for the same radius of action is partly counter- | 
13g | balanced by the reduction in the Peight 
With Four One-Page Plates of the QUEEN'S ENGINEER. | boiler installation owing to the less volume of steam 
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the battleship speed of the preceding ships— 


| 


of the. 
It has thus been | 


SON AND CO., LIMITED; and One Two-Page Plate of | found possible to reduce the displacement by some | 
the WALLSEND-HOWDEN SYSTEM OF BURNING OIL | 2000 tons, notwithstanding that the offensive and | 
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defensive qualities have been augmented. The| 





h next. In other words, before that time 
the five ships of the programme as well as the 
three Canadian ships if the all-world safety of the 
Empire is to be maintained. No figures as to the 
relative strength of the British and foreign fleets, 
either in home waters or the Mediterranean, or in 


any other part of the world, can affect the definite 


need already established by the Admiralty for three 
more ships, being laid down at latest by next 
March. Mr. Churchill, however, has so fully re- 


cognised the requirements in every respect during 
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the recent past, that the nation may wait with some | supply, the safety of transport, and the storage of 

degree of confidence to see how matters develop oil. In respect to all of these the First Lord gave 

during the coning winter. the assurauce that the measures now being taken 
The three extra ships thus desiderated, it must | will render the Admiralty safe against all possible 

be remembered too, are apart altogether from any | contingencies. . 

The First Lord disclosed the ultimate policy to 


necessity for augmenting our programme owing to | : u 
the ae of italy and Austria-Hungary. The be adopted. The Admiralty will ‘‘become the 


Admiralty are watching developments on the part independent owner and producer of its own supplies 
of these two Powers, and although the First of liquid fuel, first by building up an oil reserve in 
Lord of the Admiralty contended that there is the country sufficient to make us safe in war 
no ground for fresh additions on our part ‘‘in|and able to override price fluctuations in time 
advance of the regular programme of 1914- | of e; secondly, by acquiring the power to 
1915,” there is call for vigilance on the part | deal in crude oils as they come oo into 
of all. This, too, even in the light of Mr. the market.” This involves the Admiralty being 
Churchill’s peroration, where he indicated that able to retort refine stock, ‘‘top” (driving lighter 
during the next eighteen months we shall, on the | products off by evaporation), or distil crude oil of 
average, receive from the builders’ works a super- | various kinds until it reaches the quality required 
Dreadnought of the latest possible type and of the for naval use. This is a departure of far-reaching 
highest possible cost every forty-five days ; during consequence. It has been urged in justification 
the next twelve months a light cruiser every thirty | that the department build ships and manufacture 
days, and during the next nine months a torpedo- | cordite, &c.; but in all such existing manufacturing 
boat destroyer every week. This makes a brave| processes there are no residual products. We 
showing, but it must be remembered that, as Mr. | believe that the proposal some years ago to sub- 
Churchill himself admitted, part of this is due to | stitute gas-producer plant for steam plant in 
the arrears of shipbuilding which are being worked the dockyards was rejected because residual pro- 
off, and part to the normal completion of newj|ducts would have to be marketed, and it was 
ships. This admitted delay in shipbuilding in the | not then considered desirable for a Government 
past may operate in the future at any time ; it | Department to be sellers in the open market. If 
renders prudent, if not necessary, the laying down | oil, therefore, is to be refined, as proposed, this 
of new ships, in order that of a certainty they will | objection, it would seem, no longer holds. The 
be completed when they are required in the line of | situation altogether opens up an important ques- 
battle, irrespective of strikes, lock-outs, and shortage | tion in policy, which requires some consideration. 
of time by workmen. We admit, however, that this question is secondary 
The only other point on which there has been | to the all-important need of ensuring a cheap, 
anxiety has reference to the supply of oil fuel, | adequate, and continuous supply of oil-fuel for the 
and Mr. Churchill was able, in his speech in the | Fleet. : 
House on Thursday, to allay any such anxiety which; The Admiralty have already taken certain steps 
may have prevailed. He established the fact that, | to protect national interests with regard to colo- 
however remiss the Admiralty may have been two} nial leases in the oil-producing Colonies of the 
or three years ago in anticipating the enormous| British Empire. At the same time there has been 
but quickly-growing needs of the fleet for | ‘‘almost fastidious discrimination in the selection 
oil, their recent action is all that could be| of exactly the kind that suits British ships, irre- 
desired. The First Lord, with that remarkable | spective of whether it is particularly convenient 
power of acquiring technical information and that | to refiners to make it or not, and irrespective 
facility of exposition which has characterised | of whether it is particularly abundant or not.” At 
nearly all his Parliamentary speeches since he went — supplies are being drawn, or will shortly 
to the Admiralty, entertained the House with an drawn, from Burma, California, Persia, Texas, 
instructive and fascinating explanation of the | Roumania, Borneo, Egypt, Mexico, and Trinidad. 
advantages of oil fuel from every standpoint. We | Moreover, the Scotch oil-fields are being looked to 
do not propose to enter into this question at the| with a considerable degree of hope. It is calcu- 
present time further than to state that he, no/| lated that the Scotch shales alone, if developed to 
doubt with the authority of the technical officers | their fullest capacity, would yield between 400,000 
of the Admiralty, placed the increase of the radius | and 500,000 tons per annum for 150 years. The 
of action due to the use of oil, instead of coal, at| immense deposits of kimmeridge clay, containing 
nearly 40 per cent., and showed, further, that there | oil-bearing strata or seams, stretching across 
was a substantial reduction in the personnel owing | England from Dorsetshire to Lincolnshire, are to 
to the ease with which oil can stowed and|be investigated. Moreover, as the total supply 
brought to the boiler furnaces, as well as to the | of the world last year was 50 million tons, it would 
absence of ashes, clinker, and soot. seem as if there need be little anxiety regarding 
Interest centres in the subjects of supply, trans-| the production of the raw material and the main- 
port, and storage of oil against the time when war | tenance of a stock in this country of at least one 
might interfere, not so much with the supply | million tons against emergency. ; 
perhaps, as with the getting of oil at a reasonable; The question of the safety of supplies on the 
price. It was pointed out that the first flotilla of | ocean during war does not seem to frighten the 
destroyers dependent wholly upon oil fuel was/ present Board of Admiralty. We have to depend 
created as recently as 1909, resulting in a very|upon the arrangements made at present for the 
substantial increase in speed, owing to the higher | protection of all sea-borne commerce, and oil 
caloric value of the fuel, and to the ease with which | cannot be in any worse plight in the event of war 
boilers could be pressed, whereby a higher effi- | than our food and other supplies. Undoubtedly, 
ciency per unit of heating surface is available.|the supremacy of the Fleet ought to suffice to 
Since then all destroyers have been fitted solely | ensure the continuance of supply, but it will be 
to burn oil fuel, and the number built or building | more conducive to confidence if we can, in posi- 
is now more than 100. At the same time, all/ tions of safety—that is, at considerable distance 
the light armoured cruisers and five of the battle-|from the coast— have such a supply always 
ships will be wholly dependent on oil fuel ; in addi-|in tanks as will make our Fleet independent 
tion to this all ships built during the last five or six | during the continuance of a more or less pro- 
years burn oil as well as coal. As a result, the oil| longed war. And in this connection it should 
used by the Fleet during the past year increased to| be remembered that oil does not, like coal, 
200,000 tons, and there will undoubtedly be a very | deteriorate while stored. The three principles 
considerable augmentation this year, and a still| which are guiding the Admiralty now in making 
larger increase in the years to come. In connec- | their contracts for five years ahead, and in their 
tion with this development the Admiralty are | policy of uiring mineral rights and suitable 
building a fleet of twelve transport steamers, some | refining factories, are, firstly, wide geographical dis- 
for sea service and others for distribution of oil to | tribution of sources to guard against | failure of 
the fleets and flotillas. All of these will be ready — and to avoid undue reliance on any parti- 
before the end of next year. Five of the larger | cular source, so as to preserve as much security and 
ships alone have an annual carrying capacity con- as much expansive power or elasticity as is pos- 
siderably greater than the 200,000 tons of oil con- | sible ; secondly, to keep alive independent com- 





SOURCES OF MOTOR FUEL 


A pozeN years of propulsion by internal-com- 
bustion engines have practically sufficed to revolu- 
tionise the traffic on the roads, to create a traftic in 
the air, and to make man doubt whether he 
will long continue to make his sea journeys by 
‘* steamers.” History hardly knows of any greater, 
more rapid change. At the end of the past century 
the future seemed to belong to electric propulsion, 
itself a new-comer. At the present time the 
electric locomotive successfully rivals the steam 
locomotive ; but the motor-omnibus and vehicle 
threaten to oust both the local railway and the 





electric tramway, as they have driven the cart-horse 
| and carriage-horse from the roads. The development 
| has been astounding, and that implies, almost as a 
| matter of course, that it has not been in all respects 
| desirable. Life is endangered by the reckless speed 
| of motor vehicles ; our roads are smeared with oil, 
| and the atmosphere is not free of noises and smells. 
But to check the automobile development at the 
present moment would be a graver matter than the 
endurance of its present defects. Yet a most for- 
midable check seems to threaten the industry—the 
dearth of motor-fuel. More perhaps is being written 
just now on this subject than on any other. We 
do not deny the serious aspect of the question ; 
but when we examine the problem, we think that 
the outlook is not so black as it is painted. 

At the present time petrol is practically the only 
motor-fuel which is being utilised. Petrol is 
derived from various sources. Its chief source, 
however, is natural oil, and as petroleum is not 
found in all parts of the world—for instance, not 
in the United Kingdom—and as its stores are 
nowhere inexhaustible, the supply of motor fuel 
becomes at once a national and an Imperial prob- 
lem. It was from this standpoint that the Imperial 
Motor Transport Conference approached the ques- 
tion last Monday in Olympia Hall, when discussing 
the supply of fuel for motor vehicles. Delegates 
from all parts of the Empire had assembled for this 
Conference under the presidency of Prince Arthur 
of Connaught, and it was befitting that the Mar- 
quess of Crewe, as former Secretary of State for 
the Colonies, and as actual Secretary of State for 
India, should welcome the assembly on Monday. 
Two technical papers were submitted to that meet- 
ing, over which the Hon. Arthur Stanley, M.P., 

resided, on ‘‘ The Supply of Hydrocarbon Motor 

uels,” by Mr. W. J. A. Butterfield, M.A., F.I.C., 
and on ‘Petrol Substitutes,” by Sir Boverton 
Redwood, Bart., and Professor Vivian B. Lewes. 
We will review the technical side of the problem 
with reference to these papers. 

Motor spirit may be defined as any easily-evapo- 
rated combustible liquid sufficiently volatile to 
form an explosive mixture with air at moderate 
temperature. That definition of Sir Boverton 
Redwood’s would include petrol proper—the portion 
of crude petroleum which distils over below 120 
deg. Cent., and has a specific gravity of less than 
0 75—as well as many other liquids, all hydro- 
carbons of various compositions. They may belong 
to diverse series—to the paraffin series, of the 
general formula Cn Hon+2, the lowest member 
of which is the gas methane, CH,, and the higher 
members of which are the solid paraffins, while 
those containing from four to eight atoms of 
carbon are the most suitable motor fuel. They 
may be the corresponding members of the olefine 
series of the general formula Cy Ho». They 
may be the first three members of the aromatic 
hydrocarbons distinguished by a ring structure, 
the first member of which is benzol, C, H,. These 
latter occur in commercial benzol, by which term 
Mr. Butterfield designates a substance of which 90 
or 50 per cent. (the ordinary commercial grades) 
will distil over below 100 deg. Cent., and which 
would essentially consist of benzol, and further of 
its homologues, toluene and xylene. In their 
chemical properties these hydrocarbons differ widely 
from one another. But there is not much difference 
| as to calorific power, volume for volume, and as to 
| the range of suitable temperatures ; a commercial 
| benzol may, indeed, fractionate on distillation 
‘exactly as a standard petrol. What is essential 





sumed by the Fleet last year. At the same time petitive sources of supply in order to safeguard the | for all these spirits, and particularly also for the 


the Admiralty will be able to hire 7. oil- | Admiralty from becoming dependent on any single 
carrying when the necessity arises. ile these combination ; and, thirdly, to draw supply as far 
provisions will assist in checking such increase in | as ible from sources under British control or 
the price of oil as is due to the advance in freights, | British influence and along those sea or ocean routes 
which have risen by 60 to 70 per cent. in the which the Navy can most easily or most surely 
past two years, there is the larger question of the | protect. 


substitute later to be mentioned—alcohol and its 
| denaturants—is a certain purity, and freedom from 
{sulphur and nitrogen compounds, which are of 
| offensive smell and likely to yield during combus- 
| tion products which would corrode the cylinders. 

| The imports of petrol proper into England have 
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risen from 18 million gallons in 1906 to 80 million | of benzol per ton of coal carbonised are claimed to| this form, sufficient liquid product, Dr. Lessing 


gallons in 1912, the chief producing countries being | be gained in this way. But this yield would be thought, would be obtained to meet all 


the Dutch East Indies (which supplied 46 million 
gallons last year), America (16), Russia (5), Rou- 
mania (4), and other countries (9 million gallons). 
Five years ago America was still the chief source, 
and the relative proportions will probably be 
changed once more in favour of the United States 
this year. The total production of oil of last year 
is estimated at 50 million tons ; one-tenth of that 
may be petrol, in which the East Indian and 
Roumanian oils are particularly rich, and the 80 
million gallons mentioned would, according to 
Sir B. Redwood, represent 24 per cent. of the 
world’s supply of petrol. Not included in these 
estimates are the vapours of pentane and hexane 
which generally escape with the natural gas 
(chiefly methane) from oil wells ; these vapours are 
now condensed, and in the Oklahoma and Kansas 
fields 12,500 gallons of a very light spirit are said 
to be daily recovered in this way, and mixed with 
heavier grades. These heavier oils are in the first 
instance lamp oils or kerosenes of density about 0.8; 
they are mixed with 40 per cent. of petrol, and 
can be burned in special carburettors. The carbu- 
rettor has hardly received the serious attention it 
deserves, though some types give excellent results. 
Yet such mixtures do not possess the elasticity 
required for congested traflic, with hot days and 
cold nights. Hence, when they are used for motor 
traffic, a supplementary petrol-tank is provided for 
starting the motor and running until the machinery 
is warm, when the mixture from the main tank is 
turned on. 

‘** Cracking”’ affords other means of utilising oils 
not directly suitable as motor fuels. Cracked or 
heated hydrocarbons break up completely ; some 
split into lower, lighter carbon (soot) and hydrogen, 
others split up into hydrocarbons. Here the influ- 
ence of the chemical constitution and series comes 
in. Acetylene and benzol cannot well be cracked, 
because they decompose completely ; the paraffins 
can be cracked by distillation and condensation 
under high pressure, especially in the presence of 
catalytic agents like nickel. Cracking by more or less 
secret processes is also applied to products derived 
from other sources than petroleum, to which we 
now pass. 

The chief other raw materials already utilised 
are shale oil and bituminous and cannel coal. The 
British Empire is well stocked with these, and the 
delegates from New South Wales did not fail to 
draw attention to their oil shales during the dis- 
cussion. Both there and in Scotland the distilla- 
tion of shale was at first chiefly carried on for the 
production of lamp-oils, with lubricants, heavy gas- 
oils, paraffin wax, and ammonia as by-products. 
Very little motor spirit was then gained. Of late, 
cracking of the oil has been applied at high tem- 
peratures, steam and hydrogen being introduced 
at some stage. Thus the yield of motor-fuel has 
been raised to 60 per cent. by volume of the crude 
oil treated. But the method in itself, and the 
revivification of the catalytic agents, are expensive, 
and the economy of most processes largely depends 
upon the amount of ammonium sulphate produced. 
This applies, at any rate, to Scotland, where Mr. 
Butterfield considers yields of 12 lb. or 15 lb. of 
ammonium sulphate, and of 25 or 30 gallons of 
crude oil per ton of shale distilled, as averages. 
The New South Wales shales are much richer in 
oil, and the prospects of motor — there better. 

As regards coal-tar, we may broadly distinguish 
between coal distillation above 800 deg. Cent., as 
carried on in ordinary gas-works working with hori- 
zontal or inclined retorts, and distillation at lower 
temperatures in vertical and chamber retorts. The 
higher the temperature, the more the tar will be 
benzenoid in character—that is to say, it will 
consist of benzol and its homologues and other 
aromatic substances, such as carbolic and cresylic 
acids, naphthalene, anthracene, and pitch. The 
aromatic bodies we mentioned already cannot 
profitably be cracked. But benzol and toluene 
can be obtained by direct distillation ; the remain- 
ing oil may be distilled through high columns of 
hot, coke. The costs of the latter cracking pro- 
cess are rather prohibitive, however, and since only 
the largest works -distil their tar, the 15 million 
tons of coal which are carbonised per year in ordi- 
nary gas works would not supply more than 50,000 
gallons of motor spirit. In vertical retorts a large 
portion of the tar is distilled at low temperature, 
and remains paraffinoid, especially if the tempera- 
ture does not rise to 500 deg. Cent.; up to 3 gallons 


quite inadequate to make the process remunerative. 
Cracking the naphtha distillate is also proposed or 
practised. The gasitself is not treated for the extrac. 
| tion of motor spirit. It may probably be done with a 
| gain of another 3 gallons of motor spirit. We dealt 


| with these features in connection with the general | 


scheme which Mr. Doherty, of New York, recently 
|advocated here in London.* The gas would, of 
/course, be impoverished as an illuminant by being 


| deprived of those constituents which make the flame | 
|luminous ; this might necessitate legislation, but | 


gas should not be burnt in naked flames, and gas 
| works might face the expenditure for the necessary 
plant to scrub the gas. 


| The heavy, low-temperature, carbonisation. tars 


and coal-oils from bituminous coal and cannel may | 


be both distilled and cracked, and the total yield of 
motor spirit from bituminous coal may rise to 
7 gallons per ton. Whether that will be remu- 
|nerative will be decided by the value of the coke 
produced, and again by the other chief by-product, 
the ammonium sulphate. Sir Boverton Redwood 
estimates that 8 million gallons of benzol are pro- 
duced per annum by some such coke-oven process, 
and most of this material, if not exported, is 
wanted for other purposes. In any case, the 
8 million gallons only make up a small portion of 
the 100 million gallons of motor spirit which, it is 
surmised, will be wanted this year. Mr. Butter- 
field thinks about 30 million gallons might be 
gained by scrubbing the gas of its benzol, and that 
the shale-oils might contribute about the same 
number of gallons. Part of this, however, would 
mean diverting a considerable portion of products 
from useful purposes, for which they are at present 
needed. 

Sir B. Redwood, Professor V. Lewes, and other 
speakers accentuated the fact that the stores of the 
chief raw materials—petroleum, coal, and oil shale 
—are in process of depletion ; that is, of course, un- 
assailable, and must not be lost sight of, though we 
should hardly assert with Sir B. Redwood that 
those processes which led to the formation of petro- 
leum in the laboratory of Nature are no longer in 
active operation. We know very little of what is 
going on in the earth; there are not more than 
two boreholes which penetrate to a depth of one 
mile; and nobody doubts that new petroleum 
fields will be discovered. We do not for one 
moment wish to damp the zeal of those who insist 
on guarding the natural resources ; but the argu- 
ment of depletion must not be pushed too far 
in a particular direction. Whatever develop- 
ment industry and chemical engineering take, 
petroleum as well as coal and oil shales will be 
consumed in some manner, and the task of the 
present generation is to watch that nothing is 
wasted, and all by-products are utilised. 

Now there are more direct ways than those so 
far alluded to of utilising the coal-tar oils and other 
coal product and the petroleum products, and this 
reflection leads us to a wider view of the whole 
problem, even tf we leave Diesel engines out of 
consideration. Mr. Butterfield emphasised, as 
already indicated, that if it be acknowledged that 
coal gas is essentially a fuel—also in the incandes- 
cent burner—and no longer a direct illuminant, 
hydrocarbons are not wanted in gas. Mr. A. W. 
Southey suggested that an adequate supply of 
motor fuel could be obtained from coal-tar oil, 
which he defined as a liquid product of the manufac- 
ture of a partially-coked fuel from bituminous coal, 





the fuel produced being suitable for the domestic 
grate. There is much to be said in favour of this 
proposal. The first question for the case under 


| discussion is, of course, whether these oils can be 
made directly combustible in motors. That this 
can be done for commercial transport vehicles, at 
any rate, by suitable carburettors or gas-producers, 
will be understood from the article on the Southey 


gas-producer which we published last week.+ And 


the question has a wider bearing, as Dr. R. 
|Lessing, who has been associated with Mr. 
Southey in bringing out his gas - producer, 
|pointed out. If we burn partially-coked coal 
/in our houses, we do something for the abate- 
| ment of the smoke nuisance. The fuel has a higher 
calorific and radiating value, and if only something 
like 10 per cent. of the industrial coal fuel and 
“ per cent. of the domestic fuel were supplied in 


| 








* See ENGINEERING, vol. xcv., page 676. 
+ Ibid., page 80 ante. 


uire- 
ments for motor fuel. According to the Royal 
Commission on Coal Supply, some 52 million tons 
of coal are wanted per year for steam-raising in this 
country, and some 36 or 40 million tons for domestic 
grates. Twenty million tons of coal might satisfy 
the present demand for motor fuel, and if the 
Navy would adopt the solid fuel product in the 
place of steam coal, there would be no difficulty in 
as of all the solid fuel residue. 

hese points deserve attention, especially in view 

of the advance of the Diesel engine. The meeting 
in Olympia was, however, distinctly in favour of 
settling whether alcohol would not really prove a re- 
| liable motor fuel, preferable to those in use because 
| it can be continuously manufactured in any quantity. 
Sir Boverton Redwood had concluded his remarks 
—the papers we have mentioned were taken as read 
—by recommending alcohol. He did not consider 
alcohol an ideal fuel under existing conditions, but 
said there was ample justification for trying it ; their 
first efforts should be directed towards designing a 
motor and carburettor especially suited for alcohol ; 
these difficulties would be overcome, and there 
would be no difficulty in obtaining the alcohol fuel 
at an adequate price. It was the last point—the 
supply of the fuel—which interested the Colonial 
delegates more particularly. They were all fully 
aware of the vast importance that the development 
of motor propulsion had for them. Speaking on 
behalf of the South African Agricultural Union, 
Mr. Oscar Evans, of Johannesburg, said that they 
could probably make alcohol from maize and 
other plants, and they would be perfectly pre- 
pared to put their hands into their pockets to 
find out what was the stumbling-block in the use 
of alcohol as motor fuel. This statement, and the 
readiness to assist in research, was re-echoed by 
other delegates. Mr. Gill, of Ceylon, saw in alcohol 
a solution of several Eastern difficulties, and dele- 
gates from British Columbia and New South Wales 
believed that they could promise uniary assist- 
ance for an inquiry into the manufacture of alcohol 
in the first instance apparently. But when Colonel 
Crompton had reminded the meeting that, while 
experiments demonstrated that alcohol could be 
used as motor spirit, they did not prove that the 
experimenters liked to use it, and that if funds 
were to be raised, they should have manufacturers 
of engines on the commission to investigate the 
root of the trouble with alcohol, the meeting 
adopted, nem. con., the following resolution :— 
‘* Having regard to the high price of petrol, the 
limited quantities of petroleum, coal, and oil shales 
available, and the obvious fact that all these sources 
of hydrocarbons are in process of depletion, it is 
desirable that attention be given to the construc- 
tion of motors for alcohol fuel, and that con- 
currently action should be taken with a view 
to the ultimate creation of an adequate supply 
of this fuel obtainable at sufficiently low price.” 
This was the original resolution proposed by Mr. 
Evans and Mr. Poultney as modified by Sir B. 
Redwood, after Professor Vivian Lewes had summed 
up strongly in favour of alcohol. A second resolu- 
tion by Messrs. Southey and Lessing that, pending 
the inquiry into alcohol, the tar oils should be 
recommended as motor fuel, was lost, as it was 
thought that a second resolution would side-track 
the main question, the alcohol fuel, and weaken 
the representatives of the Conference when 
approaching the Government. It was also resolved, 
on Mr. Evans's proposal, that a committee be 
appointed to give effect to the first resolution, each 
province or dominion to have one representative in 
|addition to the British representatives, and on 
Mr. Thomas Tyrer’s suggestion the Associated 
Chambers of Commerce and the Society of Chemical 
Industry are to be asked to co-operate. Other 
bodies might, perhaps, equally be entitled to 
special consideration. 

We have said little on the pro and contra alcohol, 
| because we dealt very fully with this question in 
,our issue of May 23, 1913, when commenting on 
| the recent comparative tests of petrol and alcohol 
,motors by the United States Bureau of Mines.* 
There is no doubt that alcohol motors can compete 

with petrol motors ; but there is a hitch somewhere. 

It may be merely that the proper alcohol motor 
has not yet been constructed ; it may be the corro- 
sion trouble ; it may be that, with present alcohol 
prices, it does not seem to justify manufacturers 








| * See ENGINRERING, vol. xcv., page 711. 
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risking much money on prolonged costly experi- 
ments. If the Colonies and Governments — in 
with money grants, that difficulty will vanish. When- 
ever alcohol is discussed, the excise question arises. 
At present excise stands in the way, of course. 
But Mr. Tyrer pointed out to the meeting that 
when it had been proved to the Government years 
ago that British manufacturers could not, on 
foreign and colonial markets, compete with their 
German colleagues in pharmaceutical products and 
perfumes, a way out of the difficulty was found by 
refunding the excise paid, and a similar expedient 
might again be found. After all, the outlook is not 
pay In spite of all checks the development of 
the petrol motor has been amazing. Lord Crewe 
pointed out in his opening remarks that Napoleon, 
when crossing the Alps, had practically to rely on 
the means of transport which Hannibal had at his 
disposal two thousand years previously. Printing 
and telegraphy have revolutionised the world, but 
at much slower rate than the petrol motor. ‘‘ Crack- 
ing” is only in its infancy; the engineer as yet 
seldom applies gas under pressure, and alcohol 
certainly can attain a reasonable efficiency in motor 
cylinders. 





RAILWAY ACCIDENTS. 


In our issue of May 16* we referred briefly to 
the Board of Trade Returns of Accidents and 
Casualties on the Railways of the United Kingdom 
in 1912. The annual report has now been issued, 
from which it ap that of the 19 passengers killed 
and 683 inte in train accidents, 18 fatalities 
occurred and 211 injuries were sustained as the 
result of derailments of passenger trains. The year 
showed more derailments than have the recent 
years, including two very serious accidents—viz., 
the Ditton Junction accident on the London and 
North-Western Railway, and the Hebden Bridge 
accident on the Lancashire and Yorkshire Railway. 
The majority of the remaining casualties to pas- 
sengers—namely, 1 killed and 456 injured — 
occurred as a result of collisions, the one fatality 
being that which resulted from the accident at 
Vauxhall, on the London and South-Western Rail- 
way. The number of killed and injured in train acci- 
dents is above that of recent years, though the fatal 
accidents were fewer in proportion to the passengers 
carried. Exclusive of season-ticket holders, which 
represent, of course, intense traffic over congested 
portions of the systems, the passengers killed 
numbered only 1 in 68,100,000, and the injured 
1 in 1,895,000, the latter figure being a rather 
larger rate than usual. Season-ticket traffic has 
increased greatly in recent years, and in 1912 the 


equivalent of 785,000 annual tickets was accounted | 


for, so that the total passenger traffic is much 
greater than ordinarily appears in the returns. 

The casualties to employees showed an increase 
of about 200 on the previous year, but of about 
1200 on the average of the previous ten years. 
These figures, though regrettable, are the some- 
what natural result of the very great development 
in traffic in recent years, heh it must. be ad- 
mitted that 1912, with its stagnation in the early 
part of the year and the subsequent congestion, 
should be judged apart in this respect. The 
servants killed in train accidents numbered six, 

ainst an average of ten for the previous decade. 
No passenger guard was killed, and the rate 
among drivers was 1 in '3,665, among firemen one 
in 12,709, and among goods guards one in 15,339. 
The injured showed an increase of 10 on the 
average figure of 144 for the previous ten years, the 
heaviest rate falling upon goods guards, in which 
class there was one injured for every 365 men at 
work. Passenger guards ranked next, with 1 
injured for every 549 men ; then drivers with 1 per 
651, and finally, firemen with 1 in 726. 


‘In accidents to employees but not due to the 


movement of trains, whick account for 5709 
casualties out of a total of 5905 to such persons, 
the largest class was due to attending to engines in 
motion, though none of these 750 casualties was 
fatal. Braking, spragging, or chocking wheels during 
shunting operations were responsible for 702 casual- 
ties, of which 8 were fatal. Coupling and uncoupling 
accounted for 690, of which 12 were fatal. The 


classified.as due to walking on the line, 241, of 
which 66 were fatal, occurred to men on duty at 
stations ; 78, including 25 fatalities, to men on 
duty at other parts of the line, and 94, of which 
47 accidents proved fatal, to men going to or from 
work. The classes showing the greatest risk of 
accident, other than train accidents, are shunters 
and goods guards, men of both these grades 
doing a large amount of similar work. Among 
these men the risk of loss of life is about 
1 in 560, and of injury 1 in 15 or so. Among 

rmanent-way men the chance of an accident 
ies of a fatal character is much greater, the 
risk of injury being 1 in 399, while the risk of death 
is 1 in 908. Passenger guards show the greatest 
exemption from fatal accidents, their risk being 
lin 2746, while for injury their risk is comparatively 
high—namely, 1 in 52. 

Of accidents to servants not due to train work- 
ing, more than half—viz., 3625—were accounted as 
due to ** misadventure or accidental’; 1500 were 
due to want of caution on the oe of the injured 
person ; and 352 were the result of lack of care on 
the part of others. Only 232 out of all the acci- 
dents of this type could be classified as preventable 
by precautions which might have been taken by the 
companies, and arising from defective apparatus or 
methods. 

This small number is particularly interesting in 
view of the continual efforts made to show that 
railway operation could be rendered much safer to 
the men by the adoption of this or that system of 
working. That it is a reasonably safe calling, pro- 
vided the men are alert and act with an ordinary 
amount of intelligence, is fairly clear. The same 
conviction is forcibly borne in upon one after 
studying the campaign at present being prosecuted 
on the railways in the United States ; for, after 
all, the bulk of the efforts made there in the 
‘*Safety First” movement are with a view to 
developing greater care and better discipline among 
the employees. The ‘‘ Safety” campaign seems for 
the moment to have taken complete charge of the 
American enthusiastic imagination. Scientific 
management has never been given such publicity 
and support as the present movement has acquired. 
There are now ‘‘ Safety” engineers; ‘‘ Safety” 
bureaux are instituted ; lectures are given to the 
men ; awards and badges distributed. ‘‘ Safety 
first” is printed on everything, from cigars and 
buttons to large-size posters on the railroad cars. 
Bulletins are issued ; pamphlets are distributed, 
and illuminated signs instruct the men to ‘‘ Work 
for Safety ; Think for Safety; Talk for Safety ; 
Boost for Safety.” 

The. root of the matter is that the enormous 
toll of life levied each year on the railroads could 
be materially reduced if employees took greater 
heed of orders and of the precautionary measures 
which common-sense demands. It is, we think, 
the nature of the employees in the United States 
to indulge in rather greater recklessness than 
would be permitted here. The men of the two 
countries differ both in characteristics and in 
training. The methods of operation, however, 
also involve in some respects greater risks than 
would be tolerated here for any length of time. 
All said and done, the movement can only be 
successful if the men realise that for the greater 

rt the reduction of accidents rests with them. 

he railroads themselves cannot do much for 
safety if the employees are lax. If inspection 
is slack or Gusglios so loose that reports are not 
made of material in need of repairs, or definite 
| orders are di ed, accidents can only follow. 
The matter is more one of personal element than of 
| material equipment. 
| In studying the material brought forward in 
‘the ‘Safety Fi 
'the fact that it divides itself roughly into two 
classes. The bulk of the lecture-matter and instruc- 
tions deals with the habits and customs of working 
| in vogue among the men, which time has proved to 
be dangerous, and which slight reflection would also 
| show to be inadvisable ; the remainder is devoted 
| to the protection of the moving parts of machines, 
which here would come under factory work, and 
not railway work proper. It is indeed to be hoped 
that the crusade may meet with success. Itis very 





rst’ movement, we are struck by | 


and to inculcate in the minds of the rising genera- 
tion the importance and value of discipline. 

Forcing the railroads into heavy expenses by 
compelling them to adopt safeguards for the pro- 
tection of trains may only reduce the risks by an 
infinitesimal amount, while adding heavily to the 
expenses of operation. On the other hand, and 
particularly is this the case in the United States, 
the intelligent behaviour of the employees will go 
much further to lessen the number of casualties. 

There is one matter in which we feel that an 
injustice is done to the railroads. Among the 
casualties recorded as happening on the systems, 
trespassers and suicides figure in this country for 
about 458 persons killed and 127 injured, a total 
of 585. If we, with our carefully-protected per- 
manent way, run to so large a figure in this country, 
it is surprising that in the United States, with 
about ten times the mileage, trespassers to the 
number of only 5434 should be killed, especially in 
view of the fact that the greater part of the per- 
manent way in America is unprotected. Whatever 
the numbers, however, it seems scarcely fair that 
the statistics should be swelled by figures for 
casualties to persons who deliberately take the risks 
they incur. It seems evident from the figures for 
this country and for the United States that, what- 
ever preventive measures might be taken by the 
railways, they would be circumvented by the inge- 
nuity of the intending trespasser or suicide. In 
this matter, therefore, the railways are practically 
powerless. 





BRITISH ALKALI WORKS IN 1912. 


Tue forty-ninth annual report, presented by Mr. 
W.S. Curphey, the chief inspector under the Alkali 
Works Regulation Act (amended in 1906) to the 
Local Government Board and to the Secretary for 
Scotland, would show that, though the coal strike 
of the spring and the subsequent railway strike of 
1912, seriously interfered with certain chemical 
industries, notably with the alkali and cement 
works, other works—for instance, the tin-plate flux 
works—were hardly affected by the strikes, and 
that the statistics for 1912, on the whole, do not 
compare unfavourably with those of the preceding 
year. Some firms availed themselves of the tem- 
porary closing of their works to dismantle disused 
plants, which in the alkali works provided fuel, 
and to effect long-needed alterations; but the 
opportunity was not taken everywhere. The 
number of works registered or scheduled under the 
Act had risen to 1305—a net increase of 9—in 
England, Wales, and Ireland. Including Scotland, 
the total for the United Kingdom was 1471, and 
5980 visits were paid to these works, and 6094 tests 
were made by the inspectors; Mr. Young, the 
inspector for Scotland, paid 652 visits, and per- 
formed 554 tests in addition. 

For the administration of the Act the country 
is divided into ten districts, which are numbered 
I. to VII., with three subdivisions ; Scotland is the 
eleventh district. It is almost refreshing to read that 
legal proceedings for contravention of the Act were 
actually taken last year, whilst serious warnings and 
acceptances of back fees had been deemed sufticient 
during the last few years. The question of back fees 
arises in cases where scheduled processes are carried 
on in unregistered premises ; the registration may be 
omitted in ignorance of the fact that the respective 
process involving, ¢.g., the application or the 
generation of sulphuretted hydrogen from metallic 
sulphides, brings the works under the Act. In one 
case, however, in which no provision had been 
made against the escape of noxious gases, proceed- 
ings were instituted, and fines and costs on a higher 
scale were inflicted. Complaints about an aggra- 
vated prolonged escape of acid gases from a 
| defective flue, which had repeatedly been repaired, 
also led to the institution of proceedings, because 
the furnace had not been burnt down and emptied 
before alterations were commenced; in this 
instance the maximum penalty was offered and 
accepted finally without actually taking the case 
into Court. Five cases of serious complaint arose 
in Scotland ; in one of them remonstrances proved 
successful; in two cases of manure works the 
'actual causes could not be traced down, though a 





largest proportion of fatalities happened to men difficult, -however, to sustain interest in such a | nuisance existed ; and one complaint was proved 
working on the permanent way and men walking | movement after the novelty has worn off, and it is |to be unfounded. In this last instance sulphuric 
on the line. To the former 152 casualties occurred, doubtful if lasting good will be reached in a calling | acid gases had been charged with destroying 
in which men’s actions cannot be reduced to the 
mechanical level, until steps are taken to secure 
|for the employees greater preliminary training, 


of which 64 were fatal. Among the accidents 


* See ENGINEERING, vol. xcv., page 677. 


vegetation and attacking human throats. It is 
interesting to add that, in Widnes, hedges said to 
|be ‘“‘burnt” by gas were found to have been 
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shrivelled up by the cold north-west winds striking 
them just after they had been clipped. Mr. 
Herbert Porter, the inspector for Widnes, Run- 
corn, and Liverpool, also reports that the destruc- 
tion of oat crops, charged to the Widnes atmo- 
sphere, was really due to the fritfly, whose grub 
bores down the stem, leaving the roots intact, 
whilst the grain is an empty shell. 

In some cases the Alkali Act is unfortunately 
powerless. Thus smelting works may, so far as the 
alkali inspectors are concerned, discharge as much 
acid as they like through their chimneys. Even in 
inspected works the acidity of waste gases was, on 
average, slightly higher in 1912 than during 1911, 
while remaining much below the legal. limit—the 
limit is 4 grains of SO, per cubic foot of air, and the 
actual average acidity was, last year, about 1.2 grains ; 
on the other hand, various general improvements 
are reported. Notable among these are the extended 
adoption of hoods for withdrawing fumes, and of 
mechanical continuous furnaces, which do not 
expose the stokers to the occasional escape of 
fumes. It is pointed out in this connection that 
the men employed in works seem to be generally 
inclined to do the same thing at the same time. 
Furnaces, ¢.g., are not worked in rotation, as pre- 
scribed, but simultaneously, so that an ordinarily 
small nuisance becomes aggravated, especially when 
the coal fuel is somewhat rich in sulphur. The 
furnaces, mcreover, pan furnaces in sulphuric acid 
works, for example, are frequently constructed with 
two large fire areas ; the men put on a big bulk of 
coal at the time, and the fire is alternately dark and 
useless or too hot, so that acid, instead of water, 
distils over. 

Passing to particulars we find that alkali and 
copper (wet process) works were among those which 
suffered most from the strikes, but profited also 
from the period of enforced rest ; the adoption 
of continuous mechanical calcining furnaces for 
cupreous pyrites and common salt is increasing. In 
cement works recent types of kilns replace the 
earlier forms. Three new rotary kilns of large 
capacity and size have come into operation; in 
the South-Eastern district, Mr. F. Napier Sutton 
reports, there were in use 704 intermittent 
chamber kilns, 51 continuous vertical Schneider 
kilns, and 63 horizontal continuous rotary kilns. 
Combustion is well regulated, and complaints 
about fumes and acids have ceased. A con- 
siderable number of works in this district and in 
other parts of the country have amalgamated 
to the British Portland Cement Manufacturers, 
Limited. Smelting works which, as we mentioned 
already, are not limited by Section 8 of the Act 
as to the escape of noxious gases, have given more 
cause for thought than any other. Zincblende 
calcining, about which very serious complaint has 
arisen, should be placed under the same restrictions 
as work dealing with arsenical ores. The use of 
water sprays is recommended for depositing fine 
solid particles carried away by the smoke, but 
these sprays are sometimes objected to because 
they reduce the temperature of the gases and the 
draught. But the weight of gas or air removed by 
the chimney is almost at its maximum at 350 deg. 
Fahr. above the atmospheric temperature, though 
the velocity of the gas will increase at higher tem- 
perature. In one works it was found that the 
draught was not sensibly affected by spraying 
until the temperature fell to 420 deg. Fahr.—i.e., 
360 deg. Fahr. above the outside temperature. 

The number of sulphuric acid works is decreas- 
ing, but the output is still increasing, because 
small works are a Considering that 
the chamber process dates from the end of the 
eighteenth century, there is still greater variety 
than one might expect as to the forms of burner 
used for producing SO,, the fans, the —ve of 
water or steam, the forms of chambers and towers 
and their relative dimensions, &c. A second Op 
plant, referred to last year,* has been installed ; 
no opinion can as yet be expressed as to wear and 
tear. The chamber space has, in one case, been 
reduced from 25 cub. ft. to 11.4 cub. ft. per pound 
of sulphur charged per diem. In one works the 
erratical high nitre consumption was traced down 
to a reduction of the higher nitrogen oxides by the 
poor, badly-carbonised black coke used for packing 
the towers. In Ireland a fatal accident occurred 
during the repacking of a Gay-Lussac tower, in 
which obsidianite tiles, bricks, and earthenware 
packers were to replace the coke; the nitrous 


* See ENGINEERING, vol. xciv., page 199. 


fumes killed one man. To avoid such accidents, 
the tower should be washed with strong sulphuric 
acid (which removes nitrous vitriol) before washing 
with water and steaming, a downward draught 


should be maintained, and the ‘‘safety pipe” of 
the United Alkali Company should be applied ; this 
is a metal funnel which is joined to 50 ft. of pipe 


and held by a strap buckling behind the head 
against a pneumatic pad fitting the face of the 
man. In nitrous fumes poisoning the victim seems 
quickly to recover, and yet collapses a day or two 
afterwards, 

The strong acid wanted for explosives and the 
dye industry is mostly made by some catalytic 
(contact) process. There has been little change 
in this field; the Kestner cascade system of 
concentration in pans of silica or tantiron is 
gaining favour; the chimneys attached to these 
plants have to be carefully watched, however, lest 
leakage into the smoke flue occur. Chemical 
manure works have decreased in number, from 217 
in 1901 to 194 in 1912, whilst the imports of raw 
material, the mineral phosphates, have increased 
from 355,000 tons to 520,000 tons; the average out- 
put of the works has thus increased. The imports 
of guano rose from 7000 tons in 1910 to 34,000 
tons in 1911, but they went down to 14,000 tons 
again last year. The highly obnoxious character 
of the waste gases from manure works is due to the 
fumes of hydrofluoric acid set free by the treat- 
ment of the impure phosphates with sulphuric acid. 

The production of ammonium sulphate exceeded 
that of 1911 by 3332 tons, in spite of the strikes ; 
the total sulphate recovered amounted to 388,308 
tons; the sulphate production of coke-oven and 
iron works went down, that of gas and producer- 
gas works and of shale works rose. In the 
South Midlands and Norfolk producer (Mond) 
gas plants supply a considerable portion of the 
ammonia ; there are still only two works in the 
kingdom in which blast-furnace gas is treated for 
ammonia and tar. The “‘direct’’ method of pro- 
ducing the sulphate, by exposing the result- 
ing from the carbonisation of coal to the action of 
sulphuric acid (instead of removing the ammonia 
from the gas by a washing process yielding ammo- 
niacal liquor) has come into more osiealiel use, 
but more in coke-ovens than in gas works, so 
far. There is still much loss of ammonia owing 
to the storing and handling of the liquor —which 
rapidly loses its ammonia, four-fifths of which are 
in the free state—and further, and to a higher 
degree, owing to the discharge of the liquor into the 
sea or water-courses. This, Dr. A. C. Fryer points 
out, is much done in small works, although sulphate 
of ammonia plants are quite simple in construc- 
tion and manipulation. He also draws atten- 
tion to the faulty practice of adding the milk 
of lime, which liberates the bound ammonia of 
the liquor, at irregular intervals by a hand- 
pump instead of by a continuous injector. One 
new plant in which ammonium sulphate is pro- 
duced from ammonia and sulphuretted hydrogen 
has been modified in certain details, and the success 
is not complete. Mr. Linder, the chief inspector’s 
assistant, has continued his research into the foul- 
ing, revivification, and ‘‘souring”’ of the iron oxide 
purifiers, to which we drew attention last year ; his 
laboratory experiments, of which a detailed account 
is given, have been supplemented by observations 
made at Reading, where ‘‘souring” is unknown, 
and at Motherwell and Hamilton, where the sour- 
ing trouble is chronic, with the assistance of Messrs. 
D. H. Helps, A. McKay, and J. Ballantyne, engi- 
neers to these works, and, further, of Mr. J. 
Bridge, of the Stretford gas works, without getting 
at the bottom of the problem. 

The tin-plate flux works increased in 1912 from 
69 to 73, but the great activity of the earlier part 
of the year slackened towards the end; South 
Wales is the centre of this industry. The treat- 
ment of the scruff, which contains much metallic 
tin, is sadly in need of a scientific investigation, in 
the inspector’s (Dr. T. L. Bailey) opinion. The 
washing of the scruff and of the furnace gases, after 
the deposition of the flue dust, works satisfactorily, 


although some of the large works which recently 


adopted the scruff-washing, originally used in small 
plants only, had some trouble because they did not 
allow sufficient washing s . For the continuous 
removal of soluble chlorides the washing by boiling 
water must be kept on for days. Mr. 8S. B. Bowen, 
of Swansea, has introduced a new scruff treatment. 
The main bulk of the metal is liquated, the scruff 
| being heated in a closed retort; the distillate 








separates into two layers, an oily material and tin 
— ; from the latter solution zine 
eposits spongy tin, the resulting zinc chloride 
a so subsequently used for replacing the flux in 
the tinning pot. 

The number of sulphide works, in which sul- 
phuretted hydrogen is either evolved from metallic 
sulphides, or is used for their production, increased 
from 69 to 78 in 1912. The inspection of sulphide 
colour dye works, formerly not registered, to which 
allusion was made above, has proved to the general 
advantage of those works The arsenic works do 
not call for special comment, but the tar works 
should be mentioned. Their number increased by 
16 in 1912, to 179, exclusive of the 23 works in 
Scotland, chiefly because tar is treated at the place 
of production instead of being sent to chemical 
works in the crude state. Tar is much in demand 
for road surfaces, but it is the dehydrated tar, 
deprived of its water and naphtha, not the crude 
tar, which is wanted for this purpose. A fatal 
accident was just averted in one of these works: 
a man entered an empty still without having it cut 
off from the waste-gas main ; two men who tried 
to rescue their comrade nearly succumbed them- 
selves. The stills may or may not be connected 
with coke-ovens, and the uncondensed vapours are 
burned under the still fire, and then absorbed in 
purifiers charged with iron oxide or with lime, or 
with both these materials. 





NOTES. 

Execrric Iron-Ore Smevtine 1n Swepen. 

ELEcTRIC iron-ore smelting is making compara- 
tively rapid progress in Sweden, several installa- 
tions already being in operation, and the erection 
of others is under contemplation. At the Stord 
Kopparbergs Bergslags Company electric iron-ore 
smelting has been going on for some time, both in 
the furnace started in 1911 and in a 6000-horse- 
power furnace completed in the course of last year ; 
in the latter ferro-silicon is bei roduced. An 
electric pig-iron furnace of the Helfonstein type, 
owing to certain circumstances, was not completed 
during 1912, but is now likely to be started ere 
long. A series of experimental smeltings have 
been going on in a smaller, older electric furnace 
so as to ascertain the suitability of charges of 
different kinds of iron for electric smelting. At 
Kirunavaara the erection of some electric iron-ore 
smelting furnaces has been pro by the well- 
known expert, Mr. A. Grénvall, the managing 
director of the Elektrometal Company, who has 
applied to the Government for a concession to 

uce, electrically, the so-called A ore at the 
place where it is being broken. The following 
conditions are laid down in the application :— 
1. The right to break and utilise, in the manner 
mentioned, up to 50,000 tons of ore, principally 
A ore, per annum fora period of not less than forty 
years, on deposits belonging to the State, and sub- 
ject to a royalty to the State of 1 kr. per ton of the 
ore used for the said purpose. 2. The granting 
of 30 per cent. allowance on the current rates of 
freight for the transport of ore, coal, and pig iron 
on the Lulea-Riksgriusen Railway. 3. The right 
of use of the necessary area on land belonging 
to the State in the vicinity of Kiruna railway 
station. The plan comprises the building of two 
electric furnaces, each of 4000 horse-power capacity, 
which will entail an expenditure of 1,000,000 kr. 
(55,0001. ), in addition to which some 500,000 kr. will 
be wanted for working capital. A staff of some fifty 
men will be required, and the value of the annual 
turnover is calculated at about 2,000,000 kr. The 
installation is expected to be ready in the beginning 
of 1915, at the same time that electric energy from 
the State hydro-electric power-station at Porjus 
should be available. 


Tue Brrrish Association. 

The —— meeting of the British Associa- 
tion will be opened at Birmingham on Wednesday, 
September 10, under the presidency of Sir 
Oliver Lodge, F.R.S., Principal of the University 
of Birmingham. The reception room will be in 
the Town Hall, and most of the Sections, com- 
prising those whose proceedings will in particular 
be noticed in our columns, will meet within easy 
reach of the Town Hall, either in Mason College or 
in the Municipal Technical School. The honorary 
local committee consists of the Lord Mayor, Lieut.- 
Colonel E. Martineau, M.A., Professor E. W 
Gamble, F.R.S., and Messrs. C. Heaton, J. Hum- 
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phreys, and W. Byng Kenrick ; the local secretary’s | 


office is at the Council House, Birmingham. The 
University will take part with the Corporation in 


entertaining the Association, which has already paid | 


four visits to Birmingham. The first of these visite 
tovk place in 1839, when the British Association was 
but eight years old ; the second followed in 1849, 
the third in 1865, and the fourth in 1886. At that 
last meeting the attendance figure reached 2453, 


and the preliminary list of papers to be read and | 


discussed should secure quite as good an attend- 
ance this year, although the meeting may fall too late 
in the season to enable the generally strong contin- 
gent of American and Contlion members to attend. 
Section G (Engineering) will be presided over by 
Professor Gisbert Kapp, who, in his address, it is 
understood, will deal with the electrification of 
railways, chiefly from the technical standpoint. 
More theoretical in character will be the joint dis- 
cussion with the Mathematical Section A on the 
distribution of complex stress. Professor E.G. Coker 
will contribute a paper on stress distribution in 
thick cylinders and built-up rings. The Report on 
Gaseous Explosions will also lead to a discussion. 
The question of radiotelegraphic signals in their 
dependence on atmospheric conditions will be raised 
by Professor Marchant, while Professor Howe will 
generally dwell on electromagnetic waves for radio- 
telegraphy, and the propagation of these waves. 
Modern motor engineering will be brought up by 
Mr. F. W. Lanchester in papers on the internal- 
combustion engine as applied to railway locomo- 
tion, and in his notes on aeronautics; and by 
Professor Burstall in his paper on solid, liquid, 
and gaseous fuel. Professor S. M. Dixon will 
read a paper on impact testing, and Mr. A. T. 
Walmisley will speak on metals for structures. 
Harbour and canal construction will be treated by 
Mr. E. R. Matthews in his paper on the effect of 
harbour projections and sand travel, and by Dr. 
Vaughan Cornish on land-slides, accompanied by 
upheaval, in the Culebra cutting of the Panama 
Canal ; while Messrs. Gleadow and Shackle will 
explain the reconstruction of Snow Hill Station, 
Birmingham, A demonstration on electric cooking 
appliances is also in the programme, and engineers 
of various branches will thus find plenty of interest 
in their own Section. The Panama Canal, and 
canals and waterways in general, will, moreover, 
be discussed in Section F—Kconomic Science and 
Statistics—where the question of prices of food and 
other commodities, and of the working man’s 
budget, of trade unions, and profit-sharing, will 
also receive attention. Section A (Mathematics 
and Physics) will discuss, under the presidency of 
Professor H. F. Baker, of Cambridge, the problems 
of stress, as mentioned, in conjunction with Sec- 
tion G; also mathematical geography, in con- 
junction with Section E (Geography) and non- 

uclidean geometry, which has gained so many 
adherents of late, even in this country. Radio- 
activity from the chemical standpoints will come 
up in Section B (Chemistry), where Professor 
W. P. Wynne, of Sheffield, will preside ; the 
section will discuss optical activity, a subject 
already of practical importance; and, further, 
fermentation, in conjunction with Sections I 
(Physiology) and M (Agriculture) ; it has a long 
list of metallurgical papers on its agenda. A 
discussion on ‘*‘ The Future of British Fuel” is 
also to take place in the Chemical Section. The 
evening discourses will be by Sir er 
on ‘‘ Explosions in Mines, and the Means of Pre- 
venting them,” and by Dr. A. Smith Woodwards 
on ‘* Missing Links among Extinct Animals.” We 
shall publish further particulars in the week pre- 


INDUSTRIAL NOTES. 


THE monthly report of the Associated Blacksmiths 
and Ironworkers’ Society for the four weeks endin 
July 1 last, shows that there has been a good deal o 
unemployment owing to the strike in the Midlands. 
The membership at the end of the fcur weeks was 
returned at 7306, an increase of 201 during the month. 
There was a considerable decrease at Ipswich and 
Rotherham. Govan, Coatbridge, and Irvine show a 
flourishing condition. The income for the four weeks 
was 1431/. 6s. 10d.—an increase of 453/. 0s. 34d. over 
the previous month. The expenditure was returned 
at 1372/. 7s. 5d. Of this sum 178/. Os. 114d. was 
advanced to the Approved Section, and will be re- 
covered from the various Commissioners, so that the 
net gain to the funds is 237/. Os. 44d. 


The United Society of Boilermakers and Iron and 
Steel Shipbuilders show a continued increase in num- 
bers. According to the monthly report for June there 
were 689 members admitted, allowing for 228 members 
who died or lapsed ; the result was a net increase of 
461. The total membership is now over 63,000. The 
expenses for June amounted to 8467/. Os. 8d., as 
against 10,588/. 19s. 10d. in May, a decrease for June 
of 2121/7. 19s. 2d. 








The monthly report of the Society of Amalgamated 
Tool-Makers for July last shows an increase of 2143 
in the membership since June last year, the actual 
membership being 9346. During the same period there 
was an increase of three in the number of unemployed, 
the actual figures being 53 in 1912 and 56 in June last. 
In June, 1913, the reserve fundsstood at 37,000/., as 
compared with 28,500/. in June, 1912, an increase of 





It would appear that labour troubles are always 
with us, for no sooner is a dispute settled in one 
district than another appears, either in the same 
district or in a different part of the country. The 
Birmingham district, recently in a state of labour 
turmoil, had only just returned—for the time being, 
at any rate—to a state of quietude, when the 
dockers at Hull, as if determined to allow no peace 
to reign, suddenly ‘‘down tools” without even 
consulting their Union. Hull has, however, a 
rather unenviable reputation for unsettlement in 
labour circles, and at present there does not seem 
to be much likelihood of this reputation departing 
from it. At’ any rate, on Thursday in last week, 
the 17th inst., between 3000 and 4000 dockers struck 
work because they wanted to cease work at 5 o’clock 
instead of 6 o’clock, in addition to which they de- 
manded an increase in pay of one halfpenny an hour. 
These men are not in the service of the shipowners, 
but are engaged by the master stevedores, and are 
really casual labourers or ‘‘lumpers,” so-called be- 
cause they take on work in the lump. These, how- 
ever, are not all the men who are affected, for 
besides them there are about 8000 others employed by 
the Wilson Line and other shipping companies, who 
have gone out. The latter have regular employment 
in handling the regular cargoes. The stevedores’ men 
were not altogether quiet when they struck, but 
paraded the docks, and by ‘“‘ peaceful persuasion” 
they managed to get other men to join their ranks, 
although it is probable that there was nothing to be 
gained by throwing up their work. 

A protest was made against the strike by the 
union officials, who pointed out to the men that 
they had done an entirely unauthorised thing, and 
would therefore receive no strike pay. No attention 
was, however, paid to this, and the shipping of the 


the men were told that the stevedores were prepared 
| to knock off one hour a day, and to increase the wages 
'to the extent of 4d. an hour. Indeed the steve- 
|dores went further than this, and promised im- 
| provements in the conditions of labour that do 
|not appear to have been asked for. 





port was practically held up. On Friday afternoon | 
| outward, as = with 56.2 per cent. in 1911, and 
| 52 per cent. in the ten years ending with 1912. 





full swing. There is a condition attached to the 
agreement between the stevedores and their men 
that the latter shall help the former to fight the ship- 


owners when deemed necessary. 
At the beginning of this week things took 
a turn for the better, and on Monday the strike 


ended. The offer made by the stevedores on the 
revious Friday was repudiated by the shipowners. 
he owners, however, with representatives of the corn 
and seed trades, met the dockers’ representatives on 
Monday, and terms of a new agreement were sub- 
mitted to the men. The proposals were an advance 
of 4d. per hour in the wages of the labourers employed 
in loading or discharging vessels by shipowners’ agents, 
brokers, or their representatives, and also that the 
day-work grain-workers in the docks should be paid 
6s. 6d. a day to five o’clock, and 7s. 6d. a day to six 
o’clock. Other smaller matters are to be left to a 
future conference. The owners refused to allow a 
reduction of one hour a day in the labourers’ time. 
The dockers unanimously accepted these proposals, 
and work was again started on Tuesday morning. 





At the end of last week there was serious rioting at 
Leith in connection with the dock strike there, and 
fully 100 persons received surgical aid. There were 
no exports, but 639 tons of coal were shipped last 
Saturday for bunkers. There was, however, an 
improvement in imports, accounted for by the dis- 
charging of steamers by imported labour. The latest 
reports regarding the strike indicate that order is being 
gradually restored. 





The Council of the National Society of Free Workers, 
Limited, have met with great difficulties in obtaining 
legal status, for registration as a friendly society has 
been refused them by the Treasury, and the licence 
for incorporation refused by the Board of Trade. 
The desired legal status was refused on the ground 
that the members would receive legal assistance, which 
would, in the opinion of the Board, make the scciety 
one promoted for “‘ profit,” ap rently overlooking the 
fact that in the Act ‘‘ profit’ to reference to financial 
profit, and not to the profit or advantage derived from 
the useful object promoted by the society. The use- 
lessness of any further correspondence with the 
Government was recognised, and the society was, 
on June 9 last, incorporated under the Companies 
Act, and the word ‘‘ Limited ” was added to its name. 
According to the Morning Post the following resolution 
was carried at the first general meeting of the society, 
which was held at Sheffield on Saturday the 19th inst., 
and was ordered to be sent to the Board of Trade :— 
‘* That this general meeting of the National Society 
of Free Workers, Limited, regrets to learn that an 
agitation has been set on foot for discontinuing the 
Railway Conciliation Boards, as it is of opinion that 
these boards are essential to the satisfactory work- 
ing of the lines, alike in the interest of the men, the 
companies, and the public, as they provide a fair and 
expeditious means of settling differences between the 
employers and their workpeople, and this meeting 
therefore hopes that these Soante will be continued.” 
The annual conference of the society will be held in 
Birmingham in October next. 





We gather from the tables which have recently 
been published, relating to emigration and immigra- 
tion from and into the United Kingdom in the year 
1912, that the number of passengers to places out of 
Europe in 1912 was greater by nearly 22,000 than in 
1907, the year of the previous highest record. The 
inward passengers in 1912 numbered nearly 10,000 
less than in 1911, but were considerably more than 
in any other year except 1908. In 1912 the number 
of inward passengers was 51.9 per cent. of the number 


The occupations of male and female emigrants over 
eighteen years of age, who left the United Kingdom 
during the nine months from April to December, 1912, 


In this, | showed that among the males the skilled trades 


ceding the opening of the meeting. We should like however, they went beyond what they had autho- | supplied the greatest number, while among the females 


to add that the 1914 meeting will be held in| rity for doing, for it was without the sanction of | domestic service supplied by far the greatest number, 
| the Hull Chamber of Commerce and Shipping, and | if we except females of no stated occupation. 


Australia, and that the special facilities offered for 
this journey will be limited to old members and to 
scientists who have joined at Birmingham ; later 
applications will scarcely be entertained. Applica- 
tions should be addressed to tne Assistant-Secretary, 
the British Association, Burlington House, Picca- 
dilly, W., before September 4, when the London 
oflice will be closed. 





GovgeRNMENT OONTROL OF AERONAUTS.—We under- 
stand that under the recent Aerial Navigation Act the 
Holland (Lincolnshire) Standing Joint Committee has 
appointed the County Police Superintendent at Boston 
and the Inspector of Police at Holbeach to take charge 
of the landing areas in their district of the Lincolnsnre 
Coast. A fee of 3d. per head is payable in respect of 
passengers arriving by aircraft, at which rate we fear the 
work will not prove very remunerative. 


The 


it was an offer for which the shipowners would actual figures for the various occupations are as 


|have to pay. It was naturally well received by 
\@ certain section of the men, but was not approved 
of by the majority of the dockers, who h 
resume work on Saturday morning. On Saturday 
the advice of the union officials was that no start 


| 


been | labourers, 30, 
dragged into the strike, and these refused to| 11,380. Females: Domestic and other service, 31,983 ; 


follows : — Males : riculture, 23,289; commercial 
and professional, 19,779 ; skilled trades, 38,816 ; 
,942 ; and miscellaneous, or not stated, 


| dressmakers and other trades, 5765 ; teachers, clerks, 


should be made until a settlement had been arrived | 


|at, but they advised the men to handle perishable 
| cargoes on the weekly boats, and they particularly 
| insisted that there 
_nor interference with the workers who were employed 
|01 the regular traders. This, however, had little 


| 
| 


|effect, and the men got out of hand. They gained 


should be no parading the docks | 


and professions, 3379; and no stated occupation, 
58,325. This last figure certainly makes one wonder 
what type of people was represented thereby, and 
what proportion of them were likely to be of any 
benefit to the country where they landed. The 
number of male immigrants into the United Kingdom 
during the same time, according to their various 


occupations, were :—Agricultural, 2631; commercial 


admission to the Albert Dock, and by “ peaceful per- | and professional, 5828; skilled trades, 8770; labourers, 


stopped. From their 





suasion ” soon had nearly all the work at the docks | 3345; and miscellaneous, or not stated, 3935. The 
point of view the men have | number of females classified as to their ocou 
chosen their time well, as the timber trade is now in|during the same time were :—Domestic an 


tions 
other 
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service, 3020; dressmakers and other trades, 464; 
teachers, clerks, and professions, 1010; and no stated 
occupation, 9946. All the above emigrants and immi- 
grants were British subjects. 





In the negotiations that have for some time been 
carried on between the shipowners and the coal- 


trimmers at North-East Coast ports a final offer has | 


been made by the shipowners regarding the agitation 
among the men relating to hours. A draft copy of the 
proposals for a settlement submitted by the employers 
will be balloted for by the men. The pro » it is 
said, give an improvement over the arrangement in 
1912 in the following directions :—(1) That no man be 
called out before 6 a.m. on Monday and the day follow- 
ing Christmas Day, New Year’s Day, Good Friday, 
Easter Monday, Whit Monday, and the first Monday 
in August. (2) That trimmers and teemsters shall be 
only actually retained to finish a boat on Saturday 
afternoons, and overtime paid for such work after 
4 p.m. on Saturday. (3) In all cases where men are 
retained after 1 p.m., and then do not finish a boat, 
overtime shall be paid from 1 p.m. (4) That overtime 
rate be increased from 6d. to 9d. an hour. (5) That 
all work shall actually finish at 11.30 p.m. If the new 
agreement is accepted it will come into operation on 
August 1. The men are e ted to say in the ballot 
whether they are in favour of accepting the ship- 
owners’ offer. 





The situation 9 the German shipbuilding 
strike appears to somewhat complicated. The 
masters for some time saw the possibility of a strike 
breaking out and made preparations for it. They 
have distinctly refused to make any concessions 
whatever, and as they seem to have little diffi- 
culty in finding men to fill the places of those who 
have left, they are in a position of some strength. The 
strikers, moreover, have acted without the sanction of 
their recognised leaders ; in fact, they have distinctly 
gone in opposition to their advice, and consequently 
strike-pay has been refused. The action of the men 
appears, however, to be practically united, a fact which 
makes the position of the unions difficult, because there 
is the risk that the men may form fresh organisations. 
In addition to the trouble with the shipyard workers, 
the metal workers at Bremen and _—_ yards 
have also decided to come out, which means an 
addition of 8600 men to the numbers already idle. 
There is also the chance of a strike of the clock- 
workers at Stettin if they do not receive a satisfactory 
reply to their demands from the Corporation. Among 
these demands are included a nine hours’ working 
day, payment for public holidays, and an increase of 
wages. 





South African labour troubles have not yet entirely 
disappeared ; the latest news from Cape Town indicates 
that there is still a chance that the railwaymen may 
cause unsettlement. It appears to be the general 
opinion that the railwaymen are entitled to substantial 
redress, and it is thought probable that the Railway- 
men’s Union will be recognised, subject to certain 
conditions. The situation is, however, somewhat 
delicate. 





PexsonaL.—Messrs. Ferranti, Limited, inform us that 
they have a newshow-room at Central House, Kingsway, 

ndon, C., which contains a representative display of 
meters, detail switch-gear, oil-switches, and electrical 
heating and cooking apparatus.—We are informed that 
the consulting practice of Mr. Jonah Davies, of Wolver- 
hampton, has been taken over by Messrs. Henry Lea and 
Son, of 28, Bennett’s Hill, Birmingham. Mr. Davies’ 
office at 41, Litchfield-street, Wolverhampton, will be 
kept open by Messrs. Henry Lea and Son. 





THE ALBERT MEDAL OF THE Royat Socrety or Apts. 
—The Council of the Royal Society of Arts attended at 
Buckingham Palace on Friday morning, the 18th inst., 
at 11 o’clock, when His Royal Highness the Duke of 
Connaught, President of the Society, presented to His 
Majesty the King, for nine years President and now 
Patron of the Society, the Society’s Albert Medal for the 
present year, “‘in respectful re ition of His Majesty’s 
untiring efforts to make himself personally acquain 
with the social and economic conditions of the various 
parts of his dominions, and to promote the progress of 
arts, manufactures, and commerce in the United King- 
dom and throughout the British Empire.” This year 
being the fiftieth anniversary of the institution of the 
medal, and the Society bei <a 4 indebted to the 
King for the encouragement which he gave to its work 
— the nine years when he held the office of president, 
and for his subsequent ious acceptance of that of 
patron, the Council felt that the occasion offered a suit- 
able opportunity for asking the Patron of the Society, His 
poe | King George V., to accept the medal. The 
Council accordingly &@ unanimous resolution ex- 


premieg their desire to offer the medal to the King. The 
uke of Connaught, to whom as president of the Society 
the resolution was in due course submitted, gave it his 
entire approval, and transmitted it to the King, who was 
graciously pleased to intimate his acceptance. 


ted | the 





WORKMAN’S COMPENSATION CASE. 


Png ae | Out.—A somewhat curious case of appeal | 
under the Workmen’s Compensation Acts of 1897 and | 
1906 recently came before the Master of the Rolls. 
The appeal was from an award of the judge of the 
County sey Le a ° — sab vinioal sorts It 
ap that the wo: who was the original applicant 
before the County Court J udge, was employed by | 

essrs. A. Knowles and Sons, Limited, an met | 
with an accident in 1901 in the course of his employment, | 
and was entitled to compensation. The applicant had 
on June 27, 1901, contracted out of the provisions of the 
Act of 1897 on the basis of a scheme duly certified on 
December 30, 1898, by the istrar of Friendly Societies, 
under Section 3 of the Act of 1897, in the name of the 
Andrew Knowles and Sons, Limited, Accident Society. 
The period for which this scheme was certified was 
five years only, and it expired on December 31, 1903. 
A new scheme, substantially the same as the previous 
one, was certified on December 30, 1903, for another 
period ef five years, but there was nothing to distinguish 
the funds of the two schemes. The second scheme came to 
an end in 1906 by virtue of Section 15 of the Workmen’s 
Compensation Act, 1906, as it had not re-certified 
under the Act of that year, and the applicant did not 
sign on under the new scheme. To those who were at 
the time of the termination of the second scheme 
in receipt of allowances, in common with all, including 
the cogent, who came under either scheme, benefits 
continued to be paid. At the end of November 
last year the total funds under the one scheme or 
the other became exhausted by these payments, and 
the applicant contended that as there was no sub- 
sisting scheme, his rights under the Act of 1897 had 
revived. It was also contended that the County Court 
Judge had jurisdiction to entertain the application 
through the accident happening during the currency of a 
scheme which was valid under Section 3, and the applicant 
had duly contracted to take the benefits of the scheme 
in substitution of those of the Act, and had actually 
enjoyed them from 1901 to 1912. The opinion held by 
the County Court Judge was that as the contract had 
actually been made and the benefits enjoyed, the em- 
ployers were no longer liable under the Act. 

The Master of the Rolls, in the course of his judgment, 
said that the County Court Judge was quite right in his 
decision that the appellant had no claim under the Act 
of 1897. The general policy of the present Act, as well 
as of the old one, was that the employer was liable to com- 
pensate a workman for an injury arising out of or in the 
course of hisemployment. The employer could not con- 
tract himself out of this statutory liability, but by Sec- 
tion 3, if the Registrar certified that a scheme of compen- 
sation was no less favourable to the workman than the 
provisions of the Act, the employer might, until the 
certificate was revoked, contract with his workmen out of 
the provisions of the Act, and thereupon the employer was 
to be liable only in accordance with the scheme. There 
was no obligation on a workman to come into the 
scheme, but he could do soif he chose, in which case he 
was altogether outside the Act. In the present case the 
argument for the Lagan was that when the Act and 
scheme were looked at together the effect was to sus- 
pend the employers’ liability so long as the five years 
were running, but when the five years were up the con- 
tract was at an end, and the parties were remitted to 
their original rights. Consideration of the Act and the 
scheme wasinvolved thereby. It was provided by Sec- 
tion 3 of the Act that under a certified scheme of this 
nature an employer was not liable in respect of a liability 
incurred during the continuance of the scheme except 
in accordance with thescheme. The object of the scheme 
generally was to compensate any member for any personal 
injary by accident arising out of, or in the course of, his 
employment. 

It was not stated in the Act that the employer was 
not to be liable during the continuance of the scheme, 
but was to be liable after the scheme come to an 
end as if it had never taken effect. His lordshi 
did not think that rational. According to Rule 4, all 
legal claims in respect of any accident which might 
occur in the course of employment must be relin- 
quished by the member. By Rule 29, on the termi- 
nation of the existence of the fund, any remaining 
balance there might be after providing for liabilities, 
was to be distributed between the company and the 
members. It would not be right to hold t at the ex- 
piration of the five — the fund could be divided with- 
out regard for liabilities which might be incurred in the 
future. The fund must remain liable when once it was 
accepted in substitution for the employer’s liability. 
Some observations of Lord Justice Fletcher-Moulton in 
Godwin v. the Lords Commissioners of the Admiralty 
2 K.B., 26) had been relied upon, but in that case 
rd Justice had not the nt case in his mind at 
all. Unfortunately for himself, the workman had in the 
present case abandoned his rights against the employer, 
and in substitution had accepted a fund which could not 
be divided among the members without making provision 
for all liabilities which had arisen during the continuance 
ofthe scheme. In respect of an accident which happened 
during the continuance of the scheme, it was clear that 
he had no rights whatever against the ee and the 
appeal must be dismissed. Judgment was delivered 
accordingly. 








MeETALLIC PerMANENT Way.—The ex’ of chairs 
and metallic sleepers from the United Kingdom in May 
were 6888 tons, as compared with 10,227 tons in May, 
1912, and 4400 tons in May, 1911. British India absorbed 
the lion’s share of these exports, having taken 4579 tons, 
8260 tons, and 1849 tons respectively. 





DEFINITION OF THE MEANING OF 
INDICES. 


2 m... ho ae or ENGINEERIN i “re 
1,—The ordinary rule ing indices is 

BXEKB . 2 « wo - My Ry each 
equal to x, is denoted by x", and I do not see that the 
variation mentioned by Mr. Wingfield, in his letter pub- 
lished on page 57 of your issue of July 1l, offers any 
particular advantage over the usual rule, which may be 

ed as a case of the survival of the fittest. 

_ The method quoted by Mr. Wingfield is quite old, and 
is given in, amongst others, Martin’s ‘New and Com- 
prehensive System of Mathematical Institutions, agree- 


| able to the Present State of the Newtonian Mathesis,” 


dated 1759, where it is also observed *‘ Hence it is evi- 


| dent that these Powers are a Series of Terms in Geo- 


metrical Proportion, and their Indices the Logarithms of 
the Terms. Whence also it follows, that these Powers 
are multiplied and divided by adding and subtracting 
their Indices.” This latter is a point of view not often 
adopted, but is not without a certain merit. 

. Wingfield should not use any such rules as those in 
question for evaluating a symbol like 0°. 0°, regarded 
merely as a symbol, is meaningless, and it is only 
when it is considered as the limiting form of some 
expression that a value can be igned to it, whilst its 
value as a limit is not always unity; for instance, the 
limiting value of «l/log (ex - 1), when 2 approaches in- 
finitely near to zero, and the function takes form of 
0°, is not unity, but ¢ (the base of the natural system of 
logarithms), see Chrystal’s ‘‘ Algebra,” chapter xxv. It 
is never well to mix up limiting forms, such as 0°, 1° 


- &c., with elementary work and definitions; they 


need very careful handling indeed, and without a thorough 
knowledge of advan mathematics it is more easy to 
make mistakes than not. 
Yours truly, 
P. H. Parr. 
4, Princes-avenue, Great Crosby, Liverpool, 
July 21, 1913. 





THE STATUS AND PAY OF NAVAL 
ENGINEERS. 
To THe Eprror or ENGINEERING. 

Srr,—In years past the engineering branch of the Navy 
has often been indebted to you for the readiness and con- 
sistency with which you have supported their reasonable 
claims for improvement in status and pay. That those 
claims have not been judged on their merits or satisfied is 
well known. Sops have from time to time been thrown 
to the branch, and promises have been given, but no 
earnest attempt has been made to meet these claims, and 
now it seems hopeless to look fo to any improve- 
ment. The question appears to be shelved. The result 
of this inaction is that practically all engineer officers are 
+ emg oA dissatisfied, and look forward to the day when 
they can lay down their arms and retire. Their silence 
is the silence of despair. Whether it is in the interest of 
the State that a large body of well-trained, capable, and 

roved servants should be permeated by such a state of 
pais, your readers can judge for themselves. 

The oe of status is, as is the present engi- 
neer officers, as far as ever from being solved. In spite 
of military duties performed, and war services rendered, 
they remain “ non-combatants.” Engineers may invent 
valuable, cheaper torpedoes, they may supervise and build 
the machinery of submarines, they may make flying 
records, but they may not be regarded as belonging to 
the fighting line. Though their ition in a ship may 

ive rene control over more men than belong to all other 
Tepastnante combined, yet executive power is denied 
them ; they remain only a civil branch. © silver crown 
is still missing from their caps, the curl from their sleeves. 
The right to work and toil, to bear the heat and burden 
of the day, and, if necessany, to die, is theirs, but they 
must still remain but an army of camp- followers. 
Assuredly whatever victories are gained in the next 
war, they will be achieved aaty Cenen the efforts of 
this — and discredi nmch of the Service, 
whose claims have been, and are, unjustly ignored or 
repudiated. The problem of status, it must be admitted, 
has some difficulties, but that is no justification whatever 
for no attempt being made to solve it. 

The question of pay is, however, on an entirely different 
footing to that of the question of status. Here there 
were no inherent difficulties. All that was needed was a 
little statesmanship and sympathy, and the question 
would have been solved once for all. One hears it often 
stated that the ineer officer gets more pay than the 
executive officer. Such is not, and never has been, the 
case. The only basis on which such a statement can 
stand is a false one, a comparison of things not com- 

ble. Age for age, the engineering branch has never 
mn as well paid as the executive branch, and it is not 
likely, at this time of day, steps will be taken to make it ao. 
For instance, an engineer commander at the age of 38 gets 
18s. a day, a commander on promotion at about the age 
of Log Apne ag 22s.a day. It is true improvements 
have been e in this direction ; they have, however, 
been made with a ni y hand, and the notorious 
piece of bad faith over the ised 24s. a day to engi- 
neer commanders has eaten into the soul of every engi- 
nh whose name adorns the Navy _ That no sym- 
pathetic treatment was meted out to present engineer 
officers when the new scheme of training was introduced 
was as short-sighted as it was foolish, and the unpopu- 
larity of engineering among the rising generation is in 
some degree directly aie to this. 
The foregoing remarks have been the 
of some notes in your contemporary, the Naval 
and Military Record, and the study of the new pay-liste 
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in the latest quarterly Navy List. As all your readers | mathematicians, physicists, and engineers may some- 
know, the commissioned engineer officers in the Navyat the | times mislead one another? We are familiar with the 


present time are men who passed through long courses of 
training, were successful in fairly searching examinations, 
and always have been, and always expect to be, engineers. 
The commissioned engineer officers of the future are to 
be chosen from the sub-lieutenants and midshipmen of 
the present day, whose training in engineering is occupy- 
ing only a cuiald fraction of their time, and whose know- 
ledge of engineering must necessarily be of a different 
order. Now marine engineering is a Sen dirty, arduous, 
and often disagreeable task. Its devotees receive few 
rewards, and practically no honours. To entice there- 
fore a certain number of the present junior officers to 
volunteer for cagnecing, vere baits have been held 
out, and amongst them that of greatly augmented pay. 
Those who take up engineering as their profession are to 
be known as lieutenants (E+) and commanders (Et). The 
Navy List enables a compari to be made between 
their prone pay and the pay of the present engineer 
is is do 





officers, T ne by the following tables :— 
Pay of Present Engineer Officers. 
Age. Rate per Day. Amount Received. 
8. d. £ a 
22-24 7 6 e 273 15 
24-26 w 0 P 365 0 
26-28 ll 0 401 10 
28-30 12 0 438 0 
30-32 13 0 474 10 
32-34 16 0 584 0 
34-36 17 0 620 10 
36-38 18 0 657 0 
38-40 20 0 730 0 
Total received in 18 years 4544 5 


Pay of Lieutenants (E+) and Commanders (E+). 


Age. Rate of Pay. Amount Received. 
8s. d £ 6. 
22-23 ... 10 0 182 10 
23-26 .. 15 0 821 5 
26-28 .. 16 0 584 0 
28-30 ... 17 0 610 10 
30-32 ... 18 0 657 0 
32-33 ... 19 0 346 15 
33-40 ... 29 0 3704 15 


Total to be received in 18 years... “6906 15 


These tables donotinclude charge pay and otherallowan 
which apply equally to both grades. It may be commen 
that in many cases the present engineer officers receive con- 
siderably less than that shown in the first table. In some 
cases the total pay for eighteen years is well under 4000/. 

It will be seen, Sir, that in eighteen years the new- 
grade officer will receive 2360/. more than the present 
rade of officer. What justification is there for this pre- 
erential treatment’ Are they to be better trained and 
more capable men’ No. Are the duties to be more 
arduous? No. If the present engineer officers are 
adequately paid, then the new officers are to be much 
overpaid, and vice versd. If the lieutenants (E+) and 
commanders (E+) are only to receive a fair wage. then the 
present officers are scandalously underpaid. The differ- 
ence in pay is 50 percent. It is approximately 130/. per 
annum per officer, and the staffing of the engine-room 
department by the new style of officer will ultimately 
cost 80,000/. to 100,000/. per annum more than it does 
now. Added to this, the cost of educational services 
in the Navy has risen in ten years from 133,000/. to 
218,000/. per annum, and this is largely due to the 
provision of elementary engineering ~~ which in 

n 


the case of many officers is entirely wasted, discussing 


this question the Naval and Military Record makes these fi 


remarks :—‘‘It may be noted, too, that the lineal de- 
scendants of the present engineer-commanders will reach 
the rank of commander (Et) at the age of thirty-two or 
thirty-three, A scrutmy of the careers of the present engi- 
neer officers shows that at that age the average officer was 
a lieutenant of four years or five years seniority, drawing 
12s. a day. What is the difference between the two that 
justifies the payment to one of 27s. or 29s. a day and to 
the other 12s. a day at the age mentioned? It is perfectly 


obvious that the new officers cannot be better than the blad 


old, whilst any knowledge which may be possessed by the 
(Et) officers outside his specialist subject is not to be 
made use of.” 

The thoughts and feelings of the present engineer 
officers about these matters can be more easily imagined 
than described. With their own claims ignored, they are 
now called upon to train a school of engineers whose 
wuiee Se conte the same as cer May but whose 
pay wi per cent. ter, and whose prospects of 
advancement are such fas the like never pee the 
rosiest dream of the most optimistic of engineers. Also 
there cannot be a doubt t the junior engineer lieu- 
tenants of to-day will have :he mortification of seeing 
themselves pushed into the background while the men 
from Osborne and Dartmouth pass over their heads. 

Reviewing the whole position of the present engineer 
officers of the Royal Navy, it seems impossible to con- 
ceive a situation more galling, conditions better calcu- 
lated to perpetuate the antipathies of the past or circum- 





stances better designed to unfair pressure on their 
enthusiasm and loyalty. 
Yours, &c., 
An ENGINEER. 
LUBRICATION, 


To THe Evrror oF ENGINgERING. 
Sin,—A few months ago a correspondence, initiated by 
@ leading article, started in your 
by mathematicians to engineers. 





exact effects of gravitation, from centrifngal pumping to 
the motions of the planets. The causes of these effects 
we term “ laws.” 

A person or persons make experiments in a laboratory 
on lubrication on a journal. The results are mixed, and 
are sometimes, within limits, a medley. Deductions are 
made, and termed ‘‘rules” or ‘‘laws.” Did anyone ever 
design or make a journal from such deductions expressed 
in a formula? Such an exact physicist as be geome 
says :—‘‘ The laws of friction, when lubricants are ‘ 
are complicated, depending largely upon the amount of 
lubrication.” There is a dubiety about this last clause 
which Mr. Poynting or Mr. Thomson would hardly notice. 

The net result of the pa eg rey and discussing has 
pean land the whole subject into a cul-de-sac. How 
1s this? 

A wise man has said in Proverbs, ‘‘ A wise man will hear 
and will increase knowledge.” From whatever source, 
he hears thankfully, discriminates, holds in suspense, 
receives or rejects. There is no royal road to learning, 
even through a university. How is it that though there 
are myriads of journals revolving and rotating throughout 
the world and under endlessly varying conditions, all the 
information that might be gleaned from those in c 
of such is ignored? A particular journal is fixed, run in 
a particular way, and observed. Such a journal is never 
under general conditions. It is scra repeatedly, 
quite unlike a journal in ordinar ye oe At the same 
time it must be readily edmitted | that the experiments of 
Beauchamp Towers, for instance, were valuable as giving 
a lead into the subject. To the writer they have been 
valuable. 

The writer at one time believed in the fluid-friction 
theory, but inspection and superintendence of hundreds 
or thousands of bearings convinced him long since of the 
fallaey of it. Such a thing as a journal or bush in an 
unrubbed condition under pressure the writer never saw. 
Bat he is convinced the action is a rubbing action of 
actual contact between the surfaces, modified by the 
particles of oil, or of substances held by the oil, pressed 
into the unseen crevices of the contact surfaces. Were 
experiments conducted with microscopic observation on 
these lines, under laboratory conditions, on a typical 
journal, the results would be valuable. He ventures to 
formulate :— 

1. What substances in the oil attach themselves to the 
surface crevices of a steel or iron shaft, minimising 
the frictional contact between the surfaces ? 

2. What alloys, given a steel or iron shaft, are the most 
suitable under rubbing conditions for holding particles of 
oil or other substances so as to minimise rubbing in 
steadily revolving surfaces. 

That adhesion plays an important part on lubricated 
surfaces is clear, but what the writer would like to see 
established is at what points of any surface does adhesion 
commence. It may be poin out that gun-metal 
bushes do not wear a journal as white or Babbitt metals 
do. This, he thinks, is due to uniform and fine se - 
tion of the alloys preventing the absolute closing of the 
unseen crevices. 

Yours truly, 


July 19, 1913. JAMES STORMONTH. 








CENTRIFUGAL PUMP DESIGN. 
To THE Eniror oF ENGINEERING. 

Srr,—Mr. Chatley, in a letter published by you on 
page 57, describes as classical ‘“‘the change of angular 
momentum ” method of finding the work done per second 
by the impeller of a centrifugal pump. According to the 
Oxford dictionary, the word ‘“‘classical” means of the 
rst rank or authority, constituting a standard or model. 
Mr. Chatley is perfectly correct in his description ; the 
method is the standard one. To my knowledge it is used 
in the Ninth Edition of the ‘‘ Encyclopedia Britannica,” 
and in the text-books on hydraulics by Bovey, Dunkerly, 
Hoskin, Lea, as well as the one mentioned by Mr. 
Chatley ; probably there are others. 

Later in the same letter Mr. Chatley writes that I 
‘acknowledge the difficulty of conceiving this (the chan 
of momentum of the water) to act at the tips of the 
es.” My only difficulty is to find what foundation 
Mr. Chatley has for this statement; for I stated ex- 
plicitly that no such assumption is made, and I showed 
that there is no necessity for making it—in fact, this was 
my reason for giving the analysis. It is true that I showed 
that the formula for the work done per second by the im- 
peller happens to be the same as that done by a certain 
tangential force acting at the tips of the blades; further I 
showed that this force corresponds to the water having 
the whole of its momentum changed at the. tips of the 
blades. Is it needful to point out that the water does not 
have its momentum solely changed at the tips? and hence 
there is no such force acting at that position. To say that 
a certain amount of work is equal to that which is done by 
a particular force acting at a particular position, is not the 
same as saying that the ticular force actually exists. 
But, as a matter of fact, if it were of any value to do so, I 
have no difficulty in conceiving a force to act, not at the 
tips only, but anywhere on the blades, and, provided its 
line of action does not pass ——— the axis of rotation, 
to do the same amount of work as that done on the 


water. 

_ Mr. Chatley thinks that the linear method, as he calls 
it, leaves out of consideration a certain amount of angular 
mementum, and that this gives rise to a supposed dis- 
crepancy between it and the angular momentum method. 
This can hardly be right ; for, if the science of mechanics 
is true, there is no linear method of dealing with bodies 


r on the help given | which do not move in a straight line; and as the water 
8 it not possible that | does not move in a straight line, there can be no linear 





method for solving the problem. If, then, there is no 
applicable linear method there can be no discrepancy. 
Yours truly, 
Watter LONGLAND. 
Northampton Polytechnic Institute, Clerkenwell, E.C., 
July 19, 1913. 





LAUNCH OF AN ADMIRALTY CaiIsson.—Measrs. Swan, 
Hunter and Wigham Richardson, Limited, have just 
completed and launched at their new auxiliary establish- 
ment at Southwick, Sunderland, a sliding caisson for one 
of the Admiralty graving docks at Portsmouth—the 
first important work undertaken there. This caisson is an 
important structure of somewhat complicated design, 
and is practically a duplicate of one recently completed 
by Messrs. Swan, Hunter and Wigham Richardson for the 
dockyard at Portsmouth. Owing to the very large 
draught of water required for the caisson when afloat 
it was found desirable to construct it on its side. The 
preparation of all materials was in the first instance 
carried out at the Wallsend Shipyard. The material was 
then shipped to the River Wear, and erected and riveted 
together at Southwick. Immediately after the launch 
the vessel was taken in tow, and will be transported to the 
Tyne, there to be brought to the upright position prior to 
being towed to Portsmouth. 





THe Massacuvusetts Institute oF TECHNOLOGY.— 
The newest item of interest at this Institute is, we are 
informed, the establishment of an electrical research 
laboratory and bureau, to be devoted to research and 
engineering investigation. Its official} title will be 
Division of Electrical Engineering Research, and for it 
and the new electrical library an endowment is assured 
of above 22,000/. Taking into account the value of the 
library itself, there are gifts and promises for .electrical 
engineering purposes of more than 40,000/., all in the 
interests of electrical work. The laboratory is already in 
commission; Dr. Harold Pender has been named director by 
the corporation, Mr. H, F. Thomson is secretary and assis- 
tant to the director ; a staff will be developed as the needs 
increase, and an advisory committee has been appointed, 
consisting of Professors Dugald C. Jackson, F. A. Laws, 
R. R. wrence, and W. E. Wiskenden. The great 
central feature of the endowment is the grant of 
20007. a year for five years from the American Tele- 
phone and hime gg Company. This comes to the 
Institute through the initiative of President Theodore 
N. Vail. In recent discussions President Vail has ex- 
pressed the opinion that it is becoming more and more 
to the advantage of commercial firms to endow general 
research in the laboratories of institutions of education 
which are fitted out to carry them on in an impartial 
manner. It is true that an enormous amount of com- 
mercial research has been carried on in institutional and 
private laboratories, but this has been limited to prob- 
lems having obvious relationships to the firms carrying on 
the investigations. President Vail believes in a research 

licy of wider scope, and the gift of his company 
eaves the direction in which the research shall be made 
entirely with the authorities of the Institute. 





Tue InsTITUTE OF Metais: MertTine aT GHENT.— 
On August 28 and 29 the Institute of Metals is to hold 
at Ghent its first foreign meeting. Metallurgists from 
all over the world will assemble in the Palais des Fétes 
of the Exhibition, which has been placed at the disposal 
of the Institute by the Belgian Government. Professor 
A. K. Huntington, Assoc. R.S.M., will preside. The 
first session of the Congress will commence at 10 a.m. 
on August 28 with an official welcome of the members 
on behalf of the University and the Municipality of 


Ghent. Afterwards, and during the morning of August 
29, there will be presented a number of important 
papers which will read and discussed. Of these, 


probably the most noteworthy is the second report to 
the Corrosion Committee by Dr. G. D. Bengough, M.A., 
and Mr. R. Jones, B.Sc. This report will show that 
the experimental work which the Institute has been 
conducting at fe for the past two years has 
yielded very practical results, indicating clearly not only 
the causes of the corrosion of condenser tubes, but how 
such corrosion’ may be eliminated. Mr. H. Garland, a 
delegate from Egypt, will present a paper on ‘* Metal- 
lographical rches on Egyptian Metal Anti- 
uities.” Two other foreign papers will be ‘‘ The 
Specific Volume and Constitution of Alloys,” by Dr. 
. M. Guertler (Berlin); and ‘‘ Copper-Rich Alloys,’ 
by Professor S. L. Hoyt (University of Minneapolis). 
English metallurgists will be well re mted; Dr. T. K. 
Rose, Assoc. R.S.M., of the Royal Mint, will present a 
per on the “‘ Annealing of Gold,” and Dr. W. Rosen- 
cole F.R.S., and Mr. D. Ewen, M.Sc., have a paper on 
the ‘‘Intercrystalline Cohesion of Metals.” Other con- 
tributions are by Mr. J. Chamberlain, M.Sc., on 
‘*A Further Study of Volume Changes in Alloys;” 
Dr. C. H. Desch and Mr. S. Whyte on ‘‘The Micro- 
Chemistry of Corrosion: I. me - Zine 
Alloys;” Mr. F. Jobnson, M.Sc., on ‘‘A Method of 
Improving the Quality of Arsenical Copper ;” Professor 
A. A. Read, M 


et., on ‘‘ The Influence of Phosphorus 
on Some Copper-Aluminium Alloys ;” and Mr. T. West, 
M.Sc.. on ‘* The Determination o 


Oxygen in Copper and 


Brass.” After the presentation of these papers visits 
will be paid to the works of Messrs. Van de Kerkhove 
and of Messrs. Carels Fréres, One afternoon will be 


devoted to the International Exhibition. Those who 
desire to attend the meeting should communicate with 
the Secretary of the Institute, Mr. G. Shaw Scott, 
M.Sc., Caxton House, Westminster, S.W., not later 
than Tuesday, July 29, 











- yer nse 8 WET PS NB SIREN BLES RE a NE EE 












ENGINEERING, Jury 25, 1913. 











a 





THE WALLSEND-HOWDEN SYSTEM OF BRN 


CONSTRUCTED BY THE WALLSEND SLIPWAY ANp (EE 





E.R. Fioor 


Howes in TRUNK AS REQUIRED 









WATER BALLAST 


27 29 30 3i 


i) 
e) 




















Drain Tank 





















































Fig. 3. 






































C.L. of Swipe 




















CorFFERDAM 















































On Fuet Cross BunKER 











(For Descriptio ye Pe 

















SECTION LOOKING FORWARD ON 





i 


‘ 
+ 
s 
f 
+B | 
; 


4 
‘ 






MaTcH FORACCESS 








e i 


PLAN AT SHELTER D 


Fig. 








PLATE 1X. 
















—— a 

F BRNING OIL FUEL IN MARINE BOILERS. 

AND ‘KEERING COMPANY, LIMITED, WALLSEND-ON-TYNE. 

Descriptioff we Page 131.) 

—— TI t + 
| ; for Litt 
4 | Fig. 4 
SHELTER DECK 
| ’ Fig. 5 
| __[UPPER DECK / 
i.“ Va / ( 
ait ~~ 6) 6 po 


Tween Deen 
TANK 


i 
MAIN DECK 









Exhaust from 
Od Fuel Pumps 


| | fo 


Ds 






"a le Installation | 


-_ 
| 
| 
| 
| 






































c 
w 
x 
= 
Es) 
i) 
” 
w 
is} 
4 
= S 
< ~N 
fe) w 
5 je 
wl ™ 
& 2 
8 9 
b stanlenns 
wl. 
NG FORWARD ON OUTSIDE OF ROOM 
x 
z 
Pw 
x 
.S) 
~ we 
4 te a 
i § 2 
qa |e : 
lf b 
> J 
i § / 
PLAN SHOWING HEATER 
Fug. 6. 
e 
wy 
x 
aN AT SHELTER Decx 3 
ie) 
a rl 
Fy /, % 
i=) 
« 
=) 
_ 
S 
=| a 
s ~ 
.° i—) 
my 
& 
u 
i>) 
s \ 
—<_ ” ) a == a ee 



























































| 
. 
TT = 
| | 
| 
| 
—_ ; _ - } 
lds sn _ 
—i+-7RH 7 TT | 
Y HH | 
' | 
ry : 
re || | 
a3 1 || 
4 sek 
—tH ES: a a + 
ti i ti {side of Pump Roenv 
"t ae lagged with, 
q 17 Inis ulaungMater val 
ype | Ry 
Cm) | hy 
\ Co oe et 
t...§ 
Ds if : 
























































SECTION at 30 
LOOKING FORWARD. 

















JuLy 25, 1913.] 


ENGINEERING. 


131 








AUTOMATIC SAW-SHARPENING MACHINE. 
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WE illustrate on this page an automatic cold saw- | will now be at its lowest point. The hand-wheel B is 


sharpening machine constructed by Messrs. Isaac Hill 
and Son, St. George’s Engineering, Malleable Iron and 
Steel Works, Woods-lane, Derby. It is shown in per- 
spective in Fig. 1, and in front and side elevations in 
Figs. 2 and 3 respectively. The machine we illustrate 
is driven by an electric motor, but it can, of course, 
be driven in any other convenient way. Cold sawing 
is now very common, and a most important point to 
be considered is the question of keeping the saws in good 
condition. As the cutting is done by the point of the 
tooth, it is very necessary carefully to maintain the 
temper of this part, for great hardness is required 
and should be maintained. 

In the machine we illustrate, the method adopted is 
to touch the saw very lightly indeed when sharpening, 
and to go round it several times, for this is thought by 
the makers to be the rational way of sustaining the 
cutting-edge that is so absolutely necessary in cold- 
sawing. 

Over-pressure of the emery-wheel softens the saw, 
and the makers have therefore, by an arrangement 
of a spring, obviated the danger of this over-pres- 
sure. This spring, when the emery-wheel is in opera- 
tion upon the teeth, deflects and causes an even 
pressure of the emery-wheel, a pressure no more than 
that given by the spring. The saw is fixed between 
the washers on the spindle, and is only tightened up 
sufficiently to enable the bevel of the emery-wheel 
to be forced down into the inclined portion of each 
tooth ; the saw moves slightly between the washers, 
the bevel edge of the emery-wheel filling up the space 
of the tooth. This method of sharpening also prevents 
the teeth of the saw being blued or softened. Many 
saw-blades will do but little cutting after once shar pen- 
ing, simply on account of the damage they receive 
from the over-pressure of the emery-wheel on the 
delicate points of the teeth. 

The construction of the machine will be understood 
on reference to Figs. 2 and 3. The stand or pillar 
which carries the saw is of solid construction, and can 
be firmly screwed to the floor, and all the moving parts 
are simply arranged. The operation of sharpening the 
saw is as follows :—The emery wheel is placed with its 
sharp edge next the outer washer on the spindle that 
carries it. The machine is prepared to receive the saw 
by taking off the locking-handle shown in Figs. 2 and 3, 
and also the screwed hand-wheel that it locks ; after 
this the saw can be placed on the spindle and fixed. 
The teeth of the saw must, of course, be placed in the 
same direction as the bevel of the emery wheel. The saw 
must not be tightened up and made rigid between the 
washers on its spindle, so that it cannot revolve, but 
must be only just tight enough to allow it to be 
revolved by the tips of the thumb and forefinger of 
the left hand. The driving-pulley is then turned 


until the stud in the large spur-wheel A is on the to 
centre, the hand-wheel screws B and C being high 
enough to allow this to be done. 


The emery-wheel 





then screwed down until it touches the casting D, in 
which the spring E enters. The saw-spindle is then 
raised by means of the hand-wheel F until the saw 
touches the emery-wheel, the bevel of the wheel at the 
same time entering one of the s of the saw. The 
saw is lifted until it takes the casting D ; in. from 
the point of the screw B. This will deflect the spring 
E, giving it a certain amount of tension, which will, 
when sharpening is going on, cause a given pressure 
of the emery-wheel on to the saw. The hand-wheel B 
is then screwed down till it bears heavily on the cast- 
ing D again, which will release the emery-wheel on the 


saw, after which the hand-wheel screw B is locked by 
the handle-nut on the screw B. 
In order to set the machine for the pitch of the 


teeth the stud G is moved in the slotted lever shown. 
This lever has the connecting-rod H attached to it, 
which gives motion to the ratchet-wheel shown, through 
which it actuates the saw and moves the teeth the 
exact amount required, the adjustment, of course, 
being made by hand. It is preferable to set the pitch 
a little fine, so that the emery-wheel when striking the 
inclination of the tooth of the saw has, as it is foreed 
down to the bottom of the gullet, a tendency to move 
the saw round between the washers. If the saw be held 
too tightly between the washers on the spindle, the 
emery-wheel in its downward motion cannot move 
the saw round. By giving attention to this point, 
it is claimed that the emery-wheel keeps its edge 
longer than would otherwise be the case. The pres- 
sure of the emery-wheel on the saw is governed b 
adjusting the hand-wheel B until, while sharpening, all 
the deflection or tension is taken out of the spring E. 
When this takes place, the saw must be raised a little 
by moving the hand-wheel F, which operates the 
= I, and gives more tension to the spring E. The 

and- wheel screw K is for setting stationary the 
oscillating head carrying the emery-wheel spindle-head 
(taking away the upward and downward motion), so 
that a saw may be topped and trued upon the circum- 
ference by replacing the bevel emery-wheel with a 
flat-topped one. Attachments can be supplied for 
sharpening band-saws. 

With this machine as many as ninety teeth can be 
operated per minute. It is made in a size suitable 
for sharpening saws from 6 in. to 36 in. in diameter, 
and also in a size to take saws from 18 in. in diameter 
to 60 in. 








INTERNATIONAL REFRIGERATION CoNnGRESS.—We are 
requested to state that all papers to be read at the Third 
International Refrigeration which is to be held 
in New York, Washington, Chicago in Se ber 
next, should be sent as quickly as possible, in two 
copies, addressed to the American i tion ia- 
tion, 431, So. Dearborn-street, Chicago, so that they can 

inted in time. The languages used at the congress 
will be English, French, German, and Spanish. 








THE WALLSEND-HOWDEN SYSTEM OF 
OIL-BURNING IN MARINE BOILERS. 

THE recent debate in Parliament, and the forward 
policy of the Admiralty in regard to the use of oil 
fuel in various types of warships, invest with special 
interest the drawings which we reproduce on our two- 
page Plate, No. IX., this week, illustrating one of 
the most extensively-adopted systems of burning oil 
fuel in marine boilers. The system shown is the 
Wallsend - Howden patent arrangement, the sole 
licensees and manufacturers of which are the Wallsend 
Slipway and Engineering Company, Limited, who, 
perhaps, have the greatest experience of all manufac- 
turing firms in oil-burning installations. At the pre- 
sent time they have on hand over eighty such 
installations, aggregating over 400,000 indicated horse- 
power. In a previous article’ we described the 
succession of experiments which led up to the burner 
now applied by the firm, and we propose in this 
instance to confine ourselves to the general arrange- 
ment for the storage, treatment, and passage of oil to 
the burners. 

The particular installation illustrated combines, it 
will be seen, the great advantage of the Howden 
forced-draught system, which has proved itself so 
economical also in connection with the ordinary coal- 
fired furnaces. Moreover, the installation illustrated 
has been designed for the use of Mexican oil, which is 
to be meg adopted by the Admiralty. The vessel 
to which the installation was fitted is one of the 
many oil-carrying steamers which have been designed, 
and the construction of which has been supervised, 
by Messrs. Jacobs and Barringer, of 78, Gracechurch- 
street, London, E.C., who are well known in con- 
nection with the design of oil-carrying ships, including 
the unprecedentedly lene vessels of the class for the 
Eagle Oil Transport Company. The vessel itself is 
541 ft. 6 in. long over all, and 527 ft. between perpen- 
diculars, 66 ft. 6 in. beam, and 414 ft. deep to the 
shelter deck, the 12 tanks fitted having a dead-weight 
carrying capacity of nearly 16,000 tons. The engines 
are of the quadruple-expansion type, having cylinders 
28} in., 41 in., 58 in., and 84 in. in diameter, with a 
stroke of 54 in., and the working pressure in the 
boilers is 220 Ib. per sq. in. 

The boilers are 16 ft. 3 in. outside diameter, with a 
length of 12 ft., being single-ended. Each has four 
furnaces of the Deighton type, and, as already indi- 
cated, the boilers are arranged to work under the 
Howden system of forced draught, the installin 
of which was carried out to the drawings, om | 
under the supervision, of Messrs. James Howden 
and Co., Limited, of Glasgow. The necessary air 
under pressure is supplied by a double fan, driven by 
two single-cylinder engines, one of which is capable 
of maintaining the draught, the other being as -by. 
Although the boilers are fitted specially for burning 


* See ENGINEERING, vol. Ixxxv., page 805. 
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Mexican liquid fuel, it will be possible to adopt an 
arrangement to burn all grades of liquid fuel. The 
pumping plant, heaters, &c., have been fitted in a 
special pump-room, in order to keep the stokehold 
eae of all fuel-pipes and fittings as far as possible. 

The liquid fuel on the San Fraterno is carried in’tween 
deck and cross bunkers, in which heating coils are fitted, 
so that the most viscous oils can be utilised as liquid 
fuel by heating them and rendering them fluid enough 
to be dealt with by the oil-fuel pumps. The oil-fuel 
on its way to the fuel-pumps passes through a suction 
strainer marked SS on the plan (Fig. 3) reproduced. 
This suction strainer is of the ‘‘ Duplex ” type, so that 
one side of the strainer can be cleaned whilst the 
other is in use. After passing the oil-fuel pumps P the 
liquid fuel is delivered to the heaters H (Figs. 4, 5, and 6), 
in which the oil is heated to the temperature which 
experiment and long experience has proved to be most 
efficient for burnin the fuel. The oil-fuel is still 
further strained in the discharge strainer DS before 
being delivered to the burners. 

Distributing valve-boxes are fitted at the boilers, so 
that any furnace could be cut out of use, or the whole 
boiler, if desirable, entirely dispensed with. The 
burners B (Fig. 5) are fitted in the Howden forced- 
draught fronts, which are adapted by Messrs. James 
Sowden and Co. so as to meet the special requirements 
of this system. A hand-pump H P (Figs. 3 and 5) is 
fitted in the pump-room, and the crank-shaft is ex- 
tended so that this pump can be operated either in the 
pump-room itself or from the stokehold. This pump is 
in operation when there is no steam available on board 
for driving the steam-pumps, and hence steam must be 
raised in the boilers by means of this special pump. 

Careful data have been taken in service to determine 
the fuel consumption with this system. In one case 
the oil was of a calorific value of 19,620 British 
thermal units, and of a specific gravity at 60 deg. Fahr. 
of 0.9294; the pressure of air entering the furnaces 
was 1} in., and the temperature of air 203 deg. Fahr. ; 
the fuel consumption for all — was 1.034 lb. 
per indicated horse-power developed per hour by the 
main engines, or for the propelling engines only 
0.907 lb. per indicated horse-power per hour. 





CUMBERLAND’S ELxcrricAL Process FOR THE PROTEC- 
TION OF Borters.—On page 849 of our last volume we 

ublished a description of this process, and stated that it 
had been introduced into the United States. We have, 
since this description appeared, been informed by the 
Cumberland Syndicate, 44, Charing Cross, London, 8. W., 
that the process has also been adopted in this country, 
and is now at work in the Cunard and the White Star 
Steamship Companies, besides other ‘amy ard companies, 
and also on the City and South London Railway, and by 
the Llanelly Electric Power Company, where it is, we 
understand, giving satisfaction. Other firms also will, itis 
expected, shortly have it installed. The test mentioned 
by us on page 849 of our last volume as lasting for five 
days was extended for practically a month with satis- 
factory results. 





INTERNATIONAL ExectricaL Conoress, SAN FRAN- 
c1sco.—Preliminary plans for the International Electrical 
Congress, which is to be held in San Francisco during 
the week beginnin og arsed 13, 1915, in conjunction 
with the Panama-Pacific International Exposition, and 
under the auspices of the American Institute of Electrical 
Engineers, are being prepared by the Committee on 
Organisation. In the week preceding the Congress there 
will be a meeting of the International Electrotechnical 
Commission. The Congress is being divided into twelve 
sections as follow:—l. Generation, Transmission, and 
Distribution : Central station and sub-station design, 
control, and es long-distance transmission of 
electric power. 2. Apparatus ign : Generators, motors, 
and transformers; prime movers and their relations ; the 
rating of machinery. 3. Electric Traction and Trans- 
portation: City, surface, and — transit railways; 
interurban and trunk lines; electric vehicles, ip 

pulsion, mining railways, elevators, and hoists. 4. 
lectric Power for Industrial and Domestic Use: 
Factories, mills, refrigeration, heating devices, &c. 5. 
Lighting and Illumination: Arc and incandescent light- 
ing; the science and art of illumination. 6. Protective De- 
vices; Transients : Switches, circuit-breakers, condensers, 
electrostatics, disruptive ee or omg hi Beg ore 
henomena. 7. Electro-Chemistry and Electro-Meta: 
urgy : Electrolytic and metallurgical apparatus and pro- 
cesses. 8. Telegraphy and Telephony: (a) All com- 
munication of intelligence by the use of wires ; (b) Electro- 
magnetic waves and radiotelegraphy and telephony. 
9. Electrical Instruments and Electrical Measurements : 
Switchboard, portable, standard, and absolute instru- 
ments; testing and standardisation methods, absolute 
measurements. 10. Economics of Central Stations and 
Systems: Load-factors, power-factors, and all problems 
affecting the economy of central stations ; also rates and 
regulation by public service commissions. 11. Electro- 
Physics: Radioactivity, Réntgen rays, gas and vapour 
conduction, electron theory, constitution of matter. 12. 
Miscellaneous, such as history of literature of electrical 
engineering, symbols and nomenclature, engineeri! 
education and ethics. It is desired to include in eac 


section as many papers as practicable. Offers of papers 
and suggestions S this connection should be directed to 
the Secretar 
E. B. Rosa, 


of the Committee on Organisation, Dr. 
ureau of Standards, Washington, D.C. 


.| itis known to be too fine at the ends for ei 





EFFECT OF FORM AND SIZE ON THE 
RESISTANCE OF SHIPS.* 


By G. S. Baker, late R.C.N.C., Member, and 
J. L. Kent, Associate-Member. 


INTRODUCTORY. 


Tue paper deals with the variation of resistance of 
ships with speed and with fulness of form. 

In § 1 to §3 is given a general account of the work of 
the earlier writers on this problem. 

§4to§6. The pressure disturbances created in the 
water are considered by the use of Taylor’s stream-line 
methods. 

Curves of area are used for the stream-lines, these 
giving a more correct measure of the disturbance than the 
use of level lines or horizontal sections of the ship. This 
course is adopted in view of the fact that the area curve 
is the controlling wave-making feature, and the water 
does not flow along the level lines. The effect of sharp 
ends and restricted channels upon the stream-line flow is 
also worked out. 

§ 7 to§ 8. The meaning and the effect of these pressure 
disturbances are then considered, and it is shown that 
the characteristic humps in the stream-line pressure 
curves vary mainly with two factors—length and pris- 
matic coefficient. 

§ 9 to § 10. The results of experiments with models are 
then given, and a new law for the s s at which 
transverse wave-making occurs is given, this ]luw being in 
general agreement with the theoretical considerations of 
the previous sections. ‘The special case of high-speed 
vessels is discussed. 

§ 11. A peculiarity of the pressure curve of the en- 
trance is considered as is shown to gee a hump in 
the resistance curves of full-ended ships. 

§ 12 to § 13. The effect of long, full bodies upon the co- 
efficient of frictional resistance of the form is considered 
both from the theoretical and experimental sides. The 
results of certain comparative experiments with models 
in air and water are given, and show the effect that 
theory leads one to expect. 

§ 14. The formula is L = to William Froude’s ex- 
periments, and a method is given for obtaining the maxi- 
mum economic length of parallel body to be 
with a fixed entrance and run. 


HIsToRICAL. 

§ 1. Many attempts have been made to formulate laws 
for the resistance of ships or the power to drive them. 
Almost invariably these have been framed using the 

ne dimensions, with varying constants in a rigid 
ormula, and they generally purport to give quantitative 
values for the resistance or power at all speeds. The 
authors in bringing this paper forward do not attempt to 
cover such a large field as this. Their object is to draw 
attention to the methodical manner in which certain fea- 
tures in the ship affect its resistance, the relative import- 
ance of these features, and the limitations which they 
impose upon the possible econemical speed of the ship. 
No ——— is made at present to give a quantitative 
measure of ship resistance. 

§ 2. Scott Russell may be considered as amongst the 
first to deal with this subject from the correct point of 


associated 


view. The underlying principles of this ‘‘wave-line Mideh 


system ” of construction are given in three papers 

before the Institution of Naval Architects in 1860-61.t+ 
It is not ere | to examine the principles and argu- 
ments on which this system was based, but we may give 
the two chief rules which Mr. Russell formulated for 
obtaining the best proportions for minimum resistance :— 

(1) The bow lines should be versine curves, and the stern 
lines should be cycloids. 

(2) The lengths of entrance and runt necessary for any 
speed were those in the following table, there being 
nothing gained by using greater lengths, and something 
lost by the use of shorter lengths. 


TaBLE I.—Lengths of Entrance and Run for Given Speeds. 


Statute Miles Length of Entrance Length of Run 
per hour. in feet. in feet. 
2 / 1.2 
4 6.72 4.8 
8 26.88 19.2 
12 60.48 43.2 
16 107.52 76.8 
18 136.08 97.2 
20 168.00 120.0 


It was soon recognised that the entrances given in the 
table were too great, and Professor Rankine advised the 
snubbing away of the extreme end of the bow. 

Although practical experience and model experiments 
have since shown that the versine curve of areas is 
from a resistance point of view at moderately — speeds, 

} 2 ther really 
high or comparatively low — This fact, and the 
Jow prismatic coefficient which a versine curve involves, 
renders its use the exception rather than the rule. 

3 3. There are now many records of experiments on 
ship model resistance, given in papers by such able ex- 
perimenters as W. Froude, R. E. Froude, D. W. Taylor, 
&c. Mr. R. E. Froude has also expounded the general 
principles of ship resistance. 





* Paper read before the Institution of Naval Architects, 
June 20, 1913. 

t Fe ag am was first announced in a paper read before 
the British Association in 1834, and the Wave was built 
on this system in 1835. 

} By “entrance” and ‘“‘run” here is meant that portion 
of a ship at the bow and stern respectively over which the 
shape isc i That portion of the body near amid- 
ships of which the transverse section remains the same 
for any length is called ‘‘ parallel body,” and this separates 
the entrance from the run. 





Of these papers the two most important and most akin 
to this paper are those by W. Froude* in the Transactions 
for 1877, and R. E. Froude} in 1881. The former gives 
the results of experiments with models whose sole differ- 
ence was due to varying lengths of parallel body inserted 
between the entrance and run. The paper showed clearly 
how the residuary resistance varied with the length pro- 
portions of the model. The latter paper gives the general 
= of the resistance of water to the motion of 
a ship. 

As a rule, the problem set the designer is not so much 
concerned with the effect of elongation cf a ship, but the 
eftect of adding displacement on given beam, length and 
draught, either as parallel y, or in entrance and run. 

The authors have considered the problem from this 
point of view more than any other, cdl 5 hope to have shed 
some little light on it. 


THEORETICAL CONSIDERATIONS. 


§ 4. The problem may be approached from the stand- 
point of stream-lines in a perfect fluid, and on certain 
assumptions such stream-lines may be obtained. The 
process adopted by the authors in doing this is that 
given by Mr. Taylor} for flow in two dimensions. This 
consists of combining a a line of sources and 
sinks of varying magnitude with a parallel stream, the 
distribution of the magnitude of the sources and sinks 
sae altered to produce the differently shaped stream- 
‘orms. 

The method is illustrated in detail in Appendix I., 
page 136, in which are given the various steps necessary 
to obtain the stream-forms and their pressure curve. 

The two dimensional case has m used for two 
reasons : 

(1) It saves a large amount of laborious work. 

(2) By using the ship’s curve of areas for the stream- 
form, instead of a level line of the ship, we get a better 
indication of the mean-pressure variations along the ship 
which the area curve represents, both with change in 
prismatic coefficient and longitudinal distribution of dis- 
placement on the same prismatic coefficient. 

Although the assumption made in condition (2) above 
may not rigidly true, it affords a better criterion of 
sressure variation than that obtained by the use of level 
ines. The stream-lines on the model surface obtained 
experimentally by Mr. Taylor show that the motion is 
seldom or never in the horizontal plane. Experiments 
made with a high-speed model at the William Froude 
Tank have shown much the same thing. Moreover, 
there is ample evidence that transverse wave-making is 
far more dependent upon the curve of areas than upon the 
shape of individual level lines, and this 1s particularly 
true with that phase of the question we are mainly con- 
cerned with here—viz., the interference of the bow and 
stern systems with one another. 

§ 5. Altogether eleven cases have been examined in 
detail, and_ "ig. 4, pee 133, shows six§ of the stream- 
forms obtained and the distribution of pressure along 
them, and their general dimensions are given in Table II. 

TaBLe II.—General Dimensions of Stream-Forms. 


| 





Form A BO DR OR | GOW 
Length units 188 192 | 188 | 192 192 | 192 | 192 | 192 
ip sec- | 
tion.. 26.6 25.6 [25.6 (25.6 25.6 25.6 (25.6 (25.6 
Prismatic co- 
efficient 0.648, 0.720 0.748] 0.751) 0.757| 0.776 


--| 0.503 0.554) 


istic of all such forms: pressure humps near the ends 
and decreased pressure at the middle. It will also bs 


seen :— 

(a) That the humps are generally more emphatic the 
fuller the form, and occur nearer the ends up to a certain 
eens, beyond which increase in fulness has little 
effect. 

(b) That the forms with the larger prismatics have a 
curious depression in the pressure curve occurring 
between the maximum pressure and the mid-length of 
the body. 

Moreover, this depression approaches the pressure 
hump more closely as the prismatic coefficient is increased, 
as is shown in columns 3 and 4 of Table III., and in con- 
sequence of this the area of negative pressure in the 
limits of the length of the form is considerably greater 
with the larger prismatics. 


TaB.e III.—Pressure Curves. 
7 am 

















Longitudinal Position) Area of : 
|, of Maxima and | Negative gic y 
Pris- Minima as per Cent.) Pressure | curve over the 
Form,| ™atic | of Half-Length from | Curve from | Total Length 
Coetfi- | Amidships(§ 8). | Amidships | “of stream 
cleat. | —_____________/ to —_ | Form(§ 8 
Positive Negative | 0 Zero and §12 
Hump. Hollow. Ordinate. | _ 
A 0.503 78.0 0 0.193 | 0.128 
B 0.554 80.0 0 } 0.235 | 0.160 
© | 0.648 | 84.0 35.0 | 0.246 | 0.185 
D 0.720 89.0 53.0 0.246 0.193 
E 0.743 90.5 56.5 0.282 0.212 
F | 0.751 | 89.0 58.0 | 0.240 0.180 
G 0.757 90.5 63.0 | 0.297 | 0.249 
H | 0.776 | 89.5 55.0 | 0,283 0,225 





t Ibid., 1894. 

§ Three others had sharp angular ends, and are dis- 
cussed in § 6; the remaining two are omitted from the 
diagrams for the sake of clearness. 
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are given in Fig. 5, page 135, which is also interesting in 
that it shows the effect of the nce of Santer 
walls on the stream-line motion. e distance between 
these walls is equal to the — of the model, which is 
equal to = It will — Ra the pressure 
changes amidships; are approxima: cent. ter 
with these sestelotions than withous ha Soom ie 
the explanation of the growth of resistance when a ship 
runs into either shallow water or a narrow channel. Due 
to the greater changes in stream-line flow there is a sub- 
stantial increase in the velocity of the streams in contact 
with the form, resulting in an increase in the skin friction. 
and under unfavourable circumstances (for propulsion) 
the wave-making is also increased. The method of obtain- 


ing these stream-lines with the boundary walls is new so | 


far as the authors know, and is given in Appendix IT. 


MEANING OF THE CURVES. 


§ 7. The effect of certain types of pressure disturbances 
upon the surface of water is given in text-books on hydro- 
dynamics, and in the papers of Lord Kelvin and Professor 
Havelock. Of oo that —- be most ae 
to our present problem is the travelling point o jure, 
considered by the two authors already centioned. 

This produces a system of waves of the usual trans- 
verse and divergent character, the whole being included 
between lines inclined at 90 deg. 28 min. to the line of 
motion, the amplitude of the waves decreasing as the 
square root of their distance from the origin. 6 effect 
produced by twoof Lord Kelvin’s pressure-points, correctly 
spaced, must be somewhat the same as that of the two 
humps in the pressure curves of Fig. 1. The difference 
between the two cases are mainly :— 


(a) The pressure is somewhat distributed in the ship, 
and not in the case of the pressure-points. 

(6) The pressure acts upon water in motion around the 
ship, and upon still water in the case of the pressure- 

ints. 

Pw) Any wave-motion set up causes a change in the 
pressure system around the ship. 

(d) There is a wide band of negative pressure between 
the two humps in the ship which is tending to produce 
its own set of transverse waves, and which has no counter- 
part in the case of the pressure-points. 


For these reasons, although we can expect some like- 
ness to exist between the two cases, the differences are 
too t to allow of any comparison of results except on 
the eadest lines. Itisenough, however, for our purpose 
to be able to state that such pressure disturbances as we 
have shown exist when a ship is in motion will produce 
waves which will vary more or less in accordance with 
the results given in the ag by the above authors. 
The character of the resultant system of waves formed 
by both bow and stern will vary with the relation between 
the — and the distribution of the pressure systems. 
The bow-pressure hump generates its own system of 
divergent and transverse waves, which are very similar* 
to those produced by a single point disturbance. But 
this hump is followed by a hollow and a second hump, 
which are also i © create other systems of waves 
of the same period. en these pressure effects are so 
situated that they tend to produce waves having their 
crests and hollows superposed upon each other, bad 
wave-making and high resistance will result. Moreover, 
the undulation of the negative pressure near amidships 
will affect the wave-making, and according to the — 
so this may add to or detract from the total wave-making 
effect. e examination of the pressure curves has 
shown that the relative positions of these humps and 
hollows are dependent upon two things—viz , the length 
of the stream-form and its prismatic coefficient, and 
we are led to the conclusion that the wave-making 
speeds of any ship depend directly upon these two 
factors. } 

The above remarks apply more prrticularly to trans- 
verse Wave-making—in which interference of one system 
with another is of great importance, owing to the large 
amount of energy involved in them at the usual ship 
speeds. The diverging waves depend almost entirely 
upon the comparatively local bow and stern humps, and 
it is seen that these will generally increase with the 
prismatic coefficient. 

§ 8. Since the resistance of a form depends partly upon 
skin friction, and this varies approximately with the 
square of the velocity, it will be seen that the extension of 
the region of negative pressure is equivalent to an increase 
of rubbing velocity of the stream-lines against the form. 
The area of this negative-pressure curve is a direct measure 
of this effect for the portion over which it extends, and 
column 6, Table III., page 132, shows these values for 
the various stream-forms. As a partial counterbalance 
to this, there is a decrease in velocity at the ends, and 
column 6 gives the mean change in (velocity)* taken over 
the whole stream-form. It is difficult to say how much 
of this increase in rubbing velocity would be realised as 
additional skin friction ina ship. The frictional resist- 
ance is due te a belt of water, and not to the film which 
is in contact with the ship, and asthe variation of velocity 
in the stream-lines is less the farther these lines are 
removed from the form, there will be a ative correc- 
tion to be made for this. In one case, which has been 
fully examined, this correction, taken on a belt which 
erred on the — side, did not amount to more than 
20 per cent. Moreover, it must be remembered that 
where the stream velocity is t, there the area of 
skin in contact with the water is greatest, and this requires 





* The angle of divergence in the ship depends upon 

and form of the ship, decreasing wah tema 
of 6 and, toa certain extent, with fineness of ends. 
In case of the single point of pressure this angle is 
constant. 








TABLE IV.—Va tue or @. 





















































ABSOISS#. 
Ordinates. 100. | 90. 80. 70. | 60, 50. 40, 30. 20. 10. 
0 -1571 | -1.571 —1.571 -1571 | -16871 1.571 -L571 0 -1.571 | -1.571 0 1.571 
5 ~ 1.487 ~ 1.485 - 1.481 ~1.475 — 1.467 1.455 -1.436 -1.401 | -1.317 -1.139 
10 - 1.400 ~ 1.395 - 1.388 1.875 —1.251 ~ 1.334 -1.296 -1231 | -1.105 | -0.810 
15 - 1.313 - 1.305 ~ 1.295 -1.277 —1.258 —1.218 -1164 1.075 | -0.915  -0.602 
20 — 1.228 rs 1.217 — 1.206 ~ 1.182 —1.152 ~ 1.109 -1,043  -0.938  —0.785 -0 469 
30 —1.061 ~ 1.047 —1.031 - 1.001 — 0.963 - 0.909 -0,882 -0.718  -0551 —0.314 
40 — 0.896 — 0.880 - 0.863 -0 829 - 0.787 -0.731 -0.654 -0.548  -0405 -0.223 
50 -0.788 | -0,722 -0.704 0.671 —0.631 - 0.578 -0.508  -0.418 -0302 -0.163 
100 0 0 0 0 0 0 0 0 0 0 
| 
ABSCISSA. 
Ordinates. | - 200, — 210. -% — 230. -240. | -2650. - 260. — 280. - 300. - 400. 
0 1.571 1.571 1.571 L571 | 1-571 1.571 1671 | LA7l , 57 L67L 
5 1.494 1 494 1.494 | 1.494 1.494 1.494 1.495 1.495 1.495 1.495 
10 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.414 1.4'5 1.415 
15 1.334 1.334 1.334 1.334 | 1.384 1.334 1.334 1.334 1.334 1,335 
20 1.255 1.255 1.255 1.255 | 1.255 1.255 1.255 1.255 1.255 1.256 
80 1.097 1.098 1.098 1.088 | 1.093 | 1.009 1.099 1 099 1.190 1.101 
40 0.939 0.939 0.939 0.940 0.940 0.940 0.940 0.941 0.941 0.942 
50 0.781 0.782 0.782 0.782 0.782 | 0.783 0.783 0.783 0.728 0.785 
100 0 0 0 0 .- 4 0 0 0 0 0 
ABSCISS# 
Ordinates. = —100. 110. —120. —130. -140 ~ 150. - 160. -170. ~ 180. - 190. 
o | Len 1.571 L571 1.571 1.571 1.571 1571 1.571 L671 | 1.871 
5 1.487 1.490 1.491 1.492 1.493 1.493 1.494 1.494 1.494 1.494 
10 1.400 1.404 1 407 1,409 1.411 1.412 1.413 1.413 1.413 1.413 
15 1.313 1.319 1.323 1.227 1.329 1.331 1.333 1.383 1.333 1.333 
20 1.228 1.238 1.241 1.245 1.248 1.251 1.253 1.254 1.254 1.254 
30 1.061 1.072 1.080 1.086 1.090 1.004 1.095 | 1.097 1.097 1.097 
40 0.896 0.908 0.918 0.924 0 929 0.983 0.936 | 0.937 0.938 0.938 
50 0.738 0.750 0.760 0.767 0.772 0.776 0.779 0.780 0.781 0.781 
100 0 0 0 0 0 0 0 0 0 0 
ABSCISS#. 
Ordinates. 0. -10. — 20. - 30. - 40. —50, - 60. 70. - 80. - 90. 
0 0 1.571 1.571 1.571 1.571 1.571 1.571 1.671, 1571 | 1671 
5 0 1.139 1.347 1.401 1.436 1.455 1.467 1.475 1.481 1 485 
10 0 1.810 1.105 1.231 1.296 1.334 1.351 1.375 1.388 1.395 
15 0 0.602 0.915 1.075 1.164 1.218 1.253 1.277 1.295 1.305 
20 0 0.469 0.765 | 0,938 1.043 1.109 1.152 1.182 1.206 1.217 
30 0 0.314 0.551 | 0.718 0.832 0.909 0.963 1.001 1.031 1,047 
40 0 0.223 0.405 0.548 0.654 0.731 0 787 0.829 0.863 0.880 
50 0 0.163 0.302 0.418 0.508 0.578 0 631 0.671 0.704 0.722 
100 0 0 0 0 0 0 0 0 0 0 
(aE! Pal | 
TABLE V.—Station 60. 
1. Stations .. = +0/ +10 | +20 | +30/) 440/ 450/460 470 +80 + 90) +100| ¥ values 
2. Abscisee of \ Sources .. -60 | -50 —40 -30 -20 | -10|- 0) - 10| - 20| - 30) - 40 
stations jf Sinks -60 -70 | -80 | -90 | -100 | -110| -120 | -130 | -140 | -150| -160 
3. Sink & source strength 0 1.9 3.6 5L | 64 | 7.5 8.4 91 9.6 9.9 10.0 
4. @ for sources --| O'out 1571) 1571) 1.571] 1.571) 1.571| 1.571! ~ 1.57) ~1.571| - 1.571) -1.57)| | 1186.6 
5. 6 for sinks = 1.671} 1.571; 1.571} 1.571) 1.671 1.671) 1.571 157)| 1.571] 1.571) 1.571 
6. Valuesofd .... 0 0 | oO o | 0 O | -1.571| - 3.142) - 3.142) - 3.14: | - 3.142 
7, Ordt. for y value = ..| 0 0 0 o | oO 0 | - 18.20 - 28.60) - 30.20| - 31.18 | - 3.142 
4. @ for sources 10’ out 1.351, 1.334, 1.296] 1.231) 1.105 0.810} © | -0.810)-1.105 -1.231/-1.296] 1034.0 
5. @ for sinks 1.351 1.376 1.888] 1.395/ 1.400 1.406) 1.407) 1.409] 1.411) 1.419) 1.418 
6. Valuesof> O | -0.041 | - 0,092} -0.164 | -0.295 -0,586| - 1.407 - 9.219) - 2.51¢| - 2.643| - 2.709 
7. Ordt. for y value 0 | -0,075 | - 0.331 | -0.836  - 1.187 - 4.397) - 11.81 - 20.19) - 24.16 - 26.20) ~ 27.C9 
4. @ for sources 20’ out 1.152) 1.109, 1.043] 0.988/ 0.765 0.469) 0  -0,469| 0.765) -0.938|-1.043| 892.4 
5. @ for sinks 1.152} 1.182) 1.206] 1.217) 1.228/ 1.236) 1.241 1.245) 1.248) 1.251) 1.253 
6. Valuesof? —.. 0 | -0.073 | -0.163| -0.279 | -0.463 -0.767| - 1.241 - 1.714) —2 013) - 2.18 - 2.296 
7. Ordt. for y value 0 | —0.139 | -0.586 | — 0.422 | -0.961 | - 5.750| - 10.42 - 15.59) - 19.30) - 21.6¢ | - 22..9¢ 
4. @ for sources 30’ cut 0.963; 0.909 0.832] 0.718 0551) 0.314) 0 -0.314 —0.551)-0.71§| -0.832| 765.8 
5. @ for sinks 0.963/ 1.001' 1.031} 1.047  1.061| 1.072) 1.080 1.086, 1.091) 1.094/ 1.095 
6. Values of + ne 0 | -0,092  -0.199 | -—0.329 | - 0.510 | - 0.758) — 1.080, - 1.400) — 1.641, — 1.812) - 1.927! 
7. Ordt. for y value 0 | -0.175 | -0.716 | ~ 1.678 | —3.262 | ~ 5.690) ~ 9.060 - 12.72) - 15.76) ~ 17.95| - 19.27 
4. @ for sources 40’ out 0.787! 0.7381' 0654] 0.548) 0.405 0.223) 0  -0,223) -0.405| -0.548 -0.654! 654.8 
5. @ for sinks 0.787 | 0.829 0.883] 0.880! 0.996 0.90 0.918, 0.924 0.929) 0.933 0.936 
6. Valuesof> .. 0 | -0.098 -0 209] - 0.332 | -0.491 | -0.685| -0.¥1e — 1.147) - 1.334) - 1.481 - 1.590 
7. Ordt. for y value 0 | —0.186 | -0.751 | - 1.695 | —3.410 | - 5.14" | - 7.710 - 10.41) - 12.80] - 14.6% - 15.90 
4. 6 for sources 50’ out 0.63L; 0.578) 0508| 0.418) 0.802/ 0.163} 0 -0.163 -0.302)-0.415)-0.508 529.6 
5. @ for sinks —? 0.631 0671 0.704] 0.722) 0.788 | 0.750; 0.760 0.767' 0.77%) 0.776! 0.779 
6. Valuesofé .. ..| 0 | -0.093 | -0,198| -0.304 | -0.436 |- 0.587, - 0.760 -U.980 - 1.074 - 1.194) - 1.287) 
7. Ordt. for y value ..| © | -0.177 | -0.705 | -1.550 | - 2.786 |- 4.405) - 6.380 - 8.460 - 10.31) - 11.82) - 12.87 
4. @ for sources - looout 0 | O 0 0 0}; 0 ; oO 0 0 0 0 0 
5, @ for sinks - “oul eo; @ 0 o; 0 |} © | Oo 0 0 0 0 
6. Valuesofe  ..—..| |} Oo} oO 0 0}; 0 | o | o 0 | 0 0 0 
7. Ordt. for y value i 0 0 0 0 0 0 |}; o 0 0 0 0 


& positive correction which may well balance that already 


considered. 
EXPERIMENT RESULTS. 


§ 9. In order to test these results the resistance experi- 
ments with some 215 models have been examined. ese 
vessels include broad and narrow, shallow and deep, fast 
and slow v and cover a very extensive range of 
prismatic coefficients. The resistances of the models 
tested at the experiment tank are tabulated in the Froude 
constant form, which for present purposes may be 
regarded as caer Typical constant curves are shown 
in Figs. 3 and 4, and it will be seen that these are gene- 
rally constant in ordinate value, but have humps of 
increasing value as the speed increases. T hum 
are succeeded in some cases by hollows and in others by 
a general flatness of curve. As pointed out by Mr. 
Froude many years ago, when any two features of the 
ship or model tend to create waves having crests and | 














hollows in the same fore and aft position, the super- 
position of these waves means abnormal wave-making, 
therefore abnormal resistance, which is shown by these 
humps. It will be seen on reference to Fig. 3 that 
there te oy speed at which the hump is extremely 
large. ith the exception of only one class of ship 
(which is dealt with later on), the change-over from this 
abnormal hump to the succeeding hollow has been found 
to occur at the natural speed of waves, whose length is 
equal to (P x L) where 


P is the prismatic coefficient and 
L is the length of the model in feet. 


This speed is given by the formula— 
V=13%/PL, 


V being the velecity in kno‘s. 
The speed at which the other and smaller humps occur 
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136 ENGINEERING. 
TABLE VI.—STREAM-LINE 20 UNITS OUT AT INFINITY. 
BS -. aaa | | 
Station 0 30 50 60 70 80 90 100 10 | 130 160 200 
F = 2.205 | 1.970 1,565 1.295 0.920 0 475 0.085 | -0.290 — 0.385 | -0,210 — 0.105 | 0,035 
, | } 
d | | 
ft ; = 0.10614 v%.. 0.2840 v9 0.2091 1% 0.1661 0.1874 09 0.09764 ry) =—-0.0504 v9 C0000 =| 0.0808 | 0.04085 % | 0.0288 0.0111% | 0.0087 x 
% r% r% v% v% % v% % % u% r v% v% 
tx aa 1.2340 v9 1.2091 v9 1.1661 vp 1.1374 vg 1.0976 vp 1.0504 v9 1.0000 v9 0.9692 vp 0.9592 % | O.9777 73 | 0.9889 | 0.99639 
Sec,.0.. .. | 1.0000 1.0022 1.0065 1.0083 1.0094 1.0099 1.0097 1.0072 1.0038 1.0006 | 1.0000 1.0000 
Total v = vz Sec... 1.2840 r% 1.2118 v9 1.1738 v9 1.1466 1.1079 v9 1.0606 v%» 1.0187 % | 0.9764 % 0.9628 v9 0.9782 v% | 0.9889 % 0.9963 vp 
ww. nw we} =~ (1, BBLS tg? 1.4681 v92 1.3770 r92 1.8145 92 1.2271 v92 1.1246 192 1.0374 v92 0.9533 v¢2 0.9270 v9? 0.9569 v2 | 0.9782 v9? 0.9926 v9? 
my tk 092 2 } 0%? ind 9" id v9? Did vo? v9? 032 U9" 
9? - v2 ee 0.5222 v2 = - 0.4681 08 -0.3770 v2  —0.3145 roe ~ 0.2271 v0 —0,1246 vp? == - 0.0874 vg | 0.0467 vos 0.0730 v9? 0.0431 vp? 0.0218 0s 0.0074 U9? 
Pressure rom v9? v9" wp, Vor ae Vo? Vo? | Vg" Vo? | Vo? v 2 
-0,6222 "0° | 0.4681 §-0,8770 0° | -0.3145"° | -o.9071 %° § -0.1086"" | -0.0874 | 9, 0 ; 0 2 | % 
—, } z = 70 yy, one Se = dg | 20867 iy | 0.078057 | O.o4st | o.oms ST | 0.0074 3 
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these are obtained for any parent form, the position of 
the humps for any modified form can be predicted with 
considerable accuracy. 

FRICTION. 


§ 12. A few of the model results have been examined 
to see whether these show any tendency to higher skin- 
friction values, when the prismatic coefticient is inc 
by the use of a body. Only the lowest speeds can 
be used for this purpose, in order to get away from 
possible wave resistance, and even then a small per- 
centage of the resistance may be due to the divergent 
waves. 

Neglecting this, however, and considering the whole 
resistance as frictional, it has been found that for models 
having 50, 30, and 10 per cent. parallel body the value of 
the constant f in the formula— 

R =fA V18% 

is 0.21, 0.135, and 0.10 greater than the corresponding f 
values for a plank of the same length as the model con- 
sidered. The above are average figures, as the results 
vary somewhat amongst themselves according to the form 
of the model; but they show the same general variation 
as the figures in column 6, Table III., would lead one to 
expect. 

§ 13. In order to obtain a reliable figure of the effect of 
form upon the skin resistance at low speeds, advantage 
has been taken of the formula given by Dr. Stanton in 
his paper read before this Institution in 1912.* This 
formula enables one to predict the resistance of a form in 
one fluid from results obtained in another. Experiments 
made in water in the usual way with a 16-foot model were 
compared with experiments in air made with a 3-foot 
model, which was symmetrical in shape, each half being 
the same as the underwater body of the 16-foot model. 

The experiments in air were carried to a speed of 50 ft. 
sec., and corresponded to a velocity of 46 ft. per minute 
for the 16-foot model in water. The resistance predicted 
in this way was found to be 9 per cent. higher than the 
skin friction calculated from Froude’s constants, and to 
vary approximately as the 1.85 power of the speed. The 
results in water were about 10 per cent. higher than those 
obtained by Froude’s constants, but fell away badly 
below a 8 of 90 ft. per minute ; and the above 10 per 
cent. holds for speeds somewhat above this when possi ly 
a little diverging wave-making is present. This form h 
very fine lines, so that eddy-making was reduced to a 
minimum, the prismatic coefficient being 0.77. These 
results lend considerable —- to the suggestion 
already made, that owing to the stream-line motion the 
skin friction of the form is greater than that obtained by 
the use of Froude’s coefficients, this increase depending 
upon the fulness of the form and being of the order 
mentioned above. 


Economic PARALLEL Bopy. 


§ 14. The practical value of the formula given in the 
paper, as aclue to the amount of parallel body which 
can be usefully associated with a given entrance and run, 
is shown in the following analysis of W. Froude’st series 
of experiments with varying parallel body. 

The formula— y 


p) = 0.746 JPL 
may be written— 


yt, = Oe VE 


Gi; 
where 


P. = prismatic of entrance. 
Pr = prismatic of run. 


— (Pele + Pr l-) 


i. = length of entrance. 
l- = length of run. 
Lp = length of parallel. 


By its use in this form Ly can be found for any given 
velocity and G value. Determine the value of L, for 
each velocity for which the resistance curves are given 


(1) when (?) = 1; (2) when () = - ; (3) when @) = 


1 , and so on. 


3 
In Fig. 8 square up from the abscisse, corresponding 
to these Ly values to the proper resistance curves. Draw 


the curves ®),. ®>. @)s through the spots so obtained, 
all the spots on each curve corresponding to the same 


Pp ) values. 
Considering the resistance curve for one velocity (say, 
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14.43 knots), it will be seen that the spots corresponding 
to— 
@=4 JJ 
J2 V3 
for this velocity all lie approximately on a mean resist- 
ance line drawn parallel to the base. Such a straight line 


must be the measure of the wave resistance when the 
cosine term in the equation— 


Ra & (Hi + H,? 2 k H, H, cos 


1 


g =") 
Qr 


is zero. This is in accord with the statement in the 
body of the paper—viz., that the velocity given by the 


formula— 
® us 


= 676 —— 
VP L 

is approximately the velocity at which the total trans- 
verse wave-making resistance is that due to the entrance 
alone, added to that due to the run alone. : 

From the position of the points p;, fo, p3, &c., on this 
resistance curve, it is seen that when the speed and length 
of parallel body of a ship are connected by formula (1), 
then a small increase in the length of parallel body 
(associated with the same entrance and run) will be bad 
from a resistance point of view at this velocity, whilst a 
small decrease will be advantageous. , 

The hollows of this resistance curve occur approximately 
a quarter of the distance between two successive spots, 
ao as p, and po, to the right of the Ly value given by 
the formula. It is therefore =— to write down 
approximate lengths of parallel y at which the resist- 
ance isa minimum. Such lengths are given by— 


ae (eS) = : (0.746 V)2 — 
(P. le + Prlr), 
L, = Lre( in) = 1 (0.746. V)?— (Pe le + Py lr), 
and so on. 


In other words, the most economical speeds for a ship 
will be given approximately by— 


te / ry 2 PL = 
3 \o.746 PI cer @ 
1.153 = 4 
/4 
ee Oe a oe 
/ ars) PL= Lai VP Lor ®) = 
0.766 = , / 4 
7 


ee BL 
= - P L= 0.807 /P Lor (p) = 
Vit ( 0.746 ) wally @) 
0.602 = 4 
1 


and so on. 

Any other form can be treated in exactly the same way, 
and bad transverse wave-making due to interference can 
be avoided by the proper choice of length and prismatic 
coefficient. 





APPENDIX I. 

D. W. TayLor’s MetHop oF OBTAINING THE STREAM- 
LINES AND PressuRE CURVES FOR THE FLOW IN Two 
Divensions Past Certain SrreaM- Forms In Un- 
LIMITED FLUID. 

The method adopted is to combine an indefinitely large 

number of sources and sinks of small strengths, extending 

at equal intervals for a definite distance along a straight 
line, with a uniform stream parallel to the source-sink 
line. 

Suppose the ordinates of the curve CCC C (Fig. 6) are 
proportional to the strengths of sources and sinks situated 
along the axis X, O X.; the sources being indicated by 

itive ordinates and the sinks by negative ordinates. 

‘o find the stream function at any point A due to these 
sources and sinks. Let k s denote the strength of the 
source at some point B. : 

So that s is equal to BD and @ is the angle A B X, in 
circular measure. 

Then the strength of the source at B = sd z, and the 
stream function at A due to sources and sinks along 


XOX, = /ks0de=k s0dx2=kS8 (1) 


the integration extending over the length of the sink- 
source curve. 

This is done graphically, a symmetrical source-sink 
curve being adopted to lessen the work, For the equal 





source and sink at B and B’, the @ values at A are A BX» 
and A B’ X,.—viz., 0; and 6. 
AtB setup BL = BD (6,-6@.)=BD | AB =BD¢q, 


say. 

By carrying out this operation for a sufficient number 
of points along X, O Xz, the curve O P L R is obtained. 
The area of this curve gives the term KS, in the equa- 
tion (1) for the point A, if a suitable number of ordinates 
along the line X, O X_ are chosen. 

In this way the stream function can be obtained for 
any number of spots, and enough information is obtained 
to draw a diagram of stream functions such as that shown 
in Fig. 7, 135, which affords information for the 
determination of stream-lines corresponding to the sink- 
source line. 

To combine this with a uniform parallel stream in the 
| direction from sources to sinks. The stream function at 
| any point due to the paralle) stream alone = yy = — w y, 
| where 7%) = the undisturbed velocity of the stream and y 
ae . ae value of the point considered from the line 
Al Ao: 

_ The stream function due to the sources and sinks given 
in Fig. 7 is ¥. = k S, and the compound stream function 
Y=HhWtw=kS- my. : 

For the stream form and for the axis X, O X, outside 
the stream form y = 0=ks — wy. 

_In Fig. 7 kS — ry»y = 0 is the equation of a straight 
line through the origin. This line, having one point fixed 
—viz., origin—can be drawn through any other chosen 

int. 

Draw OM through the origin to the point M on the 
curve of ‘‘S” at station O for which » is the half width 
of the stream-form required. The ordinates of the points 
of intersection of OM with each of the *‘S” curves are 
the same as the ordinates of the stream-form at the same 
stations. The stream-lines outside of this stream form 
kS_y 
% v% 
in Fig. 7, parallel to OM, and cutting the axis of y at a 


‘point = — ¥ 


0 
parallel to OM in Fig. 7, the stream-lines may be plotted 
in the same manner as the stream-form. Such a number 
of stream-lines are plotted in Fig. 5, which shows one 
quadrant, the portions of the curve in the other three 
quadrants being obtained by symmetry. 


are y = which is the equation of a straight line 


Hence, by drawing a number of lines 


To OBTAIN THE PRESSURE ALONG ANY STREAM-LINE. 
Denote the normal pressure by pp) and normal velocity 
by VY, and w = weight per unit volume of fluid. Then 
along any stream-line— 
OD ce 


29 


“2 
= constant = 70 + %o, 
w w 


29 





whence 
P — Po — (wo? — **) 
w 29 


| P — Po — difference between the normal pressure and that 


w 

— where the velocity is v, expressed in “‘ head” of 

uid. 

Let the velocity parallel to axis X, O X_ = vz. 

Then actual velocity along the stream-line is v — 7 
(secant of inclination of stream-line). 

Now vz is proportional to the rate of variation of stream 
function ¥ perpendicular to the axis X, O X,— 


4.6, to 4¥ = ‘a8 
dy dy 
and ds is proportional to the tangent of the inclination 
to the axis of y of the curve S in Fig. 7. 


The value of zn when plotted for a number of points 


gives the information required to obtain vz, and by 
measuring the inclination 8 of the stream-line at any 
point on Fig. 5, vx sec 8, i ¢., V for that point is known. 


In this way es is determined at any point, and 
| the pressure curve for any stream-line can be drawn. 








| APPENDIX II. 


| A MeErHop oF OBTAINING THE STREAM-LINES AND PRES- 

| surg CURVES FoR THE FLow IN Two Dimensions Past 
Certain StreaM-Forms IN A RestricreD CHANNEL. 
The method adopted is similar to that in Agee ie 

| the difference being that whereas, in unlimi fluid, the 


stream function for a source or sink is y = tan-! . for 
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a restricted channel of breadth b it becomes 
tanh 


In the place of measuring y in the previous work, it 
is necessary to calculate tanh > for every abscisse 


value x, and tan a for every ordinate value y, and the 


ratio 
tanh * *| 


is used to obtain the angles 0. , 

The remainder of the work is exactly similar to that 
given in Appendix I. ; 

Table IV. gives the @ values for a number of abscissz and 
ordinate values in a channel of breadth = to length of 
source-sink line. 

Table V. shows a typical table for deducing the stream 
functions for the sources and sinks, and Table VI. for 
obtaining the pressure along one of the stream-lines. 

Diagrams 7 and 5, page 135, show the chart of stream 
functions and the stream form obtained from it. 








BarrtisH Raits Exporrs.—The shipments of rails abroad 
in June amounted to 53,073 tons, as compared with 22,743 
tons in June, 1912, and 15,785 tons in June, 1911, while 
for the six months ended June 30, this year, an aggregate 
of 254,615 tons was attained, as compared with 191,002 
i = a half of 1912, and 185,088 tons in the first 

ait O' ° 





History OF THE CoppER AND Brass TrapEes.—We 
are informed that an attempt is being made to write, 
upon comprehensive lines, a history of the copper and 
brass trades in this country. A few Birmingham 
manufacturers have provided a guarantee fund to meet 
expenses ; Messrs. Geo. W. Mullins (King’s Norton Metal 
Company, Limited), Chairman ; Philip M. Ellis (Chas. 
Ellis and Sons), and J. S. Harrison (late Birmingham 
Metal and Munitions Company, Limited), have under- 
taken the duties of editorial committee ; and Mr. Robert 
K. Dent, the author of ‘‘O!d and New Birmingham” and 
of other local and historical works, has taken up the 
duty of editor. Manufacturers, metallurgical staffs of 
our universities, and other authorities are showing 
much interest in the scheme. It is desired to collate, 
revise and unify existing historical sketches, to add to 
them the results of the most careful research, and then 
to incorporate industrial details from each of the various 
works, and from technical societies, schools, universities, 
and individual workers. Anyone interested is requested 
to write to Mr. R. K. Dent (Wyaston, Wylde Green, 
near Birmingham), or to one of the three members of the 
editorial committee, and an outline of the scheme will be 
forwarded. The point of view of the ordinary workman 
in the trade will not be forgotten, and facts and ex- 
periences from such would be very welcome. 





EvrcTrotyTic IRON SHEETS BY THE CowpER-COLEs 
Process.—An account of experiments made by Messrs. 
W. Palmaer and J. A. Brinell, of Stockholm, on behalf 
of the Jernkontoret in the London laboratory of Mr. 8. 
Cowper-Coles, has been published in Metallurgical and 
Chemical Engineering of last April. The inventor des- 
cribed his process before the Iron and Steel Institute at 
Middlesbrough in 1908. The present experiments were 
not on a large le, and are scarcely sufficient to allow 
of any definite conclusion being drawn as to the merits of 
the process. The fact is brought out that the process 
yields, without magn Fg | expensive rolling, very thin 
sheets and tubes, suitable for electrotechnical purposes, 
for which very low hysteresis is desirable ; but thore was 
not sufficient material left for proper magnetic tests after 
the mechanical and analytical tests which were performed 
in the official Swedish testing station at Stockholm. The 
electrolyte consists of hydrochloric acid and scrap iron, 
mixed with cresol-sulphonic acids, and also with a good 
deal of iron oxide, which is to neutralise the acid and to 
polish the iron as it is being deposited on the cathode, 
which is revolving at 160 or fewer revolutions per minute. 
Two series of experiments were made, altogether with 
15 litres of the solution, and iron deposits, 0.5 mm. or less 
in thickness, were obtained. The cathode was an iron 
cylinder, plated either with copper or with zinc. In the 
former case the cathode had to be heated to a dull glow to 
separate the iron from it ; this heating reduced the hydro- 
gen contents of the iron to 0.002 per cent., which means 
that the iron still contained 1? parts by volume of hydrogen 
per part of iron. With the zinc-plated cathode the separa- 
tion was easy; but the unheated iron contained then 
394 parts by volume of hydrogen per part of iron, and 
it was very brittle, though it improved much by anneal- 
ing at 550 deg. Cent. The voltage was only 1.5 per cell, 
the current density very high, 7 amperes per square deci- 
metre; yet the deposition was rather slow, as with all 
electrolytic processes. The iron, through very pure, con- 
tained traces of carbon, sulphur, poesphoon, silicon and 
manganese, and 0.4 per cent. of chlorine ; the latter is un- 
desirable, the chlorine being probably present as iron 
chloride, which favours rusting. So far, sheets of more 
than 2 mm. thickness have not yet been made, and the 
reduction by this method of iron from ores, of which the 
inventor spoke in 1908, does not appear to have advanced. 





FOREIGN ENGINEERING PROJECTS. 


Wr give below a few data on several foreign engineering 
projects, taken from the Board of Trade Journal. Further 
information concerning these can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Italy: The Gazzetta Ufficiale, Rome, contains a notice 
of a call for tenders for the repair of the channel and 
banking of the River Velino, in the neighbourhood of 
its junction with the Pescara. Tenders will be received 
up to August 4, at the Ministero dei Lavori Pubblici, 
Rome ; the cost of the works is estimated at 317,652 lire 
(about 12,700/.). Although this contract will doubtless 
be awarded to an Italian firm, nevertheless the carrying 
out of the work may involve the purchase of materials 


outside Italy. 
Italy (Eritrea): The Gazzetta Uffici Rome, also con- 
two loans for certain public works 


tains a law a 

in the Colony of Eritrea, as follows:—(1) A loan of 
8,222,000 lire (about 328,880/.), of which 7,722,000 lire 
(308,8802.) will be devoted to the construction of a section 
of the railway from Keren to Agordat, and 500,000 lire 
(20,0007.) will go to the yo _e of rolling-stock. (2) 
A loan of 3,700,000 lire (about 148,000/.) for works in 
connection with the port of Massowah, including the 
installation of a water supply for the city. 

Salvador: H.M. Consul at San Salvador reports that 
according to the Diario Oficial, San Salvador, the 
Salvador Ministry of Public Works invites proposals for 
the construction of a bridge of reinforced concrete over 
the River Lempa at El Remolino. Sealed proposals, 
accompanied by plans and estimates, will be received up 
to 11 a.m. on September 14 at the office of the Minister 
of Public Works, San Salvador. — the proposals 
must be based on private surveys, intending contractors 
are informed that there are two large rocks in the middle 
of the stream at this point, the surfaces of which are 
44 and 3} metres above the water level. The central 
stretch will be 56 metres, and from the rocks to the solid 
ground 20 to 22 metres. The width of the bridge is to be 
7 metres, and the flooring is to be stone pavement. The 
work must be completed within ten months of accept- 
ance of designs. H.M. Consul states that a bridge was 
erected in approximately the same place about twenty 
years ago, at a cost of 28,000/., but was carried away 
within a very short time after having been taken over by 
the Government. 








INSTITUTE OF MARINE ENGINEERS.—We have received 
from this Institute a pamphlet dealing with their city 
premises (building) fund, and giving views and plans of 
the building which is to erected on Tower Hill. 
Tenders have now been accepted for the clearing of the 
site and the construction of the building in question ; it 
is intended te have it ready for occupation in the earl 
partof next year. The sum required is12,000/., of whic 
over half has already been subscribed, and it is hoped 
that the remaining half will be forthcoming during the 
ry a= Donations are requested to be sent to Mr. 
A. H. Mather, Hon. Secretary, City Premises Committee, 
Institute of Marine Engineers, 58, Romford - road, 
Stratford, E. 





On British TrapE with CanaDsa.—We are informed 
that Messrs. Heap and Digby, 48, Westminster Palace- 
gardens, Victoria-street, S.W., have been ——— 
engineers in Great Britain to the Underwriters’ Labora- 
tories Inc., Chicago. Those of our readers who are 
familiar with Canadian trade conditions are aware that 
the ‘‘ National Electrical Code” of the Rules and Require- 
ments of the National Board of Fire Underwriters, con- 
sisting of the British and American insurance companies, 
governs very closely the construction, component materials, 
and design of all such articles as switches, fuses, rubber- 
cove wire, flexible cord, conduits, flexible tubing, 
circuit-breakers, lamp-sockets, porcelain fittings, ceiling 
roses, motor-starters, and so forth, to be used in _— 
where a fire hazard is involved. The National Electrical 
Code and the semi-annual *‘ List of Electrical Fittings ” 
issued by the Board of Fire Underwriters, prescribe 
respectively the general requirements to be met, and a 
schedule of the approved fittings. The function of 
the Underwriters’ Laboratories is to see that these 
requirements are carried out. For this purpose it is 


necessary to submit samples of the apparatus to them | th 


for approval, after which inspections are made at 

lar intervals to ensure that quality is maintained, 
evidence being given to the purchasing public to the 
effect that the articles are amperes, Hitherto all 
British-made electrical fittings for use in Canada have 
had to be examined by the Underwriters’ Laboratories’ 
Inspectors after arrival. The arrangement which has 
now been made enables this to be done by Messrs. Heap 
and Digby before leaving the maker’s factory, thereby 
giving to the British manufacturers the same facilities 
as those enjoyed by the American, and removing a diffi- 
culty to which H.M. Trade Commissioner in ia has 
recently drawn attention. Mr. Arthur C. Heap and 
Mr. Pollard Digby have each a very intimate knowledge 
of British manufacturing conditions and British-made 
apparatus. In addition, Mr. ——. has, during the last 
twelve months, paid three visits to Canada for the express 
purpose of studying Canadian conditions and require- 
ments. The industry as a whole will welcome this step, 
and we trust that the results may in course of time 
indicated by a rise in the export trade to the important 
Canadian market. Messrs. Heap and Digby will be 
pleased to give manufacturers any information they 
require as to the regulations of the Board of Fire Under- 
writers, and to supply them with copies of the National 
Electrical Code, 





INDIAN RAILWAYS. 


THE lagi of the East Indian Railway proper is 2331 
miles, of which 4 mile is 6-track, 4} miles 4-track, 214 miles 
3-track, 600} miles double-track, and 17 miles single- 
track ; about 4 miles are metre gauge. In addition to 
the East Indian system properly so called, the Delhi, 
Umballa, and Kalka Railway, 192} miles long ; the South 
Behar Railway, 79} miles long; and the Tarkessur Rail- 
way, 22} miles long, are worked by the East Indian 
Railway Company, making the total length worked at the 
close of ned je 2624} miles. No new lines were opened 
in the second half of last year. 

Of 1,559,292 tons of coal exported from Calcutta 
in the second half of 1912, the East Indian Rail- 
way carried 1,215,938 tons. The output of coal at the 
East Indian Railway aeeege collieries last year was 
663,842 tons, of which 517,486 tons were steam coal. Last 
year’s production was raised at a cost of 2s. 6d. per ton at 
the pit’s mouth. The Tyra e in 1911 was 
632,778 tons, raised at a cost of 9d. per ton. The 
quantity of coal consumed by the East Indian Railway 
last year (including coal purchased) was 755,591 tons ; 
the ave cost was 3s. 1d. per ton, exclusive of distri- 
bution. In 1911 the consumption was 685,596 tons, the 
ave cost being 3s. 10d. per ton. 

A line from twa to Barharwa, a station on the 
loop line of the East Indian system, and an extension 


of the Hooghly and Katwa line, was opened for 
trafficon May 1. During the past half-year the erection 
of ly for the second line of the hi Jumna 
bridge was completed, and was made 


with the erection of those for the second line of the 
bridge over the Jumna at Allahabad. The construc- 
tion of a chord for a line from a point on the main line 
from Burdwan to Howrah has been sanctioned, and 
operations have been commenced. The directors have 
recently contracted for the supply during the current 
financial year of sixteen additional locomotives and 3125 
additional trucks to meet the demand for more rolling- 
stock. Thesteepest gradient worked by the Rast Indian 
Company is 1 in 40, extending for 4 miles on the Delhi, 
Umballa and Kalka section. Upon the East Indian 
Railway, properly so-called, e “ee gradient 
is 1 in 80, extending for 15} miles. he aggregate 
expenditure of the t Indian Company on capital 
account to the close of last year was 41,743,889/. The 
rolling-stock upon the system at the close of 1912 
comprised 1085 locomotives, 894 tenders, 5 combined 
engine-carriages, 2207 vehicles in use in the coaching 
department, 22,945 open and covered trucks, 321 timber 
and special trucks and cranes, and 800 brake-vans. The 
company further owned a flotilla of six steamers and 
tugs and 42 barges. 








Tue Itactan Navy.—We are informed that the Italian 
naval authorities are now in favour of building 30,000-ton 
Dreadnoughts instead of units having a 37,000-ton dis- 
placement, the main armament of which is to consist of 
eight 15-in. guns, to be mounted in four double-gun 
turrets. The secondary armament will comprise twenty 
6-in. guns and twenty 3-in. guns. The belt-armour is to 
be 12.6-in. thick amidshi The programme states that 
four such 30,000-ton battleships are to be completed by 
the year 1916. The decision to build 30, ships 
instead of ships of 37,000 tons as at first proposed is stated 
to have been arrived at with a view to a reduction in 
expenditure. 





New Non-Corrosive ALLoys.—It has been known for 
some time that cobalt-tin alloys, containing about equal 
percentages (from 40 to 60) of the two me are hig! ly 
acid-proof, and would even stand aqua i Tn- 
fortunately these alloys are far too brittle to be of any 
practical use. Alloyed with other metals these cobalt- 
tin compounds seem to become valuable. According to 
Robert Grimshaw, copper alloyed with from 5 to 20 per 
cent. of this Co-Sn alloy can be filed, bored, turned, and 
forged, and retains a high degree of non-corrodibility. 
Copper is easily attacked by concentrated nitric acid. 
The Chemical Engineer, Chicago, of February, 1913, states 
that dilute nitric acid would take more than five years to 
corrode away a layer of 1 mm. thickness of this alloy, 
assuming that the rate of corrosion continued un- 
diminished, whilst it is, in reality, soon diminished ; 
is statement does not amount to much, however. Some 
copper is itself little corroded by diluted acids, including 
nitric acid. The alloys are best prepared by dissolving 
the Co-Sn in the copper. 





AERIAL Exgorric Mountain Roprgeway.—The aerial 
ropeway for passe traffic on the Kohleprnberg, 
Bozen, Tyrol, refi to in one of our previous issues 
(see vol. xcv., page 202). was thrown open to the public 
on May 10 last, after unusually exhaustive tests had 
been instituted by the authorities, during which its safe 
working was proved in every possible way. No less than 
ninety-two catch tests, for instance, were made with the 
cars on the tracks, with the invariable result that the 
cars were found to be absolutely = reliably held 
by the double tracks; this would the case should 
defects occur in the double-traction ro or in the 
machinery. There was no hesitation on the part of the 
public in placing their confidence in the ropeway, and 
no less than 10,000 persons were conveyed in the first five 
weeks it was running. The plant, which is built on the 
system owned by Bleichert’s Aerial T 

imited, London, E.C., has a length of about fo., 
with a difference in level of about 2750 ft. The traffic 
is handled by two cars, each of which is capable of carry- 
ing sixteen persons, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Co vies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform — of 8d. 

The date of the advertisement of the of a Comp 
Specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the a Complete Specification, 
give notice at the Patent ition to the grant of a 








of 
0 of opposi 
Patent on any of the at in ¢ ee in the Act. 


ELECTRICAL APPARATUS. 


4995/12. Crompton and Gompeey. Limited, 
Macfar' and H. Burge, Chelmsford. Control 
of Electric Motors, (2 igs.) May 13, 1912.—This invention 
relates to methods of controlling electrically-driven motors of the 
kind in which an auxiliary motor providing an electromotive force 
in geen to the supply voltage of the main motor is coupled 
to the main motor and rotates in the same speed ratio thereto ; 
and the invention has for its object to obtain variations in 
torque and speed without considerable change in the value of the 
current supplied to the motor ; ‘hat is to say, to reduce the speed 
of the main motor when the torque is great, and raise the speed 
of the main motor when the torque is small, the power remaining 
practically constant. This in:ention comprises the combination 
of a fine-wire field-winding upon the main motor arranged across a 
source of gonstant voltage, an auxi motor whereof the back 
electromofive force is proportional to the speed of the main motor 
in series with the winding and coupled mechanically with the 
main motor, and a winding upon the field of the auxiliary motor 
arranged in series with the armature of the main motor; the 
whole opetating 80 as to reduce the of the main motor 
when the torque is great, and to raise the speed of the main motor 
when the torque is small ; the power remaining practically con- 
stant. V isa battery or other source Fe pe and the applicants 
operate a motor M therewith, the field of which is automatic- 

ly controlled, so that through a large range of a 
constant horse-power is developed, and a constant demand 
is made on the generator, and further so that an 
excessive current shall never be allowed to flow through the 
coils of the main motor. The motor M is provided with a field- 
winding C arran; across the battery In series with the 
winding © and the battery V is arranged a source of electro- 





























Figt 3! — Palate _g? 
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= {may aye yet 
motive f whose vol is rtional to the speed of the 
main moter, ond 80 Pram A therewith that it opposes the volts 
on the field winding applied by the constant potential source. 
Such a source of electromotive force may be provided readily by 


a small motor E at a speed which always bears a con- 
of the motor M ; this may be effected 

or otherwise. In the drawings, the main 
motor E are shown mounted on the same 
small motor E consists of — ee a 
across the battery V or con- 


runni 
stant relation to the 
by gearing, pee 
motor M and auxiliar 
shaft. The field — . 
constant excitation part B arran, 

stant potential source, and a ——- A excitation t A ca 

the main motor current. If the small motor E is only provid 
with the constant excitation field, its effect is to reduce the field 
of the main motor M when its increases, thus tending to 
keep the back electromotive force of the main motor constant. 
The addition of the variable excitation A on the small motor is 
to diminish the amount by which the field of the main motor M 
is reduced poemenaty to the current flowing in the motor 
itself. The effect is to limit the reduction of the back electro- 
motive force of the motor M when the current flowing is very 
heavy, and thus to limit the value of such current. In order to 
still further — in = regulation of the —- lag my _< 
the motor M, the ts ma: , a8 shown in Fig. 2,a 
hand-operated rheostat R in cures with the field-coil B of the 
auxiliary motor E. The system is applicable to any case in which 
it is desired that a motor should develop constant horse-power 
over a wide range of and that an excessive current shall 
never flow through the main motor armature, and is specially 
applicable to motor vehicles with electrical transmission to the 
driving-wheels, because the current demand on the generator 
being constant, the generator may be made small. (Sealed June 
12, 1918.) 

29,178/11. E.C. R. Marks, London. (Aitie 
Brown, Boveri and Cie. and Ludwig Thallmayer, 
land.) Load-Eq (2 Figs.) Decem 
This invention relates to the —— 


and more a 
” denoting the 


lischaft- 
len, Switzer 
ber 28, 1911.— 
of dynamo-electric 
ry, buffering of 
generators feeding motors hauling plants and 
the like, the term “ bean | supplying of supple- 
mentary energy from an auxiliary source of current, w! latter 
is capable of absorbing and restoring enersy as required. This 
invention consists in YF my electrically connected to each 
hauling motor or the like (Ward-Leonard connection) with an 
electrical buffer source connected ia parallel with the generator and 
the motor. In the form illustrated, the motor 3 when driving a 
hauling plant, for tastanee, is electrically connected to a starting 
generator 2 driven by a suitable prime mover 6 and to a buffer 


current source comprising a buffering-machine 1 provided with a | 


field-windi 4 and connected to a fiy-wheel 10. The field 
windin; 5 of the starting generator 2 is connected to the mains 8 
th a variable resistance 9, and is in series with field-winding 4 
of the machine 1. The motor 8 is con 
on the Ward-Leonard principle from the starting generator 2, and 
in order to equalise the load on ey re penn and its — 
mover due to the variations in load, as occur, for 

hauling installations, the buffer current source is arranged 


J. C. | 


trolled ina known manner | 


in parallel with the starting generator 2, and its voltage is regu- | 
lated according to the voltage and current yield of the latter, so 
that both machines feed the motor 3 in el when the 
load on the s generator tends to rise above normal. The 
amount of current supplied by each individual current generator | 
1 and 2 depends upon its terminal voltage, which, by regulation, | 
may be adjusted to any desired value. Automatic control of the | 
load distribution between the machines 1 and 2 for equalising the | 
load on the prime mover 6 is effected by TT an additional 
exciting winding 7 for the machine 1, having in series there- 
with a resistance 11 automatically varied by the conjoint | 
action of the solenoid 12, one winding of which receives cur- | 
rent depending on the terminal voltage of the generator 2, and | 
the other current depending on the current flowing in the mains | 
a generator 2 with the motor 3 and the buffer current 
source, machine 1 either ac's as a motor, receiving onenay 
from the generator 2 and storing it in the fly-wheel 10, or absor 
energy from this fly-wheel and acts as a soneeies assisting the | 
generator 2 in driving the motor 3. The excitation of the buffering | 
machine 1 is v. so that its terminal voltage changes 
that of the starting erator 2 connected in parallel with 
also changes. In ition to this voltage variation the ex- 


as 
it 





29/78) 


citation of the buffering-machine must be further influenced 
according to the load on the starting generator in such a way 
that the back electromotive force of this buffering-machine 
during the period allowed for the absorption of energy in 
the fly-wheel is so much smaller than the terminal voltage of the 
starting generator as to correspond to that required for loading the 
rime mover of the starting generator to ite maximum extent. 
ring the period in which the energy required by the motor 3 
cannot be supplied by the ag mover of the starting generator 
alone without the permissible load on the latter being exceeded, 
the field of the buffering-machine must be so regulated that the 
buffering-machine supplies current to the consumiog motor 3 in 
el with the starting generator. In order to be able to reload 
e fly-wheel of the buffering-machine during the non-working 
interval of the motor 3 it is n that the armature supply 
lead of the hauling-motor be separated from the starting generator 
after the motor has come to a standstill by a switch 13, thereupon 
the voltage of the starting generator may be increased to its full 
value for the purpose of driving the machine 1 as a motor and 
storing energy in the fly-wheel thereof. Before the commencement 
of the next starting or working period, this voltage would n 
have to be red to zero, whereupon the starting of the hauling 
motor could be begun. (Sealed June 19, 1913.) 


GUNS AND EXPLOSIVES. 
16,240/12. Fried. Krupp Akti haft, 
Airshi Rene Guns, [2 Figs.) moose. 


Gevmang. \lp-Repelling 
18, 1911.—This invention relates to sighting devices for airship- 
repelling guns. When a target appears at a very great angle of 
yooh + my de — — = te iy ang’ Ay oy sgn 
co ng e ition 0} e t depends, as is well 
known, to a S astiepekie Gageee, not only upon the distance but 
also the angle of site of the target. It has been customary, in 
order to allow for these conditions, to use for airshi repelling 
en sighting devices in which, after the sighting device has 
n adjusi by hand to a predetermined range, the shooting 
angle corresponding tothe height of the objective is automa- 
tically adjusted during the pointing of the line of sight on the 
objective in a manner corresponding to the relations between the 
angles of site and the shooting angles. The invention is based 
upon the idea that, within the limits of a comparatively small 
section of angle of site, the angles of elevation corresponding to 








equal distances differ only very little from each other, and that 
therefore no very great error will be made in practice if 
it be that within the limits of such an angle of 
site section-like distances to like angles of eleva 
tion. If now it be imagined that the whole of the 
le of = lying between 0 deg. and about 70 . be so 

ito 





it accuracy 

to like angles of elevation, it will be 

to provide for each separate 
section a special distance graduation which holds good therefor 
only, in order to obtain a sighting device which, while being of 
nbn eek ? he aoe ee yo i Span the tetaake 
| accurate o gun upon an p- e - 
| ment carrier A, attached to the slide carrier B in 
| the manner shown in the drawing, is —, mounted a guide G 
| for the circularly-curved attachment bar D, by means of a pin and 


co! 
| seen that it will only be n 


a bar curved concentrically to the axis of this ey This pivotal 
arrangement (which is known per se) of the ide C is employed 
for;the purpose of enabling the oblique position of the wheels to 
be eliminated. The attachment D carries a double telescope 
E, which is provided with an eye-piece e! which can be looked 
into from the front and above and with an eye-piece e2 which can 
be looked into from the side. There is also arranged upon the 
attachment bar D an apparatus K for measuring the angle of site 
and provided with a longitudinal spirit-level. The apparatus has 
a small milled head by means of which the spirit-level can be 
adjusted to indicate dead level, and the angle of rotation of the 
small milled head forms a measure of the angle of site. To adjust 
the attachment to the angle of elevation corresponding to the 
position of the target, a | pinion F mounted in the guide C 
and provided with a small milled head is employed. This 
pinion F gears into teeth on the attachment bar D. adjust- 
ment of the attachment bar can be read off on a drum G, which 
is carried by and revolves on a pin on the guide C, and is posi- 
tively connected to the attachment bar through the medium of 
a ring of teeth arranged on the pin and gearing with teeth on the 
attachment bar D. On the drum G are inscribed six distance 
graduations, each of which is only of use within the limits of 
a certain angle of site, and the several distance graduations 
correspond respectively to angle of site sections of 0 -y to 
30 deg., 30 deg. to 45 deg., 45 deg. to 55 deg., 55 deg. to 60 deg., 
60 deg. to 65 -» and 65 deg. to 70deg. To the apy et 
tions belongs a pointer H, which is provided with a ing-off 
edge, and is movable parallel to the axis of the drum G in a 
projection on the guide C, and can be adjusted to each of the 
graduations by means of a screw J provided with a small 
milled head. (Sealed June 19, 1913.) 


RAILWAYS AND TRAMWAYS. 


15,023/12. P. C. Turner, Chorlton-cum- Hardy. 
Electric Brakes for Tramway Vehicles. [2 Figs.) 
June 27, 1912.—This invention relates to electric brakes for elec- 
trically propelled tramway and like vehicles, and hag for its 
object to provide an ithproved device by means of which such 
vehicles may be prevented from running backwards downhill. 
A ding to the p t invention, a brake switch, hereinafter 
termed the ‘‘run-hack” switch, is provided with mechanism which 
is operatively connected with one of the rotary shafts or axles of 
the vehicle in such a manner that, so long as the vehicle is moving 
in the forward direction, the switch remains in a position in 
which the connections of the motors to the power circuit and to 
the local brake circuit may be governed in the ordinary manner 
7 means of the motor controller and the usual reversing switch. 
Should, however, the vehicle run backwards, the m ism 
automatically operates the run-back switch, so as to break the 
connections between the motors and the controller, and connect 
the motors in a local circuit independently of the controller, and 
thereby produce a braking current which will have a retarding 
effect upon the vehicle. According to the arrangements shown, 
a trolley wire 1 supplies electrical energy through a trolley 2, 
and one of the two controllers 3, 4, for drivinga motor. In the 
preferred arrangement, each of the controllers is provided with a 
pair of special contacts 6,7, or 8, 9, co-acting respectively with 
a contact-plate 10 or 11 for controlling the electromagnetic setting 
and re-setting devices of a run-back switch. The run-back switch 
12 is shown as being of the drum-controller type arran with 
its shaft 13 supported in a horizontal position and provided with a 
depending lever 41 for rotating the switch, and notches 15, 16, 
and 17 formed in a suitable part thereof coacting with a spring- 
controlled lever 18, for defining each of the three positions into 
which the run-back switch can be rotated. The switch is pro- 
vided with three rows a, b, and c of moving contacts. Of these 






































moving contacts, only the row a is used for short-circuiting the 
motors in a local braking circuit, and this is effected whenever 
the switch-lever is moved into either of its operative itions B 
orC. When the switch-lever 41 is in the position in which it 
is shown in the drawing, the row of moving contacts b completes 
the usual motor circuits through the series of fixed contact fingers 
d, the braking contacts a being out of circuit and inoperative, 
while the series of contacts c merely have the function of support- 
ing in proper operative — the fixed spring-contact fingers d. 
In order to automatically move the lever 41, and with it the run- 
back switch 12 from its inoperative ition A-into one of its 
operative positions—for instance, C in the case ill a 
whenever the vehicle runs backwards, the following means are 
provided. A sliding-bar 19 is supported in the vicinity of one 
of the vehicle wheel-axles 20, and the ends of this bar are opera- 
tively connected to the cores of the solenoids 25, 26 by means of 

voted bell-crank levers 23, 24. Upon the bar 19 are loosely 
mounted two te 27, 28, with a spring 29 arranged between 
them normally forcing the tappets outwards against collars 
which are fixed upon the sliding-bar 19. Each of the tappets 
27, 28 is provided with a click device 32, 33 respectively, arranged 
80 as to engage a cam or ey nea 34 keyed upon the wheel 
axle 20. The sliding bar 19 is designed to occupy one of two 
definite positions, into which it can be moved by energising either 
the solenoid 25 or 26. When the solenoid 25 is energised, the 
sliding bar 19 is drawn to the left, by means of the connection 
through the bell-crank lever 23, and the tappet 28 is thus brought 








close up to the right-hand side of the lever 41 of the run-back 
switch 12, as shown in the drawing. On the other hand, when 
the solenoid 26 is ene the sliding bar 19 is moved to the 
right by means of the bell-crank lever 24, and the tappet 27 is 
thus moved close up to the left-hand side of the lever 41 of the 
run-back switch 12. When the parts occupy the positions shown 
in the drawing, the device is set for travelling in the forward 





direction to the right, as shown by arrow 1. (Sealed July 8, 1918.) 
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THE PANAMA CANAL.—No. VI. 


In our issue of the 18th ult.,* we commenced 
a description of the emergency dams which are to 
be installed at the locks on the Panama Canal in 
order to shut off the rush of water from the high 
levels in case of accident to the lock-gates. The 
illustrations then given in Plate IV., and on pages 
71 and 86, showed each dam to consist of a struc- 
ture like a swing-bridge, one arm of which, when 
in ition, extends across the lock and carries a 
horizontal truss, from the up-stream boom of which 
wickets are let down on to the lock floor. Panels, 
or gates, are slid down the wickets soas to close the 
lock-prism. The figures in Plate IX., and on pages 
140 to 142 and page 156 in this week’s issue, 
together with the illustrations, Figs. 112 to 122, 
given in our previous article, will make the construc- 
tion clear. It will be seen, on reference to Figs. 
112 to 115 previously given, that the dam has a long 
and a short cantilever arm. The former, 164 ft. 
3 in. in length, is that which is swung across the 
lock as a bridge, the latter, 98 ft. long, being for 
counterbalance. The long arm is a rigid truss with 
horizontal top chord and sloping bottom chord. 
The views given in Figs. 147 to 150, on page 156, 
give a very good idea of the long arm. It is there 
shown in position swung across the lock, the 
principal features being particularly clearly seen in 
Fig. 147, which is a view of the dam taken from 
the up-stream side. The photograph reproduced in 
Fig. 149 is also one taken from the up-stream side, 
while Figs. 148 and 150 are views of the down- 
stream side. The long arm has seven large trian- 
gular panels with sub-members and bracing. The 
truss is connected to the centre verticals by eye- 
bars at the top, but by riveted connections at the 
foot. Eye-bars are used for the top members of 
the counterweight arm. The purpose of the long 
arm is merely to carry a load composed of the 
horizontal truss, the jib-girders, wickets, panels, 
and the operating machines. Its function is to 
support the horizontal truss and all the gear of the 
dam while being placed in position. 

The load due to the head of water held up is 
taken by the horizontal Warren girder, seen in 
plan in the lower half of Fig. 115, and in vertical 
section to the right of Fig. 116, also on Plate IV. 
with our previous article. This truss is the lowest 
horizontal member seen in Figs. 148 and 150. It 
is built with riveted connections throughout, is 
held in the horizontal plane by framing and ties 
above it, seen in Figs. 114, 116, 119, 148, and 150 
The girder carries no load until after the long 
cantilever arm is swung into place across the 
lock. To the compression boom of this horizontal 
girder brackets are fixed, to which are hinged the 
ends of the wicket girders. The position occupied 
by the horizontal truss when the gate is —o 
indicated by dotted lines in Fig. 115. In that 
position the main girder is latched and blocked up, 
while the horizontal girder rests against two com- 
pressed-air buffer-stops, one on each side of the 
lock. These stops are fixed to anchors in the 
concrete, as shown in Fig. 113, in dotted lines, 
and their position may be seen in Fig. 122, page 86 
ante, 

The six wickets, which are seen suspended under 
the dam in Figs. 147 and 148, page 156, and partly 
lowered into position in Figs. 149 and 150, consist 
each of two deep box girders, with transverse and 
cross-bracing between them in the plane of the top 
flanges. Their form is well shown in Fig. 150. They 
are generally designed to present as little resist- 
ance as possible to the flow of water, but are 
intended to resist torsional loading. The trans- 
verse bracing is not carried down to the base, 
in order to permit the two girders forming the 
wicket some relative movement. The feet of these 
wicket girders drop into cast-iron pockets embedded 
in a reinforced-concrete sill across the lock-floor 
(Figs. 115 and 116). It was this feature which gave 
trouble at the Sault Ste. Marie accident referred 
to in Article V. of this series. Some obstruc- 
tion got in front of the sill and prevented one of 
the wickets getting home, with the result that 
it became twisted and useless. It is practically 
impossible to ensure absolute freedom from such 
trouble. The rush of water through the lock may 
at the last minute lead to the accumulation of 
material against the sill or in the pocket, and that 
cannot well be prevented. A slight freedom of 
movement for the ends of the wicket girders may 


* See page 70 ante. 





therefore be advantageous in taking care of small! of the counterweight end of the swing-dam. The 


obstructions. 
can be allowed, or the superimposed panels will be 
twisted, and will not line properly with those on 
either side. The pockets in the sill in the lock- 
floor are shown in Figs. 115 and 116; they may 
also be seen in Fig. 86, page 767 in vol. xciv. of 
ENGINEERING, a view given in the previous article 
dealing with the lock-gates. The slope of the 
wicket girders when in position is 1:10 out of 
the vertical. 

The prism is finally closed, when all the wickets 
are in position, and the water finally cut off, by 
letting down roller gates or panels of varying size, 
so as to block the freeway, as shown in Fig. 120, 
page 71 ante. Figs. 149 and 150, page 156, show 
the wickets partially lowered, the views being taken 
from the up and down-stream sides. In the view, 
Fig. 149, four of the wickets are in position with 
their feet in the sockets in the lock-floor. The 
two views, particularly Fig. 149, show the panels 
or gates which are let down to close the lock-prism. 
These panels are all of the same width, but the 
lower are not so deep astheupper. They are fitted 
with flanged wheels carried in roller bearings. The 
wheels run on the top flanges of the wicket girders. 
Z-bars are attached to the underside of the panels 
and form clips passing under the girder rail-head, 
so as to prevent lifting. The panels or gates are 
made of structural steel framing covered with dished 
plates. They are to be seen in Figs. 149 and 
150, page 156. The upper and lower edges of 
each panel are wedge-shaped and interlock. The 
vertical joints between the panels will be stanched 
by forcing bars down between the grooved edges 
of adjacent gates. The object of the dams, how- 
ever, is not necessarily to stop the flow of water 
absolutely, so that work may be done in the dry in 
the lock, but to arrest it sufficiently for the floating 
caisson to be brought into position in comparatively 
still water, after which the lock would be com- 
pletely unwatered. 

The maximum load on one roller-bearing of the 
panel-wheels will be 32,750 lb. This distributed 
over three rollers of a bearing would give about 
10,900 lb. per roller. The rollers are made of 
chrome steel of the following composition—viz. : 
carbon, 1.05; Mn, 0.23; S, 0.034; P, 0.017; 
Si, 0.26 ; Cr (chromium), 1.20. This material has a 
yield-point of 163,300 lb. No permanent set was 
found on rollers tested under a load of 63,000 lb. 
The tool-steel sleeves in which the rollers are 
carried have the following analysis :—C., 1.05; 
Mn, 0.28; S, 0.035; P, 0.019; Si, 0.193. There 
are twelve wheels to each panel. They are of 
chrome-vanadium steel of the following composi- 
tion :—C, 0.24; P, 0.012; Si, 0.14; S, 0.025; 
Mn, 0.5; Cr, 0.9; V (vanadium), 0.21. This material 
has a yield-point of 76,000 lb., an ultimate strength 
of 96,000 lb., with an elongation of 20 per cent. on 
2 in., and reduction of area of 60 per cent. As a 
result of tests on the roller bearings, the gates are 
expected to take only from 6 to 9 per cent. of 
their weight to lower them in the current. The 
specification required that one-half the weight of a 
panel should be sufficient to lower it. Full-size 
tests on the panels fitted with rollers were made. 
Under the circumstances there should be no trouble 
in lowering the panels, and in the case of slight 
jamming the weight of another panel, or a few 

lows, will probably effect the necessary release. 

The structural work of the emergency dams is 
of nickel steel, this material having been adopted 
in order to reduce the load on the centre pivot as 
much as possible. As typical of this the following 
analysis of material used in the eye-bars may be 
given :—C, 0.33; P, 0.015; Si, 0.09; 8S, 0.03; 
Mn, 0.59; Ni, 3.3 This material gave a yield- 
point of 58,500 lb. ; ultimate strength of 100,000 Ib. ; 
elongation on 8 in., 15 per cent.; reduction of area, 
27 per cent. The full-sized finished and annealed 
eye-bars, tested to destruction, showed a yield- 
point of 57,000 lb.; ultimate strength, 95,000 lb. ; 
elongation on 12 in., 33 per cent.; reduction of 
area, 34 per cent. The principal castings are of 
vanadium steel of the following analysis :-—C, 0.28 ; 
P, 0.33 ; Si,0.3 ; S, 0.04 ; Mn, 0.62 ; V, 0.18. 

The short cantilever arm acts as a counterbalance. 
In order to bring it up to the necessary weight it 
is loaded with a large block of concrete, and, in 
addition, the turning machinery is housed in it (see 
Figs. 113 and 114, Plate IV.). The dam contains 
about 2136 tons of steel, and the counterweight is 
about 909 tons. In Plate TX., with this week’s issue, 
Figs. 123 to 126, we give drawings to a larger scale 


Manifestly, no very large difference | 





concrete counterpoise is about 29 ft. square and 
21 ft. high. It is recessed at the necessary points 
in order to make room for machinery, and, in addi- 
tion, it has in it three large pockets, 3 ft. 6 in. wide 
by 11 ft. long and 11 ft. 3in. deep. Two of these 
are placed longitudinally, and one transversely in 
the concrete. They will contain movable pig iron, 
so that a close adjustment may be made as regards 
weight, disposition, and transverse balance. The 
counterpoise will be made to give an excess of 
10,000 tb. on each of the two wheels under the 
short arm. We revert to the turning machinery 
below. 

The dam is carried by a pivot and six rollers at 
the centre, and two rollers are provided under the 
end of the short arm, as inferred just above. In Figs. 
132 to 136, page 140, we show details of the centre 
rollers, the path, pivot, &c. The pivot consists of 
five st The load carried by it, in the case of 
the dams at Gatun and Pedro Miguel, is estimated 
to be about 6,700,000 lb. This load, derived from 
the main trusses, &c., is taken by two cross-bearers, 
11 ft. deep, shown in section in Fig. 135. To 
these is attached a casting weighing 8600 lb. and 
providing a 43-in. circular lower face. Beneath 
this casting is a chrome-vanadium-steel disc, under 
which is a manganese-bronze lenticular-sha 
bearing-plate. Below this is another steel disc 
carried by a large base casting, weighing 34,000 lb., 
embedded about 2 ft. in the concrete, and having 
a bearing surface in it 8 ft. in diameter. The 
upper and lower chrome-vanadium-steel discs are 
of material having the following composition :— 
C, 0.35; Mn, 0.85; S, 0.027; P, 0.025; Si, 
0.14; Cr, 0.99; and V, 0.22. The material has 
an ultimate strength of 200,000 lb. sq. in., 
an elastic limit of 175,000 lb., and an dhatinn on 
2 in. of 8 per cent. The discs are 43 in. in 
diameter and 5 in. thick at the centre. The unit 
load on them is 4620 lb. per sq. in., and is said to 
be the highest stress ever employed for a bearing 
of this kind. A great deal of care has been taken 
to ensure good results. The blanks were cut from 
a sand-cast ingot, and after forging were carbonised 
for six days at a temperature of 1850 deg. Fahr., 
and then air annealed. They were then machined 
to the radial surface, re-heated to 1600 deg Fahr. 
and quenched in water, subsequently being ground 
and polished to gauge. 

The manganese-bronze bearing of lenticular sec- 
tion, placed between the upper and lower steel 
discs, is 7 in. thick at the centre. It is composed of 
material giving the following analysis:—Cu, 66.84 ; 
Zn, 20.43; Mn, 3.17; Al, 6.22; Fe, 2.14 ; Si, trace ; 
undetermined, 1.20. This gives a yield-point of 
90,000 Ib., and an ultimate strength of 120,000 Ib. ; 
elongation of 18 per cent. on 2 in., and reduction 
of area of 15 per cent. This alloy, after melting, 
was poured into a chilled-iron mould, leaving a 
large as head to ensure a sound casting. The 
cast disc was then heated to 1600 deg. Fahr. and 
forged, turned, and polished to gauge, grease 
grooves being cut in the curved surfaces. The 
pivot is surrounded by a casting in two halves, for 
protection, and for retaining the grease for lubri- 
cation. The rollers or wheels at the centre are 
2 ft. 6 in. in diameter, with a tread 7} in. wide. 
They run on a bridge-rail circular track of 16 ft. 
radius. A detail of a roller and bearing is given 
in Fig. 133. 

Reverting now to the end of the counterbalance 
arm, this will be seen to be supported on a bridge- 
rail quadrant track laid to a radius of 92 ft. 3in. The 
wheels supporting this end are 2 ft. 3 in. in diameter 
and 54 in. wide on the tread. Outside this track is 
a toothed quadrant of as large a radius as ible, 
shown in section in Figs. 123 and 124, Plate IX., 
and in plan in Figs. 115and 126. The toothed quad- 
rant and track are cast together in steel, in nts. 
The operating gear is shown in Figs. 124 to 126, 
The machinery is driven by two 110-horse-power 
motors working with supply of 220 volts, three- 
phase and 25-cycle, at a normal speed of 355 revo- 
lutions per minute. These are at a, a in Figs. 123 
to 125. Spurs on the motor-shafts with a 
single gear-wheel b on a shaft, to the ends of which 
are keyed two bevels. These bevels mesh with 
others on the vertical shafts c, c, shown in Fig. 124, 
and in section in Fig. 126. From these double 
reduction gearing transmits the drive to two 
shrouded pinions, one of which is shown at d 
(Figs. 123 and 124) gearing with the toothed quad- 
rant referred to above. The equalising gear 
between the pinions serves to distribute the trans- 
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mission evenly, in spite of slight inaccuracies’ 
in the quadrant teeth. The motors are of the 
reversible open type, and they are fitted with 
solenoid brakes and limit-switches. The latter will 
cut off current when the long arm is nearing its 
closed position. Hand-brake gear is also furnished. 
The motors each have a controller, but the connec- 
tions have been ed so that one controller can 
be used for both motors or for either. Each motor 
is of a capacity sufficient to swing the dam, but 
erdinarily both will be employed. In case of 
breakdown of the electrical gear the dam can be 
swung by hand-power. The gear for this is shown 
in Fig. 124. It consists of two shafts, one of which 
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tion and plan, Figs. 113 and 114. To a larger scale 
the motor is shown in Figs. 132 and 135, below. 
This motor drives, through reduction gearing, 
a horizontal shaft f running to the end of the long 
cantilever arm in one direction, and, in the other, 
terminated just beyond the centre by bevel gearing. 
The latter drives a vertical shaft y, which again 
has bevels at its lower extremity driving one short 
length and one long length of horizontal shafting 
handj. The shaft j runs towards the end of the 
counterbalance arm, and may be seen in the centre 
of the structure in Fig. 115, Plate IV., and Fig. 126, 
Plate IX., and below the concrete balance-weight 
in Fig. 123. At its outer extremity it is fitted with 
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is shown ate, connected by means of clutch and 
bevel-gears to the vertical shaftec,c. At the other 
end of these shafts other bevels make connection 
with a small length of vertical shaft, which may be 
operated by capstan-bars from the outside platform, 
of which a plan is given in Fig, 125. 

When the dam is swung round across the lock 
the air-buffer already referred to and shown in 
Figs. 115 and 117, given with Article V., and Fig:. 
138 and 139, on 141, attached to the end of the 
long arm, comes in contact with the buffer-stop shown 
in Fig. 113, Plate IV. At the end of the swing, and 
before the wicket girders are lowered, the dam is 
latched and ee There is only one latch. It 
is placed centrally at the end of the long arm, and 
drops into a socket on the middle wall. There are 
six wedges in all, two at each end and two in the 
centre. They are all driven by one 25-horse-power 
motor placed above the pivot, as shown in the eleva- 
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a worm driving a worm-wheel on a transverse shaft k. 
This shaft, by means of reduction gear, works toggles 
which force outwards, or draw in wedges/ (Figs. 123, 
&c.), which are arranged between wedge castings on 
the under-side of the dam girder and castings fixed 
on the lock-walls (m, m, Figs. 123, 124, and 126). 
These wedges and those at the other end of the 
dam work in and out in the direction of the length 
of the dam structure. The two wedges at the 
centre work in and out in a direction across the 
girder structure. The latter derive their motion 
from the short shaft h, above referred to, and seen 
in Fig. 135. This shaft, by means of worm-gear, 
drives a small horizon shaft n (Fig. 132), 
and this, in turn, drives, by means of bevels and 
short lengths of shafts, two sets of reduction gears, 
one of which is shown at o (Figs. 132 and 136). 
These gears each work a small crank coupled by a 
curved link to a lever p (Fig. 136), which forces in 
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| or withdraws the wedge from between two castings, 


one fixed to the movable structure, and the other 
to the lock-wall. 

The wedging and latching arrangements at the end 
of the long arm are shown in Figs. 137 to 142, page 
141. The shaft/, driven from the central motor, is to 
be seen in Fig. 140, which is a central vertical longi- 
tudinal section through the main truss frame. This 
shaft, by means of bevels, drives the shaft g, and 
thence through worm transmission drives the trans- 
verse shaft r (Figs. 138 and 139) at greatly reduced 
speed. At either end of this shaft there is another 
set of reduction gears, which operate two small 
cranks coupled, as before, by a curved link to a short 
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lever connected to the wedge-blocks, as shown in 
Figs. 139, 141, and 142. One of the last reduction 
gears—namely, that to the left hand of Figs. 138 
and 139—in addition to driving a wedge as just 
described, works the vertical latch. The latch-socket 
is shown on the centre concrete pedestal in Fig. 139. 
The latch t is a vertical bolt, with roller, catch, and 
roller-guides. It is shown in Fig. 140, and has a 
counterweight, to be seen in Figs. 137 and 140. 
It is worked by the reduction-gear above men- 
tioned, by means of the short crank and small pull- 
rod shown in Fig. 141. This, by means of the 
lower lever-arm, transmits a movement of a rota- 
tional nature to the shaft s, extending half way 
across the truss width, as seen in Figs. 137 to 139, 
to the latch ¢. The latch is thus worked with the 
wedges and by the same motor. In case of failure 
of electrical supply, the wedges and latch rue | be 
operated by hand through the vertical shaft 4, 
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which is carried up to a platform, of which a plan 
is given in Fig. 134, where a long removable hand- 
lever may be fitted to it when necessary. 
Having now described the swinging structure of 
the dam and the means of moving it and locking 
it in position, we will proceed to deal with the 
mechanism required for the wickets and gates. 
The wickets have already been described 


‘sprocket. This sprocket is in turn driven 
| silent chain from the main countershaft. 

|the motor and the main countershaft are two sets 
| of reduction gears (Fig. 127), either of which can be 
It will | brought into operation by means of a clutch. These 


the casing shown in section in Fig. 129. The 


| driving worm is provided with ball-thrust bearings, 


and is driven through reduction gearing from a 
y a wide 
Between 


be remembered that there are six of them for | gears give two speeds to the drums, a fast for lower- 
eachdam. They are shown in plan in Fig. 115, | ing and a slow speed for hoisting. The operation of 
and in elevation in Figs. 116, 119, and 120, given in | lowering will be accomplished in four minutes, while 


connection with Article V., and in the views/| hoisting will occupy 18 minutes. 
They are hinged at| machine is separately controlled from the plat- 


reproduced on page 156. 


Each wicket 


one end to the horizontal truss, and at the other|form. On turning the controller handle to the 


are attached to two sets of tackle, which, when 


lowering position the clutch is thrown in by a sole- 

























































































slacked out, allow that end of the wicket to be noid for the high-speed gears. On turning the 
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lowered to the lock-floor. The illustrations on 
page 156 show very clearly the manner in which 
the wickets are suspended. The hinge at their 
upper ends can be seen in Fig. 149, while the 
tackle and its attachment to the lower ends of the 
wickets may be seen in Figs. 147, 149 and 150. 
The cables of the lowering and raising gear are led 
over pulleys at the outboard end of the crane-jib 
girders, shown in plan in Fig. 114, Plate IV., and in 
elevation to the left in Figs. 116 and 119. These 
girders are all connected by a horizontal girder seen 
in Figs 147 and 149. The cables of the tackles 
are paid out or hauled in by winding-machines 
placed on these girders and p Arsen at u in Figs. 
114 and 116, of the type illustrated in Figs. 127 
to 131, Plate IX., on the deck-level of the long 
cantilever arm. They are just visible in Fig. 
150. There is an independent machine for each 
wicket. They are motor driven. The winding- 
drums are driven by worm-gears enclosed in 
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There are five roller-gates for each wicket. That 
intended to occupy the lowest ition of all is 
kept on the wicket girder when the latter is raised 
in the normal position shown in Figs. 147 and 148, 
and, as in Fig. 115, Plate IV., and Fig. 119, 
page 71 ante. As soon as the girder is lowered, 
this gate is therefore in a position to be lowered. 
Figs. 149 and 150 show the first gate or panel 
ready for lowering, on each wicket. The other 
gate-panels are suspended, as shown in Fig. 
119, from trolleys on girders under the main 
deck of the dam structure. The other panels may 
also be clearly seen in the figures on page 156, 
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controller-handle to the hoisting position the elutch 
is thrown in in a similar manner for the slow-speed 
train. A girder can thus be lowered and hoisted 
again without delay, should any obstruction be 


found in the seating on the lock-floor which might | 
require washing away. All gears are enclosed in | 
In case of failure of electrical | 


oil-tight castings. 
supply the machines may be worked by hand. 
This is accomplished by the gear shown in Fig. 130. 
A small lever is provided for operating the clutch 
for the fast or low-speed gears, and the main 
countershaft may then be revolved by means of a 
shaft v driven by chain and gears by two hand- 





cranks carried in a standard. The horizontal 
shaft v slides longitudinally in its bearings. It is 
normally disengaged from the main countershaft, 
but can be thrown into gear with the latter by 
raising the handle w (Fig. 130), which results in 
it being shifted endwise towards the winding- 
machine, 
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Fiz. 149 showing them very plainly. As soon as 
the first panel has been lowered, the second is 
hauled along the track until it hangs in position, 
with its wheels on the wicket-girder rails. It is 
then hoisted slightly, when it disengages itself 
automatically from the trolley, after which it is 
lowered into place. The panel-lowering machines are 
just visible in Figs. 148and 150. Only one machine 
is provided for handling each set of five panels, but 
it is arranged so that when in gear for one panel no 
other can be handled. These machines are placed 
on the main deck at x, x (Figs. 113, 114, 116, and 
119), and are of the type shown in Figs. 143 to 146, 
page 142. To each panel are attached two flat wire 
ropes wound on drums with large flanges. There 
are ten drums therefore to a machine, and they 
work in pairs, being so arranged that only one pair 
of drums can be thrown into gear at once, the 
others being for the time locked. The machine is 
electrically driven, and consists essentially of the 
motor, reduction ing, and worm drive to the 
main shaft carrying the clutches and winding- 
drums. The motor is to be seen in plan in Fig. 146, 
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out by four levers (one controlling two sets) 
shown in Fig. 143, arranged in a stand y to 
seen in Fig. 146. These levers work, by means of 


and in elevation in Fig. 145. The worm drive 
from the motor countersha\t is shown in Fig. 144, 
a further reduction being made to the main shaft, 


Fig .143. | 
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as will be evident from Fig. 146, &c. In Figs. 143 | rods and links shown at = in Figs. 145 and 146, 
and 146 will be seen the jaw-clutches which engage | various cams, of which the slots may be seen below 
the winding-drums. These are thrown in and /|the clutches in Fig. 143, and thus engage the jaw- 








clutches for any particular pair of drums. The 


be | worm-gear is self-locking, and will hold a el 


in any position. In view of possible default of 
electrical power, hand-gear has been provided in 
the pillar shown in Figs. 144 and 145, hand-cranks 
being used to work the worm-drive through inter- 
mediate bevel gearing. When returning the panels 
for storage, after en, AO and attaching to the 
trolleys, the latter run down a slightly sloping 
track towards the centre of the dam, where the 
gates are kept suspended ready for use. 

The dams at Gatun and Pedro Miguel are iden- 
tical, but in the case of the Miraflores locks the fore- 
bays are not so deep, and the length of the wicket 
girders is therefore less. There will be, in conse- 
quence, only four lowering panels or gates for each 
wicket at Miraflores, instead of five as at the other 
locks. Apart from the features affected by these 
differences, the dams will be similar in general type. 
The contract for the six dams involved structural 
material to the amount of over 10,000 tons, exciusive 
of the counterweight. The contract covering con- 
struction and erection was awarded at a figure of 
2,238,988 dols. The work has fallen very consider 
ably behind the contract time. 


Watt BuFFers. 


The decision that ships are not to be allowed 
to work themselves through the locks, but are to 
be taken charge of by towing-locomotives fore and 
aft, carries with it the requirement that all vessels 
should draw up alongside the central approach- 
walls before entering lock-chambers. These walls 
were described in the first article of this series, 
and to prevent injury to the concrete structure 
they are to be provided with timber buffers. 
There will be two continuous buffers running the 
length of the wall and placed one 2 ft. 6 in. below 
the coping and the other 7 ft. 6in. lower. The 
buffers will consist of timber balks 12 in. by 16 in., 
backed at intervals by springs. The balks will be 
suspended, by 1}-in. chains of three links, from 
anchor-eyes embedded in the concrete. The sus- 
pension points are 15 ft. apart. At intervals of 
5 ft. apart groups of four spiral springs are 
arranged in telescopic housings behind the buffer- 
beam. The spring housings consist of two 
parts, one being embedded in the concrete, and 
the other fixed to the back of the buffer-beam. 
The latter slides into the former on the springs 
being compressed. The springs are of 1 in. 
round steel wound to an outside diameter of 5} in., 
the free length being 12} in. The amount of com- 
— possible when in position will be 3 in. 

he position of the fixed buffer castings may be 
seen in the view of one of the approach-walla at 
Gatun given on page 623, vol. xcv. The amount of 
timber required will be about 551,312 board ft. 
Originally it was intended to employ oak for the 
purpose, but, owing to the price, this was aban- 
doned in favour of Douglas fir, which is to be 
treated with Avanarius carbolinewm. The wood is 
simply immersed in this solution, heated to a tem- 

rature of 190 deg. Fahr., for thirty minutes. 
he timber is treated in a tank constructed for the 
purpose at Miraflores. 





British CoaL Exports.—The quantity of coal exported 
from the United Kingdom in the six months ended 
June 30 was 35,526,235 tons, as compared with 26,173,325 
tons in the first half of 1912, and 31,493,959 tons in the 
first half of 1911. In these aggregates steam coal figured 
for 26,034,245 toms, 18,720,167 tons, and 22,985,294 tons 
respectively. The exports to the following countries to 
June 30, this year, compare as follows with the corre- 
sponding shipments in the first halves of 1912 and 1911 :— 


Country. 1913. 1912. 1911. 
tons tons tons 
Russia .. oo 2,144,328 1,193,261 1,128.716 
Sweden oe 2,098,649 1,380,437 1,707, 
Germany a 4,285,035 3,346,6u1 4,254,879 
France .. ss 6,419,070 4,359,979 5,283,063 
Spain .. a 1,910,152 1,530,806 1,694,266 
Italy .. aie 4,708,188 3,875,969 4,574,582 
Egypt .....—«:1, 618,311 1,178,652 1,612,864 
Argentina... 1,807,801 1,330,639 1,637,132 
It will be seen that, upon the whole, our coal ex 
have made a substantial advance this year. hen 


| account is taken of coke and patent fuel, the export 


movement to June 30 is carried to 37,048,137 tons, as 
compared with 27,196,714 tons and 32,808,385 tons res- 
pectively in the previous years. Account should also be 
taken of coal shipped for the use of steamers engaged in 
foreign trade. ‘The latter involved an addition in the 
first half of this year of 10,087,037 tons, as compared 
with 8,125,897 tons and 9,558,647 tons. In one way or 
another, therefore, coal left our shores in the first half 
of 1913 to the extent of 47,135,174 tons, as compared 
with 35,322,611 tons and 42,367,032 tons in the corres- 
ponding halves of 1912 and 1911 respectively. 
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HELICAL SPRING CALCULATIONS. | Be the diamoter in inobo of the wie’ of which in 
By Lawrorp H. Fry. spring is made, | ; 
Some time ago the writer’s attention was called | of a Baym po Pw a SS ey 





to the calculation of helical —s by means 
of an unpublished diagram for St. Venant’s co- 
efficients prepared by Mr. B. R. Wills, and also 
to an article ‘‘ Beitrag zur Berechnung der 
Schraubenfedern,” by H. Al. Siebeck, in the Zeit- 
schrift des Vereines deutscher Ingenieure for 
December 30, 1911. The chart and the article 
together suggested the problem of designing a 
diagram which should show the allowable load and 
the elasticity of any helical spring, whether made 
of round or rectangular wire, which should be 
sufficiently simple to be of practical service. When 
the present diagram was practically completed, an 





and 
s the maximum allowable fibre stress. 


For the elasticity, or deflection in inches per 
pound of load :— 7” 


7. 8 
- (2) 


a a 


where 


F is the deflection in inches, 
P the load in pounds, 
G the modulus of torsion, taken as 11,400,000 in.-lb., 
Nw the number of working coils in the spring, 
and 
D and d the respective diameters of the coils and 
of the wire in inches as in equation (1). 


Now if the maximum fibre stress of 58,000 lb. 
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ROUND WIRE 
RECTANGULAR WIRE. (2) RECTANGULAR WIRE. 
for Load Scale tor N° of Coils 
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article by Messrs. G. W. Shearer and C. Watson 
was published in ENnGintERING,* giving a series of 
charts intended to serve very much the same pur- | 
pose. These were, however, of a different form | 
and somewhat less convenient to use than that 
about to be described.+ 

The formule on which the present diagrams are 
based are :— 

For the load :— 


ola 
o% 
«~ 


~ Be ‘ ‘ 
Where | 





* See ENGINEERING, vol. aaltl.. pawe 206. 

_t After the present article been Ya we a set of 
diagrams devised by Professor J. P. Peddle were published 
in the American Machinist (vol. xxxvii., page 271, Euro- 
peanedition). Professor Peddle’s diagrams, however, apply 
only to round and square sections, and do not cover other 
rectangular sections. Their use, to find the allowable load 
and c uent deflection of a round wire spring, involves 
drawing six lines, and marking off of four intermediate 
intersection points, compared with the one line and a 
simole division involved in the use of the diagram de- 
scribed in the present article. 





per sq. in. (26 tons per sq. in.) be assumed, equa- 
tion (1) takes the form 
a3 
Pm = 22,800 D 
Siebeck, in using these figures in the articles 
referred to, points out that formula (1) is, strictly 
speaking, only —— to a spring with a pitch- 
angle of zero, and that, in practice, with a pitch- 
angle of 5 deg., the actual stress will be some 6 per 
cent. greater than would be shown under given 
conditions by equation (1), so that the actual stress 
in a spring designed from equation (1a) will be 
about 61,500 lb., or 27.6 tons per sq. in. For a 
spring which has to undergo frequent reversals of 
load, he advises reducing the load from equation (1a) 
by a factor of safety, 
S=1+ 
150 
where n is the number of reversals 
that a spring to have its load reve 


(1a) 


(3) 


r minute, so 
300 times per 


minute should have a factor of safety of 1 + 2 = 3, 
or should only carry one-third of the load indicated 
by equation (1). Again, if the spring is to have unit 








elasticity ; that is, a deflection of as many inches as 
there are pounds of load . = 1, and 


Nw = G a 

or if G = 11,400,000, 
d‘ 

Nw = 1,420,000 — 

D* 


Method of Using the Diagram.—Consider first 
the load carried by a round-wire spring. Scales 
are provided for the three vatiahlo quantities : 
load (P,,,), diameter of wire (d), and diameter of 
spring (D), this diameter being measured from 
centre to centre of the wire. If values are given 
for any two of these variables, a straight line laid 
through the points corresponding to these values 
on the respective scales will cut the third scale in 
a point corresponding to the value of the third 
variable. Suppose it is desired to find the load 


(4) 


8 Db 


(4a) 


DIAGRAM FOR HELICAL SPRINGS. 
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carried by a spring made with a round wire 0.56 in. 
in diameter wound in coils of 4in. diameter. 
The line AB, Fig 1, corresponds to these condi- 
tions, and cuts the lead scale at 1000]b., showing 
this to be the allowable load. The deflection is 
found by noting the intersection of the same line 
AB with the scale for N,,, the number of coils to 
give unit elasticity. The line A B cuts this scale at 
2200, so that this number of coils would be required 
to give a deflection of 1000 in. ; that is, as many 
inches of deflection as there are pounds of load. 
Since 2200 coils give 1000 in. of deflection, the 


1000 _ 0.455 in. In 


2200 
every case the deflection in inches per coil is found 
by dividing the load in pounds by the reading on 
the scale for the number of coils. The line ED 
Fig. 1, shows similarly that a spring of No. 10 B. W.G. 
wire coiled to a diameter of 1 in. will carry 54 lb. 
and requires 450 coils for unit elasticity, so that 


the deflections per coil is a = 0.12 in. 
In working with wire of rectangular section the 


deflection per coil will be 
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two scales on either side of the scale of diameters 
of round wire are used. These scales are arranged 
for wires from } in. by } in. to 1 in. by 1 in., each 
side increasing by eighths from} in. tolin. The 
length of the longer side is shown by the horizontal 
row of figures at the top of each scale, while in 


circles arranged vertically below each of these figures | 
| sponding positions of the scales for P,, and N,, have 


are figures giving the length of the shorter side. 
Through each of the circles runs a horizontal line 
corresponding to a rectangular wire of which the 
sides have the dimensions given respectively by the 
figure in the circle and by the figure below which 
the circle stands. These horizontal lines show, on 
the scale for d, the diameter of a round wire, which 
is the equivalent of the rectangular wire. The 
scale to the right of the d scale is for use in. deter- 
mining the elasticity, and that to the left for de- 
termining the load for rectangular wire. As an 
example, it may be noted that from the point on the 
d scale corresponding to a round wire of 0.4 in. 
diameter, a horizontal line runs to the left and ends 
in the circle marked }, which lies vertically below 
the figure ?. This shows that a spring coiled from 
rectangular wire jin. by jin. will carry, under 
similar conditions, the same load as a spring of 
round wire of 0.4 in. diameter. If the same rect- 
angular dimensions be taken in the scale to the right 
of the d scale, it will be found that the horizontal 
line corresponding to ? in. by } in. meets the round 
wire scale at 0.42 in., so that this diameter wire 
will give the same elasticity as the } in. by }-in. wire 
under similar conditions. By running lines from 
these points to the point corresponding to the 
diameter of the spring, and by noting the respec- 
tive points of intersection with the scales for load 
and number of coils, the carrying power and 
elasticity of the rectangular section spring is found. 

Theory of the Diagram.—The form of diagram 
used is similar to that adopted by Bertrand for 
finding the moment of inertia of rectangular sec- 
tions. The theory is given at length by d’Ocagne 
in his book ‘‘ Calcul Graphique et Nomographie,” 
but the principle of the diagram can be made clear 
by a short explanation based on Fig. 2. Here 
three vertical scales are marked on the lines X, Y, 
and Z, the scales X and Z having their zeros below 
and their positive directions upwards, while Y has 
the zero above and the itive direction directed 
downwards. The line M N is drawn through the 
zeros of X and Y, and cuts the scale Z in the point 
K, which may for convenience be considered to 
have the reading z, on the scale. Then, if any 
line, as PQ, be drawn across the scales cutting X 
at a point distant « from the zero, cutting Z at the 
point L distant z from the zero, and cutting Y at 
a Pe distant 1 from the zero, the values «, y, 
and < which are read off on the scales as corres- 
ponding to the intersection points of the line must 
stand in a definite relation to each other. 


For, z=KR+LK=KR+KH-HL=:,+KH - HL 
and 
KH _ Cc so that KH = CO, 
x A 
and, similarly, 
LH = B so that LH = B ”. 
uv A 
Hence 
c= m+ Fa-Fy. . . (5) 


Hence any function of three variables, which can 
be brought into the form of equation (5), can be 
represented by three parallel scales such that a 
straight line laid through any values of two of the 
variables, will give on the third scale the corre- 
sponding value of the third variable. 

Now equation (la) can be brought to the same 
form as (5) by writing it 

log Pm = log 22,800 + 3 log d — log D (6) 
log P» = 4.36 + 3 log d — log D (6a) 

The actual construction of the diagrams is ex- 
tremely simple, and can carried out almost 
entirely by graphic methods. 

The first step is to lay down the scales for d and 
D, the diameters respectively of the wire and the 
spring, which correspond to the scales X and Y in 
Fig. 2. The graduations on these scales are 
logarithmically s , 80 that, as on a slide-rule, 
the zero point of the scale is marked 1, and the 
distance of each graduation from this unit mark is 
proportional to the logarithm of the number beside 
the graduation. Fig. 1 has been reduced from a 


or 


diagram 2.5 times as large, in which the distance 





between the graduations marked 1 and 10 on the | that consequently if a replica of it be placed beside 


two diameter scales was 250 mm. 

As a scale with this distance graduated logarith- 
mically was available,* it was a very simple matter 
to lay down the scales ford and D. The relative 

itions of these two scales may be anything that 
is convenient. Having placed them, the corre- 


to be found. The process is the same for both, and 
will therefore be described in detail for P,,, only. 

The equation connecting the load P,, with d and 
D, for which the scales have been drawn, is 


P,, = 22,800 (1a) 
which may be written 
D = 22,800 . (18) 


To determine the position of the vertical carry- 
ing the scale, note that when P,, = 100, if d=0.3, 
D = 6.15, and if d = 0.15, D= 0.77. That is to 
say, & line joining d = 0.3 to D = 6.15, and a line 
joining d = 0.15 to D = 0.77 must meet in the 
graduation 100 of the scale for P,,, so that the 
vertical through this point of intersection must 
carry the P,, scale. To graduate the scale, note 
that when P,, = 10 if d= 0.1, D = 2.28, so that 
the line joining d = 0.1 to D = 2.28 will cut the 
vertical which has been found, in the point 10 of the 
P,,, scale. The distance between the points P,, = 100 
and P,, = 10 is thus determined, and by dividing 


vA Y 











this distance logarithmically and repeating the 
graduation along the vertical, the scale for P,,, is 
obtained. The scale for N,, can be laid down in an 
analogous manner. 

The diagram has been constructed for a nominal 
maximum fibre stress of 58,000 lb., or approxi- 
mately 26 tons per sq. in., and while this is a 
desirable figure, there are many springs in which it 
must of necessity be exceeded. In the article by 
Messrs. Shearer and Watson, referred to above, the 
working fibre stress is given as ranging from 25 to 
50 tons per sq. in. If the diagram is to be used for 
fibre stress other than 58,000 lb. per sq. in., it is a 
simple matter to use aslide-rule to increase the load 
given by the diagram in proportion to the increase 
in the fibre stress. A change in the fibre stress does 
not change the scale for the number of coils, as this 
depends only on the modulus of torsion, which is 
independent of the working fibre stress. If the 
diagram is to be used continuously with a fibre 
stress differing from that on which it is based, 
it may be found convenient to readjust the scale 
for the load. The only change necessary is to 
shift the scale, as it stands, up or down the vertical 
line on which it is marked. The truth of this 
statement can be seen by considering equations (5) 
and (6) and Fig. 2. In the two equations ~, 
corresponds to log 22,800; that is to say, in 
Fig. 2 the relative position of the zero point of 
the z or load scale in relation to the two diameter 
scale zero points is determined only by the numeri- 
cal coefficient which depends on the working fibre 
stress. If the fibre stress be doubled, the co- 
efficient 22,800 will become 2 x 22,800 and the 
value of z, will be log 2 + log. 22,800; that is to 
say, the whole load-scale will be moved down- 
wards by the distance between the points 1 and 2 
on this scale, this distance being proportional to 
the logarithm of 2. The same conclusion can be 
arrived at, and perhaps more simply, by remember- 
ing that the load-scale is a logarithmic scale, and 


* This was a logarithmically divided scale prepared by 
Tavernier, of Paris, to Mr. d-Ocagne’s design, and by its 
ee of a diagram of this kind is much 
acili , 








the original so that the 2 division of the new scale 
corresponds to the 1 division of the old, the two 
scales will produce exactly the same effect as two 
slide-rule scales, and every reading on the new 
scale will be double the adjacent reading on the 
old scale. Consequently, if the new scale be used 
in determining the carrying power of a spring, the 
allowable load shown will be double that obtained 
from the old scale ; that is, the allowable working 
fibre stress will have been doubled. In a similar 
manner, if it is desired to have the scale-reading 
loads in tons, it can be shifted upwards a distance 
equal to the distance between the divisions 1 and 
2240. In doing this it is convenient* to remember 
that, since the scale is logarithmic, the divisions 
between 1 and 10 are spaced exactly similarly to 
those between 10 and 100, and to those between 
100 and 1000, &c. 

The diagram deals with round wire from 0.06 in. 
to 1.2 in. in diameter, to carry maximum loads 
varying from 0.5 lb. to 10,000 lb.; and it should 
be noted that, owing to the logarithmic system 
used, the degree of accuracy obtainable is the same 
throughout the entire range, With the full-sized 
diagram, readings with an error of less than 2 per 
cent. are easily obtainable. 

(To be continued. 





DEVELOPMENTS IN DESIGN OF COM- 
MERCIAL MOTOR VEHICLES. 

In making a retrospective survey of the Com- 
mercial Motor Vehicle Exhibition, which closed 
last Saturday, it is natural that attention should 
be first directed to the petrol vehicle, and should 
begin with the engine. While there was little 
new in the matter of petrol-engines, there were 
some points of considerable interest. The engines 
were, in all cases, substantially of the same type as 
those in pleasure cars, and were, in many instances, 
of very slightly heavier proportions ; it has appa- 
rently been found that with good materials and 
workmanship, and, above all, with a good lubrication 
system, it is not necessary to make them materially 
heavier. They are, however, especially in the larger 
sizes, not run as fast as in pleasure cars, which, no 
doubt, accounts largely for the fact that they are 
found to stand up to hard continuous work. In 
many cases a governor is fitted to ensure that the 
engine shall not be run excessively fast, and this 
feature is specified by the War Office for their sub- 
vention-type vehicles, the speed limit being 1000 
revolutions per minute. It appears as if it would 
be a great improvement to arrange the governor so 
that it could not be tampered with by the driver. 
In many designs the governor connections are 
completely exposed. There is then a great tempta- 
tion to the driver, after delivering a heavy load of 
goods, to step into the nearest tavern to have a 
** social glass,” and then to disconnect his governor 
and race home in order to make up time. With no 
load on it the lorry will travel well, but at the expense 
of great wear and tear to the engine and all other 
parts. The objection to locking up the governor, like 
a safety-valve, is that, in such case, if the governor 
goes wrong the car breaks down. It could, however, 
be easily encased and sealed, and then the breaking 
of the seal would involve explanation by the driver. 

Lubrication has received a great deal of atten- 
tion, and the majority of engines, at all events in 
the larger vehicles, have now some well-thought-out 
system. This consists, as a rule, either of forced 
feed to both main and big-end bearings, or of 
forced feed to the main bearings, and troughs and 
dippers for the big ends. In many of the smaller 
volidien however, the old-fashioned splash is still 
used, and that this is not by any means satisfactory 
anyone can see who watches the exhaust: of the 
taxi-cabs in the streets, since many of these smoke 
abominably. As it has now been definitely proved 
that there is no excuse for making any material 
amount of smoke if a good lubrication system is 
fitted and kept in proper order, it is a pity that the 
authorities do not make this compulsory. 

A point worth noticing in engine construction is 
that in all the larger types the tendency is to make 
the cylinders of quite moderate stroke. Since the 
long-stroke engine was introduced in pleasure cars to 








* If the scales are to be changed, or the diagram 
frequently used, it may be found convenient to work with a 
Selaveaiedingsean. To provide this the author has put 
the original tracing of the diagram, which measures 18 in. 
by 21in., at the dis of Messrs. J. Halden and Co., Ltd., 
17, Broadway, S.W., who can supply blue prints from it. 
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meet a purely arbitrary system of competition and 
taxation rating, we have heard an enormous amount 
of nonsense about its great advantages. Yet we 
find makers, who are quite familiar with the long- 
stroke engine, putting cylinders of nearly equal 
diameter and stroke into their large lorries, where 
efficiency is of the utmost importance. In the 





smaller engines the proportions are often much as 
in pleasure cars. is is in most cases because the 
engines used are pag | off the same patterns, and 
their proportions are therefore determined by the 
artificial nature of the pleasure-car rating. 

It is to be noticed that the poppet-valve is fitted | 
to the great majority of engines. It is true that | 
sleeve-valve engines were shown on more than one | 
stand, but they were few, and one maker, at least, 
who uses sleeve-valve engines for his pleasure cars| 
showed —— engines on his commercial | 
chassis. The valves are almost invariably direct- | 
driven, and both are usually placed on the same side 
of the engine, though there are a good many in- 
stances of their being placed at’ opposite sides, 
especially in the larger sizes. There are exceptions 
to this—e.g., the Milnes-Daimler and Maudslay cars, 
both of which have the valves placed along the top 
of the cylinders. The former have rocking-levers to 
drive the valves, while the latter have a cam-shaft 
along the top of the cylinders. That the overhead 
valves make theoretically the best-sha combus- 
tion chamber is obvious, and this ought therefore 
to make for petrol economy. Whether the engines 
with the overhead valve-gear can actually show a 
saving of petrol proportionate to the complication 
of the overhead gear is a point which can only be 
discovered by practice. The Maudslay method of 
running a shaft along the top of the cylinders and 
casing it in, however, undoubtedly makes a very 
neat and accessible arrangement. 

Among the smaller sizes of engines, some had 
cylinders of very unnecessarily small diameters. One 
small delivery-van was shown with an engine having 
four cylinders very little more than 2 in. in dia- 
meter. The extra cost of making the cylinders 
somewhat larger should be negligible, and the 
engines would then not be so delicate and could 
be run more slowly. 

There is a very noticeable tendency to cast the 
cylinders in pairs, and to use a three-bearing crank- 
shaft in a four-cylinder engine. There were, how- 
ever, a good many instances of cylinders cast 
separately in the larger sizes, and en bloc in the 
smaller. The latter plan has many advantages in 
sizes in which the en bloc cylinders are not too large 
to handle. The point usually urged against it— 
viz., that damage to one cylinder condemns the lot 
—is in practice of little weight, and is shared in a 
less degree by the cylinders in pai The separate 
cylinders offer the greatest facility for replacement, 
but they make an extremely long engine if all the 
valves are at one side; hence in many examples of 
this practice the valves are at opposite sides, and 
two cam-shafts are used. 

The arrangement of the bearings depends neces- 
sarily, to a certain extent, on that of the cylinders. 
With separate cylinders the centres are unavoidably 
a long way apart, and accordingly a bearing is usual 
between Ae pair of cranks. With cylinders in 
pairs the bearing between each pair of cranks of a 
set is generally omitted. Two-bearing shafts were 
only shown on a few engines, generally of the smaller 
sizes, and in this type it is necessary to have the 
cylinders cast en bloc in order to get the centres close 
enough together. Good examples of this type were 
shown on Licorne, Renault, and Thornycroft cars, 
among others. One of the difficulties is to get in 
the valves, as these are apt to take up more room 
than the cylinders. This is got over in the Thorny- 
croft car by placing the inlet over the exhaust. The 
two-bearing engine has such advantages in simplicity 
and cheapness that its use will probably extend in 
such sizes as do not involve parts too large to be 
conveniently handled. 

It is rather curious that the cone-clutch appears 
to hold its own even more strongly in the com- 
mercial vehicle than in the pleasure car. There 
were a few instances of multiple discs and expanding 
clutches shown, but they were very few, and, in 
fact, only emphasised the predominance of the cone. 
That the latter is by no means perfect can be ascer- 


tained by taking a ride in the average taxi or bus, 
when it will be found that there is a very distinct 
jerk in starting in nine cases out of ten. It may be 





that the extreme simplicity of the cone-clutch will 
redeem this defect, but a more smoothly- working one 


In transmission gears one of the most striking 
points is that the commercial car has almost in- 
variably followed the pleasure car in having sliding 
gear with a direct drive in the gear-box on the top 
— Presuming this is correct, it means that 
the top speed is more used than all the others put 
together, otherwise it would not be wise to double 
the number of gears used when the lower speeds 
are employed, in order to save one when the 
top is used. There are great obvious advantages, 
from a transmission point of view, in having a 


| direct top gear, and doing the major part of the 


running on it; one special merit is that the gears 
can be made narrower, as they run for a shorter 
time, and the size and weight of the gear-box can 
be greatly reduced. There appears to be a great 
deal of difference of opinion as to the size of geats 
required. One maker showed gears 1? in. wide and 
of large diameter, while others had the gears not 
much more than half this. Obviously the lighter 
the gear-box the better, provided it will stand hard 
wear ; and if the direct drive is to be the usual one, 
well-made gears should not require to be of ex- 
cessive width. A chain-driven gear-box was shown 
by the Daimler Company of a generally similar 
nature to that used in the London omnibuses. The 
advantage for this in a London omnibus is obvious, 
as a good deal of running has to be done on the 
lower speeds, and the chains are far quieter than 
the gear. Whether it is so necessary in lorries 
remains to be seen, for there is no doubt that it 
greatly increases the size of the -box. 

The final transmission question is not solved. 
For the smaller vehicles the bevel drive appears 
the favourite, and seems perfectly satisfactory. 
There are, however, limits to the amount of 
reduction which can be effected in a single bevel, 
though it is possible that this limit may not be 
so low as is generally supposed. One chassis is 
shown with a reduction of over 6 to 1 on the bevel, 
the crown wheel in this case being of large size. 
Where the load is really high, as on a lorry, a 
reduction of some 8 to 1, or more, is, however, 
necessary, and in this case it is impossible to make 
it on a single bevel. Chains are the most obvious 
means for attaining this ratio, but, on the whole, the 
tendency seems to be to follow the progress of the 
pleasure-car in this as in other matters, and go in for 
some sort of live axle. In this case there appear to 
be three alternatives. Firstly, to have a worm and 
wheel reduction; second, a two-stage reduction 
with the differential on the axle ; and third, to have 
the differential on the countershaft, and drive each 
wheel with spur-gear. The former is obviously the 
simplest and cheapest. It, however, involves very 
heavy pressures on the worm-teeth when going up 
steep hills; and it remains to be seen whether 
it will be better to run the worms under such pres- 
sures or to put in a two-stage reduction. In the 
latter case bevel and spur gearing are generally used 
for the reduction, and it appears to make little 
difference whether the bevel is the first or second 
reduction. Possibly, a better arrangement than 
either is shown ona ‘‘ Unic” car, where the first 
reduction is by internal gear, and the final by bevel. 

The alternative arrangement of having a cross- 
shaft arranged just in front of the axle, or behind it, 
and having the differential on it, has the advantage 
that the differential has lower stresses, and can 
made smaller; but, on the other hand, it has to run 
faster, and is therefore liable to more wear. It 
seems that it will be difficult to make this arrange- 
ment as light as in cases where the differential is on 
the axle, as it involves more casings and also very 
large-diameter spur-wheels on the driving-wheels. 
A very neat arrangement of this type is, however, 
shown by a ‘‘ Minerva” chassis, the casing for the 
differential being spigoted into a forged axle-centre 
and bolted to it, and the driving-wheels being 
driven from the cross-shafts by internal . The 
whole of the driving-gear in this case is behind the 
axle instead of, as usual, in front of it, and is there- 
fore very accessible. On the whole, it seems reason- 
able to assume that the worm and wheel would be 
the more successful for such work as motor-buses, 
and generally in the country where gradients are 
light, and that the double reduction gear on a live 
axle would be the better for goods traffic and for 
hilly country. This matter, like most others, can, 
however, only be settled by trial and experience. 

Where live axles are used there are some distinct 
variations in their construction. One of the prin- 
cipal of these refers to the manner of forming the 


casing. In the majority of instances this is of one 





or there is a forging for the centre, and the differen- 
tial, &c., is contained in a casing bolted on. The 
latter arrangement was shown in the Thornycroft 
car illustrated by us last week, and is used by 
many makers, including the Maudslay Motor Com- 

y, Limited, who have adopted it for many years 
in their pleasure cars. While castings of excellent 
quality can be obtained nowadays, the forged-steel 
axle certainly appears to offer advantages, and it 
is — with it to make a very neat and acces- 
sible arrangement. 

A peculiar arrangement, with some very attractive 
features, was shown by the Austin Motor Company, 
Limited, the differential in this case being contained 
in the same casing as the change-speed gear, while 
two bevel-geared propeller shafts transmit the 

wer to the back wheels. This should make a 
light back axle, but appears to involve rather a lot 
of gear-wheels, as well as two propeller shafts in 
place of one. Springs are placed below the axle 
as well as above, and the torque of the drive is 
taken by these, the usual torque-rod being dis- 
pensed with. We describe this arrangement in 
more detail later in this article. 

In the smaller sized vehicles used, as taxi-cabs 
and light vans, the axles, in many cases, appear to be 
of quite unnecessary weight. There can be little 
doubt that in these cars unsprung weight consider- 
ably increases the tyre wear, and therefore should 
be avoided as much as possible. Thus pressed steel 
might be used in place of castings for the parts of 
the axle, and the spring seats might be brought a 

t deal nearer the wheel-track in many cases, as 
this would reduce the bending moment on the axle. 

The question of the most suitable frame for the 
heavy vehicles does not appear to be settled yet. 
For the smaller ones pressed steel is universal, 
following motor -car practice. This is largely 
used for the heavy lorries, and, in the case of 
the Austin vehicle, the frame, which is of very 
deep section, has large openings in it, making it 
a real girder. Channel steel is still largely used, 
however, while in the Daimler chassis the old 
flitch frame is used both for the longitudinals 
and cross members. The members of this frame 
consist of a piece of wood about 14 in. thick by 
8 in. deep at the deepest part, with a steel plate 
some ;'; ia. thick on each side, the construction 
being of the same t; as that of the London 
General omnibuses. e defect of the pressed- 
steel frame is its low resistance to torsion; it 
is quite possible that the channel steel and flitch 
frames are better in this respect. Where the 
pressed-steel frame is used, several makers provide 
cross-pieces of steel tube to give greater torsional 
resistance, a plan introduced years ago in pleasure 
cars by Leon Bollée. 

Many makers are building their frames of pro- 

rtions which, at first sight, seem peculiar, the 

eepest part being just where the driver’s seat is. 
The reason for this is probably that from that 
point to the back the frame is greatly stiffened by 
the body, which, however, stops short just where 
the driver’s seat is placed. There appears, however, 
to be a variation in the sizes adopted for frames 
quite out of proportion to the differences of the 
loads they have to carry. Thus one maker of great 
experience and good reputation only provides a 
pressed-steel frame 5 in. deep by 2 in. wide for a 
2-ton lorry, while many are far heavier than this. 
Front axles are either solid forged or of H-section. 
The latter should be distinctly the stronger for 
their weight, and therefore superior. 

There were several details shown on various 
chassis which are worth mention. Thus on the 
Daimler chassis both the back axle and the gear- 
box were cast with a tray to catch any oil which 
may leak out. This should conduce to the cleanli- 
ness of the streets, and is far better, when it can 
be arranged, than having a separate tray. In 
several chassis the driver's seat, instead of being 
placed behind the engine, was placed above it. This 
certainly shortens the vehicle by the distance from 
the back of the driver's seat to the dashboard, and, 
therefore, if there are no objections to it, it is a 
distinct advantage, as it shortens the wheel base and 
therefore saves weight and also makes the vehicle 
easier to handle. It is, however, impossible in this 
case to arrange for a bonnet which can be entirely 
lifted off the engine, and therefore it may be diffi- 
cult to make the latter so accessible. 

Where chain drive is used there are two distinctly 
different ways of arranging the gear-box and 
differential. In the one case the differential is 


should put less stress on all the parte, including tyres. | of two types. Either the axle-casing is a casting, | placed in the sume casing as the change-speed gear, 
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(368/.8.) 
while in the other the cross-shaft and differential 
are in a separate casing. The former plan appears 
to be the simpler, as there is only one casing in 
place of two. On the other hand, in the latter case 
the change-speed gear can be of the same pattern 
- in a live-axle car, and, further, the gear-box can 
placed much further forward so as to be more 
— accessible through the floorboards of the 
driving-seat. The differential and cross-shaft can 
also, if desired, be substantially an ordinary live 
axle placed across the frame. The latter points were 
well shown in the Adler chassis, where the engine 
and gear-box were bolted together to form one unit, 
as in the firm’s ordinary live-axle cars. The gear- 
box is therefore kept rigidly in line with the engine, 
and is so far forward that it is all easily accessible 
= h the floorboards. 
etail worthy of attention is the provision of a 
aiaenane for the differential of the heavier 
lorries. The ordinary pleasure car is never pro- 
vided with this, and apparently does not want it. 
Where a differential is used without a locking-gear, 
however, the effect of one wheel being on slippery 
ground is to make the holding power of the other 
of no value. This matters little to the ordinary 
pleasure-car, as it is not often used under these 
conditions, and where it is the weight is so small 
that a little manual assistance will usually enable 
the car to get out. Traction engines are, however, 
always fitted with a locking-gear, and it is well 
ieneties that they would not be able to pull their 
loads in a great many places in which they actually 
do work if this fitting were not provided. The 
lorry, especially where it draws a trailer, may want 
the locking-gear as much as the traction engine, at 
all events in some countries. Several firms, there- 
fore, showed lorries provided with this gear. Where 
a locking-gear is provided there are several points 
to be considered. Thus if the differential is left 
locked on good holding ground, the stress both on 
it and on the transmission may be very high, as 
it must be great enough to make one of the 
wheels slip if the vehicle goes round a corner. 
Either the cate must be made to stand this, or pro- 
vision must be made to prevent the locking-gear 
being left in use through carelessness. It would pos- 
sibly be a good plan for the gear to be so arranged 
that it only stayed in as long as it was held, as this 
would obviate the stresses on the eh and the wear 
on the tyres, which would result its being left 
in 
itis is somewhat curious that there were com 
tively few taxi-cab chassis exhibited at the S 7. 
This may be partly because the taxi-cab is in most 
of its pe ee. parts the same chassis as the ordi- 


nary pleasure car, at all events when the latter is a | 


small landaulette, and such cars are to be included in 
the Motor Show in November. In practice there are, 
however, a good many detail differences between | 





the ordinary pleasure-car and the taxi-cab, some 
of which were well shown in the Renault taxi 
chassis. In this the crank-shaft of the engine is set 
very much higher in the frame than is usual in the 
ordinary pleasure-car, with the result that the top 
of the gear-box projects above the line of the floor- 
boards. As the frame is so low in relation to the 
crank-shaft it becomes easy to make all the parts of 
the engine, including the magneto, very accessible 
without having to carry them high above the shaft. 
It is also possible to keep the floor of the back seats 
low, and the back of the frame raised to clear the 
back axle. This has the disadvantage in a pleasure 
car that it reduces the stowage-room under the back 
seats, but this is of no importance in a taxi-cab. 
Possibly one of the most striking points demon- 

strated in the present Show is the predominance of 
the use of petrol as a fuel, in spite of its recent con- 
siderable rise in price. For many years there have 
been on the market paraflin carburettors which have 
given very good results in practice, and as long ago 
as the commercial-vehicle trials of 1907, a lorry was 
run with paraffin under observation for three weeks 
with good results, while the military-tractor trial of 
1909 also showed the possibilities of paraffin. Yet, 
in spite of this, the large majority of vehicles shown 
were intended to use petrol. From this it appears 
that the extra power obtained with petrol, and its 
convenience in use, more than compensate for its 
high price in the majority of cases. 

ith r to the steam vehicles there was little 
novelty. The light steam-van appears to have com- 
pletely gone out of use, and steam as a motive 
— is therefore entirely confined to the heavy 

rries. In the majority of these the power unit 
consists of what is practically a small traction- 
engine, having a locomotive boiler with a compound 
engine mounted on the top, the final-drive to the 
back axle being by chain. e whole of the machi- 
nery being of well-tried type, variations are not 
numerous, except in matters of detail. There can 
be no doubt of the practical success of this type of 
vehicle where the conditions suit the use of a coal- 
fired boiler and steam-engine, and the weight is not 
objected to ; since they have been put on rubber 


tyres they are capable of good s Water-tube 
boilers were li pened. ney ut no doubt they 
have advantages for special p 


Taking a general glance at the names of the 
various exhibitors # the Show, a matter which 
strikes one as needing consideration in the near 
- | future, is the question of how far it will pay makers 
to produce a great number of patterns of cars, and 
how far it will pay to standardise them. In America 
specialisation has been carried to a very = 
extent with satisfactory results, firms also build 
many thousand cars a year often. confining them- 
‘selves to only one model. In England the ten- 
| dency has been for firms, even of comparatively 





small size, to make many models, and this ten- 
dency was further accentuated in the recent Show, 
where some firms who make several types of 
—— car already showed ommeetl types. 
n the case of the smallest-size vehicles, such as 
taxi-cabs and very light delivery vans, there are, 
no doubt, some advantages in a firm making both 
the commercial and pleasure vehicles, as the same 
engines, gear-boxes, &c., may be used for both. 
Even in this case, however, it appears that there 
might be advantages in specialising in either one or 
the other, for though the general ments may 
be the same, there are certain to be differences in 
the detail requirements of the commercial and 
pleasure vehicles. In the case of the heavier 
vehicles, such as the lorries, however, the advan- 
tages of a firm making them in the same shop as 
pleasure cars a rs to be less and the disadvan- 
tages ote. he requirements of a heavy lorry 
and a pleasure car are so different that few parts 
could pt used for both. On the whole, therefore, 
it appears probable that a maker who confined his 
manufactures to lorries should be able to produce 
a better on> than a maker who spent part of his 
energies upon pleasure cars, unless, of course, a 
completely separate department were provided for 
the lorries, as is sometimes the case. 





THE COMMERCIAL MOTOR VEHICLE 
EXHIBITION. 
(Concluded from page 120.) 

ALTHOUGH we dealt somewhat fully with some of 
the exhibits in our issue of last week, and do the 
same with a further selection this week, it is clearly 
not possible that we should describe all the material 
that was shown at Olympia. There were, for 
instance, a large number of light delivery-vans of 
various types displayed on many of the stalls, 
some firms confining themselves entirely to this 
class of exhibit. These vans, while interesting in 
themselves, ye ree ey | in general very closely 
to touring-car chassis fitted with s hes 4 bodies, 
and as a consequence usually had ais in common 
with the type of car we deal with in detail in our 
notices of annual Motor-Car Exhibition. In 
any case, to keep these articles within reasonable 
length, we must confine them to the heavier class 
of vehicle that was shown. Even with this limita- 
tion the amount of material to be dealt with is so 
a that many interesting machines must receive 
e more than mention. 

In reviewing some of the exhibits of which we 
are unable to give illustrations it will be convenient 


to take the steam vehicles er. This was a 
class that was well o> meg there being some 
eighteen examples shown by some twelve different 


The type of steam-lorry and tractor that 


| may ‘be looked upon as a direct development from 
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the traction engine was shown, among others, by | 
Messrs, William Allchin, Limited, of Globe | 
Works, Northampton, who exhibited a 7-ton 
wagon fitted with an automatic coupling for con- 
necting a trailer; Messrs. Fodens, Limited, of 
Elworth Works, Sandbach, Cheshire, who showed 
three examples of their well-known vehicle ;| 
Messrs. W. Tasker and Sons, Limited, of Waterloo 
Iron Works, Andover, who had a 5-ton wagon 
and a 5-ton tractor; the Yorkshire Commercial 
Motor Company, of Pepper-road, Hunslet, Leeds, | 
who showed a 5-ton lorry with a mechanically | 
operated tipping body; Messrs. Richard Gar- | 
rett and Sons, Limited, of Leiston Works, | 
Leiston, who showed a 3-ton superheated - steam 
wagon ; Messrs. Aveling and Porter, Limited, 
of Rochester, who, in addition to a steam- 
motor wagon of their well-known type, also ex- 
hibited a 3-ton petrol-lorry ; Messrs. Ulayton and 
Shuttleworth, Limited, of Stamp End Works, Lin- 
coln, who showed a 3-ton wagon; and Messrs. 
Wallis and Steevens, Limited, of North Hants Iron 
Works, Basingstoke, who exhibited a light steam- 
wagon anda tractor. A steam-wagon was also shown 
by the S.M. Car Syndicate, Limited, of Hythe-road, 
illesden Junction, N.W., who exhibited a back- 
tipping wagon with a vertical boiler. A further 
steam-wagon was shown among the comprehensive 
display made by Leyland Motors, Limited, of Ley- 
land, Lancashire. 

We dealt in a general way with the exhibit of 
Messrs. Dennis Brothers (1913), Limited, of Guild- 
ford, in our article of last week, but had to defer 
detailed reference to their new War Office subven- 
tion model owing to considerations of space. This 
model, which we illustrate in Figs. 25 to 28, on 
pases 146 and 147, is of great interest, as it has 

nm approved by the War Office for subvention, 
although it is not strictly in line with their 
specification, having a worm-drive on the back 
axle in place of the bevel-drive called for. It is 
very appropriate that the approval of the worm- 
drive should have been made in connection with a 
vehicle of Messrs. Dennis’s build, the firm’s name 
having been so closely associated with that type of 
construction. The chassis weighs approximately 
3 tons, and has a pressed-steel frame, in accord- 
ance with modern practice. The engine has four 
cylinders, 110 mm. by 150 mm., cast in pairs, and F - - 
ives about 38 brake horse-power at normal speed. Fie. 29. Dovusite Carpan-Suarr Drive; THE AusTIN Company, LimITED. 
The R.A.C. rating is 30 horse-power. Lubrication 
is forced and by splash, and a speed-limiting en- 
closed governor is fitted. Water circulation is by 
pump. Gravity feed is adopted, and arrangements 
are made for running on paraflin after starting on 
petrol. 

The arrangement of the drive is well shown in 
Figs. 25 and 26, page 146. The clutch is of the cone 
type, with easily adjustable outside springs, while 
the gear-box is of steel and has a large cover carry- 
ing a smaller one, which may be quickly removed 
for filling purposes. The gear gives four speeds 
forward, with direct drive on the fourth speed, 
and one reverse. Ball-bearings are used throughout | 
the gear-box. Speed control is by a single lever of 
the gate type. The chassis has a special thrust 
cross-member, the position of which can be seen in 
Figs. 25 and 26. The duty of this member, which 
is mounted on rubber enclosed trunnions, is to take 
all thrust and torque loads, the load being applied 
through a large spherical head, which permits per- 
fectly free movement. A Mca: a enclosing 
the propeller shaft acts asa radius-rod. An en- 
closed universal joint is fitted between the thrust 
member and the gear-box. 

The rear axle, Fig. 28, is a steel casting fitted, as 
already mentioned, with a worm transmission. The 
centre, carrying the worm, worm-wheel, and differen- 
tial, can be easily removed without taking down the 


axles of wheels. The live axles may also be easily 
withdrawn. The wheels are of cast steel, those in| chassis which was exhibited that we would par- | into crown bevels bolted to the rear wheels. The 
the front being 35 in. in diameter, and those in the | ticularly direct attention to the rE eng made by | objects of the arrangement are to secure a low load- 
rear4lin. Double-enclosed expanding-type brakes | this firm. The special feature of this chassis is ing-platform and at the same time a good ground 
are fitted to the rear wheels, operated by hand and | the driving-gear, part of which can be seen in | clearance to eliminate the necessity for torque and 
foot. through independent shafts. The front axle, | Fig. 29, above. There are, however, other special |thrust-rods. Further, there is little unsprung 
Fig 27, is fitted with ball-thrust bearings, and the | features, such as the adoption of a lattice-girder| weight. The duplex springs for the rear axle form 
steering gear is of the worm and section type. An frame and duplex semi-elliptical springs to each | an integral part of the design. Theaxle is slung at 
undershield of steel is provided, which is easily | rear wheel. The drive, as will be seen from | each end between the two springs, forming a pair, 
detachable, and extends from the engine to beyond | Fig. 29, departs radically from general practice in|so that a low loading-line is preserved, while the 
the gear-box, protecting these parts from mud and that twin Cardan shafts are fitted. They are splayed, | advantages of double springs are secured. 
dust. The under clearance is about 114 in. and each drives on to one of the rear wheels.| Turning to petrol-driven vehicles, a large number 
Several firms showed motor-ambulances, among | The differential is of the usual type, but the | of excellent and varied displays call for mention. 
them the Austin Motor Company, Limited, of | differential-shaft is fitted with two bevel wheels. | Commercial Cars, Limited, of Biscot-road, Luton, 
Longbridge Works, Northfield, Birmingham. It 'These gear into other bevels on the Cardan shafts, for instance, had a stand including various chassis, 
is, however, in connection with the 2-3-ton lorry which at their rear ends gear by further bevels a char-a-banc, a tip-wagon, fire-engines, &c. The 








COMMERCIAL MOTOR VEHICLES. 



































Fic. 30. Comsivep Enaine anp Gear-Box ; Messrs. WHITE AND Poppe, Limtrep, Coventry. 
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Messrs. Durham, Churchill and Co., of Hallamshire 
Motor Works, Grimesthorpe, Sheffield ; Berliet 
Motors, 40, Sackville-street, London, W. ; Milnes- 
Daimler-Mercedes, Limited, 132, Long Acre, London, 


W.C.; Messrs. H. Buessing, of Brunswick, 
Germany ; Messrs Clayton and Co. (Huddersfield), 
Limited, of Union Works and Standard Works, 
Huddersfield ; the British N.A.G. Motor Com- 

any, Limited, of 4, Great Marlborough-street, 

ondon, W.; and the M.A.L.D.A. Motor Associa- 
tion, of 31, Finsbury-square, London, E.C., with 
D.A.A.G. vehicles; and Berma Commercial Motors, 
Limited, of Avonmore - road, West Kensington, 
London, W. All these firms showed either 5-ton or 
6-ton models, which, in general, had chain transmis- 
sion, although the 6-ton Milnes-Daimler-Mercedes 
chassis and the 5-ton Berma vehicle had a pinion 
and spur-wheel drive on the road-wheels. 

Coming to firms which showed 3-ton to 4-ton 
models, we should mention Belsize Motors, Limited, 
of Clayton-lane, Clayton, Manchester; Messrs. 
F. B. Goodchild and Co., Limited, of 16, Wigmore- 
street, London, W.; Napier Motors, Limited, of 
Acton-vale, London, W.; the Albion Motor-Car 
Company, Limited, of Scotstoun, Glasgow; Messrs. 


1}-ton worm-drive chassis, both strip and 
mounted with a private-bus body; Argyll’s, Limited, 
of Alexandria, Scotland, who showed a 2-ton 
chassis, in addition to delivery vans, &c.; and 
the Star Engineering Company, Limited, of Fred- 
erick-street, Wolverhampton, who had delivery- 
vans and a 2-ton chassis. Minerva Motors, Limited, 
of Chenies-street, London, W., come to the front 
in the section with which we are now dealing by 
virtue of the 14-ton examples they exhibited. They 
also, however, showed a very interesting 3-ton 
chassis, which should be mentioned ; in it the drive 
was transmitted to the road wheels by two 
transverse shafts, carrying pinions which drove in- 
ternal gear-wheels on the road wheels. To conclude 
our notice of the Vehicle Section, we may refer to 
the 15 and 30-seater passenger cars shown by 
Messrs. Stagg and Robson, Limited, of Selby, 
and the interesting aeroplane repair and wing- 
carrying cars shown by Messrs. Delahaye and Co., 
Limited, of 119, Finsbury-pavement, London, E.C. 
We hope to refer more in detail to these latter 
exhibits next week. 

We have already made reference to some of the 
stalls in the gallery, and in general we are unable 























single wing-nut, are placed over the tappets, and 
may very easily removed for adjustments. A 
White and Poppe carburettor and a Bosch magneto 
are fitted. The crank-shaft, as will be seen, has 
three bearings, while the starting-handle clutch 
is clearly shown in Fig. 31. This figure also 
illustrates the type of piston and connecting- 
rod used. The engine is jacketed, the jacket ex- 
tending over both valve-chambers. Thermo-syphon 
cooling is used. The lubrication is very ingenious, 
the fly-wheel acting as an oil-pump. The lower 
section of the casing in which the bottom of the 
fly-wheel runs, and which is indicated in section 
in Fig. 31, formsan oil-well. The fly-wheel running 
in this well picks up the oil on its edge and carries 
it to the upper part of the casing, where it is caught 
by vanes, which direct it to distribution pipes lead- 
ing both to the engine and gear. The oil after 
service gravitates back to the oil-well through 
filters. The big ends of the connecting-rods, as 
will be seen, are lubricated by dippers, which lift 
oil from special channels formed in the casing. 

The clutch is of the multiple-disc type, and its 
arrangement, together with that of its operating 
pedal, will befollowed from Fig. 31. This figureshows 
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De Dion Bouton (1907), Limited, of 10, Great 
Marlborough-street, London, W.; the Société des 
Automobiles Brasier, of 77 and 78, High-street, 
Marylebone, London, W.; Scout Motors, Limited, 
of Salisbury, Wiltshire ; the McCurd Lorry Manu- 
facturing Company, Limited, of Store - street, 
Tottenham Court-road, London, W.; and Morgan 
and Co., Limited, of 127, Long Acre, London, 
W.C., who showed Adler vehicles. In this connec- 
tion we should also mention Messrs. W. A. Stevens, 
Limited, of Maidstone, who showed several of their 
well-known petrol-electric vehicles, including a 
3$-ton lorry, of the type supplied to the War Office. 
In these somewhat lighter vehicles there was less 
evidence of general adherence to the chain trans- 
mission, and many worm drives were to be seen, 
some firms using different arrangements on 2-ton 
and 3-ton vehicles. Before leaving the chassis up 
to 3 tons or so, we should say thata fine display was 
made by the Wolseley Tool and Motor-Car Com- 
pany, Limited, of Adderley Park, Birmingham, 
with which we hope to deal in later issue. 
Coming now to lorries of 1 to 2 tons capacity, 
we may refer to the exhibits of Messrs. Thomas 
'Tilling, Limited, of Bull Yard, High-street, Peck- 
ham, London, 8.E., who showed some worm-drive 
chassis, characterised by a fine finish and work- 
manlike appearance; Bayard Cars, Limited, of 
98, High-street, Marylebone, London, W., who 
exhibited, among others, a 2-ton chain-drive chassis 
of the type subsidined by the French Govern- 
ment; the Siddeley-Deasy Motor-Car Company, 
Limited, of Parkside, Coventry, who showed a 





to deal further with them. We must content our- 
selves with saying that an excellent display of 
driving-chains, =F nee speedometers, &c., 
was made. We would like, however, to mention 
that engines were exhibited by Messrs. W. H. 
Dorman and Co., Limited, of Stafford ; the Aster 
Engineering Company, Limited, of Wembley, 
Middlesex ; Messrs. 4 lor and Sons, Limited, 
of Belle Isle, York-road, London, N.; and Messrs. 
White and Poppe, Limited, of Lockhurst-lane, 
Coventry. 

We illustrate an interesting combined engine and 
gear-box by the last-named firm in Figs. 30 and 31, 
on pages 148 and 149. The engine, while possessing 
much in common with Messrs. White and Poppe’s 
other well-known models of larger size, embodies 
many individual points of great interest, some 
being necessary simplifications in an engine of 
small size, and others following from the combined 
engine and gear-box construction. 

he engine, as will be seen, has four cylinders 
cast together, the bore being 60 mm. and the 
stroke 90 mm. The inlet and exhaust-valves are 
placed on opposite sides of the engine, which saves 
the crowding of eight valves into a comparatively 
small space, and at the same time ensures very 
efficient scavenging. The two cam-shafts, as can | 
be seen from Fig. 31, are driven by spur-gearing 
from pinions on the crank - shaft immediately in 
front of the fly-wheel. The valve tappets have 





adjustable fibre heads, and are fitted with rollers | 
at the bottom for working on the cams. The valves_ 
are interchangeable, Simple covers, held by a 


one of the spiral springs which release the clutch. 
They are neatly fitted into holes in the fly-wheel. 
The pedal-returning spring is also shown at the top 
of the casing in Fig. 31. The gear-box gives three 
speeds forward and one reverse, the top speed being 
direct-drive. There are two sliding-wheels on the 
main shaft operated by forks, which are indicated 
by dotted lines in Fig. 31. To obtain the direct- 
drive top speed the front wheel is moved forward 
so that its internal teeth gear into the external 
teeth on the main sleeve, which is secured to the 
intermediate piece of shafting between the clutch 
and gear-box. The method by which the two lower 
speeds are obtained from the two sliding-wheels 
will be quite clear from the figure. Reverse is 
obtained by moving the back sliding-wheel into gear 
with the wheel of the second counter-shaft, which 
is situated behind the one shown in the figure. 
Part of the gear-wheel of the second counter-shaft 
is shown at the right-hand end of the gear-box in 
Fig. 31. Other details will be clearly understood 
from the figure, such, for instance, as the provision 
of the rear universal coupling and the tubular sup- 
port, which is carried through the upper part of the 
gear-box and projects each side for the purpose of 


| mounting on a car. 


A detail of great importance to the motor-using 
= both commercial and private, is the stan- 
isation of the rims used for the pneumatic 
tyres. That the tyre and rim should exactly fit 
each other is a necessity, for if there is the very 
slightest friction between the bead of the tyre and 
the rim, it takes a very short time for the rim to 
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cut right through the cover, when the latter becomes 
useless. So rapid, in fact, may this action be that 
instances have occurred where a new cover has 
been completely ruined in less than 50 miles. As 
long as the cover and rim are supplied by the same 
maker, there ought, of course, to be no difficulty, 
but in practice it is usual to buy covers from 
different makers, according to requirements, and 
to fit them on to rims supplied by the makers 
of the car, on the assumption that if of the same 
nominal size they will fit satisfactorily. 

It has been found, however, that there is a con- 
siderable difference in the exact shape of the rims 
supplied by different makers, and that therefore 
there would be great advantages in having a stan- 
dard. The Society of Motor Manufacturers and 
Traders has accordingly gone carefully into the 
matter, and, after measuring various rims and 
tyres, has issued drawings of standard section 
rims for tyres from 65 mm. to 135 mm. diameter 
inclusive. We publish these in Figs. 32 to 36, on 
the opposite page, and it is to be hoped that all 
makers of both rims and tyres will conform to them. 





INDUSTRIAL NOTES. 

Tue labour situation at Johannesburg at the end 
of last week was not reassuring, as it was then known 
that the terms offered to the men were not acceptable 
to the Trade Federation. They were not considered 
adequate, and unless the full demands of the men were 
granted, it was decided to proclaim a general strike 
throughout South Africa. It is stated that the 
Chairman of the Labour Party in the House of 
Commions had been cabled to with the object of getting 
him to protest ‘‘ against the mobilisation of troops on 
the Rand in the interests of the mine-owners,” which 
indicates that the Federation wishes, in case a general 
strike begins, to have things all its own way. The 
men do not appear to recognise the fact that troops are 
not posal vase in the interest of the mine-owner in par- 
ticular, but in the interest of the public at large, who 
have a perfect right to have intimidation, rioting, and 
outrage put down with a strong hand. Should the 
Government decline to accede to the demands of the 
Federation, the officials of the latter state that the 
threatened strike will be called, but that the date 
of it will be kept secret. Substantial concessions 
had been made to the railwaymen, and a stron 
Commission has been promised for the investigation o 
the miners’ and other grievances, but the Labour men 
appear to think that the Government must surrender 
completely to them. One of the ditticulties is the 
question of working hours, the men maintaining that 
eight hours from bank to bank, with 30 minutes for 
winding, is equivalent to 84 hours from bank to bank. 
Winding, they say, should be included in the eight 
hours, in addition to which a minimum wage is 
demanded. Another matter that has added to 
the difficulty is that the Kleinfontein management 
have declined to make any alteration in the hours of 
the underground pipe-fitters and track-layers. 

Matters have improved since last week, and there 
is less likelihood of a general strike succeeding. No 

rticular move has been made by either A ng i but 
inflammatory speeches continue to be made by the 
leaders of the men, while the Government quietl 
continue to perfect their arrangements to meet all 
eventualities. It appears that the Government has 
definitely declined to reconsider the labour demands, 
and they are waiting for the next move on the 

rt of the men’s representatives. They are said, 
conde to have been genuinely desirous of effect- 
ing a settlement, and a made what they cou- 
sider substantial concessions to the mine-workers, 
and strong commissions of inquiry have also been 
promised to deal with those grievances that could 
at once be settled. The concessions are, however, 
not thought adequate by the men’s representatives, 
and the commissions are looked upon as a means 
of putting them off. This, of course, means that 
there is a deadlock, the Government feeling that 
they have done their uttermost, while the men 
continue to ask for more. The Government now 
regard it as their duty to take every possible measure 
for the maintenance of law and order, and to protect 
the railways if necessary. It is expected that, in case 
of a general strike being ordered, many of the railway 
men will remain loyal. The most important lines to keep 
open are the Pretoria-Johannesburg, the line to Ca) 
Town and that to Durban. An armed force will 





pone on each train, and a pilot engine will go in 
ront for fear of dynamite, the weak places on the | 
lines being strongly guarded. Although preparations | 
have been made to guard the railways pares saga 
the Colony, it is hoped that it may possible to 
confine it to the Transvaal. Should a strike commence | 
martial law will be at once declared in the strike areas, | 
each district being in charge of a martial law officer, | 
who will have extraordinary powers. Johannesburg | 


will be chiefly held by mili and police, and build- 
y y tary os 


ings will be protected against dynamite and other 
attacks. At the same time the natives in the mines 
will be marched overland to their territories. The 
native danger is, of course, a very grave one, but the 
Government hope that they have prepared for all 
emergencies. At the time of going to press it was 
reported that the Government proposals had not been 
altogether rejected, and that the situation was more 
hopeful. 





The Town Moor, Newcastle-on-Tyne, was, on Sunday 
afternoon last, the scene of a meeting of local railway 
workers, the chief points under discussion at the 
demonstration being a working day of eight hours for 
all grades, and an advance of 2s. a week. It was 
particularly desired that the demonstration should be 
effective, and with this object in view the Newcastle 
District Council, under whose auspices the meeting 
was held, secu representatives from Berwick, 
Carlisle, and York, as wellas from many places in 
between. After an hour’s speech-making from three 
platforms a uniform resolution from each of these was 
put forward and carried. The resolution was :— 
‘*That this mass meeting of railwaymen and other 
trade unionists believes it is absolutely unnecessary 
in order to produce sufficient for his needs for any 
one to labour more than eight hours each week-day, 
and hereby declares that all that can be done shall 
be done to secure an eight-hour day for all railway- 
men ; and we ask all our workers to join at once their 
respective trade unions with a view to making eight 
hours for six days each week the maximum hours.” 


According to the Daily Citizen, trade unionism con- 
tinues to make headway in Austria. During 1912 no 
fewer than 4378 railwaymen left their union solely on 
account of an anti-German agitation. The total 
number of members in 54 central and 23 local unions 
was 428,363 in 1912, as compared with 421,905 in 
1911, an increase of 6458. Of the total membership 
50,416 were women or girls. Arranged according to 
nationalities the trade unions are classed as follows : 
Germans, 322,000; Czechs, 70,000; Poles, 20,000; 
Italians, 9000 ; Slovaks, 6000 ; and Ruthenians, 1000. 





The strike of workers of explosives at Stowmarket 
shows no signs of settlement. Hopes have from time 
to time been raised that the end was approaching, but 
they have so far always been dispelled. any 
labourers have been receiving 15s. 11d. a week, and 
subscriptions for the strikers continue to come in. 
Recent voting regarding arbitration by the Board of 
Trade showed a proportion of 292 to 1 in favour of it. 


The building labourers’ strike in Doncaster is now 
in its third week. Its object is to obtain an in- 
crease in the wage rate of ld. per hour, and altera- 
tions to the working rules. An offer of the men to 
submit the matter to arbitration is said to have been 
declined by the masters. 








On Tuesday last, the 29th ult., what is said to be 
the largest and most representative conference that 
has ever been held by the Miners’ Federation of Great 
Britain was opened at the Westminster Palace Hotel. 
It was held to consider questions of providing funds for 
political action, surface-workers’ wi and commis- 
sions, as well as the question of the three-shift system 
in Northumberland. There were present 139 delegates, 
who represented a paying membership of 600,000. 
The following resolutions were unanimously proposed 
and adopted :—‘‘ That the rules of the Federation be 
altered by the addition of the rules by ballot under 
the Trade Union Act, 1913, to be approved by the 
Chief Registrar of Friendly Societies, and that a ballot 
be taken in accordance with such rules on a resolution 
quis the furtherance of political objects within 
the meaning of the said Act as an object of the Union,” 
and, ‘‘ That if a majority of the members cof the 
Federation voting on such ballot such resvulution, 
the rules of the Federation be further altered by adding 


the rule for the political fund of the Federation to | p, 


be approved by the Chief Registrar of Friendly 
Societies.” The secrecy of the ballot will be safe; ed 
as much as possible. The question of giving financial 
assistance to the 7000 miners who have been thrown 
out of work by the strike at the Leith Docks was 
considered, although the rules of the Federation 
preclude strike-pay being given. 

The conference was continued on Wednesday, the 
subject of a long discussion being the question of 
wages and the condition of the surface-workers. The 
following resolutions were carried :—(1) ‘‘ This con- 
ference hereby confirms the resolution by the 
annual conference of the Federation held at Swansea 
last year in connection with the necessity for fixin 


|@minimum wage of not less than 5s. per day for a 


surface-workers ; but in view of the immediate need 
for steps being taken in improving the conditions 
of this class of labour, we claim at once an increase 
of 15 per cent. on the rate of wages payable 
in February, 1912, for surface-workers who are 
members of this Federation, Where, since Feb- 





ruary, 1912, separate advances have already been 
obtained other than the general advances secured 
under the various Conciliation Board ments, we 
seek the additional amount that may be necessary to 
bring the separate advances up to 15 per cent. 
Further, as a federation, we endeavour to get these 
workmen included in the Right Hours and Minimum 
Wage Acts. (2) That in order to put this resolution 
dealing with surface-workers’ wages into operation, 
members in all districts seek an immediate interview 
with their employers with a view to securing these 
advances and to report the result to the gueeal secre 
tary not later than August 30.” 

The three-shift question in Northumberland was also 
discussed. 





There will be the usual stop-week in August 
throughout the tin-plate industry in South Wales, 
which employs 28,000 hands. A ballot had been 
taken on the question whether there should be an 
extra stop-week throughout the trade in September in 
consequence of trade depression, but the result did 
not warrant a stoppage. 





It looks as though there might be a strike of sub- 
postmasters. In view of the continued delay on the 

rt of the Postmaster-General in dealing with the 
| arse of the men for higher wages on account of 
the extra work that is required owing to the Insurance 
Act, the sub-postmastere, according to the Times, 
have decided that unless they receive a satisfacto 
settlement by September 1 next they will not sell 
insurance stamps after that date. An offer has, it is 
understood, been made by the Postmaster-General 
which has been refused. 





Sm W. G. Armstrone, WHitwortH anp Co.—Some 
600 acres have m secu by Sir W. G. Armstrong, 
Whitworth and Co., Limited, at Barlow, east of Selby, 
in the East Riding of Yorkshire. The object of the 
pene was to obtain a site for new works, which will 
employ 1000 hands. The Armstrong Company also pro- 
poses to erect 500 cottages at Barlow. 


INTERNATIONAL ELECTROTECHNIOAL CoMMISSION.— A 
meeting of the International Electrotechnical Commission 
will be held in Berlin from September 1 to 6. There is 
every likelihood of the delegates being present in large 
numbers. The special committees on nomenclature, 
symbols, rating of electrical machinery and prime movers, 
whic! ve working continuously since the Turin 
meeting of 1911, are to hold meetings in Berlin prior to 
those of the full Commission, in order to have a further 
opportunity of say | the latest modifications to their 
reports suggested by the National Committees. The 
result of these meetings will be embodied in the reports, 
which, thus modified, will be considered at working 
sessions of the whole Commission. en to in 
their final form, they will be submitted to the 
meeting for ratification. It is hoped that at the official 
opening, which will take place on Wednesday, Septem- 
ber 3, a distinguished German official will present the 
address of welcome to the foreign delegates. A banquet 
is to be given by the German Committee the same 
evening. It is also probable that the honour of the 
Presidency of the Commission, which would have been 
conferred on M. Mascart, had he lived, will be offered to 
an eminent French electrical engineer by the Council of 
the Commission at its closing meeting on September 5. 
On the Saturday, an all-day excursion is to be arranged, 
which should prove a very pleasant relaxation after the 
week’s strenuous labours. Further information can be 
obtained from the general secretary of the Commission, 
Mr. C. Le Maistre, 28, Victoria-street, Westminster, 8. W. 


LARGE ANNEALING FuRNACcE.— Messrs, Curran Brothers, 
Cardiff, inform us that they have just booked a contract 
with the Darlington at Company, Limited, Darling- 
ton, for what will probably be the largest steel-casting 
annealing furnace in the United Kingdom. The interior 
dimensions are 48 ft. by 18 ft. 6 in. by 11 ft. 6 in., with a 
D ..-74 projecting chamber 13 ft. 6 in. by 11 ft. by 
9ft. This furnace will accommodate the largest stern or 
rudder-frame yet Seatgued, and will anneal single castings 
weighing 75 tons. e following analyses made by 
rofessor C. K. Tinkler, of Birmingham, of samples of 
gas taken from one of Messrs. Curran’s patent furnaces 
with an open chamber of a reverberatory type, show that 
these furnaces are perfect in regard to combustion and 
the heat treatment of metals :— 


First Sample (Taken in Course of Ordinary Working, 
after Stoking with Breezes, &c.). 











Per Cent. 
Carbon dioxide .. 9.5 
Oxygen .. .. 9.9 
Carbon monoxide nil 
Sulphur dioxide - trace 
Nitrogen (by difference 80.6 
100.0 
Second Sample (Taken 5 Minutes after Stoking with 
+ Cwt. of Coal), 
Per Cent. 
Carbon dioxide .. 10.2 
Oxygen .. oe 9. 
Oarbon monexid nil 
Sulphur dioxide os trace 
Nitrogen (by difference 80.0 
100. 
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MOTOR- STARTING 


GEAR WITH ARC-PREVENTING 


INTERLOCK. 


CONSTRUCTED BY THE ADAMS MANUFACTURING COMPANY, LIMITED, ENGINEERS, BEDFORD. 














Fie. 1. 


Tux illustrations given above show two examples of 
motor-starting gear fitted with the patent arc-pre- 
venting interlock which has been developed by the 
makers, the Adams Manufacturing Company, Limited, 
of Bedford. Although this interlock has been manu- 
factured for some years and has been largely used, it 
does not seem to be so widely known as its merits 
warrant. It consists essentially of a device for re- 
moving all main circuit-making and breakiog from 
the resistance contacts of a motor-starter to a special 
automatic circuit-breaker. The use of the device 
prevents all burning of the starter contacts even if 
the starter handle be sto during its forward travel 
and moved backwards. The arrangement also allows 
of the construction of starting panels controlled by a 
tingle handle, the movement of which first closes the 
main circuit and then cuts out the starting resistance. 
Such a panel is shown in Fig. 1. 

The aro-preventing interlock itself forms but a 
small attachment to a notor-starter and hardly 
modifies its general a rance, It can, however, be 
seen on the lower side of tne centre of the starter 
arms in the two figures. It may briefly be said to 
consist of a small porcelain eccentric pivoted on the 
arm and running over one of a pair of sector-sha 
contacts. The second sector-shaped contact makes 
eleetrical connection by means of a slider, with a 
metal part fixed on one side of the porcelain eccentric. 
A circuit is taken from these two contacts to an auto- 
matic magnetic blow-out cirouit-breaker. The breaker 
may be single-pole only, as in Fig. 2, or —— 
breaker may be fixed on each pole, as in Fig. 1. In 
the latter case, as in the figure, the breakers may 
serve as the main switches of the panel. 

The interlock operates in the following way : When 
the starter-arm is in the off position, as in the 




















Fig. 


figures, both the main circuit and the shunt circuit 
through the eccentric are broken. When the arm is 
moved forward, however, the eccentric rolls on its 
sector-shaped contact, so that its metal part comes on 
to its lower side. This at once completes contact 
through the operating coil of the automatic switch. 
This then closes, making the main circuit, and 
remains closed as the starter-arm is moved forward 
over the resistance contacts. If, however, for any 
reason the arm is moved back, the porcelain eccentric 
at once rolls round in the reverse direction from before, 
and lifts its metal part from the sector-shaped 
contact. This breaks contact through the operating 
coil of the sutomatic switch, which at once opens, 
taking all arcing which otherwice would come on the 
resistance contacts. This happens whenever the arm 
is moved backwards. 
to close the automatic main switch it is always neces- 
sary to bring the starter-arm back to its starting 
position, so that the motor must always be started 
with all resistance in circuit. In addition to the 
main-switch duty already dealt with, the automatic 
switch is fitted with an overload coil, so that it 
serves the — of a main-circuit breaker, which 
operates not only for ordinary overloads, but also if the 
starting resistance is cut out too quickly. This is, of 
course, equivalent to a loose-handle arrangement. As 
will be clear from what has already been said, the 
starter-handle of the gear shown in Fig. 1 forms the 
only handle provided, and serves both to close the 
main switch and cut out resistance. The arrangement 
is obviously of great value in rendering mistakes im- 
possible. The gear shown in Fig. 2 is an inchin 

starter for a printing machine, and would in guna 
be — in conjunction with an independent main 
switch. 





A NEW METHOD OF COOLING GAS- 
ENGINES.* 


By Professor BerrramM Hopkinson, F.R.S., Member, 

of the University of Cambridge. 

The Problem of Cooling.—The most important pecu- 
liarity of the gas-engine, that which determines the 
characteristic features of its design and operation, is the 
heat-flow from the hot into the cylinder-walls. 
About 30 per cent. of the heating value of the fuel passes 
into the metal of the engine in this way, and it is neces- 
sary to provide means for its removal as fast as it goes in. 
In all engines hitherto made (except the small air-cooled 
engines) the removal of the heat has been effected by the 
circulation of water round the cylinder, and (in trees 
engines) in the substance of the piston and exhaust-valve. 
External water-cooling is the ultimate cause of most of 
the disadvantages under which the gas-engine has hitherto 
laboured and which have retarded its development in 


* Paper read before the Institution of Mechanical 
Engineers, at Cambridge, July 29, 1913, 





It should also be noted that}; 
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oy sizes. It is obvious that the provision of a jacket, 
and of the elaborate appliances necessary for the circula- 
tion of water in the moving piston and exhaust-valve, 
must be largely responsible for the great weight and cost 
of large engines of this type. 

For many purposes these disadvantages might not in 
themselves be serious, having regard to the superior 
economy, were it not that there are secondary effects of 
this method of cooling which tend to make a large engine 
unreliable in working. In order that the heat may be 
caused to flow from the inner surface of the metal, where 
it enters, to the outer surface, where it is removed, there 
must bea difference of temperature between these sur- 
faces proportionate to the thickness. The necessary 
difference is of the order of 50 deg. Cent. per inch, and 
while not of much moment in small engines, it may 
become serious in large sizes, where the cylinder-walls are 
in nay 3 in. thick or more. Furthermore, it is difficult 
in large engines to secure an adequate circulation about 
all parts of the cylinder-walls and piston, and some a 
may become much hotter than others. The inequalities 
of temperature so set up in the metal are detrimental in 
two ways. In the first place they cause stresses, which 
are very liable to crack a casting already (by reason of 
the double wall required to form the jacket) difficult 
enough to design and manufacture. Secondly, the over- 
heating of certain ts of the inner surface, whose tem- 
perature, as pointed out, is much above that of the water, 
1s apt to cause pre-ignition of the charge, especially if 
deposits of carbon or tar are formed. Such deposits on 
a surface already overheated may, owing to their poor 
conducting power, easily reach a temperature sufficient 
to fire the charge before the proper time. Pre-ignitions so 
caused, apart from their effect in reducing the efficiency 
and power of the engine, are a source of danger, because 
they cause an excessive development of heat, especially in 
the neighbourhood of the pre-igniting point, and also 
result in higher maximum pressures. In consequence of 
the dangers of overheating, it has been found impossible 
to work gas-engines, especially of large size, continuously 
at the maximum power which they can develop. In order 
to obtain at all satisfactory results it is necessary to use 
weak mixtures, and even so, trouble is apt to arise for the 
reasons stated. If it were possible to allow large gas- 
engines to work continuously at the maximum power 
which they are capable of developing for short periods, 
the cost per horse-power would be reduced by from 20 to 
40 per cent. : 

Cooling by Internal Injection.—When once these diffi- 
culties, and their cause, have been clearly stated, it seems 
fairly obvious that they can be overcome by applying the 
cooling medium on the inside of the cylinder instead of 
to the outer surface. If water can be injected internally 
song the surfaces to be cooled, the heat is removed on 

+ side of the metal on which it is generated, an 
therefore there is no heat-flow through the metal and no 
difference of temperature between the inner and outer 
surfaces. The water may be distributed by means of 
jets, so that each part receives it in proportion to the 
rate at which it receives heat from the hot Thus 
the engine can be maintained at substantially the same 
temperature all over, and the stresses due to unequal 
heating may be eliminated. A simple single- ed 
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casting can be used for the cylinder, resulting in a great 
saving in —_ and cost, and in improved reliability on 
account of the elimination of casting stresses. e 
arrangements for cooling the piston, which are necessary 
in large engines, can be dispensed with—a — of t 
importance, because these arrangements, ides being 
costly, oe ee ag give trouble, and their failure may 
easily result in i the engine. Finally, pre- 
ignitions are entirely prevented, for even a thick deposit 
of carbon, being cooled by the projection of water against 
the surface into which the heat flows, is kept at a tem- 
perature much below that full red heat which is necessary 
to fire the charge. 

The idea of introducing water into an internal-combus- 
tion engine is not new. It is a common practice in oil- 
engines to introduce water along with the oil in order to 
penn | compression » - raised, on water has been 
sprayed into gas-engines for the purpose of preventing pre- 
ignition. Proposals have also been made to introduce water 
for the a a of cooling parts of the metal. Noneof the 
latter, however, has been a practical success, if, indeed, 
they ow oe an Seep than yy on paper, 
apparently use their originators did not appreciate 
the conditions which must be satisfied if the’ injected 
water is to act as an effective cooling agent. Of these the 
most important is that the water must be projected in 
comparatively coarse drops or jets directly against the 
surfaces to be cooled, so that it reaches these surfaces in 
the liquid form without much loss by evaporation on the 
way. Further, it must be distributed properly, so that 
each ion of the metal receives water in the proportion 
in which it receives heat. Ifthe water be turned into 
steam before reaching the metal, it will not exert any 
cooling effect, except indirectly by lowering the tempera- 
ture of the flame, and such lowered temperature is 
accompanied by a considerable loss of efficiency.* If the 
water is not properly distributed, those portions of the 
cylinder-walls and piston which do not receive an 
adequate supply must lose by conduction to the properly- 
cooled portions the heat which they receive, and, in con- 
sequence of the inequalities of temperature so set up, an 
eee advantage of this method of cooling (substan- 
tially uniform temperature) is lost. It is of no use to 
inject the water in a fine spray produced by an atomiser, 
or to introduce it into the gas or air-pipe, so that it is 
carried in suspension in the incoming charge or (as is 
often done in oil-engines) to spray it in along with the 
oil. Though some of these devices have proved useful 
for the prevention of pre-ignition and for the softening 
of the explosion, none of them is effective for the pur- 
pose of cooling. For that purpose it is necessary to 
project the water positively and directly against the 
metal surfaces by means of properly arranged nozzles in 
a rose, or its equivalent, projecting into the combustion- 
chamber. 

The method of internal injection described in this 
paper embodies this principle. Cold water is injected 
— a hollow casting projecting into the combustion- 
chamber and provided with a number of holes or small 
nozzles about 3; in. in diameter. The jets so formed are 
com tively coarse, so that even when projected into 
the flame the water reaches the part of the wall against 
which it is directed, with but little evaporation on the 
way. The jets are directed to all parts of the surface of 
the combustion-chamber and against the face of the 
piston. 

The projection of liquid water against the walls, and the 
proper distribution of that water, are the first essentials 
of effective cooling by water-injection; but there are 
other conditions which must be satisfied in order that the 
system may be a practical success. It is the experience 
of all who have had much to do with gas-engines, that 
whenever liquid water has, by accident or design, 
allowed to accumulate on the inner surface of the cylinder, 


* As there exists, even now, some misapprehension 
— this point, it may be well to explain it rather more 
y: 
evaporation would absorb, say, one-tenth of the heat of 
combustion is injected into the cylinder at the moment 
of explosion, and that the whole of this water is evapo- 
rated in the flame and before it reaches the walls. The 
effect on the flame temperature will be substantially the 
same as though the supply of the combustible gas 
been diminished by the amount required to evaporate the 
water—that is, in the ratio of 10 to 9—and there will be a 
corresponding reduction both in the flame temperature 
and in the flow of heat from the hot gases to the walls 
Thus the heat which must be removed by the jacket-water 
or by evaporation of liquid on the walls will be reduced 
by roughly one-tenth of itself, or, say, from 30 per cent. 
of the heat of combustion to 27 per cent. The absolute 
reduction in heat-flow is only of the order of one-third 
of the heat of eva ion of the water, and it is cb- 
viously impossible by this means to reduce the heat-flow 
to such a point that an external water-jacket can bo 
sed with. Moreover, evaporation of water in the 
flame is accompanied by a considerable reduction in 
thermodynamic efficiency, because the suppression of the 
heat required for a ee of the water is only 
very partially coun by the added pressure due to 
the formation of the steam. ug’ 7 any 
reduction in heat flow due to evaporation of water in the 
flame must be accompsnit a reduction of the same 
order of magnitude in the work done. 
_ On the other hand, water which reaches the walls in the 
liquid form and is there evaporated absorbs out of the heat 
given to the walls by the gas the whole of its own heat of 
evaporation, and there is no loss of thermodynamic effi- 
ciency, because the heat used is waste heat which in a 
jacketed oe would go to warm the cooling water. 
Any steam formed in this way is pure gain, and, if any- 
thing, there is an increase in the work done. 


Suppose that water to such an amount that its es 





it has been found to have very deleterious effects. Most | 
jucer-gas contains a certain portion of sulphur 
dioxide. jis dissolves very readily in cold water, form- 
ing sulphurous acid, which rapidly corrodes any metal 
surface with which it may be in contact. Thus, if the 
cylinder-walls are allowed to become and remain wet, 
ey are rapidly destroyed by corrosion. Even when the 
gas does not contain sulphur dioxide, liquid water spoils 
the working of the engine by washing away the lubricant. 
_ When the author first began to consider the use of | 
internal injection as a means of cooling, these difficulties 
of corrosion and lubrication seemed to be an insuperable 
bar, until it occurred to him that they could probably be 
overcome by the simple device of regulating the amount | 
of water injected in such a way that the temperature of 
the whole of the engine is kept well above 100 deg. Cent. 
Under such conditions (which, of course, are only rendered 
possible by the absence of all external water-cooling) 
every drop of injected water is boiled when it reaches the 
walls, and no —— can accumulate. The large drops of 
water projected from the nozzles can dissolve but little 
gas on their way to the walls, for their surface is rela- 
tively small an 


they are only in contact with the gas 
for a fraction of asecond. What little they do absorb is 
at once driven off when they strike the hot metal, 
because the water is almost instantly converted into 
steam. That corrosion may be completely prevented 
in this way has been proved by actual trials, of which 
further particulars are given later. 

The practical application of this system of cooling has 
been much facilitated by a discovery made by the author 
soon after he began experimenting with it. It was well 
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known from the experiments of Dr. Dugald Clerk, the 
author, and others, that the rate of heat-flow from the 
gas into the metal is far more rapid at, and soon after, 
the moment of ignition than at any other time. It 
seemed likely from these experiments that for practical 

ur the heat-flow into the barrel of the cylinder 

uring the last three-fourths of the ex ion stroke 
might be so small com with that in the first period 
that direct cooling of this portion of the cylinder could be 
dispensed with altogether. This anticipation has D 
found to be correct. It is sufficient to inject water on to 
the surface of the combustion-chamber and the head of 
the piston only, the whole of the cooling of the barrel 
ing effected by conduction into the piston, which is 
itself kept cool by the projection of water on to the head 
when it is near the in-centre. This, of course, is the 
opposite of what occurs ina jacketed engine, in which the 
heat flows from the piston into the jacketed barrel. By 
taking advantage of this fact, the application of water is 
confined to places where it can do no harm, none falling 
on the sliding surfaces. This is a point of some import- 
ance if the water contains much dissolved matter. The 
experimental engine described below has been worked 
for some thousands of hours, and is now working with a 
very hard water containing about 0.35 gramme of salts to 
the litre (254 grains to the on), so that the surface of 
the combustion-chamber and the face of the piston have 
become thickly encrusted with salts. Yet no trouble 
whatever has arisen, because no water has been allowed 
to fall on the sliding surfaces. The absence of pre-igni- 
tion under such conditions is also noteworthy,.and shows 
the efficiency of this method of cooling. 


Taiacs or 50-Brake-Horse-PowEr ENGINE. 


Description of ine and Injection Apparatus.—In 
order to put pay 4 to a practical test, a Crossley 
engine, 114 in. in diameter, with a 21-in. stroke, rated at 
40 brake horse-power (with coal. gas) at 180 revolutions per 
minute, was fitted with a new cylinder consisting of a plain 
barrel without any water-jacket. The valve motions were 
retained, and the valves and the shape of the combustion- 
chamber were the same, the only cha: being the re- 
moval of all external water-cooling. It was therefore 
possible to make an accurate comparison between the 
performance of the engine with the new system of cool- 
ing, and the results of the measurements of fuel economy 
and the temperatures of the piston and other parts of 
engine which had been made by the author on the same 
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engine when jacketed.* The compression ratio in the 
engine is 6.37, giving a com ion pressure of about 
175 lb. per sq. in. absolute. is is higher than is usual, 
and proved, when the engine was jacketed, to be too 
high for ordinary practical working. The successful 
working of the new cylinder therefore constitutes a 
satisfactory proof of the freedom from pre-ignition which 
is characteristic of cooling by water-injection. 

_ A-section of the new cylinder with water-injection rose 
is shown in Fig. 1, annexed. The injection-rose is a hollow 
casting, projecting into the combustion-chamber. 

are about twenty -five holes in the rose, gs in. in dia- 
meter, and the jets proceeding from these are directed, 
as shown, against all parts of the combusti hambe 
and piston-head. There is no jet on to the exhaust- 
valve, as it has been found that the drip from the rose 
is sufficient to keep this cool. The water is injected 
by a simple plunger-pump of the same kind as that 
used for the injection of fuel in Messrs. Hornsby’s 
oil-engines. It is driven by a cam on the valve-shaft, 
whereby a charge of water is injected once in a cycle. 
The ae me commences about 30 deg. before and 
finishes about 30 deg. after the point of ignition, so 
that water | s in at a time when practically the 
whole of the s ‘ding surface of the barrel is covered by 
the piston. 

Fuel Economy and Consumption of Water.—Imme- 
diately after erection with the new cylinder, the engine 
was run continuously for 120 hours on an electrical load 
with coal-gas. Continuous observation was kept of the 

consumption and of the load. The engine developed 
uring this period 43 brake horse-power on the average, 
and ran very smoothly and steadily. The average mean 
effective pressure was 101 lb. per sq. in. When jacketed, 
the engine would not develop more than 40 e horse- 
power continuously without overheating. and mixtures 
giving a mean pressure of more than 100 Ib. per sq. in. 
uced excessive maximum ures (over 500 Ib.) with 
violent thumping explosions. e reduction in maximum 
pressure, under these circumstances, by water-injection 
1s over 100 Ib. per sq. in., and the effect is very marked, 
the explosion becoming almost inaudible. This effect of 
the presence of steam in the explosive charge is, of course, 
well known, but the quantity of steam formed in an 
engine cooled in this manner is so large that it consti- 
tutes a substantial advantage of the method. It will be 
noticed that the formation of the steam does not involve 
any thermodynamic loss, such as occurs when water is 
sprayed into the cylinder in an atomised condition and 
evaporated before reaching the walls, since the heat used 
is that which would otherwise be wasted in the jacket- 
water. 

The quantity of water used on this trial was, on the 
average, 102 Ib. per hour, equivalent to 2.4 lb. per brake- 
horse-power hour. The temperature of the engine varied 
from 150 deg. to 180 deg. Cent. No water was visible on 
the piston or the spindles of the valves, and when the 
engine was stopped at the end of the trial the inside of 
the combustion-chamber was found to be perfectly dry. 
When the engine was jacketed, and giving the same 
power for short periods, the jacket-water removed about 
67,000 B.Th.U. per hour, which would be sufticient to 
evaporate 108 lb. of water at a temperature of 20 deg. 
Cent. under atmospheric pressure. The agreement be- 
tween the available heat and the amount of water evapo- 
rated is satisfactory, such difference as there is being 
accounted for partly by greater radiation loss, i 4— 
on the higher temperature of the engine, and partly by 
the reduction in flame temperature produ by the 
steam, which somewhat reduces the total amount of heat 
passing into the walls. 

The engine consumed in this trial 15 cub. ft. of 
Cambridge coal-gas per brake-horse-power hour, reckoned 
at atmospheric temperature and pressure. This is 
approximately the same as it burnt when developing the 
same power er short per ods when jacketed. Tests at 
other loads have shown that with a weak mixture the gas 
consumption is slightly increased by the water injection, 
but with very strong mixtures it is a trifle less. The 
difference, however, does not exceed 5 per cent. either 
way, and on the average it may be said that the economy 
is unaffected by the use of this method of cooling. Ind:- 
cator diagrams taken in this long trial are shown in 
Fig. 2, on the next page, and a comparison of these 
with similar diagrams taken from the jacketed engine 
shows that the reduction in maximum pressure is coun- 
terbalanced by a slightly raised expansion line. The 
pressure is better sustained, tly by the formation 
of the steam and partly by the reduced loss of heat, 
with pc that the diagram is ‘‘fatter” and less 





Reliability and Wear under Ordinary Working Conds- 
ttons.—After the trial just described the engine was put 
to drive a d 0 in a f engine-room. Its speed 
was inovescel fanaa 180 to 195 revolutions per minute. 
It was left in the hands of the ordinary engine-room 
staff for several and was worked continuously for 
long iods of time at excessive loads. During this 
time it developed at times 50 brake horse-power with 
coal-gas for several hours together—an increase of 25 per 
cent. on the maximum continuous load which it could 
safely carry when Fe Since then the engine has 
been brought to Cambridge, and is now engaged in 
regular service with a suction-producer driving the work- 
shops and producing electric current for the engineering 
laboratory. It is left to itself like an ordinary gas- 
engine, giving no trouble at all, and has now been in 





* These tests are described in the following 
Proceedings of the Institution of Mechanical ineers, 
1907, Parts 3 and 4, page 863; Jbid., 1908, Parts 1 and 2, 

Institution of Civil Engi- 
neers, vol. clxxvi., 1908-9, Purt 2. 
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regular work for two years, the total time of running 
being 5000 hours. 

Anthracite coal is used in the producer, and this coal 
contains a considerable proportion of sulphur. Yet there 
has been no trace of corrosion in the engine. That the 
corrosion would be rapid if liquid water were allowed to 
accumulate is shown by the experience with the nozzles 
in the injection-rose. These nozzles are, of course, con- 
tinually in contact with water, and were at first found to 
corrode away rapidly. After many trials a suitable 
material has been found which lasts very well. Some 
——- has — observed at ~ ponent ~ exhaust- 

ipe, where the gases impinge on the metal, and corrosion 
c the exhaust-pipe is aleo lishle to occur at any place 
where water can accumulate. This, however, is not 
serious or rapid, and such as it is can easily be avoided by 
suitably arranging the pipe. Except at these points no 
corrosion has been observed any where, and the experience 
of this engine has completely proved that the necessary 
and sufficient condition for the prevention of corrosion is 
go = engine should be kept so hot that all the water 
is boiled. 

The cylinder was at first lubricated with a thick oil, 
such as is used with superheated steam in steam-engines. 
A gallon of this oil, costing 3s. 3d., lasts for 160 hours, 
equivalent to about jd. per hour, or, say, 0.006d. per 
brake-horse-power hour. The lubrication was entirely 
satisfactory. During the ay is ‘super mazoot ” oil 
supplied by the Henry Wells Oil Company has b-en used. 
This oil is much cheaper, but it 1s not quite so clean. The 

ce of advantage remains with it, however, and its 
use is being continued. Accurate measurements of the 
—— and piston have been made, with the following 
results :— 


| As After | After | After 
—_ | Delivered, 200 1000 4000 
from Hours’ Hours’ Hours’ 





Makers. | Running. | Running. Ruaning. 








in. in in. 
| 11.474 


in . 
Piston, breach end 11.47 11.4735 11 472 
Piston, crank end 11.490 11.489 11.489 11.489 
Oylinder, breachend..| 11.50 11,60 11.50 11 505 
Oylinder, crank end ..| 11.502 11.502 11.502 , 11.502 





It is quite certain that the combined wear (on cylinder 
and piston together) in the course of 4000 hours has 
nowhere exceeded ;4,5 in. Over the greater part of the 
surfaces it is much less, and in many places the tool-marks 
are still visible. ’ : 

Regulation of Water-Supply.—The ordinary working 
temperature of the cylinder is about 160 deg. Cent., but 
the engine will run satisfactorily at any temperature 
between 120 deg. and 200 deg. Cent. In order to keep 
the temperature between these limits, some regulation 
of the water-supply in accordance with the load is neces- 
sary. In the engine under consideration, which governs 
by hit-and-miss, this regulation is effected by coupling 
the pump to the governor, so that the pump only takes a 
stroke when the engine takes gas. This method of 
regulation gives rather too much water at very low loads, 
but is satisfactory between the limits one-third and full 
load. With a throttle governor it is easy to connect the 
gas-supply and the water-supply in such a way that the 
correct amount of water is delivered at all loads. 

When starting the engine cold, the adjustment just 
described gives too much water, and some of the water 
must be by-passed until the engine is warmed up. This 
may be done by hand, for which pur a small screw- 
down by-pass valve, admitting of fine adjustment, is 
ments: Phe In large engines there is no reason why hand 
adjustment should not be used during warming up, since 
there must be some one attending to the engine during 
this period. In smaller engines, however, it is important 
to make the whole thing automatic. For this pape 
asimple form of thermostat has been designed, which 
opens the by-pass valve if the temperature falls too low. 
The design of a thermostat which could be relied upon 
proved to be difficult, but the difficulties have now been 
overcome, and a very simple and cheap form has been 
devised. It has been in use for some months, and is quite 
satisfactory, Once adjusted, it need never be touched 
and the engine can be started up in the morning day 
after day, and left to itself, no attention whatever bein 
paid to the water-supply. This thermostat, ‘Gunde 
especially valuable for small engines when it is desired to 
reduce the attendance to a minimum, will be of use also 
for larger sizes, since it deals automatically with changes 
in the quality of the gas. 

Safety Plug.—It is one of the advantages of this method 
of cooling that failure of the water-supply—such as may 
occasionally occur owing to the pump-valve sticking— 
entails nothing worse than a temporary shut-down. If 
the water-cooling of the piston in a large gas-engine is 
stopped for a few minutes the engine is very likely to be 
wrecked by the seizing of the expanding piston in the 
cold cylinder. But if the engine is cooled by injection, 
nothing of the kind can occur, because the various parts 
of the engine all heat up together. If the water-supply 
be shut off, the engine heats up quite slowly, and if un- 
attended it stops b 
arising usually from the injection-rose. Even in a 36-in. 
cylinder it has been found that no serious harm is done 
by such an event. 

In order to minimise the inconvenience, and to guard 
against any danger arising from failure of the water- 
supply, however, the engine is provided with a fusible 

lug, screwed into the wall of the combustion-chamber. 
Should the temperature rise above about 200 deg. Cent.— 
uite a safe working temperature—the plug melts and 
the noise of the escaping gases warns the attendant. 


This simple device has been thoroughly tested and has 
been found absolutely reliable. If, with the engine run- 


the occurrence of pre-ignitions | 


| ning at full load, the water be shut off completely, the 
| engine heats up quite slowly, taking perhaps ten minutes 
|e a pee” tee ge to — the — at — the 
| plug goes. ere is thus ample time, ore the engine 
Gosues dangerously overheated, to reduce the fom (if 
| necessary) and to attend to any small defect such as a 
stuck valve or blocked pipe. A screw-down valve is pro- 
vided for closing the hole made by the fusion of the plug, 
so that it is nob necessary to stop the engine for its re- 
placement until a convenient time. 

Trials of Large Engines.—From the nature of this 
method of cooling it seemed almost certain that its effec- 
tiveness would be independent of the size of the engine. 
Each square foot of metal receives a certain amount of 
heat from the gas, and it is only necessary to deliver to 
that square foot as much water as will be evaporated by 
the heat which it receives. The heat received per unit 
area is greater in a | engine than in a small one, but 
it did not seem probable that this would materially affect 
the matter. The truth of this aaticipation has been 
proved by applying the method to the cooling of larger 
engines—one an — of 184-in. bore, giving 105 brake 
horse-power, the other a 1000 horse-power Oechelhauser 
engine of 36-in. bore. To the makers and owners of these 
engines—the National Gas-Engine Company and Messrs. 

. Beardmore and Co.—the author is much indebted for 
the facilities given. In each case the water was simply 
run out of the jackets, the injection-rose fitted, and the 
engine put again to its ordinary work, which was that of 
supplying electric power to the factory. The trial on the 
large Oechelhauser engine is perhaps the more interest- 
ing. Three injection-roses were at first used, spaced 
equally round the combustion-chamber and mid-wa; 
between the pistons. There were forty-five jets, eac 
py-in. diameter, arranged to deliver water all over the 

iston-heads and the surface of the combustion-chamber. 
The pump was driven by an eccentric on the side-shaft 
and was fitted with a valve which confined the delivery 
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of water to the period 45 deg. before and 45 deg. after 
the in-centre, the rest of the pump stroke being by-passed. 
There were two thermo-couples in each piston-head and 
a number of thermometers in i of the barrel ; 
and the temperatures were controlled by adjusting, by 
means of throttle-valves, the flow of water to the different 
roses. With no water in the jackets or pistons, the tem- 
perature of every part of the engine when on full load 
could be kept between 100 deg. and 200 deg. Cent. The 
engine was taking full load within a few hours of fitting 
the apparatus, and ran for 30hours withoutastop. After 
stopping for a short time for adjustments, it ran continu- 
ously for 70 hours under the same conditions, erm beers 
ordinary factory working load, which would fluctuate about 
an average of 800 brake horse-power. Failure of the water- 
supply, which occurred once or twice in consequence of the 
temporary nature of the pump gear, did no harm beyond 
causing some pre-ignitions from the roses and neces- 
sitating a reduction of load for a short time. In fact, 
the engine heats up so slowly and uniformly that there is 
ample time to deal with such a failure before anything 
serious happens. The quantity of water used was about 
|24 1b. per brake-horse-power hour, and it is interest- 
ing to note that this quantity seems almost independent 
of the size of the engine. This is in accordance with the 
recent developments of gas-engine theory, according to 
which the heat loss from flame, being la . due to 
radiation, increases greatly with the depth of the flame, 
| so that the heat-flow per square foot into the metal of a 

large engine is bigger tban in a small engine, though the 
| flame temperature may be the same. 

The trials of thislarge engine, which continued for a 
| considerable time, proved beyond any question that the 
| largest cylinders now built can be <ooled entirely by 
| water-injection, if supe’ in accordance with the prin- 
| ciples here enunciated. They also showed, however, as 
might be expected, that for ordinary commercial use the 

cylinder must be properly designed with a view to the 
employment of this method of ‘ooling. The most 
| obvious point is that the cylinder mvs: be a plain barrel 





without = jacket. In the Oeche'hauser engine the 
jacket could only be removed, and the liner ex , just 
round the combustion s The rest of the 1 was 


surrounded by the jacket, which not only made access 





difficult for the measurement of temperature, &c., but 
also (the water s being, of course, filled with air) 
formed a most efficient heat insulator, thus greatly com- 
plicating the problem of cooling. Some trouble was 
experienced because of this, in controlling properly the 
temperature of the exhaust ports and of the cylinder near 
them. Further, a good deal of hand regulation of the 
water was required, as the means of automatic regulation 
which have since m perfected were not available at 
that time. Infact, the experiment of running a 1000- 
horse-power jacketed cylinder without any water in the 
jackets was rather in the nature of a tour de force, and 
did not prove to be the best way of developing the idea 
commercially and in detail. It was, however, an interest- 
ing and striking experiment, which showed in a most con- 
vincing way the great capacity of the method of internal 
injection. The whole injection apparatus was made and 
put together in Cambridge ; it cost about 20/., and within 
a few hours of fitting it on the — it was doing all the 
work of the complicated and costly plant—cooling tower, 
centrifugal pumps, 8-in. water mains, and the like— 
which is necessary for the cooling service of an engine of 
this size when jacketed. The author takes this opportu- 
nity of expressing his thanks to the engineers of Messrs. 
Beardmore and Uo., and particularly to Mr. Stokes, the 
head of their gas-engine department, for their unfailin 
courtesy and kindness to him during these trials, whic 
occurred at a time of great pressure of work in the factory, 
and must have added materially to the burdens of the 
power-station staff. 

The difficulties incident to carrying out experiments on 
an engine which is in regular use for power supply and 
cannot be shut down when required for adjustment and 
alteration, determined the author, with Messrs. Beard- 
more’s consent, to abandon for the time the experiments 
in Glasgow, and to build an entirely new engine designed 
ab initio with a view to the use of water-injection ; and 
such as might, with but small modification, be put on the 
market. Arrangements with this object were made with 
Messrs. Davey, Paxman and Co. The new engine, which 
is completed and is now undergoing trials, embodies all 
the experience gained in the experiments which have 
been described. It is a 2-cycle, single-acting engine, 
18 in. diameter by 24 in. stroke, with separate gas and 
air-pumps, and is cooled entirely by water-injection. 

e author wishes to acknowledge the valuable services 
of his assistant, Mr. A. L. Bird, in connection with the 
experiments referred to in this paper. In addition to 
supervising the trials of engines, Mr. Bird has done most 
of the work of detailed design, and several novel features 
in the new engine are largely due to him. 





Tue Crry anp Guitps or Lonpon InstiTuTr.—The 
new programme of the City Guilds Department of Tech- 
nology has now been issued. Instruction has n 
arranged for in no less than seventy-nine subjects. The 
value of the work accomplished by this body since its 
establishment in 1878 can hardly be overestimated. For 
many years the evening classes held under its auspices 
provided nearly the whole of the training in theoretical 
principles open to the average engineering apprentice, 
whilst many of our leading engineers of to-day acquired 
their theoretical training in the Institute’s colleges at 
Kensington or Finsbury. 





RaILwayY ACCIDENT IN DENMARK.—A so gates 
railway accident occurred on the Danish State Railways, 
on the Fredericia-Esbjerg Line, close to Bramminge 
Station, on the afternoon of July 26. Fifteen passengers 
were killed or died shortly after the accident, and a like 
number were injured, some seriously. The accident 
occurred to the 8.20 a.m. express train from Copenhagen, 
with passengers for the Esbjerg-Parkeston boat. It was 
drawn , 4. locomotives, and comprised eight car- 
riages. e of the locomotives left the rails, the other 
going on, pulling seven of the eight carriages with it. 
Some of the were completely wrecked, and it is 
almost a wonder that out of upwards of 300 passengers 
only 30 were injured. The cause of the disaster, at time of 
writing, has not been fully cleared up, but it is surmised 
that owing to temporary insufficient ballasting of the 
permanent way, coupled, perhaps, with the strong heat, 
a rail may have altered its position. 





TRADE wiTH RoumaNnia.—We read _ in the Journal of 
the British Chamber of Commerce of Turkey that during 
1912 a galvanising plant was erected at Galatz, which, if 
successful, will diminish the importation into Roumania 
of galvanised sheet iron. The total value of the machinery 
imported in 1910 amounted to 1,568,760/. ; of this, 893,520/. 
fell to Germany, 340,160/. to Austria-Hungary, 149,960/. 
to the United Kingdom, and 116,000/. to the United 

tates. The most important item was agricultural 
machinery, in which the United States are rapidly in- 
creasing their trade, especially in reapers and binders. 
In a total trade of 1,449,840/. for woollen goods in 1910, 
the United Kingdom contributed 213,1201.; Germany 
supplied nearly half the total. With the exception of 
the United Kingdom, whose trade in woollen goods is 
diminishing, all exporting countries showed an increase. 
Felt hats and felt shapes, which are included in woollen 

is, were valued at 157,200/., and mostly came from 
taly. The Journal adds that the Roumanian market is 
not looked upon with particular favour by United King- 
dom merchants, and individual cases can justify their 
attitude by the losses sustained. There is no doubt, 
however, according to the Journal, that if United King- 
dom merchants secured proper representatives in the 
country, they would increase instead of lose the trade 
they y do with Roumania in machinery, textiles, 
iron-work, paints, chemicals, and other wares. Oorre- 
mdence and catalogues should be in Roumanian, 
rman, and French. 
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HANDLING OF LIFEBOATS. 
To THe Eprror oF ENGINEERING. ' 

Sir,—With reference to your comments re handling of 
lifeboats, in an artiele in your issue of June 20, regarding 
the Hamburg-Amerika liner Imperator, will you kindly 
allow us to point out that electric winches have n 
employed before now for such duty, and we would 
mention the s.s. Lusitania and the s.s. Mauretania as 
instances, the lifeboat hoists of which were designed and 
made by us. : 

In those arrangements each winch serves two boats, 
the drums are driven through worm-reduction sagen 
by an electric motor fitted with reversing controller an 
automatic self-sustaining brake, and the parts are all 
encased and water-tight, built on a sole-plate of special 
design for ship’s use, only the operating handles and 
drums being ex > . f , 

Specialising as we do in deck winches, &c., might we 
point out that ropes led along and across deck, from 
driving gear to davits, present various disad vantages, and 
we think that some of the latest designs, in which a 
motor can be combined with davit, are superior, being 
simple, compact, and self-sustained. . 

ow that mechanical means have been some as the 
correct and up-to-date method for handling lifeboats, it is 
of interest. to all the shipping world, as well as the 


travelling public, tc know that various t are being 
developed on the lines mepged out by the s com- 
mittee for the Board of e, re Titanic disaster, and 
that the old blocks and tackle aze being oe bya 
better and safer gear—viz., mechanical davits, which 
have been long overdue. ; 
Yours faithfully, 
CHAMB Scorr anp Co. 
Dalziel Engineering Works, Motherwell, N.B., 
July 30, 1913. 





MOTOR FUELS OF THE FUTURE. 
To THE Eprtror oF ENGINEERING. 

S1r,—The motor-fuel problem is one that has been 
under general discussion for some time, and additional 
importance has been given to it by reason of the Motor 
Transport Conference recently held in London. It is 
interesting to note the conclusion which was come to by 
that Conference with regard to the possibilities of alcohol 
as @ motor spirit which can be continuously manufactured 
in any required quantity. 

king back into the investigations which were carried 
on by the Fuels Committee of the Motor Union in 1906 
and 1907, we see that it has taken all these years for the 
public to realise that the > we which was issued by that 
Committee was one which had been well considered 
and the conclusions of which are fully confirmed again 
recently by the Conference before ref to. 

The Motor Union report was most emphatic en the 
subject of alcohol, in spite of the fact that difficulties 
had been experienced both in France and Germany with 
regard to the adoption of this fuel for motor-car pur- 
poses. Since that date, however, we have obtained 
greater knowledge of the motor-fuel problem, and there 
is no reason to believe that with the necessary careful con- 
sideration and investigation alcohol could not be made a 

rfectly suitable fuel for motor-cars. We must not 

orget that many years ago motor races were held in 
France with perfect success, using alcohol for a fuel, 
which was at the time fostered by the Governments of 
both France and Germany. 

The suggestion put forward in the Observer of last 
Sunday that the British Government could, with ad- 
vantage to itself and everybody else, carry on the manu- 
facture of a suitable alcohol motor-fuel, is one which 
should be welcomed by the next Unionist Government ; 
and there is no doubt that if this matter were taken up 
in a businesslike manner, the Government Department 
responsible for the production of such a motor-fuel 
would, or could, me one of the most popular and 
profitable of departments. 

Naturally, scientific investigation and experiment 
would-be n in the interim, and I personally 
should be pleased to assist in the production of a suit- 
able fuel such as I venture to suggest will be the fuel of 
the future for motor-cars. 

Yours faithfully, 
: Rosert W. A. Brewer. 

199, Piccadilly, London, W., July 29, 1913. 


CENTRIFUGAL PUMP DESIGN. 
To THE Eprror or ENGINEERING. 
Smr,—Professor Chatley (see his letter on page 57 of 
your issue of July 11) surely thinks he is on the verge of 
discovering something fundamentally wrong with the 
laws of mechanics. A result got by applying the laws of 
angular 





linear motion is not verified by app ng those of 

motion, and we are all to try an pm Neve the mystery. 
I stated in my last letter that I considered it very mis- 
leading to students to treat the problem as one ny Neon 
motion, making the usual assumption that the whole of 
the momentum at inlet is given up at the tip of the 
blade. This has led Professor Chatley to think that it is 
Incorrect to apply the laws of linear motion. Of course, 
it cannot be incorrect, but it is extremely difficult, and in 
order to simplify it an assumption is made which 
duces the correct result. It is the assumption which is 
Incorrect, for it is in direct opposition to another im- 
pectans assumption—viz., that the water moves on to the 


lade in a direction parallel to the blade, in order to 


avoid shock. The water, therefore, avoids giving u 
momentum at the very instant that it is losing it all, 
Now this brings us to essor Chatley’s difficulty. 

He clearly sees that the water must lose its tangential 
momentum —and, therefore, exert pressure—at points 


along the blade where the velocity of the blade is less 

than at the inlet tip (assuming it tc be an I. F. turbine), | 
and from this argues that it must do less work than if it | 
lost its momentum at the tip. This is just where the | 
fallacy lies. Has Professor Chatley asked himself the | 
question : Although the velocity of the blade is less, | 
may not the pressure—that is, the loss of momentum—be | 
greater in proportion? The blade is constantly turning, | 
so that the tangential direction is constantly altering and 

increasing the momentum in a tangential direction at the | 
disposal of the water. Perhaps this may be made clearer | 
by reference to Fig. 1. In a parallel-flow turbine, water, 

moving on to the blade at the point A, has lost all the | 
momentum it possibly can lose in the direction of | 
motion O E, by the time it reaches the point C; in 
fact, it has lost more than it can, so to speak, as it is 
compelled to absorb some along C B. With a radial- 
flow turbine, on the other hand, the blade may be moving 
in the direction O E when the particle of water is at A, 
but in the direction O F when itis at B, so that positive 








Vo 
(3582) ~ 
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tangential momentum may be given up throughout the 
passage from A to B. Further, centrifugal action retains 
the water longer on the blade, but the increased angle 
of turning due to this makes up for the decreased rate of 
losing momentum, in any given direction, and due to the 
curvature of the blade. 

This may be shown as follows:—Consider an I. F. 
impulse turbine of outer radius R and inner radius, ; 


let V, be the actual velocity of inflow at an angle @ to | y, 


the t nt (Fig. 2), and suppose the water to leave 
the blade radially with velocity V2. Then 


v2 = V,2 + w?R2-2V, cos 0. 0 R, 


Vi cos 0.wR _ V,? + w R?-»,?, 
g —— 
v2 — ve = w R? - w?7?; 

w being the angular velocity of the turbine, and v, and 
2 the relative velocities at inlet and outlet respectively ; 
but v2 = w? 72 + V2. 

v,2— w? 72 + V2 = w? R2- w? 7,2, 
and w? R?-v,2 = V,?; 
V, 008 ww R _ ViP- VP 
g 


29 
Yr—Ve is the energy lost per pound of water 


or 


but 


that is, 


Now 


flowing through the wheel, and since it is an impulse- 
wheel, and friction is lected, this must be the work 


done on the blade ; also 1csPwR_1 , velocity of 
g 
whirl x velocity of wheel at inlet. 
Yours eee 
Bradford, July 22, 1913. W. M. Wa.tace. 


*“ TUBE” RAILWAY VENTILATION, 
To THe Eniror or ENGINEERING. 





Srr,—The tragic death of James Henry Dunger the 
other day at the Oval Station of the City and South 
London ilway tube, and the jury’s verdict at the 


coroner’s inquest on same, brings home to everyone using 
the ‘‘ Tubes” what, under certain conditions, bad ventila- 
tion may lead to. 

It is to be noted also that the doctor who was called to 
Mr. Dunger on the platform of the underground station 
stated at the inquest that while he was attending to Mr. 
Dunger down below, he, the doctor, also experienced 
some difficulty in breathing. : > 

The City and South London Railway is, of course, the 
oldest of the London “‘ Tube ” railways, and it has already 
been announced in the Press that an enlargement of the 





tunnels is in contemplation, that many experiments have 
been made with the object of improving the ventilation, | 
and that the 13 miles of the double tunnels of the rail- 
way are now supplied with artificial ozone. . 
te may be in the recollection of readers that when this | 
first tube was projected the public were ostentatiously | 
and officially informed that the ventilation would be 
almost perfect, as there were to be two tubes, with the 
railway carriages fitting the tubes so closely that the car- | 
riages while running would act almost as pistons caos 
e 





down fresh air and pushing out the vitiated air all 
time. 

The theorists in ventilation, however, who gave vent 
to these views at the time forgot that the separate tubes 


were connected together at every station, that the tubes 





and sections were on an average some 100 ft. below the 


surface, and that all that the action of the trains passing 
through the tunnels would amount to would be the mere 
circulation of the heavy and vitiated atmosphere of the 
tubes from one tube to the other. 

__With the experience gained so lately in the better ven- 
tilation of overheated and unhealthy underground and 
under-deck engine-rooms, and more —— in the 
engine-rooms of the latest ocean liners of the type of the 
Lusitania, &c., where the depth from the upper deck is 
about the same as the depth of the “tubes” from the 
surface, and in which the former ae atmospheric 
temperature (somewhere in the neighbourhood of 150 deg. 
Fahr.) has now been reduced by Mr. James Keith to 
about 70 deg., there need not be any further excuse for 
having the atmosphere of the ‘‘Tubes” as it is at present. 

To merely attempt to doctor the atmosphere of the 
‘*Tubes” with *‘ ozone,” so-called, and to partially blow 
in fresh air “‘ozonised” from the surface in the way the 
experiments have age ag by hitherto carried out, is 
surely only to tinker with the evil, as nothing less than 
flood: section at each station with fresh air from 
the outside to the extent of as much as a complete change 
of the whole cubical air contents of each section, say, 
twice every minute, will answer the purpose of making 
the atmosphere down in the ‘‘ Tubes” anything like equal 
to that now existing all the year round in the main or 
Metropolitan and District) Underground Railway of 


London. 
Yours truly, 
July 28, 1913. Fresh Arr, 





American Pic Iron.—The production of pig iron in 
the United States in 1912-13 was 32,188,637 tons. The 
record was accordingly once more beaten, the output for 
1911-12 having been 29,727,137 tons; for 1910-11, 23,649,547 
tons; for 1909-10, 27,303,567 tons; and for 1908-9, 
25,795,471 tons. 


Lonpon-Cowrs Moror-Boat Racr.—With reference 
to the paragraph on 94 ante, in which it was stated 
that the Advice won the London-to-Cowes race, as it was 
the first to arrive, we are informed that the Flora won 
the race on a rating is. The Flora is fitted with a 60- 
horse-power engine built by the Parsons Motor Company, 
Limited, Southampton. In the race in question she was 
run entirely by her crew. She is a regular cabin cruiser, 
with ample headroom and accommodation, extended deck 
and masts, and is generally suitable for open cruising 
work in rough weather. 





PrrRsonaL.—The British Electric Plant Company, 
imited, announce that they have removed their head 
office from 144, St. Vincent-street, to more commodious 
premises at 78, St. Vincent-street, G w, where all 


communications should now be add .—Mr. W. H. 
Robinson has been appointed works m r at Messrs. 
Brown, Bayley’s S Works, Limited, Sheffield. Mr. 


Robinson is the son of the late Mr. Richard Robinson, 
who so successfully acted as works ma r at these 
works for more than thirty years. Mr. W. H. Robinson 
had‘acted as assistant works manager for many years. 


Tue Coprern Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that the fresh 
outbreak of war between the Allies in the Balkans and 
the continued +o pervading both American and 
Euro; Stock Exchanges have brought about a further 
fall in the value of copper. The American refiners’ 
statistics, showing a decrease in the production for the 
month of June, as compared with that of May, of 8687 
tons, and a decrease in the stocks of 6544 tons, produced 
no effect, as it was reported that this was due to a strike 
at one of the refiners’ works, the actual production of 
copper at the mines being probably larger in June than 
in May. Refiners, finding sales of electrolytic at 15 cents 
per pound impossible, reduced their quotation to 14} 
cents, but second-hand holders were reported to have 
accepted 14 cents, equal to 65/. 15s. per ton c.if. On the 
16th inst. large sales were reported to have been made to 
dealers at 64/. 10s. to 65/. per ton c.i.f. Standard cop 
fell from 63/. 15s. for cash on the Ist inst. to 62/. 2s. 6d. 
on the 15th, three months prompt selling at 62/. 5s., but 
su uently recovered to 62/. 12s. 6d. and 62/. 15s. On 
the 16th the closing values were 63/. cash and 63/. 2s. 6d. 
three months. es amounted to about 12,500 tone. 








Tue Textite InstituTe.—The fourth Co of the 
Textile Institute will be held in Ghent, Belgium, com- 
rey on pepe September 11. The Coase trust 
that there wi a very general response to the invita- 
tion which has been given jointly by the Belgian Cotton 
Association, the Belgian Cotton Manufacturers’ Associa- 
tion, the Association of Linen and Tow-Spinners of 
Ghent, and the — Union of Linen, Tow, Hemp, 
and Jute-Spinners. The preliminary agendais as follows :— 
Thursday, September 11, visits to works, with an official 
reception and féte at the Exhibition in the evening. 
Friday, September 12, at the International Exhibition 
Congress Hall, Ghent, welcome by the 7 authori- 
ties. Address by the President, Sir W. B. Priestley, 
M.P. Reading and discussion of the following l= — 
1) ‘‘The Decortication of Fibrous Plants, wit ial 

ference to the Belgian Flax Industry,” by Mr. H. R. 
Carter, Belfast; (2) “A Few Notes on Ramie,” by Mr. 
J. H. Lester, M. Vict., Manchester ; (3) ‘‘Textile 
Colour Theories,” by Professor Roberts mont, 
M.S8c., Leeds ; (4) “Cotton Supply and Demand,” by 
Mr. E. H. Taylor, Manchester ; ts) ‘Some Notes on 
the Textile Machinery Exhibits at the Ghent Exhibi- 
tion,” by Mr. F. Nasmith, Manchester. dinner 
in the evening. It is hoped that it will be possible to 
make ments for a motor tour to Courtrai on 
Saturday, September 13, to see the flax-retting. 
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ENGINEERS.—Saturday, August 2, at 2 p.m., in the Wood 


and representatives on the Council of the Institution of Mining | 


Engineers will be elected. The pace Bond will be 
discussion :—‘‘ The Lighting Efficiency of ety-Lamps,” 
T. A. Saint. The following 
** Notes on pomp | in 
Special Reference to the 
by Electric Locomotives,” by Mr. Samuel Dean. ‘‘ The Compara- 
tive Inflammability of Mixtures of Pit-Gas and Air by Momentary 
Electric Arcs,” by Professor W. M. Thornton. 
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THE OFFICERS OF THE NAVY. 

At a time when the Fleet is carrying out 
manceuvres which are probably the most practical 
and comprehensive ever undertaken by any naval 
power, it is not inappropriate to reflect briefly upon 
the situation as regards the officers of the Navy. 
Never before, perhaps, was secrecy in regard to the 
manceuvres more justified, and we are glad that 
this secrecy has been so loyally kept by the daily 
Press. It is true that in one or two cases the 
veil has been lifted as a result of raids, and 
these incidents have served to establish the 
realism of the ‘“‘ mimic war,” and to bring home 
to the public the necessity of a strong Fleet. The 
actual significance of these exciting rencontres 





be | from the point of view of the success or failure of 


defence or attack cannot be appraised, since all the 
facts are available only for the umpire ; but it can 
at least be said that the officers of the Fleet in 
every branch of the Service have had a strenuous 
time, not only because of the size of the squadrons 
and the great speed at which the tactical exercises 
have been carried out, but also because of the 
thick weather that has prevailed in the North Sea 
during the past ten days. The engineering 
officers, who are too frequently forgotten in the 


“|conferring of praise on such occasions, have 


especially experienced a severe strain, because of 
the deeahent chamaiiees at high speed and the small 
number of supervisory officers in the machinery 
compartment of the ship as compared with those on 
the military staff. The fact that there is an entire 
absence of ‘‘ lame ducks ” proves not only the re- 
liability of the matériel from the point of view of 
design and construction, but also the efficiency and 
experience of the personnel. Time was, and not so 
many years ago, when the tale of machinery failures 
in ships during manceuvres was at least disquieting 
to the lay mind, and consequently the satisfactory 
result of the present tactical exercises from this 
point of view ought to be made widely known, be- 


cause it brings comforting assurance to the nation- 


for the future. 

While all is well for the present, and while 
results may be satisfactory in the future with the 
new system of entry of officers, every means should 
be adopted for the maintenance of the efficiency of 
the personnel. No branch of the Service has more 
iepel clive than that associated with naval engi- 
neering ; but where discontent prevails the issue 
me rery, 1M be in doubt. That there is such dis- 


| 
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not cavil at the increased remuneration, because 
it is easy to demonstrate that greater ability and 
experience will bedemanded in the future than in 

t, and that the conditions of service and life 
e machinery department will become more 
and more strenuous. During the three or 


, y Mr. | four years, in the case of all ships able to take their . 
rs will be read or taken as read :— | 


place in the line of battle, the power of machinery 


Treatment of Coal-Dust, and Haulage | has increased nearly three-fold ; and, in the case 
| of light cruisers and destroyers, the power has 
| doub 


ed, while the tendency is towards a longer 
steaming period each year and for higher speeds 
in cruising, &c. These facts at once indicate the 
more exacting nature of duty in the engine-room. 


| Nor is there likely to be any check in this steady 


development. Therefore the new engineer, 
whose ability and experience, we hope, will be 
developed at a much greater rate at Keyham 
College than in the past years of his training else- 
where, will be entitled to the higher pay. The 
question is rather why the pay of the present engi- 
neer officers should not be advanced to the rates 
applicable to the new officers. 

Jnder the scheme of 1902 accelerated promotion 
to commander’s rank was granted to engineer 
officers after twelve years’ service, in order that 
their rank at a given age should be as far as possible 
assimilated with that of the officers of the military 
branch. A year or two agoan Admiralty order was 
promulgated to the effect that this acceleration 
would cease on January 1, 1913, and that after that 
date engineer-lieutenants would be promoted to 
commander’s rank as required. When this new order 
was brought into effect there was nothing to indicate 
whether the time served in the lower rank would be 
increased or decreased, but there was ground for the 
hope that the Admiralty, at this critical period in 
the development of the new scheme of training, 
would endeavour to make the prospects of promo- 
tion among the existing engineer-lieutenants as 
favourable as formerly. This hope has not, so far, 
been realised. 

A study of the Navy List shows that the number 
of engineer-commanders on the list on December 31, 
1912, was 276, and it is apparent from the dates of 
recent promotions that the Admiralty only intend to 
promote engineer-lieutenants as vacancies occur in 
future. 

It has been urged that it makes no difference 
to engineer-lieutenants at the top of the list 
whether they are promoted after twelve years, 
or remain, say, for another four years in the 
rank of engineering lieutenant, as there is no 
difference in pay in the two ranks. The fact that 
there is no difference is due to the practice intro- 
duced by the Admiralty of compelling officers to 
serve four years in the rank of engineer-com- 
mander at the same pay as they would have received 
had they remained as engineer-lieutenant, on the 
plea that it was never intended in the scheme of 
acceleration to give the increase in pay along with 
the advance in rank. Whatever may be said in 
justification or otherwise of this reservation, which 
was not stated in the circular of 1902, it ought 
to be remembered that there are other things 
besides pay. There is, first, the status of the 
officer in the ship. There is also his rank relative 
| to that of his contemporaries in age in other branches 
of the Service. e allotment of a cabin, too, 








content is proved by the many letters which find | often depends upon seniority. But, more impor- 
their way into the columns not only of Encingerine, tant still, in the event of his death, the amount of 
but of many other journals.. These letters, too, it the ‘‘ compassionate allowance” to his widow 
must be admitted, show that there is some reason depends on whether the husband was a lieutenant 
for discontent. Last week we published a letter | ora commander. It seems as if the period which 
from “‘ An Engineer,” in which, in comparatively | must be served in the lower rank will gradually 
moderate la’ the case was set out in | increase, owing to the number qualified for pro- 
to the emoluments of the engineer-officer under motion under the twelve-year rule being greater 
the present system and of those officers who than the normal number of retirements in pros- 
will enter the engineering department under the pect. The result is increasing discontent, and it is 
new system of entry. surely not beyond the wit of man to check this 
It was shown that between the ages of 22 and 40 ttable condition. 


years the present engineer officer may obtain a 
total of 4544]. 5s., while in the same period of 
his life the future engineer officer may obtain 


6906/. 15s., exclusive of allowances which apply 


e engineer-lieutenants at the top of the list 
state two very definite complaints, which may be 
summarised thus :—(1) They ask, very naturally, 
why they should be treated differently from 





55 ing Temperature (Jlius.) 165 
jogues 172 | 


equally to both grades. One ought not, however, to 
assume that in the future there will be any greater 
inclination on the part of the Admiralty to afford 
to engineering officers the maximum reward during | engineer-lieutenants should be promoted to com- 
this period of 18:years, so that the difference may | mander’s rank after twelve years’ service durin 
not work out to so large a figure as is indicated. the period 1903-1912, why should it be deni 


those who have gone before them, as far as 
the accelerated promotion is concerned. If the 
Admiralty considered it fair and equitable that 





| This, however, is a detail which may be meglected to the engineer-lieutenants who are now complet- 


The point is that more favour- | ing twelve years’ service’ Js it because the billets 
applied in the case of | for officers of engineer-commander’s rank are not 


engineers entering under the new system. We do/ numerous enough to admit of more promotions? 


for the moment. 
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It would seem that that difficulty might be easily 
overcome by appointing young engineer-comman- 
ders to destroyers under the charge of commanders. 
A further justification for this procedure is found 
of the fact that a large amount of the supervision 
in practical instruction of the officers entering under 
the new scheme must devolve on the engineer 
officers in destroyers ; it has always been recognised 
that no better ship could be chosen for the training 
of officers than a modern high-speed sea-going de- 
stroyer. 

The other criticism made by the engineer-lieu- 
tenants seems equally conclusive. They say that 
as the establishment of engineer-commanders is 
> ge now a fixed number, it is evident that 
that number is the number required to man the 
Fleet. When a vacancy occurs in that number, and 
an engineer-lieutenant is promoted to fill it, he 
should surely be granted the pay of engineer- 
commander, as laid down in the Circular of 1902. 
There is now no question of temporary measures, 
so far as acceleration in promotion is concerned, 
and it hardly appears that any good reason can be 
advanced for withholding the pay of engineer-com- 
manders from officers now being promoted to fill 
vacancies on the commanders’ list. When an 
engineer-lieutenant has been specially promoted 
to commander for meritorious service, there is 
very properly associated with this promotion the 
increase in pay laid down in the circular of 1902. 
This is a tacit recognition on the part of the Ad- 
miralty that promotion and increase in pay should 
go together, and it seems indefensible, even on 
the score of ‘‘ meritorious service,” that officers of 
the same rank and seniority should have a differ- 
ence in pay equal to 6s. per day. If the meritorious 
service justifies such —— it should be in 
respect of seniority. If the Treasury, or whatever 
the authority, allow the higher rate to be paid in 
the case mentioned, on what grounds can it be 
withheld from officers promoted since January 1, 
1913, when the order regarding accelerated promo- 
tion was withdrawn, and promotions were made to 
suit the requirements of the Fleet ? 

But apart from this question there is still the 
wider issue as to the position of the engineering 
ofticer under the old system relative to that of the 
engineer officer who will soon begin service under 
the new system of common entry. We shall soon 
have engineer officers corresponding exactly in 
status and rank with those in the military branch. 
The Admiralty have found no difficulty in grafting 
officers of the new common-entry scheme on to the 
present military branch, and their euccess in this 
respect makes it difficult to understand that there 
is any obstacle to drafting regulations which will 
enable the present engineer officers to line up with 
their younger brothers of the Service. There is 
everything to gain by the fusion. Can anyone say 
there is anything ry ba ? At the present time the 
senior engineer-lieutenant in a big ship is practi- 
cally an executive officer. He is able to punish 
his men equally with the lieutenant on deck ; he 
is responsible not only for the men at their 
work, but for their clothes, mess arrangements, and 
all the other matters that require attention where 
large bodies of men have to be organised. It 
seems therefore only reasonable, especially in view 
of the t efficiency of their work, that they 
should granted the rank, uniform, status, and 
pay of the officer of the military branch. It is 
sometimes said that the engineer officer is better 
off, inasmuch as all are promoted in turn, whereas 
in the military branch dese is stringent selection. 
To meet that argument there is the fact that engi- 
neer officers have to an examination, and 
have to be selected, before obtaining engineer- 
lieutenant (senior list) rank. We hope, under all 
the circumstances, that the First Lord, when he 
returns to the Admiralty on the completion of the 
manceuvres, will have brought back with him such a 
full conception of the success of the steam branch 
of the Service as will encourage him to utilise his 
undoubted administrative ability towards evolving 
a scheme which will once for all allay that feeling of 
discontent which is growing in the Service, and is un- 
doubtedly inimical to the best interests of the Navy. 








THE ROAD BOARD. 

In constituting the Road Board, Parliament took 
the unusual, but highly commendable, course of 
putting its new creation ‘‘ out of politics,” to use 
an ex ive Americanism. It is noteworthy that 


certain colonies have found a similar course ex- 





— with regard to the administration of their 
tate railways. This is confided to a Board of 
Commissioners, not under the direct control of 
Parliament. Until this was done the Government 
of the day was at any time liable to be jeopardised 
by the action of some coterie of members, de- 
manding — favours for their own consti- 
tuents, a form of corruption which is quite as 
detrimental to the general interests of the public 
as is direct bribery. Politicians being what they 
are, however, it is not surprising to find that 
many Members of Parliament are now demanding 
a reversal of this policy, and the assimilation of 
the Road Board to other national departments, 
for which some official head is directly responsible 
to the House of Commons for every administrative 
detail, criticisms of which are as commonly dic- 
tated by considerations of party politics as by a 
zeal for the public weal. Fortunately, the Chan- 
cellor of the Exchequer has done his utmost to 
discourage these short-sighted critics, and still 
considers that the interests of the nation will be 
served best by an able and independent committee 
a ad hoc, over which politicians can exercise 
only an indirect control by suggestion and veto, but 
are without power to dictate in detail the allocation 
of the funds available. One member strongly pro- 
tested against the salary of 3000/. a year paid to 
Sir George Gibb, the chairman of the Board, and 
was apparently inclined to estimate that gentle- 
man’s services by the actual time officially recorded 
as expended in the work, on exactly the same 
basis as those of a Second Division clerk who 
si on when entering the office each morning. 
It is difficult to realise what the experience of affairs 
of this critic may have been. It may be quite true 
that the ordinary civil servant leaves his work 
behind him at the office, and we remember a some- 
what highly-placed official at the War Office boast- 
ing that through the whole of the South African 
War he did not put in a single hour of overtime. 
But the work of the world in general is not con- 
ducted on this basis ; those who initiate and control 
it invariably do much of their best work after office 
hours. 

Mr. George, in reply, moreover, pointed out that 
the Underground Railways Company had paid Sir 
George Gibb a salary of 80001. a year, and com- 
plained of the difficulty Government departments 
experienced in retaining the services of a really first- 
class man, should they chance to get him, owing to 
the inadequacy of the existing scales of pay when 
applied to exceptional individuals. He stated that 
one civil servant had been offered, and refused, 
10,0001. a year to transfer his services to a private 
firm. No doubt this instance must refer to a tech- 
nical adviser, since it is difficult to believe that 
an ordinary Somerset House official, however 
exalted, would prove capable of meeting the 
demand for imagination and initiative essential to 
the successful conduct of a large competitive busi- 
ness. Such qualities are understood to be at a dis- 
count in most Government departments, but in no 
respect have the present Government shown them- 
selves wiser than in the relative frequency with 
which they have given important appointments to 
men who have proved their capacity in the more 
strenuous field of private enterprise. 

One of the most insistent demands made on the 
Road Board has been a plea for aid in road main- 
tenance, a plea which, if admitted, would post- 
pone to an indefinite period the possibility of 
roads really adequate to modern traflic needs. 
There is fair reason to believe that a pursuance of 
the present policy of the Board may ultimately 
result in an actual reduction in the annual expendi- 
ture on road maintenance. A properly built road 
seems capable of carrying modern traffic with rela- 
tively little wear, but the first cost of construction 
is undoubtedly high. To apply the funds of the 
Board to the repair of roads fundamentally in- 
adequate to the traffic traversing them would be the 
most extravagant procedure possible. The money 
would be sunk, and the last state of that road be no 
better than the first. One member declared that 
the county authorities were more competent to 
settle the improvements advisable than were the 
Road Board. This is inherently highly improbable ; 
a body of specialists appointed for a specific pur- 
pose must, in the nature of things, be in general 
much more competent to settle such special 
matters than a body of which the speciality in 
question is only one of a great number to which it 
must devote attention. Moreover, whilst some 
county surveyors are exceedingly able and enter- 





rising men, others are both ignorant and in- 
ifferent. 

One of the charges most often brought against the 
Road Board is a tendency to hoard up funds, which 
it is claimed should be expended as fast as received. 
A very convincing reply to this charge is afforded 
by the third Report of the Board, which was issued 
last week. This shows that the income of the 
Board has risen from 867,4931. in 1911 to 1,229,0031. 
in the last financial year, and it is estimated that 
next year’s receipts will be about 1,340,000). Of 
last year’s revenue the motor-car taxes brought in 
487,8951., and the motor-spirit duties 684,3101. 
The aggre ate receipts to date have amounted to 
3,329,420/., whilst the actual payments made have 
totalled but 761,689/, leaving a balance as yet 
unexpended of 2,567,7311. On the face of it this 
bald statement does give some ground for the 
charge above referred to; but it should be added 
that although the total sum so far expended has 
been, as stated, only about three-quarters of a 
million, the actual amounts allocated as grants or 
loans is 2,850,220/., and payment has only not been 
made because the works are not yet completed. 
Naturally, heavy road reconstructions must be a 
work of time, and the annual charges to be met in 
the first two or three years’ working of the Board 
cannot be taken asa fair indication of what must be 
expected in the future, when, in addition to pay- 
ments having to be completed on works now in pro- 
gress, further sums must be found for the financing 
of other schemes for road improvements. About 
six-sevenths of the grants and loans made are for 
the improvement of road crust, whilst about 10 per 
cent. has been expended in road widenings, road 
diversions, and the improvement of curves and 
gradients. ‘The proportion of the total cost of the 
works aided, which is borne by the Board, is 
generally between 50 and 75 per cent. 

Some interesting figures are given in the report, 
which show the rapid increase in the amount now 
expended in road maintenance. In 1911 there 
were, it ap , some 118,642 miles of rural roads 
in England and Wales, which cost for maintenance 
about 371. per mile on the average. In 1910 the 
expenditure was 341. per mile. The above are simply 
average figures, since of these rural roads the 
23,565 miles maintained by the county councils 
cost on the average 861. per mile in 1909-1911, and 
791. per mile in 1909-1910. 

Of urban roads England and Wales have a mileage 
of 32,029, which cost on the average 134/. per mile 
in 1909-1910, and 1391. per mile in 1910-1911. As 
was to be expected, the cost in the London 
district was much in excess of the average, being 
3331. per mile in 1909-1910, and 336/. per mile in 
1910-1911. In this latter area it would seem that the 
rise in maintenance costs is proportionably small. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THe summer meeting of the Institution of 
Mechanical Engineers commenced on Tuesday 
last, the 29th ult., at Cambridge, with the assem- 
blage of members in the Senate House at 10 a.m. 
The chair was occupied at the commencement of 
the meeting by the Right Worshipful the Vice- 
Chancellor of the University, the Rev. S. A. 
Donaldson, D.D., who opened the proceedings by 
addressing a welcome to the Institution on behalf 
of the University. The occasion, he said, was a 
particularly pleasant one to him, as he had had 
a long and intimate acquaintance with the Institu- 
tion’s President, who, he would assure members, 
was a most suitable man for the post he occupied. 
A few years ago it would have Teen hardly con- 
ceivable that the University, the home of theory, 
could possibly join in such an event with the 
Institution, which was the home of the practical 
side of the profession. Recent years had, how- 
ever, brought about many changes, and, under 
present conditions, it was quite natural that 
they of the University should welcome the In- 
stitution. He considered that in Cambridge 
they had a School of Engineering which was 
one of the most important in the country. He 
might almost be bold enough to say that it was 
the most important. They looked upon the engi- 
neering tripos as one of the most difficult in which 
to take honours. He hoped that school had a good 
reputation among the members he was addressing. 
The school was the home of theory, but they in no 
way pretended that they could get along without 
practice ; they certainly laid stress upon the im- 
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portance of theory, as was, of course, proper in a| 
university. That they were justified in that could | 
be amply proved. The case of Clerk Maxwell was 
one in point, and the bearing his investigations 
had had on the development of wireless telegraphy, 
and without which the present development would 

certainly not have been reached. Another instance | 
might be found in the case of Mr. Horace Darwin 

and applied mechanical science. In his school | 
theory and practice would be found to be wedded | 
in a most satisfactory way. They would during the | 
visit inspect the laboratories, and he might remind | 
them that their present professor had been pre- | 
ceded by James Stuart, to whom was due the | 
foundation of the engineering school, and by 

J. Ewing, to whom Professor B. Hopkinson was 
no unworthy successor. They tried there to give men 
something more than a correct idea of the applica- 
tion of theory to practice. Their aim was not 
merely to impart instruction, but also to make men 
better equipped for their work in the world. He 
considered that university life tended to rough off 
the corners so that better men were made ; not only 
did they aim at the highest theory and at practical 
theory, but they aimed at making men, and 
gentlemen in the highest sense of the word. 

The Vice-Chancellor was followed by the Mayor 
of Cambridge (Councillor W. H. Francis), who 
said that the science in which the Institution was 
interested was the oldest in the world. The great 
development since the days of Watt and Arkwright 
had resulted in an extraordinary increase in wealth, 
and had aggravated greatly the differences between 
various sections of the population. As a result 
many disorders had arisen in the past, and many 
problems still awaited solution. England had 
originally set the pace. At first this island thought 
it had a monopoly, but the great Exhibition of 
1851 had roused other nations. Which of the three 
kingdoms of earth, air, and water would witness 
the greatest triumphs of 1951? And with it all were 
we the better for this development? Whatever 
might be the answer to that, it was certain that engi- 
neers had provided greater opportunities of making 
more of life than existed in the past, and it was for 
them to take advantage of that fact. Cambridge 
had taken a great part in that development. The 

lace derived its importance from the University. 
No other was more important. It was the treasure- 
house of the secrets of science, whence they were 
revealed to the world. He cordially welcomed the 
members to their town. 

The President of the Institution, Sir H. F. 
Donaldson, said he considered it a privilege to 
respond to the welcome to which such kindly 
expression had been given by the Vice-Chancellor 
and the Mayor. It was appropriate that their 
meeting should be held in Cambridge. They had 
recently awoken to the fact that the engineer of 
the future had to be educated on the broadest 
grounds, and fitted with knowledge in the widest 
sense. They had recently instituted examinations 
as a test of technical education. Cambridge stood 
for culture, and true culture was that which gave a 
true sympathy with every form of life. Engineering 
students coming to Cambridge gathered culture from 
their close association with the arts, and he thought 
such men would attain their object the better as 
leaders of men for that experience. The ‘“‘ living- 
in ” system had much to do with it. He had never 
belittled theoretical study, as the Vice-Chancellor 
seemed to think. His contention was that theory 
was not the end of education, and that practical 
knowledge had to be acquired for a practical pro- 
fession. He wished, on behalf of the Institution, 
to tender their sincerest thanks to the Vice-Chan- 
cellor, the Mayor, Professor Hopkinson and the 
reception committee, and to all the Masters and 
h of colleges, who had done so much in making 
pleasant preparations for their visit. 

The chair was then vacated by the Vice-Chan- 
cellor and taken by Sir H. F. Donaldson, and the 
ordinary business was proceeded with. After the 








reading of the minutes it was announced that, in 
the place of Mr. A. Tannett Walker, who had | 
resigned the position of Vice-President, the Council | 
had elected to that position Mr. Mark Robinson. | 
To fill the vacancy thus created on the Council, Mr. | 
Charles Hawksley had been elected. | 


> 
Tue Cooiine or Gas-Encines. 


The first paper to be taken was one by Professor | 
B. Hopkinson, entitled ‘‘A New Method of 
Cooling Gas-Engines.” We reprint this in full 
in this issue. It was summarised by Professor 


Hopkinson, who, in addition, explained a di | 
of 


showing the path of the heat-flow in the walle 


value, he thought. It would not be so useful in 
small engines, but might ultimately be employed 


an ordinary jacketed gas-engine cylinder. The for them also, when they would probably work 


President, in moving the vote of thanks, said 
that Professor Hopkinson had put before them a 
new method of cooling gas-engines, of which one 


of the chief advantages lay, he thought, in the | 
elimination of the complications involved by the | 


water - jacket, and also in the elimination of a 
large amount of plant. The possibility of running 
on the maximum load for long, continuous periods 
was a great advantage ; he thought the prospects 
of the large gas-engine were materially improved 
thereby. 

Professor W. Ripper was the first speaker. He 
said the proposal contained in the paper constituted 
the beginning of a considerable step in the pro- 
gress of the gas-engine. It was a question, how- 
ever, as to what was the scope of the proposal. 
Where gas-engines were working satisfactorily, 
as was the case with the smaller sizes of engines, 
there would not be any probability of the 
arrangement being adopted. In the larger engines 
with large cylinders, in which complications arose, 
it stood a good chance. Though there were items 
to its credit, there were also items on the debit 
side in connection with the author’s method. 
He gathered that all the water used in cooling the 
cylinder would be wasted. At present the cooling 
water was conserved, and for the success of the 
new system it would become therefore a ques- 
tion of the interest on cooling plant, &c., versus the 
cost of water. Again, there was the point of the 
quality of the water used. In many cases he thought 
it would need purifying, and that would add to the 
cost of the system. e solid particles from the 
water would also be left behind in the clearance 
spaces. There was also the possibility of trouble 
from sulphur-dioxide and sulphurous acid, but that 
would not be serious if all the water were evapo- 
rated. The risk of trouble from that source had 
not prevented engineers at Charlottenburg attempt- 
ing to make an SO, engine. Professor Hopkinson’s 
engine would, he thought, want skilled attention, 
much in the same way that the jet-condensing plant 
required a certain amount of skill. Otherwise the 
proposal appeared excellent and practical. Hecon- 
sidered that the water should be so sprayed as to 
strike the surface at right angles, and not at a slant, 
as shown; the change would, he thought, give 
better results. 

Engineer-Rear-Admiral E. Little said that, at 
present, with marine internal-combustion engines 
of considerable power, they were hampered by the 
multiplication of cylinders, If Professor Hopkin- 
son’s methods were successful, there would be no 
such limit to the power developed. The author 
had apparently only applied his method to hori- 
zontal engines, and he would like to know whether 
it was applicable to the vertical type. Were they 
to understand that hard water could be used, or 
had it to be distilled? He believed that about 24 
tons of water per day per 1000 horse-power would 
be taken by that method. On board ship that 
would be a very important matter. If large 
amounts had to be used, it would be essential to 
employ sea water, when there would probably be 
trouble with the furring up of the valves. 

Mr. W. Reavell followed, and also spoke of the 
solids in suspension in the water and deposited on 
evaporation. In Holland, in the case of some 
vertical internal - combustion engines into which 
water had been injected in order to enable them to 

an overload, it was found that at the top of 
the cylinders they were badly worn away by the 
solids in the injection water. Had Professor Hop- 
kinson’s method been tried in the vertical engine, 
in which the solids would tend to travel down the 
cylinder walls and lead to a grinding action’ The use 
of injection water was older than the gas-engine 
itself. It had been adopted in air-compressors in 
order to abstract the heat of compression. 

Mr. Michael Longridge said the idea of injecting 
water was certainly old. He had heard of strange 
schemes of combining the steam and -engine, 
for which great economy was claimed. The author's 
method, however, was based on scientific facts, 
which he had carefully considered before he had 


“made his engine. That, he thought, was the right 


way for engineers to work. Since their commence- 
ment the manufacture of -engines had greatly 
improved. Up to 14-in. cylinders gas-engines were 
practically immune from cracking troubles, but 
above that size the rate of failure increased very 
rapidly. It was there that the idea would prove of 


| built had not been one with a 
|than 18 in. He would have liked to see the system 





better, and give slightly more economical results. 
He thought it possible that the rose might give 
trouble owing to the small holes closing up with 
deposit, due to standing while the engine was hot. 
Some trouble os might ho experienced with the 
ignition from deposit on the sparking- plugs. 

Mr. Henry Davey asked vieiie Vas eatin had 
considered the possibility of a compromise between 
the ordinary form of jacketing for the cylinder and 
cooling the head of the piston and the exhaust 
valve by the method descri in the me. The 
next speaker was Mr. A. Siemens, who asked, 
with reference to the mention by various others 
of incrustation, whether there was any objection to 
the parts being cleaned from time to time. 

Dr. Edward Hopkinson said that the author's 
method offered one great advantage in that the 
surfaces on which deposits were possible were all 
easily accessible, whereas deposits in the ordinary 
jackets were thoroughly inaccessible; there was 
little, therefore, in that point. The formation of 
SO, had a most injurious effect on the cylinder 
walls, but such was only possible if water were 
present in liquid form. In the author’s method 
there was no water present as a liquid; it was 
all evaporated. 

Dr. H.S. Hele-Shaw said that it appeared to be 
generally assumed that the same amount of water 
would be needed on the author’s system as in the 
ordinary method. That did not seem to him to 
be necessarily so. 

Mr. W. Patchell said that in his experience 
spraying water into the steam space of boilers, 
instead of admitting it into ae water space, 
resulted in a fine sand deposit instead of scale. 
He thought the sand would tend to cut the metal 
in the author’s engine, especially the exhaust- 
valve. Figures bearing on the point mentioned by 
Dr. Hele-Shaw were mentioned in the paper. 
Now-a-days, water jackets were often made up 
and had sometimes to be cut out in the ordinary 
engine. In the author’s engine the deposits, 
relatively speaking, were accessible. Part of the 
loss of water in the ordinary system, of course, 
arose in connection with the cooling-towers. 

Mr. W. Pitt asked whether the covering of 
certain internal parts with a good non-conducting 
material might not prove of advantage, and Mr. 
Charles Hawksley, who followed, referred to the 
fact that it had been stated that the water in 
Professor Hopkinson’s method would be lost. 
That, he thought, was not necessarily so. It might 
be collected, purified, and used again. 

Mr. M. Holroyd Smith asked whether it was 
safe to expect an economy, as stated in the paper, 
of from 20 to 40 per cent. In another = of the 

per it was stated that the whole cooling of the 
Careet was effected by conduction into the piston. 
Was that not a slight over-statement? The 
design of the rose did not look as if it would distri- 
bute water uniformly. He would suggest that 
instead of the jet being squirted out before and 
after the ignition, it might be done at the comple- 
tion of the exhaust stroke. There would be then 
less pressure to force the injection water against, 
and there would be the opportunity for any dele- 
terious matter to be carried off. It was stated 
that a suitable material had been found for the 
injection-rose. He would like further details of 
that material, and would also like further details 
with regard to the design. Instead of squirting in 
water by the intermittent action of a force-pump, 
he would suggest having the water under a con- 
stant head, and obtaining the intermittent action 
by means of a by-pass. 

Mr. J. F. © nd said the risk of breakdown 
was so serious with large engines that anything 
which suggested improved conditions was worthy 
of the closest attention. He noticed that the use 
of a fusible plug was suggested. He had fifty 
years’ experience with fusible plugs in connection 
with boiler work, and it had been unsatisfactory. 
It was possible, of course, that in the tg 
conditions might prove more favourable. r) 
author seemed to have struck upon a very import- 
ant point. He regretted that the engine recently 
larger cylinder 


tried on a larger engine. It would be worth 
while even for the Institution to assist in making 
experiments to determine the practical value of 
the proposed system, and every chance should be 


ee 











160 


ENGINEERING 





(Aus. 1, 1913. 








taken to carry the suggestion to a practical 
conclusion. 

Mr. B. W. Bagshawe said that in hot climates 
the gas-engine suffered because larger sizes had to 
be put in to do the same work. If the author's 


method were successful, makers would be able to|be thought that 





| 


the matter of scientitic instruments. They also 
had advice and criticism from others, some- 
times offered, it seemed, with the idea of reduc- 
ing the price of the next instrument. To look 
at the Callendar recording instrument it might 
it was likely to do good 


offer gas-engines at a price at which they could work in the hands of an expert, but would not 
compete with steam-engines, especially in such stand rough handling by the ordinary workman. 


countries as India. 


The simplicity of the cooling Their experience went to prove that in labvura- 


arrangement of Professor Hopkinson’s method was tories scientific instruments might be very roughly 


@ great point in its favour. 
estates the failure of even the small circulating 
pump gave a great deal of trouble, and if the 


On small and isvlated | handled, while in manufacturing works they were 


treated sometimes very much better by the ordi- 
nary workmen. It was not safe to assume that the 


author’s method could be introduced, it would solve | manner of using instruments was satisfactory in a 


many problems in tropical countries. 
Professor Hopkinson, in reply, said that much of 
the discussion had turned on the question of the 
salts in the water and the effect of injection on a 
vertical engine. He had not applied the system so 
far to a vertical engine, but ae to the horizontal 
type, and in that case the salts were carried away 
in the exhaust. They had hard water at Cambridge, 
and had been running their engine there for two 
years with very infrequent cleaning. In that time 
the salts in the water evaporated would amount to 
very large quantities, but they had experienced no 
trouble whatever. The system absolutely prevented 
pre-ignition. Several speakers had referred to the 
water injected and its effect on the wear of the 
cylinder. The remarks were not relevant, as in 
none of the cases referred to had the principles he 
adopted been followed. All the water in his method 
was boiled off ; none remained liquid. The question 
of the possibility of the salts van oes an open 
one. Where deposits would be of asharp character 
they might be dangerous. In the case of the 
Oechelhauser engine experimented upon they had 
purposely for a time introduced lime into the soft 
Glasgow water to see if any serious wear resulted ; 
some wear was found, but it was not serious. The 
water had to be clean or the holes of the rose might 
become stopped; evaporation, however, did not 
close them. The possibility of condensing the 
water would certainly have to be considered in con- 
nection with marine work. It would not be pos- 
sible to boil away sea water to the necessary 
amount without difficulties arising. However, the 
marine gas-engine was hardly in sight at present. 
It was admitted generally that engines of up to 
14-in. cylinders were fairly satisfactory. For the 
moment that field could not well be touched. He 
hoped to invade it later, owing to the reduced cost 
possible and the freedom of design the method 
rmitted. Beyond the 14-in. limit the method 
immediate advantages. As to the reason for 
his engine not having a larger cylinder than 
18 in., he would point out that it was a two- 
cycle engine, and was therefore of a size which 
would ordinarily require a water-cooled piston. 
That fact he had taken as his limit. He did not 
see that his method would improve matters in the 
tropics, where the trouble arose from the fact that it 
was not possible to get enough charge into the cylin- 
der. The proposed method would not alter that. 


TEMPERATURE MEASUREMENT. 


per taken was one entitled ‘‘ Modern 
Methods of a age | Temperature.” It was by 
Mr. R. 8. Whipple, who gave a réswmé of it in- 
stead of reading it in full. We reprint it in this 
week’s issue of ENGINEERING. After the author’s 
summary the President said that for much modern 
work the instruments had to be in the hands of 
unskilled men. The subject was of importance, as 
it was still easy to make mistakes of considerable 
itude in temperature measurement. 

he first speaker was Mr. Horace Darwin, who 
said that the author, having just returned from the 
United States, where he been investigating 
the latest advances in this class of work, had re- 
ferred to the mercury thermometer with the long 
capillary tube leading to the incicating instrument. 
The mercury did change in the tube with the change 
of pressure, and the words in the paper that the 
length of tube had ‘‘ no appreciable effect” were 
rather too strong. There was a small error introduced 


The second 





in that way ; it was not large, and in the ordinary | 


commercial instrument was unimportant. If the 
tube were long, some automatic compensating 


arrangement should be attempted. He thought | among 
the only safe plan in scientific work was to make | against each other. 
mall as possible, and to determine | temperature of oil-fuel-fired furnaces the pyro- 


the error as s 


| 
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laboratory. The Callendar instrument had been 
found to do good work in both the laboratory and 
the workshop. 

Dr. R. T. Glazebrook said he could not add 
greatly to the discussion. His interests were really 
much the same as those of the author. What was 
wanted in such a discussion at such an institution 
was that remarks should be brought out with regard 
to the practical use of the instruments. If engi- 
neers could offer any remarks which would help 
them to improve the instruments from the practical 

int of view, it would be of a great advantage. 

e had not had much actual experience in the 
development of instruments of the kind noticed in 
the paper, but he was in a position to testify to their 
accuracy, and the skill with which they were con- 
structed, since a large number of them passed 
through their hands at the National Physical 
Laboratory for testing purposes. As a rule, the 
errors found were extremely small, In the prac- 
tical use of such instruments there certainly were 
difficulties, but he hoped they might receive sug- 
gestions which would in time help them to solve 
the several problems which confronted them, 
and thus assist further development. Mechanical 
engineers generally owed a great deal to Mr. 
Darwin and the Scientific Instrument Company for 
the care which was bestowed on the construction 
of instruments. The resistance thermometer was 
originally tried by Sir W. Siemens; it was to Cal- 
lendar and Griffiths that the later perfecting of the 
instrument was due, in the Cavendish Laboratory. 
For reasonable temperatures the resistance thermo- 
meter was satisfactory, but for very high tempera- 
tures the radiation and optical pyrometers had to 
be used. Then they had to go k to the black 
body for a standard. They wanted assistance in 

roducing some means of protecting exposed metals 
rom the effects of contact with the hot furnace 
gases. If that were feasible, further advances 
would be possible. They also wanted greater 
knowledge on the production of refractory materials 
able to withstand very high temperatures. 

Mr. Charles Wicksteed said he had used two 
pyrometers for some time in his works with 
entirely satisfactory results, and he was surprised 
that they were not in more general use. For 
annealing work he had found them excellent. In 
annealing steels they could arrive at very exact 
temperatures so as to get the best results, and they 
were able to work with great certainty as to what 
the results would be. When used in the manner 
shown in Fig. 27 of the paper, they had found 
everything satisfactory ; in a second case, however, 
they had used the pyrometer in a different manner, 
and in making alterations to the furnace had 
bricked up a part so that the end of the pyrometer 
became too hot, and there was at once trouble. 
He recognised that that was due to their own 
fault, and not to that of the instrument. If the 
recorder were removed some distance from the 
work, the results were good, and they made it a prac- 
tice to keep the instrument at some distance. In 
using one of their instruments for malleable 
castings, although he was an amateur at malleable 
cast-iron work, and only went into the business 
because he could not obtain regular delivery from 
other firms, he never had a hard casting. It was 
well known that malleable castings, as a rule, were 
of all degrees of hardness, but by the use of the 
eee they managed to get theirs all perfectly 
ann 


difficulty in getting instruments which agreed 
themselves. Asa rule they all witnessed 
In endeavouring to obtain the 


what it was. The Cambridge Scientific Instrument | meters they had used had not been found to be 


Compan 


y had had the advantage of the friendly | reliable, and they had fallen back on the fusing- 


advice of Callendar, who was a master designer in | point system. 


Engineer-Rear-Admiral E Little had found that 
in ordinary thermometer work there was great | 








Sir R. Hadfield said that the value of accuracy 
in regard to instruments would be appreciated when 
they took between 3000 and 5000 pyrometer obser- 
vations per week, as was commonly done in works 
in Sheffield. In some cases 3 deg. or 4 deg. 
made an enormous difference in hardening. With 
so small a range permissible, exactitude was impor- 
tant. The name of Le Chatelier had been men- 
tioned in the paper ; it was through him that the 
first advance in the art had been made. Taking 
the temperature of molten metals was one of the 
matters which they were daily coming to recognise 
more clearly as of great importance. It was much 
more so than was usually realised. For such pur- 
poses they had to use either the resistance or — 
pyrometers. It was only lately that the melting- 
point of copper had been determined with a con- 
siderable degree of accuracy, yet an exact knowledge 
of it would be of much assistance in a great deal of 
work. The same might be said of iron. The 
temperatures of molten metal, and the means of 
arriving at accuracy in this respect, were deserving 
of close attention. The paper was so excellent that 
he had had several copies sent down at once to 
their works at Sheffield. 

Mr. W. Patchell asked what was the difference 
in the accuracy of the recorded temperature when 
the pyrometer was exposed or buried, as shown 
in Fig. 27 of the paper. He noticed that in the 
paper the author threw them back on the mercury 
thermometer for use in connection with steam 
plant. He (the speaker) had found that in taking 
the temperatures of superheated steam there was 
a distinct lag in the case of thermometers plunged 
in oil. In order to overcome that, Professor 
Burstall had devised a method which had been 
described in a paper he (Mr. Patchell) had read 
ou superheated steam several years ago before the 
Institution. 

Mr. Cosmo Johns said he had to scrutinise a 
large number of readings, and endeavour to attach 
some kind of value to them. He thought the 
errors in the instruments themselves were, to all 
intents and purposes, negligible, and makers were 
so much in advance of the means of making use 
of the instruments they produced that, he thought, 
they might practically cease for the time their 
endeavours to make further progress, except in 
certain cases. It was constantly the case to-day 
that results of a discordant nature would be found 
tabulated by men using similar instruments. Tem- 
peratures given by resistance, or by the radiation 
principle, were approximate. They all had to be 
referred to some higher standard of greater accu- 
racy—namely, the nitrogen thermometer. By its 
means physical quantities could be obtained which 
in time could be used’as standards. Calibration of 
instruments was most difficult, and, until that was 
rendered easier and more readily accomplished, they 
would inevitably get differing temperature records 
in the works. 

Dr. R. T. Glazebrook thought that it would not 
be found satisfactory if the attempt were made to 
calibrate the instruments in the works. He thought 
the more practical and satisfactory plan was to 
retain one instrument in the works for comparison, 
similar to those in actual use, and to treat the instru- 
ment thus used as a standard, and send it to the 
National Physical Laboratory from time to time to 
be tested. If works attempted calibrating to 
melting-point standards, he thought a great deal of 
trouble would ensue. 

In reply to the discussion, Mr. Whipple said he 
would like to emphasise the point that Dr. Glaze- 
brook had dwelt upon—namely, the difficulty of 
standardising instruments against melting-points. 
That was too difficult an operation to carry out satis- 
factorily in works, and he advised the keeping of a 
standard instrument as a means for checking others 
The Bureau of Standards of Washington were 


|considering the advisability of issuing a list of 





standard melting-points. All their work now hung 
upon that done for them by the National Physical 
Laboratory. The National Physical Laboratory 
had now encountered difficulties with regard to new 
materials for pyrometer tubes. He had found 
difficulties with ard to the melting-point of 
steel such as Sir R. Hadfield had referred to. It 
was comparatively easy to take the melting-point 
of small quantities of molten material, but when it 
came to masses, which it was impossible to 
approach within 30 ft. or so, very great difficulties 
were met with. He recommended that recorders 
should be put in as near the work as possible. 
They should be regarded by the men as friends, 
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INTERNAL-COMBUSTION ENGINE FOR NAVY TANK STEAMER; GHENT EXHIBITION. 
CONSTRUCTED BY MESSRS. CARELS FRERES, GHENT, AND THE CONSOLIDATED DIESEL ENGINE MANUFACTURERS, IPSWICH. 

















and not looked upon as policemen. In a recent 
visit to the Midvale Steel Works he had found that 
the firemen made a custom of congregating round 
the instruments. The fact was that a bonus was 
awarded on results, and the men realised that the 
instruments helped them. 

At the close of the discussion the President 
adjourned the meeting till the following morning 
(Wednesday). Inthe afternoon visits were paid to 
the Observatory, where members were received by 
Professor mort H. F. Newall, or to the Saxon 
and Norman Cement Works, others visiting the 
University Engineering Laboratory, the works of 
the Cambridge Scientific Company, and the Cam- 
bridge University Press. In the evening the Insti- 
tution Dinner was held in the Guildhall, the guests 
being received by the President and Lady Donald- 
son. Subsequently areception was held in Trinity 
Lodge by the Master, the Rev. H. Montagu Butler, 
D.D., and Mrs. Butler. 


Proceepines oF Wepnespay, &c. 


The proceedings were continued on Wednesda 
by a morning meeting in the Senate House, at whic 
four papers were considered. Three of these were on 
the drainage of the Fen district, and the fourth on 
engineering research. They were as follow :— 
‘* Modern Pumping Machinery for the Drainage of 
the Fens,” by Mr. R. W. Allen ; ‘‘ The Drainage of 
the Fens,” by Mr. R. F. Grantham ; ‘‘The Drainage 
of the River Ouse Basin,” by Mr. E. G. Crocker ; 
‘*A Few Notes on Engineering Research and its 
Co-Ordination,” by Mr. G. H. Roberts. In the 
afternoon visits were paid to works, &c., of interest, 





and a garden party was held at Magdalene Lodge 
by the invitation of the Vice-Chancellor of the 
University, the Rev. 8. A. Donaldson, D.D., Master 
of Magdalene College, and Lady Albinia Donald- 


son. In the evening a reception was held by the 
Mayor (Councillor W. H. Francis)and Mrs. Francis, 
in the Guildhall. Yesterday (Thursday) there were 
alternative whole-day visits to Ely or Ipswich. On 
the former the cathedral was visited, under the 
guidance of the Dean, the Rev. A. F. Kirkpatrick, 
D.D. ; in the afternoon a garden party was held 
in the Bishop’s Palace by the Bishop of Ely, Dr. F. 
H. Chase, and Mrs. Chase. Those who visited 
Ipswich had the opportunity of inspecting the works 
ar Wee. Reavell and Co., Messrs. Ransomes, 
Sims and Jefferies, Messrs. Ransomes and Rapier, 
&c. The Ipswich Corporation Electricity Supply 
Works were also visited, as were also those of 
Messrs. R. and W. Paul, Messrs. Cranfield Bros., &c. 
To-day (Friday) members are visiting Bedford, 
where, in the morning, some go to the works of 
Messrs. W. H. Allen, Son and Co., and are sub- 
sequently entertained to luncheon. Others visit 
places of interest in the neighbourhood in the 
morning, while in the afternoon visits are being 
paid to the Britannia Iron Works of Messrs. 
James and Frederick Howard, the Lynton Works 
of Messrs. W. H. A. Robertson and Co., and the 
Vulcan Works of Messrs. Grafton and Co. A 
garden party is also being held in the grounds of 
Broham House, the guests being received by Mr. 
W. H. Allenand Mrs. 8. Longhurst. Owing to limi- 
tation of space the report of the discussion at the 
Wednesday meeting must be deferred till our next 








issue. In recent issues we have described several 
of the works to which visits were paid at Ipswich 
and Bedford. 





INTERNAL-COMBUSTION ENGINES AT 
THE GHENT EXHIBITION. 


Ir is only in accordance with the fitness of things 
that Messrs. Carels Fréres, of Ghent, should take a 
pees part in the Ghent Exhibition. Indeed, 

ut for their well-known enterprise the collection of 
machinery in motion would have been a small feature 
of the home engineering display. The British and 
French collective exhibits, notably machine-tools 
and textile appliances in the former case, are also 
exceptionally good, while the Belgian locomotive 
exhibit is prominent. But in the Machinery Hall 
the Carels-Diesel engines dominate the view. One 
of them, driving the large screw propeller at 100 
revolutions, attracts great attention, and impresses 
the engineering visitor with the potentialities of 
this new system of marine motor. It bears on 
it the announcement that it ie for the British 
Admiralty, and is, we understand, with another 
similar set, intended for propelling a twin-screw oil- 
carrying steamer for transport of fuel for the fleet. 
Of this engine we give an engraving on this page. 

This engine is not only oy most important oil- 
engine in the Exhibition, but represents in design 
and construction the experience of fourteen years, 
for it was in 1899 that Messrs. Carels first n the 
building of Diesel engines in conjunction with the 
Diesel Engine Company, Limited, of London, with 
whom they are now associated as the Consolidated 
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Diesel Engine Manufacturers, Limited, London | to, there is exhibited, also in operation, a 1000- | descriptions has hardly benefited the scientific in- 
and en Messrs. Carels first constructed a | horse-power two-cycle four-cylinder Carels engine | vestigation of these and of meteorological problems 
so far. The si become weaker with greater 


single vertical-cylinder engine, which is still in 
operation in the works. Their experience with 
steam-engines, and particularly with engines using 
superheated steam, proved of great advantage, 
since temperature troubles are more or less common 
to these and the internal-combustion engine, 
although growth in cast iron is much greater 
in the case of liners of large internal-combus- 
tion cylinders, owing to the higher temperatures 
and thicker metal in the liner. The problem was 
therefore attacked with greater experience than was 
possible to manufacturers who no previous 

ractice with superheated steam, and good results 
os accrued from the care with which materials 
have been chosen, metal mixed, and castings made. 
The firm seem to have arrived at a standard 250- 
brake-horse-power cylinder, which they cast along 
with the splayed A-frame at back and front. This 
casting weighs about 8 tons, including a fairly large 
header, In ars ad sizes the cylinders and frames 
are cast separately purely for reasons of weight. The 
head of the cylinder, with its four scavenging valves 
and one central fuel-injecting valve, is cast in one 
a in the case of all cylinders irrespective of size. 

he liner is also a separate casting. 

The next outstanding feature in the engine exhi- 
bited, as of all the Carels marine engines, is the 
close assimilation to the design of the marine steam- 
engine. The differences are confined exclusively 
to the cylinders, the framing, bed-plate, crosshead 
guides, &c., being as in steam practice. Im the 
case of this particular engine there are six cylinders 
20.08 in. (610 mm.) in diameter with a stroke of 
36.22 in. (920 mm.). When running at 130 revo- 
lutions the brake horse-power will be 1600, equal 
to 2250 indicated horse-power. The two scaveng- 
ing pumps are driven from two connecting-rod 
crossheads, while the fuel-injecting air is compressed 
in a three-stage machine driven from the crank- 
shaft direct. A different type of compressor will be 
fitted on each of the twin engines on this Admiralty 
oil-carrying ship, in order to ascertain the compara- 
tive efficiency of two systems of compressors im 
similar working conditions. It may be noted in 
this connection, however, that Messrs. Carels pro- 

in later engines to drive the compressor for 
supplying fuel-injecting air also by levers from the 
cross-heads of the main engines. is will serve to 
reduce the over-all length of the engine-room. In 
other directions, too, the firm are improving their 
engine. They have simplified the arrangement for 
the all-important work of water-cooling the piston; 
and this, along with other features, we hope to 
illustrate later. Without a drawing it cannot be 
made quite clear. It obviates the multiplication 
of levers and of stufting-boxes for the conveyance 
of the water. On the reversing gear, which we 
illustrated and fully described in previous articles on 
the Carels engine, notably in vol. xciv., e 807, 
only slight modification have heen made. In the 
engine at the Ghent Exhibition the manceuvring 
gear works admirably; in tests at the Exhibi- 
tion this week at which the writer was pre- 
sent, the time from full ag ahead to full speed 
astern was about 6 seconds. These improvements 
—all toward simplification—are the result of expe- 
rience. The firm, in the new power-station they are 
building at their works, are putting down two sets 
of engines to be used exclusively for experiments 
with valves and other units, «s well as for tests with 
various oils and other fuels. 

Success in the past, as well as the present activity, 
justify this a and encourage its continu- 
ance. Already the firm have completed 342 
engines, collectively of 117,500 brake horse-power, 
including seven marine sets of 1500 horse-power 
average power per set. The largest stationary 
engines completed were the five 1000-brake-horse- 

wer sets for working the pumps for the new 

ladstone Dock at Liverpool, and the largest 
marine set of 2000 brake horse-power was for the 
Wotan. They have on hand Diesel engines col- 
lectively of 20,000 brake horse-power, the largest 
set being of 2500 brake horse-power, to drive a 
1700-kw. electric generator for the Bucharest 
electric power-station. This engine has six cylin- 
ders of 27.6 in. (700 mm.) diameter, and a stroke 
of 41.3 in. (1050 mm.). The firm, as we have 
already said, are associated with the Consolidated 
Diesel Engine Manufacturers, Limited, whose new 
works at ar for the manufacture of Diesel 
engines will be in operation this autumn. 


n addition to the engines we have thus referred 





working an electric generator. This engine is of the 
vertical type, but is non-reversing, and is seen to 
the left of our engraving. There is, too, a single- 
cylinder horizontal engine suitable for driving a 
mill. In addition there are engines for driving 
auxiliary gear, such as dynamos, reserve com- 
pressors, Se, so that, apart altogether from the 
exhibit of steam-engines, the firm have contri- 
buted in very large measure to the success of the 
Exhibition by directing attention to all possible 
applications of the Diesel engine, in which engi- 
neers at the present time find a subject of engros- 
sing interest. 

As to the other exhibits of oil-engines at Ghent, 
a brief reference need only be made, as the engines 
are comparatively small, and do not involve any 
great departure from what may be called the general 

ractice. Four or five Belgian firms have exhibits, 
including Firma Moteurs Oughema, of Ghent; 
Grymonprez Fréres of Monscron ; J. J. de Bruyker 
Fréres, of Ghent; H. Moore and J. Hebbelynk, 
of Ghent ; Van Ecke, Cheysens and Co., of Cour- 
trai; and Usines Lister, Dursley and Lanchen. 
As regards English exhibits, we have already 
referred to the engines shown on the stand 
of Messrs. Vickers, and manufactured by the 
Wolseley Company, of which they are proprietors. 
Mr. W. J. Bates, of Denton, Manchester, has two 
small gas-motors—a 50-horse-power unit using 
producer-gas, and a 54-horse-power motor using 
ordinary town gas. There is also a small horizontal 
engine. From France there are three engines. A 
Sulzer engine of the two-cycle, four-cylinder t 
is exhibited by the Forges et Chantier de la Medi- 
terranée. MM. Delaunay-Belleville have an ex- 
hibit of a vertical four-cylinder high-speed engine, 
capable of using various types of fuel, for driving a 
dynamo. M. Cazes, of Paris, shows a small four- 
cylinder motor for a launch. 





NOTES. 
UnsuccessruL Iron-Minine my Norway. 

Av official Norwegian report just published throws 
an interesting and instructive light upon the 
reckless manner in which foreign capital not 
unfrequently is sunk and lost in Norwegian mining 
undertakings, in spite of warning from people who 
know the business. The report in question refers 
to the large Madmoren iron mines in northern 
Norway, the working of which has now been dis- 
continued. There was, says the report, nc reason 
to look for any great results, as the capacity 


of the 5 yp even when viewed favourably, | 300 


expected to exceed a very moderate 
experts reckoned 


could not 
amount, whilst the . 

upon millions of tons. he Dutch company, 
which started working, soon found out that 
it would have been wiser to listen to the 
Norwegian counsel. The company, however, built 
expensive quays and installations for the transport 
of the anticipated large quantities of ore. Some 
little ore was broken at Iernhommeren, but the 
outcome of millions of kroners outlay was 270 tons of 
iron ore. When the Dutch gave up, the mines again 
passed into the hands of the original owners, and 
in 1907 an Austrian company took them over. 
The concession was granted, and sufficient capital 
subscribed for working on an extensive scale. New 
costly installations were taken in hand, a normal- 
gauge railway was built between the shipping place 
at Vatnfjord and Rangeldale, the quay accommoda- 
tion was increased, three compressor plants were in- 
stalled, and various other oan done. Ore-breakin 

commenced towards the close of 1908, but prov 

very unsatisfactory, and all work was suspended 
until May the following year, when, after extensive 
surveys, it was decided to work a shaft about 
90 metres below the old shaft to ascertain the 
extent of ore at this depth. This shaft was carried 
600 metres without coming upon any ore. It 
was then stopped ; some few remnants of ore in the 
mines were worked, and then working ceased 


altogether. The proceeds of several years of work- 


ing and a vast outlay of capital are stated to be 
7417 tons of export ore, with a percentage of iron 
varying from 45 to 51 per cent. 


ELECTROMAGNETIC WavVES IN THE ATMOSPHERE. 
The laws governing the pagation of radio- 
telegraphic signals through the atmosphere at da. 
and night time are still imperfectly und R 
and the recent development of aircraft of various 





distance ; but one of the points to be investigated 
is in how far the height above the earth, apart from 
the mere question of distance, enters into such 
problems ; in other words, whether the signals are 
affected by the lower density, lower temperature, 
increased ionisation, and other special features of 
the higher atmosphere. Some preliminary experi- 
mente undertaken for this purpose are described 
by G. Lutze in the Physikalische Zeitschrift, 1913, 
page 288. The experiments were instituted by K. 
hmidt, of Halle, and the balloon rose from Bitter- 
feld, near that city. It was a balloon of 1680 cub. m. 
capacity, having a girth of about 45 metres. The 
antenna was a wire hanging down from a drum toa 
maximum length of 100 metres. In order to get a 
node near the balloon and to balance the load as 
well, Lutze fixed three wire rings near the equator 
of the balloon, 2 metres apart from one another ; 
the wire was covered with soft rubber insulation 
merely to prevent its damaging the balloon fabric. 
A wire 15 m. in length led from the rings to the 
observer’s e, which was well equipped with 
apparatus. The intensity of the received signals 
was determined by the llel ohm method, resist- 
ance parallel to the telephone being reduced step 
by step until the signals nearly ceased to be distin- 
ishable. The detector was a Schlémelch electro- 
ytic cell which had been doing duty at the Nord- 
deich radiotelegraphic station for months, and which 
roved quite efficient again after the experiments. 
e received telephone signals may be assumed to 

be proportional in intensity to the energy of the 
radiations taken up by the antenna. A series of 
sparks was given below for four hours, each time 
for a quarter of an hour, in slow sequence by a 
Braun apparatus. During the experiments on the 
evening and night of September 24-25, 1912, the 
distance of the balloon increased to 120 km., and the 
height above the ground to 1277 m. The general 
result was that the intensity of the received signals 
decreased as the distance increased, not with the 
square of the distance, however. If p be the power 
exponent, then the values of p went down from 
1.96 (instead of 2) to 0.88. It was further noticed 
that for equal distances the signals were weaker 
when the balloon was at a higher level. To inves- 
tigate this latter point further another ascent was 
made on January 5, 1913, this time about noon, 
and for a long time the balloon drifted at a level of 
6500 m. above the ground; the direction of the 
drift was northward, so that the distance from 
Norddeich, where the signals were given, roughly 
km., practically remained unchanged. At that 
great height the signals were only half as strong as 
they should have been at that distance. The tem- 
perature was — 36 deg. Cent., and the air density 
very low, of course. Both these factors may have 
influenced the observations with the Schlomelch 
electrolytic cell; laboratory experiments subse- 
quently performed did not show any but a weak 
influence of these factors, however. The effect of 
distance on radiotelegraphic signals, rather than 
that of the height above sea-level, was studied 
by W. Duddell and H. J. Taylor in 1905; by 
Tissot, and within the last years by Mosler, and 
especially by L. W. Austin, of the Bureau of 
Standards. The earlier experimenters were not 
able to study the effects of considerable dis- 
tances. Austin used waves ranging in wave- 
length from 300 to 3750 metres and distances up to 


-1000 nautical miles, his stations being on land and 


on cruisers of the United States. As long as the 
distance did not exceed 100 or 200 miles, the 
intensity of the received currents would vary 
inversely, roughly, as the distance ; at greater dis- 
tances the intensity would fall off more rapidly ; 
the night signals were stronger than day signals, but 
also often more irregular. Austin has not made 
balloon experiments, however. 





Waces 1n Betctum.—The average wages paid to each 
working miner during the ten years 1903 to 1912 were :— 
1903, 497.; 1904, 487.; 1905, 50/.; 1906, 55/.; 1907, 60/.; 
1908, 58/.; 1909, 53/.; 1910, 547.; 1911, 527.; and 1912, 592, 
The average advance in wages per man employed during 
the ten years was, accordingly, 10/. This rise is perhaps 
less than may be generally supposed ; and comparing 
1912 with 1907 there was even a decrease of 1/. per man. 
The annual production of coal per man varied as follows 
during the ten years :—1903, 170 tons; 1904, 169 tons; 
1905 and 1906, 174 tons; 1907, 167 tons; 1908, 162 tons; 
1909 — — 163 a ; 1910, 165 tons ; and . - 
tons. e effective uction per man was, accordingly, 
7 tons less in 1912 than in 1903, , 
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THE LATE MR. JAMES RICHARD BELL. 


WE tt to have to record the death, on a recent 
date, at his residence, ‘‘ Hazeldene,” Ightham, Kent, 
of Mr. James Richard Bell. Mr. Bell was born at Wick, 
on August 21, 1841, in the house of his dfather, 
James Bremner, the engineer who salved the Great 
Britain, when she stranded on the Irish coast, in 1847, 
after Brunel had failed in the undertaking. He was 
educated at Aberdeen Gymnasium, and served his 
apprenticeship with Mr. John Gardner, M. Inst. C.E., 
from 1858 to 1861, and was en, as resident engi- 
neer of the Merthyr and Abergavenny Railway until 
the completion of this railway, in 1862. He then prac- 
tised in Egypt on the Ramle and Alexandria Railway 
from 1862 to 1864, and was at the same time entrusted 
by the Pasha of Egypt with various railway 
surveys and railway schemes. Mr. Bell returned 
to this country in 1865, and was appointed resident 
engineer, under Mr. John Ashdown, for the 70 miles 
of railway from the Potteries to Shrewsbury and 
North Wales. 

While practising in Liverpool in 1868 Mr. Bell was 
appointed assistant engineer to the Indian Irrigation 
Department, on a five years’ contract, on the expira- 
tion of which he was retained as a member of the Indian 
Public Works Department. He was in executive a 
of a portion of the Nizam’s State Railway until 1874. 
1875 he was in the chief engineer’s office for the Indus 
Valley Railway, and had charge of the Sutlej River 
Bridge from 1876 until its completion in 1878. He also 
carried out work in connection with the construction 
of the Sukkur, the Muttra-Jumna, the Firozpur 
bridges, and the Sher-Shah bridge over the Chenab. 
His work at Sukkur had to be interrupted after 
a few months, when he was entrusted with the laying 
of a railway with all possible speed from Ruk, south of 
Sukkur, to the Bolan Pass. e massacre at Kabul 
had compelled the Government to re-occupy this and 
other re points in Afghanistan, and the extreme 
urgency and importance of” a railway communication 
to the Bolan Pass, as the starting point of the military 
route to Quettah and Risthen: bhteien ap t. In 
this work Mr. Bell had to face very great Rifficulties. 
The route had not been surveyed, no material was 
immediately available, and for the most part the line 
ran through a waterless desert. He, nevertheless, con- 
structed over 113 miles of railway from Ruk to Sibi in 
101 days, from October 4, 1879, to January 14, 1880; 
the line was immediately opened for mili traffic, 
and was subsequently extended a few miles to the Bolan 
Pass. Later on Mr. Bell was appointed engineer-in- 
chief of the North-Western Provinces and Oude; he 
was also engineer-in-chief on a number of surveys, 
among which we may mention the Hyderabad- 
Umarkot Railway, the Mianweli-Meri extension, 
and the Poonsh-Kashmir Railway. He was con- 
sulting engineer to the Government of India until 
1896, when he retired, having reached the age limit. 
On several occasions Mr. Bell was commended by the 
Madras Government and the Government of India for 
his services. He was a frequent contributor to Enc1- 
NEERING. He became a member of the Institution of 
Civil Engineers in December, 1879, and was awarded 
the Telford Premium for his paper to the Institution 
on the Sutlej Bridge. 

From 1896 onward Mr. Bell practised as a consult- 
ing engineer ; that he was a valued member of the 
Indian Public Works Department is shown from the 
fact that, since his retirement, the Government sought 
his advice on various important works. He was also 
retained as a witness at a conference to be held next 
winter on the question of regulating the River Indus, 
a question on which he was the recognised authority. 
Mr. Bell, it is interesting to note, was the original of 
Kipling’s ‘‘ Bridgebuilder.” He was seventy-two years 
of age at the time of his death. 





THe GERMAN Sree, Union.—The quantity of 
despatched during June, the last month of the 
Union’s financial year, shows, as 
— of ) sad a. bongs Sy 
urn-out during the year. e aggregate quantity of 
goods eee durtog the last financial year aeuntel 
to 6,514,000 tons, against 6,141,000 tons during the pre- 
vious year, an increase of 373,000 tons. Coupled with the 
a, of pig iron, the doings of the Steel Union 
forms a satisfactory picture of the state of the German 
iron industry. —— oe the turnover in railway 
material shows a material increase, some 434,000 tons as 
compared with the preceding twelve months. Since 
November, 1912, this speciality has shown an unusual 
amount of activity. This is principally owing to the fact 
that the Prussian Railway ent at last has made 
up its mind to place substantial orders, owing, no doubt, 
to the highly unsatisfactory experiences of last autumn, 
when the industry suffered greatly from the incapacity 
of the railways to grapple adequately with the traffic. 
The accounts of the Steel Union in this case comprise 
fifteen months, being the first since the renewal, the old 
financial year terminating March 31. This makes com- 
parisons in some respects rather difficult. Of half- 
finished goods there were despatched during these fifteen 
months 2,271,593 tons; of railway material, 3,153,730 
tons ; and of shape iron, 2,706,459 tons, 


Gicel 


rds the A class, a 


e highest monthly | da 





THE LATE MR. ARCHIBALD HAMILTON, 
GLASGOW. 


Many connected with harbour and dock construc- 
tion and working, and with shipbuilding and shipping, 
will regret to learn of the sudden death, on Thursday, 
July 24, of Mr. Archibald Hamilton, M. Inst. C. E. 
who for over forty years had been in the service of 
the Clyde Navigation Trustees. 

For a long time the Trust have carried out all new 
constructional works, as well as maintenance and 
repair work, with their own staff, and as chief out- 
door assistant for many years to the late Mr. James 
Deas, a of the Trust, Mr. Hamilton was 
responsible for the direction and supervision of these 
works, including Prince’s Dock, and graving docks 
adjacent to it. After Mr. Deas’s Pron & Hamilton 
was appointed assistant engineer to the Trust, and con- 
tinued in the supervision of construction and main- 
tenance works and the dredging and deepening of the 
river, in association with Mr. W. M. Alston, M. Inst. 
C.E., chief engineer. Among the new works carried 
out by him were Rothesay Dock, Merklands and 
Meadowside Quays, Shieldhall Wharf extension, and 
the new workshops at Renfrew, for the repair of the 
dredging plant, &c., of the Trust. In addition to 
having great practical experience, Mr. Hamilton was 
full of energy. He was original in his work, and tackled 
problems that arose with great courage and resource. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the ty market opened with rather a weak tone, but 
firmed up later. The business was limited to 1000 tons of 
Cleveland warrants at from 55s. to 55s. 2d. cash, and 
closing sellers named 55s. 3d. cash, 55s. 7d. one month, 
and 56s. 2d. three months. Sellers of hematite were 
again in the market, quoting 72s. 6d. cash, 73s. one 
month, and 73s. 104d. three months. In the afternoon 
Cleveland warrants were the turn stronger, but the 
dealing was confined to one lot at 55s. 4d. , with sellers 
over at that figure, and at 55s. 8d. one month, and 56s. 3d. 
three months. Sellers of hematite quoted the same prices 
as at the morning session. On Friday morning the tone 
of the market was little changed, but the turnover "7 
amounted to 2000 tons of Cleveland warrants at 55s. 7 
one month, 56s. October 1, and 56s. 3d. three months. 
The closing quotations were 55s. 44d. cash, 55s. 74d. one 
mon and 56s. 3d. three months. The afternoon 
session was dull and quiet, and only 1000 tons of Cleve- 
land warrants were done at 55s. 3d. cash, with sellers 
over. The other closing prices were 55s. 7d. one 
month, and 56s. three months sellers. On Monday 
morning the market was firm, and 2000 tons of Cleve- 
land warrants were dealt in at 55s. 3d. cash, with 
closing sellers at 55s. 4d. cash, 55s. 8d. one month, and 
56s. 3d. three months. In the afternoon Cleveland war- 
rants made an upward move, but the business was limited 
to two lots at 55s. 5d. cash and 55s. 9d. one month. At 
the close there were sellers at 55s. 54d. cash, 55s. 9d. one 
month, and 56s. 4d. three months. Tuesday morning 
the market was a little easier, but dealings continued on 
a small scale, and only amounted to 2000 tons of Cleve- 
land warrants at 55s. 4d. cash, 55s. 54d. and 55s. 5d. 
eight re = 56s. 24d. three months. Closing sellers 

uoted 44d. cash, 55s. 84d. one month, and 56s. 3d. 

ree mon Sellers of cash hematite quoted 72s., 
but there were no declared buyers. The tone was again 
easier in the afternoon, and Oleveland warrants were 
done at from 55s. 4d. to 55s. 3d. cash, and 56s. 2d. three 
months. The turnover was 4000 tons, and sellers’ closing 
quotations were down to 55s. 34d. cash, 55s. 74d. one 
month, and 56s. 1d. three months. When the market 
opened to-day (Wednesday), Cleveland warrants received 
little support, and 2500 tons changed hands at 55s. it: 
cash, 55s. . one month, and from 56s. 04d. to 55s. 114d. 
three months. At the close sellers quoted 55s. 2d. cash, 
55s. 6d. one month, and 55s. 114d. three months. In the 
afternoon there was absolutely nothing 7 and sellers 
of Cleveland warrants were easier at 56s. 1d. cash, and 
- iia one month, but steady for three months at 


Sulphate of Ammonia.—There has been rather a better 
inquiry for sulphate of ammonia during the past few 
ys, and the price has shown a firmer tendency. For 
prompt delivery the current quotation is from 12, 17s. 6d. 
to 13/. per ton, Glasgow or Leith, and for forward lots 
sellers name over the latter figure. 


Scotch Steel Trade.—There has been little doing in the 
Scotch steel trade during the past week, owing to the 
holiday feeling which still prevails; and as the weather 
has been, and still is, oppressively hot, it is difficult to 
settle down to business. Reports show that the booking 
during the holidays was far from extensive, and that there 
has been very little accumulation of fresh orders. Work 
has not 8 in some of the establishments yet, 
and in others a partial commencement has only been 
made so far. Local consumers are slow to send out 
es and only some small lots of plates, sections, 

bars have been placed during the past few days, 

but on export account there are one or two fair inquiries 
on the market for light material for constructional work. 
thin sheets report a fair inquiry, while 

in the heavier gauges there is less doing. vanised 
sheets are firmer in price. The official list of prices is 
unchanged as yet, much to the disappointment of many 
who openly stated that 9 reduction was assured for this 





week. They reckoned without knowledge, because, at 
the meeting of the Steelmakers’ Association, held in 
London at the end of last week, it was decided to make 
no change in prices inthe meantime. That decision came 
as a very big surprise to many, ip ery A to the local 
consumers, who consider it too bad that they should have 
to pay considerably more than the foreigner has to pay 
for the very same material. Continental and American 
stuff is being offered at least 1/. a ton less than the 
home-manufactured article, and that was another reason 
why a reduction was thought to be certain; but 
it is freely stated in business circles this week 
that the present official price-list cannot be main- 
tained very much longer, and a reduction must be made 


very soon. Thecurrent prices are :—Ship-plates, 8/. 7s. 6d. 
per ton ; boiler-plates, 2s. 6d. per ton; angles, 82. Fwd 
ton—all less 5 per cent. deliv Clyde or equal. e 


export rates for the above are 8/., 8/. 10s., and 6/. 10s. per 
ton, less 24 per cent., while merchants are even offering 
lots at shillings per ton under these latter figures, and in 
the case of angles it is stated that they will —; iness 
at 6/, 7s. 6d. per ton, less x hy cent. Two firms have 
intimated resignation from the Association, but that does 
not actually mean a split in the ranks. They want a 
freer hand in selling both at home and abroad. 

Malleable-Iron Trade.—There is little to report in con- 
nection with the West of Scotland malleable-iron trade, 
as business is not yet in full swing. ‘‘ Crown” 
delivered locally are 7/. 10s. per ton, less 5 per cent., 
while the export price is 7/. per ton net f.o.b. This 
means a@ very distinct reduction in the price for the home 
market, and it will be welcomed by consumers who have 
felt aggrieved at the preference lately shown to the 
export market. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig iron has fallen off again this 
week, but shipping contracts are running away with a 
fairly large ton’ Prices are easier, and the follow- 
ing are the market quotations for makers’ (No. 1) 
iron’:—Clyde, 75s.; Calder, Gartsherrie, Summerlee, an 


Langloan, 75s. 6d. (all shipped at G iw); Gle - 
nock (at Ardrossan), 75s. 6d.; Shotts (at Leith), 75s. 6d.; 
and (at Grangemouth), 76s. 

Distribution of Pig-Iron Output.—The meeti of 
Cleveland ironmasters called to hear the report of the 


committee appointed to draw up a scheme for the dis- 
tribution of the Cleveland district output was held in 
Middlesbrough last Monday. The proposal of formi 

a limited company to undertake the sale of the fue 


.| output, &c., was thoroughly discussed, but no actual 


finding was arrived at. @ meeting was adjourned for 
no less than six weeks, and the fact is being taken by 
outsiders as of no little significance. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
The Industrial Outlook.—The state of Sheffield’s iro 
and steel industries is, in some respects, causing a certain 
amount of apprehension for the future. Ib is feared the 
stringency in the money market, if it proves at all exten- 
sive, may result in considerable loss of trade both at home 
andabroad. Demands havealready suffered by it, and much 
inconvenience is being created by the delay in settlement 
of accounts. _The two important factors contributing to 
a decreased July output have been the unrest in the 
Midlands and the adverse effect the new demu’ rates 
have had on the construction of oom | stock. In this 
direction work is practically suspended. As an excep- 
tion to this rather pessimistic outlook may be mentioned 
the armament, gun, and shell departments. Contracts 
which were made some time are giving sufficient 
work. and it is expected that Sheffield’s share in British 
and Foreign Government orders in the near future will be 
satisfactory. 


Strike of Moulders.—After an uninterrupted run of 
prosperity since the early part of last year, the heavy 
industries of Sheffield are again faced with a serious 
crisis owing to precipitate action on the part of the 
moulders, who came out on strike yesterday morning. 
They ‘‘downed tools” following upon a mass meeting the 
previous evening, and without giving notice. There are 
about 1200 men and 200 boys concerned, and it is, unfor- 
tunately, highl bable that other bodies of workers will 
be drawn in. © pattern-makers and core-makers 
of course, closely identified with the moulders, an 
upon the attitude of the core-makers depends largely 
the successful carrying out of the moulders’ intentions, 
as many core-makers are capable of doing moulders’ 
work. As the holidays commence this week-end, the 
dispute, which is over the employment of non-union 
labour, is very likely to extend at least throughout 
next week. If it is then prolonged, the armament and 
all the large engineering firms will be very adversely 
affected, and some of them, it is well nigh certain, will 
be com to shut down. The last time the moulders 
came into conflict with the employers was in March, 1912, 
when the dispute lasted seven On that occasion 
the moulders sought to establish a fixed line of demarca- 
tion between what was to be regarded as essentially their 
work and what was core-makers’ work. 


South Yorkshire Coal Trade.—Business in the local 
coal market remains quiet, and conditions approximate 
closely to the normal summer level. Takings from gas 
companies have had a beneficial effect upon the house- 
coal position, aud the majority of the next year’s contracts 
have been fixed up. Advances have in all cases been 
obtained, averaging about 1s. 3d. a ton, upon the quota- 
tions of a year ago. Quantities for Se aed allen 
much below expectations, and the shrin. in n 
has occasioned a good deal of disappointment, besides 
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weakening the steam-coal D mga Slacks and coking 
smalls are considerably weaker, and there is little doing 
in coke. Quotations :—Best branch hand-picked, 15s. to 
16s. ; Barnsley best Si 12s. 6d. to 138. 6d.; Derby- 
shire best brights, 11s. 6d. to 12s. 6d. ; Derbyshire house, 
10s. 6d. to 11s. 6d.; best large nuts, 10s. 6d. ; 
nuts, 9s. to 10s.; Yorkshire hards, 1ls.to 13s. ; 


Derby- | 
shire hards, 11s. a * ae 7s. Sota} asenda | 
to 


6s. to 7s. 6d. ; smalls, 4s, 6d. 


Tron and Steel.—A general slackness pervades the 
market for raw materials, and although hematite has 
experienced a slump in prices, the present quotation 
being 12s. below the maximum of the ‘‘ boom,” this 
not induced new business in any ny A good man 


inquiries, however, are on foot. Forge iron has drop 
and Lincolnshire sorts fell 2s., yet users have not made 
» the ruling quotations 


heavy demands. It is unlikely j 
for Derbyshire forge will show any further decline, on 
account of the expectation of cheaper fuel. The price 
stands 2s. higher than that for iron from Notts and 
Leicestershire, which is quoted at 55s. It is anticipated 
that p.g iron will improve in the near future by reason of 
the cessation of trouble in the Midlands. A state of 
lassitude also characterises the market for finished irons, 
and although the local bar-iron makers have a fair number 
of contracts, the eg! of specifications prevents con- 
tinuity of progress. ome Government contracts are 
expected to receive some speeding up as regards battle- 
ship construction, and this is likely to keep local firms 
busy for some time. The output of armour-plate, war- 
ship forgings and castings, is maintained steadily, and 
the shell‘makers are busily engaged on large ord 
including one for Woolwich Arsenal. Some thousan 
tons of armour-plate for the vessel Queen Elizabeth are 
being supplied by Sheffield. The South African Union 
and the Kemualian Governments are in the market for 
large quantities of steel. 





Gearep VerticaL Driiiine - Macuinges. — Messrs. 
A. A. Jonesand Shipman, Limited, Leicester, inform us 
that they are now building all their “New Century” geared 


vertical drills to run on gun-metal ring-oiling ings, 
this being a considerable advance on previous om 
ie le 


They have entirely discarded the running-up of the bea: 
ings with white metal. They are also now erecting in 
their works a grinding-machine which has been a 
manufactured for them for the pu _of grinding the 
columns of their vertical drills, which gives better work 
and absolute accuracy. 


Betaran Coat-Mininc.—The extraction of coal effected 
in the province of Liége during the ten years ended with 
1912 inclusive was as follows :— 





Year. Tons. Year. Tons. 
1908 . 6,999,040 1908 . 5,917,900 
1904 . 6,887, 1909 . 5,987,250 
1905 . . 5,874,410 1910 . .. 6,140,660 
1906 . 6,014,140 1911 ..  .. 5,768,300 
1907 .. .. 6,779,040 1912 .. =... 6,184,330 
The average value of the coal raised < by year was :— 
1903, 11s. 2d. per ton; 1904, 10s. 8d. per ton; 1906, 


10s. 9d. per ton ; 1906, 12s. 6d. per ton ; 1907, 14s. 4d. per 
ton ; 1908, 13s. 10d. per ton ; 1909, 12s. 3d. per ton; 1910, 
12s. 1d, per ton; 1911, 12s. 4d. per ton; and 1912, 13s. 7d. 

r ton. The vicissitudes of coal-mining are 
Ioeeibly illustrated by the variations in the profits realised 
in each of the ten years, which come out as follows :— 
1903, 460,080/. ; 71904, 298.512/.; 1905. 333,912/.; 1906, 
602,558. ; 1907, 613 392/. ; 1908, 463,232/.; 1909, 267,6307. ; 
1910, 193,5282. ; 1911, 192,722/. ; and 1912, 348,636. 


Tue Kowtoon-Canton Rartway.—According to the 
Overland China Mail this line is now in a = state of 
efficiency, the road-bed having become thoroughly consoli- 
dated and made safe for the oe speeds required. The 
signalling has been improved by the adoption of a key- 
box at each station, where the keys for locking the facing- 
points are . The proper combination of keys can 
only be withdrawn at one time, the keys not wanted 
being locked in until those used are returned. The branch 
from Fanling to Sha-Tau-Kok was completed and open 
for traffic on April 1, last year. The expenditure on the 
main line for construction up to December 31, 1911, was 
11,984,515.13 dols., and for the Fanling branch li 
36,987.64 dols., making a total of 12,021,502.77 dols. A 
further sum of 1,783,093 dols. was voted by the tive 
Council for the year 1912. During this year the two locomo- 
tives ordered in 1911 were paid for, as well as eight coaches 
ordered at the same time; the total amount of money 
paid under the main line account, including the cost of 
a new station and land for a residence for the manager, 
was 1,729.550.54 dols, but this figure was reduced by the 
sale of construction plant and by the amen on exchange 

h the amount 





to 1,242,131.96 dols. On the Fanli 
expended on heavier rails wrs 20,790.55 dols., and 
altogether the expenditure tt the grant showed a 


saving of 520,170.49 dols. e working expenses, com- 


small | business passing in Cleveland 


ed | 1911-12, 1720 vessels, of 243,792 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLesBroucH, Wednesday. 
The Cleveland Iron Trade.—There is a fair amount of 
ig iron, but it is mostl 
confined to transactions for early delivery, traders sti 
acting with much caution aa hesitating to commit 
= agence od topic of ae se 
e@ pro to establish a company for the purpose o' 
disterbuti the pig iron made in this district, and 
opinions still differ as to what will be the outcome of the 
deliberations of the ironmasters who are considering the 
scheme. No. 3 g.m.b. Cleveland pig is being 
sold by second-hands at 55s. 9d. for early f.o.b. delivery, 
and that price is regarded as the general market quotation, 
though makers, as a rule, hold out for a higher figure. 
No. 1 Cleveland pig is in the neighbourhood of 58s. 3d.; 
No. 4 foundry, 55s. 6d.; No. 4 forge, 55s. to 55s. 3d.; and 
mottled and white iron, each 54s. 9d. There is very little 
passing in East Coast hematite pig iron. con- 
sumers are still es &. and only smal! odd lots are 
ere hands. Merchants are pressing sales of Nos. 1, 
2, 3 at 71s. 6d., and possibly contracts could be made 
at 7ls., so that the figure is now approaching what, for 
some time past, buyers have declared should be the price 
—70s. There is little or nothing doing in foreign ore, but 
merchants are well sold, and they show no di ition to 
ee way. Thus quotations remain nominally on the 
is of ex-ship Tees for Rubio of 50 per cent. quality. 
Coke is easy, though local consumption is — Average 
blastfurnace kinds are quoted 19s. delive here, but 
sales have occurred at a lower figure. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present few 
new features of moment. uction against contracts 
is aerey and specifications are being given out rather 
freely, but new orders are by no means plentiful. A little 
new work, however, is secured from time to time. The 
Cargo Fleet Iron and Steel Company, Middlesbrough, 
have booked an order for 10,000 tons of conductor-rails 
for the London and North-Western Railway, needed in 
connection with electrification developments. Hopes are 
entertained that some part of Australian orders, which 
are understood to be in the market, will come to this dis- 
trict. Prices of several descriptions show a marked down- 
ward tendency, but as yet principal market rates stand : 
com oe oe iron — 81. 15s. — rs, 92. > 6d. Kenney best 

91. 10s.; packing-iron, 67. ; iron ship-plates, 8/.; 

iron ship-angies, 8. 7: iron ship-rivets, 9/ ; iron boiler- 
lates, 8l. 7s. 6d.; steel bars Toasic), 8l.; steel bars, 

Siemens), 8/. 103. ; steel ship-plates, 8/. 5s. ; steel ship- 
angles, 7/. 17s. 6d. ; steel boiler-plates, 9/. 5s. ; steel joists, 
6l. 17s. 6d. to 71. ; cast-iron railway chairs, 4/. 15s. ; light 
iron rails, 7/. to 7/. 58.; heavy steel rails, 6/. 12s. 6d. to 
61. 15s.; steel railway sleepers, 7/. 10s.; and iron and 
steel galvanised corrugated sheets, 11/.—sheets less the 
usual 4 per cent. f.o.b., railway material net at works, 
and all other descriptions less the customary 24 per cent. 

Trade Statistics.—The quarterly returns issued by the 
Middlesbrough Chamber of merce show that, on 
June 30 last, of the 77 blastfurnaces within the port of 
Middlesbrough 60 were in operation, and produced during 
the second three months of the year 715,000 tons of pig 
iron, as compared with an output of 709,000 tons for the 
previous three months, and a make of 520,000 tons for 
the second quarter of last year. Imports of foreign 
iron ore into Middlesbrough for the three months endi 
June 30 last reached 749 tons, as compared wi 
587,234 tons for the previous three months, and 338,378 
tons for the second quarter of 1912. The total value of 

is, other than coal and coke, exported to foreign and 

lonial destinations from Middlesbrough last quarter 

amounted to 3,375,961/., or 1,434,214/. more than for the 
corresponding period a year ago. 





SHIPBUILDING IN THE UNITED States.—During the 
year ended June 30 there were built in the United States, 
and officially numbered by the Bureau of Navigation at 
Washington, 1648 vessels, of 382,304 tons gross. In 


numbered. The output of 1912-13 is the 
1908. Of the total number of vessels, 121, of 225,467 tons 


line | gross, were steel steamers, of which 36, of 68,203 tons 


gross, were built on the Great Lakes. Unrigged vessels 
numbered 436 and represented 90,971 gross tons. 


** ANUARIO DE Mineria, Metaturcia, ELEcTRICIDAD 
& InpusTRias Quimicas DE Espana.”—The annual 
Directory of Mines, Metallurgy, Electricity, and Chemicsl 
Industries in Spain, published by the Revista Minera, 
Metalirgica y de Ingenieria, Madrid, under the direction 
of Mr. Adriano Contreras, mining engineer, ex-professor 
of the School of Mines in rid, and Mr. Roman 
Oriol, mining engineer, has now appeared. This, No. XIII., 
is an octavo volume of 800 pages; its price is 7s. The 
Revista Minera bas published this directory with in- 
ing success for the last seventeen years. It contains 








with the previous year, showed a marked decres 
he actual een yyy were 207,350.78 dols., against 
an estimate of 200,973 dols. The revenue from tere 
service was cnppenting, ane meres © the unsettled 
state of the Kwong Tun vince. e revenue deri 
from | ger © was rather less than in 1911. 
Goods c has developed or: and has been dis- 
cou by the imposition of kin. The revenue ex- 
ceeded the working ——— by 34,298.24 dols., which is 
thought sati-factory w all thi are taken into 
consideration. There was no fatal accident to the 
travelling public during the vear, and only one passenger 
sustained injury—due to alighting from an express train 


when in motion. Nor were there any accidents to rail- 
way servants, 


ved | panies established in 


a list of all the Spanish mines, classified according to 
the minerals cd sa and gives also iculars on 
the mining, metallurgical, electrical, and chemical com- 
Spain, including the capital of 
the companies, their ohinen the names of officials, 
Similar information is given on the metallurgical and 
chemical works and on various railway companies. The 
book further contains information as to the rates for 
carrying ores, metallurgical and chemical products, the 
fees charged by the laboratory of the School of Mines for 
examining and analysing ores, the custom-house duties 
and commercial treaties, the laws and regulations refer- 
—~ = theSpanish metallurgical and mining industry, and 
so forth. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in steam coal has shown no 
activity, but prices have remained stationary for all de- 
scriptions of large and smalls. For August deliveries 
colliery owners are asking fully late rates, and even some- 
what ran prices, as they anticipate a scarcity as the 
result of holiday sto The best Any tae 
on oe Bee ee 4 ag Sgt Fy best 
secondary descriptions, tol .; other secondary 
qualities, 18s. to 18s. 9d. ; best bunker smalls, 10s. 3d. to 
10s. 9d.; and cargo smalls, 7s. 6d. to 8s. 6d. per ton. The 
best household coal has realised 19s. to 20s. ; good house- 
holds, 17s. to 18s.; No. 3 Rhondda large, 17s. to 18s.; and 
smalls, 12s. to 12s. 6d. ton. No. 2 Rhondda large has 
brought 13s. to 13s. 9d.; and No, 2 smalls have made 8s. 
to 8s. 6d. per ton. Special foundry coke has been quoted 
30s. nag Hh good By! om | 25s. to 28s.; and 
‘urnace coke, to ton. iron 
Rubio has realised 188. 6d. to i a aes Neer 4 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Approaching Launches.—H.M. cruiser Aurora, which 
was laid down at Devonport in October, 1912, is to be 
launched in the last week of September. The battleship 
Warspite, commenced in October, 1912, is expected to 
leave her building slip in November. The Queen 
Elizabeth, a sister ship to the Warspite, also laid down at 
Portsmouth in October, 1912, is to be launched on Octo- 
ber 16, so that she will take the water in rather less than 
a year since her commencement. Oil fuel is to be entirely 
used upon both the Warspite and the Queen Elizabeth. 


Welsh Railway Dividends.—The directors of the Taff 
Vale Railway Company have announced a dividend upon 
the ordinary stock of the company at the rate of 4 per 
cent. per annum (equal to 10 per cent. upon the original 
ordinary stock). he dividend for the corresponding 
half of 1912, when the company had to struggle against 
serious labour difficulties, was at the rate of per cent. 
perannum. The directors of the Barry Railway have 
announced a dividend at the rate of 10 per cent. per 
annum for the first half of this year, as compared with 
4 per cent. per annum in the first half of 1912, which pre- 
sented serious labour difficulties. The directors of the 
Rhymney Railway Company bave announced a dividend 
for the first half of this year at the rate of 8 per cent. per 
annum, as compared with per cent. per annum in the 
first half of 1912 (strike period). 

Gloucester Wagon Company.—The profits of the 
Gloucester Railway Carri and Wagon Company for 
the eleven months ending May 31, this year, after making 
aaron for depreciation, amounted to 50,4487. The 

i 


rectors pro to transfer 10,000/. to the reserve fund, 
which will then be carried to 150,000/. The dividend 
and bonus proposed upon the ordinary shares for the 


t financial year is at the rate of 74 percent. per annum. 

e compeny is now repairing and maintaining 26,067 
trucks. The concern has an investment of 93,746/. in 
the Port Talbot Steel Company, Limited. 

The late Mr. W. Davies.—Mr. W. Davies, a well-known 
Cardiff engineer, died on Saturday, while engaged in his 
ordinary avocations. The length of Mr. Davies’ strenuous 
career may be inferred from the fact that he assisted 
to make cannon-balls, which were afterwards used in the 
Crimean War. He was all his life associated with Messrs. 
Parfitt and Jenkins at the Hayes Foundry. His connec- 
tion with his lifelong employers commenced in 1857 

Gelligaer.—Mr. W. H. Harries (Hengoed), assistant 
overseer, presented to the Merthyr Union Assessment 
Committee, on Saturday, a return showing that for the 

ear ending June 30, 1913, there were 2,132,216 tons of 
coal and 522,145 tons of small coal raised in 
Gelligaer ; these figures, as compared with those of the 
previous year, indicating an increased output of 431,518 
tons of large coal and 117,013 tons of small coal. 





THE LATE PrRoFEssoR JOHN MiLnr.—We regret to 
learn, at the moment of going to press, of the death, 
during Wednesday night, of fessor John Milne, at 
his residence in the Isle of Wight. Mr. Milne had 
been suffering from bronchitis, and complications inter- 
vened. In our next issue we shall deal with the valuable 
work he did in connection with seismography and its 
various applications. 





ENGLIsH ENTERPRISE IN IcELAND.—The large Detti- 
fors Falls in the River Jikulsa, the largest waterfalls in 
Iceland, have been purchased by the sitengen Pro. 
ducts and Carbide Company. The company, which has 
bought considerable water-power in Norway, is under- 
stood to want another 400,000 horse-power, and the 
Dettifors Falls are said to represent 410,000 herse-power, 
and more can be procured in the neighbourhood. The 
Jikulsa, one of Iceland’s largest rivers, comes from the 
Vatnojjékul glacier, and the falls in question are some 
45 miles from the coast. 





Tue St. LAwRENCE.—An investigation is about to be 
commenced with the view of finding how much deeper 
i channel of the St. Lawrence can be made 
with ety. E additional foot the channel is 
deepened diverts additional water into the channel, and 
the question now is how much deeper it will be safe to 
dig the channel and still leave the rest of the river available 
for — ey The question is one of deep interest to 
Montreal, as if it is not possible for that port to continue 
first in ocean navigation for the largest ships, it will have 
to resign its position in that respect to Quebec or some 
other port further down the great river, 
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MODERN METHODS OF MEASURING 
TEMPERATURE.* 


By Rosert 8S. Wuipp.x, of Cambridge. 


THERE are few manufacturing processes in which the 
question of temperature is not involved, either in the 
early or the later stages, and it may therefore be helpful 
to consider briefly what methods are now available for the 
measurement of temperature. 


specific heat and high conductivity é 
take up readily the temperature of its surroundings. * 

As soon as any attempt was made at accurate thermo- 
metry, it was realised that serious errors were introduced 
owing to the change in volume of the glass bulb of the 
thermometer with heating. Glass when heated and 
allewed to cool does not immediately return to its original 
volume, and for many years all standard thermometers 
were made from thermometer tubes, which, after pro- 





longed heating, had been stored for thirty or forty years. 








































































































which enable it to | qualities of various glasses for use as thermometer tubes, 


found that the more infusible glasses were more stable, 
and adopted the French verre dur for his standard tubes. 
At the Reichsanstalt, Berlin, the Jena glasses 16 and 
69! have been found to be most generally satisfactory, 
and these glasses have been adopted by the majority of 
makers of high-range mercury thermometers throughout 
the world. e price of such thermometers is very 
|slightly higher than those made with the ordinary 
English glass, and it is wise to insist upon them, as the 
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Expansion Thermometers.—The earliest thermometers 
were of the expansion type, and were due to Galileo. 
They consisted of a glass bulb with a capillary tube 
attached, the bulb being filled with alcohol which 
expanded with temperature, the expansion being indi- 
cated by the movement of the alcohol up or down the 
ay The scale on the thermometer was purely an 
arbitrary one, and it was not until Hooke, in 1681, 
suggested the melting-point of ice and the boiling-point 
of water, that any attempt was made to obtain a 
fundamental scale of temperature. Thirty years after- 
wards, in 1714, Fahrenheit suggested his scale. As the 
Fahrenheit scale is still the one almost universally used 
by English and American engineers, it may be of interest 
to know how Fahrenheit obtained his scale. The 
explanation ag accepted is due to the late Dr. 
Gamgee.t he lower fixed point of the scale was 
determined by a mixture of snow and salt, and the upper 
by placing a thermometer under the arm-pit, or inside 
the mouth of a healthy man. In the earlier thermo- 
meters the interval between these two fixed points was 
divided into 24 parts, and later on these were divided 
into fourths, making 96 parts. It was subsequently 
found that, by a pure coincidence, the 32 deg. corre- 
sponded to the malianoelnt of ice, and the 212 deg. to 
the boiling-point of water. 

The Centigrade scale was introduced by Celsius, and is 
the one now almost universally used on the Continent 
and in Great Britain and America for scientific work. 
On this scale the freezing-point of water is marked 0 deg., 
and is called ‘‘ zero,” and the boiling-point is marked 
100 deg., the interval (frequently referred to as *‘ the 
fundamental interval”) being divided into 100 equal 
parts. Mercury was adopted at the outset as the thermo- 
metric substance, presumably because it was easier to 
distinguish than alcohol in the fine capillary tubing, and 
for nearly all work about atmospheric temperature it has 
maintained its position. This is not surprising when one 
considers over what a large range of temperature ( — 39 deg. 
to 357 deg.) it is liquid ; its ity of expansion (as 
compared with the gas thermometer); the ease with 
which it can be obtained pure; its. property of not 
wetting glass; its low vapour pressure; and its low 


* Paper read before the Institution of Mechanical 
Engineers at Cambridge, July 29, 1913. 


+ A, Gamgee, Proceedings of the Cambridge Philoso- 
95 








phical Society, 1890, vol. vii., Part IIL., page 95. 
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Fic. 2. Honuman anp Maver’s THERMOMETER. 
Fic. 3. Separasie Socket Firrine Section. 


Dr. OC. Guillaume,+ in a long investigation into the 


"* See “Theory of Heat,” T. Preston, Second Edition, 
9. 


119. 
f C. E. Guillaume, Traité Pratique de la Thermométric 
de Précision (Gauthier Villars, Paris). 








| zeros will be found to be much more constant than those 
|in thermometers made with English glass. 
| The method» of correcting for the errors found in the 
|mercury thermometers have been fully investigated by 
| Guillaume, Chree,* and other workers. The close atten- 
| tion given by manufacturers to the many points which 
| have to be investigated has led to the production of very 
| accurate thermometers. It may, however, come as a sur- 
| prise to engineers to know, that assuming a high-grade 
| mercury thermometer has been studied at one of the 
| National Physical Laboratories and its corrections deter- 
mined, it is possible to measure temperatures with it 
| throughout its range to any accuracy of 0.001 deg. Cent. 
| This accuracy is largely ible because the two funda- 
mental points (0 deg. and 100 deg. Cent.) are placed on 
|every such thermometer, whatever may be its range. 
| This is accomplished by the insertion of small chambers 
in the capillary. Fig. 1, above, shows how thermo-‘ 
| meters may be made of practically an range, openness 
| of scale, and of reasonable length, and yet have the two 
| fundamental points marked upon them. 

For nearly all engineering work an accuracy of 0.001 
deg. Cent. is not required,+ and the recent developments 
in mercury thermometers have been in the direction of 
| making them easier to read and more robust. 
|_ The lens-front thermometer-tube was invented by 
Luigi Peroni,} and the world undoubtedly owes him a 
great debt, as by its means a very small capillary may be 
used, and yet the mercury column can without 
difficulty. Another important invention, but the name 
of the + gy is unknown, is ree pms gre of an inert 
gas, such as nitrogen or car ioxide, under pressure 
| above the mercury in the tube of the thermometer. The 
| introduction of pressure into the tube raises the tempera- 

ture at which the mercury boils, thus permitting a 


on” Chree, Philosophical Magazine, March and April, 
+ As an instance where engineers have been keenly 
| interested in temperature measurement to this degree of 
accuracy, mention must be made of the work of Professor 
Barnes on frazil ice. He has shown that temperature 
differences in the water temperature of 0.001 deg. Cent. 
may bring about the formation of frazil ice, which may 
throw out of action a complete hydro-electric plant. In 
his case all the measurements were made with resistance 
thermometers. See ‘‘Ice Formation,” chapter v., by 
H. T. Barnes ; Chapman and Hall, Limited, London. 
| + See British Patent Specification No. 317, 1878, 














166 


ENGINEERING. 





[Auc. 1, 1913. 








thermometer to be used up to a temperature of 540 deg. 
Cent., this limit of temperature being due to the softening 
of the glass envelope. The pressure above the mercury 
surface also prevents the breaking-up of the mercury 
column during transit. Although mercury thermometers 
have been used industrially for many years, yet no serious 
effort, as far as the author is aware, was le to fit 7 
for the rough-and-tumble requirements of engineers until 
the Hohman and Maurer Manufacturing Company intro- 
duced into the United States their thermometers withspecial 
mountings and tube-protecting devices. Theee are worthy 
of ashort description. The tubes of the thermometers are 
mide of Jena gliss, whieh, after the eam | has 
introduced, are filled with CO, under pressure. The thermo- 
meters are then annealed for three days at a tem ture of 
540 deg. Cent. A great deal of thought has given 
to the supporting of the thermometer tube. The tube, 
except that portion forming the scale, has asbestos cord 
wound on it throughout its length, Fig. 2, 165, and 
is then placed inside a steel tube J, which is fixed to the 
steel piece D. The bulb B of the thermometer is in- 
pene ot into the thin steel socket H, the space between 
the bulb and the interior of the socket being filled with 
mercury. Dis screwed down on to the asbestos yarn E, 
which forms not only a stuffing-box to prevent the 
escape of the mercury, but also gives an excellent sup- 
port to the bulb. The exterior of the tube J is covered 
with asbestos yarn, filling the space inside the outer 
metal tube F. A wire guard G forms an additional pro- 
tection to the bulb. e thermometer tube is lens- 
fronted, and the scale part is protected by a metal case. 
One of the useful features shown in the design of these 
thermometers, when used for the measurement of steam 
temperatures, is a separate socket, Fig.3. This socket is 
screwed into the steam-pipe, and the stem and bulb of 
the thermometer, which 1s acourately ground to fit the 
interior of the socket, is screwed into it. The contact 
between the walls of the socket and the bulb being so 
intimate, there is practically no lag introduced, and there 
are none of the drawbacks of mercury cups. 

Some of the German manufacturers* have developed 
excellent thermometers in which the ve is made of 
quartz, the mercury being under pressure. These thermo- 
meters may be employed up to temperatures of 700 deg. 
Cent. Tin has been substituted for mercury by Dufour, 
and such thermometers have been used up to 1000 deg. 
Cent., but they have not come into use. It is, of 
course, impossible to have the two fundamental points 
upon such thermometers. For very low temperatures, 
such as the measurement of the temperature of liquid air 
and even lower temperatures, petrol in glass or quartz 
may be used. ' . 

For many years various methods have been tnied for 
recording at a distance the readings of mercury thermo- 
meters, but they all, practically without exception, 
have broken down owing either to unsatisfactory elec- 
trical contacts or complications in the oy | or 
indicating mechanism. Mr. Arthur Barryt has, how- 
ever, introduced a system, which the author understands, 
works satisfactorily. It consists of a mercury-in-glass 
thermometer, in which a high-resistance wire is stretched 
from the bottom of the bulb along the capillary. The 
apparent resistance of the wire is increased or diminished 
as the mercury falls or rises in the thermometer tube. 
By means of simple electrical arrangements, the resist- 
ance of the wire can be measured from a distance, and 
the temperature deduced from the galvanometer read- 
ings; if a direct deflection galvanometer is employed 
the readings may be given directly in d s of tem- 
perature. The wire employed is one of the bronze alloys, 
and has been found to remain constant in resistance and 
unaffected by mercury over considerable periods of time. 

Mercury thermometers can now be satisfactorily 

to sound an alarm when a given temperature 
has been obtained. A platinum wire is fused into the 
capillary tube of the thermometer at a point correspond- 
ing to the temperature at which it is desired to sound the 
alarm, a second wire being fused into the bulb of the 
thermometer. These wires are connected to a circuit 
containing a post-office relay, which controls a switch 
capable of making and breaking a current large enough to 
ring a large alarm-bell. The current broken in the ther- 
mometer circuit itself does not exceed eight milliam 
so that the mercury surface in the thermometer | —_ 
clean almost indefinitely. If wires are inserted in the 
thermometer stem at other points, and a selector 
switch employed, then the alarm will be sounded at 
whichever of these temperatures is selected. It is usual 
to arrange that the alarm will ring on ascending tempera- 
tures; itis not difficult, however, to make it sound on 
falling tem tures. . ? 

Even although the improvement in the mounting of 
mercury-in-glass thermometers has done so much to 
render them robust and suitable for engineering work, yet 
there is always the drawback of the comparative diffi- 
culty in ing the thermometers and the risk o 


Several thermometers of various kinds have been devel- 
oped, in which metal tubes have been substituted for the 


envelope, and saturated va: or liquids 
e the mercury. most successful of the gas and 
saturated vapour types has been that developed by M. 
Fournier. Tithoug thermometers of a similar type had 
been known for some yet he was the first to develop 
it commercially on a large scale. In America the mer- 


cury-in-steel tube thermometer has been largely used 
owing to the efforts of the Bristol and Taylor Instrument 
Companies. The models due to this latter on 
now heel oo ae S ee ridge 
Scientific Instrument Company, and are accurate, simple 





* Particularly Mesers. Siebert and Kiihn, Cassel. 
t+ See British Patent Specitication No. 25,461, 1906. 


in action, and robust. They consist of asteel bulb, Fig. 4, 
e 167, to which a steel capillary tube is attached, the 

tter being con to a form of Bourdon pressure- 
gauge. The bulb and its capillary are filled with me 
under pressure and the system is hermetically mare 
The hand, attached through some simple m i 
to the pressure-gauge, is arranged to point over a dial 
|or to carry a which writes on 4 ci sheet of 
paper rotated by clockwork. The bulb of the thermo- 
meter can be made of various dimensions, with different 
mountings suitable for the different purposes and ranges 
for which they are required. Fig. 5, page 167, shows 
an index-t! ometer with a bulb and screw-socket 
especially adapted for recording the temperature of 
steam in a steam-pipe. The recording or indicating 
mechanism may be ol at distances up to 75 ft. from 
the bulb of the thermometer ; owing to the smallness of 
the effective diameter of the capillary tube and fore 
the small volume of mercury contained in it, as compared 
with the bulb, changes in its temperature have no 
appreciable effect on the readings obtained. The instru- 
ments may be relied upon up to temperatures of 540 deg. 
Cent. (1000 deg. Fabr.).. 

Thermometers depending on the unequal expansion of 
two materials, such as steel or carbon, were employed 
for many years; but owing to their instability of zero 
and the dependence of their readings on the depth to 
which they were immersed, they have become so div- 
credited that they can no longer be considered useful 
thermometers. 

Lhermo-Electric Thermometers.—It is evident that, 
useful as they are, expansion thermometers have a limited 
range of temperature over which they may be employed, 
and some of the other ——~ properties of materials 
must , as & means for the determination of high 
temperatures. In 1822 Seebeck made the discovery 
that when a junction of two dissimilar metals is heated, 
a thermo-electric force is set up at the junction which 

ives rise to a current of electricity when the heated 
oie. forms part of a closed circuit, the magnitude 
of the current and its direction depending on the 
metals employed. Becquerel, who first proposed to use 
this method for determining temperatures, employed 
a platinum - palladium couple, and his son m. 
Becquerel, who further developed the method, pointed 
out the importance of using a galvanometer of 
high resistance. The platinum - palladium couple 
genet to be unreliable, and it was not until both 

and Tait proposed the platinum, platinum- 
iridium (10 per cent. Ir.) couple, that a satisfactory 
couple was produced. Shortly afterwards Le ier 
showed that platinum-rhodium (10 per cent. Rh,) was a 
more stable alloy at temperatures above 1000 deg. Cent., 
and adopted the platinum, platinum-rhodium (10 per 
cent. Rh.) as the standard thermo-couple material. His 
work has since been confirmed by a large number of 
workers, and more we or Be A r. Day and his col- 
leagues of the Geophysical Laboratory at Washington. + 

Of recent years, owing to the very high price of 
—— many attempts have been made to find satis- 
actory thermo-couples made of comparatively inexpen- 
sive wires. The most satisfactory of these so-called 
‘*base’”’ metal couples is silver-constantan (the latter 
being an alloy wire sold commercially as a resistance 
material, and consisting of copper 60 per cent., nickel 
40 per cent.), which may be up to a temperature of 
700 deg. Cent. (1300 deg. Fahr.). pper is frequently 
used instead of silver a3 one element of this couple, but 
in practice it will be found to be not nearly so trust- 
worthy as the silver, at any rate for temperatures above 
500 deg. Cent. For temperatures from 700 deg. Cent. 
to 1100 deg. Cent. (2000 deg. — the Hoskin’s couple, 
which consists of a nickel wire u in conjunction with 
a nickel-chromium (10 per cent. Cr.) one, may be 
employed. : 

ne of the great drawbacks in all thermo-couple work 
has been the difficulty of re; ucing wires giving the 
same electromotive force at the same temperature from 
different ingots of ~~ 4 Messrs. Heraeus, of Hannau, 
and Messrs. Johnson, tthey and Co., of London, have 
both succeeded in overcoming the very considerable 
difficulties in the manufacture of platinum-iridium and 
platinum-rhodium ingots ; and, thanks to their work, the 
pyrometer manufacturer can now supply thermo-couples 
giving the same electromotive forces at the same 
temperature as those he may have supplied a few years 
previously. The same statement cannot be made about 
the base-metal couples, but as in many cases the pyro- 
meter maker hi a ~~ - stock of the wire he can 
generally repeat a given electromotive force at a given 
tem ure to within 5 per cent. 
electromotive forces given by various thermo- 
couples differ very much, as the following table of the 
electromotive forces given by some of those in very 
general use at a tem ture of 500 deg. Cent., will 


f | show. In each case the cold junction temperature is 


0 deg. Cent. 
| Name of Thermo-Couple. 
Platinum-platinum 10 per 


Approximate Electro- 
motive Force in Milli- 
volts at 500 deg. Cent. 


cent. rhodium , iis 4.4 
Platinum-platinum 10 per 

cent. iridium aS “ 7.4 
Nickel-nickel 10 per cent. 

chromium (The Hoskin’s 

couple. ) ; ee ax 10.0 





* See “The Measurement of High Temperatures,” 


by G. K. B an Chatelier, page 101. 
Chena and Hall, Limited, London.) 
| + “The Constancy of Thermo - Elements,” by W. P. 


| White. Physical Review, vol. xxiii., December, 1906. 





Approximate Electro- 

Name of Thermo-Couple. motive Force in Milli- 

volts at 4 deg. Cent. 
12.0 


Iron-nickel 


Tron-constantan 26.7 
Silver-constantan ... 27.6 
Copper-constantan ... 27.8 


The relation between temperature and the electro- 
motive force produced by a thermo-couple when the cold 
junction is maintained at 0 deg. Cent. is usually given 
in an equation of the form 


loge = A log¢ + B, 
where 
€ 


$= 


E.M.F. of the thermo-couple in millivolts, 

the temperature of the thermo-couple in degrees 
Centigrade, 

and A and B are constants depending on the wire em- 


ployed. 
For the chief thermo-couples in general use at the 
present time this equation is as follows :— 


Platinum-platinum rhodium 

approximately ad ..- log e=1.19 log ¢+0.52 
Platinum - platinum iridium 

approximately ne ... log e=1.10 log ¢+0.89 
Silver - constantan approxi- 

mately... a a ... log e=1.14 log ¢+1.34 


The constants of the wires of which the majority of 
thermo-couples are now constructed are determined by 
the various National Physical Laboratories, and the 
pyrometer manufacturer is always prepared to furnish a 
table giving the constants of the wire of the thermo- 
couple he is supplying. 

It will have been observed that, in the statement made 
above as to the electromotive force given by a thermo- 
couple at a given temperature, the reservation was made 
that the cold junction is at 0 deg. Cent. A very little 
reflection will show the importance of this stipulation, 

ecause, as the electromotive force depends on the 
difference in temperature between the hot and cold ends 
of the electric circuit, it is obvious that the temperature 
at one end must be known before the other can be 
determined. The control of the temperature of the cold 
junction, as it is generally called, has been the bugbear 
of all thermo-electric pyrometry. In accurate thermo- 
electric work the universal practice is to immerse the 
cold junction in melting ice and to adopt the potentio- 
metric method of measuring the electromotive force given. 
In industrial practice this cannot be done, as it is almost 
impossible to maintain a vessel full of ice close to a fur- 
nace. For the moment it may be assumed that the gal- 
vanometer, generally referred to as the recorder or 
indicator, to which the thermo-couple is connected, is 
placed in a spot which is not abnormally heated, nor 
subject to great variation in temperature. It is only 
necessary therefore to run the wires from the hot end 
of the thermo-couple straight to the galvanometer, 
and this is the course gee 4 inane in the case 
of the ‘metal couples. Owing to the costliness 
of the material, it is impossible to adopt this course 
with the platinum couples, and several proposals have 
been made to overcome the difficulty. Messrs. Hart- 
mann and Braun water-cool the head of the pyrometer, 
and Mr. Paul providesa Sepmntny couple with one end 
water-cooled, by means of which the temperature difference 
between the hot and cold ends can be determined. The 
most satisfactory method is one originally due to Bristol,* 
but suggested independently by Peake,+ in which an 
inexpensive alloy is substituted for the costly platinum 
wires, the alloy being so chosen as to give the same electro- 
motive force against oP eer as that given by the platinum, 
platinum-alloy couple. e resultant electromotive force 
generated by this compound couple is the same as if the 
entire couple were of platinum, platinum alloy. Experi- 
ments show that the compensation given by these alloy 
wires is correct to within 10 per cent. up to temperatures 
of 300 deg. Cent. (570 deg. Fahr.). 

For accurate work it cannot be assumed that variations 
in the temperature of the vicinity of the galvanometer are 
of no im ce. Corrections must be applied to reduce 
the readings to the correct values at 0 deg. Cent. In 
many instruments the scale over the range 0 deg. to 
100 deg. Cent. is closely divided, and a large zero adjust- 
ment is provided to enable the zero reading to be set (on 
open circuit) at the temperature of the instrument itself. 
In this manner the cold-junction temperature is corrected 
for, and the instrument gives a true reading. In use, 
however, with the temperature continually changing, the 
setting of the zero is tedious, and is apt to be neglected, 
and some method must be adopted in which the cold- 
junction temperature is controlled independently. The 
simplest way of doing this is to use a thermos flask 
filled with oil, into which the cold junction of the thermo- 
couple or of the compensating leads is placed, the point at 
which the copper leads join the couple being placed near 
the bottom of the flask. If the flask is surrounded with 
lagging, as shown in Fig. 6, it will be found that the 
temperature inside will not vary by more than 2 deg. or 





| 3deg., although the temperature of the surrounding air 


may range through 20 deg. or 30 deg. Cent. A simple 
a effective control is shown in Fig. 7, in which the cold 
junction is placed in a tube from which steam.is allowed 
to escape to the atmosphere. The quantity of steam 
requi is very small, and even allowing for extreme 


| barometer ranges, the temperature of the junction cannot 


vary more than 1.5 deg. Cent. With an instrument 
having « high resistance (100 ohms), and a low tempera- 
ture coefficient (0.05 per 1 deg. Cent.), the effect of a 
variation in temperature of 20 deg. Cent. (a large change 





* British Patent Specification No. 14.544, a.p. 1904. 
+ British Patent Specitication No. 370, a pv. 1909. 
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in atmospheric temperature) is only 1 deg. Cent. on the 


reading, and is ticall igible. The galvanometer 
itself ze affected by the Sheneinat ene ey and aay 


be necessary sometimes to correct its readings. e 
galvanometers, however, have a much higher temperature 
coefficient, and various ingenious devices have been made 
to correct automatically the readings of the galvanometer 
for variations ip its temperature ; amongst them may be 
mentioned those due to Darling, Siemens and Halske, and 


wing. 

Two methods of measuring the thermo-electric force 
generated by a couple are employed. The first, already 
referred to above, is that usually —— industrially — 
namely, the direct measurement of the millivolts gene- 
rated on a direct deflection galvanometer or millivolt- 
meter. This instrument is generally of the moving-coil 
type, in order that it may be unaffected by moving masses 
of iron or stray magnetic fields. As ome previously, 
it is advisable that it should have a high resistance. The 
moving-coil galvanometers supplied by all the Tn smog ad 
manufacturers are the same, except for modifications in 
details. The instrument shown in Fig. 8, below, may 
be taken as a typical one. The range of temperature 
over which it can be made to operate depende on the 
thermo-couple employed, the resistance of the galvano- 
meter coil, and the resistance placed in series with the 
coil. The ran almost universally adopted for such | 
instruments, when used with the following couples, are 
approximately :— | 





Deg. Cent. | 
Platinum, platinum-rhodium 0-1400* | 
Platinum, platinum-iridium 0-1000 
Nickel, nickel-chromium ... 0-1000 
Silver-constantan ... 0-800 
Copper-constantan ... 0-500 


_ For use in situations when it is advisable to have the 
instrument permanently installed, the model shown in 
Fig. 9 will be found most generally useful. 


Fig. 6. THERNOS-FLASK COLDVUNCTION CONTROL 


Cu 


Dr. W. Rosenhain and Mr. Melsom have developed a 
somewhat similar arrangement as a works potentiometer, 
but have added some refinements so that it may be used 
as a portable standard of reference. The instrument, 
Fig. 11, page 168, is provided with a standard cell O, 
against which the accumulator A can be adjusted by 
means of the rheostat R. The resistance S and P are so 
arranged that temperatures over a large range can be 
measured. The instrument may be used to measure 
from 0 to 40 millivolts to an accuracy of 0.1 millivolt. This 
will cover the whole range of temperature met with in 
industrial thermo-couple work. 

















Fic. 56. Inpex THERMOMETER. 























Fig. 7] STEAM HYPSOMETER COLD JUNCTION CONTROL 


Mr. Horace Darwin, may be taken as a typical example 
of one of these recorders. he instrument is shown 
diagrammatically in Fig. 12. An inked thread is 
stretched above the paper, and the chopper-bar or guillo- 
tine is allowed to force the end of the galvanometer 
pointer down on to the thread, which, in its turn, is de- 
pressed on to the paper, making an ink dot. The 
movement of the chopper-bar is controlled by means 
of a cam which is operated by clockwork, the chopping 
action taking either every minute or half-minute, 
as desired. record thus produced consists of s 
series of ink dots, which merge into a continuous 
|line. The action of the clockwork is so rapid that 
the galvanometer pointer is only under control by the 
chopper-bar for less than 2 seconds out of the minute. 
The foons both illustrate a double recorder in which two 
galvanometers connected to two se te 
are recording on the same drum. The galvanometers are 
initially adjusted to give a complete deflection of 80 mm. 
across the paper for an electromotive force of 1 millivolt 
applied to the eon terminals. They are then 
finally adjusted for use with any particular thermo-couple 
or for any specified range by means of small subsidia 

| resistances. Fig. 13 is a reproduction of a record obtain 
with such a recorder and two thermo-couples. 

The scale-control board can also be used with the 
recorder, and this forms one of its most important appli- 
cations, for, as the sensibility of the vanometer is 
| high, the scale can be magnified considerably—say four or 
| five times. Thus a complete deflection of the galvano- 
| meter (80 mm. on the paper), when used with a platinum- 
rhodium couple, can be made to equal 300 deg. Cent., and 
|ata particularly useful t of the temperature scale— 
say 600 deg. to 900 deg. Cent. This at once allows of a 
| considerable increase in the precision of temperature 
|control. Fig. 14 is a reproduction of a record obtained 
| from two galvanometers connected to one thermo-couple ; 
it will be observed how much more open is the scale of 
the instrument connected to the scale-control board than 
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The second or potentiometric method of measuring the 
electromotive force of the couple is undoubtedly the more 
accurate of the two, owing to it being a null, or balancing | 
method, and thus eliminating any errors due to the resist- 
ance of the leads and couple. For this reason it has been 
almost universally adopted for precision work with 
thermo-couples. e method is extremely simple; the 
electromotive force from the thermo-couple is 
against that given by an accumulator, the electromotive 
force of which has also been similarly balanced against 
that given by a standard cell. 

A simple form of the potentiometric method, when 
applied to the direct-reading, moving-coil galvanometer, 
has very much increased its usefulness by opening out the 
scale to double its normal length. A potential drop is given 
by means of the battery across the resistance R,, Fig. 10, 
pase 168, and against this is opposed the electromotive 

orce of the thermo-couple. By modifying the resistance 
R, and R;, one can vary the range of temperature over 
which the electromotive force of the couple balances that 
of the accumulator, and hence alter the temperature scale 
of the galvanometer. In order to correct for variations 
in the accumulator voltage, a test switch S and test coil 
Rs are provided, and these are so adjusted that when the 
switch is on the test-stud the galvanometer pointer should 
be deflected from one extreme to the other. When this 
is not the case, the variable resistance R, is adjusted 
until itisso. By means of this arrangement—generally 
referred to as the ‘‘Scale Control Board ”+—the ordinary 
commercial galvanometer or indicator can be provided 
with two scales of twice the openness of the normal scale. 
The two scales are generally from 0 to 500 deg. Cent. and 
450 to 950 deg. Cent., but can obviously be varied by 
altering the resistances in the system. 








* Some German manufacturers divide their galvano- 
meter scales to 0-1600 deg. Cent. As it is impossible to 
find a protecting tube that will live above 1400 deg. Cent., 
the upper part of the galvanometer scale is wasted, and 
might better employed by allowing the whole tem- 
perature scale to be opened out. 

+ Mr. W.S. Peake originally introduced a more elabo- 
rate form of ‘‘seale control board,” in which a standard 
Clark cell automatically corrected for any errors intro- 
duced by changes in the temperature of the galvano- 
meter. 





| the almost complete abandonment of this method of regis- 
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Fic. 8. Portraste TemperRaAToRE-INDICATOR. 


For accurate research work more sensitive galvano- 
meters must be employed, and greater precautions taken 
to avoid thermo-electric effects at the switch contacts. 
A slide-wire, or a saries of very small resistances, must 
also form a part of the instrument. Several potentio- 
meters suitable for such work have been described* 

For the autographic recording of temperature the pho- 
tographic arrangement originally due to Le Chatelier and | 
then to Sir W. Roberts-Austen is stil] the only way of | 
recording very small and rapid changes in tem ture. 
The drawback of being unable to see the record until it 
is developed, and the trouble of developing, have led to 


tration, except for purposes of accurate research. In the 
majority of recorders now in general use the ete me 
pointer or boom is depressed intermittently by clockwork, 
orsome simple electrical mechanism, on to either an inked 
thread or typewriter ribbon which is on to achart 
mounted on a rotating drum (clock driven), the resulting 
record being a series of ink marks. In some instruments 
the boom is intermittently depressed on to a smoked 
chart attached to a disc, which is rotated by clockwork, 
and a particle of soot is removed at each depression. 
Thus in either case a record of the gal vanometer movements 
is left on the chart. The thread recorder, invented by 





* Cambridge Scientific Instrument Company, ‘A 
Thermo-Electric ‘oo 9 Potentiometer,” The jetun, 
Jan 31, 1908. J. A. Harker, ‘‘A Direct-Reading 














Fie. 9." Wati-Typz TemPeraTuRE-INDICATOR. 


| of the one connected to the recorder without the scale 


control. 

An effective semi-automatic recorder has been designed 
by Mr. H. Brearley for aay obtaining recalescent and 
freezing - point curves. It consists of a moving -coil 
galvanometer, M, Fig. 15, page 169, which is connected 
to the thermo-couple whose hot junction is within the 
specimen to be studied. The movements of the galvano- 
meter coil are observed by means of a beam of light 
reflected from the mirror attached to the coil on to a 
scale A. A pointer K is made to follow the movements 
of the beam of light by means of a screw 8, which the 
observer rotates by the handle H. (The spot of light has 
been represented in the ae means of a piece of 
paper stuck on the back of the scale.) A pen P is rigidly 
connected to the pointer, so that the movements ~¥ the 
spot of light are recorded automatically on the clockwork- 
rotated drum D. An observation of a recalescent point 
can be made in about ten minutes, assuming that the 
oo is previously erected and standardised. 
sistance Thermometers.—Sir William Siemens was 
the first to suggest (in 1871) that the change in the eleo- 
trical resistance of a wire with temperature might be 





Potentiometer for Thermo-Electric Work,” Philosophical 
Magazine, July, 1903. W. P. White, ‘‘ Potentiometer | 
Installations,” Physical Review, vol. xxv., No. 5, Nov- | 
ember, 1907. 


employed asa means of measuring temperature.’ Elec- 
trical resistances can be measu with great accuracy, 
and the method = become the most accurate, and in 
many ways the siniplest, for determining temperature. 
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Unfortunately, Sir William Siemens wound the platinum 
wire, of which he was measuring the changes of resist- 
ance, on a fire-clay cylinder, and used an iron tube to 
protect the coil from the furnace gases. At high tem- 
peratures these gases penetrated the iron tube and 
attacked the Yeap w= ‘The silicates in the fire-clay 
cylinder had 

caused variations in its resistance, thus rendering the 
thermometer unreliable. 

It was not until 1887, when Callendar and Griffiths 
worked out the theory of the resistance thermometer, and 
designed the method of mounting the coil on a mica 
frame, that it proved itself to be a reliable method of 
measuring temperature. Callendar showed that if the 
platinum wire is capoened on a mica frame, in section 
that of a cross with equal arms, there is perfect insula- 
tion without any cause of alteration. He also showed 
that all joints in the thermometer itself should be made 
by fusion, because metallic solderings are volatile and 
attack platinum. Callendar’s and Griffiths’ researches* 
show that the platinum resistance thermometer, if pro- 
tected from strain and contamination, is free from zero 
changes over a range of 0 deg. to 1200 ~ Cent., and 
that it always gives the same indication at the same tem- 
perature, and this has since been confirmed by many 


established for the particular wire which may be called 
the scale of platinum temperatures, such that, if R be 
the resistance of the coil at any temperature ¢ on the 





a deleterious effect on the platinum, and }. 











observers.+ Callendar also showed that different piat 
wires agreed in giving the sime value for any tempera 
ture on the platinum scale, although they differed con- 
siderably in the values of their temperature coefficients. 


Fig. 10. SCALE CONTROL BOARD (SIMPLE PATTERN) FOR USE WITH 
1 THERMO-ELECTRIC PYROMETERS . 
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Fig.13. RECORD OBTAINED ON A DOUBLE-THREAD RECORDER. (Darwin) 


(Scale § Original.) 
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Callendar pointed out that if Ry denoted the resistance 
of the thermometer coil at 0 deg. Cent., and R, its 
resistance at 100 deg. Cent., a temperature scale may be | 


* Philosophical Transactions of the Royal Society, | 
vol. clxxviil., pages 162 to 230, 1888, and ‘‘ Notes on! 
Platinum Thermometry,” Philosophical Magazine, Feb- | 
ruary, 1899. 

+ ‘On the Determination of High Temperatures by 
Means of Platinum-Resistance Pyrometers,” Heycock and 
Neville, Journal of the Chemical Society, 67, pages 
160 and 1024, 1895. ‘‘A Comparison of Platinum and 
Gas Thermometers Made at the Bureau International 
des Pois et Mesures,” Chapuis and Harker, Philoso- 
phical Transactions. 1900, ‘‘ Platinum Resistance Ther- 
mometry at High Temperatures,” C. W. Waidner and 
G. K, Burgess, Bulletin of the Bureau of Standards, 
Vol. vi., No. 2, 


Leads 





2S9¢5 678 983 


(3586. ») 
seale, the temperature on the platinum scale will be 
R — R, x 100. For this quantity he employs the symbol 
—_ 
pt, its value depending on the sample of platinum 
chosen. In order to reduce the temperatures on the 
platinum scale ¢ to the gas scale, it is necessary to know 
the law connecting ¢ and pt. They are, of course, identical 
at 0 deg. and 100 deg. Cent., and experiment has shown 
that the formula— ; P 
t—pt=6 1) = ee - 
ey (00) 100! 
when 6 is a factor depending on the purity of the wire 
for making the thermometer, expresses the relationship 
between them in other parts of the scale. 
The ¢ — pt curve being a parabola, it is only necessary to 
determine the resistance at three different temperatures 


in order to ascertain the value of 4, and thus to standardise 








the thermometer completely. The three temperatures 
usually any are: 0 deg., 100 deg., and 444.70 deg. 
Cent. (the boiling point of sulphur), 

As generally constructed the platinum-resistance ther- 
mometer consists of a fine platinum wire (0.008 in. in 
diameter) wound on a mica frame, connected by stout 
silver or platinum leads to terminals in the head of the 
thermometer. Two similar leads, but unconnected to 
the coil, pass through the whole length of the thermo- 
meter, and act as compensating leads. The method by 
which they compensate will be explained later. 

The resistance of the thermometer is usually measured 
by the ordinary Wheatstone bridge arrangement, although 
the Kelvin double bridge is sometimes used with ther- 
mometers of very low resistance. Modifications of the 
original differential an suggested by Siemens 
and the deflection method of Callendar have been re- 
vived in some recent industrial instruments. 

The methods of measuring temperature to a very high 
degree of precision are outside the scope of this paper, 
but reference will be found to them in Dr. Burgess’s 
book,* which also contains a full bibliography of papers 
on the subject. 

The diagram, Fig. 16, shows the Wheatstone bridge or 
** Nall ” method of measuring the resistance of a thermo- 
meter. The ratio coils are adjusted to equality, and to 
approximately the mean resistance of the thermometer. 

he thermometer and its connecting leads are placed on 
one side of the bridge, and are mced by the com- 


Fig.12. DIAGRAM OF DOUBLE-THREAD RECORDER. (DARWIN.) 






1 Revolution wr 
25 Hours. 


Fig. 74. TWO RECORDS SHOWING THE ADVANTAGE OF A SCALE CONTROL BOARD. 


(Scale £Oruginal.) 
"0 





pensating leads, the variable-resistance coils, bridge-wire, 
and the rheostat placed on the other side. 

The compensating leads are mounted in the same pro- 
tecting covering as the leads attached to the thermometer, 
and are under exactly the same temperature conditions. 
Thusany changesin resistance of the leads, owing tochan 
in their temperature, must affect each side of the bridge 
equally, and the balance-point of the system will remain 
uncha Callendar and Griffiths designed a simple 
combined form of galvanometer and bridge, in which the 





* “The Measurement of High Temperatures,” pages 
212 to 218 and 470 and 471. In this re it may 
be mentioned that Principal E. H. Griffiths successfully 
made differential temperature measurements between the 
freezing-points of two liquids to one-millionth of a degree 
Cent je by means of resistance thermometers and a 
sensitive bridge. 
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resistance of the thermometer was balanced with coils 


and bridge wire, the value of the resistance being given , Callendar. 


The first and most successful recorder is due to 
It consists of a Wheatstone bridge, Fig. 15, 


directly in temperature on the platinum scale. Fig. 17, | below, in which the movement of a slider along a bridge- 


below, shows a modified form of this indicator,* con- 
structed by the Cambridge Scientific Instrument Com- 


pany, in which a long bridge-wire takes the place of the | the bridge-arms. 


wire is automatically effected by sensitive relays worked | 
by the current passing through the galvanometer between | 
The moving coil of this galvanometer 


ordinates, and the mechanism is independent of the 
galvanometer system. 

Both these recorders are extremely elastic in the tem- 
perature ranges over which they may be used. If desired, 
the total range across the paper (200 mm. and 225 mm. 
respectively) may be made equal to either 5 deg., 50 deg., 


multiple coils and short bridge-wire, and in which the | carries an arm which makes contact on one side or the | 100 deg., or 1000 deg. Cent. with any intermediate range, 


readings are given directly on the gas scale. As showing | other of a small platinum-rimmed wheel rotated by clock- | by simply varying 
the possibilities of an industrial thermometer outfit of this | work. When contact is made, a relay circuit is connected bridge-wire. + 


© resistance of the thermometer or 
he same instrument can thus be employed 


type, it may be mentioned that it is possible to read | through one or other of two electro-magnets. Each of | for either a piece of delicate research work or the every- 


temperatures anywhere between 0 deg. and 1200 deg. | these m 
of 0.1 deg. Cent. As the method which is prevented by a brake controlled by the magnet. 


Cent. to an oe 4 
is a “Null” one, t 
voltage of the battery. 


agnets is mounted on a clock, the movement of | 


e readings are independent of the’ When the current energises a magnet, this brake is lifted, | and Siemens and Hals'! 
allowing the clockwork to revolve. 


The clocks drive a 
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Fig. 15. 


BrearRiey’s Curve-TRACER. 




















Fic. 17. Wurprie’s TEMPERATURE-INDICATOR. 
Several direct-reading indicators have recently been 
introduced. A principle frequently made use of is that 
of the ohmmeter, in which the variable resistance of the 
thermometer is balanced against a fixed resistance by 
means of the deflection of a galvanometer coil carrying 
currents from circuits shunted round the two resistances 
in question. One of the most successful of these instru- 
ments is the Harris-Paul indicator,+t which is a two-coil 
ohm-meter, and which reads in gas-scale degrees on all 
—- its accuracy also being independent of the voltage 
of the battery. The Leeds and Northrup Company, of 
Philadelphia, and the Cambridge Scientitic Instrument 
Company also make deflectional instruments. Recorders 
for recording automatically the temperature can also be 
arranged to work on either the ce or defiectional 
methods. 


* ‘*Temperature Indicator,” by R. 8. Whipple, 
Proceedings of the Physical Society, London, vol. xviii., 


page 235, 1902. 
Made by Mr. R. W. Paul. See ‘‘ Measurements of 





High Temperatures,” loc. ctt., pages 218 to 221. 











Fie. 18. CALLENDAR’s TEMPERATURE- RECORDER. 


differential gear and cord attachment by means of which 
the slider on the bridge-wire is pulled in one direction 
or the other, depending on the brake lifted. The move- 
ment of the slider tends to restore the electrical balance. 
A pen is rigidly attached to the slider, so that all its move- 
ments are recorded on a chart placed round a clock-driven 
rotating drum. The Leeds and Northrup Company have 
introduced some modifications in this recorder, making 
it more rapid in showing and recording changes in tempe- 


rature. The boom of the galvanometer is automatically 
grip) at intervals of ten seconds, and the —— 
mechanical power for operating the recorder is provided 





by an electric motor. is recorder has shown itself 
rapid in action, and, like the Callendar, gives rectangular 


day purposes of a factory. 
th the Cambridge Scientific Instrument Company 
i have developed deflectional re- 
corders for use with resistance thermometers, the former 
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firm employing their thread recorder, the latter their re- 
cording muillivoltmeter. In neither case have these 
recorders any advantage (except a slight reduction in 
cost) over the Callendar or is and Northrup re- 
corders, whereas they have the disadvantages of greatly 
contracted seales and the necessity for adjusting Ee bat- 
tery voltage at least once daily. 

Taermo shevtele and resistance thermometers both have 
a distinct +r limit of temperature beyond which they 
should not be employed. In the case of the resistance 
thermometer the limit is 1200 deg. Cent., above which 
temperature the mica frame disintegrates. The thermo- 
couple can rarely be employed above 1400 deg. Cent., 
because of the impossibility of finding a gas-tight protect- 
ing envelope that will last above this temperature. The 
porcelain tubes made by the Royal Berlin Porcelain 
Manufacturing Company are, on the whole, the most 
satisfactory, but even the glaze on these tubes gives way 
at about 1400 deg. Cent. The Royal Berlin Porcelain 
Manufacturing Compeny have comparatively recent! 
introduced a tube of a somewhat different material calle 
‘** Marquardt,” which will resist temperatures up to 1700 
deg. Cent. (approximately the melting-point of platinum). 
Unfortunately, tubes made of this material are very 
brittle, and great care must be taken in handling them, 
especially in allowing them to cool slowly. Tubes made 
of fuzed quartz are also employed, but it will be found 
that these tubes soon devitrify and become brittle if 
used continuously at a temperature of 900 deg. to 1000 
deg. Cent. They have also the drawback of inherent 
mechanical weakness. The temperatures reached in many 
modern manufacturing processes are also so high that 
there are no satisfactory materials that can be employed 
as the thermo-couple elements. 

Optical and Radiation Pyrometers.—The foregoing con- 
siderations show the importance of being able to measure 
temperatures without bringing the pyrometer into imme- 
diate contact or proximity with the hot body. Although 
Ed. uerel had proposed (1864) to refer the measure- 
ment of high temperatures to the measurement of the 
intensity of red radiations emitted by incandescent 
bodies, yet it was not until Le Chatelier* invented his 
optical pyrometer in 1892 that any really satisfactory 
attempt was made to determine the temperature of a hot 
body by measuring the radiations emitted by it. Before 
discussing his pyrometer in detail, if may be of service to 
consider briefly the problem of measuring the temperature 
of hot bodies by estimating the energy they radiate either 
in the form of visible light or from the thermal effects of 
the ~ 4 infra-red waves. The intensity of the light 
emitted by a hot body varies immensely with the tempera- 
ture,t and, therefore, at the first glance, one would 


* “Onthe Measurement of High Temperatures,” by H. 
LeChatelier, Comptes Rendus, vol. 114, pages 214 to 216, 1892. 

t If the intensity of the right light \ = 0.656 « emitted 
by a hot body at 1000 deg. Cent. is called 1, at 2000 deg. 
Cent. the intensity will be 2100 times as great. (See 
C. W. Waidner and G. K. Burgess, ‘Optical Pyro- 
metry ;” Bulletin No. 2 of the Bureau of Standards.) 
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assume that the easiest way to measure a temperature a great deal of math 
would be to compare photometrically the light emitted | devoted to this object.* 


1 and practical work has been law from thermo-dynamic reasoning, assuming the exist- 





| ence of light pressure. This law has since become known as 


by the hot body with that emitted by a second hot body| Stefan was the first to state that the energy radiated the Stefan- Boltzmann law, and may be stated as follows :— 


The total energy radiated by a black body is propor- 





ata definite temperature. This would be the simplest 
way of doing so, if all the bodies at the same tempera- 
ture emitted the same amount of light, but unfortunately 
such is not the case, the light, for example, from incan- 
descent iron and carbon being much greater than that 
from porcelain or platinum at the same temperature. 
Kirchoff first propounded the idea of a ** black body” 
as being a body which would absorb all radiations falling 
upon it, and would neither reflect nor transmit any. He 
showed that the radiation from such a black body is 
a function of the temperature alone, and was identical 
with the radiation inside an enclosure, all parts of which 
have the same temperature. It has y been men- 
tioned that iron, porcelain, &c., do not emit the same 
amount of light when heated to the same temperature. 
If, however, they are heated inside a black body—and the 
ordinary commercial furnace tically fulfils black-body 
conditions—then they will emit the same radiation ; 
and if looked at through a small opening in the furnace, 
they will appear of uniform yg It is thus pos- 
sible with a furnace fulfilling black-body conditions to 
study the energy radiated as compared with the tem- 
perature, 
The temperatures indicated by a radiation pyrometer 
that has been calibrated under black-body conditions are 
known as black-body temperatures. It will be found 








tional to the fourth power of the absolute temperature, or 
E=co (T4 — Ty‘), when E is the total en radiated 
by the body at absolute temperature T to the absolute 
temperature T,°, and ¢ is a constant depending on the 
units used. This law has received ample experimental 
verification throughout the range over which temperature 
measurements can be made. As previously mentioned, 
the first satisfactory radiation pyrometer was that de- 
signed by Le Chatelier. The instrument is really a form 
of photometer, in that it is to match the 
luminous radiation obtained from an incandescent body 
against that obtained from a standard lamp. This instru- 
ment in the form modified by Féry is still one of the 
most useful of pyrometers, more particularly as tem- 
perature of very small hot bodies can be measured with 
it as well as that of large ones. The instrument is shown 
in Fig. 19, herewith, and di matically in Fig. 20. 
It consists of a telescope D which carries a sm 

comparison lamp E attached laterally. The image of the 
flame of this lamp is projected on to a mirror F, placed at 
45 deg. at the principal focus of the telescope, the mirror 
being silvered only over a narrow vertical slip A. The 
telescope is focussed on the object the temperature of 
which it is desired to measure, the object being viewed 
on either side of the silvered strip. A coloured glass 
in the eye-piece ensures mono-chromatic conditions. 











that the appeaest temperature of any material, when 
away from black-body conditions, will p Monae bear a fixed 
relationship to its true temperature. For example, the 





Fig.20. DIAGRAM OF ABSORPTION PYROMETER (FERY) 
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Fie. 19. Firy’s Assorrrion PyRoMETER. 


Fig. 22. 
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| A pair of absorbing-glass ges C and C, are placed in 
; front of the objective of the telescope, and these wedges 
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are moved laterally by means of a screw until he hee 
from the object under observation is made photometrically 
equal to that emitted by the standard lamp.“ A table 
provided with the instruments converts the readings 
obtained by the scale into degrees Centigrade. Auxiliary 
dark glasses enable the instrument to be worked over an 
extended scale. The cross-section shows the telescope 
focussed on a filament of a lamp. ; 
The Shore pyroscope is similar to the Le Chatelier 
optical pyrometer, except that the parts are arranged in 
4 slightly different manner. The intensity of illumination 


Standards) ; and (2) ‘‘ The Black Body and the Measure- 
Fe eect Ret od. ae, 0 

an Ostrand (A Y , vol. xix., 40). 
Reference should always be made to the chapters dealing 








_— 


Fic. 24. Wuuppte anpD Féry’s Pyrometer. 


with radiation in “‘ The Theory of Haat,” second edition, 
by Thomas Preston ag ig and Co.). ‘‘ Pyrometry,’ 
by C. R. Darling, chapter iv. (E. and F. N. Spon and 

; and the excellent small book ‘‘ Radiation,” by P. 


black-body temperature of a piece of iron at 1200 deg. was rtional to the fourth power of the absolute ); 
( 0 a La Phillips (T. C. and E. C. Jack, Long Acre, London). 


Cent. will be 1140 deg. Cent., and that of porcelain at the 
same temperature, 1100 deg. Cent.* 

It is thus very importan 
between the radiation emitted and the temperatures, an 











—_—— ——_—__——_ on ene 
* “The Measurements of High Temperatures,” by G. | also pu 
K. Burgess, page 242. 


and radiation 


temperature. Boltzmann later propounded the same 


t to know the relationshi * The laws of radiation and the various forms of optical | the wedge is inversely proporti 
5 yrometers are fully discussed in 


be shown theoretically that the thickness of 


ee * It can 
ional to the absolute tem- 


Dr. perature, so that the calibration may be effected by 


résumés of the subject have nding the thickness of wedge for two temperatures only. 


good 
‘Optical Pyrometry,” by C. W. | See 
WaidnerandG. K Burgess (Bulletin No. 2 of the Burcau of | page 315. 


Measurement of High Temperatures,” loc. cit., 
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received from the hot body is varied by means of a dia- 


hragm, the temperature being read off directly on ascale | 1 


Pp 
controlled by the diaphragm. 

The Wanner pyrometer is another successful form of 
photometric pyrometer, and one which is largely em- 
ployed on the Continent. The comparison light is a small 
incandescent lamp illuminating a glass matt surface ; 
monochromatic red light is produced by means of a 
direct-vision spectroscope and screen, cutting out all but 
@ narrow band in the red, and the photometric compari- 
son is made by ad intiog to equal brightness both halves 
of the photometric field by means of a polarising 
arrangement. 

The Holborn-Kurlbaum pyrometer is also a photo- 
metric instrument of rather a different character. If a 
sufficient current is sent through the filament of an 
electric lamp, the filament gluws red at first, and as the 
current is in > 
orange, yellow, and white successively. If now this fila- 
ment is interposed Letween the eye and an incandescent 
body, the current through the lamp may be adjusted 
until a portion of the filament is of the same colour and 
brightness as the object. When this occurs, this part of 
the filament becomes invisib'e against the Lright back- 
ground, and the current then becomes a measure of the 
temperature. Fig. 21, page 170, shows this pyrumeter 
diagrammatically. A small 4-volt incandescent lamp L, 
with a horseshoe filament, is mounted in the focal plane 
of the objective and of the eye-piece of a telescope pro- 
vided with suitable stops D D D and a focussing-screw 8S. 
The lamp circuit is provided with a two-cell battery B, a 
rheostat, and a sensitive ammeter. The telescope is 
focussed on the incandescent body, thus bringing its 
image into the plane AC. The current is then adjusted 
by means of the rheostat until the tip of the lamp filament 
disappears inst the bright background. A previous 
calibration of the current in terms of temperature for the 


creased, the filament, getting hotter, becomes ; 





which the mirror | agree on 4 Yo | end “> 

ig. 17 us renderi! 
te inde; reat of the me the 
furnace or material into which the tube is placed. This 
pyrometer is particularly suitable for determining tae 
temperature of molten metal in a crucible, the tube being 
plunged directly into the metal. 

Total radiation instruments have the great advan 
that they are independent of the colour judgment of the 
observer, and that the temperatures are given directly bya 
pointer on a dial. In the case of the Fery ratiation pyro- 
meters, the icular part of the hot body the tempera- 
ture of which it is wished to know can be directly focussed 


upon the selection of the type of thermomoter and on the 
method of using them. It is frequently difficult to 
advise definitely on any one type of instrument, as ques- 
tions of firat cost, u 2, all have to be considered. 

The following s ions may, haps, be of assist- 
ance to those considering the installation of such instru- 
ments. 

Steam Plant.—As a rule the temperatures throughout 
a steam plant may be taken with mercury thermometers, 
sockets or mercury-oups being placed in the steam-pipes 
into which the mercury thermometers are placed. On 
the other hand, it is frequently troublesome to read the 
important thermometers in the cng and oe go 
d. The thermometer at the foot of smoke- 





on to the sensitive element in the pyrc In 
the case of those in which the sensitive element is a 
thermo-couple, the instrument can be made recording if 
used in conjunction with an instrument such as the 


Fig. 25. TEMPERATURE RECORD OBTAINED BY MEANS 
OF THE FERY RADIATION PYROMETER IN 
1300 LONSUNCTION WITH A THREAD RECORDER. 
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Fig. 26. TEMPERATURE RECORD OF A BLAST-FURNACE MAIN, OBTAINED ON 
A CALLENDAR RECORDER. 
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particular lamp used will then give the temperature of | 
the hot body. It is found in practice that different | 
observers do not differ by any appreciable amount in | 
their readings, and at low temperatures the same values 
are obtained whether a red glass is used in the eye-piece 
or not. 

Radiation pyrometers differ from the optical types pre- 
viously discussed in that they employ all the radiation 
received from the hot body, and not only the luminous 
rays. The first practical form of pyrometer making use 
of total radiation was invented by Fery.* The instrument 
is shown in section in Fig. 22, and is mounted on a Dj 
for use. The radiation from the hot body is focu by 
means of the concave mirror on to a sensitive thermo- 
couple mounted at D ; the electromotive force generated 
by the couple is indicated on a galvanometer connected 
to the terminals B B. 

In a second and later form of the instrument Féry has 
replaced the thermo-couple and galvanometer by a bi- 
metallic (nickel-stesl and brass) spiral placed in the focus 
of the mirror. When heated, the spiral uncoils and 
carries an aluminium pointer over a dial divided in 
“pam of temperature. 

oster+ has introduced a modification (Fig. 23) of Féry’s 
pyrometer by putting the thermo-couple D and ‘the 
aperture EF at the conjugate foci of the mirror 0. It 
has the Ra ages —_ a pe yp area of hot body 
is required in order that the whole aperture E F may be 
filled with heat rays. Thwingt ays wit Ro an 
instrument in which the reflecting mirror is replaced by 
a bright cone, which by multiple reflection concentrates 
the radiation at its apex on to one or more thermo-couples. 
_ The author, in conjunction with Professor Féry, has 
introduced a modification of the radiation pyrometer, in 





* “The Measurement of High Tem ratures and 
Stefan’s Law,” by C. Féry, Comptes ete ae v Académie 
des Sciences, vol. cxxxiv., page $77, 1902. 


t “A New Radiation Pyrometer,” by C. E. Foster, 
Transactions of the American Electrochemical Society, 


vol. xvii., page 223, 1910. 
t_‘*Two New Pyrometers and the Application of the 


(Seale $ Original.) 





Radiation Pyrometer for mining the Tem ture of 
Molten Iron and Copper,” paper by Dr. O. B. Thwing, 
Pailadelphia, in Journal of Electro-Chemical and Metal- 


° 
qurgical Industry, vol. iv., erent 1908, page 82. 
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thread-recorder ; the record reproduced in Fig. 25 is a 
reproduction of such a record. 

_ A great many observers have difficulty in using radia- 
tion pyrometers successfully be2ause they have not fully 
realised the capabilities and limitations of the instru- 
ments, and it may be helpful to consider these briefly. 
The —, of heat received by a pyrometer from a hot 
body depends upon :— 

1. The temperature, area, and emissivity of the hot body; 

2. The area and absorbing power of the receiving sur- 
face of the pyrometer ; and 

3. The distance between the hot body and the pyro- 
meter. ‘ 

It may at once be assumed that the observer cannot 
readily alter the conditions in 2, as they have been pre- 
 — after careful thought by the instrument-m > 

he question of the emissivity has been discussed on 
pages 169 and 170, but it cannot be too strongly urged 
that true temperatures will not be given if the hot body is 
not under black-body conditions, and that the difference 
between true and black-hody temperatures varies with 
the material, being, for example, much greater in the 
case of molten copper than in molten iron. Fortunately, 
in the case of muffles or furnaces the conditions are 
generally very good, closely approximating to those of 
the ideal black body. 

he questions of the area of the hot body and its dis- 
tance from the pyrometer are closely linked ther. 
The quantity of heat given off is proportional to the area 
of the radiating surface and varies inversely as the square 
of the distance from the body. But the apparent area 
of the hot body (when looked at by the pyrometer tele- 
scope) varies directly as the square of the distance from 
the body, so that the quantity of heat obtained by the 
pyrometer is independent of the distance so long as the 
image of the hot y completely covers the sensitive 
element of the pyrometer. It is thus of fundamental 
importance to see that the image of the hot body com- 
pletely covers the sensitive element ; if it is found im- 
— to get sufficiently near to ensure these ccn- 
itions, then recourse must be had to an optical pyro- 
meter which depends on colour-matching only. 


PracticaL CONSIDERATIONS. 


The successful employment of thermometers for the | me 
‘measurement of either bigh or low temperature depends 
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stack, and the one on each side of the economiser, although 
giving valuable information as to the efficiency of the 
plant, are frequently unnoticed. For this reason ib is 


METHOD OF MOUNTING A PYROMETER 
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advisable to instal resistance thermometers which can 
be readily read on ag in the boiler 
or engine-house. en dealing {with high superheat 
temperatures, a recorder or an thermometer will 
ay oe herm general! 
.—Mercury t ometers are y 

employed for this work, but experience has shown that 
in the case of stores—say ten rooms or over—it 
pays to instal resistance thermometers. A great deal of 
time is spent in reading mercury thermometers through- 
out a large building which necessitates the opening and 
shutting of a number of doors, and which, in addition to 
the labour cost, is wasteful of power, and to destroy 
the uniformity of temperature in the various rooms. 

he Treatment of Metals.—The applications of pyro- 
——e in works for the treatment of metal are very 
varied. 

Hot-Air Main.—One of the most important is the 
measurement of the temperature of the air in the hot-air 
main of a blast-furnace. If prime cost is not an over- 
whelming consideration, then resistance thermometers 
should be used connected to a Callendar recorder. 
record reproduced (Fig. 26, above) was obtained with 
such an instrument. ermo-couples may be used, but if 
an accuracy comparable to that of the resistance 0- 
meter is desired, then the scale control board, and the 
various precautions with regard to the cold junctions, &c., 
already outlined, must b» ad 5 

Casting Temperatures.—Unfortunately, although the 
temperature at which a metal is cast is admitted to be of 
such great importance, yet there is no really + ages = | 
way of determining the temperature of the molten 5 
The conditions, especially where a large crucible is used, 
make it practically impossible to insert a pyrometer into 
the metal, and the readings obtained with radiation or 
optical pyrometers are not consistent, owing to varia- 
tions in the quality and quantity of the slag, and the 
frequently great di nce from Tiack-bod conditions, 

he closed-tube radiation pyrometer can be safely used 
when small crucibles are employed ; the thermo-couple 
also, if protected by an outer 
employed for taki 

Annealing and 


pyrometer installation 
depends almost entirely on the way in which the pyro- 
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meter is mounted in the furnace. The author has dealt 
very fully in a previous paper with this aspect of the 
matter.* Experience shows that, in the case of la 
furnaces, it is advisable to put the thermometer in the 
floor of the furnace in the way suggested by Mr. F. 
Culpan. A slot 8 (Fig. 27) is chip into the furnace 
floor, and into this a fire-clay tube [ is grouted, the s 
surrounding the tube being filled in with fire-clay flush 
with the bottom of the furnace. The te ge P is 
slipped into the tube T through the side of the furnace. 
The weight of the head of the pyrometer is taken by a 
flanged socket, which is screwed into the protective 
plating of the furnace, the pyrometer being held to the 
socket by means of readily removable bolts and nuts. 
The plan of the eee ongenne is shown, and from this it 
will be seen that the pyrometer can be introduced 
between the gas ports of the furnace. For various other 
methods for mounting pyrometers both horizontally and 
wv reference must be made to the paper men- 
tioned. 

The record reproduced in Fig. 28, page 171, obtained by 
means of a thermo-couple placed in an annealing furnace, 
and connec to a th recorder, will show how ad- 
mirably with a little practice a fireman is able to main- 
tain a given temperature over many hours. In this case 
the management had ruled a line on the record-sheet, and 
had instructed him to maintain the temperature con- 
stant for a definite number of hours. 

The determination of the critical and freezing-points 
of metals -_ their alloys is of vital importance in metal- 
lurgical work, but the subject is toolarge to be dealt with 
in a paper of this kind; but special reference may be 
made to papers by Dr. Burgesst and Dr. Rosenhain.+ 

Brick and Porcelain Works.—In practically all porce- 
lain works Seger Conesare employed to control the firing. 
Although the information given by them is eorone mae: f 
valuable as showing the maximum temperature attained, 
they fail to show the rate at which a kiln is being 

eated, and thisis frequently of fundamental importance. 
Thermo-couples are best employed for the measurement 
of the lower or preliminary temperatures, and radiation 
pyrometers for the higher or finishing temperatures. The 
author has previously discussed the mounting and use of 
these pyrometers when applied to the measurement of 
the temperature of pottery kilns.§ 

Experimental Work.—It is impossible to mention all 
the modern — “Y~ of thermometers as applied to 
Engineering. he experimental work of Professors 
Callendar and Nicholson) on the temperature cycle in 
the steam-engine cylinder, and those by Professors 
Barstall,4/ Hopkinson,** Dr. Dugald Clerk,++ and the 
Reports of the British Association Committee on Gaseous 
Explosions, are well known to all members of the 
Institution. 

It is not necessary to refer members of the Institution 
to the pyrometric work carried out by Dr. Rosenhain and 
his colleages at the National Physical Laboratory, acting 
on behalf of the Alloys Research Committee. Reference 
to the Reports of this Committee shows how dependent 
the metals are upon the temperatures to which they have 
been subjected. 

In determining the efficiency of the winding of dynamo 
field coils, thermo-couples built into the machines have 
given valuable information. tt 

Some work has been carried out recently by Professor 
Barnes with a view to detecting thermometrically the 
presence of icebergs. It is found that if the thermo- 
meter is sufficiently sensitive, the temperature gradients 
in the water, owing to the slow melting of the ice, can 
be detected at distances as great as 5 miles. Professor 
Barnes has designed a resistance thermometer, used in 
conjunction with a Callendar recorder fitted with a 
special relay, which is able to detect and record changes 
in the temperature of the water of 0.001 deg. Cent. It 
is hoped that it may be ible to equip a vessel with 
apparatus of this kind which will sound an automatic 
alarm when the —- is approaching a berg. A 
deal of experimental work has still to be done, however, 
before this stage can be said to have been reached. §$ 


* “The Application of Pyrometers to Hardening and 
Annealing,” by R 8. Whipple, Proceedings of the Birming- 
ham Association of Mechanical Engineers, March, 1913. 

+ ‘On Methods of Obtaining Cooling-Curves,” by 
G. K. Burgess (Bulletin Bureau of Standards, vol. v., 
page 199, 1908). 

t ‘*Observation on Revalescence Curves,” by W. 
Rosenhain, Physical Society of London, vol. xxi., page 
180, 1908, 

§ ‘* Pyrometry as Applied to the Making of Pottery,” 
by R. 8S. Whipple, Transactions of the English Ceramic 
Society, January, 1913. 

| **On the Law of Condensation of Steam Deduced 
from Measurements of Temperature—Cycles of the 
Walls and Steam in the Cylinder of a Steam-Engine,” 
by H. L. Callender and J.T. Nicholson, Proceedings 
of the In,titution of Civil Engineers, page 131, 1898. 

‘| “The Measurement of Cpetesy arying Tempera- 
tures,” by H. F. W. Burstall, Phslosophtcal M. ine, 
vol. xl. 282, 1895. 

** «Gas gine Temperatures,” by B. Hopkinson, 
Philosophical Magazine, vol. xiii., page 84, 1907. 





tt ‘The Present Position of Gas and Petrol Engines,” | 


by Dugald Clerk, The Electrician, August 9, 1907. 

+} ‘*Report on Temperature Experiments carried out at 
the National Physical Laboratory,” by E. H. Rayner, 
Journal of the Institution of Electrical Engineers, 
vol. xxxiv., 628. 

8$ ‘Report on the Influence of Icebergs and Land on 
the Temperature of the Sea, as Shown by the Use of 
the Micro-Thermometer, &c.,” by H. T. Barnes—Supple- 


ment to the 45th Annual Report of the Department of 
Marine and Fisheries, 1911-12. O:tawa. ini 
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Standardisation of Thermometers.—The question of | 
standardisation is of great importance to all users of 
thermometers, whether they are employed to measure 
high or low temperatures. nless immediately pressed 
for time, an observer will find it advisable to send his 
instrument to the National Physical Laboratory, where | 
it will be examined, and its corrections determined for an 
extremely moderate fee. Ina works where there are a 
large number of instruments, it is advisable to keep a 
set of instruments which have been examined at the 
National Physical Laboratory as standards of reference. 
If this is not possible, corrections at one or two points in 
the range of the thermometer can generally be deter- 
mined. » the case of mercury thermometers the freezing 


must be observed —care I 
tions in the height of the barometer when taking the 
latter point. 


The boiling-points of :— 

s Deg. Cent. 
Aniline... me 184.1 
Naphthalene 218.0 
Benzophenone 306.0 


may all be used for standardisation points. Aniline 
oxidises readily, and naphthalene will be found satisfac- 
tory. It is cheap and readily obtained of sufficient 
purity. This is best tested by taking its freezing-point, 
which should be 80.0 deg. Cent. A special, but simple, 
boiling-point apparatus must be used with both naphtha- 
lene and benzophenone. 

For hiher temperatures it is advisable to use the 
melting-}oints of pure metals or eutectic alloys and the 
freezing-points of pure salts. 

The following will be found useful and satisfactory 
points :— 


Deg. Cent. 
Freezing-point of tin . 231.92 
* pa lead 327.43 
es ae zinc ... 419.37* 
Boiling-point of sulphur 444.70 
Freezing-point of antimony _... 630.7 
ss a sodium chloride 800.0 
“ <4 silver... 960.98 
oe o copper 1083.0 


In the case of radiation and optical pyrometers the best 
way is tosight upon a piece of firebrick or porcelain placed 
in either a small tube electric furnace or gas-fired muffle. 
A standardised thermo-electric couple is mounted either 
on the face of the firebrick or through a hole in its 
centre, the any eed being focussed on the couple. The 
furnace is then heated and the ee - of the pyrometer 
compared at various temperatures. If 
is not available, a single melting-point will be a valuable 
check on the pyrometer. A triangle is eut out of a piece 
of thin sheet silver, and one side partly folded over, so 
that the sample will stand up when placed in the furnace. 
The pyrorheter is then focussed on the tip of the triangle, 
and the point when it melts (960.88 deg. Cent.) observed. 

When standardising radiation and optical pyrometers, 
care must be taken to ensure that the conditions satisfy 
black-body requirements. 

The author has to acknowledge with many thanks the 
help and criticism of his colleague, Mr. E. Miiller. 








University CoLiecr, Carpirr.—At its last meeting 
the Council of the University of South Wales and 
Monmouthshire appointed Mr. Frederic Bacon, 
M.A. (Cantab.), A.M. Inst. E.E., to the Drapers’ Chair 
of Engineering, rendered vacant by the death of Pro- 
fessor A. C. Elliott, whose obituary notice we gave on 

576 of our last volume. Mr. Bacon is at present an 
instructor in the Engineering Department at the Royal 
Naval College, Greenwich. He studied engineering 
under Professor Ewing at Cambridge, where he graduated 
lass Honours in the Mechanical 
Sciences —— He has had practical experience in the 
works of Messrs. Yarrow, the British Westinghouse 
Electric and Manufacturing Company, and elsewhere, 
and is the author of several papers. 





Tue Yarrow Conva.escent Home.—The annual cele- 
bration of Founder’s Day of this institution was held at 
the Home at Broadstairs on Saturday, the 19th ult. The 
principal feature of the function this year was the in- 
spection of a model cow-barn, which has been erected 
upon the most up-to-date principles, the committee having 
decided to be of their own farm, so as to obtain 
milk absolutely clean and pure for the children. The 
home was honoured by a recent unexpected visit from 
their Majesties the King and Queen, who expressed 
pleasure with everything they saw. Great interest was 
taken by them in the new dairy, after which they made 
a tour of inspection of the home, and chatted to many of 
the happy little inmates. As stated by us on former 
occasions, the objects of this home are to benefit refined 
and well-conducted children who have suffered a recent 
illness, and are in need of a period of convalescent treat- 
ment to assist in their recovery to health. They must be 
children of age who are of the professional and 

dle classes, but who are, unfortunately, 
po of such limited means that will not allow of 
their giving their children the change so much needed. 
The home being vested in the management of the Institu- 
tion of Civil Engineers, preference at all times is given to 
members of that body. Full particulars are obtainable 
from the Secretary, at 6, Holborn Viaduct, E.C. 





* The freezing-point of zine is a particularly useful 
point, as determinations made on sample continuously 
for - years in one crucible gave strictly consistent 
results. 


a thermo-couple b 





CATALOGUES. 


Books.—Messrs. Longmans, Green and Co., 39, Pater- 
noster-row, E.C., have sent us a copy of their latest 


| classified catalogue of literature published by them. This 


catalogue, which contains 250 pages, bound in cloth- 
covered boards, is divided into sections containin 
standard and general works, theological works, medi 
and surgical works, scientific and educational works, 
aay ; it is also provided with indices to subjects 
and authors. 

Distribution-Boxes.—We have received from Messrs. A. 
Reyrolle and Co., Limited, of Hebburn-on-Tyne, a pam- 


(0 deg. Cent.) and boiling (100 deg. Cent.) points of water | = illustrating smd stating prices for cast-iron distri- 
tole taken to correct for varia- | 


ution-boxes for electric light and power circuits at pres- 
sures up to 600 volts. These boxes, which are made either 
dust-proof or water-tight, are fitted with the firm’s patent 
self-aligning fuse handles when used on power circuits, 
and full particulars, with prices, of these fuse handles 
are given in a separate pamphlet also to hand. 


Electrical Instrwments.—An illustrated price-list of 
electrical instruments has come to hand from the India- 
Rubber, Gutta-Percha, and Telegraph Works Company, 
Limited, of Silvertown, E. This list deals with telegraph 
instruraents and accessories for land and submarine lines, 
galvanometers, testing sets, bridges, resistance-boxes, 
testing-keys, terminals, &c. Particulars are also given 
of water-level indicating and recording apparatus, 
Walker’s electrical train-describers, signalling bells, and 
other instruments for use in connection with railway and 
mine si ling. 


Electric Tramway Cars.—The Brush Electrical Engi- 
neering Company, of Loughborough, have sent us a copy 
of a catalogue illustrating some examples of tram-cars 
and similar vehicles they have constructed for use in this 
country and abroad. The illustrations include single and 
double-deck cars, all-steel cars, trailer cars, special cars 
for high-speed inter-urban traffic, a trolley omnibus for 
railless electric road traction, and several types of trucks 
and bogies for street-railway service. The catalogue, 
which is well printed and illustrated, and bound in cloth- 
covered boards, makes a very creditable production. 


Hydro-Electric Power Plants.—A pamphlet to hand 
from the Foreign Department of the Allgemeine Elek- 
tricitiits Gesellschaft, of Berlin, whose London address 
is 133, Oxford-street, W., gives some general particulars, 
with several illustrations, of the large hydro-electric 
power plants of which they have supplied the electrical 
equipment. The construction of the company’s 
three-phase generators, specially designed for direct 
coupling to hydraulic turbines, is also illustrated and 
riefly descri It is pointed out that in such machines 
special attention must be given to the matter of ventila- 
tion, and also that the rotating parts must be made stron 
enough to resist the stresses due to the excessive poo 
which might be reached owing to a failure of the.govern- 
ing mechanism of the turbine. 


Rock-Drills.—Three bulletins issued by the Chicago 
Pneumatic Tool Company, of 1010, Fisher Building, 
Chi , Ills., U.S.A., and relating to the Chicago giant 
rock-drills, have recently come to hand. The first of 
these publications illustrates and describes the construc- 
tion of the drills, and gives prices and particulars of five 
sizes which can be suppliec to work with steam or com- 
pressed air. The smallest size listed takes bits from 14 in. 
to 1? in. in diameter, while the largest is suitable for bits 
ranging from 23 in. to 34 in. in diameter. The other 
bulletins relate to tripod, column, and other forms of 
mountings for rock-drills, and various accessories for rock- 
drilling work such as drill steel, smiths’ tools, hose and 
hose couplings, blasting apparatus, &c. ; prices are stated 
for all the articles mentioned. The London address of 
the firm is the Consolidated Pneumatic Tool Company, 
Limited, 9, Bridge-street, Westminster, 8S. W. 


The Purification of Water.—The Paterson Engineer- 
ing Company, Limited, Amberley House, Norfolk-street, 
Strand, W.C., have sent us a copy of a new publi- 
cation they have recently issued relating to the purifica- 
tion of water for municipal supply. This publication is 
considerably above the average catalogue in quality, the 
first part being rather a concise general treatise on water 
purification, and the latter part only referring particularly 
to the Paterson system of filtering, sterilising and soften- 
ing water. The book is attractive in appearance, well 
illustrated, and full of interesting and useful information, 
so that it forms an excellent example of high-class trade 
literature, which is very creditable to the firm issuing it, 
and is not likely to fail in its object. It deals with the 

terial, organic, mineral, and other impurities com- 
monly found in water, and with their removal by storage, 
by slow sand filtration, and by filtration by the Paterson 
rapid process, fully describing this latter process, and 
illustrating and describing a plant recently installed at 
Tewkesbury for the water supply of Cheltenham. This 
interesting plant was fully described in our issue of 
July 18 last, on page 73, so that no further reference to 
the system need be made here. Paterson gravity filters, 
roughing filters, pressure-type filters, and water-softeners, 
are also illustrated and described in the pamphlet. 





Great CANADIAN TunNEL. — The Canadian Pacific 
Railway Company has let a contract for the construction 
of a tunnel under the Selkirk Mountains. The tunnel is 
regarded as one of the most important enterprises which 
the company has ever undertaken in the Canadian North- 
West. It will be5 miles long, and will be built fora double 
track. The contract has been secured by Messrs. Foley 
Brothers, Welch, and Stewart, and the time prescri 
for the execution of the works is forty-two months, 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data . avent stnaiets ee 
foreign engineering projects, taken from the . 0 
Trade. Pm mn gy Bo information conce _ these 

rojects can be obtained from the Commercial In’ ce 

Ym Board of Trade, 73, Basinghall-street, London, 
E.C. 

South Africa : Aamnetins to information from the Com- 
missioner of Customs and Excise at Pretoria, the Minister 
of Railways has announced that the new graving dock 
which is to be constructed at Durban will be about 800 ft. 
long and able to take the largest ships. The cost is esti- 
mated at about 400,000/. The Minister of Railways has 
also announced that the new harbour and breakwater at 
Kalk Bay will cost 54,000/., and be completed in two 


ears. 
, French Indo-China : The Journal Officiel de 0 Indo-Chine 
Francaise publishes the text of a decree by the Governor- 
General of Indo-China approving the modified programme 
for the execution of harbour works at Haiphong, for which 
a loan of 1,500,000 franes (60,000/.) was raised by the 
Haiphong Chamber of Commerce. 

France (Guadeloupe): The British Vice-Consul at 
Pointe-a-Pitre reports that the General Council of Guade- 
lou is passed a revised scheme for various harbour 
por general improvement works in the Colony, which is 
awaiting authorisation by the French Minister of the 
Colonies. The scheme —_ for a total expenditure 
of 4,109,000 francs, and includes 1,600,000 francs for 
wharf construction, 750,000 francs fer deepening the road- 
stead, 550,000 francs for the construction of a coaling 
wharf, 353,000 francs for a water conduit at Pointe-a- 
Pitre, and 208,000 francs for wireless telegraph stations. 
The engineer in charge of the works will at the same time 
draw up plans for a railway from Pointe-a-Pitre to Moule, 
with two branch lines, giving a total | of 60 km. 
(37 miles), which is estimated to cost about 3,600,000 
francs (25 francs = 1/.). 

Portugal: The Diario do Governo publishes a law 
empowering the Portuguese Government to arrange a call 
for tenders for the construction of the Portalegre Railway. 
A deposit of 50,000 escudos (about 9570/.) will be required 
to qualify any tender. Three years are allowed for con- 
structing the line to Castelo de Vide and five years in 
which to reach Beira Baixa. The Diario also contains 
a law authorising the municipal authorities of Tomar to 
build a railway from Paialvo to Tomar. 

Portugal (Mozambique): With reference to the proposed 
railway from Quilimane to the Shiré River iv is notified 
that the Diario do Governo contains a decree authorising 
the Mozambique Government to construct, or to contract 
for the construction of, a railway starting from Quilimane, 
in the province of Mazambique, and directed towards the 
left bank of the River Shiré, to a point as near as possible 
to its junction with the Zambesi. Eventually the railway 
is to be extended in the direction of Tete and other agri- 
cultural and industrial centres of the district, with such 
branches as may be deemed necessary. devree also 
authorises the carrying out of por. works at Quilimane 
and Tangalane, and of sanitary improvements in the 
neighbouring territories. In order to raise a special fund 
for this purpose the decree provides for the necessary 
subsidies, to defray which additional taxation will be 
resorted to, including increases in customs duties. 

Spain: The Gaceta de Madrid notifies that Sefior D. 
Francisco de P. Rojas, on behalf of the Sociedad la Marf- 
tima, of Motril, has applied for a concession for a steam 
tramway, for ee and goods, from the town of 
Motril to its port. The Gaceta also publishes a notice, 
issued by the General Directorate of Public Works, under 
the terms of which a concession is awarded to Sefior 
Norberto Secbold y Picquart for the construction and 
working of a railway from San Cebrian de Muda to 
Cillamayor. 

Italy: The Gazzetta Ufficiale, Rome, announces that 
tenders are invited by the Italian State Railways 
Administration, Rome, and will be opened on August 9, 
for the construction of a portion, 6 miles long, of the 
Minturno-Naples section of the direct line in course of 
being laid between Rome and Naples. The upset price 
18 pet at 4,300,000 lire (172,000/.). Although this contract 
will doubtless be awarded to an Italian firm, nevertheless 
there may be openings for manufacturers in the United 
Kingdom to supply some of the materials required. e 

zzetta also publishes a decree under the terms of which 
the Italian State Railways Administration is authorised 
to arrange for the construction of the Bologna-Pianoro 
section of the proposed oy from Florence to Bologna. 

s ny: The Deutscher Reic ier, Berlin, pub- 
lishes the text of a law, under age a which A an 


of 18,500,000 marks is earmarked for the pu of im- 

sect | — River Oder —7 Breslau, and 18,200,000 

marks for the carrying out of important dam ti 

in the neighbourhood of Ottmachau, (Mark = T1.84. _ 

hag % H.M. by at _ mc that, according to 
e local press, the Council of Ministe: 

the request made by the Minist at Con a aiea 





ns Ukase ae © Ccessi ~ of Crown and private land 
quired in connection with the eonstructi: 
— line for — Harbour. se 
vey in Asia - The following information is from the 
report by H.M. Consul at Trebizond on the trade of that 
district in 1912, which will shortly be issued :—Very 
little actual work was done by the French company 
on the repair of the Trebizond-Erzerum road 
but necessary surveys and plans were made. It appears 
that the delay in commencing the work has been due to 
the central authorities at Constantinople, who have con- 
a modified and returned for alteration the plans 
made by the rson thespot. However, it appears 
that the central authorities have now changed their atti- 





tude, and that they desire the early completion of the 
work. It therefore seems as if the work will be taken up 
in earnest during 1913. Theremay be somedifficulty, owing 
to the war, in finding the labour required. A considerable 
length of new road will be constructed, especially at the 
Zigana and Kop passes, which will be crossed by new and, 
it is ex , easier routes. The road from Kerasund to 
Kara Hissar is also to be repaired by the French com- 
pany. From Trebizond there are short distances of road, 
parallel with the coast, to Platana on the west and to 
‘Yomura on the east. The original intention was to con- 
tinue the latter road as far as Rizeh, but for some time it 
has stopped short at Yomura, to which place there was 
until recently a motor-car service. As usually happens 
to modern machinery in a place like Trebizond, the car 
has broken down, and there seems to be no one on the 
spot capable of repairing it. Some two-and-a-half years 
ago work was n on the Samsoun-Sivas Railway, the 
enterprise being undertaken by the Ottoman Govern- 
ment itself. 
works have been constructed. The work was let out to 
two sub-contractors, one taking a length of miles and 
the other one of 124 miles. The tunnels and bridges on 
this first section of 22 miles have not yet been finished. 
The work has met with various interruptions, firstly 
owing to the expulsion of the Italian workmen employed, 
and latterly owing to the Balkan war and consequent jack 
of funds. It seems probable that if the work is ever to 
be seriously undertaken, a concession for the construction 
of the line will have to be given to some foreign group. 

Mexico: The Diario Oficial contains a notice granting 
to Don Francisco C. Alcolde a concession for the utilisa- 
tion of 10,000 litres per second of the waters of the River 
Sinaloa for irrigation purposes. 

Venezuela: The Gaceta Oficial, Caracas, announces that 
the Compajiia Anénima Gran Ferrocarril del Tchira has 
concluded a contract with the National Government 
whereby it is empowered, subject to certain stipulations, 
to construct a railway between the towns of La Fria and 
San Cristobal, in continuation of the existing railway 
which connects La Fria with Encontrados. All material 
any for the work may be imported free of Customs 

uty. « 

Chili: The Diario Oficial announces that El Boquete 
Nitrate Company has been granted permission to construct 
a branch railway linking the Domeyko works with the 
nitrate district of Pam: Antonio, a distance of about 
31 km. (about 19 miles). 

Argentine Republic : The Boletin Oficial, Buenos Aires, 
— a decree, issued by the General Directorate of 

ilways, eee the plans submitted by the Buenos 
Aires and Pacific Railway Company, for the construc- 
tion of a section of railway from Tres Acequias to Las 
Catitas. 

Brazil : The Diario Official publishes a decree consent- 
ing to the application submitted by the Mogyana Rail- 
way and Shipping Company for an extension of time 
up to March 21, 1914, for the termination of the work 
connected with the construction of the line from Igara- 
pava to Uberaba. The Diario also contains a decree 
approving the plans and estimate of 7,845,000 milreis 
(about 523,000/.) for the construction of a 57-mile section 
of the line in course of building from Theophilo Ottoni 
to Tremedal—viz., from Theophilo Ottoni to Gravata. 

Japan: The following information is from the report 
by H.M. Vice-Consul at Yokohama on the trade of that 
district in 1912, which will shortly be issued :—A plan to 
extend the Tokio water works system is now under con- 
sideration by the municipality. The present system, 
which was designed to supply some 1,500,000 persons, is 
considered quite inadequate in view of the rapidl 
increasing population, which is now estimated as comet 
ing 2,000,000. It is proposed, therefore, to expand the 
system so as to provide water for 3,000,000. For this 

urpose a reservoir is to be constructed at a spot some 
bs miles to the west of Tokio, from which point the water 
will be conducted by underground pipes to a distributing 
centre 6 miles from the capital, where it will pass through 
filter-beds before being supplied for consumption. Of the 
estimated cost the Treasury will asked fora grant of 
some 714,000/.—or one-third—the remainder to be raised by 
means of a municipal loan. In addition to the above, the 
following water-supply schemee are being carried out :— 


Total Government 
Cost. Grant. 
£ £ 
Nagoya (to be completed in 
arch, 1914; about three- 
quarters isalready — 583, 406 132,912 
Sendai (to comple 
about 1916) .. aaa ... 124,950 51,650* 
Utsunomiya(to be completed 
in 1915) ae = ... 122,500 53,000* 
Nagano (to be completed in 
1915) ... = ae: ... 85,239 37,000* 


* Government and prefectural grants. 





THe University or Liverroo..— This university 
announces that for the first time their syllabus contains 
details of a full four years’ course in marine engineering. 
The first year is required only from those students who 
come direct from school without any technical knowledge 
whatever. The main points are:—(1) The establishment 
of the School of Naval Architecture has made it possible 
for the University to give the marine engineer a sound 
knowledge of the ship in which his machinery is placed ; 
this in addition, of course, to the usual ry train- 
ing. (2) The Marine Department of the Board of Trade 

ise the course in marine engineering, and those 
who have gone through the university course have im- 
portant concessions allowed them in the way of training 
and sea time. 


Up to the present some 22 miles of earth- | 








| to the Court to make an award of a 


WORKMEN’S COMPENSATION CASES. 


Prisoner and Workman’s Compensation.—A case re- 
cently came before the Master of the Rolls and Lords 
Justices Kennedy and Swinfen Eady, under the Work- 
men’s Compensation Acts of 1897 and 1906, as to whether 
» workman who is entitled to compensation under the 
Acts for injury received in the course of his employment 
is entitled to receive such compensation during a 
sentence of hard labour. The case arose out of an award 
of the County Court J ndge at Southwark in favour of the 
applicant, James McNally, the award being Santee by 

e employers, Messrs. Furness, Withy and Co., who 
appealed against the decision. It appears that McNally 
injured his knee on July 31, 1912, while employed by the ap- 
pellants asa stevedore. In consequence of this he received 
Sy ape from his employers until January 18 last 
to the amount of 1/. a week, half his weekly earnings. 
Upon the date mentioned, however, it was found out that 
e had been arrested on January 8, and on January 21 
had been sentenced to eighteen months’ hard labour for 
stealing from the person, and was still serving that sen- 
tence. On March 19 a request for arbitration proceed- 
ings under the Act were issued by the prisoner, his 
address on that day being “late of Mary Anne-street, 
E., and now of Wormwood Scrubbs.” The County Court 
Judge tried the case on April 22, and on May 19 awarded 
McNally 12s. a week. It was contended by the counsel, 
first, that McNally in the circumstances was not entitled 
to compensation, use the Act was passed to compen- 
sate workmen for incapacity to earn wages owing to 
injury, and, as far as the present circumstances were 
concerned, McNally’s re a! to earn wages was not 
due to the accident at all. The counsel’s second point 
was that the applicant being in prison, the employers had 
no opportunity of giving him hght work during his in- 
capacity, which might be at the same rate of pay, and in 
that case they would be under no liability to py him any 
compensation. The third point was that, McNally being 
in prison, the employers were prejudiced by the difficulty 
of having the man medically examined during the term 
of his imprisonment. The appeal was dismissed by the 
Court, the Master of the Rolls taking the view that the 
County Court J udge had found that the man was suffer- 
ing from partial disablement by what happened in the 
employer's works. The fact that the man could not get 
out of prison to get work did not matter. The test was 
not what be was earning, but what was his capacity 
to earn. Judgment to the like effect was given b 
the Lords Justices, and the appeal was dismissed witi 


costs. 

Employers’ Liability.—An ap from an award of the 
Birkenhead County Court Judge sitting as arbitrator 
under the Workmen’s Compensation Act, 1906, recently 
came before the Master of the Rolls, Lord Justice 
Kennedy, and Lord Justice Swinfen Eady. It appears 
that the respondents employed the applicant, J. R. H. 
Green, as an apprentice riveter, and during his work on 
February 17, 1912, a piece of a hot rivet entered his 
eye and incapacitated him. He was consequently = 
compensation by the respondents at the rate of 10s. a 
week up to November 11, 1912, at which time they had 
offered him employment at his old rate of pay, but this 
the applicant declined, after which the respondents 
ceased to pay him compensation. As a result of this 
stoppage the applicant commenced proceedings against 
the respondents in order to obtain compensation. The 
County Court Judge, however, found for the respon- 
dents on February 4, 1912, and made his award in their 
favour. According to the evidence the workman had not 
much sight left in his right eye. 

Further proceedings for compensation were commenced 
by the applicant on March 10, but the County Court 
Judge found, when the case came before him on May 2, 
that the question that had arisen between the applicant 
and the ees was res judicata, having regard to his 
award of yey! 4, and the application was dismissed, 
for he considered he had no jurisdiction. When the case 
was before him on a previous occasion, he considered that 
the workman had not made out a case for any further 
compensation. The question arose, however, whether he 
should make an aw: for a penny a week so as to keep 
alive the workman’s rights, but he decided that he ought 
not to do so, and made his award accordingly. 

The Master of the Rolls said that it was impossible to 
interfere, and he did not agree with Mr. Digby Swift, 
K.C., who appeared for the applicant, that there was no 
power to eon an original application what is known 
as a suspensory award for one penny a week, and that the 
man Green could not have appealed from the first award. 
He considered that whether under an original application 
or under an application to review, it is equally competent 

pomee a week. A 
penny a week might be awarded on the original applica- 
tion, and if no such award is made, it is competent to 
the workman to appeal against the award. No appeal 
was presented, and no such appeal could now be pre- 
sen The judgment 6f the County Court Judge was 
quite right, and the appeal was dismissed with costs. 








New Roap NEAR THE Texs.—The Tees Conservancy 
Commiasi one 7 Tr ing for —— 9 for the con- 
struction ol mules new . Comprising a 
main road from Port Clarence to + Carew, and a 
branch road from Seaton Carew, crossing the reclaimed 
lands of the Tees Commissioners, to Seaton-on-Tees, near 
to the extensive works of the Central Zinc Company, 
a work is of k t public interest, = 

is is t remaining obligation in regard to the 
development and ing out of the large areas of land 
on the north bank of the Tees adapted as sites for manu- 
facturing works of all kinds. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
HED SPECIFI- 


SELECTED ABSTRACTS OF RECENT PUBLIS. 
CATIONS UNDER THE ACT OF 1907. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abrvad, the Names, &c., 
of the Communicators are given in italics. 

Copies of ifications may be obtained at the Patent Office, Sales 


the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

ae 2 person may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specification, 
give notice at the 
Patent on any of the grow 


MOTOR ROAD VEHICLES. 


917412. M. Buch and the Daimler Company, 

, Motor - Vehicle Bodies. 

(9 Higa.) April 18, 1912.—This invention relates to the bodies of 
motor vehicles, and ists in building up the whole body ona 
rigid bottom frame, the corner brackets being formed of castings 
or pressings curved in two directions and panels curved in one 
direction only connected to both of the curved faces of the 
brackets. The invention further consists in forming the side 
panels in single pieces, the doorways being attached to inwardly- 
turned strengthened edges. In carrying the invention into effect, 
according to one m cation suitable for a four-seater motor 
vehicle, the body is made entirely of steel, and consists essentially 
of a skeleton framework against which steel panels, sides, and 


mentioned in the Act. 








atent O, of opposition to the grant of a | 


Branch, 26, Southampton Buildings, Chancery-lane, W.C., at | superheat is im 


8. 8. Wallisend-o 
| (2 Figs.) April 4, 1912.—This 


radiation between these means shall prevent the former from | bottom plating. A is a sump or pocket of suitable capacity to 


attaining an excessive temperature at such times as the flow of | contain a sufficient supply of water to the pump, 
steam: therethrough is reduced or cut off. The invention is | shallow as possible with r t 


shown carried into effect in the accompanying drawing in connec- 
tion with a water-tube boiler of a usual construction, having a steam 
drum a connected by means of water-tubes b to two lower water- 
drums c, between which the fire-grate is arranged. On the left- 
hand side of the figure are showu additional tubes d, connecting 
the steam-drum a with a chamber e within the lower drum c, 
these additional tubes being provided for the purpose of preheat- 
ing the boiler feed-water before it is passed into the drums c and 
evaporated in the water-tubes 4. The necessary degree of 
rted to the steam by passing the same from the 
steam-drum a through a series of superheater tubes / arranged 
transversely to the tubes b. The superheater tubes f, it will 
be seen, are intermeshed in single rows entirely with the tubes b, 
as shown on the right-hand side of the figure, or partly with the 
tubes ) and partly with the tubes d, as shown on the left-hand 
side. The tubes f are not only intermeshed with the tubes ) 
and/or d, but are arranged in close proximity thereto, and in 
this way the mutual heat radiation between the tubes prevents 
the superheater tubes / from attaining an excessive tempera- 
ture when the flow of steam through them is diminished or 
entirely discontinued. (Sealed July 3, 1913.) 


8189/12. C. A. Parsons, Newcastle-on- and 
m- Conde ize taeet. 
invention relates to improvements 


in condensing plant of the type described in the Specification 


| No. 28.086, of 1910, in which a turbine or like chamber exhausts into 


a r having 'y exhausting means connected thereto 
and to the chamber, and in which augmentor means for increasing 
the degree of vacuum in the c are ted to the con- 
duit leading from the condenser to the ordinary exhausting 
means at the level to which the condensed fluid is permitted to 
rise within the chamber. One method of carrying the invention 
into effect as applied to condensing plant is illustrated in sectional 
elevation. In this arrangement a steam-turbine a exhausts steam 











backs are fastened. The framework consists of a bottom 
a ot T section (Fig. 2), to which corner brackets b, made either of 
castings or pressings, are attached, tog with cross-member c 
and dash-board angle-irons e. The bottom member a is at the 
forward end suitably arched up, as at 8, to clear portions of the 
engine, such as the fly-wheel and clutch. These parts are erected 
as a skeleton frame, and the side panels f and back panels g and 

















the back-board pressing A (Fig. 5) are either bolted or riveted 

nst this frame. The corner brackets b are of such a sha 

t they make a curved connection between the side and the 
back panels, so that the side and back panels can be made of one 
single curvature only (Fig. 8), thereby avoiding all expense and 
difficulty of beating and forming the body corners. h side 
> is made in one single piece, and for the doorways the el 
8 provided with a narrow e turned inwards, on to which a 
strip is welded to make up the desired thickness of the doorway. 
This strip is provided on its inside with a beading / rolled round 
a steel wire give the required strength and stiffness to the 
door-opening, also to act as a finishing edge and a stop to the 
door proper. To the combined strips the cross-members ¢ are 
secured. The side panels are — on the bottom with a 
flange m to bolt down on to the bottom frame member a, and are 
provided on the top edge with a similar flange n, on which the 
wooden trimming-pieces can be fastened. The back-seat panels 
(Fig. 3) consist of sheet-steel bent to the desired curvature, and 

vided on the top and bottom with flanges n and m for fasten- 
ing down the el and fitting on the trimming-pieces. (Sealed 
July 10, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


Cc A. P ‘ewcastle-on-Tyne, and 
8. 8. Wi -on- Water-Tube Boilers. 
{1 Fig.) April 15, 1912.—This invention relates to water-tube 
boilers having superheating means combined therewith of the 








| 
| 
| 
| 
| 
| 
| 
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type in whieh superheater tubes lying transversely to the water- 
tubes are st: ied over a number of the tubes of each bank. 
The invention consists in a water-tube boiler of the type indicated, 
having su r tubes in single rows rg se i 
mu 


arranged 
with some or all of the water-heating tubes, so that 





intoa leading to a condenser c, from which the water 
of condensation is removed through a conduit d by ordinary 
exhausting means ¢, which usually consists in the ordinary ty 

of wet air-pump used in such plant, and which, in addition, with- 
draws water of condensation from the turbine-chamber a by means 
of the pipe-connection 7. The degree of vacuum thus produced 
in the condenser ¢ is increased by augmentor means g, for 
example, a jet and condenser which are connected to the 
condenser ¢ by the conduit A. For the purpose of preventing 
the water of condensation rising to an undesirable level within 
the turbine-chamber a, a pipe-connection k is provided 
between the conduits d and h, and connected to the former 
at the level m, m, to which such water is to be permitted to rise 
within the turbine-chamter. In such an arrangement, however, 


. 




















it has been found that if the augmentor means g discharge 
through a pipe connection 7 leading to the inlet of the ordinary 
exhausting means ¢, the non-condensed vapours forming part of 
this discharge are liable to pass upwards and through the pipe 
connection k to the inlet of the augmentor means, instead of pass- 
in oy | to the inlet of the ordinary exhausting means e. In 
this way the efficiency of the condensing plant is considerably 
redu According to the present invention, however, this 
difficulty is overcome by arranging in the conduit n hetween the 
outlet of the augmentor means g and the inlet to the ordinary 
exhausting means ¢ a device which prevents the non-condensed 
vapours from the augmentor means being returned to 
the inlet thereof. Such a device may consist, for example, in an 
outer closed vessel p, which forms part of the connection between 
the outlet of the auginentor means g and the inlet to the ordinary 
exhausting means ¢. Direct communication between the main 
condenser c and the ordinary exhausting means e is provided by 
extending the conduit d so that the latter projects into the 
vessel p some distance below the level of the inlet valves of the 
exhausting means ¢. In this way the condensed vapour dis- 
— from the augmentor means g will be collected in the 
vessel p and form a liquid seal to prevent escape of non-condensed 
vapours which collect in the space q above the liquid and are 
afterwards withdrawn by the exhausting means e.  non-con- 
densed vapours are thus prevented from passing into the conduit 
d and pipe connection k, but at the same time the condensed 
vapours may still overflow into the connection k for the purpose 
of preventing the condensed vapour rising to an undesirable 
height in the turbine-chamber a. (Sealed June 19, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


13,378/12. L. H. Pritchard, Ditton and Swan, 
Hunter and Wigham seeeaeaeen, | ted, W. 
eneca-T7ae. Floating Docks. [4 Figs.) June 6, 1912.— 
This invention has for its Bee to obviate the difficulty experi- 
enced with the present arrangements in withdrawing the last 
portion of the water from floating docks in 
reasonable time, and to 
the water during flushing and pumping. The present invention 
consists essentially of a closed water-tight sump or pocket 
attached to the underside of the bottom ginting of the dock, and 
a system of drainage pipes or ducts similarly situated connecting 
this pocket to the various compartments of the dock. The pump 
or pumps are secured immediately above this pocket to the 
inside of the bottom plating of the dock, or in cases where the 
draught of the dock is not of importance, the sump or pocket 
may be made sufficiently deep to contain the whole of the pump 
body, and discharge at this level. The flushing of the dock is 

formed through inlet-valves adjacent to the pumps direct 
into the sump, the water gaining ingress to the compartments 
through the ibution-valves, ducts, and limber-holes in the 











the pont ° 
simplify the mechanism for controlling | 





but kept as 
egard to the fitting in he distribut- 
ing-valves UC. a is the pump, shown bolted down on to the 
bottom plating of the dock. / denotes the flushing inlets, and 
D the large valve connecting the sump with the supe dock 


compartment. All these valves are controlled by rods ¢ running 





vertically up the valve-house b. The ducts, consisting of chapne 
or Z-bars, are marked B, and are shown running from the distri- 
bution-valves to the various compartments, the water gaining 
He ery as required in proportion to the number of the limber- 
holes e provided in the bottom plating d of the pontoon. E indi- 
cates the stand-pipes connected to the ducts in the neighbour- 
hood of the distribution-valvesC, and leading up vertically to the 
valve-house ). (Sealed July 10, 1913.) 


MISCELLANEOUS. 


29,710/12. J. Smith, London, Piles. [11 Figs.) Decem- 
ber 24, 1912.—This invention has relation to piles or the like used 
in the construction of wharves, jetties, or piers, and in founda- 
tions or supports, and in the driving of such piles. In acco! ce 
with this invention, a pile is provided with a pointed metal shne or 
with a point of metal which is attached to the pile in such manner, 
and is such that when the pile reaches a certain depth relative 
motion is set up between the pile and shoe or point, and the shoe 
or point is, by reason of the relative motion, altered in shape, and 
the pile is, as a consequence, provided with an extended or enlarged 
foot or bearing. Moreover, due to the distortion of the driving- 
point, the blunt end of the pile is brought into contact with the 
soil, and rests upon it without further tendency to penetrate to 
a greater depth when driving has ceased and eB pe is carrying 
its normal or useful load. e pile 1 is provi with a shoe, 
preferably of steel, comprising an upper, or sleeve, portion 3 of 
rectangular section and a lower, or point, portion 2 having the 
shape of an inverted pyramid. The upper and lower portions are 
not made, in the form shewn, as or in one piece; the upper 
portion 3 is one piece, and the lower portion 2 comprises four 
paris 4, triangular in shape, with their pivotally connected 
to the lower ends of the sides of the upper vortion 3. The 
parts 4 have on their inner sides projections 5; these projec- 
tions 6 are provided (a) to impart strength, and (b) to facili- 
tate or ensure the alteration in shape of the shoe in the 
circumstances hereinafter mentioned. In some cases the pro- 
jections 5 may be omitted. When the pile is to be inserted 








into the ground, the shoe or point is fitted on the lower end of 
the pile, which end is preferably reduced in section, and extends 
a certain distance within the shoe or point. The edges of the 
parts 4 are also placed in contact so as to form the pyramidal 
point. In order to transmit the driving force to the shoe, and 
so as to prevent the pile entering further into the shoe while 
piercing the ground, the shoe and pile are connected together by 
means which will give or be sheared through when a predeter- 
mined amount of resistance is offered to the further downward 
movement of the pile. Asthe lower end of the pile is, preferably, 
of reduced cross-section, a shoulder is thus formed near the lower 
end of the pile. This shoulder and the upper end of the sleeve 
are in abutment, and relative motion between the pile and shoe 
is thus prevented. As the pile is driven into the ground the 
shoulder transmits the driving force from the pile to the shoe 
until the pile has penetrated the ground to such a distance that 
a predetermined resistance is offered to its further motion. The 
shoulder is such that it is sheared off by the sleeve 3 when the 
ile encounters the predetermined resistance to its motion. 
hen the shoulder is sheared off, successive blows of the monkey 
on the pile-head cause the lower end of the pile to enter further 
within the shoe until it engages with the inner faces of the 
4. The end of the pile, which contacts with the projec- 
tions 5, may be bevelled as shown. The relative motion set up 
between the pile and its shoe causes the parts 4 to be turned 
about their pivotal connection with the sleeve 3, and to assume 
a position somewhat as shown. To limit the relative motion 
between the pile and its shoe, the pile oq see with a — 6. 
In addition to the stop 6. the pile may be formed with a shoulder. 
The stop 6, or the stop 6 and the shoulder on the pile, abuts or 
abut against the r end of the sleeve 3 when relative motion 
between the pile shoe has ceased. (Sealed July 3, 1913.) 
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THE NEW SPANISH BATTLESHIPS. 


Tue first of the new Spanish battleships, the 
Espajia, recently concluded her official steam trials, 
on which a speed of 20 knots was realised during a 
six hours’ test, or half a nautical mile over the 
designed rate ; the second battleship, the Alfonso 
XIIL, was launched on May 7, and the third ship, 
the Jaime I., is now nearing the launching stage, 
and will be floated in the early part of next year. 
As these vessels have all been built at the recon- 
structed Ferrol Arsenal, and are 435 ft. long, of 
15,460 tons displacement, and mount eight 12-in. 
and twenty 4-in. gans, the work done since the plac- 
ing of the order three years ago with the Sociedad 
Espajiola de Construccion Naval is highly credit- 
able, particularly as the company have been, and 
are still, responsible for this work, not only at 
Ferrol, but for the building simultaneously of a 
large fleet of lighter craft at the Cartagena 
works. Before describing the new battleship 
now completed and its mechanical equipment, it 
may therefore be interesting briefly to review the 
evolution of this Spanish company and to indi- 
cate the work it has done and the possibilities of 
developments in the future, which latter are excep- 
tionally favourable so far as the extension of naval 
construction, alike for the royal and merchant 
service, is concerned, especially in view of the pro- 
visions of the ‘‘ Protection of the Mercantile Navy 
Act,” granting large bounties for ships built in Spain 
(see page 600, vol. xcv.). 

The Sociedad Espaiiola de Construccion Naval 
includes many of the industrialists in Spain—the 
leading steel-makers, owners of iron and coal-mines, 
directors of the most important railway companies 
and most of the important banks, &c. It must 
therefore be recognised that the company has a 
real and important influence. Sixty per cent. of 
the capital is subscribed in Spain, and in conse- 
quence the Government naturally looks upon the 
organisation as one worthy of support, if only from 
the fact that Spanish industries are to a great 
extent maintained through it. Its aim is not only 
to educate constructors and to ensure the most 
ample means of maintaining ships in commission 
ata high degree of efficiency, but also to develop 
such industries as have a connection with ship- 
building. It would not therefore be surprising to 
learn that a future development will be the 
encouragement by the merchant-ship owner of 
this invaluable industrial combination in the direc- 
tion of constructing graving-docks for the repair 
of ships, as well as shipbuilding yards for the 
construction of mail steamers. The principal part 
taken by foreigners in the organisation and work 
is in an advisory capacity, Sir W. G. Armstrong, 
Whitworth and Co., Limited, Messrs. John Brown 
and Co., Limited, and Messrs. Vickers being 
associated in this work. It was a prudent course 
to ensure a definite interest, from a financial point 
of view, by admitting that 40 per cent. of the 
capital should be held by such foreign firms, as 
thereby their interest in the direction of efficiency 
and economy was absolutely ensured. 

That foreign advice is necessary will be conceded 
by all who appreciate the rapid advance made, 
not only in the _ er of ships to ensure the highest 
propulsive efficiency, but in the design of machinery 
to achieve satisfactory economy. Thus in the three 
battleships a happy compromise has been made to 
ensure a moderate displacement and the most 
effective combination of those elements of fighting 
efficiency which involve conflicting demands on the 
displacement tonnage. The Espaiia, which was 
designed at the time when the 12-in. gun was 
regarded as the most satisfactory weapon, mounts 
eight of these guns. The speed guaranteed is 
194 knots. The armour is as effective as in any 
ship designed, even at a later date, in respect of 
the thickness of plating and distribution, and 
yet the total displacement tonnage is only about 
16,000 metric tons, and the cost of the ship about 
1,600,000/., notwithstanding that material and 
labour in Spain are, for well-known economic 
reasons, dearer than in Britain. The natural 
comparison would be with countries analogous to 
Spain, where labour conditions were similar ; and 
if comparison were made in the case of ships built 
in such countries, it would be found that the cost 
per ton of displacement of the Spanish ships is less 
than in most of them. 

In connection with the satisfactory time in which 
the Espafia has been completed, credit must be 
given in the first place to the managing authorities 





of the Sociedad in Spain, to the associated British 
firms, aud also to the advisory committee, for the 
satisfactory way the undertaking has been accom- 
plished. It was no small task to organise anew an 
establishment in Spain and to prosecute the 
work with the very large percentage of Spanish 
labour demanded by the contract;. but this 
has been achieved, and for this the board of 
directors of the company and the Spanish naval 
authorities are to be congratulated. Mr. A. J. 
Campbell was responsible for the organisation of 
the shipbuilding departments, both at Ferrol and 
Cartagena, up till the date of his appointment as 
gene Oyo er of Messrs. William Beard- 
more and Co.’s Works at Dalmuir, recently, and 
to him is due a great of the credit for the 
splendid results which have been achieved. The 
Espaiia has completed her trials earlier than was 
anticipated in the contract. The machinery de- 

ment has been under the control, from the 

inning, of Mr. H. J. Spiers. Every one knows 
that in turbine work much greater skill on the 
part of the workmen is demanded than in the 
construction of reciprocating machinery, and when 
it is stated that the turbines of the battleships, 
including the Espaiia, have been completed entirely 
within the new factory at Ferrol, it will be con- 
ceded that Mr. Spiers has done splendid work 
in view of the particularly satisfactory character 
of the results of the trials. It is not, therefore, 
surprising that on Mr. Campbell’s retirement 
Mr. Spiers should have become general director 
of the company’s works, not only at Ferrol, but 
at Cartagena. In both establishments there are 
managers of the local services—shipbuilding and 
machinery departments, &c.—some are Spanish, 
others British, and the combination has proved 
most harmonious and has conduced to satisfactory 
production in the works. 

In proportion with the importance of the works, 
the results and successes obtained by the Sociedad 
at Cartagena are not less than at Ferrol. In the 
former place the Sociedad has completed (consider- 
ably in advance of the date stipulated in the con- 
tract) four gunboats* which are in constant service 
on the wave-beaten North Coast of Africa, and 
thus have been enabled to demonstrate the 
excellence of their sea-going qualities. There is 
another point which ought to be mentioned, apart 
from the successful construction of torpedo-boats 
and torpedo-boat destroyers undertaken by the 
Sociedad, and that is, that at Cartagena a shop 
for the construction of turbines has been erected, 
although this was not demanded in the contract. 
This is an improvement of great importance which 
the Sociedad have made on their own accord, 
because thus ships will find on the Mediterranean 
an excellent base for repairs. Perhaps it should 
be added that only 5 per cent. of the workmen in 
the establishments of the company are British, the 
remainder being Spanish. 


Tue DesicN oF THE BatTTLEsHIPs. 


The three new battleships are of the following 
dimensions :— 


Length over all re wes ra 465 ft. 

+ between perpendiculars... 435 ,, 
raught nee se eon ove o° ” 
Displacement a ny 7 15,450 tons 
Shaft horse power ... = 8 15,500 
Speed ... ne ioe Re si 194 knots 
Radius of action at 10 knots speed 7500 miles 

Armament : 


Eight 12-in. 50-calibre guns. 
Twenty 4-in. guns. 
Six smaller guns. 

The drawings reproduced in Figs. 1 to 4, on 
pages 176 and 177, illustrate clearly the disposition 
of the guns, and it will be seen that all of the 
12-in. guns can be fired on either broadside, while 
six can be fired forward and six aft. The mecha- 
nism for working these guns will be described in a 
later a: ticle. 

The main armour belt, extending for three-fourths 
of the length of the ship, is of 9-in. armour. The 
strake above this is of 6-in. plating, and that above 
this again is 3-in. armour extending to the upper 
deck, and forming an exceptionally long citadel for 
the protection of the ten 4-in. guns on each side 
for repelling torpedo attack. The armour on the 
water-line is extended to the stem, although 
reduced to 4 in. in thickness, while above this it is 
reduced right forward to 3 in. The armour extends 
on the water-line to the stern, being reduced first 


* See ENGINEERING, vol. xcii., page 288. 








to 4 in., and further aft to 3 in. There is 
athwartship a raking bulkhead on the water-line 
aft, also of 3-in. armour. The citadel armour 
extends around the barbettes forward and aft, 
which are of 10-in. armour. The gun-hoods are 
also of 10-in. armour. A notable feature is the 
extent of the protection over the vital ts of 
the ship under the water-line. There are Let 
dinal bulkheads 1} in. thick forming an inner shell 
for the protection of the machinery compartments 
and magazine. The coal-bunkers are located be- 
tween these longitudinal bulkheads and the outer 
skin of the ship, as shown in the cross-section, 


Fig. 2. 

The armour has been constructed at the works of 
the three firms whose combined representatives 
constitute the consultative committee for the 
Sociedad Espajiola de Oonstruccion Naval, and we 
are able to reproduce on 177 illustrations of 
the plates selected for firing trials from the supplies 
of each of the three firms. Fig. 5 is the Armstrong 

late, Fig. 6 the Vickers plate, and Fig. 7 the 

rown plate. All indicate the progress made in 
the manufacture of cemented armour-plate by the 
uniformity of success in resisting attack by 6-in. 
and 9.2-in. guns. We quote the official report 
relating to each of the respective trials. 

The Armstrong plate (Fig. 5) measured 10 ft. 1} in. 
by 8 ft. 98 in., and for the purpose of trial was 
mounted on a backing of oak 24 in. thick with a 
skin-plate at the back. The target was secured in 
the cell by two strong steel straps at top and 
bottom to prevent it falling forward during the trial. 
The gan used was a 9.2-in. breech-loading naval 
gun belonging to the British Admiralty service. 
The projectiles were supplied by the British 
Government, and ian Ban 5 of three of Firth’s and 
one of Holtzer manufacture. The results of the 
three proof rounds are appended : — 

Round No. 1.—Projectile, Firth No. F. 373; weight, 
3804 lb. ; striking velocity, 1921 ft.-sec. ; striking ene’ 
9734 ft.-tons. The jectile struck 4 ft. 2 in. from the 
left-hand edge of the plate and 1 ft. 11 in. from the 
bottom edge. The shot broke up, the head being em- 
bedded to the apex of the core, which stood out 1.1 in. 
from the face. The maximum measured penetration 
was 2 in., the face damage measuring 28 in. by 29 in. 
There was no dishing or cracking. 

Round No, 2.—Projectile, Holtzer No. 248; weight, 
3814 lb. ; striking velocity, 1927 ft.-sec. ; striking energy, 
982u ft.-tons. e projectile struck 2 ft. 8 in. from the 
top of the plate and 4 ft. from the left-hand edge. 
The effect was similar to that of round 1, the shot being 
broken up, and the face damage 24 in. by 24 in. 

Round No. 3.—Projectile, Firth No. D. 158; weight, 
ph | lb.; striking velocity, 1933 ft.-sec.; striking energy, 

ft.-tons. The shot struck 2 ft. 11 in. from the top 
edge and 3 ft. 9 in. from the right-hand edge of the plate, 
the centre of this round being about 2 ft. 7 in. from the 
centre of round 2. The result was again similar to the 
ponies rounds, the shot being broken up, and the 
ace damage 31 in. by 26 in. 

At this stage the plate was passed as having 
fulfilled service conditions of proof. There were 
no cracks or other face damage to the plate than 
that caused by the impact of each projectile. It 
was then decided to firea fourth round, with a view 
to finding the limit of resistance of the plate. 


Round No. 4.—Projectile, Firth No. 1.345; weight, 
381 lb.; striking velocity, 2000 ft.-sec. ; striking energy, 
10,813 ft.-tons. The shot struck 2 ft. 3in. from the left- 
a P of - 3 plate and 3 ft. 7 pow the bottom 

e result was n similar 6. precedi 
— the shot being he and up, and the face p women 
28 in. by 30 in. 

The plate remained unpenetrated, and the result 
was considered highly satisfactory. It was still 
free from any cracking or other damage than that 
due to the impact of the projectiles. 

The Vickers plate, Fig. 6, was 16 ft. by 
5 ft. 11 in. by 5.91 in. (150 mm.), and was backed 
with 24 in. of oak and a skin-plate. Three rounds 
were fired at the plate with 6-in. armour-piercing 
shot, Holtzer manufacture, of 100 lb. weight. 
The velocity of the first round was 1980 ft.-sec., 
the penetration being 2.8:in. ; for Round No. 2 
the velocity was 1996 ft.-sec., the penetration being 
only 1.6 in.; the velocity for Round No. 3 was 
1997 ft.-sec., the penetration being 2.2 in. There 
were no cracks after any of these rounds, and in 
each case the projectile broke up on the face of the 
plate. After the trial it was found that the skin- 
plate behind the armour was not bulged. 

The Brown plate, Fig. 7, was 16 ft. by 5 ft. 11 in. 
by 150 mm. (5.91 in.) in thickness, and was backed 
with 24 in. of oak and a skin-plate. Three rounds 





were fired at the tyr with 6-in. armour-piercing 
shot, the first and third, of Holtzer manufacture, 
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line-shaft bearings by four direct-acting pumps, 
the usual apparatus being fitted for cooling the oil. 

The high pressure rotor-drum is 58 in. in dia- 
meter, the intermediate-pressure rotor drum 56 in. 
in diameter, and the low-pressure drum 97 in. in 
diameter, the height of the blades varying from 
14 in. in the high-pressure turbine to 84 in. in the 
low-pressure turbine. The propeller-shafting is all 
hollow forged steel, 4 in. in external diameter. 
The propellers are of bronze, 7 ft. 104 in. in 
diameter, 7-ft. pitch, three-bladed, of the solid 
type, the driving faces being planed accurately to 
pitch. 

The main condensers, two in number, and havin 
a combined cooling surface of 16,500 ft., are p 
at the after end of each engine-room, as shown on the 
two-page plate. The main exhaust-pipes from the 
high-pressure and intermediate-pressure turbines 
are all arranged below the engine-room floor, which 
gives aclear and roomy starting platform. Two 
powerful centrifugal pumps, driven by enclosed 
engines, are arranged in each engine-room for cir- 
culating water through the main and auxiliary 
condensers. In each engine-room there are two 
Weir’s ‘‘ Dual” type air-pumps, two Rankine grease- 
extractors, two re and bilge-pumps of the Weir 
type, capable of dischargin tons of water per 
hour, and one auxiliary condenser with its separate 
Weir monotype air-pump. A complete installation 
of evaporating and distilling plant by Messrs. 
Caird and Rayner is fitted in each engine-rvom ; 
the total capacity of the evaporating plant being 
140 tons of fresh water per day, and that of the 
distilling plant 50 tons of pure drinking water per 
day. 

A capacious and well-equipped engineers’ work- 
shop iS pnties and fitted with such electrically- 
driven machine-tools as will enable ordinary repairs 
to be carried out on board. 

Efficient lifting-gear for lifting the —— 
of the cylinders, rotors, and exhaust nds is 
arranged over each set of turbines. For venti- 
lating the engine-room there are six exhaust and 
two supply fans, all electrically driven. 

The boilers are of the Yarrow large-tube type, 
arranged in two water-tight compartments, six in 
each compartment, as shown on the two-page plate. 
The working pressure is 235 lb. per sq. in., the 
combined heating surface 46,000 sq. ft., and the 
grate area 882 sq. ft. The firing spaces and pas- 
sages between are exceptionally roomy. There 
are eight fans driven by enclosed engines for sup- 
plying air to the furnaces and for ventilating pur- 

3. In each boiler-room there are one main 
and one auxiliary feed-pump, and one fire and 
bilge-pump, all of the Weir type. The main and 
auxiliary feed-pumps are arranged to feed the 
boilers in each compartment independently, and 
may be worked by the main or auxiliary range of 
steam-pipes. The fire and bilge-pumps are specially 
arranged to work the See’s ash-ejectors, one of 
which is placed in each compartment. Two steam 
ash-hoists are also fitted for harbour use. For 
cleaning the boiler-tubes an air-compressor is 
arranged in the forward boiler room. 





THE DISTRIBUTION OF WIND VELO- 
CITY IN THE SPACE SURROUNDING 
A CIRCULAR ROD IN A UNIFORM 
CURRENT OF AIR. 

By Professor J. T. Morris, M.I.E.E. 


A Few years ago the author had the keen 
leasure of standing on the gallery of an isolated 
ighthouse outside the lantern in half a gale. He 

was then much impressed by the variations in 
the apparent strength of the wind on making a 
complete circuit of the gallery. As was to be ex- 
pected, to the leeward side of the lighthouse there 
was a very marked ‘‘ wind shadow,” in which there 
was more or less complete shelter from the wind. 
To either side of this shadow the wind was so fierce 
that the author had a little doubt at first whether it 
would be possible to keep his feet. The mere open- 
ing of the mouth ef him to whistle, though in 
rather an erratic manner, without using the lungs at 
all. But on the windward side, when facing right u 

into the wind, there was a comparative calm, whic 

was most noticeable, though at the same time the 
wind could be heard screaming in the wind-vane 
and other more ex parts of the lighthouse. 
In so far as its magnitude was concerned this marked 
cushioning effect came as a surprise to the author. 





That these effects are present is common know- 
a amongst lighthouse-keepers, but as far as the 
author is aware their magnitude has not been 
determined. 

As an opportunity presented itself a short time 
ago of determining quantitatively the effects in a 
somewhat similar case—though on a small scale— 
the matter was put to the test of direct experiment. 

At the recent soirée of the Royal Society, the 
author had the pleasure of showing the results of 
some experiments bearing on this matter, which 
were carried out in the Electrical Engineering 
Department of the East London College. The 
— of these experiments was to show that the 
velocity of wind at any point around an obstacle 
could be easily and accurately determined by an 
electrical method. The method was described by 
the author last summer in a paper presented at 
the Dundee meeting of the British Association, 
entitled ‘‘ The Electrical Measurement of Wind 
Velocity.”* In that paper experimental proof was 
given of the accuracy of the results obtained by 
comparing them with a Pitot tube and tilting water- 
gauge. 

The actual problem set, in the present instance, 
was to determine the distribution of wind velocity 
in the space surrounding a circular rod, when 
placed with its axis transversely, as an obstacle 
in the path of a uniform current of air. 

A vertical wind-tunnel was used, whose hori- 
zontal cross-section was one foot square, and at a 

int halfway down this tunnel the circular rod— 

.825 in. (21 mm.) diameter—was fixed with its 
axis horizontal, and therefore at right angles to 
the principal direction of the air-current. To this 
circular rod were attached electrically-heated wires, 





the cooling of which by the air-current was used 
as a measure of the wind velocity. The electrically- 
heated wires were so supported that they could be 
moved at will further from the circular rod or 
nearer to it. The rod was so mounted that it could 
be rotated on its axis in the wind-tunnel while 
the air-current was flowing, and as the heated wires 
were mounted on the rod they were carried round 


with it. The velocity distribution surrounding the 
rod at a given distance from its axis was thus ex- 
plored. This experiment was repeated, with the 


electrically-heated wires, at various distances from 
the axis, and in this manner the whole of the field 
was mapped out. 

The apparatus employed consisted of a simple 
form of Wheatstone bridge, supported in the air- 
current, a four-volt accumulator, an adjustable 
resistance, and some form of millivoltmeter. For 
this purpose a ‘‘ Record ” 50-ampere moving-coil in- 
strument, with its shunt removed, was used. It 
was of the recent long-range type, as this makes a 
very compact instrument when the length of scale 
is considered, and it is exceptionally dead-beat. 
The Wheatstone bridge was made up of alternate 
arms of manganin and of platinum, two of the 
arms being made each of 6 in. of No. 30S. W.G. 
manganin wire, the other two arms of platinum 
wire of No. 40 S.W.G., and each 2.62 in. in length. 

The general arrangement of the bridge and its 
method of fixing to the circular rod is shown in 
Fig. 1. It was carried by means of four ebonite 
collars E, which could slide with friction upon the 
four steel guide wires 8. The two platinum wires 
P were arranged side by side, the distance separat- 
ing them being as small as it could be made without 
incurring the danger of the two wires touching. 
The actual distance was 2 mm. 

As is well known, the electric resistance of 
manganin is practically independent of tempera- 





* See Enaivggnine, December 27th, 1912. 








ture, whilst that of platinum rises 0.0038 per 
degree Centigrade of temperature. With the 
lengths given above the resistance of the plati- 
num wires at the normal temperature of the atmo- 
sphere is less than that of the manganin wires. By 
ing a current of about 1.4 amperes through the 
ridge it is heated to such a temperature as to 
bring it into balance in still air. This occurs with 
a temperature rise of about 85 deg. Cent. in this 
particular bridge. When the wires are cooled, the 
resistance of the platinum, but not of the manganin, 
is reduced, and a deflection is produced on the 
millivoltmeter. 

The diagram of the electrical connections used 
is given in Fig. 2. It will be noted that besides 
the circuit used for normal working—i.e., the 
Wheatstone bridge, battery, rheostat and milli- 
voltmeter, there is a two-way plug-key A B, which 
enables more battery power to be used together 
with a longer range rheostat and a Siemens dyna- 


Ddlection on Millivoltmeta. 


(FSIHC) 





mometer. This additional apparatus was used in 
the way described in the previously mentioned 
British Association r, with the object of deter- 
mining the relative indications of the millivoltmeter 
in terms of wind velocity from 4 mile per hour up 
to a velocity of about 20 miles per hour. This 
calibration curve is reproduced in Fig. 3. The 
absolute value of the odie scale was obtained by 
means of a Pitot tube and xylol gauge at a velocity 
of between 18 and 19 miles per hour. 

When adjusting the balancing current through 
the bridge, before carrying out a series of experi- 
ments, it is desirable to shield the platinum wires 
from all air-currents, including convection currents, 
as far as possible, in order to obtain the highest 
degree of accuracy. For work of higher precision 
than that which was aimed at in the present paper it 
would be advisable to introduce certain slight 
moditications, such as the use of one instead of two 
heated wires, in order that the line over which the 
average velocity is to be measured might be more 
accurately determinable. 

The experiments which have been carried out 
with the apparatus described above are as follow :— 

In an air-current of approximately 15 miles per 
hour the velocity distribution around the rod was 
determined at a distance of 1.5 mm. for every 
10 deg. throughout a complete revolution of the rod. 
This experiment was then repeated with the main 
ead reduced to approximately 5 miles per 

our. 

Curves representing these results graphically are 
shown in Fig. 4, in which the arrow at the top 
shows the direction of the current. The wind velo- 
city is plotted along radial lines from the centre, the 
distance from circle to circle having two values. On 
the scale to the right of the centre it will be seen 
that the distance from circle to circle represents 
1 mile perjhour, while on the scale vertically above the 
centre it represents 2 miles per hour. The former 
scale measures the velocities for the 5-miles-per- 
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hour wind shown on the inner butterfly diagram, 


|rod, and therefore in a plane containing the main 


and the latter for the larger 15-miles-per-hour direction of the air-current. The velocities in miles 


diagram. 
later. 
out at distances of 2 mm., 5 mm., 15 mm., 45 mm., 
and 100 mm., and the graphical results are shown 
in Figs. 5, 6, 7, 8, and 9. In each of these figures 
the outer curve refers to the higher velocity, and 


The dotted figure will be referred to| per hour are indicated by numerals at various 
Similar sets of experiments were carried | points, and, of course, are not to be measured 


}along the radial lines as in the former curves. 
| Actual distances from the rod are measured along 
|the radial lines, and the numerals represent the 
| velocities at the points where they occur. The 


it should be noted that the velocity distribution | rod is shown in section to scale in the centre of 


in the 5-miles-per-hour current is again shown to| the diagra 


double scale in order to facilitate comparison with 


On these ‘two charts certain curves have been 


been drawn—i.e., 3, 9, and 12 miles per hour. 
This enables a comparison of the two charts to be 
made more readily. 

On examination, many interesting facts are re- 
vealed. Taking the 15-miles-per-hour chart first, 
it will be noticed that the maximum velocity 
attained is rather over 23 miles per hour, being an 
excess of 55 per cent. over the velocity of the main 
stream. If 0 deg. is taken as the line facing straight 
to the wind, then one-tenth of a diameter away from 
the circular rod a velocity of 20 miles and over is 
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the 15-miles-per-hour curve on the same figure. 
If the inner curves in Figs. 4 to 9 were printed 
on one diagram, they would show the wind velo- 
cities around a rod immersed in a 5-miles-per-hour 
wind measured at distances of 14 mm., 2 mm., 
5 mm., 15 mm., 45 mm., and 100 mm. from the 
surface of the rod along 36 radial lines. Similarly, 
the larger curves would give the same information 
for the atmosphere around the rod in a 15-miles- 
per-hour wind. 

The collected results of these experiments are 
gathered in the two charts, Figs. 10 and 11. 

These two charts represent—the one for 15 and 





the other for 5 miles per hour—the velocity distri- 
bution in a plane at right angles to the axis of the 
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drawn. These curves enclose areas in which 
the velocity is above or below a certain stated 
value, and since they connect together those points 
where the velocity is the same, the curves may 
be termed ‘ velocity-contour lines.” These lines, 
therefore, may be compared to the contour lines which 
appear on an Ordnance Survey map, the only differ- 
ence being that in the Ordnance Survey map places 
of equal height are connected together, whilst in 
the charts appended points at which the velocities 
are equal are connected. 

The velocity-contour lines which have been drawn 
on Fig. 11, of 1, 3, and 4 miles xt hour, have ratios 
to the main wind velocity of }, 3, and 4, whilst 
on Fig. 10 the corresponding contour lines have 











obtained from 60 deg. to 90 deg. ; whilst at a dis- 
tance of one-quarter of a diameter away the same 
high velocity is found between 90 deg. and 110 deg. 
At 5 miles per hour the maximum observed velocity 
is only 5.7 miles per hour, corresponding to an 
increase of only 14 per cent. over the velocity of 
the main stream ; it occurs at 110 deg. and at a 
distance of one-quarter of a diameter. 

Another matter which is clearly brought out is 
the ‘‘shadow” of the rod in the air-current. 
This, it will be seen, extends much further at 
the low velocity than at the high. For example, 
directly behind the rod—i.e., at 180 deg.—at 
a distance of 0.5 of a diameter the velocity is 
one-fifth in the 15-miles-per-hour current, whilst 
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in the 5-miles-per-hour current a velocity of one- 
fifth is obtained at a distance of one and a-half 
diameters away—i.e., three times as far away. 

In fact, it is clear that the extent of the dis- 


turbance produced by the rod covers a much larger | 
area in the case of the small velocity than in that | 


of the high. 

Again, the cushioning effect, referred to at the 
beginning of this paper as quite noticeable when 
one was facing the wind in the case of the light- 
house, is shown clearly in these two charts. It 





regarded as ‘‘ infinite,” for in the case examined the | the angle between these two positions is therefore 


rod reduces the effective area by about 7 per cent. 


108 deg. At these two positions, as the curve is 


As to the accuracy which has been attained, all | steepest, the pressure gradient is a maximum, and 
the observations at any one distance from the| therefore the driving force tending to accelerate 
bar are probably relatively accurate to 1 or 2 per | the air in its passage from one point to another is 


cent.; but owing to the apparatus having to be 
dismantled during the progress of the experiments 
for other — on reassembling in order to 
complete the work, it is possible that the absolute 
values of the velocities for the various distances 
do vary to a greater extent. 
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will be seen that in such a position the velocity 
of the wind may be reduced to one-third or even 
to one-fifth of the main velocity. 

In Fig. 12 are collected the results which show 
how the velocity varies as the distance is increased 
from the rod for both 15 and 5 miles per hour. 
These are given in a direction facing the wind, 
then at right angles to the main direction of the 
wind, and finally in a direction receding from the 
wind. It should be borne in mind, when con- 
sidering the results, that the rod itself will produce 
a certain throttling effect owing to the fact that 
the wind-tunnel is not sufficiently large to be 


Another point which has been investigated is the 
pressure distribution around the rod, and its rela- 
tion to the velocity distribution. 

In Fig. 13 is shown graphically the pressure dis- 
tribution around a brass tube of precisely the same 
diameter as the wooden rod on which all the 
velocity experiments were carried out in an air- 
current of approximately 15 miles per hour. The 
observations from which this curve has been drawn 
were kindly supplied to the author by Dr. A. P. 
Thurston at the inning of this year. It will be 
observed that this curve is steepest at an angle of 





54 deg. on either side of the zero or central position ; 








here a maximum, and one would expect that the 
velocity of the air-current should be a maximum at 
some point beyond this, in the direction of the air- 
current. It will be seen from what follows that 
this is actually the case. The experimental results 
obtained for the velocity at 1.5 mm. from the 
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surface of the rod, as shown in Fig. 4, give the 
“| of maximum velocity 120 deg. apart. It will 

found that the point of maximum pressure 
gradient on the surface of the rod is distant from 
the highest measured point of maximum velocity 
by about 2 mm., and probably this distance would 
be found to be even less had measurements been 
made of wind velocity nearer to the surface of 
the rod. On Fig. 4 the pressure distribution on the 
surface of the rod is set out in dotted lines in the 
form of a polar diagram, which has certain advan- 
tages; but one must beware of taking the slope 
from this curve in order to get the point of mazi- 
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mum pressure gradient, as it will obviously give 
an erroneous result. 

Many other interesting points are brought out 
by a closer study of the results, but before laying 
too much stress upon them, they require confirma- 
tion by further experimental work. 

In conclusion, the author wishes to say that 
he is convinced that the electrical method of 
measuring wind velocities is a method at once 
reasonably accurate and capable of easy application 
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in many experimental problems in the field of 
aerodynamics, for example, in experimentally test- 
ing in a quantitative manner the theory of 
‘*dynamic similarity,” and that, in his opinion, 
a thorough study of its capabilities would well repay 
anyone engaged in researches in aerodynamics. 

Finally, the author would like to acknowledge 
the assistance he has received in the experimental 
part of the work from Mr. Philip Kemp, M.Sc., 
also from Mr. G. N. Hurst, whose constructive 
skill has materially aided the work ; he would 
also acknowledge help from Mr. H. Riley. He 
has also to express his thanks to Dr. A. P. Thurston 
for the loan of the wind-tunnel in which the 
experiments were carried out. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our last week’s issue we gave an account of 
the proceedings on the opening day of the Institu- 
tion of Mechanical ineers’ summer meeting at 
Cambridge, which began on the 29th ult. Lack of 
space prevented us from dealing with the discussions 
at the meeting on Wednesday, the 30th ult., of 
which we now proceed to give an account. 


DRAINAGE OF THE F ENS. 


The first papers to be taken at the Wednesday 
morning meeting were a group of three dealing with 


the drainage of the Fen districts. Of this group, | h 


the first to be read was one by Mr. R. F. Grantham, 
entitled ‘‘The Drainage of the Fens.” In the 
absence of the author this was summarised by the 
Secretary. The second paper, of which a résumé 
was read by the author, Mr. R. W. Allen, was 
entitled ‘Modern Pumping Machinery for Drainage 
of the Fens,” while the third was by Mr. E. G. 
Crocker, who summarised his paper entitled ‘‘ The 
Drainage of the River Ouse Basin.” The discussions 
on these three papers, which we print in full in our 
present issue, were taken together. 

The President, Sir H. F. Donaldson, who occupied 
the chair, said that one of the points brought out 
in the papers had to do with the apparent diffi- 
culties arising from divided control of the fen 
drainage, owing to the lack of cohesion between 
the various bodies concerned. He did not know 
whether a single board would ultimately become 
necessary, but the divided control was un oubtedly 
a handicap, as improvements were deferred through 
the backwardness or, may be, the niggardliness of 





some authority, while others were anxious to make 
the advance. He thought the various boards should 
get together and formulate some common scheme 
of operations. All the pa contained refer- 
ences to old machinery, which, after all, compared 
moderately favourably with the modern plant in- 
stalled. He remembered being invited years ago to 
make a bet that he could start one of the old low- 

ressure beam-engines used in the Fen districts, 

ut he declined. The fact was that when an 
engine was working with only about 5 lb. steam 
pressure, it would not restart unless first allowed 
to cool off. One of the authors referred to vertical- 
spindle centrifugal pumps being driven through bevel 
gearing. For general purposes he thought nothing 
was to be gained by departing from the horizontal- 
spindle pump and direct drive. In the Fens, how- 
ever, it was desirable that no time should be lost 
in charging, and in the case of small lift work the 
vertical spindle arrangement might at times have 
advantages. Settlement was quite a serious matter, 
and plants were sometimes thrown out of use from 
that cause ; where plant was subject to that kind 
of thing there entered into the question—as Mr. 
Allen had pointed out—various factors which ordi- 
narily would not demand consideration. 

The discussion was continued by Mr. H. A. 
Humphrey, who said that Mr. Allen had given to 
the Institution a most valuable account of the 
pumping machinery in actual use for drainage of 
the Fens, and had stated ‘‘ that from experience 
gained the machinery most suitable is that con- 
sisting of Lancashire boilers with vertical double- 
acting enclosed forced-lubrication engines running 
at a moderate speed, driving direct centrifugal 
pumps with horizontal spindles.” That type of 
plant had wore! proved its value for use 
in the Fen district, but experience was always 
being extended in this age of progress. In reading 
through Mr. Allen’s list of the main points demand- 
ing consideration in connection with machinery for 
Fen drainage, the conditions seemed to apply with 
special force to the use of Humphrey rat. Sama 
bustion pumps. For example, the initial cost had to 
be kept low ; the plant had to be designed so as to 
run continuously ; simplicity of plant was essential ; 
and cost of maintenance and renewals must be 
reduced to a minimum. Experience had shown 
that the Humphrey pump, with no moving piston, 
fly-wheel, shafts, rings or gearing, most emi- 
nently met those conditions ; while in addition it 
had the important advantage of being more eco- 
nomical than any type of plant described by the 
author. 

Where water contained a large percentage of 
mud in suspension, and was bad for boilers and 
condensing, the Humphrey pump, using producer 
gas, was most suitable, the only boiler required 
being very small indeed, just to supply the steam 
for the producer blast. 

At Prickwillow there was a 300-indicated-horse- 
power steam-engine driving a centrifugal pump 
capable of delivering 150 tons of water per minute 
upon a 16-ft. lift. That was equivalent to 163 
water horse-power. yc the combined 
efficiency was therefore 54.3 per cent. The coal 
used was stated to be 3} tons for 12 hours pump- 
ing. Supposing that the pump was working at 
full output all the time, that was equivalent to 
4 lb. of coal per water horse-power per hour ; but 
if, as was more likely, the output was about two- 
thirds of the full load, that would imply a coal 
consumption of 6 lb. per water horse-power per 
our. 

From figures in the paper he gathered that at 
Soham Mere the consumption worked out at 256 Ib. 
of coal per hour, or 6.3 Ib. of coal per water horse- 
power hour, while at Littleport the figure worked 
out at 6.65 lb. per water horse-power hour. On 
the basis of the above figures, it did not seem 
unfair to assume a round figure of 6 lb. of coal per 
water horse-power hour as an average consumption 
of the modern steam pumping machinery in the 
Fen district. 

At the installation of Humphrey explosion pumps 
at the Chingford pumping-station, it appeared from 
the official fuel-consumption trials that the average 
result obtained for all the five large pumps—work- 
ing at such a rate that their total capacity was 
214,000,000 gallons per day—was 0.904 lb. of 
anthracite gasified in the producers per water 
horse-power hour. That was a record under the 


conditions of quantity and lift. Steam for the 
producers was raised in a boiler large enough to 
supply the producers for all five pumps. The fuel 





for steam (coke) was 15 per cent. of the fuel gasi- 
fied. This figure under normal conditions would 
be about 10 per cent. Adding those quantities, a 
total consumption was obtained under normal con- 
ditions of 1 Ib. of coal, compared with the 6 lb. of 
the existing Fen pumps. 

On account of the higher lift of the Chingford 
pumps—about 30 ft.—it was not quite fair to make 
this direct comparison, and, further, some allow- 
ance ought to made for the fact that, in Mr. 
Allen’s figures, he included the coal for raisi 
steam in the boilers. If a further 10 per cent. 
were added for stand-by losses, it made a total fuel 
consumption of 1.1 lb. of coal for the Humphrey 
pump. That figure could not be under 
the lower lift conditions which existed in the Fens, 
but he thought a consumption of 1.6 lb. of anthra- 
cite might be per water horse-power 
hour, and even when using bituminous coal a con- 
sumption of not more than about 2 lb. 

Lastly, it might be asked whether explosion 
pumps would work satisfactorily on the low lifts 
in the Fen district. The most important inquiry 
with which his firm were now dealing was one 
where over 1,500,000,000 gallons had to 3 umped 
per diem with a lift of 19 ft., for which they had 
guaranteed a consumption of only 1.3 lb. of bitu- 
minous coal water horse-power. Some large 
pumps were being built for use in Italy with a lift 
of only 3 metres. 

Where machinery had to lie idle for a consider- 
able portion of the year, and had to be started up 
quickly, a gas-producer plant with his type of pump 
was much more suitable than steam plant, because 
there was no machinery in the ordinary sense of the 
word to be kept in order, and beeause a gas-producer 
and gas-pump could be started more quickly than 
steam boilers and a steam-pump. At Chingford, 
with gas ready in the holder, one man was able to 
start three large pumps, each capable of raising 
40,000,000 gallons per rad in less than two minutes. 

Mr. Carmichael followed Mr. Humphrey with 
some remarks relating chiefly to Mr. Grantham’s 
paper, which gave certain for costs of 
working. He asked whether those costs related 
to test results or to the cost of working at the site 
of the installation. Some years ago, for his father, 
he had had to go into the question of cost of 
working, and had examined a large number of logs. 
As a result he had secured a lot of figures, and so 
far as steam plant was concerned they were in agree- 
ment with the figures given by Mr. Grantham ; but 
the figures givenin the paper for other types of power 
were less than those he had arrived at, and that was 
confirmed by figures in one of the other papers. 
The points that interested the Commissioners were 
that so many acres had to be drained, and the 
probable cost at which that could be done. The 
cost per brake horse-power did not interest them 
at all. At the time he had abstracted his figures 
they only had one 40-horse-power oil-engine at 
work ; the cost for that came out at about 0.7d. 

r brake horse-power per hour. A figure given 

y Mr. Crocker, of between 0.5d. and 0.6d. per 
brake horse-power per hour seemed to confirm 
that as a probably correct amount. The figure 
obtained at the same time for steam plant was 
about 0.454. per brake horse-power per hour. At 
Prickwillow there was a vertical-spindle pump 
working alongside of other installations, and there 
were thus opportunities for making comparisons. 
As far as he had been able to determine them, the 
efficiencies for different types of pumps were as 
follow :—The scoop-wheel had an efficiency of 45 
per cent.; the vertical-spindle centrifugal pum 
had an efficiency of 53 per cent. ; and the horizontal- 
spindle centrifugal pump one of 62 per cent. The 
vertical-spindle centrifugal pump never lost its 
water, provided the water was there, but owing to 
subsidence of the land the _— was often left 
high and dry, and there was then delay in starting, 
which was troublesome and might prove dangerous 
from the liability of the land being flooded before 
pumping commenced. In the case of the ordinary 
centrifugal pump, with horizontal spindle, it was 
possible to add lengths of pipe as required in case 
of subsidence. 

Mr. W. H. Allen asked whether the figures eo 
by Mr. Humphrey were authoritative. ere 
they his own figures, or had they been arrived at 
as the result of an independent test by an inde- 

mdent authority ? He would also be very glad to 

ear how the large quantities of water dealt with 
had been handled. 

Mr. Humphrey, on being accorded permission to 
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reply to these points, said that the figures were 
derived from tests stipulated in the contract and 
carried out by three official representatives of the 
Water Board. ‘The figures throughout those tests 
were concurrently, but independently, recorded by 
some of his own staff, with the result that at the 
close the figures of the two sets of observations were 
found to be in very close agreement. With regard 
to the measurement of the water, shortness of time 
prevented the use of a Venturi meter. He had pro- 
posed a submerged weir, but ultimately they had 
adopted a plan in which several ball-valve floats were 
weighted so that they floated at different levels and 
were connected by a chain. One floated near the top 
and one near the bottom of the channel, and so on. 
The top one tended to travel too fast, the bottom 
one too slow. The chain held them together, and 
then the average time was taken for their move- 
ment down a concrete intake channel. He was 
informed that the error of that method was small, 
but, if anything, slightly against the pumps. 

Mr. Michael Longridge said he remembered in 
connection with a bridge on the Calcutta and South 
Eastern Railway that there had been difficulty in 
obtaining satisfactory foundations on a spot where 
there were quicksands. The engineer had adopted 
ultimately the plan of floating the foundations on 
large concrete platforms. Could not that be done 
with the Fen installations, so that the pumps would 
sink with the land ? 

Mr E. B. Ellington followed,saying that he would 
appreciate it 1f the authors could give in greater 
detail the cost of running some of the old and almost 
historical plants. Mr. Grantham gave the greatest 
detail in the information supplied on that point, but 
he said that the scoop-wheel efficiency was about 
30 per cent., whereas Mr. Carmichael said these 
wheels had an efficiency of about 45 percent. A 
100-horse-power beam-engine mentioned consumed, 
it was stated in Mr. Grantham’s paper, 30 tons of 
coal per week. It was a low-pressure engine, and 
was apparently stated to cost to run 0.39d. per brake 
horse-power hour. He found it difficult to believe 
that, since 1830 or thereabout, that 0.39d. had 
only been reduced to 0.332d. by the use of 
the high-pressure condensing engine, instead of 
the low pressure of former plants. The Diesel 
engine was stated to cost 0.119d. per horse-power 
hour ; but that was a theoretical figure, since, so 
far as he knew, there was no Diesel engine employed 
on this work in the Fens. Theoretical figures were 
all right so far as they went, but they could not be 
absolutely relied on in practice. Bodies such as the 
Commissioners charged with Fen drainage natu- 
rally wanted to know the total cost; but it was 
important for engineers to know the cost per brake 
horse-power, and on this they could make the neces- 
sary allowances to suit special conditions. If the 
authors would add figures relating to the plants 
displaced, besides giving those for the modern 
plants, as they did in their papers, they would 
very greatly add to the value of their communica- 
tions 

Mr. A. E. Douglass said that Mr. Ellington had 
touched upon an important point ; the papers dealt 
largely with obsolete machinery. He would like 
to have the costs given direct in relation to the 
foot-pounds of work done. The information would 
then be in a shape useful and convenient to pump- 
ing engineers. What were they paying for fuel in 
the Fen district? In South Staffordshire from 
7s. to 8s. per ton was paid for rough slack, and it 
would add to the value of the information relat- 
ing to the Fen pumping operations if the cost of 
fuel at the site were given. In one of the papers 
the centrifugal pump was spoken of as having 
a high efficiency. He had never found that. They 
had got up to 68 per cent. efticiency on trial 
with such an installation, but they laughed at that 
when they compared it with what could be done 
with the triple-expansion engine and ram-pump. 
His company had just put down one of the latter 
type of plants to replace a beam-engine, and they 
were saving 3000 tons of coal per year, out of 5000 
tons used by the former engine. It was good policy 
to pull out the old plants at that rate, and to instal 
modern up-to-date machinery. At one station they 
had centrifugal pumps and pumps driven by rotary 
engines. Recently the centrifugals had been 
stopped, and the rotary re-started, owing to the 
reduced coal consumption as compared with the 


centrifugal. Centrifugal pumps, in fact, were not| probably the foreman were suppli 
coal, and the same with paraffin, &. The result 


in it. He thought the Humphrey pump would 
be of little service in their work, which was all 


pumping from deep bore wells, He thought that) against the station. 





it was time to consicer the advisability of scrapping 
all the small independent stations in the Fens and 
substituting for them a central station. 

Mr. Charles Hawksley was the next speaker, and 
stated that he thought that where comparative 
figures were given the authors should not only give 
the total costs, but should state also the kind of fuel 
used and its cost at the site where it was consumed. 
The papers compared old machinery and new. The 
old installations were thus compared under the 
worst conditions, for naturally, in view of its re- 
placement by more modern plant, the old machinery 
was not likely to have much money spent on it to keep 
it in first-class order, and working at good efficiency. 
Mr. Grantham in his paper stated that when there 
were heavy floods the discharge sluices remained 
closed for more than one tide, but under those 
conditions he would have thought that these sluices 
would have remained open rather longer than usual. 
He would like some further information on that 
point, as it seemed to him not quite clear if the 
author’s statement were correct as given. 

In reply to the discussion, Mr. R. W. Allen re- 
ferred to the President’s remarks on divided con- 
trol. Though he had nothing to do with the actual 
drainage of the Fens, he knew that in Bedford- 
shire trouble had arisen from such division of 
responsibility. For years meetings had from 
time to time been held, but the apathy of people 
who ought to have been interested in the matter 
was surprising, and nothing wasdone. The fact 
was that the people in the upland districts did 
not care much what happened to the people in the 
lowland districts, and would not consent to de- 
fraying the cost of works which would prevent 
damage to other land than their own. e had 
been interested in Mr. Humphrey’s lecture, which, 
however, had not mentioned any of the disadvan- 
tages of his system, Perhaps Mr. Humphrey 
was not prepared to divulge them that day. He 
was greatly gratified that such good results had 
been obtained at Chingford. The papers which 
had been read dealt wholly with existing plants, 
and as regards the consumption figures, &c., those 
were facts supplied to them by the Commissioners. 
It should be remembered in considering the Fen 
pumping plants that they were designed to deal 
with conditions which did not often have to be 
met—namely, they had to possess a capacity sufli- 
cient to deal with floods. The coal consumption 
given was that measured as going into the 
station. It was impossible to get at the exact 
figures. Again, the pumps had to remain idle for 
considerable periods, during which time the fires 
were banked. The coal thus used was all included 
in the figures given. Mr. Humphrey had referred 
to the figure given for coal consumed at the Ten- 
Mile River Bank Station. Part of the total coal 
recorded for that station was due to trials, while 
owing to ——- circumstances the plant had 
been run with the boiler and steam-pipes un- 
lagged. Owing to the severe storms last autumn 
they had to hurry with the installation, and the 
plant was started up much sooner than was origin- 
ally intended and in an incomplete state. The 
comparison was therefore not quite fair between 
plant in that state and a Humphrey pump which 
had been carefully tuned up for official trials. 
With regard to Mr. Longridge’s suggestion as to 
floating foundations, he thought it might be 
feasible, but it would be costly. With the hori- 
zontal-spindle centrifugal pump it was easy to 

ut an extra length on the suction-pipe if that 
me necessary, owing to subsidence, and that 
type of plant had therefore considerable advan- 
tages. It was difficult to get figures as to costs 
for the old plants, but they would endeavour to 
obtain some and include them in the paper when 
published in the Proceedings. With regard to the 
use in his paper of the term ‘‘high efficiency,” 
that had really been employed in distinction to the 
low efficiency of the plant of earlier years. They 
could maintain guarantees of 80 per cent. on 
centrifugal pumps themselves. 

Mr. E. G. Crocker also, in his reply, referred to 
the difficulty of securing correct figures. The 
Commissioners were not prepared to pay for the 
work involved. The men were unskilled and could 
not be relied on for that kind of thing. The only 
measurement possible was that of the coal goin 
into the yard. Out of that the engine-man an 
with house 


was a continual leakage, but it was all recorded 
is own opinion was that 





with a rather better class of labour and newer 
installations, far better results would be obtained, 
and he never hesitated in recommending first-class 
plant. For fen work, he thought there was nothing 
to touch the centrifugal pump at present. Low 
initial cost had been claimed as a special recom- 
mendation of the Humphrey pump, but he knew 
of at least one case in which the tender for steam- 
engine and centrifugal pumping plant had been 
only half that of a tender for Humphrey pumps. 
The foundations for the Humphrey pump were 
also very costly. The Commissioners’ attitude was 
that they had to obtain a guarantee for working 
and maintenance. They also took into account the 
question of initial cost, allowing it to carry, per- 
haps, greater weight than was at times desirable. 
He did not know quite why that should be, but it 
was probably partly due to the agricultural character 
of the district, which would be expected to result 
.- a certain reluctance to indulge in capital expen- 
iture. 


THE Co-ORDINATION OF ENGINEERING RESEARCH. 


The last paper to be taken was one by Mr. G. H. 
Roberts, and was entitled ‘‘ A Few Notes on Engi- 
neering Research and Its Co-ordination.” We 
reprint this paper in full in our present issue (see 
page 207). It was summarised by the author, after 
which the President remarked that the paper dealt 
with a subject which was of great interest to him, 
because he had been occupied a good deal in trying 
to assimilate experiments and endeavouring to 
bring the results together in a form which might be 
of greater value generally instead of being of service 
only to those who carried them out. In the Ord- 
nance Factory at Woolwich experiments were often 
made in one department the results of which would 
prove of value to, or have a bearing on, the work 
of other departments. Till recently it had not been 
possible for one section to know what another was 
doing, or had done, in the way of experiment, and 
experimental work might be going on concurrently 
in more than one department on one subject. If that 
were so in the Woolwich Arsenal, much more was 
it the case in the country generally. Only when 
one party took the opportunity afforded by such an 
institution as theirs of publishing results was any- 
thing done to improve matters. That materially 
weakened development of the trade of the country. 
Firms were, however, naturally reluctant to give 
the results of their experience to trade rivals, and 
in many respects the same feeling might be expected 
in regard to Government work, the results of which 
it would in many cases be dangerous to divulge. It 
was quite realised that the whole of the story could 
not be told perhaps, but it would be found possible 
to relate a good many of the steps of an investigation 
without any harm resulting. He hoped that that 
attitude would be adopted. There should be, he 
thought, an interchange of ideas by means of a com- 
mittee such perhaps as he had suggested some time 
before. He was fuliy alive to the difficulties in 
the way of giving effect to that proposal, but it 
seemed feasible, if it was allowed time to develop 
properly. He would invite those interested in the 
proposal to look through their records, and see if 
they could not communicate to the secre some 
of the information thus brought to light. He felt 
sure that they would find a large quantity of 
material which they could disclose without harm to 
themselves, and in any case it would benefit their 
Institution. If the committee proposed came to 
nothing, their Secretary would have collected a large 
amount of information which might possibly be 
published, when abstracted, in the Proceedings to 
the general advantage of the members. 

Professor J. O. Arnold followed the President, 
saying that he saw many lions in the path. In 
the Sheffield steel district they had suffered from 
lack of co-ordination, and in order to overcome 
that a proposal had been made, in which he had 
taken an interest, to found a Metallurgical Club. 
The club, it was proposed, should be composed of 
three classes—viz.: (1) Graduates of the Uni- 
versity ; (2) metallurgical men in the works ; and 
(3) manufacturers. Difficulties at once arose ; the 
giaduates did not want the manufacturers, and the 
manufacturers did not want the graduates. Such 
points were, however, being gradually overcome. 
A great deal of research work had been done for 
and by the Admiralty and War Office in connection 
with failures. It was all pigeon-holed, but would 
be of immense value if forthcoming. He would 
refer to one particular matter. He thought that 
the question of elasticity and the study of the 


























Trae 





Aue. 8, 1913.] 


ENGINEERING. 


183 








elastic limit had been much neglected. As an 
instance, he would refer to the effect of over- 
annealing, so that though the maximum stress was 
not disturbed, the elastic limit of a shaft might be 
reduced even to zero. He knew of a shaft which 
showed permanent set under a load of 4 tons per 
square inch, though made of good material, simply 
through over-annealing. 

Mr. J. H. Wicksteed considered tnat the sug- 
gestion made in the paper was good. The condi- 
tions under which things were tested and reported 
on were not, however, the fundamental conditions 
on which records were required. The whole of the 
figures given in the paper related to the yielding of 
material, but what was really wanted was informa- 
tion as to the load any material would carry first 
without yielding, and then, as the material 
hardened, what it would stand again. The 
elastic-limit question had been found a diffi- 
culty, but ios Nad a method by which it could be 
found quickly. Instead of looking for it all along 
the elastic part of the stress line, making mistakes 
by going so often back to zero, and endeavouring to 
find the first point of permanent set, in his method 
he went boldly up to the geen Fam and then 
ey If that were done, it would be found that 
the load would drop, but a point would be reached 
at which a balance would be obtained between the 
load and the strength of the bar, which load that 
bar would withstand, as he believed, permanently. 

Mr. Wicksteed illustrated his remarks by a dia- 
gram reproduced herewith. In this curve, which 
represented a stress-strain diagram, the load was 
applied up to the amount represented by B. At 
that point the material yielded, and the curve fell to 
the point C. The stress represented by C would be 
withstood by that bar, without further deformation, 
for a day, a week, or for ever. The fall from B to C 
might represent from 1 ton to 7 tons or so, and the 
stress represented by C, or the corresponding point 
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A on the elastic line, would represent the elastic 
limit. If the straining were persisted in, as the bar 
stretched it got stronger, not more plastic; the 
particles required a greater stress to make them 
flow. The bar hardened with the continual yield- 
ing. Ifastop were made at the point D at the 
top of the curve, the yielding would cause the 
stress to drop to E, when it would again stop, and 





different testing-machines, providing they were 
reasonably accurate weighing-machines. If the bar 
were left loaded up to any stress below its statical 
stress, it would support that load indefinitely. 

We may add that the method of testing described 
by Mr. Wicksteed in his remarks involves the use 
of an elastic connection between the test-piece and 
the applied load, the arrangement being such that 
the test-piece by its clongation can reduce the stress 
to which it is subjected. 

Professor B. Hopkinson, who was the next 
—_ said the subject of co-ordination and 
the direction of choice of subjects for research 
were constantly before them. He did not propose 
to touch upon the detailed researches included 
in the paper. h, he considered, was 
largely a personal matter, and it was undesir- 
able that the individuality introduced into it should 
be unduly fettered. That should, if possible, be 

reserved, but curbed, so that the research should 
turned upon valuable points. For some time 
he had been secretary of the Research Committee 
on Gaseous Explosions appointed by the British 
Association. eir terms of reference had been 
found to be inconveniently wide, and they had cut 
them down to gaseous explosions bearing on gas- 
engine phenomena. That Committee had done 
work of considerable scientific value. Some of it 
was, perhaps, purely scientific, and, to a certain 
extent, side issues were followed. That had 
naturally been the case, as different points were 
of interest to different members. The whole work 
had led to a much better understanding of the 
phenomena in question. All the work was in the 
direction of throwing light upon what actually 
happened. The discussions which the investiga- 
tions gave rise to in committee formed a most valu- 
able part of the whole procedure. The Committee 
met at intervals, perhaps once a month or so, and 
a member presented an informal note on some 
ope for discussion, and this was then criticised. 
t might be that neither the note nor the criticisms 
to which it gave rise were of a character suitable 
for publication, as they were not prepared to that 
end; but for all that, the discussions were most 
valuable. What was needed for the success of such 
work was, he thought, a committee of men engaged 
on the research and a frank exchange of ideas on 
the points to which this work gave rise. The paper 
suggested that the researches should be limited to 
distinct issues. He did not agree with that. As 
an example of what he had in mind, he might 
mention the question of the time-factor in tensile- 
testing. It might be that a firm might like 
to know what the time effect was on certain 
tests, but their work might not be of any 
value to the world at large. The time-factor came 
in in different ways ou had to pull harder in 
order to stretch material slowly. The material got 
harder as it was pulled, and so on. Those different 
factors bore different ratios to each other, and 
those ratios were all different for different kinds of 
steel. He would not confine an investigation to 
static factors ; the committee should take up work 
on the broadest possible lines bearing on the point. 
Some members might commence their work by 
testing in the ordinary machines; others might 
start at the other end of the scale and fracture 
their specimens with gun-cotton, in which case no 
elongation would be obtained. The basis of success 
was interchange of ideas between men who took up 
and worked from different standpoints. Constant 
interchange of ideas of that kind was of the highest 
value. 

The next speaker was Mr. Alexander Siemens, 
who said he would give an example relating to com- 
mittees already in existence. When the several 


that stress wovld be the statical stress which the | Siemens firms were started in different countries, 
bar would stand under those conditions indefinitely, | it was realised that research was necessary, but that 


without further extension. The 


int E was a new | much of it would be wasted if the work were carried 


elastic limit. The diagram was for a bar on which | on independently. It was therefore decided that the 
the load was applied comparatively slowly. The | technical experience should be exchanged. Con- 


stress-strain line went up practically straight to B 
at 174 tons. The upper end of that line, if 
analysed, would have been found to be not quite 
straight. Ifa delay were made at that point, the 
load went down to 15 tons at C. The correspond- 
ing point A, also at 15 tons, was the load at which 
the elastic part of the stress-strain line ceased. 
At the top of the ourve the specimen had an 
apparent strength of 30} tons, whereas the statical 
strength was actually 29 tons. If we adopted the 
fundamental statical load points at the yield int, 
and at maximum load, we should have two bebe. 
mental points which should be comparable for 





ferences were held at the various works, and the 
men in charge of the departments and those con- 
ducting research got together and talked over points 
that arose. In that way they obtained results such 
as those Professor Ho tees4 spoke of, and an im- 
pulse was given to the business. Would such a 
process be possible among firms less closely asso- 
ciated than those of which he was then speaking ? 
Engineer-Rear-Admiral E. Little said the Insti- 
tution itself was largely a research committee. 
Research was largely a question of cost. At the 
Admiralty there was an enormous mass of results 
and data on various subjects, but the time taken to 





find information bearing upon some points from 
among all the accumulation would probably be 
rohibitive, and outside engineers might find it pre- 
erable to make new experiments rather than spend 
time in seeking data previously recorded. He 
thought that if the authorities were properly ap- 
— there would be no difficulty in obtaining 
nancial assistance towards research work. Results 
on test sheets should be so recorded as to be com- 
parative. Twenty years ago he had obtained results 
similar to those shown by Mr. Wicksteed. He con- 
sidered that with the Whitworth testing-machine 
the flickering of the gauge-point was a very good 
indication of the yield point, taken for what it was 
worth. With regard to the record forms, he 
thought the ratio of the forging to the original 
ingot ought always to be stated. That was often 
important. Also it should be stated whether tests 
were taken with or across the fibre. The form 
proposed in the paper was not clear as to whether 
the yield-point and final strength were to be 
reduced to the final or original area. More in- 
formation was needed on friction and the wear of 
surfaces of different materials, a research which 
might very well be conducted at the Arsenal. 
Definite information on the rate of wear of different 
classes of cast iron would be of value. Tests on 
lubricants might be carried out, and the information 
obtained not lost as at present. Again, tensile 
tests at different temperatures were most impor- 
tant, but were very seldom taken. 

Mr. C. W. James said he understood the idea of 
the paper to be that means should be provided for 
co-ordinating research and work already done ; in 
fact, forming a sort of clearing-house. The object, he 
took it, was not to institute a research committee, 
but to organise for the selection and co-ordination 
of knowledge already secured in one direction or 
another. 

The author, in reply, said that in regard to the 
time-factor question he d with Professor 
Hopkinson. The work recorded in the paper on 
that subject had been very clearly defined, how- 
ever, and limited to one end only. Every opera- 
tion in the gun-making was controlled by pyro- 
meters, and he would assure members that there 
was therefore no fear of over-annealing or the fear- 
ful possibilities which Professor Arnold spoke of. 
Mr. Wicksteed’s remarks were true, but rather 
beside the point of the paper. With regard to 
what Mr. Siemens had said, the paper had put a 
proposition before the members, and it was now for 
them to decide what should be done. There was no 
question, then, of the cost of new work, but rather 
of collating results of work already carried out. 


Vores or THavyks, &c. 


At the close of the discussion a large number of 
votes of thanks were to all who had contri- 
buted to the success of the arrangements, so admir- 
ably planned, for the entertainment of the members 
of the Institution and the ladies of the party. 
How excellent the arrangements were can only 
be appreciated by those who took t in the 
gathering. Prior to the meeting doubts had been 
expressed in some quarters as to the suitability of 
Cambridge as a centre for a summer conference 
of the Institution of Mechanical Engineers, but the 
results showed that these doubts were quite un- 
founded, and the fact that some of the places visited 
were not of a strictly engineering character really 
added to its success. Thus the visit to the Cam- 
bridge See thanks to an admirable brief 
lecture delivered by Professor Newall, and to the 
clear explanations given by his assistants in charge 
of the various instruments, proved of the highest 
interest to those who took in it, while the 
same was the result of the visit to the works of the 
Cambridge Scientific Instrument Company, where 
the information and explanations so freely given by 
Mr. Horace Darwin and Mr. Whipple enabled the 
members to obtain a clear insight of the many direc- 
tions in which practical engineering work is deriv- 
ing benefit from scientific research. 

oreover, it must be remembered that the 
success of the meeting did not depend upon the 
attractions of Cambri alone. At Ipswich and 
Bedford the reception of the Institution was equally 
cordial. At Ipswich, where the engineering works 
of Messrs. Reavell and Co., Messrs. omes, Sims 
and Jefferies, and Messrs. Ransomes and Rapier 
were visited, in addition to the Corporation Electric 
Power-Station and other factories, the members 
were entertained at luncheon by the Corporation, 
and heartily welcomed (in the absence of the Mayor, 
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owing to a motor-car accident), in an excellent 
week by the Deputy-Mayor, Mr. F. E. Rands. 
Amongst the other kindnesses conferred by 
the Corporation, the members were given the 
free use of the tramcars, one of the cars being 
arranged as a travelling cloak-room for the con- 
veyance of overcoats, umbrellas, &c. At Bedford 
the chief attraction was the visit to the admirably- 
ages works of Messrs. W. H. Allen, Son and 

-» Where the members were hospitably enter- 
tained at luncheon, visits being subsequently paid 
to the works of Messrs. James and Frederick 
Howard, Messrs. W. H. A. Robertson and Co., 
and Messrs. Graften and Co.; while the ladies of 
the party, in addition to being taken round the 
town and entertained at luncheon at the Swan 
Hotel, were subsequently most hospitably received 
by Mr. W. H. Allen in the charming grounds of 
his residence, Bramham House, a few miles from 
Bedford. 

Although the Cambridge meeting was not so largely 
attended as some which preceded it, it will be 
long remembered, by those who availed themselves 
of the opportunities presented by the visit, as one 
of the most enjoyable of recent years, especially so 
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for the completeness of the organisation evolved by | and cordial interest shown to their guests by those 
the Reception Committee and the permanent staff| who entertained the Institution party at the works 
of the Institution, and for the kindly hospitality | visited and elsewhere. 
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THE. DRAINAGE OF THE RIVER OUSE 
BASIN.* 


By E G. Crocker, Member, of Ely. 

Tue River Ouse is, perhaps, one of the most interesting 
of the rivers in the Eastern Counties from an engineer- 
ing standpoint. The manner in which it has been con- 
fined between banks, and the reclamation and drainage 
of the Fen lands through which it flows, are to-day a 
monument to the perseverance and industry of the people 
who in former years carried out these, at that time, 
great works. It is not intended, however, to deal with 
an historical account of the construction of these works, 
but to describe them briefly as they exist to-day, together 
with some detail of the work necessary to maintain them 
in a satisfactory state, and to give particulars of the 


of these — annually, mn Ng ce -. ———— 
in @ very state, — unfortunately, the same 
cannot be said of the banks of some other portions of the 
river. The maintenance of the channel to the sea is 
exceedingly important, the free discharge of the flood 
waters being vital ; from observations taken it has been 
found that low water of spring tides does not now fall to as 
low a level as in former years, and investigations are at 
presen ing to ascertain the cause of this, cross- 
sections of the river from St. Germains to the sea having 
been taken. The problem of drainage thus brought about 
is very interesting, one calling for very careful con- 
sideration ; conditions of drai have, however, so altered 
during recent years that with no improvement works 
in the river, it is in the exact condition that one would 
expect to arise. The lowering of this low-water level 
will necessitate considerable dredging and enlarging of 








drainage of some of the Fens. 


M 


The period from the third week in August, 1912, when 
the heavy rains of last year commenced, to end of 
April, 1913, will give a good illustration of the di 

of the sluice. During this period it is calculated that, 
as an average over the area drained by the sluice— 
namely, 884,338 acres—25 in. of rain fell (equal to 
2,010,876,000 tons). The whole of this water eventually 
finds its way to the sluice with the exception of that lost 
by evaporation, which varies according to the time of 
yor 10 per cent. is considered to be more than ample 
or the period under review. This gives a quantity of 
1, 809,788,400 tons to be discharged by the sluice. 

The doors were open as follows :— 


2 eyes. 3 eyes. 4 eyes. 
60 days, 23 days, 157 days, 


or, say, equal to 204 days with all the four eyes open; and 
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General Description.—The River Ouse is the outfall 
for the drainage of 1,936,000 acres of land ; the western 
branch of the river with its principal tributaries—the 
Tove, the Ouzel, the Ivel, the , and the Alconbury 
Brook—drains an area of 760,873 acres through the 
Hundred Feet River; the eastern branch of the river 
with its principal tributaries—the Cam, the Lark, the 
Brandon, and the Wissey—drains an area of 884,338 acres 
through Denver Sluice ; between Denver Sluice and St. 
Germains, the River Ouse receives the drai of 52,425 
acres; at Sp. mains it receives the of 
154,515 acres through the Middle Level Sluice, and at 
King’s Lynn the drainage of 83,840 acres from the 
River Nar. 

The eastern branch of the river is of no great interest 
from the Fen land drai point of view; the portion, 
however, from Earith to ver, known as the “‘Hun- 
dred Feet River,” is an artificially embanked cut, 21 miles 
in length, constructed by the Honourable Bedford Level 
Corporation, to shorten the course to the sea and thus 
relieve the river passing through the more valuable Fen 
lands from the enormous volume of flood water brought 
down by this branch of the river. 

_ The works which will principally be described are those 
in the eastern branch of the river above Denver Sluice. 
The area discharging from the Middle Level is fully dealt 
with b Ms. Geusiinin, page 908, and the works in the 
River Nar and other portions are similar to those which 
will be described. The map, Fig. 1, 184, shows the 
river with its principal tributaries, the positions of the 
locks, chief pumping-stations, and other information. 
ia = he int Portion of the River.—Commencing at Fe 
oO use proceeding upwards, we rs 
jhe stone training hanks sod then the entrance channel 
ding to King’s Lynn docks, and so ugh the Kau 
Brink Cut (an artificially embanked cut about 4 miles 
in length) to the sluice from which the Middle Level 
Drainage disck and so on to Denver Sluice, which 
will be described later. The im t works in this 
part of the river are the maintenance of the banks and 
of the channel to the sea. The repairi , by means of 
faggots, of the banks of the Eau Brink Gut 1s shown in 
Fig. 2, page 184, and ves a clear view of the method of 
doing this work ; 30, faggots are used in the repair 


* Paper read before the Institution of Mechanical Engi- 








gineers at Cambridge, July 30, 1913. 
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the river channel, and even 
so the low level of former 
yom cannot be expected to 
obtained. 
The authority control- 
ling the Eau Brink Cut has 
also to maintain the free 
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bridge over the river at 
King’s Lynn, built in the 
ear 1873, and shown in 
Fig. 7. This bridge is of 
interest in that it is a 
five-span continuous-girder 
bridge, the spans bei 








PLAN. 





two of 70 ft. and three o’ 
120 ft. The deflection of 
this bridge under a 
loads is very excessive, an 

its reconstruction will have 
to be carried out in the 
near future, as it takes 
considerable traffic on the 
main road from King’s 
Lynn to Wisbech. 

Denver Sluice.—This is the most important work in 
the River Ouse, as on it depends the safety of the 
whole of the fens in the South Level. Its duties 
are threefold :—(1) to prevent the tidal waters from 

up the river; (2) to d flood waters ; 
and (3) to maintain water in the river at the 
normal navigation level of 4.92 ft. above Ordnance 
datum. The importance of the sea-gates being main- 
tained in working order will be apparent when it 
is remembered that the level of the tops of the river banks 
is from 12 ft, to 13 ft. above Ordnance datum, whilst an 
7 ing tide rises to 14 ft. above Ordnance datum 
at the sluice, the highest recorded tide being 17 ft. above 
per y hy ny FL oy RF 
vent these ing ‘On a spring tide, y the 
gg Y° the 1 Fens of the aap — = be ager 

in its soe ge capacity depends the prevention 

the flooding of the Fens A flood time, this discharge 
varying with every tide and with the different heights 
of river water, and of low water on the sea side. 

A reliable way of arriving at the actual discharge in 
a given period is to take the — rainfall over the 
drainage area and the time that the doors are open. 
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as the time which the doors remain open varies from 
8 hours on # spring tide to 12 hours on a neap tide, 
10 hours tide may be taken as a fair average of the 
time of discharge per tide; this gives 4080 hours, or 
244,800 minutes, during which time 1,809,788,400 tons of 
water have to be diodacged, which is equal to 7413 tons 
per minute. 

The present sluice was constructed in 1832, and con- 
sists of a navigation lock, 74 ft. in length between ga 
with a width of 18 ft.; it is fitted with double gates, 
so as to permit of the of vessels at any state 
of different water-levels, and drainage eyes, 17 ft. 
6 in. in width, fitted with sea and river gates, the level 
of the sills being, in all cae, S00 below Ordnance 
datum. The construction of sluice and of the doors 
is shown in Figs. 3 to 6 and Figs. 8 to 
for no special comment, except that ; 

i : 


g 


two previous sluices showing 
t! were 
of lish oak, with framing strongly strapped together 
by wrought-iron straps, the sheeting of the gates being 
of pitch pine. One pair of gates was taken out last 
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summer for examination and for repairs to the slacker 
frames, which are of cast iron, and were broken, and the 
gates were found to be in excellent condition after being 
in for twenty-six years; it is pro to take out the 
whole of the gates for examination and overhaul during 
the next two summers. The construction of the gates, 
anchorages, and foot-steps of the heel-posts is shown in 
Figs. 8 to 13. Fig. 14 shows the sluice from the sea 
side, and Fig. 15 shows it from the river side. 

Navigation.—Having referred to the navigation lock 
at Denver Siuice, it would perhaps be well now to say 
something on the generally accredited very important 
subject of inland navigation, although decried by some 
as a matter which should receive no consideration, as it 
has diminished to such a large extent. 

The lock at Denver Sluice is the one nearest to the sea, 
and between it and Cambridge there are three only— 
namely, at Bottisham, Baites Bite, and Jesus Green— 
so that the navigation between the port of King’s Lynn 
and Cambridge—a distance of 50 miles—is not impeded 
by many locks. 

A lock at the Hermitage, by Earith, connects the 
River West with the top of the Hundred Feet River, 
and so connects up the eastern and western branches of 
the Ouse. The first lock from the sea on this western 
branch is at Bluntisham, a distance of 42 miles ; the locks 
and waterways on this branch of the river are in a very 
neglected stace ; but there is, however, a proposal under 
consideration by the town council of Bedford to endeavour 
to bring this navigation up to present requirements. 

There are locks at Swaffham and Upware, connecting 
with tributaries of the Cam ; the erection of a new pair 
of gates at Swaffham Lock, the repairing of the sills ana 
other work, is shown in Figs. 16 and 17, page 187, taken on 
June 6. These gates are similar in construction to those 
at Denver Sluice, but 15 ft. in height. 

The first lock on the River Lark is at Isleham and on 
the River Brandon at Cross Waters, all of which locks 
are shown on the general drawing of the Ouse Basin, 
~ i, page 184. 

0 will thus be seen that the River Ouse is one easily 
navigated, and which, at comparatively small cost, could 
be a up to modern requirements, and with every 
facility for the conveyance and handling of all classes 
of traffic. If these facilities were provided there could 
be no doubt that the traffic would greatly increase and a 
considerable revenue be derived therefrom. The traffic 
has increased during the last few years, showing that, in 
spite of the lack of facilities, carriage of water-borne 
goods has not altogether ceased. 

At the mouth of the River Ouse is situated the port of 
King’s Lynn, which, although not one of the leading 
ports in the kingdom, is a port of some consideration, 
whilst it is the nearest to the manufacturing districts of 
the Midlands. The opening up of efficient waterways 
between these districts and King’s Lynn would therefore 
be most advantageous to both, and to the towns along 
the route, whilst the authorities controlling the rivers 
would materially benefit by the increased tolls which 
would become available for expenditure on the improve- 
ment of the navigation, and consequently the improve- 
ment of the drainage, which is of the greatest importance. 
The carrying out of any efficient scheme for the improve- 
ment of navigation will, however, be most difficult, the 
authorities controlling the river being so very numerous, 
and thus it is unlikely that any progress will be made in 
this direction without Government assistance. 

Banks.—The banks protecting the Fens from submersion 
have been in nearly all cases constructed of silt and soil 
obtained from the river and adjacent land ; such 
banks of necessity leak considerably during high 
waters, and in many places it has been found neces- 


The heavy rains at the end of last August were 
unprecedented, and caused immense damage in the 
Eastern Counties; the district of the South Level, 
however, escaped without any very great disaster, one 


this chalk stratum ; the bank, being unable to withstand 
the hydrostatic pressure, was turned completely over. 
Figs. 21 to 24, page 187, show the water rushing from the 
river into the Fen, the deep hole, 12 ft. to 15 ft. in 











Fic. 7. Free Brivee, Kine’s Lynn, 1873. 
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sary to put in a puddle core, and in other places to put a 
gault facing to them, whilst some banks at the present 
time soak considerably, entailing a great deal of extra 
yaneine. The level of the Fen lands varies from 5 ft. 
above Ordnance datum in Swaffham Fen to Ordnance 
datum in Southery Fen, navigation water-level bein 

4.9 above Ordnance datum, and an ave flood-leve 
10 above Ordnance datum, whilst the highest recorded 
flood-level is 11.76 at Denver Sluice, and approximately 
1 ft. higher at Ely. The tops of the banks have there- 
fore to be maintained at a level of not less than 12 to 13 
above Ordnance datum, and as the banks sink from 
1 in. to 2 in. each year, they have to be periodically 


topped. 

Rost of the Fen Commissions who have to maintain 
these banks top them with gault obtained from the 
Roswell Hill Quarry, situa near Ely, and Fig. 18, 
pege 187, shows the gault being obtained and loaded into 
ighters for transport. A good example of the work of | 
cvengthonieg a river oak is that now being done 
by the Mildenhall Fen Commission to the River 
Larkbank. It is estimated that the land in this 
fen has sunk 3 ft. to 4 ft. since the banks were made, 
and thus they have to withstand an increased head 
of water in flood time. The bank, when made, was 
built on a bed of chalk stones about 9 in. in thickness, 
through which the water has always percolated to an 
undesirable extent, and in recent years, owing to the 
increased head of water, to such an extent that it was 
felt some remedial measure must be carried out. The 
existing bank and the work now being executed is shown 
on a cross-section of the bank, Fig. 25, page 188. A | 
trench is opened at the river toe of the Bank, taken 
through the layer of chalk stones into the original moor 
below, and then filled with well-rammed puddle; the 
bank is faced with gault to the top, the gault being 
obtained from the Roswell Hill Quarry, 8 miles distant. 
It is proposed ata later period to make up the back of 
the bank with dredgings from the river, so as to give it 
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Fic. 15. Denver Stvice rrom Raver Sipe. 





bank only, that at Hockwoid, giving way. This bank 
was a moor-and-silt bank which had been protected at 
the top with chalk, then made up with soil and again 
topped with chalk. The sinking of the bank took the 





increased stability. Figs. 19 and 20 show this work in 
progress. 


first layer of top chalk down to the level of the foreshore, 
; and, under the head of flood water, the water entered 
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depth, scoured out on the line of bank by the rush of 
water, the temporary sand- bank and the completed 
clay bank. After some little delay in arriving at a deci- 
sion, the work of reconstructing the bank was commenced 
on November 15, 1912, 440 tons of gault being conveyed 
from the Roswell Hill Quarry, 18 miles distant, up to 
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Fic. 16. Fie. 17. 











Fic. 18. Roswert Hitt Quarry. Fics. 19 anp 20, Mitpennatt Fen Commission ; River Lark Banks. 




















Fic. 21. Hockwoitp Bank, BROKEN. 











Fic. 23. Compterep Temporary Bank. 








Fig, 24. New Bank Compieren. 





Fic. 22. Temporary Sanp-Bac Bank. 
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Christmas Day by the one gang of lighters then available. 
Immediately after Christmas, however, twelve lighters, 
each carrying 20 tons, were put on this work, and 
1488 tons were transported to the bank in 17 days, the 
cost of quarrying, loading, and transport being 2s. 13d. 
per ton, the smaller amount taken by the small gang 
costing 2s. 8jd. per ton. The gault was unloaded just 
below the Sako 2-ft. portable railway (300 yards to 
400 yards in length) being laid from the unloading berth 
to the breach; the materials were unloaded into tip- 
wagons and so conveyed to the site of the breach. e 
cost of conveying and depositing the materials after 
unloading was approximately 4d. per ton. ‘ 
ing.—Fig. 26, annexed, shows a non-propelling 
bucket-dredger at work in the River West; this vessel is 
62 ft. in length, 12 ft. 6 in. beam, and 3 ft. draught. The 
boiler is an ordinary marine boiler, 4 ft. in diameter by 
5 ft. 9 in. in length, the working pressure being 50 Ib. 
per sq. in. The engine is a horizontal single-cylinder 
engine, 10 in. in diameter cylinder by 18 in. stroke, 
running at 90 revolutions per minute, set athwart the 
vessel, the crank-shaft being directly coupled to the 
main longitudinal driving-shaft, from which the mooring- 
winch and tumbler are driven in the usual way, by 
shafting and gearing. -The dredger is capable of 
dredging to a depth of 14 ft., discharging 120 cubic 
yards per hour under favourable conditions. A_con- 
veyor shoot is shown fitted, ey t the spoil on 
to the river side ; it is constructed of pitch-pine timbers, 
trussed to form the sides, with a curved sheet-steel 
bottom. The scoops conveying the spoil are of English 
elm, 18 in. in width, fastened to a double shear-steel 
chain 8§ in. pitch ; they are fitted to every fourth 
The conveyor chain is driven by a driving chain from a 
countershaft on deck, which is driven from the main 
shafting by bevel gearing and a short vertical shaft. This 
dredger is also arra: for delivering into barges. The 
dredger is a very old one, and does not comply with 
present ideas of an economical machine ; but the cost of 
dredging, however, compares very favourably with 
modern dredgers. The cost of the work on which the 
vessel is now engaged works out at slightly over 24d. per 
cubic yard, including all labour, coal, stores, and repairs, 
but exclusive of any allowance for depreciation or interest 
on capital. Another dredger of similar design is at work 
just above Denver Sluice, but in this case the spoil has to 


© loaded into barges, transported a distance } mile and | 


upwards, and then unloaded on to the banks, i ma a | 
a my Fan the cost, which amounts to approximately 9d. 
per cubic yard. 

It is anticipated that a large amount of dredging will 
have to be executed in the near future, and the purchase 
of a suction dredger has been recommended for this work, 
so that the s can be deposited most economically at 
the back of the banks where it is most required, irre- 
spective of the width of the river, height of bank, or 
reasonable distance it may have to be conveyed. Some 
opposition is being offered to a dredger of this type on 
the ground that a considerable volume of water will thus 
be put into the Fens, but as large quantities are now let 
in during the summer months for irrigation purposes the 
objection hardly seems a reasonable one, although in wet 
weather, at flood times, it might be of considerable moment. 
The principal dredging is, however, carried out during 
the summer months, and should it be necessary to con- 
tinue dredging during continuous wet weather, it would 
be a simple matter to arrange for removing the water thus 
put into the Fens. 

Weed-Cutting.—The weeds in the rivers have to be cut 
during the summer months, twice in the main rivers and 
as many as four or five times in the smaller ones ; the 
weeds in the Brandon River grow so rapidly and so 
thickly that the water is at times held up as much as a 
foot by them. Fig. 27 and Figs. 28 to 31, annexed, show 
the weed-cutter, and though the vessel might be adversely 
criticised by naval architects, she performs her work very 
effectively. The vessel was built under the supervision 
of the late Mr. George Carmichael, the machinery con- 
sisting of an ordinary 6-horse-power portable engine and 
boiler adapted to suit. The point of particular interest 
is the arrangement for imparting a short forward motion 
to the scythes, Figs. 30 and 31, in addition to the forward 
motion due to the vessel’s progress; this is effected 
by a rocking lever having short arms, to which the 
scythe-rods are attached. e rocking lever is worked 
by a rod driven from a small crank attached to the fly- 
wheel of the engine, and a forward travel of 6 in. at each 
revolution of the engine is thereby imparted. A diagram- 
matic sketch of this mechanism is shown annexed. 

Drainage of the Fens. a the whole of the 
Fens were drained by means of windmills driving scoop- 
wheels. Figs. 32 and 33 and Figs. 34 and 36, 189, 
show the four mills which at one time drained the Middle 
Fen, and which are typical of the drainage mills which 
existed in all the Fens ; the present — of this 
Fen is — in Mr. Richard W. Allen’s paper 
(see page 203). 

As the Fens became more highly cultivated, it became 
necessary to have a more reliable source of power than 
the wind, and the next advance in im pemping machi- 
nery is illustrated by Figs. 37 and 38, which show the 
beam engine at South longing to the Feltwell New 
Fen Commissioners, and which drives a scoop-wheel 40 ft. 
in diameter, shown in detail in Figs. 39 and 40, page 190, 
which is a copy of the contract drawing. This ine is 
a double-acting engine, erected in 1842 by Messrs. Headley 
and Hawthorn, of Newcastle, the diameter of the cylinder 
being 42 in., length of stroke 72 in., and number of revo- 
lutions per minute 24, steam being supplied at a pressure 
of 12 1b. per eq. in. at the main stop-valve; the engi 
originally bad tappet-valves, which were removed in 1 
the Butterley Company fitting one of their expansion- 
valves with variable cut-off. The engine is normally 
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Fic. 26. Drepcer in River West. 























Fic. 27. Weep-CuttTer 1n River Cam. 
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worked with steam cut-off at 18 in., or quarter stroke, but 
under heavy loads this is increased to 21 in. and some- 
times more, the valve having a range of cut-off from 9 in. 
to 54in. The engine is in excellent repair, and although 
there is much useful work in it yet, it is shortly to be re- 

laced by modern machinery for reasons given hereafter. 

he excellent condition of the engine is no doubt in a 





great measure due to the fact that it has been driven by 





of 24 revolutions per minute. In Fig. 36, below, is 
shown the ing for raising the rising breast to this 
wheel, which is not shown on the drawing; this is 
worked by a hand-wheel in the yee ey and the 
former is raised and lowered to suit the level of the water 
in the river ; the head against which the wheel lifts varies 
from about 9 ft. to 15 ft. 

Owing to the continual sinking of the Fen, the bottom 
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Fie. 32. Barway MILL. 
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Fie. 33. Overratts Mut. 








Fic. 34. Sonam Tunnet MILL. 


two men only since 1847—by Thomas Simpson Galley 
from 1847 to 1898, and since that date up to the present 
time by his son Thomas Galley. 

The original scoop-wheel was removed in 1881 owing 
to the sinking of the fen, and, therefore, not being low 
enough to pump the water, it was replaced by the one 
shown in Figs. 39 and 40, made and erected by Messrs. 
James Watt and Oo., London and Birmingham. The 
wheel is geared 6 to 1, so that it makes 4 revolutions per 











minute when the engine is running at its normal speed 
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Fic. 35. 


of the main drain is now about 3 ft. below the bottom of 
the wheel-race ; and as there is practically no fall on the 
main drains, the present plant cannot drain the Fen effi- 
ciently. Plans a specifications were pre for a new 
installation, to consist of duplicate sets of compound in- 
verted-type enclosed forced-lubrication engines, direct- 
coupled to twin-impeller centrifugal pumps, delivering 
100 tons of water each per minute ® maximum 
static head of 20 ft., steam being sup from Babcock 
and Wilcox boilers. Tenders were invited for this plant, 





but, owing to the recent high prices, it was decided to 
postpone the installation and to proceed with the deepen- 
—— enlarging of the drains in the meantime. 

he latest plant to be erected in the South Level of 
the Fens is that which has just been put down by the 
Methwold and Feltwell Tenkenap Beant, The Methwold 
Fen until 1883 drained naturally through Sam’s Cut, 
which discharges into the River Ouse at Hunts Sluice ; 





Fie. 37. 
Fies. 36 anp 37. Sournsry Scoor-WaHeer 
AND ENGINE. 


outng to the sinking of the Fen it became necessary to 
instal artificial drainage, and in 1883 a dam with culverts 
was built across Sam’s Cut at Hunts Sluice, and an engine 
and pump erected. The culverts are: one for the pump 
discharge, closed by a self-closing tide-gate hung on gun- 
metal bearings; and the other to permit of natural 
drainage when the levels of the waters so allowed, which 
is closed by a cast-iron sluice-gate with guide-framing and 
lifting gear It is now many years since any water was 
drained naturally through this culvert; all has had to be 
pumped. The ogee is a 40-nominal-horse-power. semi- 
portable compound condensing engine, direct coupled to 
a horizontal shaft driving through ing a vertical- 
spindle centrifugal pump with d fan, the fan and 
spindle being suspended by an adjustable suspension bear- 
ing carried oncross-girdersat the top; the bottom and inter- 
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The engine is designed to give 90 brake horse-power 
at a speed of 210 revolutions per minute, the cylinders 
being 124 in. in diameter, with a 22-in. stroke. The 
engine generally follows the usual lines of up-to-date 
internal-combustion engine practice. 

The fuel-oil —- is arranged to work entirely without 
any packing, the plunger being a ground fit in the lapped 
pump-barrel, and is capable of very fine adjustment by 
means of the two lock-nuts on the end of the barrel. 
The suction and delivery valves are of a simple and 
reliable type, being plain balls controlled by springs ; 
all joints are made with metal-to-metal connections. 

The atomiser is constructed so that the oil-fuel enters 
the vaporiser in the form of fine spray, and is adjustable 
to suit the class of oil used. The fuel oil is stored in 
a tank outside of the building, from which it is led by 
a pipe to a small semi-rotary pump fixed to the engine- 
house wall, and by this means the fuel oil service tanks 
are kept supplied. A small heater is provided, through 
which part of the exhaust-gases are by-passed to heat 
thick heavy oils; and the necessary three-way cocks 
are fitted so that refined or fuel oil may be used as 
desired. Water-cooling circulation is obtained by means 
of a 2-in. centrifugal pump, belt-driven from a pulley on 
the end of the crank-shaft, the water being taken from 
the delivery side of the pumping-station and delivered 
into a tank, 6 ft. by 4 ft. by 4 ft., placed outside the 
building 10 ft. above floor-level. This tank provides for 
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an ample supply of cooling water at starting, and a 
constant flow of cold water when running. The oil used 
is ‘* Resoleum,” having a specific gravity of 0890 at 
60 deg. Fahr., a flash-point of not less than 200 deg. 
Fahr. by the Abel close test, and a calorific value of 
18,000 B.Th.U. The cont of oil is 0.481 lb. per 
brake horse-power per hour under full load, but even with 
this economical consumption the present price of fuel oil, 
which at this engine-house is 136s. per ton, does not 

rmit the cost of running a crude-oil engine to compare 
avourably with the cost of a steam plant. Oil-engines 
have, however, several advantages for small pumping 
installations in the Fens ; they can be started up quickly, 
run for a few hours only or for long periods, and then 
immediately shut down. 

The boiler feed-water from the Fens is very severe on 
boilers, as it contains a large amount of mud in suspen- 
sion and unknown chemical constituents, which come 
from the large quantity of artificial manures now used on 
the land. In out-of-the-way stations, such as this one, a 
saving is effected in the cost of carting oil as compa 
with coal, the nearest railway station being in this in- 
stance 7 miles distant, and water transport not being 
possible as in the majority of Fen pumping-stations. 

_ The pump, Figs. 41 and 42, stands on its own base, and 
is direct-coupled to the crank-shaft of the engine by a 
Zodel-Voith flexible coupling. It is designed to run at 
constant speed, and to deliver 22,400 gallons, or 100 
tons, of water per minute at a maximum head of 8 ft. 
manometric. The maximum power absorbed is 89 brake 
horse-power, and the guaranteed efficiency 66 per cent. ; 
as the head decreases, so the volume of water delive’ 
increases, the power absorbed remaining the same. 

Several features of the design are of interest, a single 
impeller of the shrouded-vane type being used ; the water 
enters both sides of the impeller simultaneously, so that 
there is no resultant end-tbrust on the shaft, and no 
thrust-bearing of any kind required. An adjustable 
collar is provided on the tail-bearing, in order to main- 
tain true alignment of the impeller with the casing. 

The volute is entirely external to the disk, and is so 
designed as to obtain the maximum possible conversion 
of velocity energy into pressure head. The casing is 
fitted with a side cover, so that the interior 
of the be may be quickly opened up for inspection or 
removal of the impeller, without breaking any pipe- 
Joints. Hand-holes and inspection covers are also pro- 
vided for the purpose of cleaning the propeller without 
opening the casing. Ring-oiling bearing pedestals are 
mounted on either side of the casing; as these are entirely 
external to the pump, they are therefore free from any 
liability to wear, owing to grit, which is always present in 
Fen drainage water. 

The most noteworthy feature in the design is the 
perfect self-regulation obtained without the use of any 
constricted pass or drum rotor. The effect of this 
self-regulation is that, whatever the variation of h 
against which the pump has to deliver, the engine is not 
overloaded, and this is of the utmost importance for 
pumps driven by oil engines, as they are unsuitable for 
working against continuous overloads. As the 


varies, the quantity of water pumped is automatically 





regulated so as to keep the power absorbed constant—the 
speed beingalso kept constant. This isobtained without 
any sacrifice in efficiency. The passages of the pump 
being clear and open offer no obstruction to weeds, sticks, 
&c., which are always present in Fen drains. Looking at 
the characteristic curve, Fig. 44, it will be seen that the 
horse-power line becomes practically horizontal, and 
actually drops slightly when the static head drops to zero. 

The arrangement of the suction and delivery pipes is, as 
far as is known, different from any other pumping plant 
in the Fens, full advantage being taken of the syphonic 
action obtainable. The stuffing-boxes are sealed by water 
under pressure to prevent air leakage, and the suction 
passages of the ae are of special design. So efficient 
1s the pump in this respect that when, owing to the water 
in the suction channel falling very low, air is sucked in at 
the suction bell-mouth, the pump will again take the water 
without recharging after an appreciable interval of time. 
The engine-house has been erected as cheaply as possible, 
consistent with the securing of a substantial building. 
Several innovations have been introduced to the district 
in this building, the principal ones being the use of 
‘*Eternit” slates for the roofing, the making of the 
window-sills, door lintel and gable copings in concrete, 
the constructing of the slab supporting the water-tank, 
also the roadway over the suction channel, in reinforced 
concrete. 

This a started running on March 24, 1913, so it has 
not yet the test of a winter’s work. It has, however, 
up to the present had a considerable a tof work to do, 
and at the beginning of May ran for five days and nights 
continuously without any trouble whatever. The in- 
stallation of this new pumping-plant will considerably 
increase the value of the land in this Methwold Fen, and 
— and potato crops will now be grown where formerly 
rough pasture only existed, Other fens could similarly 
be increased in value and in productiveness were the 
authorities controlling them only progressive enough to 
instal up-to-date pumping machinery and to take up the 
subject of Fen drainage on business lines. 








Tur LATE Mr. James SrerHen JEANS.—We regret 
to announce the death, which occurred at his resi- 
dence, Cedar House, Clapham Common, 8.W., on 
Thursday, July 31, of Mr. James Stephen Jeans, for 
many years the chief editor and one of the .principal 
proprietors of the Iron and Coal Trades’ Review. Mr. 
Jeans was born at Elgin, in 1846. He was appointed 
secretary to the Ironand Steel Institute in 1877, an office 
which he held until 1893, in which year he resigned. He 
was also secretary to the British Iron Trade Association 
from 1878 to 1908, and hon. secretary to the same 
Association since the latter year. Mr. Jeans was a man 
of very great activity; he edited a large number of 
statistical reports, dealing with the iron and steel in- 
dustry, and also published several pees works, 
among which we may mention : ‘‘Steel, its History, Manu- 
facture and Uses,” issued in 1880; ‘‘ England’s Supre- 
macy,” 1884; ‘‘ Railway Problems,” 1886; ‘“‘ Waterways 
and Water Transport,” 1888; ‘‘ Rings, Trusts, an 
Corners,” 1893; ‘‘Industrial Conciliation,” 1894; 
** Canada’s Resources and Possibilities,” 1904. He also 
reada number of papers before the Iron and Steel In- 
stitute, the ~— Statistical Society, the Royal Society 
of Arts, and the East India Association. Mr. Jeans 
was a Past-President of the Chartered Institute of Secre- 
taries. 





UNIvERSITY OF LONDON : APPOINTMENTS Boarp.—The 


red | Appointments Board, constituted by the Senate to assist 


graduates and students of the University in obtaining 
appointments, and to co-ordinate and “ene the 
work done by the schools and institutions of the Univer- 
sity in this direction, registers the qualifications of :— 
(a) graduates of the University of London; (b) graduates 
of other Universities who are students of London; 
(c) undergraduates in their last term, previous to entry 
on degree examinations. The fee for registration has for 
the present been fixed at 5s., renewable annually so long 
as the name is retained on the registers. The board re- 
ported to the Senate in June that since the appointment 
of a full-time secretary the work of the board had in- 
c to a very considerable extent. The secretary 
had visited permanent officials of many Government 
departments, and received promises of support in the 
work of the board; he had also visited the officials of 
the Oxford and Cambridge Appointments Board, the 
Teachers’ Registration Council, and a number of princi- 
pals, headmasters, headmistresses, and secretaries of 
educational organisations. The London Ohamber of 
Commerce, the Association of University Woman 
Teachers, the Central Bureau for the Seoleycent of 
Women, and various colleges and schools had exp 
their readiness and desire to co-operate with the board. 
Upwards of 200 graduates and students had visited the 
yy to seek specific advice. The secretary 
(Dr. A. D. Denning) will be pleased to give further in- 
formation and to see graduates at the central offices of 
the University, South Kensington (Room 23)on Wednes- 
day afternoons, 2 to 5, or ursdays, 12 to 1.30, or at 
rom od —_ by - ‘ 5 pace authorities, 
iness firms, and others having openings fer graduates, 
are asked to inform the secretary, who will forthwith 
notify the more suitable available graduates on_ his 
registers and use every endeavour to secure the candida- 


ead | ture of the most capable applicants. Approximately 


1000 posts have been notified to suitably - qualified 
graduates registered with the board within the last three 
months and many appointments secured. Further regis- 


head | trations of well-qualified graduates and students are now 


necessary 





“TUBE” VENTILATION. 
To THe Enmiror or ENGINEERING. 

Srr,—Our oldest “tube” has by no means a monopoly 
of bad ventilation. Let anyone who doubts this visit the 
Tottenham Court-road Station of the Charing Cross and 
Hampstead line any afternoon, and he will realise that 
the problem of ‘ tube ” ventilation has not even yet been 
quite satisfactorily solved ; an offensive odour, combined 
with a thermometer at or near 75 deg., proclaims the 
need of a more adequate supply of cool, fresh air than 
the yo appear to have provided. I admit the 
great difficulties, especially at a junction station ; but I 
cannot help thinking that something might be done. 
Years ago I suggested that air should be driven down at 
alternate stations, and driven up at intermediate ones 
Lo pay by way of the emergency stairs); and it is 

‘ifficult to see how in that case there could be any short 
circuiting, if proper precautions were taken. 

I am, Sir, your obedient servant, 
Immo 8S. ALLEN. 

London Institution, Finsbury-circus, E.C. 





THE PANAMA CANAL: EMERGENCY DAMS. 
To THE Eprror oF ENGINEERING. 

Srr,—I have read with great interest your description 
of the above-named work. It appears to me that there 
muy be experienced difficulty in making anything like a 
water-tight dam with the falling wickets adopted. 

I should have thought it would have been better to 
have swung a complete gate over the canal and lowered 
it into gap abutments in the side of the canal, the gate 
ends being provided with rollers. 

Yours truly, 
Ewell, Surrey, August 4, 1913. Henry Davey. 





Tue Beir Fectowsuirs ror Screntiric Reskarcu.— 
We are informed that at a recent meeting of the govern- 
ing body of the Imperial College, Mr. Otto Beit informed 
his colleagues of his intention to found three fellowships 
for scientific research to be held at the Imperial College. 
Mr. Beit’s intention in founding these fellowships 
is to foster only the highest research. The fellowships 
will be limited to Europeans, men or women, who have 
graduated at universities in the British Islands, Colonies 
and Dominions, or who are recognised by the trustees to 
be of the same standing. The annual value of each 
fellowship is not to exc 150, 





Tue Royat Instirote or Pusiic Heautru. — On 
Thursday, the 31st ult., a number of Press representa- 
tives were received at the Royal Institute of Public 
Health, 37, Russell-square, W.C., by Professor William 
R. Smith, M.D., D.Se., LL.D., F.R.S.Edin., who gavea 
most interesting account of the history, the aim, and the 
work of the Institute. The party then visited the Lever 
Museum at the Institute, a museum provided through 
the kindness of Sir William H. Lever, Bart. ; it contains 
an admirable collection of micro-organisms connected 


qd | with the more important infectious diseases. An ins’ 


tion was then made of the various laboratories, in which 
a number of different analyses were explained by the 
Professors attached to the Institute. The Council desire 
it to be known that their bacteriological and other 
laboratories are at the complete disposal of the public 
and of all the municipalities a the kingdom for 
analyses. The Professors at the Institute will always be 
glad to report upon specifications dealing with the health 
of the community, and to give thei advice in reply to 
inquiries dealing with all sanitary subjects. 


Tue Copper Market.—In their monthly report, dated 
the 1st inst., Messrs. James Lewis and Son state that 
copper has been subject to considerable fluctuations 
during the past month. From 63/. 15s. for cash standard 
on the Ist ult., it fell to 627. 2s. 6d. on the 15th, with 
three months’ prompt selling at 62/. 5s. From this point 
there was a steady advance to 67/. 7s. 6d. for both cash 
and three months’ on the 28th, followed by a reaction 
next day to 65/. 17e. 6d. cash and 65l. 15s. three months, 
and a recovery of 5s. on the 30th, with a further advance 
to 671. 3s. 9d. on the 3lst. On the lst inst. the closing 
value was 67/. 7s, 6d. cash and three months’ prompt. 
The month’s sales amounted to about 35,000 tons. Bears, 
taking advantage of the fall, and also being frightened 
by the rapid advance, have to a large extent covered 
their sales, and a bull account then preponderated. The 
advance in standard was due to the sales of electro- 
lytic copper effected by the leading American refiners at 
14 up to 15 cents per pound, and at 64/. 10s. to 697. per 
ton c.i.f., estimated at about 50,000 tons. The 
portion of this was sold at the lower price, and, finding 
manufacturers for both home and European consumption 
eager to buy, the vendors gradually raised their terms to 
the higher level. The activity was enhanced Vs strikes 
at the Lake oe Mines, with the possibility of a 
considerable uction in their monthly production of 
8500 tons. The strike at one of the refiner’s works, which 
reduced the output during June, and with it the stocks, 
was at an end, so increased output and stocks may be 
looked for when the July returns are received. Exports 
from the United States for the past month were advised as 
29,096 tons. Messrs. Lewis’s statistics for the half-year 
showed a decrease in the consumption of foreign copper 
in Europe of 13,718 tons, that of Germany being 1 
tons, against 109,727 tons in the same period last year. 
The imports into Germany from the United States were 
retu: at 98,950 tons, whereas the exports from the 
Unived States to Germany and Holland yh = Custom 
House returns were 114,242 tons, there being thus a 
y oa of over 15,000 tons between the two total 

gures, 
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THE SPANISH BATTLESHIP 


(For Description, see Page 175.) 


“ESPANA.” 
CONSTRUCTED BY THE SOCIEDAD ESPANOLA DE CONSTRUCCION NAVAL, AT THE ROYAL DOCKYARD AT FERROL, SPAIN. 














CanaDIAN Raitway Construction. — A Canadian 
Northern Railway branch from North Battleford to 
Prince Albert is nearly completed. The new line will 
secure the carriage of a large amount of grain which has 
hitherto been moved with difficulty in the district. The 
Canadian Pacific Railway Company has large construction 
gangs working at both ends of a line through Southern 
Alberta from Weyburn to Lethbridge. The line is 400 
miles in length, and it will serve a developed grain area 
and add some 60 grain-buying elevator stations to the 
Lethbridge district. A Canadian Northern line from 
Quebec via Montreal and Ottawa to Port Arthur will 
be ready for traffic by the time navigation closes this 
year. The line will take the Canadian Northern system 
through the summit of the Rockies in British Columbia ; 
communication thence to Vancouver will probably be 
completed three months later. Mr. Gutelius, general 
manager of the Dominion Government Railways, who 
has returned from a trip over the Intercolonial system 
with the Minister of Railways and Canals, announces 
that engineers are now examining the Intercolonial lines 
with a view of reducing ients. This will involve 
some reconstruction as well as some alteration of route. 
For example, some 20 miles from Point Tupper to Sydney, 
Nova Scotia, will have to be rebuilt. A considerable 
change is also contemplated between Truro and Amherst, 
Nova Scotia ; the section includes the Foleigh Mountain 
division. Double tracking of the Intercolonial line will be 
carried out as the necessities of the case require. A new 
terminus is to be built at Halifax. 





CALCULATOR FOR AREAS AND VOLUMES.—Messrs. Gall 
and Inglis, of 31, Henrietta-street, Strand, W.C., have 
recently added the ‘‘ Flash” ca:culator for determining 
areas and volumes to the series of reckoners referred to in 
@ paragraph on Page 412 of our issue of March 21 last. 

e instrument, which is got up in the form of a book and 
measures 3} in. by 94 in., works on the slide-rule prin- 
ciple, the scales being printed on thin card, and the sliding 
scales mounted on veneer oak. There are two sets of 
scales, each set consisting of three stationary scales and 
two sliding scales. The first set is divided logarithmi- 
cally into feet and inches, and enables areas up to 
20 sq. ft. and volumes up to 100 cub, ft. to be obtained at 
once from dimensions given in feet and inches. The 
other set of scales, which is divided into units and eighths, 
gives areas up to 1000 and volumes up t> 100,000 in yards, 
feet, inches, or any other unit oflength. The instrument 
thus saves the trouble of converting inches to decimals of 
a foot, and vulgar fractions to decimal fractions, as is 
pacer | when making similar calculations on an ordi- 
nary slide-rule. The results obtained ap; to be suffi- 
ciently accurate for many ay oy = and doubtless its low 
price of 3s. 6d. will render the instrument available to 
many persons who would not feel inclined to purchase a 
more expensive one. We think the calculator would be 
rather more convenient to use if made to work hori- 
zontally instead of vertically as it is at present. It will, 
however, probably be found very useful as it is to engineers, 
architects, builders, and others having to make rapid 
caloulations of areasand volumes in getting out estimates, 
quantities, and other similar work. 
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CO-ORDINATION OF ENGINEERING 
RESEARCH. 

Tue proposal for the formation of a ‘“‘ clearing- 
house of engineering information,” which was dealt 
with by Mr. G. H. Roberts in his paper read before 
the Institution of Mechanical Engineers at Cam- 
bridge, last week, is likely to be received with 
favour by the ong the members of the engi- 
neering profession. This is well as far as it goes, 
but if anything of value is to come from the matter 
something more is required. A genial assent may 
be flattering to the proposer of a difficult move- 
ment, but is not very helpful. A little dry criticism 
is like.y to be more useful. Being ourselves in 
favour of the present proposal, we will not indulge 
in dry criticism, but we desire to point out some of 
the difficulties which must be faced if any such 
scheme as that suggested is to come into being. It 
will be seen from our report of the meeting, given 
in our present issue, that some of these difficulties 
were touched on by various speakers in the discus- 
sion which followed the reading of the paper. 

In examining this matter in any detail, it is first 
of all necessary to decide what it is that we are 
talking about. Mr. Roberts’s paper, it seems to 
us, rather involves two issues. Read by itself, 
and without the inclusion of the quotation from 
Sir H. F. Donaldson’s presidential address,* it 
would seem to have concerned itself with the for- 
mation of a clearing-house of engineering informa- 
tion which would collect, collate, and publish the 
results of researches carried out by Government 
departments, college staffs, private firms, indi- 
viduals, and, in fact, by anybody, on any subject 
of engineering interest. This is a quite clear and 
definite proposal, but in the quotation we have 
already referred to reference is made to a pro 
‘* Engineering Research Committee,” the duties of 
this Committee, as sketched by Sir H. F. Donald- 
son in his presidential address, being the ‘‘ organ- 
ising, co-ordinating, and assisting ’’ of research. 
It is clear that these duties are quite other than 
the mere collecting, collating, and publishing of the 
results of research, and to discuss this subject 
satisfactorily there must be an initial understanding 
of the scope of the work which the proposed clear- 
ing-house or committee is to undertake. We do 
not wish to do Mr. Roberts any injustice, but it 
seems to us that, by his quotation from Sir H. F. 
Donaldson, he definitely introduced the idea of 
a body organising and assisting research, while 
such duties are in no way implied in the remaining 
parts of his paper. That these dual ideas were 
present in the paper is clearly shown by the discus- 
sion which followed it. The remarks of Professor 
Hopkinson and Rear-Admiral Little obviously re- 
ferred to a research committee, while those of Mr. 
C. W. James, for instance, equally implied that no 
question of organising or assisting research was 
under discussion. 

Although the ideas of what we may briefly call 
a clearing-house and a research committee are 
separate, they are not antagonistic. The duties of 
one might well be grafted on and grow from those 
of the other. If any effort is made to form a body 
for the co-ordination of engineering research, it 
might well concern itself in the first instance with 
the organisation of a clearing-house, leaving to a 
later date the more difficult problem of a research 
committee. If the clearing-house proved a success 
in practice, its scope might ultimately be enlarged 
until it became itself the research committee. 
at the matter from this point of view, it 
will be logical in the first instance to consider what 
work the clearing-house might do and how it 
might do it. 

e simplest work it could undertake would be 
the collecting, collating, and publishing of all the 
engineerin work of which it could obtain 
details. The publication might take the form of a 
mere index of work done and being done, which would 
inform inquirers where to look for information on 
the subject: they desired ; or it might be extended 


207 to the publication of abstracts and results which, 


in themselves, might oe to impart sufficient 
information to be of value to experimenters or to 
manufacturers. Either of these forms of publica- 
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| tion might be of much value if they were well carried 
out ; but if they were not done well, they would be 
better not done at all. This class of work is usually 
not satisfactory. Charles Reade said somewhere in 
the ‘‘Cloister and the Hearth” that there were about 
three people in every great nation who were capable 
of fairly abstracting evidence. The remark might, 
without much exaggeration, be extended to cover 
the compilation of indexes and the abstraction 
of scientific information. However, if the pro- 
posed clearing- house had sufficient funds to 
employ an adequately trained staff, it might publish 
matter which, if not perfect, would none the less be 
of value. The clearing-house would presumably be 
of such authoritative complexion that it would have 
greater access to original sources of information than 
the bodies which at present publish indexes and col- 
lections of abstracts. If it had not, it would be of 
no value. An amateur press-cutting agency in the 
mantle of the Engineering Standards Commaiinen is 
not wanted. It is difficult to estimate the value 
which engineers in general can extract from the 
present publications of the class we are dealing 
with, but it is very germane to the point to remem- 
ber that a recent proposal to the effect that the 
Institution of Mechanical Engineers should under- 
take the publication of such matter was received by 
the body of the members in a manner very far from 
enthusiastic. 

It is obvious that the type of co-ordinating com- 
mittee we have so far dealt with is a very dif- 
ferent thing from that contemplated by Sir 
Frederick Donaldson when he spoke of his proposed 
Engineering Research Committee in his recent 
presidential address. We have dealt with it as we 
think it essential that, if this subject is to be 
adequately discussed, every form which the com- 
mittee might take should be duly considered. An 
extension of the duties of the committee, as we 
have so far sketched them, might cover not merely 
the preparation of indexes and abstracts, but 
also the preparation of indexes and abstracts of 
selected matter, and accompanied by explanatory 
theses. As far as we understand Mr. berts’s 
— he proposes something of this nature, 

e are, of course, aware that all present publica- 
tions of the type we are deali with are 
confined to selected matter, but the type of 
publication we now have in mind would cover 
something more than indexes or catalogues from 
which obviously trivial or unnecessary references 
were excluded. To explain it more fully, we 
cannot do better than refer to the admirable 
report on ‘*Heat Transmission,” which was 
pre for, and presented to, the Institution 
of Mechanical Engineers by Professor Dalby in 
1909. This report certainly contained an exhaus- 
tive index, sal aout abstracts were made in 
conjunction with it; but in itself it covered a 
review of the work already done on its subject, 
digested, condensed, and presented in such a way 
that any inquirer was put in a position which he 
could otherwise only have attained by months or 
years of study. If the clearing-house could sum- 
marise the work done, and the import of the work 
done on other subjects, in the way Professor Dalby 
did for heat transmission, and, in addition, could 
keep in touch with all new work being carried out, 
it might serve a very useful purpose by preventing 
the duplication of experiments, and sualesion the 
results of research of general value to the profession. 

We have already spoken of the difficulty of getting 
indexing and abstracting work adequately done. 
The difficulty is frequently partly one of expense, 
and we are afraid this consideration would arise 
with any form of co-ordinating committee. The 
difficulty is, however, also one of finding a per- 
sonnel which is capable of doing the work in 
such a way that the final results are likely to 
justify it having been done atall. This difficulty 
would be great with a mere indexing committee. 
It would be greater if any attempt was made to 

ublish summaries on the lines of Professor 

Iby’s ‘‘ Heat Transmission.” Professor Dalby 
and men of his stamp would hardly be prepared 
to spend any large proportion of their professional 
lives in summarising other people’s work. If the 
matter is pushed further, and a committee ‘‘ orga- 
nising, co-ordinating, and isting” research is 
considered, these difficulties would be added to 
by many new ones of a quite different nature. 

To examine —_ of — a Ante 
necessary to consider w wor e@ pro 
Engineering Research Committee might do. Sir 
Frederick Donaldson suggested that it might 
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organise, co-ordinate, and assist. The second of 
these duties may be held to cover the class of work 
with which we have already dealt ; but, in addition, 
it must be considered partly in conjunction with 
the first. To organise and co-ordinate research 
means just as much as one cares to make it mean. 
If it means that all important existing bodies or 
individuals doing, or supervising, research work 
are to put themselves in communication with a 
central ort which will advise them of ell work 
similar to their own which has been carried out, and 
is being carried out, it might perform a very useful 
function. Itis clear, however, that the central body 
must be of such an authoritative nature that other 
important bodies will be prepared to accept its 
information as final. To ‘‘ organise and co-ordi- 
nate” research may, however, mean more than this, 
and must almost of necessity mean more if the words 
are taken in conjunction with the word ‘ assist.” 
They imply some sort of control and dictation, 
and it is here we fear that great difficulties may 
arise. Professor Hopkinson, in discussing Mr. 
Roberts’s paper, suggested one of them when he 
said that research was largely a personal matter, 
and that it was undesirable to fetter its indi- 
viduality. This is a most important aspect of the 
matter, as will be recognised without our enlarging 
on it. In some form or other we fear it would be 
found always to crop up if any attempt at control 
was made by the committee, and unless some 
control was attempted the committee could not, 
properly speaking, organise, co-ordinate, and assist. 

It is very clear that the difficulties of control 
might be avoided by the committee itself under- 
taking researches ; but if it did this, it would at 
once put itself on a level with any other body 
at present undertaking such work. It could not 
itself undertake all researches, and the final result 
would be a further addition to the overlapping that 
the committee would exist to eliminate. We do 
not wish to pronounce any hasty opinion on the 
subject, but on the whole we incline to think 
that the committee should certainly be advi- 
sory only. It would in that state achieve and 
retain more authority. If it had any funds, it 
might make donations towards research, but it 
would almost certainly be better that it should 
make no attempt to control even a research 
carried out at its own expense. It would have 
adequate knowledge to enable it to bestow its gifts 
where they would be used fairly. There are many 
other difficulties that would arise in connection with 
the establishment of a research committee, such 
as that of the source of funds and the constitu- 
tion and election of a body that was to repre- 
sent technical institutions, Government depart- 
ments, colleges, manufacturers, and individuals. 
We have not space to deal with these matters at 
present ; but Sir Frederick Donaldson’s suggestion 
is of such importance that it may well be returned 
to on another occasion. In conclusion we would 
like to say that we well realise that this article is 
not constructive. It is not intended to be. The 
subject is not one for hurried decision, and a frank 
discussion of some of its aspects is likely to prove 
of more value than any premature attempt to pro- 
duce a final scheme. 





INDUSTRIAL AGREEMENTS. 

In the month of June last year the Government, 
through the President of the Board of Trade, asked 
the Chief Industrial Commissioner ‘‘ to inquire into 
certain matters which appeared to the Government 
to be difficulties in the way of peaceful and friendly 
relations between employers and workmen.” The 
questions upon which the Government desired to 
lay special stress were :—(1) The best method 
of securing the due fulfilment of industrial agree- 
ments; and (2) how far, and in what manner, 
industrial agreements which are made between 
representative bodies of employers and of work- 
men should be enforced throughout a particular 
trade or district. 

The Industrial Council have now issued a paper* 
containing their report on the inquiry undertaken 
at the request of the Government. In the course 
of this inquiry thirty-eight meetings were held, at 
twenty-nine of which evidence was heard from 
ninety-two witnesses representing the employers 
and workpeople in the majority of the principal 
industries of the country. The report is divided 


* Report oa Taquiey into Industrial - Agresments. 
[Cd. 6952.] London; Wyman and Son. [Price 24d. | 





into two parts, which form the replies to the two 
queries which the Council had to deal with. In 
the opening statements it says that an industrial 
agreement ‘‘ may be described as an arrangement 
arrived at by employers and workpeople with a 
view to formulating the general conditions of em- 
ployment in a particular trade and district.” The 
Council finds that this arrangement ‘‘is essentially 
different from the contract of service entered into 
between an individual employer and an individual 
workman,” and adds that ‘‘it is in most cases arrived 
at because the employers and workpeople think that 
a collective agreement is a desirable method of for- 
mulating what they have agreed shall be the prin- 
cipal terms governing the contracts of service 
between individual employers and individual work- 
men.” Both sides recognise, adds the report, that 
they are under a strong moral obligation to observe 
agreements which have been entered into by them 
or by their representatives on their behalf. It 
may occur, however, that the signatories, though 
acting in good faith, signified their assent to the 
terms of an agreement, but were unable subse- 
quently to carry their constituents with them. ‘‘ In 
fact, the agreement, regarded as a compact made 
by the constituents of those who signed it, was no 
agreement, and in such circumstances the case 
would seem to be one for further adjustment by the 

arties.” In regard to the arrangements arrived at 

y employers and workpeople, there is another 
difficulty, which is this :—‘‘The form of words 
adopted is frequently only an approximation to the 
real intentions of the parties, the stress of the 
moment rendering it impracticable (sometimes 
even undesirable) to enter into a strict analysis of 
the ible literal meanings of a form of words 
which has been suggested by one side or the other, 
or has been evolved in the course of long sittings, 
during which considerable feeling may have been 
displayed. Hence it sometimes happens that when 
the agreement comes to be put into practice different 
interpretations may be placed upon some part of 
the document.” 

Considering all these difficulties of principle, 
the Council must have felt themselves seriously 
hampered from the very commencement of their 
investigations. Indeed, we fail to see that their 
recommendations will tend to secure the due 
fulfilment of industrial agreements. In the case 
of these, they find, circumstances may arise, 
subsequent to the date of signing, which might be 
held to justify a right of relief from the whole or 
some part of the agreement. ‘‘A study of the 
circumstances leading up to the conclusion of an 
agreement and of the circumstances subsequently 
existing will frequently be found to indicate that 
some amount of elasticity is inevitable.” And in 
regard to this, they state that industrial agreements 
cannot fairly be compared with the ordinary com- 
mercial contracts om between individuals or cor- 
porate bodies, where the terms of the contracts are 
decided upon by the principals directly concerned. 

This is a very unsatisfactory pronouncement on 
the part of the Committee, for it seems to admit 
the reasonableness of agreements being repudiated 
if they do not suit one party or the other. The 
essence of a negotiation is that when a decision is 
arrived at and accepted by both parties, it shall be 
loyally kept. Of course, no treaty, either between 
sovereign States or industrial bodies, is for all time, 
because such a compact can only apply to conditions 
which obtain at the time, and it should always be 
capable of being reconsidered upon reasonable 
notice being given. Unfortunately, the members 
of trade unions seldom realise the difficulties of 
their leaders. They talk among themselves, and 
hear only one side of the subject, while their 
leaders find themselves confronted with hard facts 
not known to the rank and file. They make the 
best bargain they can for their supporters, and it 
generally comes as a disappointment. Neverthe- 
less, the bargain ought to be observed, and it 


is unsatisfactory to find the Industrial Council | 


palliating the breaking of agreements. 

The report discusses the question of monetary 
guarantees and penalties, and contains alsoa number 
of paragraphs dealing with the duration and the ex- 
tension of agreements,and recommends thata reason- 
able length of notice shall be given by either party of 
an intended change affecting conditions as to wages 
and hours, and further that there shall be no stop- 
page of work or alteration of the conditions of 
employment until the dispute has been investigated 
by some — tribunal and a pronouncement made 
upon it. the whole, the Committee are averse to 





monetary penalties, because they think that the risk 
of them would tend to deter working men from 
entering into voluntary agreements, and that, on 
the whole, their effect would be prejudicial to the 
cause of industrial peace. The greatest length to 
which they go is to give a qualified approval to the 
suggestion that those who have been convicted by 
an impartial tribunal of breaking agreements shall 
receive no financial assistance from their organisa- 
tions. 

Six of the members of the council signed the 
report in question with a number of reservations, 
which we reproduce below, since they throw a clear 
light upon the whole matter forming the subject of 
the investigation. These six members are of opinion 
that the arrangement made between an employer, or 
a group of employers, and persons purporting to re- 
present the trade-union organisation of the men 
employed, must be deemed to be a bargain made 
between each employer and the men in his em- 
ployment, whether members of the trade union or 
not. Itis binding only to a very modified extent, 
for it leaves employer and workman alike free to 
terminate the relation between them under the 
ordinary notice. This is a right which neither 
party is willing to surrender. The arrangement 
goes no further than to set out the conditions of 
wages, hours, and other matters, on which those 
responsible for it consider employment ought to be 
offered and taken. It is clear that if such condi- 
tions are fair to A, they must be fair to B, whether 
A and B be unionist or non-unionist. For this, 
among other reasons, they hold compulsion to be 
inadmissible as a means of obtaining the adherence 
of the parties to the arrangement. They are, 
moreover, of opinion that no statutory compulsion 
could, in fact, be enforced, nor would any penal- 
ties, whether monetary or other, be of avail. It is 
difficult, if not impossible, to give effect to the civil 
remedies, which the parties already possess in the 
only circumstances (that of a general strike or lock- 
out) when they might be of some use. How much 
less possible would it be to put into operation penal 
clauses at such a crisis. 

In the great organised industries it is admitted, 
add the members in question, that arrangements 
are carried out in a fairly satisfactory manner, 
and that it is only under circumstances of unusual 
tension that failure occurs. It is averred that this 
failure is as frequent on the side of the employer 
as of the workman. They offer no opinion on the 
accuracy of this statement. In any case, consent, 
which is admitted to be the best ground on which 
to build, is found to afford a fairly sure founda- 
tion. It is proposed, under certain circumstances, 
that when an agreement has been arrived at 
between an employers’ association and a trade 
union, the Board of Trade shall have power to 
extend the operations of this agreement to other 
employers and other workmen, to prevent the 
agreement being exposed to the strain of outside 
competition. The dissentient members think that 
the compulsion which it is sought to impose might 
lead to intolerable tyranny. Small manufacturers 
carrying on various industries might find themselves 
hampered in a way calculated to prevent that pro- 
gress which it is the interest of the community at 
large to promote. The modern tendency is to 
limit the number of these industries in a manner 
to be regretted, for they form avenues of advance- 
ment which it is important to keep open. The six 
members cannot be parties to advising a course 
which would, in their opinion, have the effect 
suggested. 

A further consideration to which, in their opinion, 
great weight attaches, relates to the position of the 
general public. It is not difficult to conceive 
circumstances in which the interests of a majority 
of the employers and their workmen might be at 
variance with those of the general community. If 
the other employers and workmen were compelled 
by law to accept the decisions of such a majority 
and to regulate their practice accordingly, it might 
have the result that prices would be artificially 
forced up, in the interests of a particular trade, to 
the great detriment of the consumer. The burden 
of this advance would fall on people who would be 
unable to protect themselves against the legalised 
tyranny inflicted on them by a strongly organised 
combination of employers and workmen, repre- 
senting, it might be, but a small majority of 
the producers of some important article of 
consumption. 

They recognise fully the advantages of thorough 
organisation to both employer and workman, but 
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they do not disguise from themselves that it has 
also serious drawbacks. These drawbacks are 
greatly reduced when the organisation is based on 
consent, and they do not see their way to 
recommend any departure from this method. 

They had desired to add to the report some com- 
ments upon the effects of the Trade Disputes Act, 
1906, which, it is claimed, militates seriously against 
the fulfilment of industrial agreements. It has been 
stated that, as the law now stands, certain sections 
of the communityare relieved from effects of conduct 
which, if pursued by other persons, would entail 
serious consequences. If this be so, the immunity 
in respect of the commission of wrongful acts is, 
they believe, without precedent. The question of 
the provision of adequate and effective protection 
to men who wish to work is part of the same 
subject. As, however, the evidence taken upon 
these matters has not been very extensive, and as 
they have not been specifically referred to the 
Council in the terms of reference, they do not 
comment further upon them, but they consider 
that an inquiry into these questions would be valu- 
able and they think it should be undertaken with- 
out delay. 

The members who recorded the reservations 
given in the foregoing do not appear to find indus- 
trial agreements to be surrounded with any very 
great amount of difficulties. These agreements are 
simply bargains made between an employer and 
the men in his employment ; to the mind of these 
members these bargains contain an adequate degree 
of elasticity, since they are binding to a limited 
extent only, and leave both the employer and the 
men alike free to terminate the agreement under 
the ordinary notice. In these circumstances the 
question may well be asked as to whether the 
Council as a whole was justified in making a 
difference between a commercial contract and an 
industrial agreement. In any case the reservations 
in question place the problem on a new standpoint, 
and it is to be hoped that the Council will con- 
tinue investigations on their basis, and deal at the 
same time with the other points raised. 





PANAMA CANAL AND AMERICAN 
TRANS-CONTINENTAL RAILWAYS. 
THE economic consequences of the opening of the 
Panama Canal will be far-reaching, and will affect, 
directly or indirectly, most of the commercial 
countries in the world; but they will affect in a 
very special way those American countries having 

rts on both the Atlantic, or Caribbbean, and 
Pacific coasts. These countries include Canada, 
the United States, Mexico, Guatemala, Spanish 

Honduras, Nicaragua, Costa Rica, Panama, and 

Colombia. All these, with the exception of 

Honduras, Nicaragua, and Colombia, have railway 

communication between the two oceans; and the 

result will be competition for the traffic, trans- 
continental or trans-isthmian, as the case may be, 
between the various railway companies and the 
canal. The cereals and fruit of North-West Canada, 
as well as much of the timber and fish of British 

Columbia, will probably reach the British market 

by way of the canal. Some of the produce of the 

Pacific Slope of Mexico, Guatemala, Costa Rica, and 

Panama may also reach its European markets by 

the canal route, but the lesser lagtha, in these 

cases, of the trans-isthmian railways, as compared 
with those of the trans-continental systems of 

Canada and the United States, will render their 

competition much more formidable. 

Two of the trans-isthmian railways—namely, 
those of Mexico and Guatemala—are subject to 
political disturbances, of a class not so likely to affect 
either the trans-continental railways of Canada and 
the United States or the trans-isthmian railways of 
Costa Rica and Panama, and this liability to inter- 
ruption from civil war will operate seriously against 
Mexico in particular in the competition with the 
Panama Canal. Of all the Latin American States 
which half encircle the Caribbean Sea, Costa 
Rica alone has, within recent times, been free from 
& succession of military dictatorships. A similar 
dictatorship would inevitably have resulted in the 
Republic of Panama, after last year’s presidential 
election, had not the United States Government 
interfered and effectually prevented a mock election 
which it was intended to carry through under police 
intimidation. 

Although conditions are thus favourable in some 
respects, the Costa Rica railway, from Punta Arenas 
on the Pacific to Port Limon on the Caribbean Sea, 


can never be a serious competitor with the Panama 
route, nor can the railway further north between 
San José de Guatemala and Port Barrios. It 
remains, therefore, to consider the only formidable 
railway competitor, the Tehuantepec Railway, which 
crosses the isthmus that Cortéz predicted would be- 
come the great highway across the continent, and 
which was termed by Humboldt ‘‘ the bridge of the 
world’s commerce.” This route, opened in January, 
1907, has proved an undoubted success, and now 
carries a total annual traffic of about 1,500,000 tons. 
There are good harbours at each end of the road— 
namely, at Salina Cruz, on the Pacific, and Coatza- 
coalcos, or Puerto Mexico, on the Caribbean— 
equipped with excellent machinery and appliances 
for loading freight. This route shortens the 
distance between the East and the West by 
several days. As compared with the distances by 
the Panama route, the saving by the Tehuantepec 
route between New York and Hong Kong is 
1351 miles, between New York and San Fran- 
cisco 1173 miles, and hetween New Orleans 
and Hong Kong no less than 2035 miles. Com- 
paring the Tehuantepec route with other world 
routes, the saving is even more striking. The 
route from New York to Yokohama, via Cape Horn, 
is 19,802 miles, that via the Cape of Good Hope is 
18,085 miles, via the Suez Canal 15,527 miles, and 
via the Panama Canal, 11,256 miles, whereas the 
distance via the Isthmus of Tehuantepec is only 
10,006 miles. The only question is whether, leaving 
out of account for the moment the difference 
between canal tolls at Panama and railway freight 
at Tehuantepec, this saving of 1150 miles would be 
counterbalanced by the cost and delay of trans- 
shipment. The above figures, and others which 
might be given, also show that the Panama will 
compete in a certain degree with the Suez route, 
while it will also compete with the Cape of Good 
Hope route and with the present route via Cape 
Horn from Australia to England. 

The bulk of the merchandise received at Salina 
Cruz is sugar from Hawaii destined for the refineries 
of New York and Philadelphia. On the return 
voyage these sugar steamers can make low rates on 
general merchandise freight, which is carried down 
to Puerto Mexico, then across the Isthmus, and 
again loaded on the Pacific steamers which sail up 
the coast to San Diego, San Francisco, and Puget 
Sound, and, after discharging the bulk of their 
cargo there, sail to Hawaii for another cargo of 
sugar. Sugar and bulk freights can be transferred 
at a low cost per ton from ship hold on the Pacific 
to ship hold on the Caribbean Sea, and in about 
two days. That will give a saving in time of two 
days to the railway, since it will take about four 
days to sail the extra distance by way of the 
canal. There would also be the saving on the 
canal toll, but whether these together would 
counterbalance the cheap freights of modern cargo- 
steamers, sometimes as low as 2s. per ton per 
1000 miles, can only be determined in the future. 

It is probable that some classes of freight whose 
cost of transfer between Salina Cruz and Puerto 
Mexico is much higher than that of sugar, and 
which is not so easily and speedily handled, will 
seek the Panama in preference to the Tehuantepec 
route. 

Be that as it may, the general consensus of expert 
opinion is that the Tehuantepec Railway, with its 
excellent terminal facilities, is likely to prove a 
serious competitor of the Panama Canal. If, 
further, certain arrangements entered into with 
numerous steamship lines and with some of the 
great United States railway lines are properly 
carried out, this railway is likely to become a high- 
way of very considerable importance. 

While the Tehuantepec Railway is subject to 
interruption at the hands of Mexican rebels, the 
Panama Canal is, even if remotely, liable to serious 
interruption at the hands of Nature, for though 
Mexico is also subject to seismic disturbance, the 
consequences of an earthquake disturbance on a 
lock canal would be infinitely more serious than on 
be railway. The United States does not fear in- 
_ ternal disturbance from Panamanians, but, in spite 
of that, between two and three millions sterling are 
being spent on fortifications, chiefly at the Pacific 
end of the canal, indicating that disturbances are 
feared from without. The Hon. James Bryce, in 
his recent book on South America, minimises the 
importance of this yet ‘‘unconjectured enemy ” 
from ‘‘some unknown direction,” and the question 
is, of course, a somewhat delicate one to touch; 
yet nearly all Americans on the Canal zone, and 











most in the Western States, and many even in the 
Eastern States, have settled in their minds who 
that foe is likely to prove. 





THE DANGERS OF CONTRACTS WITH 
LOCAL AUTHORITIES. 

WE have frequently had occasion to discuss the 
legal aspects of contracts with local authorities, but 
we make no apology for returning to the subject 
when a new case in the courts throws fresh light 
upon it. As our readers are doubtless aware, 
Section 174 (I.) of the Public Health Act, 1875, 
provides that every contract made by an urban 
authority whereof the value or amount exceeds 
50/. shall be in writing and sealed with the common 
seal of such authority. On this ground (to quote 
one example from among many) an engineer 
employed by the surveyor to the local board, in 
pursuance of verbal directions of the board to 
prepare plans for offices, was held by the Court of 
Appeal not to be entitled to recover the cost of the 
making of the plans. 

There are, of course, certain reasons why the 
formality of the seal is insisted upon. In the main 
it is for the protection of the ratepayers. After all, 
the local authority are the trustees of public money, 
which must not be spent with an incautious hand. 
But there are certain exceptions to the rule that the 
contract of a corporation must be under seal. 
In the first place, if the acts done are such as 
the corporation is appointed to do, the seal need 
not be used. This exception, which varies the 
common law rule, in the case of corporations and 
local authorities other than urban authorities, has 
frequently been recognised by the Courts. So 
when the contract falls within the purposes for 
which the corporation was created, and has been 
executed, if the corporation have received the 
goods or accepted the benefit of the contract, it 
has been held that the objection that the contract 
is not under seal is then no longer tenable. Thus 
the guardians of a union gave a verbal order for 
iron gates for the union workhouse. The gates 
were supplied, and used for the pur It was 
decided that the contract for the gates was incident 
to the purposes for which the guardians were in- 
corporated, and was therefore within the exception 
to the general rule requiring the contracts of cor- 

rations to be under seal. In Clarke v. Cuckfield 

Jnion (21 L.J., Q.B. 349), Mr. Justice Wightman 
said :—‘‘ Wherever the purposes for which a cor- 
poration is created render it necessary that work 
should be done, or goods supplied, to carry 
such purposes into effect, as in the case of 
the guardians of a r-law union, and orders 
are given ata board, regularly constituted, having 
general authority to make contracts for goods 
or work necessary for the purpose for which 
the corporation was created, and the work is done 
and (or) goods supplied and accepted by the cor- 
poration, and the whole consideration for payment 
executed, the corporation cannot keep the goods, 
or the benefit, and refuse to pay on the ground that 
though the members of the corporation who ordered 
the goods or work were competent to make a contract 
and bind the rest, the formality of a deed or of affixing 
a seal was wanting, and then say, ‘ No action lies ; 
we are not competent to make a ole contract, 
and we avail ourselves of our own disability.’ ” 

It is plain, however, that cases may arise in 
which contractors and others may suffer great 
hardship if the formality of the seal is insisted on ; 
and we are glad to notice that the Courts will, in 
proper cases, endeavour to break away from the 
technical rule. The decision of the Court of Appeal 
in Douglass v. Rhyl Urban District Council, on 
June 19 (reported in the Times Law Reports, 
vol. xxix., at page 605), is a useful example of this 
tendency. e plaintiff was an engineer and an 
expert in harbour and pier work. The defendants, 
acting under the powers of their Improvement 
Acts, by contract not under seal, instructed him 
to do certain work. The plaintiff, having done 
the work, claimed payment. The defendants 
pleaded, inter alia, that they were not liable, as 
the contract was not under seal as required by 
Section 174 of the Public Health Act, 1875. It was 
held that Section 174 of the Public Health Act, 
1875, did not apply, as the defendants were acting 
not under that Act, but under their Improvements 
Acts, and that as the defendants had received the 
benefit of the plaintiff's work, they were liable to 
him on a quantwm meruitt. 

In the course of his judgment, Mr. Justice Joyce 
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said :—‘‘ If the contract in — has been oe 
clearly under the powers and for the purposes of the 
Publis Health ‘Ack, 1875, the objection taken under 
Section 174 would probably be fatal, notwithstand- 
ing that the work had heen done as decided by 
Mr. Justice Neville in Hoare v. Kingsbury Urban 
District Council (1912), 2 Ch. 452.” Engineers 
will do well to notice that the law is such that 
they may be deprived of their well-earned fees 
unless (a) they insist upon a contract under seal, 
or (b) the local authority for whom they are work- 
ing is exercising some powers not conferred by the 
Public Health Act. 





NOTES. 
Lioyp’s Wreck Statistics ror 1912. 

Luoyp’s statistics of steamers and sailing vessels 
lost, broken up, or condemned during 1912 show 
that the gross reduction of the effective mercantile 
marine of the world during that year amounted to 
720 vessels, of 748,965 gross tons, these figures 
excluding vessels of less than 100 tons. Of the 
total, 379 vessels, of 572,745 tons, were steamers, 
and 341, of 176,220 tons, were sailing vessels. The 
figures are the lowest for a number of years—those, 
for instance, for 1911 being 427 steamers, of 
619,752 tons, and 461 sailing vessels, of 265,091 
tons. The percentage which the vessels lost, 
condemned, &c., in 1912 form of the total vessels 
owned by the principal countries of the world is 
given in the following table. Vessels broken up 
or condemned, unless consequent on stress of 
weather, &c., are not included :— 

















|Total Vessels Owned.) Percentage Lost 
| ot Ot 
No. Tons. Vessels. | Tonnage. 
United Kingdom .-| 9279 | 18,213,620 1.48 1.44 
British Colonies --| 2166 1,660,740 2.12 1.17 
United States .. --| 2729 2,848,8°9 2 35 1.40 
Austria-Hungary... 395 903,067 0.25 0.25 
Denmark - se 829 757, 1.69 0.99 
Holland .. ow oe 701 1,129,906 0.71 0.38 
France .. i ..| 1491 2,052,618 1,95 1.06 
Germany we --| 88138 4,628,983 1.27 0.99 
Italy .. ie --| 1090 1,898,582 2.29 1.99 
Japan os és 960 1,844.991 _ 
Norway .. pm --| 2182 2,292,596 2.95 2.61 
Russia .. = -»| 1207 936,591 1.41 0.71 
Spain... “a ..| 690 771,985 1.53 1.66 
Sweden .. we ..| 1409 969,943 2.18 1.31 
| | 





The above figures for — are incomplete, because 
Japanese sailing vessels are not included in 
Lloyd's Register book. The figures for the United 
States exclude vessels trading on the Great Lakes. 


Borier-Piate CoRROSION BY PAINT. 


Professor C. Bach draws attention to a peculiar 
case of corrosion of a boiler which was quite 
recently brought under his notice - the manufac- 
turers. The boiler had been installed four years 
ago, and an alarming corrosion was found on 
six spots of the internal-furnace tube, which was 
partly plain and partly corrugated. On inspecting 
the boiler, it was noticed that the corroded spots 
were those where the stamps had been applied to 
show that the tests had been passed. To make 
these marks conspicuous, a ring of oil-paint had 
been drawn round each of these spots, and it was 
under the paint that the corrosion had set in. 
More than half the shell thickness had been eaten 
through in several spots. Under the microscope 
dark irregular patches, and also short streaky lines 
of paint, could be distinguished in the corroded 
areas. The photographs which Professor Bach 
sends to the Zeitschrift des Vereines Deutscher 
Ingenieure of July 5 are very striking. That oil- 

int may cause corrosion has long been known. 

iebreich and Spitzer, upon whose researches we 
commented last year, assert that rusting always 
begins in the layer of mo‘sture between the 
paint and the iron surface, because there are 
potential differences between the iron and the pig- 
ment, zinc oxide, lead oxide, &c., of the paint. 
A peculiar statement, which these experimenters 
made then, and which they re-asserted in April in 
the Zeitschrift fiir Elektrochemie, was that several 
coats of paint were, in general, worse than one 
coat, i.e., that iron would more rapidly rust when 
several coats of paint were applied to it than when 
only one coat was put on. One does not quite see 


why that should be, unless it be that a thick coat 
of paint is more apt to peel off and to let moisture 
get between the paint and the metal than a thin 
coat. At any rate, the case quoted by Bach should 





not be overlooked. As the paint was not meant to 
do more than to help finding the test mark, some 
unsuitable paint may have been used. Professor 
Bach does not discuss the particulars, but he 
considers the case sufficiently serious to direct 
attention to it without delay. 


THe DevELOPMENT oF JAPAN’s Iron INDUSTRY. 


The Swedish Commercial Attaché reports that the 

Japanese manufacturing and financial firm of Mitsui 
Bishi is making arrangements for the erection of 
blast-furnaces in Korea. The new works are 
intended to be situated on the Chinnampho River, 
about 10 miles from its mouth, at a point up to 
which the river is navigable for steamers up to 
500 tons. It is intended to commence with two 
blast-furnaces, each of 100 tons capacity per 
24 hours. The ore will be derived from some con- 
veniently located limonite deposits, from whence the 
State steel works at Wakamatsu, in Kynshu, also 
draws a considerable portion of its requirements of 
ore. Good coal for coking is said to be found at 
a short distance from the ore deposits. The ore 
is stated to have the following composition :— 
Fe 53 to 56 per cent., Mn 0.02 to 0.05 per cent., 
S 0.03 to 0.05 per cent., and P 0.08 per cent. In 
Manchuria, too, Japanese enterprise is to the front. 
The Tokio firm of , and Co. formed, a year or 
two ago, jointly with some Chinese capitalists, a 
company—the Penhsihu Coal Mining and Iron 
Foundry Company—which concern is now building 
blast-furnaces at Penhsihu, some 60 miles south of 
Mukden. It is under contemplation to build four 
blast-furnaces, each of 150 tons capacity per 
24 hours, two to be built as the first stage, and 
they are to be situated in the immediate vicinity of 
the coal-fields. The price of the coal is stated to be 
about 6s. 3d. per ton at the mouth of the pit. The 
coal contains 12 per cent. ash, which, it is ex- 
pected, can be reduced to 7 per cent. The ore is 
to be taken from some magnetite deposits at about 
10 miles distance from the iron works. The whole 
blast-furnace installation is calculated to entai] an 
expenditure of some 350,000/., and work in con- 
nection with the exploitation of the mines to rather 
more than 200,000/. The blast-furnaces are being 
built after English practice, but the plant and machi- 
nery are to be supplied by German . The coke- 
ovens are built according to the primitive native 
Chinese method. Japanese engineers have planned 
the entire installation. A new tube-rolling mill is 
being erected at Kawasaki, in the vicinity of Tokio, 
by the Nippon Kokan Kabushki Kaisha, a company 
formed by Tokio capitalists, including the above- 
mentioned firm of OkuraandCo. The manufacture 
is to comprise both gas tubes and boiler tubes of 
good quality. The raw material for the former is 
to be manufactured on the spot, for which p' 
a Martin furnace of 30 tons capacity is being built. 
The raw material for the boiler tubes will be 
imported. The plant of the tube-rolling mill is 
of the Mannesmann type, and the works are expected 
to be in operation towards the end of the year. 








Mrininc Macuinery.—The value of the mining machi- 
nery exported from the United Kingdom to June 30, this 
ear, was 4701., as com with 447,2082. in the 
= _ ad on and ee . in a Dee a x 1911. 
value of the principal exports to June 30, this year, 
was:—To European countries, 49,574i.; to the United 
States, 2108/.; to South American countries, 39,186.; to 
British South Africa, 244,261/.; to British India, 47,700/.; 
to Australia, 47,700/.; and to New Zealand, 15,7241. 





Setr-Dockine FLoatine-Dock FOR THE UPPER Bos- 
PHORUS.—Telegraphic news has just been received at 
Wallsend that the large —_ ters built by Messrs. 
Swan, Hunter and Wigham Ri m, Limited, and 
owned by the Société Anonyme des Docks et Ateliers du 
Haut-Bosphore, has safely arrived at its destination, 
Stenia, in the Upper Bosphorus. The dock is 490 ft. 
long, 95 ft. broad, and has a lifting capacity of 8500 tons. 
It is of the bolted sectional type, which combines the 
advantages of the great longitudinal strength of a box 
type of dock with favility for self-docking. The dock in 
question has two side walls and has been built in three 
sections, each of which iis a complete box dock, the walls 
being permanently joined with the bottom pontoon. When 
it is required to repair the under-water portions of the 
dock, the three sections are disconnected, and any two of 
them can lift the third section. The inside of the water 
com: ts of the dock and the exterior parts below 
the water-line have been coated with Cail’s ‘‘ Bitmo” to 
prevent corrosion of the steel. Powerful centrifugal 
_ meg umps can lift the hw — Fae maximum load in 
about four hours. ilers pumping plant are 
placed in the house on the top deck of the starbourd wall 

dock reached its destination without any mishap. 
The towage was undertaken by two powerful tugs of 
Messrs. L. Smit and Co., Rotterdam. 


HELICAL SPRING CALCULATIONS. 
By Lawrorp H. Fry. 
(Concluded from page 144.) 

Properties of Rectangular Wire Springs.—So far 
the scales and cane tas been ~ncemeel with 
round wire only, and the properties of the rect- 
angular wire must now be examined. The basis 
of the formulz for these is the work done by St. 
Venant on the torsion of bars of rectangular cross- 
section. From this work, of which a summary can 
be found in Spon’s “‘ Dictionary of Engineering,”* 
or in ‘‘The Elasticity and Resistance of the Mate- 
rials of Engineering,” by William H. Burr,t+ it 
follows that whereas the load carried by a helical 
spring coiled to a diameter D, and made of round 
wire of diameter d, when stressed to s pounds per 
square inch, is 

_ 7 a 
r Py 8 D . ° - (tj 
then, if the spring be made of wire of rectangular 
section, the shorter side of the rectangle being c and 
the longer side kc, the load carried with the same 
spring diameter D and the same fibre stress s 
will be 
ate 7 
P K *D . ° + (7) 
where K, and K, are coefficients which depend, as 
shown below, on k, the relation between the two 
sides of the rectangular section. 

Hence, if the two springs are to be of the same 
diameter D, and carry the same load P, with the 
same fibre stress s, the relation between c, the 
short side of the rectangle, and d, the diameter of 
the equivalent round wire, is 


* g-2 Kis 
Fs as "7 * 4 
or 
d@=M,e. . > eo 
where 
iinet 
16 K 
M,= fe ~ « 
1 ‘kK (8a) 


Also the number of coils N,, required by the 
rectangular spring for unit elasticity is 
_ 4K, c 
Nw = —G ee 
and comparing this with equation (4) for the 
circular section, it follows that with the same 
diameter D, and the same modulus of torsion G, 
the same elasticity will be secured when the rela- 
tion between c, the short side of the rectangular 
section, and d,the diameter of the equivalent round 
wire, is 
d=Mec. ° ‘ - (10) 


M, =4/" k, ee (0a) 


As has been said, the values of K, and K,, which 
are known as St. Venant’s coefficients, vary with 
the value of k, the proportion of the long side of 
the rectangle to the short, the relation being 


n= 1 — tanh @n-1)# 


where 











= k 
K, = = — 0.2101 + 0.2091 at 2k 
= 3 i oe = 
and 
n=a 
8 1 
K,=1-—, = ease 0 (12) 
_ 2k 
where 
— a ~-a 
tanha = “—* and cotha = *—+¢ — 
ea + e-0 2 


The series converge fairly rapidly, and for values 
of k greater than 3 the coefficients may be 
taken as 





K,= (5 -0.2101) . « «ie 


| and 
K.=1. ° ° ° . . (12a) 
| The numerical values of these constants, for 
| various proportions of the rectangle, are given in 
|Table I., which also gives the values of M, and M,, 
| the factors by which the short side of the rectan- 
lar section is to be multiplied to obtain the 
iameters of the equivalent round wire. If, for 
example, we have a bar 1 in. by 2 in. in section 
(dimensions convenient for illustration, but unlikely 
in practice) we have k = 2, and from Table L., 








* Supplement, 630. 
t Sine Edition, £903, page 927. 
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M, = 1.359 and M, = 1.469. This rectangular 
wire, of which the shorter side is 1 in., and the 
longer 2 in., will carry the same load as a round 
wire 1.359 in. in diameter, and will give the same 
deflection as a round wire 1.469 in. in diameter. 

The scales given in the diagram, page 143 ante, for 
wire of rec section have been established in 
accordance with the principles explained. The scale 
to the left of the scale for round wire shows for each 
rectangular section the equivalent diameter of 
round wire to carry the same load, while the scale 
to the right gives the equivalent diameter to give 
the same elasticity. It follows that while with 
round wire a single line drawn across the diagram 
gives both the allowable load and the number of 
coils for unit elasticity, it is necessary to draw two 
such lines for rectangular wire. One through the 
equivalent diameter indicated by the left-hand 
scale will give the allowable load, while another 
through the equivalent diameter shown by the 
right-hand scale will give the number of coils. As 
for the round wire, the load found by the first 
operation divided by the number of coils found by 
the second will give the deflection in inches 
coil. The scales, as drawn, cover rectangular wires 
from 4 in. square to 1 in. square, each side in- 
creasing by increments of } in. 

Interpolation for intermediate sizes is easy, while 
by means of Table I. the scales can be extended if 
desired. It is obvious that, in “pplying St. Venant’s 
coefiicients, and the factors M, and M, derived 
from them, to values of k not given in the table, it 
is practically impossible to determine the values 
of the factors by direct calculation ; the operation 
would be too laborious. If, however, the values 
given for K,, K,, M,, and M, are plotted as ordi- 
nates over the values of k as abscissx, any required 
interpolation can be made easily and with the 
necessary degree of accuracy. 

Table [I. has been compiled to complete the 
information regarding springs of rectangular 
section given by Table I. Column 1, as in 
Table I., shows the ratio between the sides of 
the rectangular section, while columns 2 and 3 
show the respective lengths of the sides if springs 
carrying the same load with the same maximum 
fibre stress are to be produced. The figures 
show the relative dimensions, the diameter of 
the round wire to carry the same load under the 
same conditions being taken as unity. Column 4 
shows the relative areas of the cross-sections. 
That of the round wire being unity, the sec- 
tion of the square wire is 1.229, and as the 
rectangle of the section is elongated, its area is 
increased until with the sides of the rectangle in 
the proportion of 10 to 1, the area of the section 
is 2.005 times that of the round wire carrying the 
same load. As the springs are all assumed to be 
coiled to the same diameter D, the relative figures 
for the areas in column 4 also measure the relative 
volume of steel required for each spring. 

Column 5 shows the relative deflections per 
coil for the various sections, working under the 
same load with the same fibre stress, the deflec- 
tion with the round wire being taken as unity. 
The square wire is stiffer than the round, show- 
ing a deflection of only 0.755. As the rectangle is 
elongated, the wire becomes still stiffer, the 
deflection bei decreased, but a minimum is 
reached when the sides are in the ratio of about 
1 to 1.5, and beyond this point a further elonga- 
tion of the rectangle increases the flexibility, until 
the same deflection as with a circular section is 
obtained when the long side of the rectangle is 
between five and six times the length of the short 
side. When the sides are as 1 to 10, the rect- 
angular spring will give about 20 per cent. more 
deflection than the round wire spring. 

Now the function of a spring is to absorb 
work, and it is of interest to see the efficiency 
with which this is done by each cubic inch of 
metal used in the construction of the spring. If a 
load of P pounds produces a static deflection of F 
inches, the work absorbed is 4 PF inch-pounds, so 
that if, as in the comparisons made in Table II., 
the load is supposed to remain constant, the work 
absorbed by each spring will be proportional to 
the deflection. In any line of Table II., the value 
in column 5, for the deflection, is proportional to 
the work absorbed ; and the value in column 4, for 
the cross-section, is proportional to the volume of 
metal, so that by dividing the former by the latter 
& measure of the work absorbed per cubic inch of 
steel is obtained Column 6 shows the result of 
doing this for the rectangular sections of various 





proportions. The work absorbed per cubic inch 
of steel is expressed as a percentage of that for the 
spring of round wire carrying the same load. The 
square wire absorbs 61.3 per cent. of the work 
rt cubic inch of the round wire, this percentage 
ing reduced as the rectangular section is elon- 
gated, until, when the sides are as 2 tol, a minimum 
value of 53.2 per cent. is reached, and for longer 
a the percentage increases again, tendi 
to the limit of 66.7 per cent., as the ratio o 
the sides is indefinitely increased. 
TaBLE I.—Comparison of St. Venant’s Coefficients and 
other Properties of Springs of Rectangular Section Wire. 














1 2. 3. | 4. 5. 
| 

k K) | Kg M) Mp. 
1.0 0.140 0.675 | 1.018 1.002 
11 | 0.170 0.720 1.062 | 1.147 
12 | 0.199 0.759 L101 | 1.198 
13 0.230 0.798 Liss | 1.987 
14 0.262 0.822 1.175 1.278 
150 | (0.204 0.848 1208 | 1.815 
18 | 0.392 0.904 1303 | 1418 
20 0.458 0.930 1359 | 1.469 
3.0 0.790 0.985 1.598 | 1.684 
4.0 1.128 0.990 1.79% | 1838 
5.0 1.457 0.991 | 1.956 1.963 
6.0 1.790 0.992 | 2.066 2,095 
7.0 2123 | 0.998 2.156 2.210 
8.0 2.457 | 0.994 2.237 2.326 
9.0 2.790 | 0.995 | 2300 2.426 
1 86| = (8133 0.995 | 2.375 2.518 


k = Longer side of rectangular section in terms of shorter. 
K, and “fda. St. Venant’s coefficients, as in equations (11) 
an 


3 fre 

M, = V/ ~ : = factor by which to multiply short side of 
2 

rectangle to find diameter of round wire to carry the same 


load with the same spring diameter and the same 
fibre stress, 


To /2 K, = factor by which to multiply the short side 
TT 
of comanaie to find diameter of round wire to give the 
same deflection per coil with the same spring eter 
and the same modulus of torsion. 

Tanie II.—Dimensions and Properties of Rectangular- 
Wire Springs Compared with Round-Wire Spring. All 
Springs to Carry Same Load with Same Maximum 
Fibre Stress. 




















lL. ete 4. 5. 6. 
Ss SSeS (sse“eez 
| eee | 2388. eres 
\Length of Sides in|> §5 # See 3 . 
 Resngumrsesuolys 22 EESES oad 
; , the eter! F } 
or a of Round Wire| & z *ES ae apie 
Sides of| Carrying Same Load) 9 o™ 2 . S e 
Rect- being Unity. 3 Fd Bye ak oe E 
-> wE) sta ls 30 
ire. |_ ___|y gag} é as* 
1 “as 
Short | Long re FF | stati 
Side. Side. § S05 pasa 
4,2 M 2K 
a. My 1 
k c ke. | 2K, 100 ime 
round | per cent. 
wire | diameter = 1.000 1.000 1.000 100.0 
10 | 0.983 | 0,983 1.229 0.755 61.3 
11 0.945 | 1.035 121 | 0736 | 505 
12 | 0.907 1.090 1.260 | 0.72 | 87.6 
13 0.879 | 1.140 1.230 | 0.719 56.1 
L4 0.850 | 1.190 1290 | O714 | 664 
1.5 0.828 | 1,245 1.310 0.712 54.4 
L8 0.766 | 1.380 1.350 0.721 | 6534 
20 | 0.736 | 1.478 1375 | O781 | 582 
3.0 | 0.62 | 1.875 1496 | O82 | 544 
4.0 | 0.565 | 2290 1-588 | 0907 | 57.8 
5.0 | 0.511 | 2.660 1.630 | 0.986 | 595 
6.0 | 0.484 | 2.905 1.741 1.040 60.6 
7.0 0.465 | 3.250 1.825 1.083 61.5 
8.0 0.446 | 3.575 1.885 1.128 62.1 
90 | 0483 | 8.900 1.941 1.161 62.7 
10.0 | 0.421 | 4.210 2,005 1195 | 63.1 
\ | 








Tables I. and II. are adapted for use with the 
formule, or with the diagram for round-wire springs, 
for solving problems concerning springs of rect- 
angular section. If a section is given, and the 

roperties of the spring required, 

e short side of the spring multiplied by the 
— values of M, and gives respectively the 

iameter of the equivalent round wire for the load 
and the diameter of equivalent round wire for the 
deflection, and these with equations (1) and (2), or 
with the di , determine at once the load and 
deflection of the given spring. If, on the other 
hand, a spring is to be designed to carry a given 
load, Table II. is to be oa If the diameter of 
the round wire necessary to carry the load be 
determined, and the deflections given by this wire, 
we may then make choice of the 7 rtions of the 
rectangular section, and by multiplying the dia- 
meter by the values from columns 2 and 3 we 
obtain the lengths of the two sides, while the 


‘able I. serves. | P 


deflection of the round-wire spri 
the value in column 5 gives 
rectangular wire is used. 

The figures given in Table II. can be found by 


multiplied by 
e deflection when 


simple algebraic transformations of the equations 
already established. The values of c given in 
column 2 of Table II. are the reci of the 
values of M, given in column 4 of Table I., this 


following from equation (8), where if d=1, ¢ = " ‘ 


In column 3 the values are by definition the pro- 
duct of the corresponding values in columns 1 and 
2. The values in column 4 for the area of the 
rectangular section in terms of the equivalent cir- 
cular section are found by noting that the area of 


the circular being 7 d®, and the area of the rect- 


angular section K c*, the latter in terms of the 


2 
former is ak ¢ or 4k . To obtain the relative 

x @& a M?* 
values for the deflections in column 5, we note that 
if equations (3) and (4) are combined, the deflection 
with round wire can be written 

to D?s 
Fe=rNw aG . . ° » (18) 

while from a combination of equations (7) and (9) 
the deflection with wire of rectangular sections can 
be written 


Fr= A 5 ee . ° . 
j 2K, cG (14) 
so that 
oe 5... 15 
eee >) “oe eee: (15) 


The values of this expression are given in 
column 5, and if the expression is divided by that 
of column 4 to obtain, as explained above, the rela- 
tive deflection per cubic inch of steel, the resulting 


expression is irk » which, if the value of M, 
from equation (8a) be inserted, is equal to at 
2 


The values of this last expression expressed as per- 
centages are given in column 6. 





THE ELASTIC LIMIT OF ALUMINIUM. 

In our issue of June 13 last we dealt in an article 
with a ud on ‘‘ Aluminium Electric Cables,” read 
7 Mr. Burkewood Welbourn before the Institution 
of Mining Engineers. That paper contained some 
data in reference to the breaking strain and elastic 
limit of aluminium wires, and suggested that there 
was room for further work in the multiplication of 
such data. In the course of the last month or so one 
of the staff of the British Insulated and Helsby Cables, 


Loads wu Poands 





one Eactensions in Inches 

Limited, has pre stress-strain diagrams of a 
considerable number of aluminium specimens, and by 
the courtesy of Mr. Welbourn we are permitted to 
ublish one of these herewith. The di in con- 
junction with the table that appears with it, is self- 
explanatory and requires no comment. It may be 
pointed out, however, that the elastio-limit point is 
clearly defined. We should say that Mr. Welbourn 
prefers to call this point the “limit of propor- 
tionality,” since, as clearly shown by the curve, it 
marks the state at which the extension ceases to be 
directly proportional to the load. 





Wine Exports.—The exports of wire from the United 
sho ane talaghuneo ond wise far Sunaite, ‘wore wahoo 
an ones wire for fencing, were valu 

A he pe 

in - 
ing gual of 1911. principal deliveries were made 
| to the United States, Argentina, South Africa, Australia, 
| New Zealand, &c. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 24. 

MIDSUMMER activity in iron and steel has been 
surprisingly brisk in comparatively small lots for 
autumn construction purposes. Building operations 
are absorbing a large amount ot material—surprisingly 
so for this time of year. With the tariff pending 
and unsettled much work is held in abeyance. Manu- 
facturers keep in touch with probable requirements for 
the next six to twelve months, and their observations 
afford much encouragement. The latest large rail 
orders are 20,000 tons for Brazil and 28,000 tons for 
the Southern Railway. Structural material comes 
next in activity, orders ranging from 5000-ton lots to 
as low as 100 tons. Overhead track-work at Chicago 
calls for 4000 tons. The crest of activity has, however, 
been reached in some mills, and some curtailment is 
probable. In the Western States much railroad bridge- 
work is planned. 
ordered 2150 tons of shapes for bridge-work west of 
Pittsburg. Cast-iron-pipe makers on the Delaware 
have just ordered 24,000 tons of pipe-iron at Southern 
furnaces. Calls are made this week for 30,000 tons 
of basic pig for New England. Buyers are in the 
market Ay te for 40,000 tons of foundry iron. Inde- 
pendents are covering their basic-pig requirements as 
fast as they arise. The markets are in a state of 


The Pennsylvania Company has | 5hs. 





expectancy. Present conditions are liable to change | 
suddenly. Railroad wages disputes are in process of 
adjustment. The undertone of the market continues | 
strong, and new enterprisesof magnitude are announced 
this week. Coke production is heavy, and output | 
goes into consuming channels. Many blast-furnaces | 
will soon be obliged to contract for coke, but action 
will be delayed in the hope of lower prices. 





BuitisH Stee. ExporTs.—Our exports of steel in bars, | 
angles, rods, and shapes or sections, in the first half of 
this year, were 136,699 tons, as compared with 111,530 
tons and 113,763 tons in the corresponding periods of 
1912 and 1911. The value of these exports was 1.922,593/., 
1,441,5841., and 1,497,3391. respectively. The value of 
this year’s exports to the United States was 265,660/. ; to 
Canada, 199,847/.; to British India, 193,723/.; to Australia, 
193,486/. ; to Japan, 128,726/.; to Germany, 127,1441. ; 
and to British South Africa, 100, 102/. 





Benpinc Cast-Iron Prregs.— An interesting account 
is given in the Engineering Record of a method of 
bending cast-iron pipes carried out on a pipe-line from 
the Guayabo River to the town of Preston, in Cuba. 
The place where the curved pipes were required was a 
remote one, and as, through some oversight, straight 
pipes had been delivered instead of curved ones, it was 
decided to bend these, if possible, rather than delay the 
work until other pipes could be cast and delivered. The 
curves to which the pipes had to be bent varied, the 
shortest being 50 ft. A cradle of old rails was first 
constructed, Revie the desired amount of curvature, 
and on this the pipes were laid, about one foot at eich end 
projecting beyond the cradle. A fire of hard wood was 
then built up round the pipes, six or eight pipes being 
treated at one time. In if hour to 2 hours after starting 
the fires the pipes were hot enough to bend, and they 
settled down from their own weight on to the cradle 
prepared for them. The particular pipes treated were 
10 in. in diameter, the thickness of the shell being , in. 





Tue Iron AND Street Institutsr.—The autumn meet- 
ing of the Iron and Steel Institute will be held at the 
Palais des Académies, Brussels, on Monday, Tuesday, 
Wednesday, and Thursday, September 1 to 4, 1913. The 
following is the list of papers that are expected to be sub- 
mitted :—(1) Armand Baar, Li * Reinforced Pile 
Foundations for Blast-Furnaces;” (2) Professor E. D. 
Campbell and F. D. Haskins, University of Michigan, 
‘*Some Experiments of the Effect of Heat Treatment on 
the Colorimetric Test for Carbon in a 0.32 Carbon Steel ;” 
(3) Professor A. Campion and J. M. Ferguson, Glasgow, 
**A Method of Preparing Sections of Fractures of Steel 
for Microscopic Examination ;” (4) Baron E. Coppée, 
Brussels, ‘‘The Manufacture of Coke in Belgium ;” 
(5) General L. Cubillo, Madrid, ‘‘The Manufacture 
of Armour - Piercing Projectiles ;” (6) Otto Frick, 
Beckenham. Kent, ‘‘The Mlectric Refining of Steel 
in an Induction Furnace of Special pe;” (7) 
Emil Gathmann, Baltimore, ‘‘Commercial Production 
of Sound Steel Ingots;’’ (8) Gevers-Orban, Liege, 
“The Distillation of Tar in Metallurgical Practice ;” 
(9) E Houbaer, Liége, ‘‘ The Use of Coke-Oven and 
Blast-Furnace Gases in Metallucgy ;” (10) Professor H. 
Hubert, University of Liége, ‘“‘Present Methods of 
Testing, with Special Reference to the Work of the 
International Association for Testing Materials ;” (11) 
Baron E. De Laveleye, Brussels, ‘‘ An Historical Survey 
of the Metallurgy of Iron in Belgium ;” (12) F. Rogers, 
Sheffield, ‘‘ So-Called ‘ Crystallisation through Fatigue ’;” 
(13) Professor A. Sauveur, Cambridge University, U.S. A., 
“The Allotropic Transformations of Iron;” (14) Dr. 
J. E. Stead, Middlesbrough, ‘‘A New Method for the 
Determination of the Critical Points Ac, and Ar, ;” (15) 
Dr. J. E. Stead, Middlesbrough, and Professor H. C. H. 
Carpenter, Manchester, ‘‘ Crystallising Properties of 
Electro- Deposited Iron;” (16) Benjamin Talbot, Middles- 
brough, ‘‘ Modern Open-Hearth Steel Furnaces :” (17) 
Gustave Trasenster, Ougré Igium, “‘The Use of 





grée, Bel 
Oxygen in Blast-Furnaces;” (18) C. Vattier, Val i 
7 Note on the Principal Deposits of Iron Ore in Chili.” 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was dead idle, and quotations for 
Cleveland warrants were nominally a trifle easier, with 
sellers at 55s. cash, 55s. 4d. one month, and 55s. 104d. 
three months. Buyers named 54s. 94d. cash, 55s. 2d. one 
month, and 55s. 84d. three months. In the afternoon there 
was no business doing, and quotations for Cleveland 
warrants were only slightly changed. The closing prices 
were 55s. , 55s. 3d. one month, and 55s. 11d. three 
months sellers. On Friday morning the market showed 
some weakness and a small turnover of 2500 tons took 
lace in Cleveland warrants at 54s, 10d. cash, and from 
. 9d. to 55s. 74d. three months. At the close sellers 
quoted 54s. 94d. cash, 55s. 2d. one month, and 55s. 84d. 
three months, and there were sellers of hematite at 
70s. 6d. cash, but no buyers. The afternoon session was 
quiet, and only one lot of Cleveland warrants was done 
at 54s. 94d. cash, with sellers over at 54s. 10d. cash, 
2d. one month, and 565s. . three months. 
Hematite was easier, with cash sellers at 70s. The 
market was closed all day on Monday, being August 
Bank Holiday, but opened with a steady tone on 
Tuesday morning. The turnover was limited to 1000 
tons of Cleveland warrants at 54s. 94d. cash, and at 
the close sellers named 54s. 10d. cash, 55s. 2d. one 
month, and 55s. 84d. three months. In the afternoon 
prices were firmer, and Cleveland warrants, 1500 tons, 
changed hands at from 54s. 104d. to 55s. 1d. cash. The 
closing prices were up to 55s. 2d. cash, 55s. 6d. one 
month, and 56s. 1d. three months sellers. When business 
was resumed to-day (Wednesday) the tone was steady, 


| but dealing was limited to 500 tons of Cleveland warrants 


at 55s. 1d. cash, and closing sellers quoted 55s. 14d. cash, 
55s. 54d. one month, and 56s. three months. In the 
afternoon the market was the turn easier, and 500 tons of 
Cleveland warrants were put through at 55s. cash, and 
the session closed with sellers at 55s. 1d. cash, 55s. 5d. 
one month, and 56s. three months. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has remained steady during the past week, and 
there has been a moderately good inquiry. The price 
is unchanged at from 12/. 17s. 6d. to 13/. per ton for 
prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—Now that the holidays are over, 
and works all started, makers are desirous of welcoming 
an increase in the number of specifications; but these are 
still very slow in arriving, from the fact that prices are 
considered by consumers as a trifle high. hether or 
not the meeting of makers this week will result in a 
reduction of prices is rather a difficult problem to solve, 
but, all the same, buyers confidently expect such, and 
are holding off accordingly. For general material there 
has been quite a fair demand both on home and export 
account, but competition from America and the Con- 
tinent is limiting the inquiry and prospect of business in 
certain markets. Producers of black sheet are well em- 
ployed, but galvanised sheets are somewhat of a glut on 
the market, due largely to over-production. The book- 
ings during the past few days for shipment to our 

rincipal colonies and the Far East have been fairly satis- 
actory, and quite a decent tonnage of miscellaneous 
material has been fixed up for export. 


Malleable-Iron Trade.—Following on the reduction in 
prices, intimated last week, the malleable-iron makers in 
the West of Scotland have been doing fairly well in the 
matter of fresh business, but nothing to what they would 
like and require. At the same time they expect to 
receive a large increase in orders in the near future, an 
that is more than likely. Employment is better generally, 
but there is great room for improvement. 


Scotch Pig-Iron Trade.—Little change has taken place 
lately in the Scotch pig-iron trade, and while there is a 
fairly good demand for the ordinary qualities of iron 
reported by some firms, there are others who are not so 
well off for orders. Such a condition could scarcely be 
otherwise at the present time, but there are prospects of 
some activity all round at no distant date. The following 
are the market quotations for makers’ (No. 1) iron :— 
re. sig Bg} : pm i Seecerin, ont 

ngloan, 7: ip at Glasgow) ; Glengarnock (at 
Ardrossan), 75s.; Shotts (at Leith), 75s.; and Carron (at 
G mouth), 76s. Scotch hematite iron is very quiet, 
but deliveries keep up astonishingly well. The current 
price is easy, and may be taken as trom 76s. to 77s. per 
ton. 

Blastfurnacemen’s Wages Reduced.—As a result of the 
copes by Mr. John M. MacLeod, C.A., Glasgow, to 

essrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between owners of 
blast-furnaces in Scotland and the blastfurnacemen, as to 
the price of Scotch pig-iron warrants in the Glasgow 
market for the months of May, June, and July, 1913, 
there is a fall of 24 per cent. in the workmen’s wages. 


Scotch Shipbuilding.—The output of new vessels at the 
various Scotch shipbuilding centres during the month of 
July was not very heavy, and consisted of one vessel of 
1030 tons, launched on the Dee, and 19 vessels, of 28,795 
tons, on the Clyde. The latter total is considerably 
under that of July, last year, but the total output for 
the past seven months foots up to 377,270 tons. is con- 
stitutes a record, as the previous — output for 
the same period was in 1907, when the figure was 369,965 
tons. The ny Be pae peememag ead r, and 
only a few have reported, among them armed the 
contract lately secured by the Greenock and Grangemouth 
Dockyard Company, Limited, to build an oil-tank steamer 
for the Argentine Government. This vessel is to be of 
2000 tons, and is mainly intended for the conveyance of 





fuel from the Argentine oil-fields to the fleet. She will 
be built at the company’s Grangemouth yard. The 
labour conditions are more settled now, as peace was re- 
stored at the conference in Edinburgh last week, and the 
threatened shipyard strike has once again been cleared 
away. 





Vanapium Sterit.—The number for June last of 
American Vanadium Facts, published monthly by 
the American Vanadium Company, Pittsburg, states 
that in 1905 the approximate total output of vanadium 
steel was 800 tons, whilst last year 90,000 tons of vanadium- 
steel blooms, billets, bars, forgings and castings were 
produced. The company’s output is now double what it 
was a year ago, and twenty-three times as much as it was 
in 1908. The issue referred to gives interesting data on 
the various uses to which vanadium steel is put, shows 
tests, and contains a number of analyses. 





Tue UniversaL Directory oF RAILway OFFICIALS, 
1913.—Edited by Mr. 8. Richardson Blundstone. Lon- 
don: The Directory Publishing Company, Limited, 
15, Farringdon-avenue, E.C. [Price 7s. 6d. net. }—There 
is little that we can say that is new of this well-estab- 
lished directory of the railway world. Its standing of 
nineteen years has earned for it a reputation of reliabilit 
which, if not complete, is as great as is possible in this 
world of continual change. Dealing as it does with rail- 
ways all over the world, it will be ised that an 
occasional lag in chronicling alterations in staff is un- 
avoidable. Fora book of its kind, however, we believe 
this manual to be as carefully edited as possible, and 
from the rough check we have been able to give it appears 
to have been brought quite up to date. The volume is 
divided into various sections, of which the chief are an 
index to railways, the directory of officials, and a personal 
index of officials. The main section is the directory 
proper, in which, divided up according to continents and 
countries, are given, under the heading of each railway, 
its chief particulars, with the names and positions of all 
the leading officials of the ame The subscription 
price is 7s. 6d., but the price after publication is 10s. 





NAVIGATION ON THE RHINE BETWEEN BASLE AND THE 
Lake oF ConsTancr.— Navigation on the Rhine between 
the Bodensee or Lake of Constance and Basle, where the 
Rhine turns to the north, is much im . There are 
rapids in addition to the famous falls near Schaffhausen. 
The two States which are interested in the first instance 
are Switzerland and Baden. The Rhine for the greater 
distance forms the boundary between the two States, but 
there are parts of Baden south of the Rhine and parts of 
Switzerland north of it. The efforts now being made 
with a view to making the Rhine navigable on this reach 
are due to various societies of both countries inter- 
ested in the improvement of ~~ An international 
competition for projects has nm instituted by the 
Vereinigung zur Forderung der Schiffbarmachung des 
Rheins, which has its seat at Constance; applications are 
to be addressed to the secretary of this body, and the pro- 
jects must besubmitted by December 10,1914. Three prizes 
are offered of about 2000/., 1400/., and 10007. The project 
must guarantee a navigable channel for vessels of 75 
metres length, 11 metres width, and 2 metres draught 
maximum at low Rhine water, which may be 3 metres 
below the Basle datum level ; ships to be able to proceed 
both up and down stream. The judges appointed by the 
two Governments are Messrs. Imroth, of Darmstadt, 
Kupferschmid. of Karlsruhe, Miescher, of Basle, Ziegler, 


d | of Schaffhausen ; and the umpire selected by them is Mr. 


Jolles, of Arnheim, the Netherlands. 


THE PRopeRTHS OF SATURATED AND SUPERHEATED 
Ammonia Vapour.—Comprehensive tables of the vt 
cal popestios of ammonia, prepared by Mr. W. E. 
Mosher, under the general supervision of Professor 
Goodenough, have been issued as a University of Illinois 
Bulletin. The tables, which follow in their arrangement 
the much-appreciated steam table of Messrs. Marks and 
Davis, give the pressure, liquid volume, vapour volume, 
heat contents, internal energy, and the entropies of the 
saturated vapour for all temperatures from —110 deg. 
Fahr. up to 273.2 deg. Fahr., which Mr. Mosher considers 
to be the most probable value of the critical temperature. 
A second table gives the values of the functions above 
enumerated for every pound of pressure from 11b. persq in. 
up to 300 Ib. per sq. in., and thence with larger pressure 
intervals up to 700 lb. per sq. in. Another table, 
arranged similarly to that of Marks and Davis on the 
properties of superheated steam, gives the temperature, 
the volume, the heat content, and the entropy of the 
superheated vapour for various pressures and for super- 
heats up to 300 deg. Fahr. A final table gives the physical 
properties of liquid ammonia from — 110deg. Fahr. upto its 
critical point. The tables are the result of a careful and 
comprehensive comparison and analysis by thermodynamic 
principles of practically all the published data, a full 
discussion of which forms by no means the least interest- 
ing and important section of the bulletin. To facilitate 
the practical use of his results, Mr. Mosher has em- 
bodied theee in a Mollier diagram. This he has brought 
into convenient compass by the ingenious device of 
plotting the heat and the entropy to oblique co-ordinates 
instead of rectangular. The characteristics of ammonia 
are such that, as is well known, a diagram of this kind plots 
down awkwardly with rectangular co-ordinates, thou h 
the latter are quite satisfactory in the case of steam. e 
price of the bulletin is 50 cents, and Messrs. Chapman 
and Hall, Limited, are the English agents for the publi- 
cation, which should prove of the greatest service to 
refrigeration engineers, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Railway Rates.—The traders of Sheffield do not intend 
to accept the new railway rates and charges without 
making a strong effort to obtain more favourable terms. 
The matter was again before the Chamber of Commerce 
at their meeting yesterday, and it is intended that the 
information to be wepten by the traders of how the new 
rates affect them shall be laid before a special meeting of 
the Railway Rates and Traffic Committee. One of the 
most important points in this connection which affects the 
heavy trades of Sheffield is the attempt to alter classifica- 
tions. In many cases this amounts to an actual increase 


in charges, as the classification, in the course of years, | 





of Cleveland, for the “~~ of distributing the output of 
Cleveland pig iron, the prices, and control the pro- 
duction, has fallen through. At the last meeting of 
the ironmasters, a week ago, a draft scheme was laid 
— —, but they es for ~¥ weeks. ae 
rms have disagreed wit! e proposal. As to whether 
the Cleveland warrant stores will be continued there is 
no definite information, but it is believed that no 
more iron will be p in the stores, and should 
this be so the warrant market must come to an end. 
Stocks and Shipments of Pig Iron.—The iron in the 
Cleveland warrant stores continues to be steadily drawn 
upon. During the month of July the stock was me bee by 
18,739 tons. There are warrants in circulation for 182,800 


has become practically standardised, and is the basis upon | tons of Cleveland pig iron—all No. 3. Shipments of pig 


which contracts are made. The promise that Mr. Buxton 
made to the Associated Chambers of Commerce, that 
some measure would be imtroduced for the benefit of 
the traders, is being kept in mind. 

Jessops and the Steel Trade.— An exceedingly interesting 
account of the operations in an up-to-date works is 
ziven in a book recently issued by Messrs. William Jessop 
and Sons, Limited, of Sheffield, entitled ‘‘A Visit toa 
Sheffield Steel Works.” Thestorv of what goes on under 
the great pall of smoke in the East End of the city is 


told simply and with force, and gains in vividness by the | G,. 


writer's predilection for humorous asides. The interesting 
fact is recalled that Thomas Jessop,. the son of the 
founder, who took over the present works at Brightside 
about 1835, was known in America, where he introduced 
his tool-steel, as ‘‘The Steel King.” The Brightside 
Works, it is stated, cover 60 acres and employ about 2000 
hands, of whom the ter number are ee in the 
manufacture of crucible steei. Amongst the various 
branches of the trade over which the firm’s activities 
are spread, a big business is done in the manufacture of 
steel for pen-ni At the other end of the scale are 
the huge forgings and castings produced at the works. 
They boast of bemg able to turn out a range of castings, 
of a certain section, varying from 3 oz. up to 65 tons. 
Messrs. Jessops also specialise in motor-car steels, and 
have more recently put down two furnaces for steel- 
melting by electricity. Of this process, it is stated, ‘* it 
is at present possible to say that steel-melting by electri- 
city is commercially successful.” 


South Yorkshire Coal Trade.—Holiday influences are 
paramount in the local coal trade. A few pits are work- 
ing, but in the majority of cases a resumption will not be 
made until to-morrow. There is weakness both in house 
and steam coal, and stocks have been accumulating. The 
demand both for shipping and industrial purposes may 
now, however, be expected to show some improvement. 
Prices generally remain firm. Substantial gas-coal 
taki create a better position at the house-coal pits. 
The demand for slacks is not great, but they are in a firm 

ition. Coke remains weak. Quotations :—Best branch 
and-picked, 15s. to 16s. ; Barnsley best Silkstone, 12s. 6d. 
to 13s. 6d.; Derbyshire best brights, lls. 6d. to 12s. 6d. ; 
Derbyshire house, 10s. 6d. to 11s. 6d.; best large nuts, 
10s. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 13s.; Derbyshire hards, 11s. to 12s. ; rough slacks, 7s. 
to 8s. ; seconds, 6s. to 7s. 6d. ; 4s. 6d. to 6s. 

Iron and Steel.—There appear to be better prospects 
of new business in the iron market. Prices are fairly 
steady at the reduced figures, and there have been more 
inquiries. Irregular quotations have been made for 
hematites, and users have reaped the benefit. Iron pro- 
ducers’ outputs are being fully taken. The South York- 
shire Bar Iron Association have at last reduced their 
quotations, and the figure for the current month, decided 
upon at the last meeting, is 8/. 10s., a reduction of 10s. 
The local heavy trades are having a very rename | 
experience, considering the many adverse factors whic 
have operated upon business. The department which 
appears to have suffered most is that of railway steel, 
largely owing to the big drop in constructional work, follow- 
ing upon the new demurrage regulations. The moulders’ 
strike is the latest threatening feature, and although 
1200 is about the number of those directly affected, it is 
estimated that something like 3000 represents the number 
of men thrown idle in consequence. As regards output, 
the present is a broken week, but taere was a disposition 
on the part of many manufacturers to keep the holiday as 
short as possible. Some falling off has been experienced 
in the demands upon the engineering departments. Good 
business is done in motor-car steels, and there are t 
opportunities for expansion, which it is considered Shef- 
field should make every effort to seize, because consider- 
able supplies of these classes of steel are impofted from 
the Continent. In the lighter steel trades the position is 
good, and there is little sign of any diminution of activity. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business has been slow in 
recovering after the holidays. Generally pig iron trans- 
actions have been limited to cover immediate wants, and 
buyers show very little disposition to come in at the 
quotations now ruling. Early delivery of No. 3 Cleveland 
g.m.b. is obtainable at 56s. per ton, whilst No. 1 Cleveland 
pig is at 58s. 6d. Foundry and forge qualities continue 
fairly steady ; No. 4 foundry at 55s. 6d., and No. 4 forge 
55s. to 56s. 3d. per ton. East Coast hematite is quiet at 
‘ls. per ton. Sellers of Rubio ore still maintain their 
quotation at 20s. aay he 9 for 50 per cent. quality. 
Coke demand is easy, 18s. 6d. per ton being asked, but in 
some cases that price could be shaded. 


Pig-Iron Distributing Company.—The suggestion to 
form a limited liability company among the ironmasters 





| the average, the total des 
| tons, 97,309 tons of which went from Middlesbrough and 
| 8626 tons from Skinningrove. The total clearances for 
the previous month were returned at 94,403 tons, and the | P® 





iron from the Tees during the month of July were up to 


tches being returned at 105,935 


despatches for July, last year, were given at 123,494 tons. 
Of the pig iron sent trom Skinningrove during the 
month just ended, 7022 tons went to Scotland and 
1604 tons to Holland. Of the pig loaded at Middles- 
brough during the past month, 73,195 tons went to 
foreign ports and: 24,114 tons to coastwise customers. 
rmany was the largest customer, receiving 11,879 tons ; 
whilst Scotland took 10,600 tons; Italy, 9401 tons; 
Belgium, 8135 tons ; France, 7521 tons ; Japan, 7050 tons; 
Sweden, 5934 tons; Denmark, 5501 tons; Wales, 5490 
tons ; and the United States, 4385 tons. Of 18,836 tons 
of manufactured iron shipped at Middlesbrough during 
the past month, 12,834 tons went foreign and 6002 tons 
coastwise ; and of the 46,645 tons of steel cleared, 42,620 
tons went abroad and 4025 tons coastwise. India was 
once more the largest buyer of both manufactured iron 
and steel, importing 5612 tons of the former and 11,008 
tons of the latter ; whilst the Argentine took 4558 tons of 
manufactured iron and 6326 tons of steel. Other principal 
customers of steel were :—New South Wales, 3621 tons ; 
Victoria, 3359 tons; Russia, 3226 tons; Canada, 2415 
tons ; and Natal, 2060 tons. 


Manufactured Iron and Steel Trade.—The ascertain- 
ment of Messrs. Price, Waterhouse and Oo., showing the 
production and prices of manufactured iron in the North 
of England for the months of May and June, shows that 
the average net selling price per ton was 7/. 11s. 3.97d., 
as compared with 7/. 10s. 2d. for the preceding two 
ey om me 7s. =. for A... first two — of the 

ear. nder the sliding- le arrangement the wages 
or iron workers will remain unaltered during the next 
two months. There was an advance for June and July of 
24 per cent. The ascertained average net selling price 
constitutes a record for the trade. The year 1907 has 
always been pointed to as the boom year for records, 
but the return issued this week beats all records as far as 
prices are concerned for that year. The highest price 
in 1907 was 7/. 6s. 9d., and that has been exceeded by 
each of the three returns this year. The sales for the 
two months totalled :—Bars, 8768 tons ; plates, 658 tons ; 
angles, 217 tons; rails, 85 tons; a total of 9730 tons. 


Manufactured Iron and Steel.—Works are being kept 
busy on contracts raade some time ago, but new work is 
at present somewhat scarce. Although there is a marked 
downward tendency, quotations remain unaltered. The 

rincipal market quotations stand :—Common iron bars, 
er 15s ; best bars, 9/. 2s. 6d.; packing-iron, 6/. 15s.; iron 
ship-plates, 7/. 15s. ; iron ship-angles, 8/. 15s.; iron ship- 
rivets, 9/. 10s. ; iron boiler-plates, 81. 17s. 6d. ; steel bars 
(basic), -8/.; steel bars (Siemens), 8. 10s. ; steel ship- 
plates, 8/. 5s. ; steel ship-angles, 7/. 17s. 6d. ; steel boiler- 
plates, 97. 5s.; steel strips, 8/.; steel hoops, 87. to 8/. 2s. 6d.; 
steel joists, 7/. 7s. 6d.—all less the customary 24 per cent. 
discount ; cast-iron columns, 7/. 7s. 6d. ; cast-iron railway 
chairs, 4. 15s. ; light iron rails, 7/. to 7/. 5s. ; heavy steel 
rails, 6/. 12s. 6d. to 6. 15s.; steel railway sleepers, 
7l. 103.—all net at works; and iron and steel galvanised 
corrugated sheets, 24 gauge, in bundles, 11/. f.o.b.—less 
the usual 4 per cent. 





Bgieian Sreet-Maxine.—The production of finished 
—_ in the province of Liége in recent years has been as 
‘ollows :— 


Year. Tons. Year. Tons. 
1907 .. .. 608,400 1910 721,910 
1908 .. a 449,550 1911 782,000 
1909 .. is 575,650 1912 890,850 


The average value per ton for the corresponding years 
was :—1907, 61. 10s. 1d.; 1908, 5/. 19s, 5d. ; 1909, 5/. 5s.; 
1910, 5/. 5s. 5d.; 1911, 5/. 6s. 1d.; and 1912, 5/. 14s. In 
last year’s production merchants’ steel figured for 220,450 
tons; rails and sleepers for 238,910 tons; girders for 
68,560 tons ; and plates for 206,670 tons. 





Cut.Lery.—The quantity of cutlery exported from the 
United Kingdom in the six months ended June 30, this 
year, was 24,666 cwt., as compared with 26,316 cwt. in 
the first half of 1912 and 27,255 cwt. in the first half of 
1911. The United States took 2539 cwb. in the first half 
of this year as compared with 2224 cwt. and 2133 cwt. 
The made in this quarter this year must be 
regarded as highly encouraging, as the American hard- 
ware interest has acquired a great development in recent 
years. The a of British cutlery into Brazil 
amounted to cwt. in the first half of this year, as 
compared with 2242 cwt. and 2459 cwt. | Cuaade took 
3620 cwt. of British cutlery to June 30, this year, as com- 
pared with 3430 ewt. and 3034. cwt. On the other hand, 
the imports of our cutlery into Australia to June 30 declined 
to 3302 cwt., as compared with 4102 cwt. and 4509 cwt. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been a good deal 
interrupted by the holidays, and little new can be re- 
ported with respect to steam coal. Upon the whole, 
colliery owners are still maintaining quotations, but 
buyers are looking for easier terms later in the autumn. 
The best Admiralty large steam coal has made 20s. to 
21s. per ton ; best secondary descriptions, 19s. to 19s. 6d.; 


other secon qualities, 18s. 6d. to 18s. 9d.; best 
bunker smalls, 10s. 6d. to lls. ; and smalls, 8s. to 
8s. 9d. per ton. The best household coal has been quoted 


at 19s. to 20s.; good households at 17s. to 184.; No. 3 
Rhondda large at 17s. to 18s.; and emails at 12s. to 12s. 6d. 
per ton. No. 2 Rhondda large has brought 13s. to 13s. 9d.; 
and No, 2 smalls, 8s. to 8s. 6d. per ton. Special foundry 
coke has been quoted at 28s. to 30s. ; Y y- foundry coke 
at 24s. to 27s.: and furnace coke at to 22s. per ton. 
As regards iron ore, Rubio has realised 19s. 6d. to 20s. 
r ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Water at Porthcawl.—A new service reservoir, which 
has been constructed in connection with the water works 
of the Porthcawl Urban District Council, was opened last 
Friday by Mrs. Jones, wife of Mr. T. G. Jones, chairman 
of the Council. The reservoir is situated at Tycoch, 
about 14 miles from the town. It has a holding capacity 
of 1,000,000 gallons, or sufficient to supply the needs of 
Porthcawl for ten days, The cost was about 5000. Mr. 
Jones said Porthcawl had been labouring under great 
difficulties during the past few years in to its 
water supply. ere was plenty of water at the source, 
but unfortunately the pipes were not large enough to 
bring it down to the town in sufficient quantity. The 
new reservoir would, however, feed the town through 
larger pipes. 

Cardiff Corporation Water Works.—The past year’s 
receipts from water and meter rentals, after rete | 
1266'. for empty houses, irrecoverables, &c., totall 
73,2441., or an increase of 1303/. over the previous twelve 
months. The rate in aid from the general district fund 
for the water works account for the past year amounted 
to 7528/., and judging by the figures for the last five years 
the tendency is for the annual call upon the rates to 
increase. During the past five years this call has been :— 
1908-9, 3065/.; 1909-10, 4766/.; 1910-11, 5,123/.; 1911-12, 
6719/.; and 1912-13, 7529/. 





AMERICAN Naturat Gas.—Natural gas occurs to an 
available commercial extent in 23 States of the American 
Union. The production for 1911 had a total value of 
74,127,534 dols. The estimated total area of the American 
gas-fields is 9365 square miles. The natural gas areas may 
be subdivided into seven principal fields—viz., first, the 
Appalachian region, my New York, Pennsylvania, 
South-Eastern Ohio, West Virginia, Kentucky, and Ala- 
bama ; secondly, the Trenton k, or Ohio and Indiana 
Field ; thirdly, the Clinton Sand or Central Ohio Field ; 
fourthly, the Mid-Continent or Kansas and Oklahoma 
Field ; fifthly, the Caddo Field in North-Western Louis- 
iana ; sixthly, the Texas Fields; and, seventh, the Cali- 
fornian Fields. The first use of natural gas in the United 
States was made in 1821, at Fredonia, New York, where a 
well 27 ft. in depth supplied enough gas for thirty burners. 
An hotel was illuminated from the same well upon the 
occasion of the visit of General Lafayette to the United 
States in 1824. Natural gas was not used for manufac- 
turing purposes by the Americans until 1863, when it 
was made available at East Liverpool, Ohio. The first 
natural-gas pipe-line was laid in 1876 to supply Titus- 
ville, Pennsylvania, from a well 786 ft. deep; and in 
the same year gas was brought to Pittsburg from a well 
19 miles distant in Butler County. 





Tue Sgsconp Cuineszk Nortu-South Rattway.—The 
first North-South Railway in China, from Peking to 
Hankow, was built by a French-Belgian company, and 
afterwards bought by the Chinese Government. A 
second lime, from Tientsin to Nanking, bas now been 
completed. The original intention was to join Nanking 
to Peking for political as well as for other reasons. The 
later project elected Chinkiang as terminus, a town 
situated east of Nanking on the Yangtsekiang, and 
already served by the railway a running 
on the southern side of the t river. Fi ly Nanking, 
or rather Peckow opposite it on the northern k of the 
Yangtsekiang, was adopted as terminus. The distance 
from Tientsin to this latter town would be about 480 
miles as the crow flies, but the railway line is much 
longer, namely, 620 miles. The reason for this big detour, 
chiefly to the west, is . avoid ~ Sone L - are 
exposed to frequent inundations. the original project 
had been executed, the railway would in its southern part 
have kept for about 200 miles near the great Imperial 
Canal, and the competition with the canal, apart from 
the danger _ inundations, might have poet Se 
tageous. it is, according to an article in the Zeitung 
des Vereins Deutscher Eisensahn verwaltungen, the canal 


| competition is very strong. Chinese traders are accus- 


tomed to the old canal routes, and have not taken to the 
railways as readily as was expected, even for like 
tea, for which rapid transit appears advisable. The 
actual railway line crosses the Imperial Canal near the 
middle of its course, or rather more to the south than 
the actual middle. The southern portion bas been built 
with British capital and plant, whilst German enterprise 
has secured the northern portion. The administration is 
in the hands of the Chinese Government, and the service 
is not up to European standard. So far the middle sec- 
tion seems to be the most busy, as it passes through 
important and thriving towns, 
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THE LATE PROFESSOR JOHN MILNE. 


In our last issue, on page 164, we referred 
briefly to the death of Professor John Milne, which 
occurred at his residence, Shide Hill House, Newport, 
in the Isle of Wight, on Wednesday, the 30th ult. 
Professor Milne was born in Live l in 1850, and 
was the only son of Mr. John Milne, of Milnrow, 
Rochdale. He was educated at King’s College and at 
the Royal School of Mines, London. He worked as a 
mining engineer in Cornwall and Lancashire, and in 
several Continental mines, being later occupied in the 
same capacity in Newfoundland and Labrador, for Mr. 
Cyrus Field, Sir James Anderson, and others. He then 
acted as geologist to Dr. Beke’s expedition into North- 
West Arabia. 

The most important part of Professor Milne’s career 
commenced in 1875, when, at the comparatively early 
age of twenty-five, he was appointed to the chair of 
geology and mining at the Imperial College of Engi- 
neering, Tokio, Japan. He was fora period of twenty 
ony in the employment of the Japanese Government, 

th as professor and as geologist and mining expert, 
during which period he travelled widely in the Far 
East. Living as he did in Japan, and considering the 
prevalence of earthquakes in that country, and the 
eagerness with which Professor Milne approached every 
——- and mining problem, it was most natural that 

e should become interested also in the study of seismo- 
logy. He ultimately devoted unremitting attention to 
this science, and designed instruments for recording 
earthquakes and earth vibrations. He founded the 
Seismological Society of Japan in 1880, a society 
which, he rightly claimed, marked an epoch in the 
history of seismology. He established the Seismic 
Survey of Japan, embracing 968 stations, and also a 
seismic survey of the world, for the British Associa- 
tion. Together with members of the Japanese society 
above referred to, among whom may be mentioned 
Professors Perry, Ayrton, and J. A. Ewing, who were 
at the time colleagues of his at Tokio, A designed 
and improved the instruments which served to record 
diagrams of seismic disturbances. 
is publications have been numerous. He wrote 
‘* Karthquakes ” in 1883, ‘‘ Seismology ” in 1898. He 
is also the author of ‘*The Miner's Hand-Book,” 
** Crystallography,” and of many papers on seismo- 
logy, geology, sea, Se mining, contributed to 
the Transactions of the Royal Society and to those of 
the Seismological Society. 

Professor Milne and his wife, a Japanese lady, 
arrived in ee in 1895 and took up their residence 
in the Isle of Wight, where Professor Milne established 
a seismological recording-station. His horizontal pen- 
dulum, styled the Milne seismograph, was improved, 
and was adopted as the standard instrument of its 
class, and in the course of a few years it was put 
down in many stations in Great Britain and the 
Colonies. The records given by this instrument make 
it possible to determine approximately the starting 
points of earthquakes. Professor Milne’s work in 
this respect and his very frequent communications to 
the Seismological Committee of the British Association 
form invaluable standards for the study of the 

henomena in question. He was awarded in 1894 the 

yall Medal by the Council of the Geological Society, 
and in 1908 one of the two Royal M awarded 
annually on the recommendation of the Council of the 
Royal Society. He was a Fellow of both these 
Societies. He received in 1906 the hono: degree 
of D.Sc. from the University of Oxford, and for his 
services to the Japanese Government he was awarded 
the Third-Class Order of the Rising Sun. 





INDUSTRIAL NOTES. 

THE dispute between the shipyard trades and the 
Employers’ Federation was settled on Thursday, the 
3lst ult., when representatives met in conference at 
Edinburgh to deal with the wages question. At 
the close of the conference the following official state- 
ment was made :—‘‘ It is mutually agreed that the 
advance in wages of ls. per week, or }d. per hour 
where payment is made by the hour to time-workers, 
and a special advance of 24 per cent. to riveters em- 
ployed on piecework on be of holders-on, shall 
take effect on and from the commencement of the 
first full pay in August, 1913. No further general 
alteration in wages, piece or time, to take effect for a 
period of twelve months from the date named.” There 
were various other points discussed, some of which 
were adjusted and others remitted to the districts 
immediately concerned for adjustment. These points 
deal with local conditions not applicable quell. 


No settlement having been arrived at in the dis- 
ute that was pendi on the uestion, the 
bourers at the Elswick Steel Works of Sir W. G. 
ine Whitworth and Co. have come out on 
strike. 
* In February Mr. Peter Millen, the official dele- 
gate of the National Amalgamated Union of Labour, 





made application to the firm for an advance of ls. a 





day on behalf of cranemen, slingers, second hands, 
and charge wheelers, the bonus to remain as at pre- 
sent, and time and half for week-end work. e 
ladlemen also asked for an advance of Is. a day, the 
bonus to remain as at present, while a similar request 
was made on behalf of men employed at the ingot 
pits, shell-cases, slag-banks, and slingers, and crane- 
men. Foun labourers, including box-fitters and 
slingers, ask for 8d. a day advance, labourers 
working with moulders on piece or time and half to 
be put on the same rate ; and the men engaged on the 
floor at the forge presses also asked for 8d. a day 
increase. 

The gas-producer men asked for double time for 
week-ends, Christmas Day, and Good Friday, and 
time and haif for all factory holidays. 

The firm made an offer of 6d. per week increase to 
a@ number of the men concerned, and also made some 
other concessions ; these, however, have not been 
considered satisfactory. There are about 500 men 
directly affected. Mr. J. T. Macpherson, organising 
secretary of the local branch of the Steel-Smelters’ 
Union, deprecates the strike, but the National Amal- 

amated Union of Labour, to which the labourers 
long, is supporting their action. The works were 
picketed on Saturday, the 2nd inst. 


Since our last note, on page 151 ante, matters on the 
Rand have continued to improve, but relatively only. 
At a meeting of delegates of the Trades Federation 
held on Thursday, the 3lst ult., a resolution was 

condemning in bitter terms the action of the 
vernment towards the workers of South Africa and 
refusing to accept the Government’s suggestions. The 
delegates added that they would rely upon their 
industrial and political organisation to remedy their 
rievances, and that no general strike should 
declared at the present juncture. On Sunday last, 
the 3rd inst., meetings of miners and railwaymen were 
held at Johannesburg, Pretoria, and other towns for 
calling upon the men to organise both oe and 
politically according to the terms of the resolution 
above referred to. In the meanwhile, the Union 
Government is endeavouring to establish better con- 
ditions throughout the disturbed districts, and is con- 
sidering the provision by legislation of more efficient 
means to secure the maintenance of law and order 
and the protection of life and property in cases of 
disturbances ; to regulate and protect by adequate 
legislation the working and the workers of the growing 
industrial undertakings ; to create suitable machinery 
for bringing nm and a especially on 
the Witwatersrand, into closer relationship, with a 
view to solving all _— arising between them 
by open and free discussions; and to secure the 
adoption of the ballot in all disputes. General Botha, 
who is giving his unremitting attention to the various 
roblems involved, has declared that these have to be 
aced, and that the Union Government would face 
them in their entirety. 








Matters in the tube trade at Wednesbury are some- 
what unsettled. At one works the furnace-helpers 
have ceased work —- their demand for an increase 
in wages not having mn met. This demand was 
found the managing director to go beyond the 
terms of settlement arranged by the Midland Em- 
ployers’ Federation. At another works the men on 
piece-work have demanded a 10 per cent. increase, and 
threaten to strike if their demand is not conceded. 


The Sheffield table and butchers’ knife-hafters on 
Saturday last, the 2nd inst., handed in their notices 
to expire at the end of the present month, failing 
compliance with their demand for a 10 per cent. 
increase in w: They number about , 70 per 
cent. of whom are members of the union. The men 
state that it is forty years since an advance in wages 
was conceded in their branch of the trade. 








In the monthly report for July, issued by the 
National Union of Boot and Shoe Operatives, we read 
that employment on the whole was good, slightly 
better than a month ago and about the same as a year 
ago. Returns from firms employing 68,566 workpeople 
in the week ending June showed an increase of 
0.2 per cent. in the number employed, and of 1.1 per 
cent in the amount of paid compared with a 
month ago. Compared with a year ago there was an 
increase of 0.3 per cent. in the number employed and 
no change in the amount of wages paid. At Leicester 
employment on the whole continued fairly good ; it 
was not so good asa yearago. At Northampton em- 
ployment generally was good ; the clickers and press- 
men reported it as slack; at Kettering it was slightly 
better than a month ago, but not so good as a year 
ago ; army bootmakers in Northamptonshire were fully 
employed. At Stafford employment was fair, and 
better than a month ago and a year ago. At Norwich 
yoy te was quiet, and not so good as a year ago. 
At Bristol and Kingswood employment on the whole 
was good, and better then a month ago and a year 
especially at Kingswood. At Leeds employment was 





moderate, but better than a month ago ; it was slightly 
worse than a year ago. In Scotland employment was 
reported as good in all the principal centres, and on 
the whole was better than a year ago. 


We read in the July issue of the Revue du Travail, 
the official journal published in Belgium, and dealing 
with that country’s labour markets, that forty-four 
free labour bureaus supplied statistics of their opera- 
tions during the month of June last. Forty-one of 
these institutions issued 5022 offers of employment, 
and received during the same period 5101 requests for 
employment, or a proportion of 101 to 100 offers. 
In May last and in June of last year the proportion 
was 97 requests for employment, as against 100 offers 
of work. Also during June last 273 trade unions 
having a total of 83,577 members supplied information. 
Leaving out the Antwerp diamond trade, in which 
there are 12 per cent. of the men unoccupied, there 
remain for the other industries 79,785 men, of whom 
there were 1269 out of work through no fault of their 
own, & proportion of 1.6 per cent. as against 2.4 per 
cent. in May last, and 1.1 per cent. in June of last 
year. 





According to official German statistics, hands en- 
gaged in the mining industry do not appear to be 
exposed to greater risks than persons earning their 
livelihood in other trades. The mining industry, in 
fact, does not head the list. In the year 1911, for 
which a report is now available, there were, for every 
1000 workmen, 0.07 permanently and completely dis- 
abled, and 3.41 permanently ne | partly disabled. In 
stone-quarrying the fi s were 0.13 and 3.84 respec- 
tively, whilst in inland navigation they were 0.10 and 
2.59 ; in tramways and secondary railways, 0.17 and 
3.04; in the leather industry, 0.09 and 2.84 ; in iron 
and steel manufacture, 0.08 and 4.25; in the brewery 
and malting industries, 0.07 and 3.33. Nor is the mining 
industry at the top of the list as regards the proportion 
of all-round injuries and the number of compensations 
paid. The jobmasters’ trade union reported that, for 
every 1000 hands, they had 19.32 who received com- 
pensation for the first time, whilst the miners’ trade 
union had 14.55; the milling industry, 14.11; stone- 
quarrying, 13.54 ; and inland navigation, 12.44. With 
regard to the cause of accidents, in the mining industry 
69.55 per cent. came under the heading of risks of the 
industry as such ; the injured persons themselves were 
to blame to the extent of 25.53 per cent. ; 3.86 per cent. 
of cases were attributable to fellow-workmen ; and 1.06 
per cent. were attributed to faulty management or 
plant—admittedly a very low figure. The proportion 
of 30 per cent. (more exactly 25.53 plus 3.86 per cent.) 
which can be brought home to the men themselves 
forms a rather large proportion of the total, and a 
figure which, it weal seem, should be capable of 
reduction. 





The union of German miners had, at the end of 
1912, a membership of 114,062—a reduction of 9375 
as compared with two years ago. Its expenditure 
during last year amounted to 8,925,420 marks 
(446,200/.), the largest item being 3,615,526 marks 
(180,7007. ) for strikes for 1911-1912—as against 471,431 
marks (23,500/.) for the preceding two years. The 
capital of the union on January 31, 1913, amounted 
to 2,644,136 marks (132,200/.), events during last year 
having caused a reduction of about 1,000,600 marks 
(50,000/.) in the funds. 





Tue Bongcourt System or Surrace ComMBUsTION.— 
We are informed that the Franklin Institute, of Phila- 
delphia, has awarded the Harvard N. Potts gold medal, 
given for distinguished work in science or mechanical 
arts, to Professor William A. Bone, D.Sc., Ph.D,, 
ben ae of vege y | eg | at the Im- 
pe! ege Oo! lence an echno: , In recognition 
of his work on ‘‘ Surface Combustion,” which is described 
by the authorities as ‘‘an original and meritorious deve- 
lopment in scientific technology.” 





PrrsonaL.—Messrs. Eeles Walker and Co. have re- 
moved their offices and works from Pitsford-street to 
Forward Works, The Crescent, Cambridge-street, Bir- 
mingham.—We understand that the Road Board have 
appointed Mr. Henry Percy Maybury, M. Inst. C.E., 
the County Surveyor of Kent, as chief engineer to the 
Board. Colonel eaeeten, C.B., will continue to act, as 
he has hitherto done, as consulting engineer. Mr. 
Maybury will commence his new duties as soon as the 
Kent County Council fill the vacancy in the post of 
county surveyor, which will probably be in the month of 
November next. The Road Board have also added to 
their Engineering Advisory Committee, Mr. E. Purnell 
Hooley, the County Surveyor of Nottinghamshire, and 
Mr. Alfred Dryland, the County Surveyor of Surrey.— 
Messrs. Maxwell and Fage, 49, Sefton -street, Liverpool, 
state that they have commenced business in partnership, 
as from July 1, as constructional engineers, contractors, 

merchants, and have made arrangements by which 
on oe Se goodwill of the business so my 3 carried 
on by Bruce and Still, Limited. Mr. Lyon H. 
Maxwell was a director, and Mr. Arthur Fage, general 
manager, of that company. 














er 1 AMIN tithe lei tietsaticis’ 











Aue. 8, 1913.] ENGINEERING. 


201 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-lron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line | defray nd lines +’ Osscalé to fecmnlion, cddtliens to the 





represente 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per e, the contents of which vary in a 701lb.to80lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

Wk give below a few data concerning several colonial 
and ~~» > engineering projects, taken from the Board 
of Trade Journal. Further information ——— =p these 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

Canada : With reference to the call for tenders for the 
construction of a dry dock at Lauzon, Quebec, it is notified 
by the Imperial Trade Corres: ent at Quebec that the 
contract has now been awarded. The dock will be 1150 ft. 
long and 120 ft. wide, and capable of accommodating 
simultaneously two ships of the t type now running 
0 ee te Tavest Officiel notifies that th i 

ypt: The notifies that the ptian 
Ministry of Public Works, on behalf of the Maney aliey 
of Port Said, invites tenders for the construction of the 
disposal works in connection with the drainage of Port 
Said, including detritus-tanks, sedimentation-tanks, four 
circular bacterial filters, humus-tanks, and all necessary 
pipes, chambers, and channels. Tenders will be received, 
ap % noon on October 11, by the Controller-General, 
in Drainage Department, Mini of Public Works, 
Cairo, at whose office the conditions of tender, plans, &c., 
may be seen, or obtained on payment of £E.3 Be 1s. 7d.), 
which will not be returned. 

Spain: The Gaceta de Mudrid publishes a notice, 
issued by the General Directorate of Public Works, 
Madrid, inviting tenders, which will be opened on 
September 22, for the construction of a railway from 
Jumilla to Cieza. The cost of construction is estimated 
at 6,216,000 pesetas (about 230,000/.), on which interest 
not exceeding 5 per cent. per annum will be guaranteed 
by the State. A deposit of 10 per cent. of the foregoing 
amount will be required to qualify any tender. The 
minimum rolling-stock required to work the line will 
be 3 locomotives, 19 passenger-coaches, 3 brake-vans, 
and 31 goods-wagons. An option on the concession 
is held by Don — ye Ibern. The Gaceta also 
notifies that tenders will be ee on September 26, 
at the Direccién General de Obras Piblicas, Madrid, 
for the construction and working of a railway 
from Alcazar de San Juan to Toledo. The cost of con- 
struction is estimated at 10,345,373 pesetas (about 
ee hot — + a y mae op 4 r cent. — 

guaran © State. leposid o} per cent. o! 
this amount will | be required to a any tender. An 
option on the concession is held by Don Salvador Serra 

obet. The minimum amount of rolling-stock ui 
to work the a is six Coot ten ——~gy b anaes 5 
passenger-coaches, and eig’ ty goods- ns. ug 
the foregoing two contracts will gouboliy be awarded 
to Spanish firms, nevertheless the carrying out of the 
na may involve the purchase of material outside 

pain. 

Mexico: With reference to the contract between the 
Mexican Government and Mr. A. Slatter for the con- 
struction of a railway from Zacatecas to Tlaltenango, 
H.M. Minister at Mexico City re the publication in 
the Diario Oficial of an amended contract, whereby not 
less than 30 km. (about 184 miles) are to be completed by 
July 27, 1914, and not less than 43 km. (about 27 miles) 
in each succeeding year, the whole line to be completed 
by December, 1918. Free importation of construction 
material is allowed for five years from December 17, 1910. 
With reference to the contract entered into between the 
Mexican Ministry of Communications and Public Works 
and Sejior J. Casasus for the construction of a line start- 
ing from the town of Monclova, in Coahuila, and ter- 
minating at the city of Chihuahua, H.M. Minister of 
Mexico City reports the publication in the Diario Oficial 
of a notice stating that the contract in question has been 
rescinded by mutual consent. 

Colombia : H.M. ee at Bogoté has forwarded a 
copy of the Gacete de Cundinamarca containing the text 
ofa contract made by the Government of the t 
of Cundinamarca with Sres. G. and F. Pineda Lopez for 
the construction of a light railway from Bogota to the 
frontier of the Department of Boyaca. 

Ecuador: The Registro Oficial, Quito, announces that 
a@ committee has been formed having for its object the 
oy me of a scheme for providing the town of Bahia 

e Caraquez with pavements, sewerage works, and a sea- 
defence wall. 

Brazil: H.M. Consul at Rio Grande do Sul reports 
that, according to a notice in the local press, the Muni- 
cipality of Rio Grande is calling for tenders for a con- 
cession for the provision of a water supply, sewerage, and 
rain-water drainage system in the to at an estimated 
cost of from 400,000/. to 500,000/. Tenders, accompanied 
by a deposit of 5000 milreis febous 333J.), will be received, 
oP to 2 p.m. on December 15, by Sr. Coronel Intendente 

unicipal, Directoria de Obras, Rio Grande do Sul. 
With reference to the call for tenders for the i 
out of harbour improvement works at the (river) port a 
Corumbé (State of Matto Grosso), the Diario Official 

ublishes the text of a contract made by the Brazilian 
vernment with Euripedes O. de Magalhaesand Horacio 
M. Meanda for the execution of these works, at a cost of 
1,504,085 milreis (about 100,200/.). The work includes the 
construction of wharves and two warehoures, and the 
equipment of the harbour with railway lines, &. The 
Diario Official rere (1) a decree approving the plans 
and estimate of 4,057,841 milreis (about 270,000/.) for the 
construction of a 31-mile section (Gravatd to Arassuahy) 
of the line in course of being laid from Theophilo Ottoni 


| to Tremedal ; and (2) a decree ear-marking various sums to 


of following 


system of railways, extensions on the Santa 
ilway, and constructional operations on the 


in-plates are per box of I.C. cokes. | railways in Rio Grande do Sul. 
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THE DRAINAGE OF THE FENS.* 
By Ricuarp F. Grantuas, of London. 

Tue drainage of the Fens has engaged the attention of 
several generations of engineers, with the result that 
large areas of what was formerly morass have been con- 
verted into exceedingly fertile land. This result has 
been attained, in the first instance, by cutting large 
arterial drains which discharge the water into the rivers, 
all of which discharge into the Wash. The rivers which 
receive the waters from the Fens are the Witham, the 





the bed of the rivers is taking place, so that the difficult 

of maintaining an efficient system of drai is muc 

in “ i when it is considered that the sur- 
face of the fens marshes is ey flat, and that 
generally speaking the surface nearest the uplands and 
farthest away from the outlets—in some cases, perhaps, 
20 to 30 miles—is in some parts 4 ft. to 5 ft. lower than 
it is nearer the point of discharge. And, further, in some 
areas navigation is and must be maintained, and the 
| oe ngs of navigation and drainage are necessarily con- 

icting. 
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the main outfall drains, es 
be maintained in those drains. Ata time when, as often 
happens, the tides, blown up by the prevailing wind, 
reach an abnormal height, and great falls of rain occur 
concurrently, the water is too high in the main drains to 
admit the water from the Fens by gravitation, and resort 
must be had to pumping, ‘Thus numerous pumping- 
mills have been established in the interior districts of 
the Fens. 

In the district drained by the South Forty-Foot River, 
a great drain, with a fall of 3in. in the mile, which 
discha: through the Black Sluice into the Witham 
below ton, and extends up to Guthram Uote, a dis- 
tance of about 21 miles, its course for the ter part of 
this length running nearly parallel with the hills which 
form the uplands, the drainage of the Fens which it 
traverses has hitherto depended on gravitation. Now, 
however, pumping engines in each fen are gradually being 
established. 

The same conditions prevail on the left bank of the 
Trent below Gainsborough, for, although the lands are 
not, strictly s ing, fen lands, the conditions are much 
thesame. Of late years several pumping engines have 
been established on that side of the river, because when 
freshets come down, the water in the river has been so 
high that for some days no water from the land could be 
disc — by gravitation into it. 

The first form of pumping was by means of windmills 
and scoop-wheels, but although in many places scoop- 
wheels have been retained, the windmills have been 
superseded or supplemented by steam-engines. The 
scoop-wheel has in most cases been discarded for centri- 
fugal pumps. In many cases in Norfolk the windmill 
is retained, but a portable steam-engine is used as an 
auxiliary. ; 

The scoop-wheels, which sometimes vary from 36 ft. to 


ially where navigation must 


















Welland, the Nene, and the Ouse, 
drain u ds in the counties of Lincolnshire, Northamp- 
shire, Huntingdonshire, Cambridgeshire, and Norfolk. 
These rivers have from time to time been diverted and 
straightened, so that the waters are discharged into the 
sea much more rapidly than they formerly were. 

Between the Fens and the sea there are marshes, the 
nature of the soil of which is quite different from that in 
the Fens. The soil of the latter is peat, showing a black 
colour on the surface, and is derived partly from the 
deposition of silt and soil carried down by the streams and 
floods, and partly by decaying vegetation and aqueous 
deposits over a long series of years. The soil of the 
marshes has been formed by a series of deposits of the 
sea. A cutting made through this soil will reveal the 
thickness of each successive deposit. 

The improvements in the drainage of the Fens, or what 
might perhaps more correctly be called the reclamation of 
the Fens from their condition of morass, have resulted 
in a general lowering of the surface of both fen and marsh, 
as it does in all marsh lands, by the abstraction of the 


water and consequent shrinkage of the soil. A stri 
instance of this may be mentioaed in what happened 
after the draining of Whittlesea Mere, in the Middle 
Level of the Great Bedford Level. In 1851 engines and 
pumps were erected for the purpose of draining the Mere, 
and at the same time an iron post was sunk down into 
the ground for the purpose of observing the settlement. 
It was found n from time to time to lower the 
pumps, owing to the depression of the land, and in 1876 
new engines and pumps were erected to provide for the 
apna ift required, and the iron post was observed to 

standing 8 ft. out of the und. At the t 
time the post stands 10 ft. out of the ground. — While the 
settlement is in progress a gradual silting up of 


* Paper read before the Institution of Mechanical 
Engineers at Cambridge, July 30, 1913. 





and these rivers also | 





The uplands which on one side bound the Fens 
naturally discharge their waters into the fen drains, and, 
unless means are adopted to intercept the water from 
them, the fen land near the uplands is much flooded 
during excessive rains before the water can flow down to 
the outlets. It is, therefore, of the first importance to 
provide catch-water drains to intercept the upland water 
and to discharge them into the rivers if ible by a 
separate channel. The Romans recognised this principle, 
and cut what is known as the Car Dyke, skirting the 
foot of the uplands all the way from Lincoln, past Bourne 
to the Nene, near Peterborough. This Car Dyke is in 
existence still, but in many places has been neglected 
and has become more or less choked. 

Nine consecutive wet years, 1875-1883, in South Lin- 
colnshire forced the attention of the country to the 
necessity of making improvements in the drainage system 
in the Fens. In 1 aera improvement was made 
by a new cut at the outfall of the River Witham, so that 

lower end of the river, instead of meandering through 
the sandbanks in the Wash, now discharges direct into 
Boston Deeps, the result being that low-water level up 
to Boston was oy about 4 ft., and a corresponding 
beneficial effect felt through a great part of the area 
which it drains in South Lincolnshire. But the excite- 
ment created by the condition produced by those wet 
seasons after a time died down, and no such continued 
heavy rains have occurred until the extraordinary down- 
pour in A 1912. In the meantime the other rivers 
—the Welland, the Nene, and Ouse—have 
gradually silting up, and at the t time improve- 
ments in these rivers are urgently needed in order to 


| obtain all the benefit of which the main drainage systems 


within their watersheds stand in need. 

The condition of the gravitation outfalls is, of course, 
the first consideration in all drainage systems, but the 
Fens are de lent very largely in their interior economy 


upon pumping the water from the low-lying lands into | 





50 ft. in diameter, have only a low degree of efficiency, 
generally estimated at about 30 per cent. They have 
done good work, some of them with their engines having 
been at work for sixty years and upwards, but the expen- 
diture of fuel in working them compared with present- 
day methods has been very large. In one case which 
the author was called upon to me oy the consump- 
tion of coal used in the case of a wheel 36 ft. in diameter, 
draining 9000 acres, worked by a beam-engine said to be 
100 horse-power, was 30 tons per week. ; 

A comparison of the cost made at the time with the 
cost of other forms of power showed the following 
result :— 

Present low-pressure engine...0.39d. per brake horse- 
power per hour. 
High-pressure condensing | 0.332d. per brake horse- 


steam-engine J power per hour. 
Gas-engine and suction-gas...0.272d. per brake horse- 
power per hour. 
Diesel oil-engine .. 0.119d. per brake horse- 
power per hour. 


In regard to the form of pumps, the centrifugal pump 
shows a much higher efideuy amas, about 60. per 
cent. for low lifts, and is more capable of dealing with 
variations in the lift than the old scoop-wheel. _ 

There are two forms of centrifugal ae one invented 
by Appold, and called the spe pump or turbine 
pump, and first manufactured by Messrs. Easton and 


been} Amos. The fan in this ‘| is placed horizontally at 


the bottom of the pump, and is worked by a vertical 
spindle by means of gearing at the upper end of the 

indle. ithin certain limits of lift, this pup = 
+ nom excellent work. The advantage of it is that it 
cannot lose water, and although some danger of damage 
to the blades of the fan has been apprehended, necessi- 
tating ite being lifted, the author has known them to be 
working for upwards of 35 years without any injury 
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arising to them, and he has found this to be a common 
experience. Another advantage is that this pump lifts 
the water direct from the low level to the higher level, 
without, as in the case of the —a_ pump, noes | 
to lift the water up to the level above the floor on which | 
the pump is fixed, thus somewhat diminishing the power 
~~ But it is only adapted for low lifts. 
n the centrifugal pump, which is now more commonly | 
used, the fan is fixed vertically on a horizontal shaft. As 
it is now manufactured, it does excellent work, and | 
has been made capable of raising water to greater lifts 
than the Appold pump. But, as already mentioned, all 
the water must be lifted through a suction pipe up to the | 
level of and through the pump, which is fixed on the | 
engine-house floor. The lifts in the Fens vary from about 
7 ft. to15 ft. The average cost of pumping in the South 
Level of the Great Bedford Level, as given by Mr. W. H. 
Wheeler, has been 16.25d. per acre. 

On the plans on 202 are shown the boundaries 
of the North and Middle Levels of the Bedford Level. 
The North Level has a taxable area of about 40,000 | 
acres, and, in addition to this, about 36,000 acres form 
contributory areas draining into its outfall, and con- | 
tributing to the cost of maintenance. The Middle 
Level is a typical Fen district, and has a taxable area 
of 120,000 acres, and the South Level about 140,000 
acres. In these levels lie fens known by name, and 
each fen or combination of fens is drained by engines 
and pumps or scoop-wheels lifting the water into the 
main drain. 

Embankments are formed for the most part along the 
sides of the main drains, so as to prevent the water in 
them overflowing the fens during heavy rains when the 
tide is up at the outlets. 

In the line of most drains and rivers, embankments 
are formed at some distance away from the sides of the 
drains, leaving spaces or ‘‘ washlands,” which form reser- 
voirs in times of fi These ‘‘ washlands” are main- 
tained as grass lands, and the water flowing over them 
does no harm, except perhaps when a flood occurs during 
hay harvest. lengths of these ‘‘ washlands” are to 
be found between the Old Bedford River and the Hundred 
Foot River in the valley of the Ouse, and also between 
the Nene and Moreton’s Leam in the Nene Valley. Many 
of these banks are made of material of a very poor kind 
for the purpose, owing to their situation on peat or light 
land, there being no good clay obtainable. Breaches in 
these banks during flood times in various parts of the fens 
are of frequent occurrence, sometimes due to leaks through 
the banks and sometimes due to the water fiowing over 
the top. The breaches cause a deal of flooding of 
the fen land and consequent damage, and sometimes 
annoyance and disturbance between neighbours as to the 
liability for the maintenance of the banks. 

A very serious breach in December, 1910, occurred in 
the bank of the River Glen, causing the flooding of about 
11,000 acres. The bank, which the author saw after it 
had been broken, was formed partly of peat and partly 
of light earth, and the land on which it stood was peat. 
After very heavy rains the water rose to such a height in 
the river that the bank could not withstand the pressure, 
and it gave way, leaving a breach 133 ft. long and a hole 
in the middle of the breach, as is commonly the case, of 
about 13 ft. to 14 ft. deep below the bed of the river. 
The breach was narrowed to 40 ft. by means of sacks of 
earth weighted down, and was ultimately closed by means 
of a cofferdam filled in with the best clay that could be 
found in the neighbourhood. 

Having regard, as already pointed out, to the depres- 
sion of the surface of the land on the one hand, and the 
gradual silting up of the rivers on the other, the problem 
of the present day is how to provide for effectual drainage 
of the Fens and to prevent flooding of the land in times of 
excessive rainfall ; and not only is it a question of the 
present time, but also for the future, for as the land con- 
tinues to settle and the rivers to silt up, the difficulty 
increases. There are two remedies—one by clearing out 
and deepening the beds of the rivers, and the other by 
pumping at the outfalls. 

The outfalls of the drains discharge their water ulti- 
mately, of course, into the tideways. At each outfall of 
the principal areas there are tidal sluices to prevent 
the tide flowing up the main drains. There are the 
Grand Sluice and the Black Sluice at Boston in the 
Witham, the North Level Sluice in the Nene, the St. 
Germans Sluice draining the Middle Level, and the 
Denver Sluice draining the South Level in the Ouse. 
When the tide rises, these sluices are closed, and when 
there are heavy floods in the rivers they sometimes 
remain closed for more than one tide, and this happens 
just at the time when the land inside is suffering from 
excess of water. 

The rivers are quite capable of improvement, but only 
at very considerable cost, and further, in most of them 
there are many authorities which have jurisdiction over 
different portion of their len so that it becomes 
extremely difficult to propound a scheme in which all 
these ies will b 
_ The other method is to pump the water at the outfalls 
into the tideway during times of excessive flood. This 
method would no doubt give relief, but it must be borne 
in mind that _ engines would be required, and 
pumping would be necessary only for three or four months 
in the year, and in some cold dry winters might not be 
wanted. These are the considerations which must be 
iy = in each particular case, and no general rule can 
be laid down. 

Several Bills were introduced into Parliament in 1877, 
1878, 1879, and 1881, ae! with the idea of | 
pra na | boards in the basins of rivers in whic 
extensive flooding took place, but difficulties in the way 
of rating was the main reason which prevented their 





establishment. 


MODERN PUMPING MACHINERY FOR 
DRAINAGE OF THE FENS.* 


By Ricnarp W. ALLEN, Member, of Bedford. 


Tue drainage of that large tract of low lands known as 
the Fen land, comprisirg over 450,000 acres, is generally 
but little understood (see Fig. 1, below). That the subject 
is full of interest and the mechanical devices so varied 
will be acknowledged when it is mentioned that to-day 
the following methods are a for anyes out this 
great work, without which the land would be entirely 
unproductive :— 

(a) Windmills driving scoop-wheels. 

(6) Beam-engines (single and compound cylinder) driv- 
ing scoop-wheels. 
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(0) Beam-Engines Driving Scoop-Wheels.—This class of 
machinery is gradually being replaced by more modern 
pumping nes, due in many cases to fact that the 
subsidence of the land has been so great, varying from 
4 in. to 1 in. each year, that “aye level of the 
various main drains is too low to allow sufficient dip on 
the ladles of the scoop-wheels. 

(c) Beam and Horizontal Engines Driving Geared Ver- 
tical-Spindle Pumps.— A difficulty now being experienced 
with many of the existing vertical-spindle pumps is that, 
in order to the pumps, the water in the drains has 
to be raised to such a level that there is grave danger of 
some of the lowest lying land being flooded before the 
machinery can be set in operation. The cost of lowerin 
the scoop-wheel or the pamp, as the case may be, is ouak 
an expensive matter, and the efficiency under the most 
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(c) Beam-engines and horizontal engines driving vertical- 
spindle pumps through gearing. : . 

(d) Vertical steam-engines driving horizontal-spindle 
centrifugal pum 

(e) Horizontal oil -engines driving horizontal - spindle 
centrifugal pumps. 

To describe in detail the mechanism under each of these 
headings would be quite beyond the scope of this paper, 
and the author therefore proposes to deal chiefly with 
those which are included under headings (d) and (e). 

(a) Windmills | ag Scoop- + —— type - 
machinery is rapidly disappearing ; the largest example 
now working is nated on the banks of the River Ouse 
at Harriermere, Middle Fen District, near Ely, the 
scoop-wheel being 30 ft. in diameter with 5-ft. by 14-in. 
ladles, Figs. 2 and 3, page 204. The ~ of water on the 
ladle is 1 ft. 9in., and the maximum lift to which the 
wheel is capable of working is 10 ft. This mill has four 
sails, 40 ft. long by 7 ft. wide, and the ratio of gearing gives 
four revolutions of the sails to one of the scoop-wh 


* Paper read before the Institution of Mechanical 
Engineers at Cambridge, July 30, 1913. 
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' favourable conditions so low, that it is more economical 


to remove the old plant and replace by more modern 
mtg) Vortioat Ste Engines Driving Horizontal-Spindle 
eri am-Engines Driving Horiz - 
Centrifugal Pumps.—During the past fifteen years a 
number of pumping plants have been installed, in the 
majority of cases new machi included under 
clause ta) replacing existing appliances, for raising 
water. 

For pur of illustration, the author has chosen 
some of the following stations in which he has been 
interested, representing some of the most recent work 
in the district ; but, at the same time, he wishes it to be 
understood that there are many other stations, such as 
those erected at Laneham, Puddock Bridge, and in the 
North Level, which are — excellent work :— 

I. Prickwillow, Middle Fen Commissioners, 
II. Wisbech, Waldersea District Commissioners. 

III. Soham Mere, Dunn Gardner Estate. 

IV. Mr. Martin’s Farm, Hilgay. 

Vv. — River Bank, Littleport and Downham 


trict. 
Before describing the pumping-stations in detail, it may 
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be interesting to give, in condensed form, the main points 
to be considered in the desiga and construction of 
drainage machinery suitable to the conditions obtaining 
in this area :— 

1. In the wettest season the machinery only works five 
to six months during the year, and in a dry season only 
three to four months, and sometimes less. 

2. Initial cost has to be kept as low as possible, as the 
Fen Commissioners have seriously to consider their drain- 


age tax. 

3. Plant to be so designed as to run continuously for at 
east a month. 

4. The machinery will generally be run by a skilled 
a nota mechanic. Simplicity is therefore essen- 
tial. 

5. Water for boilers and for condensing purposes 
always contains a large percentage of mud in suspension, 
and this particularly so during the wettest time of the 
wet season. 

6. Efficiency to some extent must be sacrificed to 
initial cost and simplicity of design. 

7. Cost of maintenance and renewals must be reduced 
to & minimum. 

8. All calculations must be based upon amount of coal 
consumed to the water horse-power discharged. 

9. When new plant is installed, the old foundation 
must he utilised as far as possible. 

10. All new foundation work, unless well stepped into 


existing foundations, must be pl upon piled ground, 
or reinforced concrete employed. 
11. The maximum quantity of water has to be always 


discharged upon the highest lift. 

These considerations have been met to a very large 
extent by the machinery installed at the stations al 
referred to, due especially to the fact that the eentrifugal- 
pump applies itself so well to differences in Jevel of the 
water in the drain and river. The suction and discharge- 
pipes of the centrifugal pump with a horizontal spindle 
are laid in the old race of the scoop-wheel with very 
little cutting away or filling in, and, by extending these 
pipes outside the building, little or no alteration is 


MIDDLE FEN DRAINAGE COMMISS/ONERS 
PRICK WILLOW PUMPING STATION 


Fig 4. 
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required to be made to the main walls of the engine- 
house. The foundations necessary for the engines are 
small and easily made in the original engine-house, and 
further, the extra length of suction-pipe can be readily 
added when required to meet any lowering of the main 
drain, due to subsidence of the land. 

From experience gained, the machinery most suitable is 
that one of Lancashire boilers, vertical double-acting 
enclosed fo -lubrication engines running at a moderate 
speed driving direct centrifugal pumps with horizontal 
spindles, the condensing plant being of the jet type and 














would not sbow sufficient return to cover the interest 
upon the increased initial capital expenditure ; further, it 
might be necessary to duplicate the machinery to enable 
the cleaning of the boilers and condensers to be carried 
designed, with the exception that engines of the open | out efficiently ; and, lastly, the unsuitability of the feed 
type have been supplied in place of those of the enclosed. | and cooling water for this class of machinery. 


WINDMILL AT HARRIERMERE DRIVING 30 FEET DIAMETER SCOOP-WHEEL.MIDOLE FEN DISTRICT 


having the injection water well strained before reaching 
the condenser, and the air-pumps driven either direct from 
the engines or by ing running in an oil-bath. It is 
upon t lines t these pumping-stations have been 






































































































































































































































DIMENSIONS TAKEN AND DRAWING MADE BY M*® ARCHIBALD CARMICHAEL JULY 1906. 
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This has been brought about by hesitation of the Fen| I. Prickwillow, Middle Fen District.—This pumping 
authorities to depart from the exceptionally low-revolu- | engine was installed in 1897, replacing a side-lever con- 
tion engine, although in many cases the piston speed of | densing engine of 60 nominal horse-power, erected in 
the enclosed engine proposed has been less than that of | 1833, using steam at 6 lb. persq. in., and driving @ scoop- 
the open-type engine, yet permission to install the former wheel 33 ft. 6 in. in diameter. 4 
has not, so fee, been granted. ‘ The machinery, Figs. 4, 5, and 6, above, consists of a 
Water-tube boilers, steam-turbines, and surface-con- | vertical compound double-acting condensing open engine, 
ing plants have on occasions su ted as driving direct a horizontal oonteinas pump. e steam- 
an alternative; but the author ventures to think that | cylinders are 21 in. and 35 in. in diameter, each having 
their claim does not show sufficient merit to warrant | a stroke of 1 ft. 8 in. The engine is capable of develop- 
their acceptance, as the slight gain, if any, in efficiency | ing 300 indicated horse-power with steam pressure at 











Aue. 8, 1913.] 


ENGINEERING, 


205 








75 lb, per sq. in. The diameter of the suction and 
jJelivery pipes is 43 in., and the pump is capable of 
delivering 150 tons of water per minute upon a 16-ft. lift 
at 130 revolutions. The revolving disc is 5 ft. 6 in. in 
diameter, and is made of cast iron and keyed to a steel 
shaft, running in white-metal i The pumpis pro- 
vided with steam. ejector, for the purpose of charging. ‘The 
engine has fixed on high-pressure crosshead a con- 


‘ SOHAM PUMPING 










This district has a taxable area of 11,000 acres and | 
about 25,000 acres to be drained, and to-day the drainage 
is mainly carried out by this pump, assisted by a 60-horse- 
power compound condensing beam-engi driving a 
breenry yy pump, the engine supplied with 
steam at 65 lb. pressure. The main drain is 30 ft. wide 
and 7 ft. deep at starting level, and there are about | 
30 miles of drains connected thereto. 
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necting-rod with reciprocating beam, the levers of which 
are connected to a egg ee Mgt ny 20 in. in 
diameter by 10 in. stroke. Attac' to the air-pump is 
a jet-condenser, giving a constant vacuum of 26 in. to 
27 in., steam being supplied by two Lancashire boilers, 
23 ft. 6 in. by 8 ft. diameter, with joway cross-tubes. 

From March, 1912, to March, 1913, this engine ran on 
209 days (of 12 hours duration), the maximum non-stop 
run being 372 hours during the latter part of August. 
The average coal consumption was 34 tons for the 12 hours, 
including the raising of steam in boilers, 
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of interest, and are tabulated in the next co 
will be noted that, owing to the subsidence of the 
the lift of the pump has increased in sixteen years from 
13 ft. 4 in. to 15 ft., and in eighty years it has increased 
practically 6 ft. , pag ‘ 
II. Wisbech, Waldersea District Commissioners.—This 
machinery, Figs. 7, 8 and 9, page 204, was erected in 1900. 
It consists of a vertical compound double-acting open 
engine driving direct a horizontal-spindle centrifugal 
pump. The engine has cylinders 18 in, and 29 in, in dia- 





Old and New Plant at Prickwillow. 














| } 
Date | | 
Steam Revolu-| Lift 
Type of Plant. (9.°% | Pres. |tions of| in | ear 
tion, | Sure. | Engine Fee . 
av, per r ft. in. tns, 
sq. in. oleate | salute 
Side - lever condensing} | | 
engine driving ecoop-| 
wheel .. oo «= wo, 2088 6 25.5 9 103) 68.9 
Vertical compound con-, 
densing marine engine) 
direct-driving horizon- | 
tal centrifugal case-| | 
pump «= we | 1807 | 76 182 18 4) 1682 
ee ee 15 4 — 
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meter, by 16 in. stroke, and is capable of developing 200 
horse-power when running at 130 revolutions per minute. 
It is supplied with steam at 90 lb. per sq. in. from two 
Lancashire boilers, 29 ft. by 7 ft. 6 in. in diameter. 
The diameter of the suction and discharge - pipes 
is 36 in., and the pump is capable of di ng 
100 tons of water per minute against a total lift of 15 ft., 
the diameter of the disc being 4 ft. 6 in. A jet-condenser 
is provided giving a constant vacuum of 26 in. to 27 in. 
The air-pump, 16 in. in diameter by 9 in. stroke, is 
worked from the high-pressure crosshead. 

This district consists of 5000 acres, and its waters are 
disch: into the River Nene about 5 miles above 
Wisbech. It was a drained by two engines, one 
erected in 1832, a bernie beam-engine of 70 nominal 
horse-power working a bucket-pump, 62 in. in diameter 
with 7-ft. 6-in. stroke, and the other erected in 1883—a 
single-cylinder condensing ne driving a vertical- 
spindle centrifugal pump. The former plant was removed 
in 1900, and replaced by the machinery described above, 
the old well being used for the suction-pipes of the pum 
Practically no alteration was required to be made to the 
foundations or building. 

III. Soham Mere, Dunn Gardner Estate.—This pumping 
plant (Figs. 10 and 11, annexed) was erected in 1910, and 
replaced an old beam-engine working with 101b. of steam, 
driving a 36-ft. scoop-wheel. The engine is of the open 
compound type, driving direct the centrifugal pump. The 
engine has cylinders 9 in. and 15 in. in diameter by 9 in. 
stroke, and it is capable of developing 65 brake ° 
power when running at 250 revolutions per minute, 
steam being supplied from a Lancashire boiler, 20 ft. 
by 6 ft. 3 in. diameter, at 120 Ib. ~ sq. in. 

The diameter of the suction and the delivery pipes is 
22 in., and the pump is capable of delivering 35 tons of 
water per minute —— a total lift of 17 ft. The con- 
densing plant is of the ejector type, capable of maintain- 
ing a vacuum of 26in. The injection-water centrifugal 
pump is driven by belting from the main-engine shaft, 
this water being carefully strained on the suction side. 

The | was amy in the old wheel-house and the 
suction and disc pipes laid in the wheel-race, no 
alteration whatever being made to the suction and de- 
livery culverts. The engine stands in the old engine- 
house upon the old foundations, the foundation work 
being therefore reduced toa minimum. The coal burned 
is from 24 to 3 tons in twenty-four hours. The main drain 
is about 20 ft. wide and 6 ft. deep at starting-point, 
ye amy 5 or 6 miles of drains connecting thereto, the 
discharge culvert being 6 ft. by 4 ft. 6 in. wide. 

This district consists of about 2000 acres, and dis- 
charges its waters into Soham Lode, about 4 miles 
above Ely. It was, as ote queso eaten an inland lake, 
and was originally drained by windmills and the steam- 
driven scoop-wheel previously described. The strata of 
the soil consist of about 4 ft. of silt, 3 ft. to 4 ft. of peat, 
and then the clay. About 650 acres are held by small- 
holders, the land, in quantities of 50 acres each holding, 
being let by the Cambridgeshire County Council. 

IV. Martin’s Farm, Hilgay.—This plant, erected in 
1909, is one admirably sui for landowners wishing to 
have, or compelled to have, their own drainage plant. 
It consists of an open double-acting single-cylinder non- 
condensing engine driving direct a horizontal-spindle 
pump. The diameter of the cylinder is 10 in. with a 9-in. 
stroke, and when supplied with steam at 60 lb. pressure 
per sq. in., and running at 275 revolutions per minute, 
is capable of pea pe d 30 brake horse-power. 
pump delivers 134 tons of water per minute inst a lift 
of 17 ft., the main suction and delivery pipes being 14 in. 
diameter. The end of the —— ipe, which is water- 
sealed, is fitted with a balan p-valve to prevent 
siphoning back of the river water when the pump is not 
working. The boiler is 20 ft. by 5 ft. in diameter. 

This estate, which is situated in Hilgay Fen, discharges 
its water into the River Ouse about 5 miles above Denver 
Sluice. The area is 750 to 800 acres, and was formerly 
drained by a single-cylinder beam-engine driving a 34-ft. 
diameter scoop-wheel. Beyond deepening the suction 
and discharge culverts for a short distance, and partially 
removing the division wall between the engine-house and 
wheel-house, no foundation work was necessary, the pump 
being ~~ on girders directly over the old wheel-race. 
ies a page, show the arrangement 
of this t. 

V. Inttleport and Downham District, Ten-Mile River 


land, | Bank Pumping-Station.—This installation, which is one 


of the 7 drainage stations in the Fens, was erected 
in 1912. It consists of two double-acting compound 
condensing-engines driving direct horizontal-spindle high- 
efficiency centri pum The engines have cylinders 
14in. and 22in. in diameter by 13 in. stroke, and are 
each capable of ery 200 brake horse-power with 
steam at a pressure of 120 lb. per sq. in. ‘ : : 
The diameter of the suction and delivery-pipes is 48in, 
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and the ends of the discharges are fitted with multiple 
flap-valves. Each pump is capable of delivering 150 tons 
of water per minute upon a lift of 15 ft., or 190 tons of 
water per minute upon 10 ft. lift, when running at as 

of 210 to 220 revolutions per minute ; each pump is fitted 
with outside bearings and steam-ejector for charging 


pur 

The condensing plant is of the jet type, each engine 
driving, through gearing enclosed in an oil-bath, twin 
air-pumps, which run at 90 revolutions per minute. 
The diameter of each barrel is 8? in. by 11 in. stroke, 
and they maintain a constant vacuum of 26 in. The 
injection water is drawn from the main discha 
culvert, passing through a twin-strainer which can 
cleaned without causing any cessation in the flow of the 
water. The air-pumps disc into a hot-well, from 
which the feed-pumps draw their water. Steam is sup- 
= by three cashire boilers, 25 ft. by 7 ft. 3 in. in 

iameter, the feed-water having its temperature raised 
by means of a live-steam heater. The pumping machi- 
nery, Figs. 15 and 16, below, is so arranged that each unit 
is quite independent of the other. 


LITTLEPORT & DOWNHAM DISTRICT. 


(e) Horizontal Oil- ines Driving Horizontal-Spindle 


Centrifugal Pumps.—This class of machinery has been 
installed ially for small plants in several districts, 
the first to be erected being at Denver Parts in 1897, and 


consisted of a 9-brake-horse-power oil-engine driving an 
11-in. centrifugal pump. Mention should also be made of 
a 24-in. oe driven by a 40-brake-horse-power oil-engine 
in the rch Third district, and an 18-in. pump driven 
by a 40-brake-horse-power engine at Willingham. The 
author understands that a plant capable of delivering 
100 tons of water per minute has just been installed in 
the Methwold and Feltwell district. This type of 
machinery has not, however, met with as much support 
from the Fen Commissioners as was at one time anti- 
cipated, the efficiency for plants of large capacity having 
yet to be determined, and the danger of fire, being 
points which may have been the cause of the slowness of 
development in this direction. 

In conclusion, the author ventures to express the 
opinion that at no time has the problem of efficient 
drainage of low lands been of more importance than it is 
to-day. The abnormal rainfall of 1912, and the amount 


TEN-MILE RIVER PUMPING STATION 
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The sdivsiong records of the working of these pumps 
have been kindly supplied by the officer of this dis- 
trict :— 

From October 30, 1912, to April 9, 1913, the total hours 
of running were 1458. Total fuel consumed, 600 tons. 
Total average lift, 11 ft. 8in. Total water discharged, 
approximately, 170 to 180 tons per minute. The main 
drain is about 23 ft. wide, and in all approximately 26 
miles of drains connect thereto, At starting-point of 
pumping there is 6 ft. of water in the drain, and at stop- 
ping it is lowered to about 2 ft. 

This district has a taxable area of 26,000 acres, but a 
total area to be drained of 35,000 acres, which was origi- 
nally carried out entirely ¥ windmills. At present 
the whole area is drained by two pumping-stations, 
7 miles apart, one at the Hundred-Foot River and the 
other at the Ten-Mile River. The first steam plant 
erected in the district was a 30-horse-power engine and 
scoop-wheel at the Ten-Mile River in 1818. 

In 1829 an 80-horse-power beam-engine having a 

cylinder 3 ft. 6 in. in diameter, with an 8-ft. stroke, 
driving a scoop-wheel 41 ft. in diameter, was installed. 
This wheel was in 1882 increased to 50 ft. in diameter, 
with sixty ladles, 8 ft. long by 3 ft. wide, and is working 
to-day. 
At the Ten-Mile River Bank Station, in 1843, the original 
steam plant was removed, and an 80-horse-power con- 
densing beam-engine was erected, driving a scoop-wheel 
42 ft. 8 in. in diameter, this wheel being increased to 
43 ft. 8 in. in diameter in 1880. The wheel had fifty 
scoops 7 ft. 6 in. in radial length by 3 ft. wide, and 
made 4} revolutions per minute, the gearing being 7 of 
engine to 1 of wheel, and at that date had an average dip 
of the scoops of 3 ft. Owing to the subsidence of the 
land, this dip was gradually lowered to 1 ft. 10 in., and 
in 1912 this plant was removed, and the centrifugal 
pumps previously described were installed. 

The rainfall recorded in this district since the year 
1901 is as follows :— 


Inches. 
1901 a os ‘Sie ie Mee . 1481 
1902 me a3 a sig ss .. 17.86 
1904 an ol a ; ... 16.85 
1905 a ee a és .. 18,87 
1906 ea é mo uh .. 21.82 
1907 . 20.23 
1908 . 16.16 
1909 . 25.28 
1910 . 21.85 
1911 . 20.65 
1912 . 8101 





of da » done to so many thousands of acres, has 
brought this important question more prominently before 
the Drainage Commissioners of the whole Fen District. 
That it is necessary to drain these lands more efficiently 
may be due to the inoreased difficulty of getting rid of the 
water owing to the constant subsidence of the land, and 
also to the fact that to-day a different class of produce is 
grown, in many cases vegetables of various kinds, in 
place of cereals, That pumping machinery of larger 
power and capacity are being installed is evident, but at 
the same time it is quite as essential that the drains 
leading to these pumps should be deepened and widened 
so that the water can reach them easily, as unless this is 
done the maximum efficiency of the pumping plants can 
never be obtained. 





HamILtTon.—Duning the last three years more than thirty 
factories, with an invested capital of upwards of 1,200,000/., 
have been started in Hamilton, Ontario. Twelve of these 
factories, with a capital of 400,000/., were established in 
1912. en these new plants have been completed, 
employment will be found for upwards of 2600 persons. 
There are now 400 varied industries in Hamilton, em- 
ploying 30,000 wage-earners, and the wages amount 
annually to about 3,500,000/., the annual value of the 
output being 12,000,000. Hamilton has thus become one 
of the foremost industrial centres in Canada. 





Water-Powrr 1N Swepen.—The increasing value of 
water-power in Sweden, as elsewhere, has resulted in 
numerous disputes, which, to a great extent, have been 
owing to actions take by the Swedish State, in ge 4 
or consolidating its interest in numerous aioe wit 
respect to the proprietorship of which doubts seem to 
have arisen. The Swedish State has just lost a case about 
the Kriingede falls, which have an estimated capacity of 
90,000 to 100,000 horse-power, the defendant being the 
Kriingede Company, formed some five years ago for the 
purpose of exploiting the said falls. The case has been 
pending since the beginning of 1911. The State has to 
pay costsamounting to7000kr. The verdict has attracted 
much attention, inasmuch as it is one of the law suits 
the result of which will have the widest bearing and affect 

~~ in the matter of the Hammarfors, the Lam- 
‘ors, the Bullerfors, the Klabbéle, the Tinnfors, and 
other falls. If this verdict is sustained at higher courts 
it may mean that the ‘‘dead hand,” which the State in a 
way has placed upon much of the unexploited ‘water- 
power in North Sweden, will be removed, and the power 
made available for industrial development, 





WORKMAN’S COMPENSATION CASE. 


Accident or Disease.—An appeal from an award of the 
Judge of the County Court of Yorkshire, sitting at 
Kingston-upon-Hull, under the Workmen’s Compensation 
Act, 1908, as to whether the death of a workman was due 
to an accident or to disease independently of the accident, 
recently came before the Master of the Rolls, Lord 
Justice Kennedy and Lord Justice Swinfen Eady. It 
a that a workman named Woods was engaged in a 
lighter in coaling a ship, the bunkering being done with 
baskets. While so occupied, and having a et held 
between his body and a heap of coal, there came a rush 
of coal which hit him either in the stomach or knocked 
the basket against his stomach. He suffered great 

in, went home, and was for four days attended by 
poe doctor, after which he was sent to the infirmary, 
where an operation disclosed a perforation of the bowel. 
It was, however, discovered at the same time that he had 
been suffering from chronic appendicitis. Peritonitis 
set in and he died three days afterwards. A post-mortem 
examination disclosed another perforation of the bowel. 
It was found by the County Court J “) that the man’s 
physical condition at his age would be likely to produce, 
and did produce, a weakened bowel, and that the accident 
caused acute injury to the weakened bowel, which might 
otherwise have lasted a considerable time, but death was 
accelerated by the injury. He therefore made an award 
in favour of the man’s widow. From this the employers 
appealed, and gained their case. me 

he Master of the Rolls said that the applicant had to 
establish two propositions—first, that there was an acci- 
dent arising out of and in the course of the employment, 
and next that the death resulted from the accident. It 
was to be considered whether the death was the result of 
the accident, or was accelerated by the accident, which 
was the same thing. The operation at the hospital dis- 
closed that the man had been suffering from appendicitis 
of long standing, and was also then suffering from a recent 
perforation of the bowel. The perforation was patched 
up, and death was not caused by appendicitis. The 
post-mortem examination disclosed a second perforation, 
which could not, according to medical evidence, have taken 
place earlier than about 12 hours after the operation. 

In the opinion of the Master of the Rolls there was no 
evidence connecting the second perforation, which was 
the cause of death, with the accident. The only legitimate 
inference was that the second preforation did not result 
from the accident. If there had been a serious blow on 
the body, there would have been a bruise, which there 
was not. According to medical evidence, ——— a 
blow might cause perforation of the bowel, it must have 
been of the kind to crush the body. Moreover, the first 
perforation, which was not the cause of death, was 
apparently due to bg and it could not be said 

t the second oration was not brought about by the 
same cause. ere » of course, m an accident, 
and death had taken place after the accident. His Lord- 
ship did not think there was any evidence to connect the 
death with the accident, and therefore allowed the appeal. 
Lord Justice Kennedy did not agree with this decision, 
but Lord Justice Swinfen Eady delivered judgment in 
concurrence with that of the Master of the Rolls. 





RADIOTELEGRAPHY BETWEEN NAUEN AND Lone ISLAND. 
—According to the Telefunken Zeitung an exchange of 
messages has been takin fe ee since the beginning of 
this year between the Telefunken station at Nauen, 
where the 100-metre tower, which was blown down by 
the wind, seems to have been brought up to its projected 
height of 200 metres, and +9 on Long Isiand. This 
latter station belongs to the Atlantic Communication 
Company. The distance, 6500 km., is just twice as great 
as that between the West of Ireland and Cape Breton 
Island, where Marconi stations have been working for 
some years. By using ae Seen generators Nauen 
is also said to have made successful radiotelephone ex- 
periments with Vienna and other places up to 700 km. 
distant. eagpeen on signals over exceptionally long 
ranges were overheard at Awanui, in New Zealand, 
having travelled a distance of 7800 km., from steamers on 
the journey between Honolulu and Yokohama (Marconi 
apparatus), and at Pennant Hill, in Australia, the signals 
in that case coming from a cargo-steamer 6700 km. distant 
(Telefunken apparatus). 





INTERNATIONAL RUBBER AND ALLIED INDUSTRIES 
EXHIBITION.—We have received a booklet giving par- 
ticulars concerning the competitions in connection with 
the Rubber, Cotton, Fibres, and other Tropical Products 
Exhibition to be held in London next year, from June 24 
to July 9. These competitions are arranged in the 
interests of (1) the better production of rubber ; (2) the 
menufacture of all kinds of special articles ; and (3) for 
encouraging the inventor to su t new uses for rubber. 
The prize winners will retain all interest in their inven- 
tions, neither the donors of the prizes nor the Exhibition 
will seek to benefit in any way, all that they wish is to 
bring forward new, practical, and useful suggestions for 








articles that can be made from rubber. The Exhibition 
will bring the inventor into direct touch with the manu- 
facturer, not only of England, but of all manufacturing 
countries. This will be the fourth international rubber 
and allied industries exhibition, and at the same time 
the first international cotton, fibres, and other tropical 
agricultural products exhibition. A large series of 
prizes will be offered for exhibits of rubber, rubber 
goods, cotton, sisal hemp, coco-nut fibre, coffee, copra, 
spraying machines, rubber machinery, &c. Further data 
can pba ed from Mr. A. Staines Manders, organising 
manager, 75, Chancery-lane, W.C, 
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ENGINEERING RESEARCH. 


A Few Notes on Engineering Research and its 
Co-Ordination.* 


By G. H. Rosrrts, Member, of Woolwich. 


Introduction.—Although engineering as an applied 
acience has now reached a high state of development, and 
has, in many of its branches, become highly specialised, 
it is somewhat remarkable that no definite and generally 
——— system has been formulated for ing known, 
for the benefit of the profession as a whole, the results of 
the numerous private researches and experiments which 
are continually being carried on. 

In making this statement the author is not unaware of 
the fact that many arrangements are now, and have for 
some time been, in operation, giving references to work 
carried on elsewhere, and need only instance the excerpts 
—- in the Proceedings of the Institution of Civil 

ngineers, of the Iron and Steel Institute, and by the 
American Society of Mechanical Engineers, to mention 
but a few. These references, excellent though they be, 
are, however, usually in the nature of general records of 
works accomplished rather than of researches carried out 
with definite objects in view ; and even where they par- 
take to some extent of the latter nature they do not 
usually give sufficient details of the methods employed 
to be of use to others engaged on similar work, whilst the 
results are not always capable of modification or adapta- 
tion for the particular purpose in view. : 

To members of this Institution also no reminder is 
needed as regards the excellent work accomplished by the 
Alloys Research Committee, the results of which have 
been freely and willingly made public. Research work of 
this nature stands in a class by itself, however, and is not 
of the kind which the author has in mind. The researches 
of the Committee have been, and no doubt will continue 
to be, monumental pieces of work, conceived and carried 
through on strictly scientific and thorough lines, but 
without direct reference to their possible use in practice, 
although, as everyone will admit, great practical advan- 
tages have resulted from them. As an example, the 

resent-day common practice of heat-treatment of steels 
or resulted largely from the earlier work and reports of 
the Committee under the direction of Sir William 
Roberts- Austen. é : 

The objection may be raised to the introduction of any 
such system as su; ted above that there is no obligation 
on any individual or firm to make public the results of 
experiments which have cost much time and money to 
obtain, especially where they may be used by competitive 
firms. Even if this argument conceded as regards 
certain types of special investigation, there must be many 
cases where such objection does not obtain, and where 
publication of the results would be for the benefit of 
the world at large and the engineering profession in 
particular. : 

Also, in addition to researches of the types mentioned 
above, many investigations are undertaken with a view 
either to the improvement of existing, or the production 
of new, apparatus for use in experimental or research 
work. Where these result in useful additions or im- 
provements there would appear to be a moral obligation 
to make known the results for the general benefit. 

The class of research work to which the author more 
particularly refers, however, is that which is carried out 
with a particular and direct object in view, and where all 
extraneous considerations and side issues, interesting as 
they may be, are put on one side, and the main object and 
purpose only kept in view—or, to -~ the matter briefly, 
a research ad hoc. The number of such investigations 
carried out in this country alone in the course of a year 
must be very large. As typical of the above kind of 
research, reference might be made to the excellent — 
published by the American Board of Ordnance, whilst— 
although of somewhat narrower scope and of more limited 
gene interest—there has of recent years been an 
increased tendency to exchange of information and results 
of experience between the mechanical engineering depart- 
ments of our large railway companies, as has been stated 
on more than one occasion recently in the discussions on 
papers read before various institutions. i : 

The matter was also referred to by our President, Sir 
H. F. Donaldson, K.C.B., in his presidential address 
last April, when su ting and advocating the formation 
of an “ Soineetian Menace Committee,” somewhat on 
the lines of the Engineering Standards Committee, which, 
as is well known, Ge done such a large amount of useful 
work. The author may perhaps be allowed to quote a 
few words from the above address, where the Presi- 
dent stated :—‘‘The advantages which would seem 
to accrue from such a step would be the prevention of a 
considerable amount of overlapping work ; the carrying 
out of individual researches to absolute results ; the publi- 
cation of such results, and the inclusion in such publica- 
tion of accounts of private researches and experiments 
carried out by those who would associate themselves with 
the Engineering Research Committee, and would be will- 
ing to place results of work privately carried out at the 
general dis; 1 of the Committee. In time, the Com- 
mittee would doubtless acquire so large an accumulation 
of data as to make it the first source upon which the 
public would draw for information as to any research 
already effected, and as to the possibilities of extending 
research on lines which might at the moment seem to 
require investigation. ”+ : 

he President of the Institution of Water Engineers 
refers to the same question in his presidential address in 
June of the present year, where hestates: ‘‘I have long 





* Paper read before the Institution of Mechanical 
Engineers, at Cambridge, July 30, 1913. ; 

+ Proceedings of the Institution of Mechanical Engi- 
neers, April, 1913. 
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TABLE I.—TransversE Tests oF Various Kinps oF TIMBER. 
Refer- Distance | DIMENSIONS. Deflection | Modulus 
ence Class of Timber. Bet so al at of ps mew a 
No. Supports. | Breadth. Depth. : Fracture. | Rupture a 
| se 
in. in, | in. Ib. in. 
1 English oak ee ae bi 7" 18 | 29 1.55 2495 0.79 9,700 = 
2 ouk .. ak “se os = 18 1.55 8615 0.42 | 14,000 _ 
3 | Greenheart oe on ‘ _ 18 2.9 1.55 | 6154 0.51 23,800 _ 
4 | Sissoo.. oe ea ; 18 ; . 29 1.55 | 0.43 | 15,850 — 
5 | Yellowpine .. .. .. 12 1.9 1.9 2242 0.67 | 5,890 2.52 
6 Sequoia .. ee ime ne on 12 1.9 1.9 2010 0.65 | 5,270 2.76 
, SM es ss 12 1.83 1.18 2700 0.7 19,050 1.14 
8 Bansalaque.. " Fe ; 12 1.83 1.18 3670 0.8 26,000 1,07 
y Molave .. - -* ee . 12 | 18 1.18 1740 0.35 12,300 0.95 
10 Yacal “* + ie ms R 12 | Lss | 1.18 2800 0.5 19,750 | 0.9% 
ll Guijo ne vs a 12 | 1838 1.18 2200 0.37 15,540 | 0.97 
12 Supa a in < a : 12 1.83 118 | 2220 0.82 15,680 | 0.8 
13 Louan.. es hig a : 12 1.83 Lis | 1800 0.43 12,700 0.64 
14 Oak (for comparison) . _ = 12 1.83 1,18 2400 0.5 17,000 0.76 
| | 
15 Iron bark .- . * | 14 17 2.66 8800 0.5 15,370 — 
16 Red gum.. ee ee oe a 14 | 17 2.6 6260 0.33 11,540 — 
17 Blackw os Si £% ost 14 |} 122 1.78 4230 0.5 22,980 _ 
18 Australian iron wood. . - - 18 2.0 1.75 4840 0.37 19,160 | 1.29 
19 Weeping myall .. oe * | 18 | 20 1.75 5200 0.80 90 | 9.62 
20 Oak ior comparison) .. os | 18 } 20 1.75 2890 1.09 12,750 0.82 
21 Eng! holly .. oe ee 15 |; 20 2.0 4250 0.35 11,960 _ 
22 Greenheart ee 18 | 1.69 =| 1.69 3975 0.55 22,380 0.65 
23 ea es os ° 7 1.625 1.625 6020 0.6 14,730 -- 
24 | English oak (for comparieon) | 12 | 1006] oO 707 0.55 12,720 0.74 
25 Greenheart — on ee + 12 | 10 | 10 1477 0.40 580 1.1 
26 Blackwood 12 1.0 1.0 | 967 0.52 17,410 1.77 
27 Stringy bark 12 1.0 1.0 | 610 0.67 0,980 1.0 
28 Wattle .. 12 1.0 1.0 1010 0.60 18,180 1.0 
29 «=| Blue gum 12 } 10 | 10 856 0.43 15,390 1.12 
30 White milk } 12 0.97 | 1,01 1050 0.48 19,100 — 
31 ron .. 12 1.0 1.0 715 0.52 12,870 - 
82 Barbon .. 12 | 0.99 0.98 820 0.58 15,520 _ 
33 Assegai .. 12 } 101 | 0,99 0.6 17,820 _ 
34 Box gum.. 12 ; LOL | 1.01 1260 0.49 21,840 — 
35 Grey box.. 12 1.01 | 101 855 0.54 14,940 -- 
36 Oyprus .. 12 1.0 1.0 475 0.57 8,650 0.44 
87 American ash .. - = +] 12 ; 10 1.0 635 0.60 11,430 0.77 
38 American hickory... 6s : 12 ;} 10 1.0 1025 1.13 18,450 0.98 
39 Kawari pine... a “ of 12 1.0 1.0 594 0.47 10,690 — 
40 Oregon pine te ee <a 12 | 1.0 1.0 565 0.46 10,220 _ 
41 Java a “ os eel 12 1.0 1.0 705 0.52 12,690 0.69 
42 Moulmein teak .. os - ‘ 12 |} 1.0 1.0 700 0. 12,600 0.613 
43 jan myrtle .. - , 12 1.0 1.0 740 0.445 13,320 0.74 
44 Caroline pine .. ; és : 12 1.02 | 0,975 577 0.41 10,710 - 
45 African sabicu .. . ‘ : 12 1.04 | 0.904 1015 0.46 7,820 | — 
46 Oubasabicu.. * ‘s es 12 1.04 | 0.004 787 0.82 12,040 | — 
-— Fee. xc ee ews 2 | 10 | 10 0.29 17,400 | 
48 os ot - es os 12 | Lo | LO 907 0.60 17,940 -- 
49 Bi ov os - _ ; 12 / 1.0 | 1.0 1410 0.35 25,380 — 
60 |Camphor.. |. ..  ... wz | 10 | 10 917 0.47 16,510 | a 
51 Selagay batu - - , 12 |} 10 1.0 1285 0.50 130 =| “= 
52 White wood os “ on e 12 ; 10 1.0 | 612 0.36 9,220 | _ 
53 German at ‘a _ os 12 | 1.0 1.0 642 0.50 11,560 _- 
64 | Englishbeech.. .. ... 12 | 1.0 10 «6|) = 6712 0.53 12,820 | . 
55 Columbian pine oa a ~ 12 | 1.0 |} Lo 637 0.70 11,470 - 
56 | Russianoak .. .. Pees 2 86] Lo 6] «(10 895 0.40 16,110 
57 | Satin walnut 12 1.0 10 660 0.43 11,880 | 
58 English elm 12 1.0 1.0 290 0.5 5,220 _ 
59 12 1.0 1.0 1220 } 0.89 21,960 
60 Gum wood 12 1.0 1.0 1397 0.47 | 25,140 —- 
61 Hungarian ash .. oa ~ a 12 1.0 10.) | 640 1.4 | 11,620 - 
62 | Wych elm Sees ge by 12 1.0 1.0 580 0.55 10,440 _ 
63 Kayu Urat Malta se ; 12 1.0 10) | 765 0.38 13,590 
64 Kayu Kapor Darau... os : 12 | 10 1.0 1010 0.4 18,188 
65 Kayu Maraka .. ¥e os 12 } 1.0 1.0 945 0.41 17,010 — 
66 Jar se a “s os 12 1.0 1.0 800 0.62 14,400 _- 
67 Thingan .. 12 1.0 1.0 820 0.51 14,760 | _ 
Formosa oak 12 1.0 1.0 | 536 0.28 9,630 | 
69 Huron pine 12 1.0 1.0 632 0.44 11,370 - 
70 Chuglam wood 12 0.94 0.94 1015 0.39 22,210 - 
71 ‘asmanian blue gum _ F 12 |; 122 1.22 } 1005 0.51 16,920 — 
72 Tasmanian stringy bark . z 12 1,22 1.22 852 0.85 14,810 _ 
73 Tasmanian Swamp gum... ‘ 12 1.22 1.22 | 720 0.58 | 12,100 - 
74 | Spottedgum .. - oe e 12 1.0 1.0 | sos 0.44 | 16,160 _- 
| | | 
TABLE II.—Fa.uinc-Weicut Tests. 
| Height of | | 
| DIMENGIONS. | 
Refer- | | Number, Drop at Total 
enee | Claas of Timber, te, | Falla pHitent ot /vor"| wha the [ETERS energy 
Nos. | i aks P- | Blows. | Specimen | Abeor 
| Length. | Breadth. | Depth. ke. | 
| 
| in, in. in. Ib. ft. in. | ft. in, ft. -Ib. ft.-Ib. 
1 African sabicu a ‘ 24 | 1.5 1.5 25.8 20 > F 20 61.6 | 6516 
2 | African sabicu iw oe 24 6} 1.5 25.8 1 6 6 | 40 103.2 425.7 
3 English oak .. ie 24 | 1.5 1.5 26.8 1 6 5 8 6 | 90.8 822.5 
4 | English oak .. | a | 1.5 15 | 26.8 1 6 $ | 26 | 645 | 1648 
6 English oak spoke .. ren 24 1.5 1.5 75.0 20 10 40 300.0 2400.0 
6 | American oak ke 24 } 1.5 1.5 76.0 20 23 46 | $87.6 6450.0 
7 | Englishashspoke ... 4@ | 15 | 15 | 75.0 2 0 16 | 40 | 800.0 | 4200.0 
8 | American ash spoke “ 24 | 15 | 16 75.0 2 0 14 40 | 800.0 3600.0 
9 |Jarrahspoke.. .. ... 2% | 4215 | 165 75.0 20 7 40 | 300.0 | 1600.0 
10 Karrispoke .. os re 24 | 15 | 165 | 75.0 20 6 40 | $00.0 1200.0 
11 | Greenheartspoke .... 4 | 16 | 1.5 75.0 2 0 8 40 300.0 | 1800.0 
12 Gum top spoke i : 24 - |} — | 7.0 20 7 40 300.0 1500.0 
13 Blackwood spoke .. ws 24 | _ — 75.0 10 64 40 225.0 900.0 
14 Hickory spoke mn es 24 — _ 75.0 20 a | 40 300.0 3600.0 
15 Padouk spoke ca on 24 — _— 75.0 20 6 40 800.0 1200.0 
16 a ae ee re. 24 20 | 20 76.0 10 4 =| 4 6 | 887.6 A 
17 Beech .. ~s “* - 24 20 | 20 75.0 20 17 5 0 | 876.0 4576.0 
SS reo i 20 | 20 | 75.0 20 184 5 0 375.0 5 
19 Chuglam 7” es ‘i 24 1.9 1.9 75.0 10 20 46 337.6 4500.0 
20 | Tasmanian blue gum oe 16 2.0 2.0 75.0 10 144 40 800.0 2587.5 
21 =| Tasmanian stringy bark .. 16 2.0 2.0 75.0 10 15 40 300.0 2850.0 
22 | Tasmanianswamp gum .. 16 2.0 2.0 75.0 10 10 26 187.5 1350.0 














thought, and indeed it must be obvious to all who reflect 
upon the subject, that a great mas3 of experimental work 
is lost to the community because the results in many 
cases are not properly recorded ; and even when complete 
records are kept, the results remain with the investigator. 
Further, it seems clear to me that the value of experimental 
research would be greatly increased if the experiments 
were made under a variety of conditions and by different 


persons, because a comparative analysis of the results so 
obtained would reveal truths which are lost sight of when 
the experiments are made without such systematic co- 
ordination. It therefore occurs to me to ask whether it 
is possible to make this Institution a ‘clearing house’ 
for the handling of some at least of the many problems 
to which we devote time and thought.” 

It appears quite unnecessary to dwell upon the very 
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considerable waste of time, money, and energy to the 
world at large involved in the duplication—to put it 
mildly—of researches covering similar ground, which may, 
and probably is, taking place continually. 

Perhaps of all concerns engaged in mechanical engi- 
neering operations, railway companies and Government 
establishments are least affected by competitive considera- 


Fig. 71. TAKEN FROM FORMS OF STANDARD TENSILE 
TEST PIECES PUBLISHED BY THE ENGINEERING 
STANDARDS COMMITTEE. ( REVISED JUNE 1907). 
TEST PIECE A. : 
FOR PLATES & OTHER STRUCTURAL 
us ERIAL. 
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«----Jotal length about 18° 


TEST PIECE.B 
FOR BARS RODS & STAYS. 


: 5 
me s 
| T a T 
| __ Gauge length not less | ' 
than 8 umes the dia. | 
With erdarged ends.-Parallel for a 
length of not less than 9 umes the 
h———~ reduced diameter —--——— 4 











TEST PIECE.C. 
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to 


4 tumes the diameter 


With enlarged ends .- Parallel for a 
length not less than 4% ames the 
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Nore 

The Gauge Length and Parallel Portion 

are to be as shewn. The Form of the Ends 

tobe as required in order to suit the varicas 
plhgthods employed tor gripping the Test Piece. 
tions, as the publication of information of general 
ubility—al ugh even so it will readily be recognised 
that some of investigations must necessarily be of a 
confidential character—and it is the purpose of this short 
to describe the results of a few researches of 

interest carried out in Woolwich Arsenal, with the hope 
that it may induce others to come forward and add to 
the stock of general knowledge, and it, may be, form the | 












































TABLE ITI. 
No. of | : . Tensile Elongation Yield-Point in Machinin 
Test. | Mixing. Condition. | Strength. per Cent. Crushing. | Qualities. 
tons per sq. in. tons per sq. in. 
1 {Senttiem » Cast in iron mould 15.3 5.0 9.0 | Fairly good 
nc 
2 | Aluminium 80 Ditto 14.9 6.0 9.4 2. 
Zine 19 | 
Copper 1 
8 | Aluminium 67 | Ditto 22,1 3.0 18.2 Good 
| Zine 33 
Copper 2 | 
4 | As No. 3 a Ditto 20.5 3.0 18.8 j a. 
5 | Aluminium 7 Ditto 13.9 3.7 10.4 Fairly good 
| Zine 20 
Copper 2 | 
6 Aluminium 77 Ditto 16.8 4.5 11.5 | Good 
| Zine 20 
Copper 3 
7 | Aluminium 76 Ditto 15.3 3.7 10.4 Fairly good 
~ 20 
Copper a 
8 | Aluminium 79 Ditto 16.5 6.5 | 10.4 | Good 
| Zine 19 | | 
r 2 
9 As No. 8 - Ditto 16.5 5.0 | 15.2 Poor 
10 Aluminium 96 Ditto 10.3 6.0 | 5.0 | - 
Silicon-copper 4 
ll Aluminium 85 | Ditto 10.9 2.5 8.1 | ‘i 
Zine 13 
Silicon-copper 2 
12 Aluminium 80 Ditto 12.8 1.5 | 11.9 ‘ae 
Zine 18 j 
| silicon-copper 2 | j 
13. | Aluminium 98 Ditto 9.4 7.2 5.0 | ” 
Magnesium 2 } 
14 | Aluminium 96 Ditto 9.4 4.2 7.0 | os 
Magnesium 4 
15 Aluminium 80 Ditto 7.1 Nil 17.5 - 
Magnesium 5 | 
Zine 10 
16 Aluminium 85 Ditto 9.75 1.0 15.6 | ra 
| Magnesium 5 
| Zine 10 
17 Aluminium 80 Ditto 11.7 1.0 11.4 ms 
Manganese bronze 20 
18 Aluminium 85 Ditto 10.9 2.5 9.1 “ 
Manganese bronze 15 
19 Aluminium 90 Ditto 10.9 100 4.55 © 
Manganese bronze 10 
20 Aluminium 90 Ditto 10.9 8.25 4.65 Sn 
Zine 5 
| Manganese bronze 5 } 
21 | Aluminium 85 Ditto 11.5 6.25 6.85 } a 
Zine 10 
| Manganese bronze 5 
22 | Aluminium 85 Ditto | 9.1 1.5 8.3 | a 
Zine 10 } 
Manganese copper 5 | | 
23 Aluminium 85 Ditto | 10.85 2.75 7.15 ” 
Zine 12 | 
Manganese copper 3 | 
TaBLe IV. larly concerned in its own specialised class of manufac- 
‘i : a ~ | ture, it follows that the researches and investigations under- 
Tensile Tests. | taken by the laboratories attacked to each are to some 
6 | extent special to their own productions. Owing, however, 
Zz SS to the considerably increased complexity in the design and 
2 | es | B12, leg 'the number and variety of materials employed in the 
2 Mixing. | 3 \es #3 | Remarks. | manufacture of warlike stores in recent years, a certain 
g | 2 | e¥is £5 | amount of overlapping in the research work so carried 
| | § |S |ese) out became unavoidable, and, with a view to obviating 
8 | a 5 |g | duplication as far as possible, and also to assist in keep- 
pl ——_————_| ing the several departments in touch with similar work 
itns. p. |tns. p. | in progress, both in the ordnance factories and elsewhere, 
i P I" in. |sq. in. arrangements were made some time ago for these experi- 
1 ee oo oe N.O. | 100 | 6.0 “ig mental researches to be collated for the information of 
0.7 percent. copper | all departments. At the same time steps were taken to 
2 Above metal re-cast. ..|N.O.| 4.3 | 5.0 [Cast in iron| ascertain what investigations of similar nature had been 
| | moulds; metal | carried out elsewhere and made public, and to see how 
| too hot. these compared with the results obtained in the ordnance 
3 85 per cent. aluminium! 6.3 | 11.2 | 6.0 |Castinchill. | factories. 
4 and 15 ong zine | ae |us| a5 _ It will be readily understood that in a large establish- 
5 | Ditto | ge | 92] 20 |Castin sand, | ment like Woolwich Arsenal, engaged in the production 
6 | Ditto | 70 | 10.7 | 5.0 \Cast in chill, | Of warlike stores, where the change in design is rapid and 
7 80 per cent. aluminium! .. | 10.2 | Nil Do. and new methods and materials of construction are con- 
and 20 per cent. zinc tinually being tried, that the number of researches, in- 
8 | 94 percent. aluminium,) 4.8 10.0 | 15.0 Do. quiries, and investigations carried out yearly are very 
$.1 per cent. zinc, and| large, and it would be impossible in the time available 
2.15 per cent. copper | | to refer to mall ti f th t of which 
9 |85 per cent. aluminium! 9.1 | 10.9 2.0 |Cast in sand. refer to Gven & aI Portion Of these, Moss OF wh! 
have been treated in the manner indicated above. The 





and 15 per cent. zinc | 
10 | 95.44 per cent. alumi-| 6.6 | 94 | 2.5 |Cast in chill. 

nium, 2.28 per cent. ° 

nickel, and 2.28 per 

cent. copper 
1] | 85 per cent. aluminium 8&9 10.5 | 

and 15 per cent. zinc | 

Ditto 





2.0 |Cast in sand. 


| 
2.0 Defective cast- 


| 
ings. 
13 | Ditto «- 138 | 10/ De. 
14 Ditto 10.1 11.3 | 3.0 |Cast vertically 
15 Ditto 82/105 | 3.0 | _ 
16 Ditto | .. |168 | 07 | _ 
17 Ditto 1129 189] 12 | — 
18 Ditto 6.7 7.7 | 1.5 |Cast horizon. 
y- 
19 Ditto 101 113 | 3.0 (Cast vertically 
20 Ditto 14.6 | 15.0 | 0.7 | — 
21 Ditto 17.1 | 186 | 1.7 | — 
22 Ditto 14.7 | 168 1.7 _ 
23 Ditto ee 14.8 +* - 





nucleus of a “‘ clearing-house of engineering information ” 
on the lines suggested above. 

Woolwich Arsenal eomprises not only the ordnance 
factories, but also the inspection and stores departments 
of the Army and Navy. The ordnance factories them- 
selves comprise three large manufacturing establishments 








engaged in the uction of various warlike stores for 
the Army and Navy, and as each factory is more particu- 


following are, however, given as being more or less 
typical in various directions, and also as being such as 
may possibly be of general interest and utility. 

Tests on Various Kinds of Timbers.—Until recently 
timber was largely used in the manufacture of many 
warlike stores, and although the tendency at the present 
time is to dispense with it as far as possible, it is still a 
constructional material of considerable importance, and 
it is not surprising, therefore, that much attention has 
been paid to the testing of timbers with a view to finding 
which are most suitable for the various purposes. Prob- 
ably the most important use for which timber is required 
is in the manufacture of wheels for gun-carriages, limbers, 
army wagons, &c., and the experiments here mentioned 
were carried out with a view to findmg the most suitable 
timbers for the above purposes. : 

Altogether upwards of 700 separate experiments have 
been carried out in recent years, but a considerable 
number of these were on completed portions of wheels, 
the results from which are therefore not of general 
interest owing to the peculiar and special shapes and 
sizes. The results shown in Tables I. and II., page 207, 

ive, however, those obtained from upwards of 300 
individual tests on lar specimens of the dimensions 
shown, tests from similar specimens being averaged where 
possible. The headings of the columns in the tables are 
self-explanatory, except perhaps in the case of the last 
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column but one in Table I., where an empirical quantity | 
**modulus of rupture ”* been calculated in order to 
make the results somewhat more directly comparable, 
having regard to the fact that the sections and lengths 
between the points of support of the various specimens 
tested varied somewhat considerably. 

Standard Shapes and Dimensions of Tensile Specimens. | 
—The standard shapes and sizes of tensile test specimens, | 
originally proposed by the Engineering Standards Com- | 
mittee some years , are now well known and largely 
adopted. They are shown in Fig. 1, page 208. It is well 








(9585 C) 


Fic. 2.—Forms of Test-Picces Adoptcd as Standards in the 
Royal Ord wance Fuctories, Woolwirh. 


| 


Test-Piece No. S 1 2 3 + 5 6 

Diameter .. ae in. 0.564 0461 0.399 0.326 | 0.252 0.160 

Area _ .-8q.in.| 4 Ys ry A. 

Length .. - in. | 2.0 1.633 | 1414 1155 0.894 0.566 
' 


LSS 


SUC KIL 








| 
Test-Piece No..| 7 | 8 | 9 | 10, 11! 12) 18) 14! 15 


Width in. |0.278 0.303 0.383/0.370 0.25 0.286 0.133) 0.16 0.20 
Thickness in, | 0.3 0.275 0.250.225 0.2 0.175 0.15|0.125 0.1 
Area --8q. in.| yy ve | ye! vs as als os ay ay 

Length .. in. /1.155 oo 0.894 0.894 0.566/0.566 0.566 





Committee’s Report No. 3. The standard Fe fem 
perp laid down and used ps Ae War ment 

id not altogether conform to the Engineering Standards 
Committee’s recommendations, however, and as the various 
Government de: ents were pledged to the adoption 
of the latter, whilst, owing to the extremely wide range 
of materials purchased by the War Department, it was 
not possible in many cases to obtain specimens to the 
Engineering Standards Committee’s dimensions, and as 
there still existed a certain amount of doubt as to whether 
the above law held good in such extreme cases, it was 

















INSTRUMENT FOR INDICATING YIELD- 
Point oF TenstLe SPECIMENS. 
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Order NO. ......-.200 IED FR sini g ss cwns ce ertene ss ciesucsssbissswesssxunes Rolling-Mill or Casting No..............-.... 
! 
s a} OriginaL «=| § a | ; | | 3 : oe 
‘ % 4 Szcrions. | E 3 & | paneneem. | : L 5 gi J 
- a | } 2 2 | | 
e 3 | $2] § | iia! 2 ie |a18 | s8lkel 
7 € BS ~ |Dimen-| Ares = | £2)| $ |Dimen-| Area | g z | 2. =§ | a5 | ad 
ee S 5 = | £ | sions in |#¢/ 38 § | sios| in | § a 52 ss 23 2 
= § s | S |_ in |Square| So | oo 3 in | Square; & 7s | &8 £3 | Be | = 
A k= A < | Inches. | Inches. | ae |p 5 Inches. | Inches.| = DI a» | 25 |g= & 
Bn OR, Be SEE OR elt pete PO ae 
1 2 3 a a 6 € 8 9 » i @&iese 13 4 | lu] CU 17 
a prea maneed mene aenameee Ween Hanae Gael 
| 
; gS EE ee ee SS en | 
Specification | 
requirements. | 
We ictus ce ce npoedecéaeetwaus SD Pe ile nck caweeesccbcacivicccsees i icis chet dincsueseasseeee 
isd ie divide ekesy eevevecoes anon 
TABLE VI. 
Transverse Tests of Materials carried out at...............ccecececsccebevceccncceceeees 
Qe Tlic iccies seed I Tis 6.5 os wotisicscesecees Foundry or Pattern Identification No..................... 
vartiidaicidiieea canis = peo 
eo 9 3 os Diumustons mH | DEFLECTION IN INCHES AT CENTRE. ese gg 
s.| és |Description ees INCHES. ; x 2¢ S35 Re- 
a -— - 
$3| 38 ~~ * fs5 amen ae; l | lEagzeei _— 
a" | a> | arn Breadth! Depth. 5 Owt. | 10 Owt. | 15 Owt.| 20 Cwt. | 25 Owt. 30 Cwt. | — | 
| 
| | | 
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known that the recommendatiuns of the Engineering | decided to carry out some experiments on the point. It 


Standards Committee were 

law < aay and upon a 
mental work carried out specially by Professor Unwin, | 
subsequently published eae neers! 





* This modalus of rupture is calculated as follows :— 
From the formule deduced from the meng | @ bending 


of beams, we have f (maximum stress) = JF qa fF Feot- 


angular section beam, loaded at the centre and su ported 
at each end, where M = ing moment at ibs desten. 


This simplifies to f = 3 _W!) where f is the so-called 
modulus of rupture. 


2°b@ 


tand |small sections, and as a result a Table of Propor- 
—= _ -jaluminium and mi ium alloys. These include 
” ** gisiu 


based upon Barba’s | is not necessary to ive the details of these, which are not 
rge amount of experi- | otherwise of gene 


interest ; but the results showed that 
the law was substantially correct, even for extremely 


| tions was drawn up, Fig. 2, for round specimens r 

‘ing from 0.160 in. to 0.564 in. im diameter, and, Fig. 
for flat specimens ranging from 0.1 in. to 0.3 in. thick. 
| The other dimensions are all such that the relationship, 


acting length'= 4/area, held good. The above stan- 
| dards were finally adopted in 1904, and have been 
| adhered to ever since. 

It will be noticed that in all cases the areas are con- 
venient submultiples of a square inch, a fact which saves 





much time, and makes for greater accuracy in wor 





out the results. By the introduction of suitable limit- 
ae with fine limits no difficulty has been experienced 
in the production, at a reasonable cost, of specimens with 
the necessary degree of accuracy. 

Instrument for Indicating Yield - Point of Tensile 
Specimens.—In certain War Department specifications 
for steel it is the practice to specify not only the customary 
requirements with regard to tensile strength and elonga- 
tion, but also a minimum value for the yield-point, and 
the instrument shown in Fig. 4, herewith, was devised for 
the purpose of conveniently and readily showing this. It 
consists of an aluminium body fitted with two steel jaws, 
one fixed to the body of the instrument, and the other 
sliding in a long, deep groove and forced outwards by a 
spring. The movement of the — jaw is commnni- 
cated to the pointer on the dial, the leverage being such 
that one division on the dial corresponds with 0.001 in. 
movement between the shoulders of the specimen, and as 
the divisions on the dial are each about 0.1 in. long, it is 

uite possible, if so desired, to estimate to 0.00025 in. 

suitably arranged spring obviates any difficulty arising 
from back-lash. 

In use the specimens are all post to definite 
lengths (see preceding notes on “‘ Standard Shapes and 
Dimensions of Tensile § imens”) for which check- 
gauges have been made. The specimen is placed in the 
testing-machine, the instrument is pressed in between 
the shoulders of the specimen and held in position |-y the 
observer whilst the test proceeds. As the load is gradu- 
ally applied within the elastic limit, the movement of 
the — is uniform ; but as soon as the yield-point is 
reached the pointer takes a jump. simultaneous 
load requires to be noted on the testing-machine. 

The instrument requires a certain amount of skill and 
experience on the part of the observer when used with 
the ordinary class of ductile materials; but even with such 


| things as steel castings, which oH comparatively low 


percentage elongations, the yield-point is very clearly 
mdicated by the instrument. The range of adjustment 
is, of course, small, but owing to the fact that all tensile 
specimens are made to one or other of six standard 
lengths—see preceding remarks and Figs. 2 and 3—only 
that number of instruments are required : and as they are 
cheap to manufacture, and are subject to little or no wear, 
this 1s not a great objection. 

Effect of Twme-Factor Results of Tensile-Testing.— 
In the testing of certain steels, differences had been 
noticed in the results obtained from similar steels when 
tested in different testing-maehines, and it was thought 
that this difference might be due to the fact that the 
specimens were being tested at py A series 
of tests were accordingly carried out at different speeds, 
one set in a Whitworth hydraulic testing-machine, and 
another ina Maillard testing-machine. © experiments 
were arranged to be as nearly as possible on similar lines 
otherwise, and the results, when averaged to some 
extent, are shown on the curves, Fig. 5, 210. 

The general conclusion arrived at was that, for steels 
of the quality under consideration, small differences in 
the speed of breaking specimens, such as might obtain in 
aa practice with ote « Te careful manipulation, 
had little, if any, appreciable effect in the value of either 
yield-point, breaking load, or elongation. 

Experiments on Aluminium Aloys.—For certain pur- 
poses it was required to produce a material which should 
possess the following properties to as great an extent as 
possible :— 

1. Low specific gravity ; 

2. Good tensile strength and elongation ; 

3. ry =» mee easy to machine and capable of taking 
a good finish ; 

4. Capable of being cast in either chills or sand moulds. 


Although the alloys previously used had Pn tee fairly 
satisfactory in the above respects, it was ired to see 
whether something even better could not be obtained, 
and the experiments detailed in Table III, page 208, 
were undertaken. The alloys were melted in plum- 
bago crucibles, and cast in the manner stated. The 
tensile specimens were 2 in. long by 0.564 in. in dia- 
meter, while the compression specimens were 0.799 in. 
in diameter by 1 in. high. loys Nos. 10, 11, and 
12 were produced by the use of re Yr having 
the o_o Cu, 60 per cent., and Si, 40 per cent. 
Alloys Nos. 22 and 23 were produced by the use of man- 
ganese-copper having the composition Cu, 80 per cent., 
and Mn, 19 per cent., with 1 per cent. of iron. Taking the 
whole series of experiments, it will be seen that only 
No. 8 gave good all-round results. F 

About the same time that the above experiments de- 
scribed were in a requirement arose for the pro- 
duction of aluminium castings of somewhat intricate 
design. A number of experiments were carried out, the 
more important of which are summarised in Table IV., 
page 208. The results obtained from the mixing, No 8, 
were so good that this mixture was adopted as a standard 
for certain classes of engines and given the distinctive 
name of “‘calaminium.” It has a specific gravity of 
about 2.85. 

A somewhat remarkable and interesting feature, noticed 
in the search for references to other similar work, was 
the variety of distinctive names given to the light 
** magnalium,” ‘‘ wolframinium,” 
* romanium.” ‘‘ electron,” ‘‘ sulphalium,” “ duralumin,” 
” inium,” ‘‘ atherium,” “ clarus,” ** vanalium,” &c. 

tferences to Similar Work.—In connection with the 
search for similar information ing on the above and 
many other similar researches, the ings of the 
leading institutions, and also ae English and 
some American engineering j are systematically 
searched for many years back. All articles, or 


? 66 os ” 


king | paragraphs wbleh egpessed to have # possible bearing 
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on the subject under consideration are marked and 
submitted to careful scrutiny. Those which on further 
consideration appeared to have a direct on 
the subject in hand are collated and abstracted and 
addei to the ordaance factories reports as appendices, 
the information being, so far as possible, thrown 
into a similar form with a view to ready comparison. 
Tais search, as will be easily , takes a con- 
siderable amount of time, and has been found to 


require detailed consideration of an average of upwards | i 


of sixty papers, articles, or paragraphs for each subject 
under review. Some, however, were even more lengthy, 
one—on the subject of vanadium steel—extending to over 
200 references. 

Unification of Methods of Reporting.—Although the 
author has for many years past been of opinion that con- 
siderable simplification might be effected with advantage 
in the forms used for reporting results of the more usual 
kinds of testing, the search for references to similar work 
mentioned above emphasised the desirability of some such 





carried on in one’s own works, in which case the upper 
headings will not apply, and, indeed, need not be printed 
on the form. The primary object of the standardised 
form will, however, be fully met in that the observed 
and deduced results will be given in the same relative 
positions. 

Transverse Testinga.— Although transverse tests are not 
so frequently carried out as are tensile tests, difficulty is 
frequently experienced, similar to that mentioned above, 
in apprehending at a glance the salient points of the 
mathe 4 A form is shown in Table VI., page 209, which 
should meet all the ordinary cases of transverse tests of 
east iron, and also —with slight modifications as regards 
the progressive loads under which the deflections are 
measured—of timber as well. 

In conclusion, the author wishes to express his regret 
at the somewhat disjointed nature of the foregoing 
remarks, a result principally due to the nature of the 
subject under review. e would, however, venture to 
express the hope that they may serve to elicit the views 


Fig. 5. EFFECT OF SPEED OF TEST UPON RESULTS IN TENSILE TESTING 
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standardisation. It was found that, generally speaking, 
the different forms used gave substantially the same 
information ; but there was such a diversity in the method 
of setting out the main features that not only was con- 
siderable difficulty and waste of time incurred in recasting 
and assimilating the information given, but difficulty was 
also experienced at times in comparing results obtained 
from various sources. 

The author would not wish it to be understood that he 
advocates the use of stereotyped forms for every conceiv- 
able type of testing, but he does think that for a very large 

roportion of testing now commonly carried on stan- 
ardised forms would in all cases serve the purpose in 
view equally as well as the various forms now used, and 
would also in most cases offer considerable advantages in 
saving of time and a ge convenience. To take a con- 
crete case. It is probably not an exaggeration to say that 
ordinary tensile tests form 90 per c-nt. of the tests carried 
out by an inspecting engineer in the ordinary course of his 
duties at steelmakers’ or engine-builders’ works, yet it 
is a matter of common knowledge that each works he 
visits has its own particular type of form or test-sheet, 
although the information required and given is prac- 
tically the same in each case. Only those whose duty it 
has been to scrutinise and compare large numbers of such 
te+t-sheets can realise the amount of time so wasted and 
the irritation produced with no useful purpose served, 
and for no apparent reason. Typical examples of two 
forms are shown herewith, Tables V. and VI., page 209, 
which have been in use in substantially the present form 
for some considerable time, and found to meet all ordinary 
requirements. These forms are about 13 in. by 8 in., so 
that they are of a size convenient for filing in the Stol- 
zenberg or other similar filing systems now so largel 
used. The relative amount of space to be given to eac 
column is not indicated on the form as shown, but can 
be easily adapted to suit requirements, whilst some of 
the heads which are not often required, such as yield- 
point, load, and stress, may be omitted altogether. 
Tensile-Testing.—In the form shown, Table V., page 
209, the upper portion contains Spaces for all the infor- 
mation as regards order numbers, customers, &c., which 
it is usually necessary to give on such sheets. In the 
pow Sn the form an endeavour has been made to keep 


er :— 

1) Those heads of information which are purely ob- 

servational and require to be taken at the testing- ine. 

_ (2) Those heads which can be left to be worked out 

in the office subsequently with the help of the slide-rule 
or tables. 

It might also be noticed that with this arrangement all 
the information with which the inspector or consultant is 
ultimately concerned is shown in the last six columns, 
which are brought together, and the results seen at a 
gee instead of, as is frequently the case, requiring to 

picked out from a lot of other figures which are of 


secondary importance. It will be observed that the form 
is primarily intended for use, say, in a steel works; it 
can, however, be conveniently used for ordinary testing 
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of the members present and any others interested as to 
the desirability and possibility of taking some definite 
steps towards the attainment of greater co-ordination 
and publication of research work. 








CATALOGUES. 

Lathe-Chucks. —From Messrs. Charles Taylor (Bir- 
mingham), Limited, of Bartholomew street, Birmingham, 
we have received a sectional catalogue giving the latest 

rices for their well-known spiral self-centring chucks. 

he pe oe first points out the many advantages of 
spiral chucks over scroll chucks, stating that the former, 
owing to their great gripping power, are quite suitable 
for use with cutting tools of high-speed steel. They are 
also claimed to be stronger, and to retain their accuracy 
much longer than scroll chucks. Prices are stated and 
full particulars given of three-jaw and four-jaw chucks 
ranging from 4 in. to 20 in. in diameter; two-jaw chucks 
for brass-workers are also listed. 


Induction Motors.—From Messrs. Bruce Peebles and 
Co., Limited, of Edinburgh, we have received a pamphlet 
giving particulars of medium-sized polyphase induction 
motors. The machines referred to in this publication are 
made with squirrel and slip-ring rotors, and also 
with automatic centrifugal self-starters. They can be 
——e in the following types: — Protected, semi- 
enclosed, textile, totally-enclosed, pipe-ventilated, and 
two-speed. The pamphlet gives a very full specification 
of the general construction of these machines, with 
illustrations of various details, such as the firm’s patent 
short-circuiting and brush-lifting device for wound rotors. 
Weights, dimensions, and technical data are also given 
for 50-cycle and 25-cycle motors for voltages ranging from 
110 to 3500, for speeds of from 1500 to 150 revolutions per 
minute, and for outputs varying between 0.75 and 425 
brake horse-power ; these particulars refer to machines of 
the protected, semi-enclosed, and textile types. The 
pamphlet is well printed and conveniently arranged, and 
will be very handy to all users of these machines. 


Steel Manufactwre.— Messrs. Brown, Bayley’s Steel 
Works, Limited, of Sheffield, have sent us a copy of an 
album containing thirteen views showing various opera- 
tions in the process of steel manufacture at their works. 
The pictures are reproduced in colours from oil-paintings 
and water-colour drawings, and are printed on canvas- 
grained paper, so that they resemble actual oil-painti 
as much as possible. They illustrate, among other su 
jects, the tapping of a Siemens furnace, the operations of 
rolling billets, forging and rolling tyres, making springs, 
&c. The firm have evidently been to considerable expense 
to produce a high-class album, and doubtless it will be 
found both interesting and attractive to many of their 
customers. It is, however, just possible that the book 
may fall into the hands of some of those engineers who 
set technology on a higher 

may not always find the colouring and machine 
letails exactly to their taste. We therefore remind them 


than art, and such | J 


| that the publication was probably intended for people 
with more artistic temperaments. 

Gas-Engines and Suction-Gas Producers.—A copy of 
their latest catalogue of suction-gas plants has reached us 
from Messrs. Ruston, Proctor and Co., Limited, Sheaf 
Iron Works, Lincoln. This catalogue first illustrates and 
describes the firm’s engines for running on suction- 
pointing out their special features and giving weights, 
dimensions, and other particulars of engines ranging 
from 9 to 260 brake horse-power test-load. Suction-gas 
ee including a special type using wood refuse as 
uel, are also dealt with ; they are listed in sizes suitable 
for supplying any of the above-mentioned engines. 
Particulars are also given of engines ranging from 10 to 
150 horse-power, for running on town gas, and of other 
engines arranged to use benzene, petrol, naphtha, and 
other spirit as fuel; the latter type range from 10 to 60 
horse-power. The catalogue also contains some useful 
general notes on suction-gas plants, and it concludes with 
several pages of illustrations, reproduced from photo- 
graphs, of typical plants installed by the firm; a few 
testimonials are also printed. 


Motor-Starters.—We have received from the foreign 
department of the Allgemeine Elektricitiits-Gesellschaft, 
of Berlin, whose London address is 133, Oxford-street, 
W.., a price-list of motor-starters of the controller type 
for continuous-current motors. It is pointed out that 
these starters are of strong construction, and are more 
suitable for heavy service, where motors have to be 
started and stopped frequently, than starters with flat 
sliding contacts. Three types are listed, one of which is 
designed to be fixed to the wall, and is made in capacities 
ranging from 2 to 47 horse-power ; in these starters the 
resistances are contained in the controller case. Another 
type dealt with, which is also complete with resistances, 
is intended to be fixed on the floor. These starters are 
filled with oil, and are listed for motors up to 700 horse- 
power; the rating, of course, varies with the starting 
torque and with the frequency of starting. The third 
type of starters, which have separate resistances, are also 
designed to be fixed to the floor. They are made in 
capacities ranging from 10 to 400 horse-power, and some 
of them are designed for speed regulation as well as for 
starting. The list gives Pall particulars of each type, 
with prices, weights, and dimensions of all sizes for the 
standard pressures of 110, 220, and 440 volts; it also 
gives all necessary particulars of suitable resistances for 
use with them. 

Air-Compressors.—A catalogue of Scott's patent air- 
compressors has reached us from Messrs. Isaac Storey 
and Sons, Limited (branch of United Brassfounders and 
Engineers, Limited), of Empress Foundry, Manchester. 
This firm are now the sole makers of these machines. The 
most important feature of the compressors, which are 
of the vertical oe type, is the valves. These 
consist of a mp number of steel balls which fit in re- 
cesses in a steel plate, and are kept in place by another 
perforated steel plate, the holes in the latter being drilled 
so that the spaces between them come over the balls and 
thus limit their lift. These valves are obviously very 
simple and durable, and another very important advan- 
tage is that the arrangement allows the clearance space 
to be reduced to the absolute minimum, since the piston 
and valve-plate may almost touch at the end of the stroke. 
The inlet valve-plate is fitted into the piston, the lower 
side of which is in communication with the atmosphere, 
and the catalogue calls attention to the fact that, with 
this arrangement, the inertia effects assist in both opening 
and closing the valves. In the design of these com- 
pressors special attention has been paid to the matter of 
water-cooling. For this purpose the cylinders are com- 
pletely immersed in a comparatively large open tank of 
water. The tank can, however, aay removed, to get at 
the cylinder joints, without disturbing any pipe connec- 
tions. The catalogue deals with both single-stage and 
two-stage machines, the latter type being provided with 
intercoolers. These consist of a number of brass tubes 
expanded into headers situated in the water-space, the 
air passing through the tubes instead of outside them, as 
is more usual. It is claimed that this arrangement cools 
the air more effectively, and also allows any deposit 
from the water to be removed with less trouble. The 
catalogue gives prices, dimensions, and shipping par- 
ticulars of single-stage compressors suitable for belt 
or rope-drive, or for direct coupling or gearing to 
electric motors; the capacities of the compressors in 
this series range from 20 cub. ft. to 300 cub. ft. of free 
air per minute. Larger steam driven and belt-driven 
single-stage and two-stage machines having capacities up 
to cub. ft. per minute are also listed ; the two-stage 
machines, as above mentioned, are fitted with inter- 
coolers. The catalogue also illustrates and describes 
Scott’s patent control mechanism for air-compressors. 
By means of this device the compressor, in starting, 15 
kept unloaded until the speed reaches a value 10 per cent. 
flew the normal, and is also unloaded in working if the 
pressure in the receiver exceeds a certain predetermined 
amount. 








Lowestort.—The Great Eastern Railway Company 
has intimated that it is willing to comply with a request 
made by the Lowestoft Town Council for harbour im- 
provements and more siding accommodation. The scheme 
will involve a considerable expenditure. but when the 
works contemplated have been completed they will meet 
the uirements of Lowestoft for many years to come. 
Lord d Hamilten, chairman of the Great Eastern 
Railway Company ; Mr. W. H. Hyde, general ag ; 
Mr. W. C. May, general manager; and Mr. H. 
ones, engineer, visited Lowestoft on Monday, the 
28th ult., and inspected the harbour and quays and 
the central station yard. 











+ ne Ea gerbe sone a nee 








= 
Sn Lh ecg a war rca 





Aus. 8, 1913.] 


ENGINEERING, 


21T 








a PATENT 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
2 aes where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, £c., 
o of “ Communicators are ae Ley —= Ope, 
0, Specificati atent Sales 
Branch, #6, Southampton Builds 


Buildings, Chancery-lane, W.C., at 
gh uniform ma 7 


date of lo of the gy a 
Patent has is, in each -—, given after the abstract, Pon the 
ee aa the date of sealing is given, 
peed any he. vy, at any'time within two months from the date of 
advertisement nce of a Complete Specification, 
Guneal ie ‘atent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 
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8640/12. A. and F. T. Edgecom Dum- 
r Devices. (2 ge)” Apri, 
1912.—This invention relates to slip-rin collector devices o' 


type in pes a tarvegh of flexible material is tensionally held 7 ie 


ends, it may be and applied radially to the peri- 
Speke to pe siping pring. emf Tay HEY 5 
object Vv! collector device o' t 

tact inated Sisloant, or eaclanene, atiethe 


con vibration, 
little wear ~y the tee clip. , simple, and adjustable 
replaceable. While the de is ee rl cable to torsion- 
meters, it is also cable to e ical m es in which 
rings are “eer {— -- ong Ag oe ae ae 
comprises a at y of flex: conducting material—; flat 
wire-braid, held at its ends in a bracket of -blade form, so 
that its obey ‘sepring ng-controlled. The bracket is carried 
by a spring-controlled pl 
so that the bracket may be adjusted towards and away from the 
slip-ring, and means are provided for securing the braid to the 
bracket so that it may be readily detachable for renewal when 





eee 

carried ~ a plunger-like rod sisisterae racket or 

and controlled by a spring H, which bears against the 
under-side of the Drain tthe lipring and Che pre rod. 
The plunger rod D is radial to the slip-ring K, and 
urges it, and so the flexible = apy ineslipri 
80 pressing A into contact wi re le arc th 
ensuring good, effective, and unvary contact, even a i the 
presence of lubricant or water. Thesemi-elliptic spring C is held 
on the end of the = rod D by a clip, insu! 


foe thine’, te _ On the upper end of the plunger-rod D 
is a thimble id in ition ames of = weer and set- 
screw and ie R. When it is desired to retract the 


jeer oy ay D a | ‘the paste it carries from the slip-ring K, the 
le Ris oulhapwel te turned through a right an ¥ so that 
it then rests in a notch on the top of the support (Sealed 
June 12, 1913.) 


28,868/11. She Brtiint Fhemesn-Wousten = 
Electrical Distribution Systems. (2 Figs.) December 2, 
1911.—This invention yy to an improvement in or modifica- 
tion of the invention covered by Patent No. 11,979, of 1908, 
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relating to protective devices for alternating-current systems of 
electrical distribution. In Patent No. 11,979, of 1908, the appli- 
cants have shown how relays operating on ‘forward current in two 
Parallel feeders may be Interlovked 80 as to obtain discri: 

action, and in particular in Fig. 2 they have shown ov 


relays consisting of balance-arm carrying two iron cores | 
actuated by two colonel cumnested 905 respectively to current- 
transformers in the co 4 Where a balanced 
relay of this type is employed, as in . 2 above-mentioned, 
where it carries the normal load, it is difficult to adjust the 
device to operate at currents com ble with the load current 
and at the same time to ensure ce being maintained under 
> severest emergency conditions when both feeders are sound. 
— a invention consists in overcoming this difficulty by 
SS g a ne force or bias on the balanced relay, so 
t not only on the difference in 
cane in the 4 of the balanced relay, but also on the 
current ratio. Referring to the figure, a,b are the tective 
transformers on two parallel feeders c,d. A pair of balance- 
arm relays ¢, f are provided, one for each feeder, and these 
relays are each fitted with an operating coil g and a restraining 
coil A acting on cores connected to the balance-arms j, j, as shown. 
The balance-arms may be controlled by weights or springs in a 
well-known manner. The operating coil g on one feeder is con- 
nected in series with the restraining coil of the relay and the Ee 
tective transformer of the other feeder. k, k are the trip-coils of 
the switches or circuit-breakers controlling the respective feeders. 
1, l,l are the interconnecting wires for the aj us, which are 
earthed. The contacts n,o and p,q in the two relays are adapted 
to he short-circuited by the bridge-pieces carried by the balance- 
arms on the relays. Normally the contacts n, o are open, and the 
contacts p,q are closed. The restraining coils on the relays con- 
tain, for example, 20 per cent. more turns than the o 
coils, 80 that the balance-arms are biased against movement by 
the operating coils until, when a fault develops on one of the 
coil of the relay on that feeder can only 
close the contacts n, 0, 80 as to cause the circuit-breaker to operate 
when the force is sufficient to overcome the bias due to the restrain- 
ing coil. In order to give a time-limit overload protection on the 
feeders, auxiliary switches s,s may be fitted controlling the con- 
nection of fuses r, r, these switches being von ek eh when 
the main oil-switches or circuit- breakers are closed, 
to be closed by the operation of the circuit-breaker 80 as to ee 
the fuse in parallel with the relay coil on the sound feeder. 
(Sealed June 12, 1913.) 


7375/12. >. Sunderland and G. C. vanes, 
Control of 


London. 
Batteries. ‘3 Figs.) March 26, 1912.—This invention X ... 
to an automatic electric- ing system comprising a prime 
mover, a dynamo, and a riouvely battery for taking small 
loads and for running the dynamo as a motor to start the prime 
mover, together with means for automatically start’ the prime 
mover when such small load is exceeded or the voltage of the 
battery is substantially diminished, and provides an electrical 
governor for m t voltage between predetermined 
points in the system and controlling the supply of motive fluid to 
the prime — in a to the load. In a system of the 
kind referred the ke on the dynamo will vary between wide 
limits owing to oor relatively small size of the battery. The pres- 
sure produced by a chant wound dynamo — as the load 
is increased, and vice versa ; the drop of the mains is 
also proportional to the load, and therefore in cole to maintain 
a constant voltage, either at the dynamo terminals or at the 
lamp terminals, when the drop in the mains is not negligible, the 
of the engine, and therefore the supply of working fluid to 
engine, must be increased for a rise in load, and vice versa. 


Fig. 9.2. 
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Therefore the uae of working fluid required, if it is to be 
used efficiently, will vary between wide limits and according 
to the load; the applicants, in consequence, provide an auto- 


In 
1912.—This invention relates to 
compressed air, four-stroke cycle internal- 
combustion ~~ 4 Ot automobiles having four or more motor 
cylinders. The invention comprises improved mechanism for 


operating, only when required, valves which admit to the cy- 
linders compressed air for a oe ; and comprises 
also means whereby such , whi is normally out of 
action, ony oe ee ee» by the re 
of air from a reservoir when the air is turn for 
starting m a number of 


the engine. M is the engine A. dag 
cams which are mounted thereon and revolve therewith. N isa 





casing which surrounds the cams, and P is a carrier which is fitted 


| toturn easily within the casing N. Pivoted within the casing by 
means of a pin p, is common to them all, are a number of 
tongue levers m! to the number of the engine 


corresponding 
— Gy PES 
S, and their ea eet 


of the spindles r, so that the poppet-valves R are then all firmly 
If the carrier P is then turned in the 

anarm P! thereon, 

the levers m! are all turned ‘back clear of the pin n, and drop 
upon the cams m, and portions m2 of the outer surfaces of the 
levers m! are brought immediately under, and close to, the ends 
of the spindles r, so that as the cams m revolve they will, in 


turn, move out the levers and m the respective valves R, 
supplying air to the cylinders as required for starting 
the engine is valve for admitting com air 


a 
tothe air-chest S. This valve is opened by means of a stem or 
rod T! which th: the bottom the air-chest 8S, and 
through a a gue wihin which it isa sliding fit, and is formed 
with a collar @, which constitutes a valve and normally seats 
itself in the bottom of the air-chest, and seals the opening there- 





from thro which the stem This starting-valve is 
opened “ty m3 which is rigid. with and turns with the 
carrier P, the cam lifting the stem T!, the upper end of which 
presses ‘against the end of a short stem of the valve T, 
which simply pro, within the air-chest 8. The openings 
which are cael by the poppet-valves R communicate with 
the pipes U which communicate with —-: valves for 4 cngine 
4 ag ys Referring now ly Pe ceeonas 
in Fig. 3 ;—A V, within a cylinder to whi 

air may be admitted through th -valve T pon ge 4 collar 
t! which surrounds the rod or nom Tr yy means of which 
the valve T is opened, is con by means of a rod 
or link v with an arm P! of the carrier P, which corre- 


when the rod T! is raised, raising off ite seat the surround! 
collar t!and then opening of ‘the valve T, the compressed air enters 
the valve-chest, within which the _boppet-valves R (one neuy of 
which appears in this — are seated isis 
from such chest through the opening, ‘which ie 1 is normally 

the collar ¢!, and Ts the piston V outwards, and turns the 
carrier P as required to bring the levers m! ry poten for 
eoeneting the vaivesR. When the com has been cut 
off from the piston V the piston is moved back by the force of a 
spring v!, which moves back the arm P! and turns the carrier P 
back in, and brings the levers m! out of their operative posi - 
tion. Sealed July 3, e913.) 


9240/12. The Welachey Zest and Motor-Car Com- 

A yf one &. 5 ie bee 

1 Fg.) April 19, 1912.—This invention relates 

oo Sapeeremnaate | s the form of carburetting apparatus described 
in Specification No, 26,178, of 1907, in which the suction-chamber 





or into theo ms tween the suction-chamber and the 
chamber, and to facilitate t the assembling of certain 

us. The improvement consists 
munication between the interior of St bellows — 
mixing chamber as a way wi runs ou 
py of the bellows device. A is the carbure 
B the weight valve which is carried to move in an 


EF 
tanh 
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tion, and, besides controlling the supply of air which 
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air inlet a, carries at its lower end a needle-valve C which con- 
trols the supply of liquid fuel th the nozzle C}. The valve 
B is fixed on the lower end of a valve-stalk B!, which is just a 
sliding fit through the base of achamber D, within which is con- 
tained a bellows device E, through the medium of which the 
valve B is influenced by the suction of the engine. The stalk B! 
has an axial passage-way )! which is open at ite outer end to the 
interior of the bellows E, and at its inner end communicates with 
a transverse passage b formed in the valve B. These e- 
ways form the sole means of communication between the interior 
of the bellows device E and the carburetting chamber A. The 
inner end of the flexible wall e of the bellows device is securely 
fixed, in an air-tight manner, around a disc end b2 of the 
stalk B!, and the outer end of such wall is correspondingly fixed 
in relation to the outer end of the chamber D which contains the 
bellows device. The outer end of the flexible wall of the bellows 
device is securely fixed around a disc ¢! which is separately 
formed from the outer end of the chamber D, and is so fixed prior 
to the disc e! being fixed against the inner face of the outer end of 
the chamber, such as by a bolt and nut el. The wall d and back 
end d) of the ber D are formed integral with one another. 
(Sealed July 10, 1913.) 


us March 26, 
1912.—This invention relates to the cooling of internal-combus- 
tion engines, and provides an improved method of the type in 
which air or gas is passed through the liquid of the circu 
cooling system. In a circulatory cooling system of this kind it 
has been to provide a loaded valve above the level of the 
liquid within a tank through which the air is passed, this valve 

rmitting a regulated escape of the air forced into the tank, or 
ayes in which the current of air is produced by exhaustion, 
ingress of air may be controlled by an air inlet-valve. According 
to this invention, the introduction of the air or gas to the cooling 
system is controlled by an automatically-acting valve governed by 
the temperature of the engine or of the circulatory cooling 
liquid, and arranged between the source of air supply and the 
vessel containing the liquid to be cooled by pee mae. of air 
through the same. At the front end of the crank ber of the 
engine is a compressor A driven from the engine crank-shaft, and 
serving to force air through the small pipe B into a reservoir C. 
From this reservoir the air is conveyed by a pipe D to an auto- 
matic valve E arranged in the return pipe of the water.cooling 


= Fig. 1. 
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system ase the oe Phy sy eptematio — is 
open the ai roug’ e pipe F and escapes 

2. aumber of email perforations in a distributor mao the 
water contained in the radiator H, and after passing through 
the water the air finally —- through a pipe J which 
dips into a cup K provided with baffles L serving to separate 
and collect the water that may be carried out of the radiator by 
the air. Instead of allowing the air to come in actual contact 
with the cooling water it may be passed through a coil or other 
vessel immersed in the cool water. The automatic valve com- 
prises a chamber M (see Fig. 2) containing mercury or a suitable 
volatile liquid, and closed at the ‘gs 4 a flexible diaph N, 
which is held in place by the cap O. e passage thro the cap 
forming a communication between the inlet-pipe D and the outlet- 
pipe F is normally closed by a ball P held down on its seat by a 
spring Q. Between the ball P and the flexible Nis 
“ rod R which serves as the means for lifting the when the 


diaphi N is outwardly flexed by the increase of 

within the chamber M due to excessive temperature around the 
chamber. As the temperature around the chamber M yp 
and the 


re within the chamber a the 

P is pressed to its seat again, and so closes the air-passage and 

Se escape of air into the cooling system. (Accepted 
ay i, 


MINING, METALLURGY, & METAL-WORKING. 
18,870/12. Mavor and Coulson, Limited, and M. 8. 


Moo: G w. Coal-Cu {3 Figs.) 
August 17, mere the lubrication of the bearing of a cutter 
disc of a machine for use in mining, according to invention, a 


reservoir is provided in the of the head of the supporting 
frame upon which the cutter- is mounted, to receive a 
of lubricant which is fed to the bearing by means of a pump or 
umps Operated by the rotational motion of the cutter-disc. In 
the construction illustrated, a supporting frame A, upon which is 
mounted a cutter-disc B, is formed with a bearing of material 
diameter, and comprises an upper ans D with an inner 
cylindrical bearing E and an outer cylin bearing F inter- 
vening between them. The upper bearing-ring C may, as shown, 





be at the base of a circular recess G formed in the head of 
frame, and the inner cylindrical E be formed by 
Sus lover pesttnnciag © beay be of queaker dnumenee than tae 

e lower o may of greater eter e 
upper bearing-ring C, and be formed on the underside of the 
frame A at a position above the upper bearing-ring O, and the 
outer cylindical F may extend downwards from the inner 
edge of the lower ing-ring D. The cutter-disc B 





rivets. At the centre of the base-plate H an upwardly-projecting 
stud J is provided upon which a disc K is mounted, having 
an edge and pes a conforming to the upper bearing-ring C 
and inner cyl ndrical E, and to ensure the rotation of the 
dise K with the base-plate H, the lower part of the stud J may 
uare or otherwise formed or fitted with means to lock the 
two in rotational engagement. Upon the head of the stud J a 
cam L is fitted, the fitting of which may be arranged to lock the 
disc K against the base-plate H, and to prevent endwise movement 
on the stud J, for example, the cam L may be screwed on to the 
head of the stud J. e periphery of the cam L is arranged to 
bear the head of the plunger M! of a pump of which the 
barrel is fitted to the frame A on the interior of the circular 
recess G, a spring being provided tending to force the plunger M! 
outwards, and maintain its head in contact with the periphery 
of the cam L, which may be formed to impart one reciprocation 
at each revolution of the cutter-disc B. In action, as the plunger 
M! is reciprocated outwards it enters the outlet as shown, 
discharges the oil therefrom. The top of the circular recess G is 
furnished withacapG!. For conducting lubricant to the bear- 
ings, ducts may be —— extending through the disc K, and 
if one — only is used, a duct may provided from the 
delivery of the pump for distributing lubricant to the lower 
aes D and outer cylindrical bearing F, for example, as 
shown, a duct R may extend to the juncture which the lower 
bearing-ring D makes with the outer cylindrical bearing F. In 
the disc K ducts 8 are formed, extending therethrough for the 
of oil. In use, a charge of lubricant is introduced into 
the circular recess G and the cap G! applied, and as the cutter- 
disc B rotates, the cam L operates the pew M! of the pump, 
and a practically constant flow of lubricant is forced to the 
bearings in addition to that which gravitates thereto. (Sealed 
July 17, 1918.) 
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H. C. Behr, gehaumessare. 

Stamps. [19 Figs.) May 30, 1912.—This invention relates to 
percussive apparatus, and larly to ore stamps of the kind 
embodying a positively-reciprocated piston or member providin 

pressure surfaces, which actuates a striking member provid 

with similar surfaces through the medium of air enclosed bet 
the members. According to this invention, the tup-piston is 
forced against a predetermined counterpressure by means of a 
fluid pressure higher than the counterpressure during the early 
part of the piston’s stroke, but tending to fall later below the 
counterpressure. Such fall of pressure is, however, prevented 

















and connected with the 
valve for the reservoir 1' 
makin; 
extension of the slide-bar 56.. In order to accom 
sion of reservoir air above the 


tinued u 
which the volume between the pistons 7 and 25 commences to 
increase, the 


pipe section 21; 66 represents a relief- 
The compressor 67 is provided for 
is operated from an 
— the admis- 
istons automatically, and thereby 
revent the constant pressure below the piston 7 from cushioning 
ts Pp ee the parts are so timed that during the con- 

movement of the piston 25 past the position at 


up loss of air due to leakage and 


of the spring 44 is taken off the valve 41 by 
the rod 45, before the pressure above the pistons falls to that in 
the reservoir. It results from this that the valve 41 will open 
whenever the reservoir pressure exceeds the pressure in the 
cylinder 24. The opening of the valve 41 causes the pressure from 
e reservoir to be equalised above and below the piston 7, and 
the piston 7 therefore completes its stroke without any retarding 
pressure beneath it. But the piston 7 strikes its blow and comes 
to rest before the piston 25 has completed its upward stroke, so 
that there is more air above the pistons than there was when the 
cycle of one full revolution began with the piston 25 at the ex- 
treme end of its upward stroke. hee pen or mgm the air that was 
taken in during the continued upward stroke of the piston 25 and 
downward streke of the piston 7 must be expelled past the valve 41 
and forced back into the reservoir 12 during the completion of 
the upward stroke. (Sealed July 17, 1918.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


61/13. S. Hoffman, New York, U.S.A. Steam-Super- 
heaters. [10 Figs.) January 12, 1912.—This invention relates to 
superheaters for tubular boilersof the type in which thesuperheater 
pipes are arranged inside the smoke-tubes. According to the pre- 
sent invention, the steam-chests or headers hitherto used are 
replaced by a steam-chest which forms a constructional part of 
the boiler, the front tube-plate, and, if necessary, a part of the 
boiler shell being utilised to form one of the walls of the header. 
The drawings illustrate the invention as applied to a locomotive 
boiler, and Fig. 1 shows as its left-hand half a section 
taken through the header at right angles to the axis of the boiler, 
and as its right-hand half an elevation of the header and 
superheater pipes, both views being as seen from the front of the 
locomotive. a is the tube-plate and c the shell. The steam- 
chest or header is formed with a saturated-steam distributing 
chamber h, to which steam ia supplied from the boiler through the 
aperture i, and with a superheated-steam collecting chamber j- 
from which the superheated steam passes by way of the apertures 



















































































during the forward drive of the piston from —s low the 
total effective lifting pressure. In this way the lifting pressure ‘9.7. 
is overcome during the downward stroke of the piston, so that Fug. y ZL 
velocity once acquired during such stroke by the piston and or k 
attached parts is not n lost through retarding pressure, c 1 hs (os 
thereby securing an joned blow. 1 represents the stamp- hy eo 
head or tup carrying « shoe 2, and 8 the die adapted to co-operate == Ep 
with the shoe. 4 nts the motor-box, and 5 a sleeve for 2.) #__@____-S-- 
guiding the head 1. The piston-rod 6 is secured to the stamp-head C 7 a 
1, and carries at ite other end the piston 7, free to move within the i 
cylinder 8. At the lower end of the cylinder 8 there is provided ds 
& port 9, from which a pipe 10 connects at 11 with a compressed- nm ' 
air reservoir 12. The reservoir 12 is divided into two compart- 
ments by means of a transverse ition in which is an aperture ° fe) 
controlled by a spring-controlled non-return valve. This reservoir 29 02 
is of such a size that its volume is many times that of the cylinder 020 020 
8, and therefore the reciprocation of the piston 7 does not o8o (e) 020 
materially compress or expand the air in the reservoir, although O-0 o8 fe) 
the pressure maintained in the same is above that of the atmo- ogo *S O69 
ie) 02 260 
209% SIS 802 
Fig.2. . z 
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k, and suitable steam-pipes to the cylinders. From the saturated- 
steam chamber, to the superheater-steam pipes /, 
al in the smoke-tubes m, the steam entering these pipes 





sphere. The cylinder 8 is provided at its upper end with a 
movable head 13 passing through a packing and capable of bein 
adjusted into and out of the cylinder. This cylinder is provid 
at or near the upward limit of the stroke of the piston 7 witha 
port 20, to which are connected pipe sections 21, preferably of a 
yielding nature. In one of the pe sections 21 there is provided 
a valve chamber 22 connected > a port 23 with the operating | 
cylinder 24, In this cylinder works the rating piston 25, 
which is connected by a rod 27 with the driving crank 26, which 
latter is driven by the power my J 28. The port 23 is controlled 
by a valve actuated in jon to a spring by a lifting rod 31 
and a slide bar 33 carrying on its lower end a roller which rides 





at their saturated steam ends 0, and leaving them by way of their 
eated-steam ends n. Short lengths of pipe p pass through 
the superheated-steam: chamber j, to t the saturated-steam 
chamber A with the saturated-steam ends o of the superheater 
pipes, the ends of which are secured by dogs, bolts and nuts, to 
the steam header. The upper part of the tube-plate a is bent 
towards the front of the locomotive in such a manner as to form 
a horizontal wall d, and a vertical wall ¢, a plate /, having 
the shape of a segment of a circle, being riveted, welded or simi- 
larly secured to the tube-plate a, and the boiler shell c, so as to 
form a closed space divided by a plate g into two supe’ 
chambers h andj. ‘The steam-supply pipe is arranged outside the 
boiler so as to lead steam to the aperture i, while the ends n and 
o, of the a pipes /, are bent up at right angles and 
iin) the ntal wall d of the steam-chest. Sealed July 10, 
1913. 








Geeman Ratts.—The deliveries of rails by the Stahl- 


upon the phery of a cam 36 the crank The . . 
rod 31 to boomed to open the valve at regular intervals, and werksverband in the first half of this year compared as 
to: it the same to: close. te the port 23 is another | follow with the corresponding deliveries in the corre- 
port 39 opening into a valve chamber 40, with which com-| sponding half of 1912 :— 
municates a = 42 controlled by a valve 41 which in turn Month. 1913. 1912, 
is normally held to its seat by a spring 44. This valve ; Tons. T 
chamber is connected with the upper compartment of the January 229, 829 177,310 
air reservoir 12 by a short section of Pipe, which is con- February - 299'356 194/823 
trolled by a hand-actuated valve 166. A 45 is adapted to aa. $82 437 266,510 
lift the ning 66 at predetermined intervals ; 450 is a slide-bar Aneil ;: 234,252 151,276 

at its upper end with the 45 and ing at its y 237,194 178,679 
lower end a roller resting on a cam 47 with the crank June. x 215,670 

451. The stem of the valve 41 is ada) to contact a rod 54 i i P 

resting be ns by = of # slide-bar = 2 The aggregate deliveries to June 20, this year, were thus 
the head 61 of the cylinder 24 is an inlet-valve 62 controlled by 1,345, tons, as compared with 1,179,269 tons. The 
the spring 63 for the purpose of admitting air into the cylinder. | increase of 166,294 tons effected this year is, of course, 
Leading from the reservoir 12 is a pipe 64 provided with a cock 65 | very noticea’ 
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FOTTINGER TRANSMITTER FOR SPEED REDUCTION ky 


CONSTRUCTED BY THE VULCAN-WERKE, ENGIN{ERS 
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PLATE XII, 








ON AND REVERSING OF TURBINE DRIVE ON STEAMSHIPS. 


ENGIN{ERS AND SHIPBUILDERS, HAMBURG AND STETTIN. 


r Desoripiion, see Page 213.) 


COMPONENT PARTS OF TRANSMITTER 


Fig. 3. 
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THE FOTTINGER TRANSMITTER. 


In a former issue we gave an illustrated descrip- 
tion of the Fdéttinger transmitter on board the 
tug-boat Féttinger Transformator, in service in 
Hamburg Harbour (see ENcinexR1nG, vol. lxxxviii., 
page 601). More recently (see ENGINEERING, 
vol. xciv., page 804) we briefly described the tem- 
porary plant put down at the Vulcan Works, 
Hamburg, for a long-duration test of a 10,000- 
horse-power transmitter made with a view to fitting 
an installation of this power into a ship being built 
at the Vulean yard for service on the South Atlantic 
and through the Panama Canal. The Vulcan Works 
have now supplied us with complete data concerning 
the latter installation, which is to be generally 
the same as the temporary plant they tested in 
their shops. 

The testing installation referred to is illustrated 
in Figs. 1 and 2, on Plate XII. The component 
parts of the transmitter are shown in Fig. 3, on 
the same plate, whilst Fig. 4 is a longitudinal section, 
and Fig. 5 is a cross-section through the secondary 
thrust-bearing, the transmitter being viewed from 
the secondary side. The main feature of the machine 
is the provision of a distinct water circuit for each of 
the two directions of rotation ef the propeller-shaft. 
The whole of the machine is mounted in one single 
casing, separated into two parts by a hollow par- 
tition. The water circuit for running ahead is 
on the secondary side, and that for running astern 
on the primary side. The two primary wheels on 
the one hand, as also the whole of the secondary 
rotor, are overhung on their shafts, the primary 
wheels being fitted cylindrically with tongues and 
grooves on the primary shaft, whilst the secondary 
rotor is held on the secondary shaft by means of a 
rigid flange coupling. Owing to the orenenens 
weights on the secondary side, special care had to 
be given to the bearings, and the distance avail- 
able has been utilised for the insertion of a thrust- 
block. The two bearings on the primary side 
were required in the temporary testing plant only, 
since for recording the primary efficiency recourse 
had to be had, for torsion measurements, to a 
comparatively thin shaft, which had to be inserted 
between the steam-turbine and the primary shaft of 
the transformer. Both the primary and secondary 
bearings are supported inside a stiff cast iron box- 
frame. 

The component parts of the rotor are mounted 
to form the complete rotor as follows :—The 
primary wheel A,, used for running astern, is 
shown in position on the primary shaft. The 
secondary rotor, for running astern, which com- 
prises two sets of blades B, and D,, is cast 
in one piece with the flange X, by which it is 
ultimately coupled up to the first running-ahead 
secondary wheel B. It is mounted loose by a 
bushing on the primary wheel for running astern, 
which is itself keyed to the shaft. When this is 
done, the primary wheel A for running ahead is 
next fitted in place on the shaft, where it is held 
fast by the nut Z. The primary shaft, with the 
whole of these components, can then be transferred 
as a unit to its bearings. The secondary shaft, 
with the second ahead-running secondary flanged 
wheel D in position, is next placed in its bearings. 
This is followed by the coupling up of the wheel D 
with the secondary rotor for running astern, B,, 

D,, X, through the intermediary of the first ahead. 
running secondary wheel B, which is made in two 
parts, and the insertion of the covering ring y, 
also in two parts. The upper half of the casing 
containing the guide-blade sections C, O,, and C, 
is then brought down, and the upper half of the 
stufting-box rings and covers fitted in place. 

The machine works as follows :—If the circuit 
for running ahead be first taken, and the space 
between the secondary stuffing-box E (see Fig. 4, on 
left) and the box-shaped partition F be considered 
as filled with water, so that this space is under 
atmospheric pressure throughout, apart from the 
effects of mere differences of level, then, owing 
to the rotation of the primary shaft, which may be 
reckoned soon to reach a constant s , pressure 
differences are established between the inlet and 
outlet of the primary wheel A. These result in 
the setting up of a current which immediately 
leads to a circulation inside the wheels, whereby 
the water finds its way back from the outlet of 
the primary wheel through the sets of blades of 
the hitherto stationary secondary wheels, and the 
sets of guide-blades, to the entrance in the primary 
wheel. The reaction set up by the water in its 





e upon the blade surfaces of the secondary 
wheels soon sets these in rotation, the speed in- 


creasing until the condition of uniform motion is | 


reached—i e., when the turning moment developed 
by the water current during its action in the 
secondary wheels has become equal to the resisting 
moment on the outside which opposes the revolu- 
tion of the secondary shaft. During the whole of 
this process, the energy led to the primary shaft 
and given up to the water by the primary wheel is 
partly transmitted to the secondary wheels and 
partly accounted for as losses in the water itself. 
The design of the wheels and blading has therefore 
to be such that when the condition of steady 
running is reached a small fraction only of the 
energy will be lost in the water, by far the greater 
ey being transmitted to the secondary wheels. 
n the conditions we have considered, there is a 
definite distribution of energy—i.e., of pressure 
and velocity head. The lowest pressures and 
velocities are generally to be found in the space 
S,, where the water returns from the secondary 
wheel D to the primary wheel A. By the rotation 
of this primary wheel A, the pressure and velocity 
of the water are increased, so that in the space 8, 
between the primary wheel and the first secondary 
wheel B are generally to be found the highest pres- 
sures and also practically the highest velocities. 

One of the most important advantages of the 
machine is that the high speed generated by the 
primary wheel is immediately transformed into a 
useful form of energy in a turbine-wheel which is 
placed concentrically round the primary wheel, and 
transmits as work this energy to the shaft. As a 
matter of fact, the first secondary wheel B, which, 
in the circuit, immediately follows upon the primary 
wheel, is really an impulse turbine—i.e., a turbine 
in which in the main there is no change of pressure 
head into velocity head, the energy being abstracted 
from the working fluid without, on the whole, any 
resultant change in its pressure. The advantages 
resulting therefrom are twofold, for not only is the 
inevitable and costly conversion of a high velocity 
into pressure—as obtains in the usual types of 
centrifugal pum done away with in the case of 
the transmitter, but the water, immediately upon 
leaving the primary wheel, further finds itself in a 
rotating wheel, in which its relative velocity—or, 
in other words, its velocity which forms the 
criterion for the friction at the passage walls— 
is much smaller than its absolute velocity on dis- 
charge from the primary wheel. 

On the other hand, the absolute velocity of the 
water is very low in the space S,, after it has 
flowed through the first secondary wheel, in which 
the work done is almost half the total transmission 
of energy that takes place. For the admission 
velocity to the second secondary wheel D a value 
is taken which is of the same order as the outlet 
velocity from the primary wheel ; but this velocity 
is only attained at the very instant it leaves the 
guide-blades C. The absolute outlet velocity from 
the first secondary wheel is, in fact, maintained as 
long as possible constant in the guide-blades C, 
which is inter , as shown, between the dis- 
charge from the wheel B and the entrance of the 
water to D, and it is only towards the end of its 
flow that it is raised to the required velocity head 
by a rapid reduction of the waterway and a conse- 
quent increasing velocity, which is, of course, 
combined with a corresponding pressure decrease. 
This has the advantage that the flow in the guides 
leads to small losses only, although it is coupled 
with a large alteration in the direction of this fiew. 
The acceleration effected in the guides C transforms 
into velocity head only a portion—in round figure 
one-half—of the pressure head still existing in the 
rear of the first secondary wheel B, so that in the 
space S, the pressure still remains greater than that 
which obtains in the space 8,. This pressure differ- 
ence is required to overcome the centrifugal pres- 
sure head due to centrifugal action in the second 
secondary wheel D. The relative velocity of the fluid 
is again reduced as it traverses the second secondary 


wheel D. On its final discharge from this wheel | 


the water re-enters the space - 


ready to begin 
in a new cycle. Owing to the 


very low. 

In the astern circuit conditions are very similar, 
with the difference, however, that in this case 
the ‘sagen wheel A, is not surrounded by a 
rotating wheel, but by fixed guides (,, the 
object of which is to reverse the direction of 





agai ow velocity with | 
which the fluid passes over most of the surfaces cuit through the annular s 
traversed in its passage, the frictional losses are| wheel C, and the seco 





motion of the water which flows out of the 
primary wheel, and to reverse thereby the direction 
of rotation of the secondary rotor as compared 
with the primary wheel. The secondary rotor of 
the astern circuit B, and D, has also two-stages, the 
distribution of pressure and velocity energy in the 
circuit being very similar to that in the ahead 
circuit. It should be remarked, however, that the 
guide C,, inserted between the primary wheel and 
the first secondary wheel, is not destined to trans- 
form velocity ene into pressure energy, but 
only, as above explained, to reverse the direction 
of this velocity. The second guides, C,, in the astern 
circuit play a similar part to the single set of guides, 
C, in the ahead circuit. 

The pressure distribution in the circuit leads to 
certain leakage losses, since the packing of the 
shafts is not absolutely tight, and there is also some 
leakage between the secondary rotor and the inter- 
mediate partition. These leakages might result in 
the gradual loss of water and entrance of air, and the 
attempt to work with such a mixture would, as time 
went on, greatly reduce the economical working 
of the machine, These leakages have therefore to 
be made good, and this is provided for by the 
make-up pump, in the present case a high-speed 
centrifugal pump driven by a Curtis wheel having 
three rows of blades. Its casing and wheel are in 
the tank underneath the transmitter, in which is 
collected the leakage from the latter, The pump 
is shown in Figs. 6 to 8, on 214. hen 
running ahead, the leakage is collected by the two 

rts G and H (Fig. 4) of the secondary stuffing-box 
E and through the opening J of the intermediate 
partition F. The pump draws from the tank and 
discharges into the annular chamber K formed 
round the secondary stuffing- box, and thence 
through the ports L in the hub of the second 
secon wheel of the ahead circuit. 

The leakage loss and its compensation by the 

ump adds an auxiliary circuit to the main, work- 
ing circuit, the two being connected at the ports L. 
The auxiliary, circuit leaves the main, workin 
circuit partly at the outlet of the primary whee 
a S.), thence to flow through the packing M, 
which is inserted in the secondary rotor and is con- 
centric with the primary shaft, and further through 
the ports N in the secondary rotor to the inter- 
mediate partition F. The major portion of the 
leakage, constituting the auxiliary water circuit as 
described, escapes at S,, and is prevented from 

ing into the reverse wheel chamber by the 
fact that it is trapped off by the hollow partition F, 
and flows direct to the suction tank of the auxiliary 
pump. This has been repeatedly verified by the 
opening of a sight-hole on the non-active side, 
which has always been found empty. 

The water which flows out of the ports G and H 
of the secondary stuffing-box does not enter the 
circuit for doing work, and is only later taken up 
by the make-up pump. 

The total quantity of water dealt with by the 
pump, considered alone, is somewhat large ; rela- 
tively, however, to the amount of water doing 
work in the transmitter, it is very small, being about 
$ per cent. only. The head against which the 
pump has to deliver is governed by the condition 
that at no part of the circuit should there occur 
any considerable ial vacuum which would lead 
to vapour formation or air-pockets. All calcula- 
tions have shown, and experience has always 
proved, that this pee is about one-fifth to 
one-fourth the total head which the primary wheel 
creates. If the efficiency of the make-up pump be 
reckoned at about 66 per cent., its effective power 
may be calculated to be 4 x 4 x 3 = 4 per cent. 
that of the primary side. 

When running astern, the leakage flows, on the 
one hand, through the packing M,, the porte N, 
and through the adjacent packing inside the middle 
partition, thence into the tank; on the other 
side, it flows through the two openings G, and H, 
out of the primary stuffing-box E,. The water 
thus leaking through has done werk in the main 
circuit ; it is returned through the annular space 
K,, whence it flows through the ports L, in 
the annular space K, and thence into the cir- 
between the guide- 

secondary wheel D,. 
Owing to this arrangement, and since the circuit 
for running astern demands a higher water speed by 


| reason of its small volume, the pressure of the water 
|make-up required is higher than that supplied 


when running ahead. On the other hand, the ratio. 
of leakage to the volume of water doing work for 
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PUMP FOR MAKING UP LEAKAGE LOSSES IN FOTTINGER TRANSMITTER. 
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running astern is smaller than obtains when run-| separate wheels, both when running ahead and | of the surfaces in relative motion consisting of thin 

ning ahead, the percentage of power of the 2 running astern ; these latter, however, are of less fins, which allows the clearance to be made very 

pump being accordingly practically the same in both | consequence, as they have not to be made good small. 

conditions. from the outside. They have for the most part| Besides maintaining the water in the transmitter 
Besides the leakages above mentioned, there transmitted energy before becoming lost. at the required pressure by compensating for the 

oceur other leakages at the clearances between the, The packing used is of the labyrinth type, one! leakages, the make-up pump serves also to supply, 
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THE FOTTINGER TRANSMITTER. 


Fig.73. 
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FOUNDRY PLANT AND MACHINERY. 


(For Description, see Page 218.) 
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Fie. 938. 

















Fig. 944. 


of numerous other visivors or of that of the repre- 
sentatives of the purchasing shipping company. 
All the test results agree perfectly with one 
another. 
‘ : hese test results may be briefly summed up as 
ch eo The reduction ratio corresponding to 
bor ighest transformer efficiency is in all the 
jeate in the neighbourhood of 1 to 5.3. On 
varying the secondary speed from this ratio over 
nt of + 10 per cent., the efficiency of the 
o ole plant varied only by 1 per cent. ‘The fact 
: at the best transforming ratio was not exactly 
» ‘o 5.3 in all the tests was mainly due to the 
influence of mechanical details ; it should be borne 
— — that this transmitter has a compara- 
ively low and therefore is comparatively 


’ 
neo built. If the resultant values of . the 
stclency curves given in the test results for 
constant primary speeds be utilised for 


various 
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Fig. 945. 


Fics. 938 to 947. Exampies or FrrTTLING- 
WHEELS AS MADE BY Messrs. Luke AND 
Spencer, Limited, oF BROADHEATH, NEAR 
MANCHESTER. 


arriving at the corresponding secondary powers, 
the diagram, Fig. 13, is obtained, which shows the 
efficiency as a function of the secondary power 
supplied under approximately similar transforming 
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conditions such as obtain, for example, on board 
ship. The di m, Fig. 13, also gives a curve 
showing the relation between the speed of the 
primary and its output in horse-power. The 
curves, a8 will be seen, have been continued out- 
side the range of the tests, up to 15,000 horse- 
power. A still further extension of the efficiency 
curve to correspond with the other curves has been 
omitted, since it would have involved an extra- 

lation far beyond the limits for which actual test 

ata were available. The primary power recorded, 
Fig. 13, takes into account the work done by fric- 
tion in both primary bearings of the transformer. 
This was carefully measured before and after the 
continuous running, which extended over a fort- 
night, of the primary shaft with its two primary 
wheels. These latter had their inlets and outlets 
blanked off, being coupled for the purpose of the 
test to an electric motor. By this means, an average 
value for the primary bearing friction was arrived 
at by actual trial, and the connection between this 
friction and the speed of the primary was also 
determined. If this bearing friction be deducted 
from the primary power, a corresponding efficiency 
is arrived at which is shown by the middle curve 
of the diagram, Fig. 14. From this it will be seen 
that this efficiency varies by only about 4 per cent. 
between the limits of 15,000 and 1500 secondary 
horse-power. 

The deduction of 
the test results is fully justified, inasmuch as in 
most instances the turbine and transformer sete will 
be so built that the primary wheels will be mounted 


Cogent bearing friction from 
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on an extension of the turbine--haft, and wiil| been required to generate 1 lb. of steam without 
not require independent bearings. The hindmost making use of the transformer waste for heating 
bearing of the turbine will be mounted in a strong | 


hollow bed-plate, establishing a stiff connection 
between the turbine and the transformer casings, 
and designed to admit of perfect centring. 
arrangement of this kind is a most suitable one 
for marine purposes, The character of the effi- 


ciency curve is a very favourable one, this being | 
| page 216, is interesting also in that it illustrates 


of special value in the case of warships running at 
cruising speed, since the advantage of a high-speed 
geared turbine as against a low-speed pone sag 
nected one is more marked at cruising s at 
full speed. This advantage is not at all interfered 
with by any unfavourable conditions arising from 
the transformer gear. The type of transformer 
built specially for use on a warship would show 
a still better efficiency curve than that of the set 
tested, owing to its developing higher powers and 
higher speeds, and to the subsequent reduction of 
all losses, both the pure mechanical ones and the 

ure hydraulic ones. In this connection it may 
. stated that an early transformer of type I, built 
for the Holzapfel Marine Gas-Power Syndicate, 
gave for a power as low as 700 horse-power an 
efficiency of over 88 per cent. 

The diagram, Fig. 14, shows a third curve. 
This is explained by stating that in the course of 
preliminary tests made by the Vulcan Company, 
efficiencies were repeatedly recorded which were 
1.5 per cent. higher than those measured during 
the long-period continuous-running test. For the 
preliminary tests in question there were two 
primary wheels, which were bladed so as to take 
up various powers. With the first wheel, effi- 
ciencies of about 89.5 per cent. were recorded 
when running at about 6000 secondary horse- 
power (see also diagram, Fig. 15). ith the 
second wheel, at about 5000 secondary horse-power, 
the efficiency was 88.7 per cent. (diagram, Fig. 16). 
The recording instruments and methods used for 
the preliminary tests were the same as those used 
for the continuous-running test ; in both instances 
the primary friction has not been deducted from 
the figure for the primary power. 

It should, however, be remarked here that a 
blade of the second wheel on the inlet side cracked 
and bent over, the metal at that part having come 
out too thin in the casting, the particular blade 
losing thereby 50 per cent. of the normal strength. 
The first wheel above referred to was taken to 
replace the damaged one, and in order to be on 
the safe side in the continuous-running tests, it 
was decided to cut 50 mm. to 70 mm. off the 
blades at the inlet edge, where the shape, accord- 
ing to the preliminary test, appeared to be a some- 
what unfavourable one, and to risk thereby an 
eventual loss in efficiency by the change in the in- 
let «dge of the blades. Owing to this, as will be 
seen by reference to the diagrams, Figs. 15 and 16, 
the efficiency in the case of the continuous-running 
test was reduced by over 1.5 per cent. All the 
values shown in the diagram, Fig. 14, have there- 
fore to be raised by this amount. The highest of 
the three curves shown in the diagram, Fig. 14, 
therefore gives the efficiency of the transformer 
when it is built without any special primary bearing, 
and has a correctly-bladed primary bucket-wheel. 
As will be seen, this curve rises above 90 per cent. 
for the higher loads. It is, of course, easily pos- 
sible to design for the primary wheel a form of 
blading the inlet portion of which is a correct one 
from the hydraulic point of view whilst meeting 
all requirements in regard to actual strength. 

The values above given do not, it is claimed, 
represent the limit of the economy of the system ; 
in many instances, in the Navy for example, the 
heat which represents the frictional losses in the 
transformer can be recovered by utilising the water 
from the transformer to make up the boiler-feed. 
The increase in temperature for this feed make-up 
depends upon the steam consumption in the tur- 
bine per horse-power per hour. If this latter re- 
ferred to the primary horse-power is w lb. per 
hour, and if the — hydraulic efficiency of the 
transformer be 7, then the tem ture rise of the 
feed-water in degrees Fahr. will be— 

(1 — ) horse-power x 2545 _ (1 — ) x 2545 
horse-power x w FS 


The percentage reduction in fuel consumption is | 


given by— 

(1 — ») x horse-power x 2545 | 100 — (L-) x 2545 . 100 
horse-power x w x A wxrX : 

where A is the amount of heat which would have 
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the feed. 

In ordinary average circumstances the saving can 
be said to amount to from 1.5 to 2 per cent. to the 
credit of the transformer, giving for this an 
efficiency of 92 per cent. 

The curves given in Figs. 11 to 16 refer simply 
to the ahead circuit; the diagram, Fig. 18, on 


the transformation of energy in the same ahead 
circuit. The tests with the astern circuit are 
shown in the diagram, Fig. 17, on page 216, which 
gives the results in the case when the primary 
speed was 795 revolutions per minute. The maxi- 
mum efficiency of 70 per cent. obtained in astern 
running must also be considered an excellent result 
in view of the small dimensions intentionally 
chosen for the astern circuit. The ratio of 
efficiencies for astern to ahead running, for equal 
steam consumption, gives the effective astern 
action measured at the propeller-shaft. This has 
been ascertained to range between 78 and 80 per 
cent., a figure which is not always reached even 
with reciprocating engines. This efficiency remains 
practically the same at all speeds of the ship. 

On opening up the transformer at the conclusion 
of the continuous running of a fortnight’s duration, 
it was found that all the wheels and blades had 
retained their original smooth surfaces, the edges 
showing no wear whatever either from hydraulic 
or mechanical action. This was as expected, since 
the machine on board the Féttinger Transformator, 
which has been in continuous service for many 
years, does not show signs of wear, although 
it is very frequently manceuvred when only partly 
filled with water, a procedure giving rise to eddies 
which might be conducive to the wear of the 
blades ; such has not, however, been the case. 
The packing also proved to have answered per- 
fectly ; the test showed that with the fins adupted 
in the labyrinths, small working clearances can be 
safely maintained, since in any shocks which may 
take place, during manceuvring or from other 
causes, the material slightly yields against the 
opposing surfaces. The remaining portions of the 
transformer gave rise to no special observation. 

The good results of the test referred to, and the 
satisfactory condition of the transformer on its 
completion, led to the final ordering from the 
Vulcan Company of the machine of this type 
for a 22,000-ton steamer. 

We illustrate diagrammatically in Figs. 19 and 
20, on page 216, the arrangement of a turbo-trans- 
mitter engine for a 25,000-ton battleship. As will 
be seen, the ship has three propeller-shafts, each 
driven by an independent turbo-transmitter set, 
each set contained in a separate engine-room. 
The turbines would take superheated steam at 
300 deg. Cent. at a boiler pressure of 18 atmo- 
spheres absolute. The speeds of the shafts are 
calculated to be :— 

At 25.5 knots, for the primary shaft, 1100 revolutions 
per minute ; at 25.5 knots, for the secondary shaft, 
revolutions per minute ; at 12.75 knots, for the 
am shaft, 495 revolutions per minute ; at 12.75 
10ts, for the secondary shaft, 94.5 revolutions per 
minute. 

The propeller efficiency at 25.5 knots would be 
72 per cent., and at 12.75 knots 75 per cent. 
The weight of the engines, including the auxiliaries 
for same, but not counting the boiler plant and its 
auxiliaries, nor the shafts and propellers, would be 
about 900 tons. The boilers would burn oil fuel 
having a calorific value of 10,000 calories (18,000 
B.T.U., per lb.), when the consumption would be :— 

At 25.5 knots, 0.418 kg. per one secondary horse- 
power per hour (0.920 1b.) ; at 12.75 knots, 0.682 kg. 
per one secondary horse-power per hour (1.5 1b.). 

And a total oil provision of 1750 tons would yield 
a radius of action :— 

At 25.5 knots of about 1400 nautical miles, and at 
12.75 knots a radius of action of about 4700 miles. 
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FETrLING - WHEELS fitted with hoods and 
exhausting-fan are shown by the views, Figs. 
938 to 943, on e 217, as manufactured by 
_—. Limited, of Broadheath, 


near Manchester. The mechanism is self-contained, 


to be bolted bodily on a bench, or alternatively on 
a cast-iron stand, as in Fig. 938, to suit conditions 





| existing ina shop. The exhausting-fan occupies a 


nearly central position adjacent to the driving- 
pulley (see Fig. 939), and is on the same spindle. It 
draws the dust away from the collecting-troughs 
underneath the wheels into the trough which is 
common to both, and thence discharges it through 
the outlet of the fan-casing, Fig. 940, into an 
exhaust-pipe. 

The wheels are mounted between back and front 
plates, Fig. 939. The dished back plate fits on the 
spindle, and between it and the ring encircling its 
boss the internal flange of the wheel is gripped, 
as shown. India-rubber washers are sometimes 
inserted, though not indicated. The edge and outer 
face of the wheel is used, a rest being fitted capable 
of sliding inwards by veed edges as the wheel wears 
down. This is shown separately by Fig. 943. Cast- 
iron hoods are bolted down to the main casting. 

A useful combination machine for the fettling- 
shop is shown by Fig. 944, in which a circular 

it-saw is included on the same stand as the wheel. 
th are driven from the same countershaft located 
at the base of the machine. A chain drives to the 
saw, the stress of sawing being severe, and the saw 
would be liable to be pulled up if a belt were used. 

Messrs. Luke and Spencer fit a special form of 
flexible guard to some of their wheels. One of 
these is shown by Fig. 945, page 217, and also by 
Figs. 946 and 947. The guard is formed of a 
number of flat links, secured with and pivoted on 
pins, similarly to a pitch-chain or a link-belt. The 
side-plates of the guard are slotted in radial direc- 
tions to receive the bolts which hold the links. The 
slots permit of readjustment of the links inwards 
as the wheel wears. As the diameter is reduced, 
the links take a zig-zag outline. 

Figs. 948 and 949, on page 219, illustrate a 
steel-foundry type of cold-sawing machine by the 
Newton Machine-Tool Works, Inc., of Phila- 
delphia. The diameter of the saw- blade is 
28 in., having capacity for gates or risers up to 
83 in. in diameter in one cut, and for larger sizes 
by turning the stock. This machine carries a Tabor 
Manufacturing Company’s new type of high-duty 
blades, having a tempered-steel body with hardened 
teeth and retaining wedges. The combined equip- 
ment renders it possible to give feeds of { in. to 
1 in. per minute, while under former conditions 
about ;;-in. feed was the maximum practicable, 
and even this involved a high maintenance cost for 
blades. 

The machine is ordinarily driven by means of a 
10-horse-power motor (not shown), bolted on top 
of the high bracket at one end of the machine, 
thus giving a long belt-drive. From the belt- 
pulley the drive is transmitted through the worm 
gear under the casing seen in Fig. 948, and thence 
by spur gears to the spindle, the latter being sup- 

rted in bearings on each side of the pinion. 
The worm-wheel is of bronze, and the worm is of 
hardened steel provided with roller-thrust bearings. 
A friction feed, seen in Fig. 948, provides for 
variable travel of the carriage from 4 in. to 2 in. 
od minute, altered by the lever alongside the 

me, which changes the position of the friction 
roller across the disc. Quick return is arranged 
by the gears under the motor bracket, through the 
throwing over of the horizontal lever seen in 
Fig. 949, and, if necessary, a rapid traverse in both 
directions may be provided for by a reversing motor 
or double-throw switch. 

Pneumatic tools are used in the foundry for 
chipping off the marks of ingates, tins, and lumps. 
The economies over hand-work are enormous. The 
action of the pneumatic tools has been described 
so often that a brief account only need be offered, 
as bearing on the particular illustrations given. 
The valveless short-stroke hammers are not suitable 
for this class of work. They are economical in 
consumption of air relatively to the number of 
blows given, and have a long life, but are only 
suitable for light duty. Their speed of working is 
high, ranging from 10,000 to 20,000 strokes per 
minute. The valve-hammers operate more slowly, 
but the strokes are longer and more powerful. 

Fig. 950, page 219, shows the Tierney long-stroke 
chipping-hammer. The same mechanism is used in 
hammers and riveters by the Globe Pneumatic 
Engineering Company, Limited, of 1, Victoria-street, 
Westminster, S. W., for whom they are manufactured 
by Sir W. G. Armstrong, Whitworth and Co., 
Limited. The tool comprises a cylinder and valve, 
valve-box, and handle, the latter being provided 
with the controlling-valve. The material used 
throughout is nickel gun steel, with the excep- 
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tion of the distributing-valve, which is of 
specially selected steel. On the lever A being 
| pulled k, air at from 80 lb. to 100 lb. pressure 
| per . in, enters the passage B, and flows along 
the hole C and through the port D to the rear of the 
piston E, thus driving the latter forward into contact 
| with the chisel end F. By means of the restricted 
| passage G, live air is being constantly admitted t 
the rear face of the valve H, this end of the vralva- 
chamber being connected to the hole J by means of 
'the passage K. While the hole J and port L are 
| uncovered by the piston E no pressure can accumu- 
late in the rear end of the valve-chamber. But 
when the piston E in its forward movement covers 
the hole J the pressure at the rear of the valve 
accumulates, and is ready to act on the valve H by 
the time the rear of the piston E in its forward 
movement has uncovered the port L, with the 
resultant fall of pressure on the forward end of the 
valve H. The valve then moves forward, thereby 
placing the port D in communication with the 
hole N through the medium of the groove O in the 
valve Live air then to the front of the 
piston through the port P, thus driving it to the rear. 
As soon as the port L is covered by the piston in its 
backward stroke, the air, trapped between the valve 
and piston, is compressed © the kinetic energy 
of the latter, and by acting on the forward end of 
the valve effects the movement of the latter into 
the position shown in the drawing, the pressure on 
the rear of the valve being relieved as soon as the 
front end of the piston has placed the ports J 
and L into communication. Air in the front of 
the piston passes to the atmosphere during the 
forward stroke of the piston through the ports 
L, P, the groove Q, and the port R. 

The Boyer chipping-hammer has a valve of the 
differential type, the object of which is to reduce 
vibration and shock toa minimum. The valve has 
larger and smaller faces, with ports so designed 
that while the maximum air pressure is available 
to drive the piston forward, the ports for the 
return stroke are of smaller area, with reduction 
of area and wire-drawing. In Fig. 951, on 
page 220, A is the trigger actuating the spring 
throttle - valve B, whence the air supply goes 
through the passage C to the valve D. The valve 
has smaller and larger faces a and b respectively, 
and a small amount of end-long movement. The 
smaller area a is acted on by air from the passage O 
entering through openings d, which tends to push 
the valve forward. But pressure on the larger 
area e—area c being always open to exhaust—holds 
the valve back against the smaller pressure on the 
area b. The pressure in the space ¢ is transmitted 
through passages R to the front end of the piston F, 
driving the latter backwards and exhausting the 
air from the rear end of the cylinder through 
holes f in the valve, whence the air escapes into 
the atinosphere through holes, one of which is seen 
atg. The piston, in moving backwards, uncovers 
ports E in the cylinder, by which communication 
is opened to the atmosphere through the holes g. 
Since these ports are larger than the porte X, 
through which the air is supplied to the space at e, 
the pressure on the large area e of the valve D will 
be so diminished that the pressure acting on the 
small area a of the valve will push the valve for- 
wards and the ring portion f of the valve will close 
the entrance passage, cutting off the supply of air 
to the space e, thus permitting the pressure on the 
small area a to hold the valve in the forward posi- 
tion. The annular space h will now be opened, 
| from which air will pass through d, d to the in- 
| terior of the valve, thence to the rear end of the 








| piston which within the valve, and bringing 
|it to rest will form a cushion, afterwards driving 
the piston forward. When the piston etrikes a 
| blow on the chisel, the air in front can escape 
| through one of the passages in the cylinder before 
| mentioned, until the latter is closed by the front 
end of the piston, when the air will escape through 
the passages E to the atmosphere. When the 
| piston is moved until G and a similar —_- not 
shown are in communication through the annular 
groove j, the air under pressure will thence to 
e, where, acting on the seen area c of the valve, it 
| will overcome the constant pressure on the small 
area a, force the valve backward, and open the port 
| to admit more air to the space e, to hold tho valve 
|in that position. Air will also pass from the space 
e to R, and so to the front end of the piston, to 
assist in driving the piston back in its recoil. 
During this backward movement the end of the 
cylinder is open to exhaust through the holes f in 
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Fettling Benches wth Dust Exhausting Arrangements 





Double Emery Grinders with Dust Exhausters 


(3477.4) 


Fig. 951. 


AND 953. CuHrpprnc-Hammer; THe Bristo. ENGiIngeRING Company, Limitrep, FisHpronps, Bristot. 
ARRANGED BY THE LoNDON Emery Works, Company, TotreNgaM, Lonpon, N. 


TRANSVERSE SECTION oF Ferriinc-SuHop ; 


the valve communicating with the ports g, until 
the es in the cylinder are uncovered by the 
front end of the piston, when the valve opens, and, 
admitting air, drives the piston forward. 

The Bristol Engineering Company, Limited, of 
Fishponds, Bristol, manufacture a series of pneu- 
matic hammers, of which the one for chipping is 
seen in Figs. 952 and 953. ‘he handle, as will be 
noted from a comparison of the two views, is 
screwed on to the cylinder and locked by a ratchet 
and pawl, which ensures perfect security against 
loosening. The entrance of air, as usual, takes 
sag through the valve A in the handle, controlled 

y the trigger B. Thence it to the valve C, 
which contains a series of holes connected to the 
ports of the hammer cylinder. In the centre of 


the valve is a small piston D, the movement of 
which is effected by the live air on the working 
stroke, and on the return by the exhaust air, 
therefore causing the piston E to travel. 

Figs. 954 and 955 show a large fettling-shop 





Tae Borer Curpeinc-Hammer; THe Consotioatep Pneumatic Toot Company, Limrrep, Westminster, Lonpon, S.W. Frias. 952 


erected in accordance with the plans of the London 
Emery Works Company. It lies adjacent to the 
stores for the finished castings, with which it is 
connected by the tracks that serve the shop. 
The installation is complete, driven by shafting, 
belting, and gears from an electric motor, which, 
with the air-compressor and dust-exhauster, occupies 
a room in one corner of the shop. The views given 
are nearly self-explanatory. 

The centre of the shop is occupied with a row 
of fettling-benches for the heavier castings and for 
preliminary chipping. Over them centrally an 
exhaust-pipe passes. A trough underneath receives 
sand, &c., which can be removed from below. 
Twenty-four vices are attached for holding castings 
when chipping off runners and fins. Sand-blasting 
is done with a rotary-table machine located on the 
right-hand side of the shop. Adjacent to it is seen 
the firm’s twin-chamber two-pressure sand-blast 
mee which ensures a continuous operation of 
the 








sand-blast, and the air-receiver supplied from | 
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Figs. 954 anp 955. PLaN AND 


the air-compressor. Ranged along the side of the 
shop adjacent are three double emery grinders, 
with self-contained exhaust-fans, and on the oppo- 
site side are two double grinders, which are not 
coupled up to the exhausting plant. On this side 
there are also three tumbling-barrels, roller-driven, 
coupled up to the exhaust plant. A complete 
system of dust-exhausting pipes is brought from 
the various machines and the tables to the dust- 
filter at the right-hand corner of the shop. 








Ruopgsian Gotp.—The value of the gold production 
of Rhodesia is gradually increasing. The monthly out- 
put for the first half of this year compared as follows 
with the corresponding yield in the first half of 1912 :— 


Month. 1913. a 
£ > 
January 220,776 214,918 
February 208,744 209,744 
March 257,797 215,102 
April 241,098 221,476 
May .. 242,452 234,40’ 
June 241,308 226,867 
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MOTOR VEHICLES FOR AVIATION WORK. 
MESSRS. DELAHAYE AND CO., LTD., ENGINEERS, LONDON. 
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Fie. 1. 





Wine-CaRRYING VEHICLE IN RUNNING ORDER. 











Fie. 2. Wine-Carryine VEHICLE UNLOADING. 











__ THe illustrations above show two motor vehicles 
of & type that was exhibited by Messrs. Dela 
Pavement, E.C., 
icle Exhibition at 


and Co,, Limited, of 119, Finsbu 
at the recent Commercial Motor V 











Fic. 3. Travetting WorksHop. 


The vehicles are equipped for military 
aviation work, and are similar to others which have 
been supplied to both the French and British War 
Offices. The first vehicle, shown in Figs. 1 and 2, 











is intended for the trans of aeroplane wings, and, 
as will be seen, is — ae with a special oe or 
cage, which lies on the roof of the body of the car 
while it is travelling. The box can be arranged to 
hold one or more wings, that exhibited at Olympia 
being intended for four. In order that the win 
may be stuwed or removed conveniently, the box is 
slung on chains, which are attached to a winch in 
such @ way that it may be moved down to a position 
hanging over the side of the body, as shown in 
Fig. 2. In this position the box hangs on two fixed 
pulleys, and the vehicle may be run with it in 
that position if desired. Part of the operating chain 
mechanism can be seen above the driver's head in 
Fig. 1. As shown in this figure, the wing-box is pro- 
vided with a canvas cover for use while travelling. 
The interior of the body is fitted up for carrying spare 
parts, engines, propellers, &c. 

he second vehicle, shown in Fig. 3, requires 
little comment. It is fitted up as a travelling work- 
shop for carrying out field repairs. The tools, which 
are electrically driven, comprise a lathe, drilling- 
machine, band-saw, milling-machine, forge, and vices. 
As will be seen from the figure, the sides of the body 
are arranged to let down and rest on legs, so that they 
give a greatly increased workin oor when the 
vehicle is in use. We are indebted to Messrs. H. M. 
omy ~~ of 29, Vauxhall Bridge-road, London, 
8.W., for the photo hs from which our illustra- 
tions have Sous peapebeal 








THE LATE MR. SAMUEL FRANKLIN CODY. 

WE regret to have to record that Mr. 8. F. Cody, 
one of the most enthusiastic airmen, was killed at 
Aldershot, on Thursday, the 7th inst., whilst tlying 
with a passenger, Mr. W. H. B. Evans, of the Indian 
Civil Service, a well-known cricketer. 

Mr. Cody’s death means an immense loss to aviation, 
for he was one of its most remarkable and enthu- 
siastic supporters. He was among the very first both 
te build and to pilot a machine ; and we believe it is 
@ fact that he had never seen an aeroplane fly, or even 
seen one at all, at the time he built and flew his 
first machine. This, it should be noted, is quite a 
different performance from watching other people 
and then endeavouring to emulate them. A remark- 
able point in the life of Mr. Cody as an aviator 
was that he designed, built, and flew his machines 
himself. Generally the machines appearing in com- 
petitions are the work of a designer and a builder, 
a third man, the pilot, being entrusted with all the 
flying experiments and contests. Matters in avia- 
tion, »s in other arts and orafts, have reached a 
high degree of specialisation, and although many 
pilots are unable to —— a machine, and many de- 
signers and builders equally unable to take part in a 
contest so far as flying their machines is concerned, 
aviation as deutened: by designers, builders and pilots 
has given most excellent results when adequate 
capital has been available. Mr. Cody combined in 
himself the work of a designer, a builder, and a pilot, 
and was eminently successful in the three capacities. 
In his case, however, insufficiency of capital fre- 
quently proved a serious drawback. 

The machine with which Mr. Cody won the military 
prize on Salisbury Plain last summer was, in almost 
every particular which really affected its flight, the 
same as the one which flew at Bournemouth in 1910; it 
also had, in 1912, exactly the same power as that which 
was promised him in 1910. in the year 1910 he was 

romised 130 brake horse-power, but obtained much 
~ from the engine he received, with the result that 
his machine could not fly properly. In 1912, he hada 
120-horse-power Austrian Daimler, which, we believe, 
can just reach 130, and with this he won the military 
prize referred to. If in 1910 his engine had worked 
satisfactorily, and had given the power which he 
required from it, he would have attained then the 
success which he met only two Pg later, and, 
as a simple glance at the records will show, he 
wotid thus have been ahead of all the world’s 
flying men. In 1910, at Bournemouth, about 450 lb. 
was the greatest weight lifted, and this only for 
a few minutes, and at a few feet off the ground. 
At the Salisbury Plain contest, in 1912, Mr. Cody 
carried approximately 9 cwt., and with this load he 
rose 1000 ft. in less than 34 minutes. It should also 
be remembered that the machine which won was only 
Mr. Cody’s second “string,” the one he specially built 
for the trials having been wrecked a little before. 
We gave at the time ticulars of the event, and in 
one of our former issues (September 6, 1912) we 
stated the following concerning Mr. Cody’s perform- 
ance :—‘‘ To those who have followed our reports 
of the trials up to lust week, Mr. Cody’s victory 
will hardly come as a surprise. While he made 
no records in either climbing or s , his accom- 
plishments were excellent, and in such impor- 
tant matters as range of speed and oil consumption 
he was far ahead of any of those competitors who 
approximated to his performance in the speed and 
climbing trials. By competing in both sections A and 
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B—i.e., in the open class and in the class restricted to 
British machines—he has secured two prizes totalling 
5000/., which few will grudge him. His success is the 
more meritorious from the fact that it is virtually due 
to single-handed effort, for he designs, builds, and 
flies his machines himself; they are constructed on 
original lines of his own, and can in no sense be 
considered copies of other people’s work.” 

Further, Mr. Cody was over Bfty years old, and there- 
fore well past the age at which most men care to carry 
out any serious competitive flying. In fact, we do not 
think there is any msn of anywhere near his age who 
could accomplish much in any large competition, even 
if given a perfect machine. But he was of very t 
strength and a ‘‘hard” man. He always flew without 
any protection whatever, his seat not being cased in. 
He also frequently made flights of over a quarter of an 
hour simply in the clothes he stood in, and sometimes 
without goggles. As his machine flew at a speed of 
72 miles per hour, and he sat in front, one can imagine 
what this would mean to an ordinary man. He never 
seemed to have any fear of any kind, and whatever 
happened to him he was invariably cheery and 
optimistic. 

Mr. Cody was born in 1861 at Birdville, Texas, 
U.8.A., and had a very chequered career. When 
quite a boy, he spent much of his time in kite-flying, 
and, in later years, during various periods of his life, 
he frequently reverted to this form of sport, and 
gradually improved it ; he ultimately built man-lifting 
box-kites. In 1903 he almost succeeded in crossing 
the Channel in a small boat which was drawn by a 
kite of his design and make. In 1903 also he demon- 
strated at Aldershot the possibilities of the kite for 
man-lifting “7 for reconnoitring, and in 1906 he 
was appointed by the War Office chief instructor in 
kite-flying for a period of three years. He also carried 
out a number of kite-flying experiments trom battle- 
ships on behalf of the Admiralty. He became a British 
= in 1910. 

+ the advent of the aeroplane, Mr. Cody was 
quick to grasp the possibilities of this new flying- 
machine, and from its introduction to the date of his 
untimely end he gave his unremitting attention to it. 
We have briefly outlined above his later accomplish- 
ments in this particular branch of aviation ; his work 
has been cut short by his untimely end, and he will 
be sadly missed by all who have at heart the progress 
of aeronautics. 





INDUSTRIAL NOTES. 

Ir is stated that the number of members of trade 
unions affiliated to the Trade Union Congress, which 
will open in Manchester, on September 1 next, is 
expected to reach a total of over 2,250,000. This 
number exceeds by about a quarter of a million the 
total membership of last year, the increase bein 
mainly due to increases in membership of the old 
unions, but due partly also to new unions. The Miners’ 
Federation report an increase of 50,000; the Shop 
Assistants report an increase of 37,000; the Dockers’ 
Unions an increase of 25,000; the Gasworkers an 
increase of 11,000; the Amalgamated Weavers, 10,000; 
the Boot and Shoe O tives, 9000; the Card and 
Blowing Room Operatives, 8000; the Boiler-Makers, 
7000 ; the Clerks, 4000; the Amalgamated Union of 
Labour, 4000; the Postmen’s Federation, 2600. Two 
newly affiliated building trade unions have a total 
membership of 14,000. Delegates from the United 
States, Canada, France, and Germany will take part 
in the Congress. It is interesting to note in this con- 
nection that the first Trade Union Congress was held 
in Manchester in 1868, when 118,367 members were 
represented. The second Congress in Manchester 
took place in 1882, when the membership of the 
unions was 509,307. 





A Parliamentary Paper, forming the Third Report 
of the Standing Committee on Boy Labour in the Post 
Office, recently issued, shows, we are glad to note, 
that great progress has been made towards the solu- 
tion of a difficult problem—i.e., the annual discharge 
from the Post Office of boys owing to ‘‘lack of pros- 
pects.” In 1912 the total discharges were 433 ; in the 
year ending March 31, 1910, the total figure was 4471, 
since when the number has gradually dropped. There 
has also been a gradual reduction inthe number of boys 
employed ; on December 31, 1912, the number in employ- 
ment was 13,860, as against 15,790 on March 31, fou. 
All the boys who qualified in the general examination 
of May last are retained for permanent employment in 
the Post Office. The Committee state that effect 
should now be given to their recommendation that the 
boys who fail to secure a sufficient number of marks 
at the competitive examination at the end of their 
second year’s service as messengers, should be given 
the option of remaining as messengers until they are 
nineteen years of age, together with the chance of 
obtaining a postmanship on the expiration of a term 
of service with the Army or the Navy. The Com- 
mittee recommend that it should be made known that 


the boys who enter as messengers will in future 





receive permanent employment at the Post Office, pro- 
vided their conduct is satisfactory ; provided also that 
after two years’ service they obtain the qualifying 
number of marks at the competitive examination, or 
give the required evidence of educational suitability ; 
and also, of course, that they are physically fit for the 
appointments for which they so qualify. 





Meetings of the German Metal-Workers’ League 
were recently held to discuss the situation created 
by the dockyard strikes. As stated in one of our 
former issues (see page 129 ante), the dockyard men 
left work without the authority of their leaders, 
and the central organisation refused to allow them 
strike-pay. The league in question adopted, by 126 
votes against 18, a resolution condemning the action 
of the dockyard men and calling on the strikers to 
resume ou. When work is resumed, it is proposed 
to carry out negotiations with the employers, and 
strike-pay may be issued to the men for every day 
the strike has lasted. 





A number of labour syndicates throughout Italy 
have proclaimed a general strike in sympathy with 
the strike at Milan, which commenced about a week 
ago, and has assumed large proportions. With refer- 
ence to this latter strike, we read in L’ Industria, of 
the 10th inst., that the strike proclaimed last May, 
with a view, so it was stated, to show the sympathy 
which existed between all classes of workmen and 
those employed in metallurgy, and the strike of the 
latter workmen to show their sympathy with the 
motor-car builders, had only just come to an end, 
when the railway rolling-stock workmen struck work. 
The trouble began at the Officine Meccaniche Miani e 
Silvestri, who had discharged several men. Later, 
the Officine decided to re-engage the men in question ; 
the labour union, however, declined to take any 
account of the decision arrived at by the Officine, 
sinc? this decision had been communicated to the men 
themselves and not to the representatives of the union. 
This breach of etiquette, if we may so style it, has 
led to the complete disorganisation of work in Milan, 
to destruction of property, and to very great suffering. 
If it be alone responsible for the strike, the circum- 
stance shows to what extremes labour ‘‘leaders” in 
certain countries must go, and are prepared to go, 
with a view to display their authority, an authority 
without responsibility ; since, according to recent news 
from Milan, the Chamber of Labour has asked its 
members to join the general strike, but refuses to be 
held accountable for the results which may follow. At 
the time of going to press we learn that the strike at 
Milan is practically over; the town is quiet and the 
men are returning to work. But trouble still prevails 
in other Italian towns, among which are Rome, Piaa, &c. 





A strike at Barcelona, which threw out of work 
over 50,000 men and women of different trades and 
lasted several days, came to an end on Monday last, 
the llth inst., a delegation of strikers representing 
every factory involved, having finally accepted the 
terms i by the Government. The factories 
resumed work on Tuesday. With the announcement 
that matters had been, so far, settled at Barcelona, 
came one stating that a general strike had started 
at Pontevedra, on the opposite coast of Spain, to the 
north of Vigo. This involved a thousand men of ail 
trades, but mostly agricultural labourers. In this 
instance the strikers were said to be destroying food- 
stuffs, and buying up milk from the umaidest vendors, 
and pouring it out on the ground before their eyes. 





The destruction of foodstuffs during strikes cannot 
be too strongly deprecated. The Jaissez faire policy is 
serious enough, and results in great waste, as a recent 
case at the Leith docks will show. Great damage has 
been sustained by grain cargoes through steamers 
remaining undisc! at the docks in question, by 
reason of the dockers’ strike, and a deputation of grain 
merchants, therefore, called upon the Dock Labour 
Association on Monday last, the 11th inst., witn the 
request to be gunthel with a sufficient number of 
labourers to discharge these cargoes. There were at 
the time at Leith four large steamers carrying grain, 
the first of which arrived as far back as July 19. Their 
cargo was valued at 100,000. These steamers have 


now been berthed where they can conveniently be dis- | req 





The agreement between the employers and workers 


in the engineering trades in the United Kingdom is 
threa owing to a decision arrived at by the 
executive council of the Ama ated Society of 


ineers. On the llth inst. the council issued a 
circular to all the various branches, asking the men 
to record their vote either for or against ending the 
agreement, and also either for or against continuing 
the premium bonus system. [t is thought most likely 
that the majority will be against in both instances, in 
which case, the council state, they will immediately 
serve the employers with the three months’ notice. 





The first strike pay to the members of the National 
Amalgamated Union of Labour who were employed 
at Elswick Steel Works, and are now on strike to 
enforce increases of wages, was made on Saturday, 
and members of the Steel Smelters’ Union, who have 
been thrown out of work in consequence of the dispute, 
also received unemployment benefit. The executive 
committee of the Labour Union met on Friday night, 
and in view of the united stand the men were making 
to obtain their demands, they decided that all 
members on strike should receive full allowance, 
including some who might not be entitled to maximum 
benefit, use of arrears of contributions, or in 
consequence of being newly-joined members. This 
decision has given great satisfaction to the men con- 
cerned, who, to the number of about 470, received 
10s. 6d. each. 





The dispute between the Sheffield moulders and 
their employers is still unsettled. The men met to 
consider the desirability of returning to work on 
Monday in accordance with the advice of their execu- 
tive. The latter had decided that no strike pay 
should be given the men, who struck work without 
giving notice, unless they resumed work, and it was 
understood that the men would agree, if the sum- 
monses issued by Messrs. Vickers, Cammell and 
Firth against 300 moulders to recover damages for 
breach of contract were withdrawn. The employers 
refused to withdraw the summonses, but said 
they were prepared to discuss the matter at 
a conference called for the purpose of considering the 
non-union question. The men found this reply un- 
satisfactory, and decided not to return to work until 
the summonses were withdrawn ; they also decided 
that the further conference should not take place if 
they were not withdrawn. 


A conference was held at Houghton-le-Spring on 
Saturday, the 9th inst., in connection with the 
Durham Miners’ Forward Movement. At this con- 
ference the pooling system, whereby a good place is 
used to bring bad places up to the minimum, was 
condemned by one of the speakers. Another stated 
that ‘‘ the workers must realise that, whether they 
liked it or not, trade-union questions were now 
political questions.” 





Schemes for the amalgamation of ten labour unions 
whose members are mostly unskilled, are to come up 
for consideration at a meeting to be held in Manchester 
during the Trades Congress week next month. The 
amalgamation wil] involve a total membership of 
approximately 325,000, and united funds amounting to 
aoe 70, .» while the industries involved will 
probably number from 70 to 80. The unions con- 
cerned are the United Order of General Labourers of 
London; the British Labour Amalgamation; the 
Navvies, Builders, and General Labourers’ Union ; 
the Dock, Wharf, Riverside, and General Labourers’ 
Union ; the Machine and General Labourers’ Union ; 
the Gasworkers, Brickmakers, and General Labourers’ 
Union ; tne National Amalgamated Union of Labour ; 
the National Gasworkers and General Labourers ; the 
Amalgamated Tramway and Vehicle Workers’ Union ; 
and the Workers’ Union. It is proposed that the 
existing unions be merged into one, when the existing 
organisations would disappear. Nothing is said about 
friendly society benefits, such as cccident or funeral 
benefits, but there is nothing to prevent these benefits 
being provided for those who desire them, and willing 
to pay an extra contribution for them. It is pro- 

also, as an alternative, to arrange a plan for 
establishing greater unity and common control over the 
industrial policy of the unions concerned, with a view 
to the ultimate amalgamation of such unions, and the 
joining up of all members for approved society pur- 
— as soon as such could be made practicable. A 
d would be provided for this purpose, con- 
trolled by an executive council representative of all 
the unions coming under the scheme. Under this, the 
alternative scheme, the various unions would, for the 
present, and so far as friendly society benefits were 
concerned, retain their existing names and organisa- 
tion. This would continue until such time as the 
members of the tive organisations considered 
it desirable to establish one union for all purposes. 
Under this alternative scheme, all disputes would 
uire to have the consent of the Central Executive 
Council, which would be empowered to call, when neces- 
, for further contributions from the organisations 
affiliated, on the basis of so much per head on mem- 
bership. This alternative scheme, if adopted at the 
ess, would in all probability lead ultimately to 
complete amalgamation. 





The platelayers in the oe pee district of the 
London and North-Western Railway Company state 
that the wage of 2ls. to 23s. per week, which is the 
standard for the district in question, affords a bare 
subsistence only, and they have held a mass meeting 
at which they passed the following resolution :— 

** That this meeting of London and North-Western 
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Railway Company’s platelayers in the Liverpool dis- 
trict resolves that, seeing that the company will not 
entertain our petition submitted under date March 26, 
—e an advance in wages owing to the high cost of 
living also to the increasing difficulty of keeping 
ourselves in the physical efficiency necessary for the 
safe performance of our duties and the safety of the 
travelling public, we do not hold ourselves responsible 
for any accidents ovcurring during the performance of 
our duties, and that on and after September 1 we 
refuse to undertake all special duty which includes 
fo; ping, flagging, &c., until such time as the company 
will advance our wages so that we may obtain the 
bare necessities of life.” 





RUBBER AND MINERALS IN OUR 
COLONIES. 

INTERESTING figures dealing with the available 
resources of our Colonies as regards rubber and 
minerals were given in Parliament by Mr. L. Har- 
court, Secretary of State for the Colonies, at a 
recent sitting, when the House went into Com- 
mittee of wr 2 on the Colonial Office Vote. In 
the course of his remarks Mr. Harcourt stated that 
from the point of view of output the progress of 
our rubber-producirg regions been very satis- 
factory indeed. The West Indies, British Guiana, 
and Honduras seemed well suited to the production 
of rubber, but the greater cost of labour there as 
compared with the East might affect their ultimate 
success. Their export in pounds had grown from 
27,000 to 29,300, but this was no true test of their 
future, as there had been in the last few years a large 
experimental planting of trees, none of which had yet 
reached the tappable age. In West Africa the pro- 
duction maintained a fair average in quantity and 
price. The rubber Sy nenage of Uganda had been 
mainly from the wild tree (Funtumia elastica). As 
this became exhausted, systematic planting of Para 
and other varieties had to be resorted to, and 
these had not yet come into bearing. The principal 
rubber areas up till now had been near the shores of 
Lake Victoria, and when this was discovered to be 
a ‘fly area” in connection with sleeping-sickness, 
its commercial assets were gravely impaired. 
Nyasaland was much more promising in this re- 
spect. Its export in pounds had risen from 
18,000 to 48,000. Wild rubber—principally of the 
Landolphia species—was diminishing by exhaustion ; 
but plantation rubber, though extensive in area, 
was not yet sufficiently mature for mercantile 
production. The East Africa Protectorate had 
managed to maintain a fair average of exportation. 
It was, however, in Ceylon and the Malay Peninsula 
that the great development of this - uction had 
taken place. From Ceylon and the Malay Peninsula 
in 1905 the exports were 6,500,000 lb.; in 1912 they 
were 51,000,000 lb. The value was, in 1905, 665,000/., 
and in 1912, 13,700,000/. With rubber should be 
included gutta-percha from the Malay Peninsula, 
the export of which had grown in value by 50 per cent., 
and balata from British Guiana, a substitute for gutta- 

rcha, obtained from the sap of Mimusops globosa. 

te gee of this material had increased in value from 
40,000/. to 140,000/. in six years. 

With reference to minerals, Mr. Harcourt mentioned 
the increased export of gold from the Gold Coast 
from, roughly, 600,000/. to 1,500,000/. in the last seven 
years. British Guiana continued to be a dimi- 
nishing field. He referred also to the growth in the 

roduction of tin in the Malay Peninsula and Northern 

Nigeria, and, as regards the rarer minerals, stated 
that a deposit of mica had been discovered in the East 
Africa Protectorate, while from Nyasaland it had 
already been exported to the value of nearly 7000/. 
A rare and new mineral called thorianite was dis- 
covered in and exported from Ceylon. Scheelite and 
wolfram, or tungsten, now came to us in increasing 
quantities from the Malay Peninsula. 





Contracts.—The Manchester School of Technology 
has recently added to its plant a torsion-testing machine 
capable of testing the torsional strength of specimens of 
iron, stecl, and other metals to a maximum capacity of 
12,000 in.-lb. The machine was manufactured by Messrs. 
W. and T. Avery, Limited, Soho Foundry, Birmingham, 
who have supplied various testing-machines to technical 
colleges and universities in different of the world, 
including the Khedival Technical School, Boulac, Cairo, 
which has lately installed one of Avery’s ‘* Polytechnic ” 
pattern testing-machines. 





Tax Lats Mr, Witu1aM THom.—We regret to have to 
record the death, which occurred on the 13th inst., at his 
residence, Dutton Manor, Blackburn, of Mr. William 
Thom, head of the well-known firm of Messrs. Yates and 
Thom, ironfounders, Blackburn. Mr. Thom was seventy- 
two years of age, and had worked his way up from an 
®pprentice to the post of manager. He held the manage- 
ment for a period of forty years, during which he built u 
the business to its present leading position. He reti 


Several years ago in favour of his son, but continued to 
take an active interest in the business. 





| tube, as shown in Figs. 2, 4, and 7. 





THE BABCOCK AND WILCOX BOAT- 
LOWERING GEAR. 


In recent issues of ENGINEERING we have referred 
not only to the general demand for ‘‘ boats for all” 
who may be on board a ship at the same time, which | 
has found expression in recent legislation, but to the | 
problem which is set to shipowners and shipbuilders to 
meet the demand. The whole matter has veen gone 
into with a thoroughness which is characterit tic of the 
times, and it is appreciated that more voats must be 
carried, and means be provided for dealing with them, 
and that the old haphazard methods of boat-launching, 
which gave the boats a chance of getting away sataly 
only under favourable conditions, must be replaced by 
methods of greater certainty which will ensure, as far 
as possible, that the boats can be got away eafely even 
when the conditions are unfavourable. 

We make no excuse therefore for publishing further 
drawings to illustrate one more solution of the problem 
of putting boats all into the water on the lee or pro- 
tected side by conveying the boats on the weather side 
of the ship across the deck, a scheme recommended by 
Sir John Biles’s Boats and Davits Committee to the 
Board of Trade. 

The method of tackling the problem illustrated this 
week is by the Babcock and Wilcox patent davit, 
which has recently been on demonstration at the ship- 
yard of Messrs. William Denny and Brothers, Dum- 
barton, who collaborated with Messrs. Babcock and 
Wilcox, and gave their very valuable assistance in 
adapting the davit to the requirements of sea service, 
and suggested many useful features in connection there- 
with. This davit is illustrated on 224 and 
225. It will be seen from Figs. 1, 3, and 8 that it can 
reach to the centre of the ship, so that the boats may 
be stowed any distance inboard and still be under 
davits. Thus where this davit is fitted the boats do 
not require to be taken to the davits by skids and 
runways and haulage devices, but remain firmly on 
their chocks till the davit is swung over them. It 
thus solves one of the problems introduced by the 
‘boats for all ” requirements of recent legislation, 
since it makes the whole breadth of the ship avail- 
able for stowage ses. That it solves the other 
— of getting the boats quickly and easily 

unched on either side of the ship has been pretty 
well demonstrated in recent tests. 

The davits with which the tests above referred to 
were carried out were adapted to be driven either by 
hand-power or by an electric motor. When driven 
by hand-power, boats were carried across the deck at a 
speed of about 20 ft. per minute and lowered into the 
water at any speed desired ; thus a boat could be 
carried from 30 ft. inboard to 6 ft. outboard and 
launched in under two minutes ; the return journey, 
including rewinding the falls, occupied about the 
same time. To launch a boat from the usual position 
close to the rail the time taken was very much less, 
the boat being in the water 15 seconds after the signal 
to move it from its chocks was given. When driven 
by the motor the speed of traverse was from 60 ft. to 
80 ft. per minute, so that the times occupied in boat 
launching were still less than those given above. 

During its operation the gear was put to all sorts of 
tests to determine what would happen if it were 
ignorantly or stupidly handkd, and it was shown to 
be fool-proof. he traverse motior, for ‘ instance, 
stops automatically when the maximum reach in 
either direction has been arrived at; this is effected 
by the davit in swinging, knocking the control handle 
to the ‘‘ off” position. Overwinding is similarly pro- 
vided against by a slip-clutch, and, as an extra safe- 
guard, an automatic circuit- breaker is inserted in the 
motor-circuit and stops the motor when it is subjected 
to a too-severe overload ; the motor, of course, is easily 
restarted when the overload is removed. 

In modern large liners a generating set sufficient to 
maintain lighting, &c., and to provide power for boat- 
launching, independent of the main engine-room 
supply, is always now yee When power is 
available, the boats can handled at a very high 
speed, while the provision of a motor in no way 
hampers manipulation of the davits by hand when 
electric power is not available. When a motor is 
fitted, by means of which the whole operation of 
launching and erm boats can be carried out 
without manual labour, practice trials can be run 
through very quickly. 

The davits are placed one at each end of the boat, 
and may or may not be connected by a horizontal top 
Each davit con- 
sists essentially of a main tt which is mounted so 
as to be capable of swinging to either side of its centre 

ition across (he ship. At the top end of this post 
is a horizontal shaft, on which is hung a load-carrying 
lever or derrick arm. lever is in rigid con- 
nection with a cam-shaped rope-guide arrangement, 
technically known as the head-piece, and heavy wire 
ropes are anchored to this head-piece and spread out 
to either side of the main post to an anchorage on a 
foundation-frame built of mild-steel sections. The 





arrangement is such that when the main post is swung 





to either side the stay on the oppcsite side, actuating 
through the head-piece, rotates the derrick-arm out to 
the same side as the post, while the point of the cer- 
rick-arm rises as the top of the main post falls. By 
making the head-piece of the proper form the rotation 
of the derrick-arm relative to the main post is such 
that the point of the derrick-arm travels in a hori- 
zontal path, and the boat susperded from the point of 
the derrick-arm is also carried horizontally. 

Another effect of this derrick-arm is greatly to in- 
crease the reach of the davit, as will be obvious frcm 
the drawings reproduced. When the davit swings to 
either side it might be expected that the stay on 
that side would slacken off, but this is not the cace, 
for the rotation of the head-piece induced by the stay 
on the opposite side winds up the stay in question at 
such a rate that it is always kept reasonably taut. 
To pull the davit post from one side to the other 
special ropes are provided, which are ehown by 

otted lines. One of these ropes runs from the 
head-piece out to one side of the davit and pulls 
it in one direction, while the other rope runs 
from the head-piece to the other side of the davit 
and serves to pull it in the opposite direction. 
These ropes also are led round curved guides on the 
head-piece, which serve a double purpose, first in 
increasing the purchase of the operating ropes in posi- 
tions where the maximum purchase is required, and, 
secondly, in making the length of the rope paid out on 
one side exactly the same as the length pulled in 
on the other side, so that the two ropes remain taut 
right from one extreme of out-reach to the other. The 
whole apparatus is thus firmly stayed in both direc- 
tions, and there is no back-lash, even when the ship is 
rolling heavily. The operating ropes are led over 
sheaves journalled on the ends of the foundation frame, 
whence they wind on the traverse barrel, which is 
operated by a worm or spur gear. Rotation of this 
barrel in either direction pulls in one rope and lets out 
the other, both ropes, as explained above, remainirg 
taut throughout. 

The traverse barrels of the davits at the two ends 
of the boat are usually connected by a shaft running 
close to the deck, so that both ends of the boat are 
traversed simultaneously. The power with which 
these davits can be driven by means of their operating 
ropes is illustrated in Fig. 6, where the davits are 
shown carrying boats up a steeply sloping deck. In 
the ordinary case, of course, the boats are carried 
down the decks for launching on the low side of the 
ship, but the opposite condition might arise, and the 
construction of this davit enables such an emergency 
to be readily met. 

The hoisting and lowering winch whieh is used in 
conjunction with these davits exhibits several interest- 
ing features. This winch, along with the gearing 
for driving it, is placed in a weather-proof box clore to 
one of the davits of the set, the wire-rope fall from 
the far davit passing along the deck to wind on the 
winch-barrel. The ls winding the two falls run 
together during both hoisting and lowering operations, 
so that both ends of the boats are lowered at the same 
8 . A slow and powerful gear is provided for 
lifting the boat, and a fast gear for rewinding the 
empty falle. To effect hoisting, the barrels are con- 
nected by a disc-clutch to a shaft which uns 
continuously in one direction. When this clutch is 
released the boat does not drop back, but is custained 
by the brake, which is of a special design, being 
adapted not to resist hoisting even when hard on. 
This brake is of great power, and has large cooling 
surfaces, to enable it, without overheating, to lower 
aoe Hn boats at a high speed. The means of 
applying this brake have n spoctally designed to 
prevent it being applied too suddenly and inflicting 
shock. Light clutches of a suitable design are pro- 
vided for hoisting and lowering the empty falls at a 
~~ speed. 

hen there is used for boat-lowering a winch which 
lowers both ends at the same s » means must be 
provided to enable the boat to be trimmed fore and 
aft. The means provided in this winch operate auto- 
matically, and consist either in connecting the two 
hoisting barrels by a differential link through which 
both are driven, or in making the wire rope continuous 
through both falls. Whichever method is used, when 
the boat touches the water, if one end be deeper than 
the other it ceases to lower till the other end over- 
takes it, so that the danger of a heavily-loaded boat 
Roaring one end in a sea while the other end is sus- 
pended on the fall is obviated. The arrangement, of 
course, or preserves an approximate equality 
between the loads on the two falls, so that when the 
tension in one fall is released, the other slackens off. 
This self-trimming action can be thrown out of gear 
and into at the will of the tor, and is so 
designed that the boat can be brought to a level keel 
while being hoisted or lowered. The lowering winch 
is controlled by a handle placed at the side of the 
ship, from which point the operator has always an 
uninterrupted view of the boat being handled. 

The traverse winch is driven by | clutches 
from the same continuously-running t as the 
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THE BABCOCK AND WILCOX 
CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, RENFREW 
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hoisting-winch, and is enclosed in the same weather- | 
These clutches are controlled by a hand- 
conveniently placed within reach of the operator. 
/ntinuously-running shaft above referred to, from 
all the motions are taken, runs across the deck 
the davit on the opposite side of the ship. 
ay be driven by a motor or by hand-power 
lly adapted to be driven alternatively by 








| shows a ship-section with boats stowed right across 


BOAT-LOWERING GEAR. 


Having now described the characteristics of this 
| davit which enable it to carry boats parallel to the deck 
'right from the centre of a ship to well outboard with 
the minimum expenditure of power, we shall now de- 
scribe how Messrs. Babcoek and Wilcox have made 
|use of these characteristics to solve the problem of 
carrying ‘‘ boats for all” and of launching all these 
boats on the more suitable side of the ship. Fig. 8 


the deck as compactly as possible. Each row of boats 
is served by two sets of davits placed as shown, and, 
when conditions permit, each davit will launch on 
the side next which it stands all the boats under it. 
When only one side is available for boat-launching, 
the boats on that side will be launched first, and the 
boats on the other side will then be carried to the 
centre line of the ship by the davit under which they 
stand, whence they will be conveyed to the water by 
the davit on the launching side. When two transverse 
rows of boats are placed close to each other, as shown 
in Fig. 9, the machinery boxes are conveniently placed 
at adjacent ends of the davit sets, and this enables a 
single motor or handle to supply power to all four 
sets. With this arrangement the power of the motor 
or handle is made sufficient for the ordinary demands 
of all four davit sets when operated simultaneously, 
and has the advantage that it enables the total 
power to be supplied to any one davit in the event of 
this being necessary, when, for instance, a boat full 
of ey is hoisted from the water. 

t will be understood that although all four davit 
sets are operated by one motor or handle, this does 
not deprive any davit of independence of action. 
Each davit is actuated through clutches from a shaft 
which can run only in one direction, and, with 
one motor driving four davit sets, all four may be 
engaged on different operations at the eame time. 
Another advantage of placing the davits as shown in 
Fig. 9 is that in an emergency one officer can control 
two davit sets, and if the boats were stowed as shown, 
could launch sixteen boats with a collective capacity 
of about 800 people. In view of this it is obvious 
that on a ship equipped throughout on the above 
system very few men would require to know anythin 
about boat-launching at all. Four or five men woul 
be able to operate all the davits, which is a simple 
matter, requiring less skill than swinging out a 
lifeboat in the ordinary way. Four or five men would 
be required to cast all the boats clear of the grips 
and chocks, which operation can readily be effected 
by simply prersing a foot-lever. Two men would be 
required to take charge of each boat, and these would 
ho»k on the falls and disen them if this were not 
done automatically ; and if electrical power were not 
available, a number of men (about four for each davit) 
would be required to keep the long handle turning 
in one direstion, which is not an operation requiring 
any great skill. Figs. 3 and 4 show a system whereby 
passengers may enter the boats from a level lower 
than the boat-deck. 

The outstanding advantages claimed for these 
davits are as follow :—(1) The passengers take their 
places in the boats while these are resting on their 
chocks, with the deck below them, there being no 
necessity to jump from a ship’s side into a t 
dangling in Sane, (2) Each davit set is com- 
—_ under the control of one man, who, without 

aving to depend on the co-operation of other men, to 
whom he has to shout orders, lifts boat after boat 
outboard, and lowers it into the water when the 
opportunity is favourable, and at whatever speed the 
oceasion demands. (3) The boats can all be launched 
on the protected side of the ship without being skidded 
across the deck, which involves the use of apparatus 
more or less uncertain, cumbersome, and dangerous in 
the confusion of shipwreck. (4) It can deal with a 

at number of boats, and offers a practical solution 
to the difficulty of finding space for all the boats which 
have now to be carried. 

Some ships now building are being fitted each with 
two sets of these davits, under which most of the extra 
boats made necessary by the new regulations will be 
stowed. It may be mentioned, in concluding, that 
designs of this davit have been prepared for handling 
large 50-ft. life-boata. The Advisory Committee to 
the Board of Trade on Boats and Davits have recom- 
mended that davits be fitted with positive operating 
means to enable boats to be driven outboard against a 
list or high wind, and to obviate the danger of the 
boat taking charge while being slung rer Arey 
ship rolling or pitching. They recommend further, 
where several boats are served by one eet of davite, 
that wire-rope falls be used, and a suitable winch be 
provided for winding them. The winch is to be 
arranged so that the brake maintains the boat under 
control during lowering and lowers both ends at the 
same speed, independent means being provided for 
adjusting the relative level of the two ends. We 
understand that the principle of the long-reach davit 
described above can be advantageously applied to 
davits of more ordinary range of action, and that 
Messrs. Babcock and Wilcox have several such sets of 
davits on hand capable of dealing with up to six boats 
per set without the use of skids, and complying in all 
particulars with the above-quoted recommendations. 








Prrsonat.—Mr. Lawford H. Fry, M. Inst. C.E., who 
for some time past has been the technical re tative 


in this country of the Baldwin Locomotive Works, 
Philadelphia, Pa., U.S.A., has left for the United States 
to take up the appointment of assistant superintendent 





teel Works, Burnham, Pa. 


at the Standard 
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THE NEW BUILDING OF THE INSTITUTION 
OF CIVIL ENGINEERS. 


Tue new building of the Institution of Civil En- 
eers forms quite an addition to the architectural 
eatures of that corner of Westminster which has 
always been its home. That the building is makin 
progress will be seen by the illustrations given o 
its exterior on e 228 of this week’s issue of 
ENGINKERING. OF the views there shown, Fig. 1 is of 
the Great George-street frontage, taken from the west 
end ; Fig. 2 shows the side of the building facing 
Princes-street ; while Fig. 3 is another view of the 
Great George-street front, taken from the east end. 
The exterior of the building cannot, unfortunately, be 
completed until the existing building at the west end, 
No. 1, Great George-street, is demolished. When 
that is finally done, the new building will have two 
complete sides facing streets, and will stand at a 
corner of which an excellent view may be obtained 
from just inside Storey’s Gate in St. James’s Park. 
The architect’s drawing, published in ENGINEERING, 
vol, Ixxxix., page 684, will give an idea of the pro- 
sed treatment of the corner on which No. 1, Great 
Jeorge-street, now stands. 

The foundation stone of the new building, which is to 
the designs of Mr. James Miller, F.R1.B.A., was 
laid, it may be remembered, by the late Sir James C. 
Inglis, in October, 1910. The work has been greatly 
handicapped by strikes, and is considerably behind 
the date at which it was originally expected to be 
completed. At the present time, however, the interior 
is progressing rapidly. Some rooms, in fact, are 
already finished, and the keys have been handed over 
to the Institution. Although there appears to be a 

deal of work yet to be done, it is mostly related 
to the Fe mead _— and pene ys Sie beped 
course, fairly rapid progress is ible, and it is ho 
that it will ben 9 oe long ie tallow the building is 
handed over altogether. The main features of the 
interior are substantially as shown in the plans pub- 
lished in our columns two years ago. Originally the 
site in Great George-street extended up to No. 7. 
Subsequently the site of No. 7 was also taken in, 
giving rather more liberal spacing inside the new 
nilding. 

The principal rooms in the interior are the great 
hall, the library, and the theatre. The library extends 
the whole length of the Great George-street front, 
and resembles that of the old building, the fitments 
being in similar style. The theatre is similar in size 
and style to that of the old building. The hall is 
100 ft. by 45 ft. by 45 ft., and extends for most of 
the way down the Princes-street frontage, shown in 
Fig. 2. There are two reading-rooms on the ground 
floor, and a smoking-room placed in a somewhat 
inaccessible corner of the building under the roof. 
When discovered, however, it will be found to be a 
pleasant room lighted by a skylight. The panelling 
of many of the rooms is already finished, and books 
are even being put into their places in the library, so 
that there are evident signs that the discomforts of 
the past few months will soon be over. 








UNIversiTyY INTELLIGENCE, LoNDON.—Mr. C. H. Avery, 

B.Sc., of University College, London, and Mr. F. A. 

Eustace, of the City and Guilds Technical College, 

Finsbury, have been appointed to the Heating and 

Ventilating Scholarships awarded by the Institution of 

a and Ventilating Engineers, tenable at University 
ege. 





INTERNATIONAL ENGINEERING ConGRESS, 1915.—The 
committee of ment of the International Engi- 
neering Congress, 1915, announce that Colonel Geo. W. 
Goethals, chairman of the Isthmian Canal Commission 
and chief engineer of the Panama Canal, has consented to 
accept the honorary presidency of the Congress, and will 
ay in person over the general sessions to be held in 

an Francisco on September 20 to 25, 1915. 





THe LATE Mr. James Brown.—We much 
have to report the death, which occurred on the 10th insb., 
at a nursing home in London, of Mr. James Brown, 
Point Engineering Works, Durban, Natal, after an 
operation for an internal complaint. The interment took 
slaor at the Old Kirk Yard, Aberfoyle, on Wednesday, 
the 13th inst. Mr. Brown was born at Campbelltown 
some sixty-nine years ago, but his early days were spent 
at Aberfoyle, near Loch Ard, and he had the greatest 
affection for the home of his childhood. He served his 
time with Messrs. Chas. Connell and Co., Glasgow, and 
was afterwards in the service of the Cunard Company, in 
pevenposl, leaving for Natal in the seventies. Ke had 
his full share of arduous struggles in the early days, but 
after starting a small repair establishment in 
Durban, > —— m — ~— iow but certain head- 
way, until i came almost largest engineering 
establishment in Natal, and his name a familiar house- 
hold word among all the penton, collieries, and ships’ 
engi : ony, but throughout East 
Africa. Mr. Brown did not take any active part either 
in the Atenl ox costal Ete of the Cofony, but his kindli 
ness of heart, -handed generosity, and ial good 
will, won him affection of everyone with whom he 
came in contact. 


t to 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 31. 

Tue increased activity in iron and steel during the 
past week has been due to the placing of orders that 
were delayed late in June for more settled conditions, 
involving an expected shading on finished products. 
The only break was in pig iron, and many consumers 
took advantage of it, feeling that the autumnal de- 
mand will restore prices. Plough manufacturers 
specified on 100,000 tons of material—soft-steel bars, 
and contracts are pending for as much more, which 
will see the plough-makers through their season. 
The most active branch of the steel industry is in 
steel pipe for oil and gas purposes. Many lines are 
under construction and projected. The steel-pipe 
mills are assured of maximum activity to the close of 
the year. The agricultural-implement makers have 
completed their orders for about 1,000,000 tons of 
steel bars, which is calculated to see them through 
until next summer. The recent drop in pig iron is 
followed this week by an advance in Southern pig iron 
after several large transactions. The high price of 
furnace coke, 2.50 dols. a ton, may compel the sus- 

nsion of a few furnaces. Stocks of pig iron are 
ow, as practically all furnaces are oversold and are 
working on orders. Some rail orders have been placed 
this week. Last year the roads began earlier to order 
for 1913. It will be September before the large 1914 
orders will be placed rospective requirements will 
be heavy. The necessity for anticipating requirements 
is not so great at present owing to the expansion of 
productive capacity brought about since last year. The 
threatened strike of 100,000 train-men has been averted 





Warter-Matns.—Our attention has been called to a 
pareenge in the Port Elizaheth Herald, of January 29 

t, to the effect that 7,000,000 gallons of water were 
being lost monthly between the water works and the 
town, owing to a leakage in the pipes. When the new 
water works were constructed about six or seven years 

o the town saved many thousand pounds in the cost 
of transport by laying down steel mains instead of cast- 
iron ones. ashaways about a year ago revealed the fact 
that the steel B yn were not wearing at all well; at 
several points the pipes were discovered to be completely 
ruste] through. The defective pipes were repl , but 
it was since found that practically the whole main, cover- 
ing a distance of over 25 miles, was aftected, and would 
have to be replaced. It is interesting in this connection 
to note the life of water-mains made of cast-iron pipes. 
The life of those at Versailles is 249 years; those at 
Weilburg, 210 years ; at Clermont-Ferrand, 165 years ; 
and at Glasgow, over 100 years. The Vehar mains, after 
55 years’ service, are being lifted and relaid within the 
aty. 





Factory AND WorksHop Act, 1901.—A draft issued 
by the Home Office in pursuance of Section 116 of the 
actory and Workshop Act, 1901, is destined to provide 
the following modifications to the said section :—(1) The 
occupier or contractor shall, for the purpose of enabling 
each worker who is paid by the piece to compute the 
total amount of wages payable to him in respect of his 
work, cause to be published particulars of the work and 
rate of w applicable thereto, as follows:—(a) He 
shall furnish every worker with written particulars of 
the rate of wages applicable to the work done by him at 
or before the time of his first employment on the work 
and on every su uent occasion when the rates are 
fixed or altered ; or he shall exhibit such particulars on a 
placard in the factory or workshop. Provided that if 
the rates are not ascertainable before the work is given 
out, the particulars shall be furnished to the worker in 
writing when the work is completed. (b) Such particulars 
of the work done as affect the amount of wages payable to 
each workershall be furnished to him in writing when the 
work is completed. (2) Where the work is donein common 
by a gang of workers, it shall be sufficient if the particu- 
lars of the work done by the gang and of the rate of wages 
applicable thereto are furnished to the member of the gang 
to whom the wages of the gang are paid by the employer. 
(3) The particulars, either as ta rate of wages or as to 
work, shall not be expressed by means of symbols; but 
this shall not prevent the occupier or contractor from 
describing any work which is of a standard kind known 
to the persons employed by a particular number, letter, 
or name, by means of such number, letter, or name. (4) 
Any placard exhibited in pursuance of the foregoing 
provisions shall contain no other matter than particulars 
of rates of wages, and shall be affixed in such a position 
as to be easily read by all persons to whose work the 
particulars relate. (5) If the occupier or contractor fails 
to comply with the requirements of this section, he shall 
be liable for each offence to a fine of not more than 101, 
and, in the case of a second or subsequent conviction 
within two years from the last conviction for that offence, 
not less than 1/. (6) If anyone as a worker in 
the aforesaid class of work, having received such par- 
ticulars, whether they are Suakhed directly to him or to 
@ fellow-workman, discloses the iculars for the pur- 
= att Ae t, he .~7 oe liable a. 
ne not ex 1 anyone, for the purpose 
obtaining eeeutiodge of walg: 


bal or divu a trade secret, 
solicits or procures & to disclose such 
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ys or rewards any such 
fe id or prt = Free 
be liable to a fine nob 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
pig-iron market was quite idle, and sellers of Cleve- 
land warrants quoted firm at 55s. 1d. cash, 55s. 5d. one 
month, and 56s. three months. The afternoon session 
was another blank, and no transactions were recorded. 
At the close sellers of Cleveland warrants quoted without 
change, “$ for the month position, which was a 1d. 
down. On Friday morning the market was weak, and 
Cleveland warrants showed a decline of from 2d. to 3d. 
The turnover was confined to 1000 tons at 54s. 9d. cash 
and 55s. 9d. three months, and closing sellers named 
54s. 10d. cash, 55s. 2d. one month, and 55s. 10d. three 
months. The tone was unchanged in the afternoon, 
when only one lot of Cleveland warrants changed 
hands at 10d. seven days. Closing sellers quoted 
54s. 10d. 2d. one month, and 553. 10d. three 
months. On Monday morning the market was firmer, 
but the dealings were only 2500 tons of Cleveland war- 
rants at 55s. fourteen days, and 55s. 104d. three months. 
At the close the quotations were 54s. 11d. cash, 55s. 3d. 
one month, and 55s. 11d. three months sellers. The 
afternoon session was quiet, and the total business con- 
sisted of 1500 tons of Cleveland warrants at 55s. 34d. and 
3d. one month, and sellers’ closing prices were 
54s. 114d. cash, 55s. 34d. one month, and 56s. three 
months. On Tuesday morning the market was quiet but 
firm, and 1000 tons of Cleveland warrants were done at 
55s. 4d. one month. The close was firm, with sellers at 
55s. 14d. cash, 55s. 6d. one month, and 56s. three months. 
Cleveland warrants me easier in the afternoon, when 
dealings consisted of only 500 tons at 55s. 3d. one month. 
The close was weak, with sellers quoting 54s. 114d. cash, 
. one month, . three months. hen 
the market opened to-day (Wednesday) Cleveland war- 
rants were steady, but no dealings of any kind were 
recorded, and the close came with sellers at 55s. cash, 
55s. 4d. one month, and 56s. three months. The after- 
noon session was another blank as business, and 
Cieveland warrants were nominally unchanged in value. 
The closing quotations were 55s. 55s. 4d. one 
month, and 55s. 11d. three months sellers. Hematite was 
quoted at 70s. cash sellers, but there were no buyers’ 
quotations. 


of Ammonia.—The sulphate of ammonia market 
has shown a firmer tendency this week, and the price 
has advanced a little. The current quotation is now 
131. 2s. 6d. per ton for prompt delivery, Glasgow or 
Leith. 

Scotch Steel Trade: Prices Reduced.—The most note- 
worthy feature in the Scotch steel trade this week is the 
reduction of 10s. per ton in prices. This was decided on 
at the meeting of makers at the end of last week, but it 
is too early yet to say how business will be affected. 
There is no doubt, however, that quite a lot of orders 
which were known to be pending for some time will now 
be placed, and that the various establishments will be 
better employed shortly. The general conditions are 
fairly satisfactory at the moment, and specifications are 
a little more plentiful on home account. Black-sheet 
makers are doing fairly well, and the fact that peace has 
been restored in the Balkans should be very satisfactory 
to them, as that area has always consumed a lot of sheets. 
The export departments are not over-burdened with 
orders at present, but, all the same, there is a fairish 
demand for structural and general material, and in- 
quiries are tolerably good. The new official prices are 
now as follow :—Ship-plates, 7/. 17s. 6d. per ton ; boiler- 

lates, 8/. 12s. 6d. per ton; angles, 7/. 10s. per ton; and 
on 8. 10s. per ton—all less 5 per cent., Clyde delivery 
or equal. 


Malleable- Iron. Trade. —There has been no rush of 
fresh business into the hands of the malleable-iron makers 
since the recent reduction in prices, but, nevertheless, 
several decent lines have certainly been booked. Sellers 
of the Continental makes have been very active, and with 
extremely keen cut prices have fixed up quite a lot of 
business. The | producers will come along all right 
— but in the meantime employment is not very 
steady. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
report very little change in the condition of their trade 
on home account, but there is ate a good business 
passing for the export market, and the home market is 
expected to improve shortly. Prices are not over firm, 
but show no change from last week, the following being 
the market quotations for makers’ (No. 1) iron :— 
ey ag ju cine see } ) eee a 

joan, 75s. ( ipped at w) ; Glengarnock (a 
Ardrossan), 75s.; Shotts (at Leith), 75s.; and Carron (at 
Grangemouth), 76s. In Scotch hematite there is little 
doing, and prices are easy, and may be taken as from 
75s. to 77s. per ton, according to delivery and quantity 
required. 





Uprer Conco Rattway.—The Belgian Congo Govern- 
ment has Granted : nies of — new lines to 4 
U Co ilway Company. @ concession is 
a for 99 years from January 1, 1912, and the lines 
conceded are the following :—A section uniting the 
Congo to Lake Albert ; a section uniting the to 
Lake Tanganyika; a section uniting Stanley Falls to a 
navigable stretch in their neighbourhood; a section 
uniting Sendwe Rapids to a navigable stretch from 
Lualaba to the Portes d’Eufer Rapids; a section uniting 
the Kindu and Kongolo section of the Upper Congo Com- 
pare se line to the Congo in the neighbourhood of 

m 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Labour Troubles.—The labour troubles in the m 
departments of the East End works have reached a i- 
lock, and at many foundries in the city work is 
practically at a standstill. The men rejected the execu- 
tive’s request that they should resume work Laer | a 
conference, and the core-makers have struck in sym y- 
It is estimated that about 5000 workmen are affected by 
the strike. Sheffield labour is in a particularly turbulent 
condition just now. . In addition to the disaffection 
among the moulders, a large number of table-blade and 
butchers’ knife-hafters are working out their notices, and 
a section of the nut and bolt workers are on strike. 

Hull Coal Returns.—For the first time this year the 
amount of coal dealt with at Hull has shown a decrease 
during the month, as compared with a year ago. 
The uly ings were 766,604 tons, as open 771,363 
tons in July, 1912. Every month so far shown an 
increase, which on the first half of the year amounted to 
over a million tons. The te for the up to 
now is 4,808,253 tons, com with 3,769,184 tons in 
the same period of last year. The month’s foreign 
exports amounted to 417,478 tons, again a decrease when 


compared with the 427,636 tons for July, 1912. To the| the 


home ports 65,884 tons were shi Ba The seven months’ 
foreign shipments amount to Z, 368 tons, and in the 
same period the coastwise exports were 619,921 tons. 
During July there were increases in the takings of Ger- 
many, Russia, Norway, and Italy, and decreases in the 
exports to Egypt, Denmark, France, and Sweden. The 
output of the by and 

month was 82,438 tons. 


Iron and Steel.—The effect of the holidays and labour 
disputes has been to bring about a quiet period in the 
raw material market. There is still no alteration in 
hematite, both West and East Coast remaining very 
quiet. Apart from some few transactions in the former, 
hematite users are maintaining low stocks. A similar 

ition is noticeable in Derbyshire and Lincolnshire pig 
iron, though, whilst Lincolnshire pig has received little 
attention, Derb ire sorts are being inquired for at what 
are stated to unremunerative prices. Signs of an 
early recovery in the market, however, are apparent, and 
makers in the Midlands are ing a concerted move- 
ment towards the maintenance 


reached their lowest point, inquiries are expected 
to increase. The ale gulle was reduced during the 
week 10s., and now stands at 8. 10s. per ton. 
Pressure of work in the steel industries continues 
to be less pronounced. The period of abnormal pros- 
perity in trade is practically ended, but the b 
slackness is bound to be relieved before long by pur- 
chasers who have been waiting for the advent of more 
favourable conditions. Government contracts are keep- 
ing the large East End armament firms very busy, 
especially in regard to armour-plates and a 
The remarkable slump in railway-wagon building, con- 
sequent on the working of the demu regulations, 
has not lessened, and the railway companies are making 
no heavy demands for material. From abroad come 
orders for all kinds of hand-tools manufactured in 
Sheffield, and so heavy is the demand that loss of busi- 
ness seems likely to result. The facilities for output are 
inadequate to cope with the rush of business, and the 
arrears are assuming alarming proportions. 


South Yorkshire Coal Trade.—The local demand for 
steam coal shows an improvement on the previous week, 
now that the holiday respite is past. The effect of the 
stoppsges at works has to considerably reduce 
stocks. House coal is being taken at a good rate for 
stocking purposes. The amount of spot coal on offer is 
still considerable, but selling is not progressing very 
rapidly. The sent for shipment show an 
increase, and to the end of the season business in this 
direction is likely to remain brisk. The suppl of gas 
coal maintains the usual average for this time of the year. 
Now that most contracts have run out, large increases 
are ae ey * the —~s — - current 
consumption. are firm, and the supply of coking 
smalls is good. Prices show a general pte on Prices : 
—Best branch hand-picked, 14s. to 15s. 6d. ; y best 
Silkstone, 12s. 6d. to 18s. 6d.; Derbyshire best brights, 
lls. 6d. to 12s. 6d. ; Derbyshire house, 10s. 6d. to 11s. 6d.; 
best large nuts, 10s, 6d. ; small nuts, 9s. to ; 
shire hards, 11s. to 13s.; Derbyshire hards, 11s. to 12s. ; 
ofa, ee Te. todas 6s. to 7s. 6d. ; smalls, 
3. 6d. 





BieGar’s Contracting Worip Directory, 1913.— 
The present issue of this book, which has recently ap- 
peared, has been increased in size, and has in it some 
we features. It contains a list of railway, dock, har- 
our, and pier contractors in the United Kingdom; 
tramway contractors ; dredging contractors; water-works 
contractors; road and drainage contractors; gas-works 
contractors; builders ; reinforced-concrete contractors ; 
Japanese contractors and exporters of contractors’ plant 
and material to Ja) ; French, American, and Russian 
contractors ; in addition to which there is a list of ship- 
builders in the United Kingdom. There are lists com- 
prising the names of engineers and architects, as well as 
railway neers —— ee superintendents. 
¢ jon mty Council officials are given; 
cals of the Port of London Antheslay; Londen datries 
rs; county, city, borough surve &e. 
There is also a let of public works under commen ti 


eby collieries for the past | j 


iron prices at a more | 9), 9s. 
favourable standard. ee have probably | ; 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.esBRoucH, Wednesday. 
_ The Reteed ren, Trade.—Business in pi te = ag i 
iron is quiet, but traders regard ts as bright, an 
that briskness is a chapoatusiae tha staple tndustry 
in the near future. market has been little infi 
by the settlement of the trouble in the Near East. There 
is very little business passing, and such is likely to be the 
case until after the holida No. 3 g.m.b. Cleveland 
aan. 9d. for early f.o.b. delivery. No. 1 stands at 
3d.; No. 4 foundry, 55s. 3d.; No. 4 f 55s.; and 
i each 54s. 9d. As result of 


manufacturing and coking coal the demand is easier, and 
quotations have a downward tendency. 


S Seis See Sains, — 
create a limited liability com or 
of Cleveland pig iron, ‘x the 


distributing the output veland 

— and control production, had fallen aoe, 

ironfounders, who wrengt bw | ——< ge 
who s y oO 

casas ie tewae oe 

that no more Cleveland pig 

sent into store, and if this be so, then the 


warrant ring mustend. As a result of the uncertainty | 


that at present prevails, the Cleveland iron market has 
disturbed. 


Manufactured Iron and Steel.—Most of the manufac- 
tured-iron works on Tees-side next week will be closed for 
the usual Stockton race-week holidays, and this will 
allow employers to overhaul their machinery. Several 
reductions have been i i 
bars have been reduced 


B 
zz 


vanised corrugated sheets, 24 gauge, in 
bundles, ie ob leas the usual 4 per cent. 

Stocks and Shipments.—Practically the only stock of 
pig is the Cleveland iron in the public warrant stores, 
and that is steadily being drawn upon to meet current 
requirements. The stock to-night eg AY stands 
at 190,802 tons—all of which is No. 3 iron, with the ex- 
ception of 43 tons of standard iron. So far this month, 
3687 tons have been taken - ato cteeen, we average 
oO tons working-day. ipments ig iron 
a the ‘Tees are on @& are scale. bo t ag 

mon ey ave tons r working-day, 
the total quai Vee tena | at 33,662 
$2,047 tons of which have gone from Middlesbrough, an’ 
1615 tons from Skinningrove. To the same date last 


month the loadings were given at 33,476 tons, or a daily | Sq 


average of 3347 tons, and for the corresponding part of 
August, a year ago, the clearances reached 37,574 tong, or 
an nee of 3757 tons per working day. Tees loadings 
of manufactured iron to date this month are given at 
3202 tons, and those of steel at 3740 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The tone of the steam-coal trade has been 
steady to firm for prompt loading, while business for 
forward delivery has shown a tendency to improve. 
Work has not been resumed to the full extent after the 
holidays, and the consequent reduction in the output is 
estimated at from 15 to 20 per cent. ; this, of course, is 
calculated to harden prices. trade has 


ho 
“| shown little change, but Rhonddas have exhibited a 


; 


better tendency. The best Admiralty has 

quoted at 20s. to 21s.; best secondary descriptions, 19s. 3d. 

hyd ee egg fog iny ey yt F 
. to : 

8s. 3d. to 9s. per ton. The best household coal has brought 

19s. to 20s. ; good households, 17s. to 18s. ; No. 3 Rhondda 


The Swansea Valley.—There are ten collieries between 
Ystalyfera and the King’s Dock, Swansea, and ny f = 
all now in a healthy condition. The fuel works of the 


district are also reporting good outputs. The tin- 
trade has shown tle change — aa ps 
are stated to have a good deal of work on 


AL ed, 





The directory is published by the Contractors’ and Engi 
neers’ Publicati Limit 1 i : uare, 
London, E.C., gules 10s 6a a 





ion, &c., Company.—The bait gensty 


G Wi 
meeting of the Glennscten Railwa iage and 
Company, Limited, was held at Gloucester on ] ay. 
The chairman (Mr. R. Bassar Smith) said the disposa’ 


: 





balance for the year, after deducting the interim dividend, 
directors proposed to transfer 10,000/. 

of this amount to the reserve which would then 
amount to 150,000/.; and they recommended a dividend 
and bonus at the rate of 10 per cent. u the ordinary 
shares for Pi ial year, a final balance of 8257/. 
being carried forward. The report of the directors was 
_ ted, and the dividend and bonus recommended were 
Welsh Colliery Dividends.—The profits and dividends 
of eleven leading Welsh collieries in 1912 were as 
follows:—Cambrian, 81,8987. profit, 20 per cent. divi- 
dend ; Cardiff, 31,7082. t, 10 cent. dividend ; 
D. Davis and Sons, 155, 5 pens 10 per cent. dividend ; 

organ, 67,909/. profit, 20 per cent. dividend ; 

Western, 55,1117. t, 10 per cent. dividend ; Gwaun- 
cae-Gurwen, 23,724l. profit, 15 per cent. dividend ; 
Lockets, 15,4422. profit, 74 per cent. dividend ; North’s, 
64,641. profit, 8 per cent. dividend ; Penrikyber, 50,671/. 
per cent. dividend ; Powell Duffryn, 248,4720. 

20 per cent. dividend ; United National, 86,030/. 
20 per cent. dividend. Large sums were also 


idging at Newport.—The bridge committee of the 
N ‘own Council has received an estimate from 
Messrs. Mouchel and Partners, of Lon who specialise 
in ferro-concrete work, and who offer to build a bridge 
which has been for some time under consideration at 
Newport for 68,000. Their scheme includes a temporary 
bridge, 36 ft. wide, which will carry footpaths, a carriage- 
way, train-tracks, water-mains, &c., and a three-span 

inside 


necessary water, i 

one of the partners of Sir J. Wolfe Barry, who was asked 
to report u the question, estimated 
bridge at 1 0001., that of a steel bridge at 150,000/., and 
that of a ferro-concrete bridge at 131,000/. But his figures 
included parliamentary, legal, and engineering expenses. 





Berrish Locomotive Exports.—There is now every 
probability that 1913 will be a year for our locomo- 
tive exports, the value of the shipments made to July 31 
having been 1,487,111/., as —— with 1,209, 9342, in 
the corresponding period of 1912, and 1,381,944/. in the 
corresponding period of 1911. 


Tae Sreencta or Watt anp Cotumn Foorines.— 
In a bulletin recently issued by the University of Illinois, 





3| Professor A. N. Talbot gives the results of 114 tests made 


on the strength of wall footi and of 83 tests on the 

of column en wall ayn were 
in the shape of 1, the table being generally 5 ft. long by 
12 in. = -~ the stem, aes wall, was 12 in. 
——. uring the tests specimen rested on a nest 
of helical car-springs, of which as many as 225 were used 
in some tests. The load was applied to the top of the 
stem, and failure occurred y by bending about a 
section parallel to one face of the “wall.” The tests 
included footings of brick and of concrete, as well 
as of reinforced concrete, but the latter only gave fairly 
consistent a. a) goastatepee’ s sgoemeane Caned 
great irregularities. it! i ootings, on the 
other hand, the results were in fair accord with the 
ordinary theory of the reinforced-concrete beam. 
reinforced column footings were 5 ft. square and 12 in. 
deep, and the column was re ted by a stem 12 in. 
uare. As in the experiments with the wall footings, 
the specimen was supported during the test on car-springs. 
The general question of the distribution of stresses in 
slabs is discussed by Professor Talbot on a qualitative 
rather than a quantitative basis, the problem being, of 
course, of a very complicated character. This fact makes 
it difficult to give any really useful summary of the 
results, of which, however, f ~~ with illustra- 
tions of characteristic cases of failure, will be found in 
the bulletin. 





Extecrric ResisTaNck OF MAGNETISED GRAPHITE.— 
Magnetisation affects the electric resistance of elements 
in different ways, generally increasing it, but decreasing 
it in the case of the ferro-magnetic metals. This influence 
is several hundred times stronger in cadmium than in 
tantalum and bismuth. When vestigations the tic 
neat of the elements, Morris (Kon. Akad. 
Microw pon eye 3 —_. 1911) bse pa - 

excepti y high magnetic susceptibility. It 
therefore occurred to D. E. Roberts that the tric 
resistance of graphite would also be very greatly altered 
by magnetisation, and his eee (Annalen der 
Physik, vol. 40, page 453, 1913) entirely confirm this 
———- 4 also we song poe - a 
specimens of graphite ave very differently, just as 
Owen had found that the magnetic ye ‘of the 
elements were very much affected by their purity. 
Roberts experimented first with ordinary lead penci 
and afterwards with prismatic bars of various i 
the specimens being about 10 mm. long, 1 mm. or 2 mm. 
in “© to 0.5 mm. in thickness, at temperatures 
ranging — 200 deg. Cent. to +-200 deg. Cent. Some of 
his graphites conducted nearly half as well as mercury 
under ordinary conditions. the graphite was . 
netised, the direction of the lines of force being at righ t 
angles to the plane of clea’ the electric resistance for 
continuous currents increased by several hundred per cent. 
in many cases, but the values fluctuated very much. As 
the temperature 


rose, the increase in resistance was 
generally less marked, but on the other hand it was some- 
times also more clearly defined. 
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THE ADMIRALTY AND 
CONTRACTORS. 
Contractors to the Admiralty for almost every 


B. | conceivable form of war supplies, from a warship to 
Also! a split pea, as the Director of Contracts puts it, 


have come through a searching ordeal with the 
highest credit to themselves and to the officers at 
the Admiralty responsible for the efficiency and 
economy of these supplies. The tribunal was a 
Select Committee of the House of Commons a 

pointed to examine and re on such of the 
estimates presented to the House as may seem fit 
to the Committee. This year—the first year of the 
Committee—they decided to make a detailed 
examination of the Navy Estimates, and held 
twenty-two sittings and examined witnesses from 
almost all departments of the Admiralty. A careful 
study of the 280 of the evidence, oral and 
documentary, establishes the fact that some of the 


>| members of the Committee entered upon their work 


with a degree of suspicion of contractors which may 
be excused by their Tack of knowledge of industrial 
economics and of manufacturing methods, and 
particularly of the costly nature of the plant and 
the highly technical character of the work involved 
in the provision of some war supplies. It is 


be | therefore the more gratifying to find that their 
wrapper | verdict is that ‘‘the evidence has been on the 


whole satisfactory, and that care is taken to obtain 


good results for the expenditure incurred.” In 
connection with some details useful s ions 
have been made, which, while they cannot affect 


the already high degree of efficiency or economy 
attained, will give to the House and to the country 
fuller information on some items of expenditure. 
The field covered by the investigations of the 
Committee is so extensive that it is only possible 


-| in this article to refer to one or two of the more 


important phases of the inquiry, leaving others to 
be dealt with later. 

Throughout the whole of the inquiry some 
members of the Committee were obsessed with the 
idea that shipbuilders, marine engineers, ordnance 
manufacturers and armour-plate makers banded 
themselves ther for the purpose of keeping up 

rices, and there was a return to the plea for 

vernment factories to produce all such sup- 
now It was on this score that an amazing lack of 
nowledge of industrial economics was displayed. 
The Committee was made representative propor- 
tionally of all parties in the House, but there 
seems to have been little or no attempt to 
choose members with experience entitling them 
to sit in judgment on the Admiralty, or on 
contractors, or to guide the inquiry along suitable 
lines. The result was that the Admiralty officials 
examined had very great difficulty in explain- 
ing ordinary methods of procedure. One of 
the members of the Committee, for instance, 
seemed to think that Government establishments 
need have no capital ee and that no 
dividends, or their equivalent, need be considered. 
It was admitted that the dockyards build hulls as 


-| cheaply as contractors ; this is immensely to the 


credit of the Director of Dockyards (Sir James 
Marshall, K.C.B.) and his staff. But in the cost 
there is included establishment charges, which are 
the equivalent of capital charges. Dr. mara, 
the Parliamentary and Financial Secretary to the 
Admiralty, seems to have had difficulty in making 
the Committee realise that capital is sunk in the 
dockyards, and that charges had consequently to 
be made against each ship. It seems impossible to 
make some people understand that capital is a term 


235 | applied to or representative of mechanical appliances 


essential to manufacturers, and without which no 
factory can be economically, if at all, productive, and 
that consequently a charge must be made on produc- 


235 | tions, not only to pay for the use of such appli- 


ances, but to meet their replacement when worn 
out, obsolete, or no longer efficient in comparison 
with newer apviiances used by competitors. How 
otherwise couii the statement be made that there 
is no profit to be earned by the dockyards, and 
therefore they ought to build more ener than a 
private builder ‘‘ use a private builder has to 
get a profit—interest on the money invested.” 
“‘ Interest on the money invested ” is as legitimate 





a charge against production as the worker's wage 
or the cost of raw material, because the money is 
invested in appliances without which production 
would be absolutely impossible. Even a Govern- 
ment factory needs them, and, it matters little how 
the accounts are kept, interest on the money 
invested in national establishments must be found. 

Members of the Estimates Committee seemed to 
think it a simple matter to create a Government 
armour and gun factory. The fact that no Govern- 
ment has yet attempted to organise an armour- 
— factory did not seem to impress them, nor 

id the fact that, notwithstanding the allegation of 
immense profits, no firm for some fifteen years has 
taken up anew the manufacture of armour. The 
Harvey and Krupp patents have expired, so that 
there is no difficulty on the score of agreements or 
royalties. The Admiralty are. willing to consider 
the producing facilities of any factory. But there is 
the faot that some of the armour-plate makers have 
passed their ordinary dividends for two or three 
years, and others who make a profit win their divi- 
dends from ‘collateral industries, even from coal- 
mining, ~: 

The real difficulty of the situation is the enor- 
mous expenditure in capital and the risk involved 
in armour-making. As Mr. W. H. Whiting, the 
Superintendent of Contract Work, so well said, ‘* the 
fact that only: five firms have ventured on armour- 
plate manufacture is a very strong presumption 
that the obtaining of ‘these enormous profits’ is 
not a very easy or certain process.” He strongly 
enforced the speculative character of the en ise. 
“‘I do wish to emphasise this point, which needs 
emphasis, that if you were to undertake to set up 
an armour-plate manufactory you would be under- 
taking a most difficult and delicate and highly 
ae process.” Again, as Sir F. W. Black, 

.C.B., the Director of Stores, put it, the armour- 
plate manufacturers ‘‘ probably bought their ex- 
perience very dearly.” 

But it seemed difficult to make this clear to 
Members of Parliament, who thought the process 
of making armour analogous to the rolling of a 
ship’s shell-plate. ‘‘ The rolling of a steel plate is 
not necessarily of a military character, such as a 
gun, would be, or cordite, and gun-mountings, and 
therefore there will be a larger eee of 
obtaining plates from other sources the five 
names that you mention here would afford.” Heat 
treatment, supercarburising, chilling, and other 
processes had to be explained. Even then it was 
urged that steel-plate makers with mills could put 
down hardening plant now that patents had ex- 
pired. But they Bon’, and Mr. Whiting gave the 
reason. A mill to roll 2-in. plates cannot roll 
12-in. plates ; in addition, there are the immense 
hydraulic presses of 12,000 tons and more, for 
bending the plates, and the costly machine-tools 
for — and forming them. Thus the capital 
involved is beyond the resource of ordinary 8 
not endowed with courage and highly-experienced 
personnel. This latter point need not be enlarged 
upon. Even when the great amount of capital has 
been spent there is no guarantee that it will not be 
rendered unproductive in a very short time by the 
evolution or discovery of improvements in some of 
the processes. As Dr. Macnamara pointed out, 
** there is no finality.” 

But the main point at issue has reference to the 
price paid. Dr. Macnamara said he did not think 
that exorbitant profits were made by armour-plate 
makers. Prices had been reduced when the patents 
lapsed. Sir F. W. Black said ‘‘the Committee 
may take it that, according to all the information 
that the Admiralty gets, the foreigner does not, as 
a rule, buy more cheaply.” It is most difficult 
to learn the prices paid by foreign governments ; 
but even when they are got, the conditions have 
to be considered. As the Director of Contracts 
further pointed out, ‘‘the price of armour-plate 
varies with the quality, and according to the thick- 
ness and other matters, so that you may get 
very many complications in that way—i.e., you 
may not comparing like things.” Again, as 
Mr. Whiting stated, there is the shape of the 
plates, the character of the inspection, and the 
character of the tests, so that mere offhand com- 
parisons are very misleading. .Great cost is in- 
volved in making the plates to the required shape, 
and as the severity of the test increases, the care 
in treatment is augmented and the possibility and 
frequency of rejection made the greater ; but the 
result is armour of greater and more consistent 
resisting power. Of course, each officer hoped to 
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see prices reduced ; so do manufacturers. But | the of British ships great assistance has been | have only been ag into the fund for twelve 
the point is that prices now cannot be said to be| rendered by the design work done by contractors | months, and benefits have only been paid from it 


excessive under all the circumstances. Admiral 
Moore, who was for long the Controller, and is 
now the Third Sea Lord, and has therefore the 
fullest knowledge of the later contracts, gave 
** confidential” evidence, which, of course, is not 
published. The Committee state that, ‘‘after a 
careful consideration of Admiral Moore’s evidence, 
they are satisfied that, having regard to the 
particular considerations which must govern the 
Admiralty in dealing with this matter, the money 
voted is efficiently administered, with a due regard 
to economy so far as it is compatible with con- 
siderations of fighting efticiency.’ . 

What is said of armour as regards capital, 
responsibility, and experienced personnel, applies 
also to ordnance work ; but here there is the added 
testimony that the Woolwich Arsenal is engaged 
on such work and does not produce guns or 
mountings so cheaply, or so expeditiously, as con- 
tractors. En ince hene-Adualoal Ellis said that 
Woolwich makes transferable mountings—that is, 
mountings for 6-in. and 4-in. guns—and ‘“ we find 
the price higher” than in the case of the same 
mountings obtained by contract. The establish- 
ment charges, including ‘‘interest on the money 
invested,” much to do with this, partly use 
the works are not operated at their maximum 
capacity—-for reasons of policy—and thus the 
c are divided over a smaller total output. 
Captain B. H. Chevallier, the Superintendent of 
Ordnance Stores, said that guns made at Woolwich 
were also dearer than those made by contract. The 
idea of increasing the output has been considered, 
but estimates of the additional plant necessary 
showed that a very large sum of money was in- 
volved. Moreover, the mountings are not designed 
at Woolwich Arsenal ; that is done by the con- 
tractors. 

Much was said during the Estimate Committee’s 
proceedings about tenders for Admiralty work 
closely approximating each other. This, in the case 
of armour and ordnance machinery, is easily under- 
stood. Each successive contract, as a rule, differs 


little from its predecessor, and, with their great ex- | pri 


perience and carefully-tabulated costs, the manufac- 
turing firms find it easy to arrive at a definite result. 
With ships and boilers and propelling machinery, 
where there is continuous development, there is 
i sarecanes | of a greater margin of error. In the one 
instance the tenderer is dealing with precedent, in 
the other he is making an estimate based, more or 
less, on experience of similar, but not exactly 
corresponding, work. Much was made of the fact 
that recently in the case of the machinery of one 
ship only five firms could be asked to tender. 
Rear-Admiral Goodwin, Deputy Engineer-in-Chief, 
expressed his conviction that there was full compe- 
tition. Had it been prudent to give the prices 
quoted, this would have been obvious to the most 

rejudiced mind. The case was undoubtedly the 
Teliiaaieiae Lion, and cheaper and more efticient 
never was made. Again, with this year’s 
ships and machinery the differences in price are 
equal to 13 and 14 per cent. between highest and 
lowest. The reason is not far to seek. Orders for 
war supplies for the British Admiralty constitute a 


machine 


high testimonial. This applies alike to ships’ M 


propelling machinery, armour, guns, ordnance 
machinery, perhaps down nearly, if not quite, to 
the split peas needed for the service. Those with 
merchant work to order are impressed by the 
standard of excellence demanded and achieved in 
war supplies. They know that if this standard is 
reached : consistently, it becomes the practice of 
the establishment alike in personal and mechanical 
work. Moreover, foreign governments do not 
place orders with a firm until it has carried out 
similar work for the home Navy. This in itself 
is a strong incentive, not only to compete keenly 
for, but to execute efficiently, all work for the 
Admiralty. And here, too, it may be said that 
production for foreign navies is most advantageous 
to this nation and the Navy. It seemed to be 
thought by the Committee that British firms 
utilised for foreign ships designs by the British 
Admiralty. This was not accepted by the Ad- 
miralty’s witnesses. All knowledge and experience 
is cumulative. As Sir F. W. Black said, ‘‘ the 
British Admiralty may get more advantage from 
the work that a private firm does for a foreign 
Power than a foreign Power will get from the work 


which the firm does for the British Government.” 


for foreign governments, as the limitations due to 
our national conditions do not operate in the latter 
case. That some Continental nations envy the 
confidence reposed in our armament firms by 
foreign Powers is itself a strong argument in favour 
of this work for abroad being developed and 
augmented. 

rofits in manufacture, especially of armaments, 
are most essential from the national point of view, 
apart altogether from the standpoint of the manu- 
facturer. In the munitions of war more than in 
ordinary peace production it is essential that we 
should be in the van of progress. Efficiency in 
each unit is of vital importance. Continuous ad- 
vance and consistent efficiency can only be ensured 
by the prosecution without cessation of experi- 
mental research, by the acquisition of the most 
expert and originative ability, and by the adoption 
of the most effective equipment, irrespective of 
costs. These necessities can only be veulieed with 
adequate profits in manufacture wherewith to 
meet the great expenses involved. Engineer- 
Rear-Admiral Goodwin admitted frankly the value 
of the alternative plans for propelling machinery 
submitted on many occasions by contractors. It 
was made clear that ordnance machinery was 
designed by private firms and proved highly 
efficient, and if all were made known it would have 
been made clear to the public also that some of 
our armour manufacturers had lately improved 
greatly the _— of making plates for the better 
protection of our ships, involving very great capital 
expenditure and higher working cost, but of in- 
calculable advantage to the efficiency of the warship. 
It is no disparagement to the officers of the Service 
to say that there is a greater volume of ingenuity 
and originality continuously flowing from the 
laboratory, designing-room, and factories of con- 
tractors than can be generated in the Government 
de ents. That is a consequence of the con- 
ditions of service. Equally certain is it that, where 
the margin of profit is small, this flow must become 
sluggish, because it lacks the financial fuel as the 
imary mover. Examples will readily occur to 
the reader where one firm or another has moved 
ahead and continues to lead because advantage 
has become cumulative, and the impelling force 
has been maintained at full pressure. In some 
branches of industry, too, foreign nations have 
advanced because of the same reason. Profits 
are thus essential to national prosperity, and how- 
ever helpful and stimulating competition may be 
—and no one denies this property to such rivalry— 
it must be suicidal if it denies a satisfactory profit, 
and a margin, too, which will enable sestneb and 
experiment and advance to be courageously pur- 
sued, as has been the case hitherto with all our 
munitions of war, and through them with many 
of the correlated peace productions, 





UNEMPLOYMENT INSURANCE. 
Tue one thought which persists in the mind longer 
than all others, after the perusal of the first report 
on Unemployment Insurance,* is that it is well 
that the scheme was inaugurated in a spell of ex- 
ceptional prosperity. It has been, according to 

r. W. H. Beveridge, the Director of Labour 
Exchanges, chiefly due to the good state of trade 
that it has been administratively possible to launch 
the scheme at all. When it is considered how 
much in the way of organisation was required, 
with no precedents whatever to guide those respon- 
sible for its evolution, it is subject for congratula- 
tion that the initial steps fell to be taken in a 
time when unemployment was abnormally low. 
For the twelve months ended in July last the 
percentage of unemployment was only 2.1—lower 
than any records for the last twenty years, and 
lower (with the exception of two years) than for any 
twelve months since 1874. The average for the 
last ten years has been 4.9 per cent., and at times 
has, of course, been far in excess of that figure. 
The direct result is that the inaugural work was 
light compared with what it might have been under 
less favourable circumstances, while the fund has 
earn accumulated a respectable balance to its 
credit. 

Apart from these facts there is little to be de- 
duced from the report just issued. Contributions 


* First Report on the Proceedings of the Board of 
Trade under = y the National Insurance Act, 1911. 





during the last six. The figures, such as they are, 
stand wholly isolated. ere are no previous 
years to compare them with, and on the short time 
since benefits have been payable, little in the way 
of deduction is ible. As the engineering trade 
is one of those involved in the scheme, it is to be 
presumed that most of our readers are familiar 
with the manner in which it is worked. The extent 
of the organisation n , and such statistics 
as have now been compiled, are, however, made 
public now for the first time, and it may be of 
interest if we summarise some of the facts, though 
as yet few lessons appear to be possible. 

e total number of men insured under the 
scheme is somewhat below 24 millions. The number 
of unemployment-books issued, and not cancelled, 
is ac y in excess of that figure ; but it is known 
that some have been issued to men not belonging 
to insured trades, while others which have lapsed 
through death and other causes, should have, but 
have not, been cancelled. The number of men 
making claims under the scheme has amounted to 
about one in five or six of the whole number insured. 
The number of unemployed at a time naturally 
varies. During the few months for which statistics 
are available the largest number oocurred early in 
February, when there were 118,000 cases. That 
period, of course, coincides with the worst time of 
the year in the building trade, which furnishes one 
million out of the 24 million employees covered by 
the scheme. As this trade improved unemploy- 
ment fell, until in May the cases at one time 
numbered only 67,000. The average number of 
cases appears to be about 84,000, or 3.5 per cent. 
of the total. 

The receipts of the fund in the twelve months 
have amounted to 2,268,400/., the average weekly 
receipts being about 44,0001. Payments have only 
been made during six of the twelve months. They 
amounted in the aggregate to about 236,458/., or 
about an average of 95001. per week. The fund has 
now an invested balance of 1,610,0001. The exact 
figure for income is not yet available, for several 
reasons. In the first place, 10 per cent. of the revenue 
is to be deducted mo | paid over to the Exchequer for 
administration expenses, while claims by employers 
for refunds were only just coming due at the end 
of the six months’ period for which the statistics 
have been compiled. These refunds are payable to 
employers in respect of insured workmen who have 
been continuously in the same service during twelve 
months, and amount to one-third of the employers’ 
contributions for such men. The actual payments 
made numbered in the six months 774,494, the 
largest number of payments in one week being 
nearly 60,000, and the smallest rather more than 
16,000. 

As soon as a workman falls out of employment he 
lodges his book with the local agency. No benefit 
is paid for the first week out of work, and it appears 
that about 30 - cent. of the men regain work 
before this week has lapsed. A considerable pro- 
portion—in fact, one out of every nine registering 
as so. a ag other work aa same 
or the following day, and there is even in the best 
state of trade a continual movement among the men 
from one job to another. Some 62 per cent. of the 
cases are actually covered by benefit ; in only 1 per 
cent. of the cases has the benefit been exhausted, 
while in 7 per cent. of the cases no benefit is pay- 
able owing to disallowance from one cause or 
another. A study of the latter cases is of some 
interest. Of all cases in which benefit has been 
disallowed, in some 46.8 per cent. this has been 
because the men have failed | to prove the necessary 
twenty-six weeks’ prior employment in the insured 
trade. In another 38.6 per cent. it has been 
refused because the unemployment has been due to 
the workman’s misconduct, to leaving work without 
sufficient reason, and so on. It is not intended, of 
course, if it be possible to prevent it, that the fund 
should be a convenience to men who can afford to 
be independent in manner. The 38.6 per cent. given 
above is divided into 12.4 per cent. disallowed for 
misconduct, and 26.2 per cent. for leaving work 
voluntarily without just cause. Benefit may also be 
stopped if a man fail to accept suitable employ- 
ment, but it is satisfactory to know that only 2 per 
cent. of the disallowances arise from this cause. 

The workmen have a right of appeal against the 
disallowance to a Court of Referees. Asa rule, 
however, the decision is accepted. For 37,424 
disallowanees, only 2907 appeals were lodged. Of 








Indeed, it might be said that in the evolution of 
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these, about 45 per cent. were decided in favour of 
the workmen and 55 against. From the Court of 
Referees the case may be taken before an umpire, 
the cases thus followed up, in the six months under 
review, being 105. 

In the inauguration of such a scheme it is natural 
that there should have been some irregularities. It 
was not clearly recognised that in the trades speci- 
fied the Act made insurance compulsory. As a 
result, many workmen who should have been 
insured at the beginning of the last twelve months 
have only taken out their books at later periods. 
Several employers also failed to perform their duties 
under the Act, and convictions have been obtained 
against 23 such parties. On the other hand, books 
were taken out by a large number of men, anda large 
number of contributions were paid by employers 
for men who did not come under the Act atall. Much 
of this trouble arose probably from difficulties of 
demarcation, and the amounts involved have been, 
or are being, refundel. If the scheme prove so suc- 
cessful as to become universal, difficulties arising 
from demarcation will naturally be greatly reduced. 
They are incidental to the limited form of the 
present working, and are not therefore a defect of 
the scheme itself. Considering the numbers in- 
volved, the cases in which fraudulent attempts have 
been made to secure benefits have been compara- 
tively few. There will, no doubt, always be some 
in a large number of men who will endeavour to 
steal a where possible, and only by the 
vigilance of the officials can such be brought to 
book. So far forty-seven prosecutions have been 
heard, convictions following in all cases but two. 
The most common cffence is that of signing the 
unemployment register while employed. As notice 
is given to the workman’s last employer of a claim 
having been lodged, this class of offence should be 
fairly easily detected. 

As regards differences among trades and districts, 
it is, perhaps, premature to form a con- 
clusions. e statistics cover only half of a good 

ear, and so cannot be taken asa general guide. 

hey point, however, to the fact, among others, 
that unemployment, as a rule, affects a smaller 
proportion of men in the country districts, but 
that when out of work, men in such districts have 
greater difficulty in regaining employment than 
those in the towns. This is a result which might 
naturally be expected. The insured trades include 
building, shipbuilding and engineering, &c. Men 
engaged in shipbuilding and engineering have been 
well <agianel during the past year, but the 
building trade is subjected, even in good years, 
to seasonal fluctuations. The percentage of un- 
employment benefit is highest in the building 
trade—that is to say, of those who fall out of 
employment a larger number receive benefit than 
in other trades. It has proved lowest in shipbuild- 
ing. In building, unemployment spells lasted about 
15.9 days, and in shipbuilding about 10.6 days. 
Throughout the period there have been about 8000 
workmen in the shipbuilding trades on the un- 
employed registers, though, at the same time, there 
has been an unsatisfied demand by employers for 
such men. The supply and demand in such an 
industry cannot be mi to balance perfectly, though 
everything should be done to help to bring the two 
together. Only political economists of an inelastic 
turn of mind will insist that as employment offers 
there should be no unemployment. In practical life 
we are met by obstacles in the way of distance and 
probable shortness of duration of the prospective 
pe py which will prevent men at one 
end of the country involving themselves in expense 
with regard to jobs at the other. Few men are so 
mobile as perfect economy requires, and though we 
may get reasonably near perfection in time in so 
small a country as ours, with good organisation, we 
can never expect actually to attain to it. 

The difference between districts is marked in 
practically all trades, and there ap to be 
generally more unemployment in the London and 
south-eastern district, and in Ireland, than in 
others. It is least in the northern counties. The 
northern districts appear to afford a large propor- 
tion of cases of short unemployment. The London 
and south-eastern district furnishes the largest 
number of repeated claims. If gr pe years 
show unemployment to be excessive in the southern 
districts compared with the northern, it might 
prove advantageous to endeavour to encourage, by 
some means, the transfer of labour from one to the 
other. It is too early yet to judge of the effect of 
the scheme on trade-union working. Two points 








are clear already in this connection. The first is 
that the scheme has given encouragement to trade 
organisations to embark upon insurance. There 
has already been a considerable expansion of 
this form of insurance, both in the insured trades 
and outside them. The second is that expecta- 
tions as to how the Act would affect the trade- 
union schemes have not been realised. It was 
expected that the unions would give improved 
benefits and reclaim what they could from the 
State. As it turns out, up to the present they 
have retained their old scale of benefits and have 
given the State benefit in addition, reclaiming on 
the latter. 

The Act certainly seems to have worked well for 
such a venture. Its effects are widespread, though 
it is limited to certain trades. In some cases it 
has already brought about conditions which are 
admittedly a great improvement on those pre- 
viously existing, as, for instance, in the Liverpool 
Dock Scheme. But administration isa serious ques- 
tion. It might be expected that the scheme, 
worked in conjunction with the Labour Bureaus, 
would y supplant a good portion of the 
work of trade unions. At present there does not 
seem to be —— of this kind likely. Un- 
employment is evidently lees severely felt in 
strong union centres, pointing to the value of 
organisation when it becomes known that labour 
is needed, compared with Labour Bureau methods. 





OVERSHOT WATER - WHEEL 
EFFICIENCY. 

In these days of rapid advance, when high 
mechanical efficiencies are so keenly seught after 
that the cost of obtaining these efficiencies is not 
always borne sufficiently in mind, we are apt at 
times to regard appliances that served our fore- 
fathers well, and the advantage of being easily 
constructed, as hardly worthy of consideration 
under modern conditions. Several of these appli- 
ances could be cited, but an example which par- 
ticularly illustrates our meaning is what is now 
known as the ‘‘old- fashioned” water-wheel as 
distinct from the modern turbine. We often meet 
with rather erroneous ideas regarding these old 
wheels. Their efficiency, of course, varies greatly, 
not only with the type, but also in the same 
type, depending on the design of the wheel 
and on the care with which it was constructed. 
Indeed, the performance of some of these old wheels 
was very creditable and compared favourably with 
that of the modern turbine. The overshot wheel 
, sy the best results, and in the improved form, 

ue largely to Fairbairn, was considered to have an 
efficiency of about 75 per cent. The breast wheel 
also, when properly designed, did excellent work, 
though its efficiency was not so high as that of the 
overshot wheel. Reports of reliable tests of tur- 
bines have shown an efficiency as high as 89 per 
cent., but it is not probable that this is ever 
reached in an actual installation, and in the smallest 
plants it is doubtful whether turbines have an 
average efficiency of more than 70 per cent. Traut- 
wine gives the efficiency of the breast whecl as 
50 per cent. and that of the overshot wheel as 
from 66 to 75 per cent., and there is no doubt 
that such efficiencies can easily be secured, and 
with careful design even higher ones may be 
obtained. When compared with the modern tur- 
bine the overshot wheel, under certain conditions, 
still possesses advantages which ap to be well 
nn 9g consideration. The two chief advantages 
are high efficiency and adaptability to varying dis- 
charge. These two are probably the most important, 
although there are others which are worth con- 
sidering—namely, simplicity in construction, reli- 
ability, and the fact that clogging with debris or 
ice does not interfere with its operation. It has, 
of course, manifest disadvantages, the chief of 
which, perhaps, are that there is an economical 
limit in respect to the head and discharge to be 
developed, a limit in respect to the speed of the 
machinery to be operated, and a limit in respect to 
the variation in upper and lower water-levels. For 
high-speed machinery the turbine is, of course, 
admirably adapted, and there the overshot wheel 
cannot compete with it; but where high speed is not 
required there seems no reason why the overshot 
wheel should not be employed in many cases where 
the turbine is installed. 

Many tests have been made with overshot 
wheels, more icularly, perhaps, in the latter 
part of the eighteenth century and the early part 





of the nineteenth ; but after the ap ce of the 
turbine, interest in the earlier type of wheel 
flagged. Wheels of the overshot type are, how- 
ever, still being installed in Germany and other 
parts of the Continent, which fact indicates that 
they are economical and have advantages peculiarly 
their own. This being the case, some experi- 
ments recently carried out by Mr. Carl Ro 
Weidner, Instructor in Hydraulic Engineering 
at the University of Wisconsin, are interesting. 
The wheel with which the experiments were e 
was nominally 10 ft. in diameter and 3 ft. wide. 
The buckets, soling and rims, were made of 
flanged steel riveted together. The centre flanges 
or hubs were made of cast iron, with dovetailed 
sockets to receive the arms, which were flat bar- 
steel. The shaft was of steel, 3}) in. in diameter, 
with steel roller-bearings 12 in. long. There were 
thirty-two buckets, the yy! of each when full 
being 1.344 cub. ft. At the bottom of each bucket 
there were two holes, each @ in. in diameter, for 
the purpose of ventilation at entiance, for drain- 
ing the wheel when standing still, and to prevent 
the buckets from sucking up water when the 
wheel was submerged. On the wheel-rim was - 
mental spur-gear, 9 ft. in diameter, the pitch 
of the teeth being 2 in. and the width 5 in. 
The pinion on the jack-shaft with which this 
toothed wheel was 26} in. in diameter, 
making a ratio with the wheel of 4to1. The jack- 
shaft was 2,’, in. in diameter, and was carried in two 
babbitted journal-boxes, the length of each bearing 
being 10 in. The penstock terminated in an open- 
topped steel tank 2.48 ft. wide, 3.5 ft. long, and 
3ft.deep, which acted as a forebay, from which the 
water was discharged, the discharge-orifice being 
2 ft. wide and 0.48 ft. deep. The water was regu- 
lated by a sliding , gate. e area of the orifice at 
full gate was 0. sq. ft., at three-quarter gate 
0.758 sq. ft., at half gate 0.496 sq. ft., and at one- 
quarter gate 0.252 sq. ft. From the orifice the 
water into an open spout, 2 ft. wide and 
2 ft. 4in. long. This terminated at a horizontal 
distance of 8} in. up-stream from a perpendicular 
to the centre line of the wheel-shaft. 

With this wheel the best performance showed 
the remarkably high efficiency of 89 per cent. of 
the theoretical output delivered at the wheel-shaft, 
and it was thought that this efficiency would prob- 
ably not fall, in the case of this wheel, below 
80 per cent., even under very unfavourable con- 
ditions. This, of course, compares most favourably 
with the efficiency of turbines, as gathered from 
reliable tests—namely, 89 percent. The Wisconsin 
tests, at all events, indicate that the claim that the 
overshot wheel can be made highly efficient is well 
supported. 

e tests also showed that the spur-gear trans- 
mission loss, including the friction in the jack- 
shaft bearings, reduced the efficiency of the wheel 
3 per cent. from the theoretical efficiency at the 
wheel shaft, at maximum efficiency of operation, 
and it was found that this loss increased with the 
speed and decreased with the horse-power trans- 
mitted. It was found that for maximum efficiency 
a definite relation exists between the peripheral 
velocity and the entrance velocity, the limit 
being reached when the entrance velocity equals 
or slightly exceeds the peripheral velocity. ‘There 
was found to be an increase in the efficiency of 
the wheel with a decrease in the entrance velocity 
of the water; all other conditions being at the 
time unchanged. Within reasonable limits the 
variation in the discharge had little effect on the 
efficiency of the wheel. The ratio of the peri- 
pheral velocity of the wheel to the velocity of the 
entering water for maximum efficiency was found 
to be a constant, the value of which was approxi- 
mately 0.9. A serious decrease in efficiency was 
found to take place if the wheel was — in 





the tail water, as much as 6 per cent. being 
lost by a submergence of 3 in. 
NOTES. 
ArmtiFiciaL D1amonps. 
A ctaim for the production of diamonds by the 


electrolysis of calcium carbide is raised by KE. du 
Boismenu, of Paris, in a phlet on the 
‘* Fabrication Synthétique du Diamant.” Francis 
P. Mann describes the experiments which were made 
in 1908, and which he did not witness, in Metal- 
lurgical and Chemical Engineering of June, 1913 ; 
Mann did see some of the diamonds which the 
well-known Paris chemists, Lacroix and Maquenne, 
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are supposed to have pronounced to be pure 
carbon. As stated, the experiments took place in 
and before 1908, with rather primitive apparatus 
and insufficient means ; the process is said to be 
covered by the French patent No. 4566, of 1907, 
and the experiments do not appear to have been 
resumed. The furnace was fitted with two hori- 
zontal electrodes, which were carbon rods approach- 
ing one another within 24 cm. It was charged with 
calcium carbide, fused by the continuous currents 
applied. At the end of a‘run of twelve hours—the 
apparatus did not permjt ‘a further continuation 
of the experiment—the carbide was found to 
be ‘‘enriched” with fine crystals near the 
anode. In the space between the two electrodes 
the carbide was left undécom The cathode, 
howéver, was surrounded by a black mass, from 
which some flakes of graphite and also some colour- 
less, mostly quite irregular, crystals or globules were 
isolated which consisted of pure carbon. When 
the furnace had been run for six hours, the length 
of these crystals was 1.5 mm.; the length increased 
with longer runs, and crystals of 2.7 mm. were 
obtained by the run of 12 hours; the rate of 
growth was generally 0.2mm. per hour. Mann 
points out that the crystals certainly did not look 
as if they had been produced by breaking up 
natural diamonds. It is hardly advisable to ex press 
an opinion. Yet one would rather expect to 
find the carbon near the anode, and the metallic 
calcium to travel to the cathode; it is stated 
that rose-coloured vapours of burning calcium (and 
carbon monoxide ’) escaped, and that the cathode 
was enriched near the anode by carbon migrating 
in that direction. Du Boismenu refers, of course, 
to Moissan. It is very doubtful, however, whether 
Moissan’s good crystals of so-calied diamonds were 
really carbon; he did not try to burn the few 
fairly large crystals he obtained in oxygen, and other 
workers have acknowledged that they were, in 
similar researches, deceived by small crystals of 
silicon carbide and of alumina (corundum), both 
of which are nearly as hard as diamonds. 


EXPLOSION DURING THE GRANULATION OF 
: ALUMINIUM, 

A peculiar explosion, which happened, in 1911, 
in some steel works of Lower Austria, while fused 
aluminium was being granulated, has recently been 
discussed by M. Bamberger and H. von Jiiptner, 
of the Technical High School of Vienna, because 
the case offers a wide interest. The aluminium 
was wanted for steel refining, and had, for nearly a 
year, been granulated without giving any trouble, 
when an accident occurred which injured four men 
seriously, two of whom succumbed. In the ordi- 
nary practice about 10 kg. of the aluminium are 
put in lumps into a graphite crucible and fused in 
about 12 minutes. The metal is then poured from 
the crucible through a sieve—the perforated bottom 
of an old graphite crucible—resting on a tub con- 
taining some 250 litres (nearly 60 gallons) of 
water ; the fused aluminium passes through the 
holes of the sieve, which is tapped with a hammer 
to accelerate the operation. On the day in ques- 
tion a small explosion was heard as the metal 
dropped into the water, and a second explosion 
followed soon afterwards, when the operation was 
repeated ; it wounded the four men, and did con- 
siderable damage. In their report on the accident, 
in the Zeitschrift fiir Angewandte Chemie of June 13, 
1913, Bamberger and Jiiptner express the opinion 
that it was on a steam explosion, not one of 
hydrogen, since hot aluminium does not decom 
water. Aluminium, they point out, melts at. 
630 deg. or 660 deg. Cent., according to various 
estimates. The melting-point thus does not lie 
very high, but the latent heat of fusion of alumi- 
nium is very large, 80 calories per kilogramme, and 
1 Kg. of aluminium yields 239.4 calories on being 
cooled from 625 deg. to 0 deg. Cent.' According to 
Favre and Silbermann, 1 kg. of water, of 99 81 deg. 
Cent., absorbs 535.77 calories in being turned into 
steam, and it requires 85 calories to Theat it from 
15 deg. up to boiling, a total of 620 calories. Thus 
1 kg. of fused aluminium could generate 650 litres 
of steam from water at 15 deg. at atmospheric 
pressure, and as this generation would almost be 
instantaneous, the steam pressure might moment- 
arily rise to 1600 atmospheres. Although the 
melting-point of iron lies far higher, near 1400 deg. 
or 1500 deg. Cent., the granulation of iron would 
be a much less risky operation than that of alu- 
minium, because fused iron me only 32 calories 
(grey cast) or 20 calories (steel) in cooling. Experi- 


ments with 250 grammes (4 1b.) of aluminium, made 
by the investigators, led to discordant results. 
Sometimes they observed violent explosions, parti- 
cularly when they were using only little water. 
At other times, however, no explosions took 
place, although the aluminium was superheated to 
1050 deg. Cent. They therefore conclude that the 
accident might be due to the Leidenfrest pheno- 
menon. The first minor explosion, they sy, startled 
the men, who possibly left some lumps of aluminium 
—the sieve was cracked, it appeared—and little 
water in the tub, When new metal was poured in, 
some water was caught in a hollow and exploded, 
after the temperature had sufficiently decreased ; 
cavities were seen to form in cooled lumps of 
aluminium. The graphite sieve might also have been 
wetted by the first minor explosion ; the general 
appearance su , however, that the explosion 
took place near the bottom of the tub. The investi- 
gators mention that, according to a new process, for 
which patent protection has been applied, alumi- 
nium can be granulated by allowing it to cool toa 
certain degree, and then stirring it with a metallic 
rod ; they do not say to whom this process is due. 


Enamet For SHeet-Sree. 


Some information on the enamelling of sheet- 
steel was recently contributed by Mr. Robert D. 
Landrum to the Journal of Industrial and Engi- 
neering Chemistry. Enamels are glasses rendered 
more or less opaque, and coloured by the addition 
of more metallic oxides than the acids, chiefly 
silicic and boric acid, can dissolve by forming 
vitreous compounds. When the enamels are to be 
applied to sheet-steel and to cooking utensils, par- 
ticular care has to be exercised to ensure good 
adhesion between metal and enamel, to prevent 
corrosion by acids and alkaline substances. The 
making of glass, and of stained glass and of 
enamels, remained for a long time secret arts, and 
unusual secrecy is, according to Landrum, observed 
in some American steel-enamel works. The raw 
materials are ordered, stored, and shipped merely 
as numbered products ; the employees are mostly 
foreigners, and frequently changed ; they are 
strictly kept to their departments, and are not 
promoted into others; one man weighs one part 
of a mixture, another man another part; neither 
knows what he is weighing, nor even how much he 
is weighing, for the scale of his balance is covered, 
and he has merely to see that his ‘‘ dollies ”—small 
cars—take up the correct weights from the bins. 
Whilst in the art-enamel indus pure raw 
materials are used, in steel enamelling ground 
quartz, flint, feldspar, clay, fluorspar, cryolite, tin 
oxide, saltpetre, soda and -pearlash, &c., form the 
raw materials. But the molecular formul:e must 
be determined ; a mixture of the kind just indicated 
would, for instance, contain soda in several of its 
constituents, and a certain total soda contents 
should be secured. How these calculations are 
made is shown by an example taken from the 
Taschenbuch fiir Keramiker. The * dollies” con- 
taining the raw materials in due proportions are 
emptied on a maple floor and thoroughly mixed by 
shovelling. Elevators then take the materials up 
to bins, from which they are discharged in ‘‘ melts” 
of about 1200 lb. into tank furnaces of the regenera- 
tive, reverberatory type, which are best heated 
with gas (natural gas or producer gas) up to 
1000 deg. (for glazes), or to 1300 deg. Cent. (for 
ground coats). The hot melt is discharged into cold 
water ; a violent reaction ensues, and the flux is 
broken up into small particles full of cracks ; this 
‘**quenching”’ is to toughen the ‘‘ enamel frit” and 
to facilitate the grinding, which takes place in large 
ball mills, with cylinders up to 6 ft. in diameter, 
lined with porcelain. By 30 hours’ grinding the 
mixture of enamel, together with flints, clay, tin 
oxide, and half of its mass of water, is turned 
into a creamy fluid, which is allowed to age in 


yet baked, articles must be handled very carefully, 
lest some of the dry powder come off. Creams for 
mottled enamels are applied by means of atomisers. 
Waste materials from the floors and from the 
water-settling tanks are carefully collected and 
utilised in making cheap goods. The steel on 
which the enamel is to be coated should, as 
nearly as possible, be free from carbon, silicon, 
sulphur, and phosphorus, and should not contain 
more than 0.2 per cent. of manganese. When 
the articles are stamped, a lubricant is used which 
can be easily wiped off, and heating is avoided ; 
ears, handles, &c., are welded on rather than 
riveted, because riveted portions do not take 
the enamel well. The article is afterwards 
well annealed at low-red heat, pickled in hot 
sulphuric acid, rinsed in water and weak alkali, and 
quickly dried ; it is then ready for enamelling. 





THE LATE MR. WILLIAM TREGARTHEN 
DOUGLASS. 

WE regret to have to announce the death of Mr. 
William Tregarthen Douglass, who was drowned on 
Sunday afternoon off Start Point. 

Mr. Douglass was born on March 23, 1857. He 
served for three years, from 1875 to 1878, as an 
articled pupil to his father, the late Sir James N. 
Douglass, F.R.S., M. Inst. C.E.; from June, 1878, to 
August, 1882, he was an assistant engineer at the 
erection of the new Eddystone Lighthouse, and had 
sole charge of the works in connection with the 
removal of Smeaton’s Eddystone. From 1882 to the 
late ‘eighties the deceased was resident engineer in 
sole charge of the difficult work of strengthening and 
improving the Bishop Rock Lighthouse, and he also 
erected an adjacent lighthouse on Round Island. Mr. 
Douglass carried out a large amount of civil engineer- 
ing work of the same nature. 

At the time of his death he was consulting engineer 
to the Governments of Western Australia, New South 
Wales, and Victoria. inspecting engineer to the Royal 
National Lifeboat Institution, consulting engineer to 
the Public Works, Loan Board, Lighthouse and 
Harbour Authorities. He was the author of several 
books on lighthouses, on the lighting of estuaries and 
rivers, &c., a member of the Institutions of Civil, 
of Mechanical, and of Electrical Engineers. 

Mr. Douglass went out on Sunday last with his son 
in a sailing boat; the boat capsized when off Start 
Point, near Dartmouth, and sank. The son, who was 
picked up by the pleasure steamer Princess Victoria, 
stated that he and his father swam for about three- 
quarters of a mile, when his father became exhausted. 
He tried to keep him afloat, but unfortunately failed. 





Tur Royat Friyinc Corps. —A Memorandum has 
just been issued showing the recent progress e with 
regard to the Royal Flying Corps. The corps now com- 

rises the Central Flying School, the Naval wing, the 
Military wing, and a reserve. The number of aviators 
in the corps who have received the certificate of the 
Royal Aero Club was 218 in May last, compared with 
34 twelve months before. The largest number figure in 
the Military wing, in which there are 134. The Naval 
wing has 57. The work of the various sections of the 
Royal Flying Corps is co-ordinated by the Air Committee. 
The Admiralty has established an air department, and at 
the War Office a Departmental Air Committee has been 
instituted. At the Central pe School at Upavon, 
Salisbury Plain, three courses of training are now held in 
a year. At present, to relieve pressure, some of the 
training is given at the centres of the two wings, but all 
the chief examinations are carried out at the Central 
School. Instruction is given in flying, general principles 
of mechanics, construction of engines and machines, 
meteorology, observation from the air, navigation and 
steering by com signalling, &c. The Naval wing has its 
flying school at Eastchurch, and this is used as a dépdt for 
trained pilots before drafting to stations round the coast. 
As is generally known, hydro-aeroplane work is engaging 
the attention of the Naval wing. The Hermes has been 
fitted to carry such machines, while a special hydro-aero- 
plane station has been established on the Isle of Grain in 
the Medway. Other stations of the Naval wing are at 
Calshot, Harwich, Yarmouth, and Rosyth. The Military 
wing has its head-quarters at Farnborough, with four 
units there and one unit each at Netheravon and Mont- 





tanks for a week or so. It then passes into the 
‘**dipping-room,” into shallow troughs sunk into 
the tables, which are provided with ‘‘slushers.” | 
The slusher takes the stamped sheets or utensils | 
and coats them with the cream; the article is| 
afterwards placed bottom downward on three steel | 
points to dry. When thoroughly dry the articles | 
are passed into muffle furnaces, where the enamel | 
fuses or coalesces at about 1000 deg. Cent. Thus 
the first coat is prepared, which is frequently 
black, because oxides of nickel and cobalt are 
added to increase the adhesion to the steel. To 
apply a second and a third coating the article is 
returned to the dipping-room ; the dried, but not 





rose. The Royal Aircraft Factory, in addition to the 


| research carried on up to the present, is taking steps with 
| a view to testing thoroughly aeroplane on of different 
t 


makes. During the Army manceuvres both aeroplanes and 
airships were employed to a limited extent. The weather 
being favourable, no severe tests of any kind were put on 
the machines. The wireless telegraphic apnaratus on the 
airship Gamma proved of value. The Gamma, after 
carrying out an exercise at night, failed to return to 
its base, and had to remain up till daylight, instead of 
risking a landing at an unknown spot. It was found 
impossible to hear the report of guns on the aircraft, 
but the smoke or flame of the discharge was plainly 
visible. It was found difficult to discover whether 
trenches were occupied or not, but artillery could gene- 
rally be identified. 
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THE CUNARD CANADIAN LINER 


CONSTRUCTED BY MESSRS. SCOTTS’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 


“ ANDANIA.” 








On the morning of Tuesday last the new Cunard 
liner Andania, which we illustrate on this page, 
created some sensation by steaming up the Thames 
past Tilbury and the Victoria and Albert Docks, and 
finally berthing in the Surrey Commercial Docks on 
the south side of the river, some 34 miles east of 
London Bridge. She is the largest vessel that has 
ever come so high up the river, being 540 ft. in 
length, 64 ft. in breadth, and 46 ft. in depth, and 
her presence there affords evidence that London is a 
port which can provide accommodation for ocean steam- 
ships within sight of the Tower Bridge. We referred to 
the Andania in our issue of July 18, when we gave an 
account of a trial cruise she had just made. Since then 
she has made a voyage to Montreal, and has returned, 
landing a part of her passengers last Monday morning at 
Plymouth, and carrying the remainder to London. In 
future she will load in London, call at Southampton, 
and then proceed to Montreal as long as the navigation 
in the St. Lawrence is open; on the return trip she 
will call at Plymouth, and not at Southampton. 
When the St. Lawrence is closed some seaboard port 
will be chosen on the other side. 

The Andania is one of a pair of sister-ships, of 
which the other is the Alaunia, both built by Messrs. 
Scotts’ Shipbuilding and Engineering mpavy, 
Greenock, for the Canadian service of the Cunard 
Line. This service is of recent origin, although 
there was a previous service many years ago. The 
vessel has been designed to meet the conditions that 
now prevail, and is noticeable from the fact that it 
provides no first-class accommodation ; there is only 
second and third. When the railway companies abandon 
& class it is always the second, and the third is then im- 
proved in quality. The Cunard Company have deleted 
the first, and made the second much better, so that 
there is little to choose between it and the higher class 
as ordinarily found. At the same time the third, or 
emigrant, accommodation has received many ameliora- 
tions, all the 1620 passengers being berthed in cabins, 
of which a considerable number are for two persons 
only, while there are open and covered promenades for 
ull. It is anticipated that the service will be found 
to fulfil the requirements of a large section of the 
community, and that both the second and the third- 
class pase will be popular with travellers on each 
side of the Atlantic. 

The Andania is a vessel of moderate speed for the 
Aulantic, although she compares well with. many 
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first-class ships that sail from England to the East. 
Her best day’s run on the return voyage was 362 
nautical miles, and she would have made a good over- 
all record had she not been delayed by fog on the 
other side. The passengers gave her an excellent 
character for steadiness ; but the test was not severe, 
as the weather was very calm. On the voyage up 
the Channel last Monday, a pencil balanced on its 
blunt end on the arm of a deck-chair stood for an 
hour without falling, and although it must be con- 
ceded that the sea was marvellously smooth, yet 
much credit must also be given to the ship for its 
behaviour. Her large dead-weight capacity makes 
for stability, and in addition she has bilge-keels, but 
there must be some rolling before these can become 
operative. The engines are of the reciprocating twin- 
screw type, balanced on the Verrow-tichiok-Tweedy 
system, and developing a total of 8000 indicated 
horse-power. There is very little vibration to be felt 
in any part of the vessel, which is exceedingly com- 
fortable and well appointed. Naturally it has not 
the lavish adornment which characterises the latest 
Atlantic liners fitted out for the American millionaire, 
but every part displays good taste and artistic 
treatment. The dining-saloon, the social hall, the 
writing-room, and the smoke-rooms are each admir- 
able in their way, and are sufficiently capacious 
to provide accommodation for the 520 second-class 
passengers. 

The most important requirement on board ship 
is reasonable space, so that passengers, who are 
mostly strangers to one another, shall not be too 
closely pressed into unwelcome contact. Without this 
the most luxurious fittings are merely a mockery of 
comfort, and the traveller longs for the day when he 
shall be released from the society of his companions 
and regain the liberty of solitude. Possibly Dr. 
Johnson had something of this kind in his mind when 
he defined a ship as ‘‘ a prison with the chance of being 
drowned,” for in his days prisons were horribly 
crowded, and not even @ poet could have taken them 
‘* for a hermitage,” if he had had a practical acquaint- 
ance with the subject. In no respect have ships so 
improved in recent years as in the matter of space ; and 
although the ideal of a cabin for each passenger is not 
attainable by the second-class passenger, even on the 
Cunard Line, yet he can often have only one room- 
mate, which is certainly a vast improvement on the 
state of affairs that obtained a short time ago. Even 








a third-class passenger can obtain a two-berth cabin 
sometimes. 





THE WATER SUPPLY OF PARIS. 

TuE city of Paris is supplied with water from many 
different sources, and the distribution of the supply 1s 
under the control of several separate companies, and in 
part only by a committee of the municipality. Samples 
of the water from each of the supplies are taken each 
week and examined chemically and bacteriologiocally at 
the municipal laboratory at Montsouris, by Mr. F, 
Diénert, the official chemist and bacteriologist to the 
city of Paris. The results are published from time to 
time in the Bulletin Municipal Officiel of the city of 
Paris. The bacteriological results, for a period of six 
months, from September, 1912, to March, 1913, are 
set forth in Table I. on the next e, from which a 
comparison of the results obtained by the various 
systems of water purification may be made. 

In the case of the four large service reservoirs at 
Paris, supplied respectively by aqueducts from the 
rivers Marne, Loing, Dhuis, and Avre, it will be noted 
that the bacteriological results are extremely variable, 
depending to a large extent on the rainfall and conse- 
quent state of each river. With regard to the filtered 
water supplies, the following is a brief summary of the 
systems employed at the various works. 

At Choisy-le-Roi the raw water of the Seine is first 
passed through Anderson revolving purifiers, by means 
of which a certain quantity of ferrous oxide of iron is 
taken out by the water as it flows through. This iron 
is precipitated as ferric oxide in labyrinth settling- 
tanks—that is to say, decanting-basins—through which 
the water is made to flow in a continuous stream by 
means of baffle-walls from inlet to outlet. Recently, 
however, this system has been partly abandoned, and 
one-half of the labyrinth sett)ing-tanks have been trans- 
formed into roughing-filters, after which the water 
passes to ordinary sand filters. The roughing filters 
are scraped by means of the Boistel automatic machine. * 

At Neuilly the water of the Marne is treated by the 
ordinary system of decanting-basins and sand filters. 

At Nogent-sur-Marne decanting-basins, roughing- 
filters, and slow sand filters are employed. 

At Ivry Puech ‘‘degrossisseurs ” were installed some 


* For description see ENGINEERING, February, 17,1911, 
page 217. 






























234 


ENGINEERING, 


[Auc. 15, 1913. 








TABLE I.—Bacreriotocicat ANALYsgs BY M. F. Ditnert, SUPERINTENDENT OF THE MunicipAL LABORATORY AT 
Monrsoukis. Tue Ficurges sHow THE NuMBER OF BACTERIA AFTER AN INCUBATION OF FirTeEN Days. 








UNFILTERED WATER SUPPLIES:! 


Munit- Moytrerour CHoisy LE- 





NEUILLY. 


| 




















There is yet another way, a more recent introduction, 
and that is, to leave more material on the particular parts 
require? to be left soft. This redundant material (after 
the case-hardening process) is ground away to the soft por- 
tion, by which time the hard surface at that point is com- 
poy removed. It will be remembered that case- 

rdening, at its best, bas only a skin-deep effect, and 
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TasLe Il.—Summary of Results at Filtering Stations. 
Total Bacteria per Cubic Centimetre after an Incubation 


of Fifteen Days. 











-—- Average. | Highest. | Lowest. 
Choisy - le - Roi { Raw water ..| 84,711 | 126,600 5670 
(Seine) a water) re : nod 27 
rewily aro (ites Re | Mit | Ae 
Nogent-sur-j Raw water ..| 11,041 36,720 300 
Marne (Marne) | Filtered water 726 4,115 10 
Ivry (Seine) ..{ Filtered water 96 | "370 | ‘38 
wwater .. 21,434 47,200 700 
Filtered water 278 1,620 10 

St. Maur (Maine); Ozone _ ateri- | 
lisers os 42 | 249 0 
-Supply mains 352 1,190 sO 
Raw water ... 53,533 144,300 4500 

Suresnes (Seine) { Filtered water | 
(mains) ..| 33 82 6 





14 years ago, but the water direct from these 
on do slow sand filters, Senet af balan passed through 
coarse-sand pre-filters in series between the degrossis- 
seurs and sand filters, as in the case of more modern 
installations 01 the Puech-Chabal system. 

At St Maur, roughing-filters of the ordinary type 
are employed previous to slow sand filtration, after 
which the water of the Marne is passed through ozone 
sterilisers. 

All of the above filtering stations draw their sup- 

lies from the Marne or Seine above Paris. At 
Suresnes the raw water of the Seine is drawn from 
the river after it has received the refuse from the 
city. Itis pumped to the filtering station on Mont 
Valerien, where it is treated by a complete modern 
plant of multiple filters on the Puech-Chabal system, 
consisting of four series of degr-ssisseurs, coarse- 
pre-filters, and final slow sand filters. The pre-filters 
and sand filters are all fitted with automatic regu- 
lators. 

The summary of the resulis, given in Table IL, 
clearly shows that the more elaborate the filtration 
plant the more regular are the bacteriological results ; 
and although at Suresnes the raw water contains a far 
higher number of bacteria per cubic centimetre than 
at any other filtration station, the results are ex- 
tremely regular, the highest figure recorded in the 
final filtrate being 82 per cub. om., the average 33 per 
cub. om., and the lowest 6 per cub. cm. 

The samples at Suresnes are drawn from the supply 
mains after the water has been stoved for about two 
days in the service reservoirs. At St. Maur it is 
curious to note that while the sterilisers occasionally 
eliminate all the bacteria, these appear again in the 
supply mains, after the operation of sterilising, in 
apparently higher numbers than those found in the 

tered water before sterilising. 

At Ivry a sterilising installation on the ultra-violet- 
ray system has recently been installed ; and it will be 
interesting to note in a future summary of the bac- 
teriological results, whether the bacteria are augmented 
in this case also after sterilisation. Unless filtration 
is carried out with a due regard to the time necessary 


for nitrification, the effluent is frequently too 
charged with organic matters iu solution, 


sand | is quite good enough ; but the various engine or machined 


ssible explanation is that the bacteria afterwards 
ound in this water are nitrifying bacteria, which 
would naturally multiply rapidly until they had ful- 
filled their function of cieeneiiahe the organic matters 
in solution. It should be stated that the whole of the 
_— in the table are obtained by the French system 
of counting the colonies after an interval of 15 days. 
In the case of London, the colonies are counted on the 
third day ; even with this shorter period of incubation, 
the plates, Dr. Houston informs us, are sometimes 
— by the liquefaction of the tine. It is obvious, 

erefore, that the conditions of incubation cannot be 
the same at Paris as at London, so that no direct com- 
= is possible between the results set forth in 

able II. and those published by the Metropolitan 
Water Board. The relative results, however, remain 
the same, and clearly point to the fact that slow sand 
filtration, properly carried out, can be relied upon to 
give more constant results than those obtained by 
more rapid filtration combined with other processes 
of purification. 





CASE-HARDENING. 
To THE Eprror oF ENGINEERING. 

S1r,—During the last few years the case-hardening 
industry has received a tremendous impetus, undoubtedly 
due to the great advent of motor-cars, motor-cycles, 
traction-cars, both light and heavy, and quite recently 
the flying- machine. All of these contribute to the 
thousand-and-one items that require case-hardening, the 
result being that to-day no large engineering works 
would be considered complete without its complementary 
case-hardening department and its numerous more-or-less 
speculative ways of obtaining satisfactory results. If all 
articles dealt with were required to be left dead hard 

all over, then the old method of case-hardening, perhaps, 


eg that are le at the present time do not require to 
left dead hard all over. For several reasons it is, 
without doubt, a great advantage to be able to harden 
portions only—say the wearing surfaces—leaving other 
—_ soft for riveting or fixing purposes ; and this is what 

particularly wish to deal with here—viz., how successfully 
to protect that ion to be left soft against the most 
vigorous action of any case-hardening material. The prin- 
ciple of case-hardening itself is too well known to require a 
oven explanation of its action here ; but what is not 
so widely known is how successfully to “.~ that portion 
of the article required to be kept soft. e old method 
usually adopted is to _ over with fireclay the part 
intended to be kept soft, and then afterwards carefully to 
place it in a suitable receptacle, bey | the exposed 
surface with hardening material, and, lastly, to submit it 
to the stove for final treatment of hardening. 

There is no doubt fireclay and othersimilar substances do 
offera very great resistance tothe acute penetrating proper- 
ties of the car material used for the purpose of 
cnso-nere - P any unfortunately, een. | ee a very 

it of ei cracking or peeling uring 
stoving process. The result is that the surface becomes 
exposed and patchy in its various degrees of hardness. I 
know this frequently oy with such articles as cross- 
head pins, which often, after the hardening arg BS 
necessary to partly immerse in water, to protect the 
— whilst the ends are being softened by means of 

rom a powerful lamp, and, it goes without 


the whole should be poured on to a rag or muslin screen, 
in order to drain the water from the ope 

The next item will be to scrape off the m precipi- 
tate, and place it in a suitable dish. It should then 
redissolved with about 1} pints of ammonium hydrate, 
and will ge to a very deep bluecolour. There is then 
required a quantity of potassium cyanide solution made 
up as follows :— 

Dissolve 4 Ib. of lump cyanide of potassium in half a 
gallon of hot water, care being taken not to inhale 
the fumes from this solution, as they are very poisonous. 
Having made the solution of potassium cyanide, pour 
it into the vessel containing the precipitate and am- 
monium hydrate, until the whole colour changes to 
that of old ale. At this point read off the quantity 
of cyanide solution used to de-colorise from blue to that 
of old ale, and whatever this quantity be, then add a 
further 25 per cent. to ensure completion. The whole 
bulk can now be made up to 1 gallon by the addition of 
water (rain water if possible), when the solution will be 
ome and ready for use. 

@ KON, or cyanide solution, should be poured from 
a graduated measuring-jar for the convenience of know- 
ing the quantity used and to determine the 25 per cent. 

uivalent. 

is plating solution is an alkaline one, and works better 
when hot, about 150 deg. Fahr. being the most suitable 
temperature. After the plating-vat has been in use some 
hours, and should a green incrustation — to form upon 
the copper anodes, it denotes insufficient KCN ; therefore 
more potassium cyanide should be dissolved as before, 
and then added to the vat, until this green incrustation 
disap As an experiment, add about 1 pint, and 
then work the plating solution for a few hours and note 
results. The plating solution when complete may be 
worked with bunsen or, better still, with current 
taken from a plating dynamo. A suitable voltage would 
be about 3 volts across the vat terminals. 

The alkalinity of the plating solution can also be tested 
thane use of litmus papers, with which every electro- 
plater should be familiar ; therefore it now only remains 
to prepare the article to receive the coating of copper on 
the portion required to be left soft. 


I might mention it does not necessarily require a 
polished surface, but simply to be ps free from grease. 
As a matter of fact, the copper will deposit direct on to 


any clean casting or forging, and after case-hardening the 
film of copper can 4 removed by the aid of a 
pocket-knife, so that the whole operation is quite a 
a and good results are positively sure to be 
obtained. 


Birmingham, July 10, 1913. HARBEE. 





** MODERN METHODS OF MEASURING 
TEMPERATURE.” 
To THE Epitor oF ENGINEERING. 

Sir,—In Mr. Whipple’s on “‘ Modern Methods 
of Measuring Temperature” (see page 165 of your issue 
of August 1), is not Sir Isaac Newton left out, somewhat 
unjustly, in the cold? Whatever might have been 
Hooke’s suggestions, I think the earliest description of 
a thermometer actually made in such a way that other 
com: ble instruments could be manufactured is given 
by Newton in the Philosophical Transactions for 1701. 
e lowest fixed point was the tem ture of thawing 
snow (zero), the u fixed point being the highest tem- 
ae (ex ) of the (healthy) human (12). 

liquid used was li oil. The number 96 being 
8 x 12, there is little doubt that Fahrenheit merely 
copied Newton’s scale, subdividing each division in eight 


mixture with t he so obtained the 
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lowest temperature that could be reached in the labora- 
tory. That his scale, based on a fallacy, should have 
survived nevertheless, is not the least remarkable fact in 
the history of thermometry. 

It might interest your readers to know that Newton 
continued the scale upwards in a geometrical ion, 
the heat of a bath in which wax meits being noted 
2 x 12 = 24; the melting-point of an alloy of equal 
of tin and bismuth being 4 x 12 = 48, that of lead being 
8 x 12 = 96, and that of “small fire of bituminous coal” 
being 16 x 12 = 192 divisions. The reason is that he 
compared the reading of his thermometer with the tem- 
perature of a hot piece of iron placed in a draught, upon 
which several fusible substances were placed. He noted 
the time at which these substances became solid, and also 
when the temperature of the iron became the same as 
that of the human body. He found that the differences 
of omepee of the iron from that of the air at these 
several times varied in geometrical Cg when the 
times themselves varied in arithmetical progression 
(Philosophical Transactions, No. 270). 

Roger Cotes, some time before 1738, invented the 
calibration of the tube (Hydrostatic and Pneumatical 
Lectures, Roger Cotes, M.A., 1738). 1 

Concerning the early thermometers made by Galileo and 
his pupils, I am told that several such thermometers in the 
——— University Museum are in agreement, although 
the actual way in which the scale was divided is a mystery. 
This agreement, however, shows that the alent 
was notarbitrary, but I have not yet been able to verify 
the fact myself. 4 

Amonton (1663-1705), finding the expansion of linseed 
oil too small, used air (as in Galileo’s early instruments), 
but corrected its indications for the variation of pressure 
of the atmosphere. He found in this manner that the 
boiling point of water was constant, and he seems to have 
been the first to select this as a fixed point (‘‘ Memoires 
de l’ Académie de Paris,” 1702). 

Many further details of great interest concerning early 
theneneater are to be found in Lambert’s ‘‘ Pyrometrie” 


(Berlin, 177: 
Yours way. 
E. J. Guevry. 
Woolwich Polytechnic, August 11, 1913. 





“A CASE FOR ELECTRIC PROPULSION.” 

. mn To — See OF Sg spon 

1n, —Amongst the pa read at the recent summer 

meeting of the Tnstitation of Naval Architects I notice 
one entitled ‘‘ A Case for Electric Propulsion,” in which 
Messrs. John Reid and H. A. Mavor, the joint authors, 
advance some extraordinary claims for electric propulsion 
based on no experimental experience whatever, unless the 
entirely erroneous, misleading, and unsubstantiated state- 
ment that the “General Electric Company has shown 
the suitability of electric propulsion for a deep-sea collier 
of great size and 7000 horse-power, for which the equi 

ment has y m completed and tested with the 
most brilliant results,” can accepted in lieu of actual 
derived data. The facts are that the only public and 
published test of this electrical a consisted of a 
—— of the turbo-generators. e trial tests of the 
machinery as installed in the U.S.S. Jupiter have been 
proceeding for many months with great secrecy, but 
also with rumours that everything is far from as satisfac- 
= as the advocates of this system of propulsion would 

esire. 

However, my object, with your rmission, in 
commenting upon this paper is ‘to attention to 
some general statements made by the authors with 
all the assurance of obiter dicta, but unaccompanied 
by any definite data. For instance, we find that 
it is claimed that a “very broad-bladed propeller with 
a pitch ratio of 1.1 at 80 revolutions per minute” 
is the most suitable propeller for the Canadian 
Canal steam-barge ty of vessel, and further, that 
this propeller is ‘‘so designed that it has great driving 
power ahead and astern,” whatever that may mean. 
fhe propeller illustrated, however, in the paper, while 
showing no special features of design which would 
warrant such a uliar claim, is not even of the 
pitch ratio sta by the authors as ideal, neither 
does it warrant the authors’ description of ‘big and 
coarse,” nor can 80 revolutions per minute be = | 
designated as particularly ‘‘slow turning.” It is well 
known that a number of very successful Canadian 
have propellers varying widely from the absolute elements 
stated in — I notice, rather, that the propeller 
now advocat by one of the authors as an ideal one is 
very different from the one which he advocated in a 
published letter xbout six months ago, showing that his 
ruminations in the peller field are in a transitional 
staye, and are not on the long experience which 
he claims, and rather indicate unfamiliarity with the 
rudiments of the subject. It is scarcely n to take 
issue with his statement that one type of proper with 
well-defined characteristics is essential for the efficient 
Propulsion of the type of vessel under discussion, as it is 
well kaown that a number of complementary propellers 
can be designed to absorb a given horse-power, all being 
of equal efficiency. 

Regarding the authors’ advocacy of the electrical in- 
Stallation fitted in the Tynemount, I leave to state 
that while this installation may prove interesting from 
- ©xperimental point of view, it is absolutely ridiculous 
ron & commercial one, as no owner possessed of t 

©ements of ship operation would contemplate installing 
three Diesel-engine units direct-connected to generators, 
transforming the current into a slowly-revolving motor 
of special construction, and installing in the same outfit 
‘wo oil-burning donkey boilers. Here we have three en- 
tirely veparate engineering outfits to deal with, requiring 





special men for each system. Firstly, we have the engi- 
neer with the special knowledge of the oil-engine ; 
secondly, the electrical engineers for the generators and 
motor ; and thirdly, the steam engineer for the boilers, 
fuel-oil burning, and steam auxiliaries. ere can we 
find an operating owner to consider such a complexity of 
conditions, when any one of two of the installations fitted 
alone would give equal, if not greater, efficiency and 
economy, with an enormous saving in the first cost of 
installation? If it be considered advisable to fit Diesel 
oil ines, then fit a unit of sufficient power to drive the 
propeller direct. Of course, I am aware that the authors 
will claim that the one-way constant-running engine, 
which they utilise for generating purposes, is of simpler 
construction than the marine.type reversible Diesel, but 
that will not explain away the cost of three engines as 
against one, neither will it excuse the additional weight 
involved by this multiplication of units. 

A very important point, on which the advocates of this 
system are discreetly silent, is the percentage of go-ahead 
7 available for driving the vessel astern. In some 
of the proposed installations with which the writer is 
familiar, the astern torque is —_ 12 per cent., an amount 
totally inadequate for successful manceuvring. 

When with these disabilities and disadvantages one 
contemplates the weight and first cost of the installation 
on the emount, there is only one conclusion logically 
confronting one—namely, that this system of electric 
propulsion is chimerical, complicated, and uncommercial. 
Although uninformed as to the total weight in this 
instance of the completed outfit, there can be no question 
as to its exceeding considerably a steam plant. Its first 
cost is nearly double, added to which there is the element 
of uncertainty as to repairs, renewals, and upkeep, the 
difficulty of ae — at sea, &c., all complicating 
the installation an itating against its getting more 
than a passing consideration. 


Faithfully yours, 
New York, August 4, 1913. G. 8. 





“THE OFFICERS OF THE NAVY.” 
To THe Eprtor or ENGINEERING. 
Srr,—With reference to your very interesting article 
on ‘‘ The Officers of the Navy ” in last week’s issue of 


ENGINEERING, may I be allowed to point out two other | © 


disabilities so far as the engineer officers of the Navy are 
concerned ? 

1. The engineer officer does not receive any increase of 
pay on promotion to engineer der, but he is put 
to considerable expense in providing himself with altered 
uniform. Is there any other branch of His Majesty’s 
naval, military, or civil service in which promotion in rank 
involving change of uniform is given without additional 





pay? 

2 Under present arrangements it is impossible for the 
large majority of engineer officers to enjoy the maximum 
poy of their rank for more than two years at the most. 

s there any other branch of His Majesty’s naval, mili- 
tary, or civil service in which the maximum pay of the 
rank is reached so late in the period of service of the 


officer ? 
Yours truly, 
ANOTHER ENGINEER. 





“TUBE” RAILWAY VENTILATION. 
_ To THe Eprror or ENGINEERING. 

Srr,—On reading the letter from *‘ Fresh Air,” in your 
issue of August 1, one is at first struck by the apparent 
masterfulness and grip of the subject which that writer 
appears to possess. But on carefully working out his 
proposal I am uncertain whether his letter is not intended 
as a huge joke—an attempt to inaugurate -a sort of i 
neering Punch—or else a thorough vindication of “‘The 
Theorists in Ventilation” ment. Di rdip 
‘Fresh Air’s” historical (I had almost written ‘‘ hysteri- 
cal”) introduction, many of the statements in which are 
open to serious question, I will deal with his magnum 
opus or grande finale, which I take it is what he wishes 
to lead up to, where he recommends, in the concludi 
paragraph of his thesis, ‘‘ flooding each section at 
station with fresh air from the outside to the extent of 
as much as a complete change of the whole cubical air 


‘contents of each section, say, twice every minute.” 


The above proposition expressed in in figures and 
their money equivalent works out as follows: Assuming 
the diameter of the tunnels as at present, and includi 
cross-overs, stations, &c., the amount of air to be f 
into each of the fifteen sections would be, say, 700,000 
cub. ft. per minute, At a moderate working re 
this will necessitate an air-duct of, say, 21 ft. diameter. 
I have selected a moderate working pressure 
although with a higher velocity the diameter of the air- 
duct could be reduced, yet the working cost would be so 
greatly increased by the extra power consumption that 
it might prevent some of the poorer tive users 
adopting in practice ‘‘ Fresh Air’s” valual q 

The amount of power needed te work each of these 
sections will av 700 kw., and —o daily duty 
as 20 hours, and cost per kilowatt- as ‘#., we 
arrive at an annual charge for the whole line of some- 
where near 150,000/. for power alone. To this must be 
added the interest on capital and depreciation, which I 
will calculate on the charitable basis of, say, an equal 
amount, and so we arrive at the total annual cost of a 
round 300,0001. Please note, gentle reader, this is annual, 
not monthly. . : ‘ 

In the above brief amplification of ‘‘ Fresh Air’s” 
theory I have dealt only with the cost of running the 
system. There are one or two minor considerations which 
may be worth some small attention, such as the effect 


of pumping large volumes of damp, foggy air or hot, 
dusty ms into the tubes, the effect of an fl velocity at 
all times of nov less than 50 miles an hour on the 
victims waiting at the stations, the music of the cullen 
air, &c. Few prospective “tube” designers will resist 
“Fresh Air’s” eppeal, and I am counting on a busy time 
for Mr. James Keith. 

_Apart from the general care and accuracy which dis- 
tinguishes ‘‘Fresh Air’s” communication, there are one 
or two little points for which 1 would crave leave to offer 
an alternative rendering. The City and South London 
Railway comprises about 124 miles of single tunnels, and 
the air is, I believe, ozonised at one station only. Possibly 
“Fresh Air” is confusing the City and South London 
Railway with the Central London Railway. The latter 
has 13 miles of tunnel, and is ventilated entirely by the 
**Ozonair” system with fresh air which has previously 
been washed and purified. The same system has just 
been installed at the Goodge-street station of the i 
Cross and Hampstead Railway, and the directors an 
responsible officials of these “tubes” may surely be 
trusted to deal with the matter of ventilation in the most 
effective and up-to-date manner. 

_ I would esteem it a great favour if “‘ Fresh Air” would 
(in strict confidence) disclose to me the name of the maker 
of the apparatus which “partially blows in fresh air 
ozonised from the surface in the way the experiments 
have ? 94 been hitherto carried out.” This must, 
indeed, be one of the greatest inventions of modern 
times which we read of daily in the Morning Solace and 
Nerve Teaser. Surely it cannot again be the product of 
that wonderful Mr. ? 

I trust ‘‘ Fresh Air’s” letter, and also this letter, will 
“*bring home to everyone using the ‘tubes’ what, under 
certain circumstances, bad ventilation may lead to.” 

Yours faithfully 
Epwarp L. JOSEPH, 
_ Managing Director of Ozonair, Limited. 

96, Victoria-street, London, 8.W., August 12, 1913. 








HUMPHREY PUMPS FOR FEN DRAINAGE. 
To THe Eprror or ENGINEERING. 

Sir,—In connection with the summer ing of the 

Institution of Mechanical Engineers, at Cambridge, Mr. 

). G. Crocker, replying to the discussion on the drainage 

of the Fens, is reported in your issue of the 8th inst. as 


saying :— 

** Low initial cost had been claimed as a special reeom- 
mendation of the Humphrey pump, but he knew of at 
least one case in which the tender for the steam-engine 
and nay pumping plant had been only half that of 
atender for Humphrey pumps. The foundations for the 
Humphrey pump were very costly.” 

It is nm to correct the very erroneous impression 
such a statement is calculated to oaey. 

In the particular case to which . Orocker refers, 
there already existed a — steam-boiler plant with 
buildings and foundations, &c., and it was only a question 
of adding a steam-driven centrif pump. a 
for the Humphrey pump a complete new lay-out would 
be required, including gas-producers. This fact renders 
the comparison useless. 

Asa matter of fact, we are able to compete in first cost, 
as well as in economy and maintenance, with steam 
centrif plants when they are placed on the same 
basis. This remains true when the cost of foundations 
is included for both types. 

I am, Sir, yours ——~¢ & 
For the Humpnrey Pump Company, Limirep, 
J. Patouett, Secretary. 
38, Victoria-street, Westminster, London, S.W., 
August 9, 1913. 





Tue Exvcar Scuovarsuip, 1913.—The Elgar Scholar- 


® | ship in Naval Architecture bas been awarded by the 


Couneil of the Institution of Naval Architects to Mr. 
R. J. Monk, of the Royal Naval Dockyard, Chatham. 
The scholarship is of the value of 100/. per annum, and, 
subject to the regulations governing the same, is tenable 
for three years. 





New Moror-Conrrot. Grar.—Two new pieces of 
motor-control ap tus have recently been placed on 
the market by British Westinghouse Electric and 
spaietasing Comesay, yy Be Trafford Park, 
Manchester. of these is a loose-handle, oil-immersed, 
drum-type, star-delta starter. The contact-drum is built 
on the mica-and-metal principle, while the contact-fingers 
are of thesame type as is employed on Westinghouse con- 
trollers. No-volt and overload releases are fitted to the 
starter above the oil-tank. The no-volt coil is connected 
across two phases, and is so the motor- 
circuit can only be closed when there is vol on the 
line. The omen coils are placed in two and 
are cut out in the star position. second piece of 

us is a multiple-lever direct-current starter, 
ry for large motors. It is fitted with # loose 

on every 8 and the construction is such 
that the levers must be closed in the correct sequence. 
The starter has both no-volt and overload coils, and a 
somewhat novel feature consists in arrangements whereb: 
the overload attachment breaks the circuit of the no-volt 
coil instead of short - circuiting it as is more usual. 
This eliminates the possibility of the overload release 
not working to oxidation of the no-volt short- 
circuit contacts. bushes of the starter have an 
unusually large break, while the handles have a very con- 


venient movement for ion, working from 20 deg. 
weg Be mica- 





below the horizontal to 
insulated resistances are employed. 
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WATKINSS ROTARY-SPUD DREDGER. 
CONSTRUCTED BY MESSRS. EARLE’S SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, HULL. 
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Fie. 5. Roror on tHe ‘‘ Trupurian, 
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THE use of spud dredgers has never become estab- 
lished in this country, these vessels being, indeed, 
hardly ever seen, though they are extensively used in 
America, Germany me Holland. ‘‘ Spud ” is the tech- 
nical term used for a héavy pointed pile fitted with 
lifting and dropping gear in the manner of the monkey 
of a pile-driver, two spuds being always used, alter- 
nately, as pivots. We published on October 9, 1896, 
an illustrated description of a spud dredger using 
ordinary buckets. In this cuse the whole of the 
machinery, under the Varilla system, was electrically 
driven from the shore. , 

It was claimed in 1885 that the use of spuds in 
dredgers was advantageous, as ‘‘by its means clean 
work is done, the excavator going twice over no 
ground, and missing no ground.” 

In the description we are about to give the word 
‘*excavator” denotes the class of dredging machinery 
used—either bucket, pipe, cutter or grab. The word 
‘* sweep ” expresses the horizontal movement made by 
the dredger around the centre of a spud, and may be 
measured by the angle made from the line of advance. 
The actual length of the sweep made at any angle 
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depends upon the distance of the excavator from its 

ivot. The word ‘‘pitch” denotes the horizontal 

istance advanced by the dredger to make a cut. In 
Watkins’s system of using a rotor, as hereinafter 
explained, the pitch may be of any distance required. 
The word ‘‘dip” refers to the distance the excavator 
is worked below the level of the ground (or is moved 
vertically) according to the discretion of the dredging 
master. Pitch multiplied by length of sweep multi- 
plied by dip gives the amount of material raised by 
each sweep ; and if working on a bank, the dredger 
might make many sweeps before requiring to be again 
advanced, the excavator being dipped as requi at 
the end of each sweep. 

Fig. 1 illustrates the principle on which spud dredgers 
are usually worked, and indicates the position of the 
two spuds, which are dropped through sockets placed 
athwart the vessel at one end, the excavator being at 
the otherend. The dredger is swung on one of the spuds 
as a centre by the use of bow-chains connected to 
anchors, so that the excavator cuts on a radius to the 
centre of the spud. Only one spud at a time is down, 
and the dredger is ‘‘ walked” forward by open | 
dropping the spud that is in advance at the end of eac 
sweep, and lifting the other, and then nig | again 
in the opposite direction. Spud dredgers, when work- 
ing, are swung to an angle of about 45 deg. (that is, 
223 deg. on each side) of the intended line of advance, 
and the distance from centre to centre of the spuds 
is settled by the pitch of cut required. 

It will seen by referring to Fig. 1 that the 
average pitch of a cut is one half of the maximum, 
and therefore it is necessary to make two sweeps to 





make a cut equal to the actual advance (or pitch). It 














Fig. 7. 


must also be noted that the dredger must always be 
swept to the usual angle of 45 deg., as a reduction of 
the angle of the sweep reduces the pitch of the cut, 
while extending the cut causes the pitch of the cut at 
the end of the sweep to become too great for the, 
excavator. In working on uneven ground, this causes 
great loss of time. 

Many devices have been proposed to make the 
advance of the dredger independent of the swing, but 
it has generally been forgotten that the advance, to 
be useful, must be in the line of advance—that is, the 
true or main direction of the proposed cut—and that 
nothing can be gained by advancing the dredger in its 
own centre line. An ordinary dredger also can onl 
be backed away from its working cut by “ walking ” 
it back, by means of alternate sweeps, and cannot 
move itself sideways at all. 

In order to overcome the loss of time caused by the 
double sweeps, as shown in Fig. 1, an arrangement has 
been invented by Mr. Alfred Watkins, M.I.N.A., 
M.I. Mech. E., Associate Royal School of Naval 
Architects and Engineering, of 58, Fenchurch-street, 
E.C, Mr. Watkins uses two spuds, which are lifted 
and dropped in the same way as before described, but 
one of the spuds is worked through a tube set eccen- 
trically in a rotor at a suitable distance from the 
centre of the rotor, and is termed the ‘‘ rotor ” spud ; 
the other spud is only used as the centre on which the 
dredger is swung. It is termed the “pivot” spud. 
Fig. 2 shows the working of drodgee. fitted with a 
rotor and pivot spud, athwart the dredger’s centre line. 
The rotor is illustrated by Figs. 3 and 4, and in 
perspective in Fig. 5. 

he rotor has on its outer circumference a worm- 
wheel E pearing with a worm F, the latter being 
actuated through gearing by the engine G. By turning 
the rotor the centre of the spud carried in the rotor 
can be moved into the line of advance without regard 
to the axis or centre line of the dredger. The rotor 
spud being then dropped and the fixed spud raised, 





i to be marked on the rotor. 


can be moved in the required line, and 


the ony 
also to the required pitch of cut, by revolving the 
rotor. The pivot spud then being dropped the 
rotor spud lifted, the dredger is swung on the axis of 
the pivot spud by the usual bow winches to the 
required angle of sweep, which, it may be noted, is not 
bound to be 45deg., but may be of any angle, larger or 
smaller ; also that it need not be to an equal angle on 
either side of the line of advance, nor to an equal 
sweep at each advance, but longer or shorter, just as 
the dredging master may think advisable. 

When starting dredging operations the dredger 
should be so laid that the line of the radius of 
sweep—i.e., the line between the centre of the pivot 
spud and centre of the dredging gear—is in the direction 
in which it is intended to dredge ; that is, in the line 
of advance, which is generally marked by means of a 
pole or buoy, or which may be observed by the use of a 
compass. 

The pivot spud being dropped, the rotor is then 
revolved, so that the rotor spud, which is at present 
raised, is forward and in the line of advance. If 
working with compass gear, note is then made of the 
point to which the N end of the compass-needle is 
pointing. The dredger is then swung to the desired 
angle, the rotor is revolved until the point noted is 
again at the N end of the compass-needle, the rotor 
spud dropped, and the advance will be made in the 
true line. It is obvious that however the direction 
of the centre line of the dredger be altered, the rotor 
must always be in the line of advance when it is 


turned, so that the point noted is again at the N |g 


end of the compass-needle. 
When a compass is not used the angle of sweep has 


(3542 )} 


For example, supposing it 
is intended to sweep to 45 deg.—that is, one-eighth 
of a circle—equally 224 deg. on each side of the centre 
line, then the equal of this (two points) is marked on 
the rotor, and if the rotor is turned to this mark (with 
the spud forward) at the end of each sweep before 
dropping its spud, the advance will be in the true line. 
This method also can be applied to any angle required, 
whether equal on each side of the line of advance 
or not. The angle of rotation can be measured by 
means of the graduated circle shown in Fig. 6. 

The usual way of a dredging master would be to 
mark on the rotor the degree to which it is to be 
swung to each side to mark the line of advance. Then 
any number of sweeps can be made, until it is wished 
to widen or shorten the sweep. Then a fresh mark 
must be made. Theuse of a compass, however, avoids 
risk of error. 

If any other pitch is required to suit the pitch of 
the excavator, obviously it may be made by as many 
turns or partial turns of the rotor as may be required. 
The dredger may also easily be moved in any direction 
required by the use of the rotor and pivot spud only, 
which is very convenient in getting the dredger into 
position, and also is much quicker for backing than 
the ‘‘ walking back ” required by the usual mode. 

The Tilburian is a dredger built for the Tilbury Con- 
tracting and Dredging Company, Limited, of Queen 
Anne’s oe ap ye S.W., » A Messrs. 
Earle’s Shipbuilding an engineerin m ‘ 
Limited, of Hull, under the superintendance of Mr. 
Alfred Watkins. She was originally fitted with the 
two fixed spud arrangement, as described. During the 
construction of this vessel Mr. Watkins tells us that, 
having noted the defect of the spud or 
which necessitated two sweeps for one cut, he con- 
sidered how this difficulty could be overcome, and, 
having experimented with models, found that this 
could be done by means of what he termed a “ rotor.” 

At first he conceived the idea of fitting the rotor 
and pivot spud in line on the centre line of the vessel, 
as ifustrated by model, Fig. 7. This model shows 
that by turning the rotor to the correct line of 
advance at each end of the sweep (which, in the case 
of the model, is shown by the use of a compass fitted 











in a binnacle that revolves in unison with the rotor), 
the lines drawn by the pencil, which represent the 
path of the excavator, show that the advance can be 
made exactly as required, and could equally well be 
made at whatever angle the dredger was swung to, 
and that the cut in every case is equal to the double 
cut made by the two-spud gear. 

This arrangement, however, could not be fitted into 
the Tilburian without radical alterations to the struc- 
ture. Mr. Watkins, on further consideration, found 
that it was not necessary that either the rotor or pivot 
spud should be in the centre line, but that they could 
be placed in any convenient position. In the case of 
the Tilburian one spud might remain in its original 
position, and the rotor could be placed so that in case 
the rotor gear was damaged the rotor spud could be 
fixed in the position previously occupied by the second 
spud originally fitted. The lifting gear already fitted 
also could be used with but slight alteration. Under 
these conditions the Tilbury Company to use 
Alfred Watkins's patented improvement, if approved. 
The rotor gear was made by Messrs. Earle’s Shipbuild- 
ing Company, of Hull. 

After trial the Tilbury Company wrote to say that 
they were satisfied that the gear gave the advan 
in output claimed by the patentee, and also that the 
necessary mancuvring and moving of the dredger in 
any direction that ~ ey be required was much more 
quickly and accurately carried out than heretofore. 

here has been a steady increase of output since 
the officers have gained experience in working the 


ear. 
The following facts may be mentioned regarding 
the Tilburian :— 
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The rotor is not fitted with ay ear. 

The vessel is a suction dredger, ted. with Hughes's 

tent cutter. The dimensions are 164 ft. by 40 ft. 
- 11 ft. 6 in. moulded depth, with two triple 
pumping engines of 500 horse-power each, and a 
separate engine for driving the cutter. The vessel is 
engaged by the French Government in straightening 
the main channel of the River Loire between Nantes 
and St. Nazaire, by cutting away the islands that made 
the channel crooked, the smaller channel between the 
island and the banks of the river being filled up by 
the material dredged. The amount of material to be 
shifted is above 6,000,000 cub, m., equivalent to about 
12,000,000 tons. 

The surface of the islands is about level with the 
water at the highest tides, and the least depth of 
water to be attained is about 20 ft. The suction and 
delivery - pipes of the dredger are about 254 in. 
diameter, and the length of the delivery pipes about 
2500 fr. 

Besides the model referred to above—i.e., with the 
rotor and pivot spud in the centre line of the dredger— 
we have seen an ingenious model, which Mr. Watkins 
terms a plane model, by which the working of the 
rotor, either with the pivot spud in the centre line 
of the vessel or placed athwartships, can be demon- 
strated. 

This plane model is to scale of } in. to 1 ft. of the 
Tilburian (except in length), and by using it on a 
drawing-board, as illustrated, it can be demonstrated 
that the advance is always made in the correct 
direction, whatever ge ge A be made, and whether 
the pivot spul is in the centre line or not, by 
taking a distant object to give the line of advance 
(though the use of a compass might be often found 
eavtal he darkness or fog). This is shown by Fig. 8, 
which illustrates the working of the model on a sketch 
of a shoal of i lar shape and material, where the 
direction of the line of advance and the length of the 
sweep and the are of the cut are varied as required. 
The points marked B on this figure show the positions 
of the pivot spud at each sweep, and R the positions of 
the rotor spud, giving the required pitch in the correct 
line of advance. 

It is claimed that the rotor spud may be used in many 
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cases to great advantage either with cutters or grab, or 
any other type of excavator. For example, in a dock 
or canal, with the rotor gear, only two — are 
required (one on each bow for swinging) ; other 
movements are made by the rotor and pivot spud. 
The cut may be regulated much more accurately 
than with any other system of working. For instance, 
when working close to a wall the pivot spud may be 
dropped at any distance from the wall, and then its 
position regulated to the exact distance required by 
the rotur. 

After each sweep (which may be made to any angle) 
the rotor can move the dredger exactly parallel to the 
wall, at whatever angle the centre line of the dredger 
may be, so that each sweep from the centre of the 
pivot spud may be tangential to the line of the wall if 
preferred. 

In case also of vessels requiring to pass along the 
dock or canal, the dredger can be moved out of the 
way as required by the use of the rotor and fixed spud, 
bom | by dropping both spuds, will stand in any position 
with both ropes slacked down. We are informed that 
spud dredgers are used at a depth of 45 ft. in still 
water, and in considerable currents at less depth. 





EXPERIMENTS ON ‘SUCTION ” OR INTER. 
ACTION BETWEEN PASSING VESSELS.* 


By Professor A. H. Gipson, D.Sc., and J. Hannay 
‘THOMPSON, 

1. The experiments to be described in this paper have 
been carried out with a view of obtaining some informa- 
tion as to the magnitude and range of action of the forces 
involved in the case of ‘‘ suction” or interaction between 
passing vessels. f d : 

Up to the present time, in such experiments as have 
been performed, models of comparatively small size have 
been used, and while these have given extremely valuable 
results, some doubt has been expressed as to the extent 
to which their results are susceptib!e of extension to the 
case of vessels of large size. : 

In the present series of experiments two screw-pro- 

lied vessels were used. One of these, the steam-yacht 

*rincess Louise, is 88.5 ft. in length, 13 ft. beam, 5.66 ft. 
mean draught, displacing approfimately 96 tons. The 
second is a motor-driven launch, 29.33 ft. long, 6.75 ft. 
beam, 1.37 ft. mean draught, displacing coqeematey 
2.6 tons. Each is driven by a single screw. The experi- 
ments were divided into two distinct sets. In the first 
the vessels were manceuvered until on sensibly parallel 
courses, heading for thesame distant object ; their lateral 
distances apart and speed being varied in different ex- 
periments. The courses having satisfactorily fixed, 
with the helm of the motor-boat amidships, this helm was 
lashed, the helm of the Princess Louise being afterwards 
manipulated so as to keep her on her original course. Two 
plane-tables with alidades were mounted on the deck of 
the Princess Louise, distant 67 ft. 8in centre to centre, 
and the relative position of the motor-boat was fixed at 
intervals of 15 seconds during each run by means of simul- 
taneous sights taken from these. Both vessels were cali- 
brated on the measured mile before the experiments, and 
speed-revolution curves were obtained from which, by 
counting the revolutions, the speed of each vessel could 
be ascertained orregulated. _ ; 

These data enabled the relative positions and paths of 
the two vessels to be plotted with a close degree of 
ac-uracy, and the diagrams illustrating the paper have 
been obtained in this way. 

With a view of measuring the forces and moments in- 
volved, a series of eight pressure-boxes were fixed to the 
hull of the motor-boat at about 12in. below the water- 
line. These are circular, have a diameter of 14 in., and a 
maximum thickness of § in., and communicate with the 
sea through four ?,-in. holes on a 1-in. circle. They are 
in pairs at similar positions on the port and starboard 
sides, and distant 4 ft., 10 ft., 16 ft.. and 22 ft. from the 
bows. Each corresponding pair was attached, by means 
of rubber-tube connections, to the branches of one of a 
series of inverted U tubes carried on deck, and ‘by ex- 
haustion of the air from the sop of the tubes a column of 
fluid from each pressure-box was brought on to a 
graduated scale, from which the differences of pressures 
at corresponding points were determined. Each pair 
was calibrated at different so as to "ped the zero 
reading with the boat travelling on a straight course and 
remote from any disturbing influence. Readings of the 
gauges were taken each 15 seconds in a number of the 
experiments, and from these the turning moments and 
lateral forces acting on the hull of the t have been 
computed. : 

The second series of experiments was carried out with 
a view of measuring the helm anglw required to maintain 
the course of the smaller when in the vicinity of the 
larger vessel. In these experiments the relative positions 
of the two boats were obtained as before, the Scie bole 
aijusted as required to keep the head of the vessel on its 
original course. The helm —_ was measured by means 
of a pointer fixed to the tiller, and working over a 
graduated sector, and was observed at intervals of 15 
secon 

The rudder originally fitted to the motor-boat was, 
portionately, about three times as large as is fitted to the 
average sea-going steamship. This was replaced, for the 
purpose of the experiments, by a rudder of 144 aq. in. 





* Paper read before the Institution of Naval Architects, 
at Glasgow, June 25, 1913. 





area, for which one of 75 sq. in. area was afterwards sub- 
stituted, the latter es approximately to scale 
the rudder fitted to the average large stea p. The 
results of control experiments, using each rudder in turn, 
are given at a later s' of the paper. Owing to the 
risks involved in the collisions, the speed of the vessels 
was restricted to a maximum of about 5.75 knots, which, 
in the case of the Princess Louise, corresponds to 18 
knots in a vessel of the dimensions of the Olympic (882 ft. 
long). The minimum speed was about 3.5 knots. 
Owing to the local conditions it was found imprac- 
ticable to carry out the experiments in shallow water 
of an even approximately constant depth, and, except in 
two experiments (Nos, 41 and 42, page 241), where the 
water was about 12 ft. deep, the depth actually ranged 
from 20 ft. to 30 ft. Since this is from twelve to twenty 
times the mean draught of the smaller vessel, these are 
essentially deep-water experiments, and, as is indicated 
both by theory and experiment, the forces involved are in 
pol | less than would be experienced in shallow water. 


2. Genera THEory OF INTERACTION. 


When a ship-shaped body is towed through still water, 
both theory and experiment show that a general circu- 
latory motion is set up in the surrounding fluid. Those 
particles ahead of the bows are first affected, being 
forced forwards and outwards into a fan-shaped region 
extending ahead from the bows, in which the pressure and 
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elevation are greater than normal. From this region a 
general flow takes place, backwards and inwards, to fill 


the space vacated by the stern. As the velocities of 


flow mcrease the pressure diminishes, to become a 


minimum abeam of the body, while as, due to convergence 


at the stern, the velocities diminish, the pressure again 
increases. The body thus carries along with it a region of 
depression abeam and fan-sha regions of excess pres- 


sure and super-elevation respectively ahead of its bows 


and in the rear of its stern. 
The 


and velocities of flow diminish rapidly as 
the distance from the vessel increases, the pressures 


varying as the squere of the corresponding velocities. 


They are gate. in a narrow channel, where the area 
ble for 


avai backward flow is restricted, while theory 
indicates that they are of ang ag & greater in shallow 
water, in which flow takes place in layers approximately 
parallel to the surface, than in deep water, where inflow 
and outflow may take place freely in vertical as well 
as in horizontal directions. 
_ When a vessel is propelled by its own screw the distribu- 
tion of pressure issomewhat modified. Thescrew-propeller, 
drawing a large volume of water from regions ahead and 
abreast of itself and throwing this astern, tends to in- 
crease the velocities of flow, to reduce pressures ahead, 
and to increase those astern of itself. 

When two shi ped bodies are moving in close 
any. each affects the lines of flow and the distri- 

tion pressure around the other. Those pressures 
between the hulls suffer the tt modification, and it 
is this modification in the distribution of pressure over 
the two sides of each of the vessels which gives rise to 
interaction between the two. 

If one vessel is overtaking a second on a parallel 
path the effect on the overtaking boat of the system of 
currents accompanying the leader is broadly as follows :— 


As the faster vessel draws up astern it first comes 
within the influence of the outflowing currents astern of 
the leader, and as the i of these is greater at its 
bows it experiences a tendency to sheer off from the 
leader (Fig. la), Creeping further ahead, its bows come 
within the influence of the inflowing currents while its 
stern is still being meee, and it consequently tends to 
sheer in (Fig. 1b). This tendency generally mes a 
maximum when the bow of the follower is a little abaft 
the beam of the leader, the exact relative position depend- 
ing on the relative s'zes and distance apart of the two 
vessels. If the follower passes this point in safety, the 
tendency to inward sheer gradually diminishes until, 
when a little abaft the beam of the leader, it disappears 
and is replaced by a strong tendency to bodily inward 
drift (Fig. 1c). A further advance reduces the inward 
force of the bows and increases that on the stern, with a 
consequent tendency to onward sheer (Fig. 1d), which is 
increased when, as in Fig. le, its bows come within the 
influence of the outflowing currents from the bows of the 
leader. Finally, as the follower draws ahead and becomes 
the leader, both bow and stern come within the influence 
of these currents, and, those at the stern being greatest, 
the stern is repelled more strongly than the bows, and the 
vessel tends to sheer inwards (Fig. 1f). The influence of 
the currents produced by the follower will, of course, be 
felt by the leader, and will tend to produce erratic 
movement on its part. The relative magnitudes of 
the various forces, and the exact point at which they 
change sign, varies with the relative sizes of the vessels 
and with their distance apart, but their general 
nature as direction and effect on both vessels 
with ships of the relative sizes and at the relative dis- 
tances shown is indicated in the diagrams of Fig. 1. 
The arrows: applied to the bow and stern of the vessels 
in these diagrams show the directions of the resultant 
forces at each point, and the curved arrows on each 
vessel indicate the direction of sheer under these 
forces. The curved dotted lines in the diagrams mark 
the boundaries between the regions of positive and nega- 
tive pressure accompanying the leading vessel. If, 
instead of being parallel, the overtaking vessel is inclined 
to the leader in the position b (Fig. 1), the inflowing 
currents act more directly on its bows, and at a given 
distance their effect will be consequently increased. 

rong we Effect of Bow and Stern Warcs.—Any ship- 
shaped body in motion is accompanied by a train of 
waves diverging from the bow and stern, and often, in 
addition, from some one or more points amidships, as 
indicated in Fig. 2, in which the full lines represent the 
crests, and the dotted lines the troughs of the waves. 
The exact type of wave formation and the relative posi- 
tions of crests and hollows with any given ship depend 
on its , and the modifying effect on a second vessel 
of the distribution of pressure set up by these depends 
largely on the relative lengths and positions of the two 
vessels. Under the circumstances indicated in Fig. 2 
however, the effect will be broadly as follows :— 

If the follower be at a, the height of water at a given 
point on its port side near the bows is greater than at the 
corresponding point on the starboard side, with a conse- 
quent resultant pressure to starboard. Near the stern, 
however, the resultant pressure at corresponding points 
is to port, and asa result of these forces the vessel will 
tend to swerve in towards the leader. The same holds 
true if the vessel be in the position }, while if in position 
cor d the reverse is the case. With a longer vessel in the 
same position relative to the leader, these actions would 
be modified and might indeed be entirely reversed, while 
at different speeds, with a different wave formation, the 
effects would also be different. In any particular case, 
however, these waves tend to modify the effect of the 
circulatory currents, increasing this in some positions and 
reducing it in others. 

- The difference due to this cause in the lateral forces 
over corresponding vertical elements of the hull is, how- 
ever, not nearly so great as would be produced by the 
same statical differences of level, since the pressure at a 
given depth below the crest of a wave is less than at the 
same depth below the trough. At a given point in 
water through which a train of waves is progressing the 
pressure becomes more nearly constant and equal to the 
=. at the same point in the water at rest, as the 

lepth of the point increases. With a vescel of draught 
so great that the vertical orbital motion of the particles 
at the level of its keel is negligible, the resultant lateral 
force over any vertical element of the hull would indeed 
be unaffected by the presence of the wave. 

The deeper the water, the greater is the vertical mot on 
ate given depth accompanying a given wave formation, 
and the greater the resultant effect on a vessel of given 
draught. From this it appears that the wave effect is 
greatest in deep water, where the effect of interaction is 
otherwise least, and vice versd. That the result may be 
very appreciable with suitable relative lengths of ship 
and wave is evident when it is realised that a mean effec- 
tive elevation of 1 in. on the one side from bow to 
midships, and a mean elevation of the same amount on 
the other side from midships to stern of a vessel 360 ft. 
long drawing 20 ft. of water, involves a sheering moment 
of the order of 1500 ft.-tons, 


3. EXPERIMENTAL RESULTS. 


Diagrams on pages 239, 240, and 241 show hically 
| the results of typical experiments in which the" elm of 
| the motor-boat was lnebed amidships. Bi ta 
| Inthe experiments shown in diagrams 1 to 8 the s 
| of the Princess Louise was 5.1 knots; in those of diagrams 

9 to 13 it was 3.61 knots; while in those of diagrams 
“ee it varied aa. 3.6 a sie aa 
experiment illustra’ in diagram 1 shows the 
repulsion when the smaller boat is ahead of the larger, 
gradually changing into an attraction as the latter boat 
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THE EXPERIMENTAL GALLERY AT 
DERNE, WESTPHALIA. 


In 1896 an experimental gallery for mine research and 
for the testing of safety explosives in the Westphalian 
mining district was opened near the Consolidation 
Zeche IIIL./[V., not far from Gelsenkirchen-Bismarck. 
Natural gas was available in this mine. This gas gave 


out, however, and as buildings had meanwhile been built | 
near to the gallery, and as the ground was wanted for | 


other purposes, a sum of 10,000/. was set aside in 1908 
for erecting a new gallery. The new site chosen is 
about 5 miles north-east of Dortmund, near the railway 
station of Derne, und less than a mile from the Zeche 
Gneisenau (Zeche means colliery), where ample gas is 

in available. The plant, which his been working 
since the summer of 1911, has recently been described in 
Gliick Auf. 

The whole site forms a triangle covering 48,000 sq. m. 
(12 acres), and is surrounded by a wooden fence about 
8 ft. in height. The buildings consist of a large gallery 
for experimental purposes, a smaller gallery for testing 
explosives, a third small gallery for testi electric 
apparatus, stores, engine-house, gas-holder, and the office 
building, which contains also the lamp-testing rooms, 
laboratories, and the low-pressure steam boiler for heat- 
ing the plant. Electric current is supplied by the col- 
liery at 2500 volts three-phase, and is transformed into 
direct current of 220 and 110 volt. The engine-room 
contains a rotary transformer, three-phase motors, the 
coal-grinding machines, and the compressor, which 
charges a holder of 8 cub. m. (280 cub. ft.) volume with 
air at 9 atmospheres. If the pressure should rise above 
this figure, the motor is automatically stopped, and a 
safety-valve is opened. As a rule the air 16 used at 
4.5 atmospheres only, because air-currents of the high 
velocity of 12 m. (40 ft.) per second are not often 
haere | and with this high velocity the nozzles would 
deliver more air than the compressor could supply. 
For producing coal-dust, coal is ground either by 
a centrifugal mill of the Hardy Patent Pick Company 
= was used at the Altofts plant), whose shaft runs at 

300 revolutions per minute, and which yields 100 kg. of 
dust per hour, or by a machine from the Krupp-Gruson- 
werk at Magdeburg-Buckau. The dust is graded into three 
fractions, the finest dust being as fine as any fouad below 
in the collieries. Next to the grinding-machines, which 
are separated from their electric motor to avoid risks of 
explosion, are the lead furnaces, in which the Trauzl 
blocks for conducting firing tests with explosives are 
melted down after use and re-cast in ten moulds; the 
dimensions of the blocks are those adopted at the Berlin 
International Congress of Applied Chemistry in 1903, 
the _ being 125 mm. deep and 25 mm. wide (5 in. and 
1 in.). 

The main gallery has at present a length of 100 m. 
(328 ft.) only; a length of 300 m. is contemplated. It 
forms a cylinder mounted in boiler fashion on cast-iron 
chairs, 6m. apart, on brick foundations; the internal 
diameter of the circular section is 1800 mm. (6 ft.). The 
tube is built of sections, 10 m. in length and 10 mm 
(0.4 in.) in thickness, each consisting of five rings bolted 
together with the aid of rings of angle-iron ; the sections 
are similarly united by rings and screwed into one 
another. Connections with gas and water-pipes can be 
made at intervals of 10m. Observation windows, glass 

nes 12cm. (4? in.) high, 23cm. (9 in.) long, and 

.5 om. (1 in.) in thickness, are fixed at the height of the 
axis of the gallery; in the first 5 m. such windows are 
vided on both sides. The floor of the gallery 
| mo levelled by putting in concrete. The far end of the 
gallery is open; the near end is closed ye iron cover, 
20 mm. (0. in.) in thickness, which is ked by two 
brick pillars, 3.1 m. (10 ft.) in length. The gun for firing 
the gas and dust is placed on wooden supports near the 
cover. -dust is fed into the tube from above, not 
far from the gun, and is kept stirred by a propeller, 
which is operated by hand from outside. These parts lie 
within the explosion-chamber, which hasa length of 6 m., 
and is partitioned off by a paper screen. Outside this 
chamber a line of boards, forming shelves, rest on 
brackets, on each side of the gallery ; coal-dust is spread 
on these boards. 

The ventilating-tube branches off at right angles from 
the main tube, in front of she explosion-chamb>r; it is 
first of full width, but narrows afterwards to a diameter 
of 1.2 m. (4 ft.), and is three times bent at — angles. 
The total length of this branch is 30 m. (100 ft.); it can 
be entirely shut off from the main gallery by an iron 
sliding shutter, which is raised or lowered in its guides 
near the main gallery. The ventilating-tube is separatel 
accessible through an iron door, which is fixed in a sm 
side branch near the just-mentioned slide. The venti- 
lator is a Pelzer machine, which normally runs at 580 
revolutions per minute ; the fan, 1100 mm. (43 in.) in 
diameter, is kept are in one direction, and the tran- 
sition from suction to blowing is made by closing either 
the suction or the diffuser pi 

The smaller gallery, 25 m. (82 ft.) in length, has an 
elliptical section, being 1.83 m. —_ and 1.32 m. wide 
(72 in. by 52 in.), and is built up of three (in the explo- 
sion-chamber of six) layers of pitch-pine boards, together 
60 mm. (2.4 in.) thick, which are tarred before driving in 
the nails. The inside is lined with sheet-iron 7 mm. in 
thickness, or strengthened by iron hoops, and the outside 
is encircled by half-rings of I-iron, which are joined by 
fish-plates and bolts along the upper and the lower middle 
lines ; four U-irons run along the sides and impart further 
strength to the structure. This pened is closed at the 
<< Sekish hc ouiaee oaea m. eee and 35m. 

igh, into which t lery penetrates toa depth of 1 m.; 
the U-irons are anchored fs the brickwork. The gun is 
placed ina hole in this block, which is also perforated by 


has | first level at a depth of 


the 12-in. pipy leading to the Pelzer fan. The explosion- 
chamber has a length of 5 m. Along the top line a series 
of blow-holes has been provided at intervals of 2 m. or 
3 m., these being circles 210 mm. (84 in.) in diameter, to 
act as safety-valves ; the blow-holes within the explosion- 
chamber are closed by paper screens. The gallery is kept 
at a tem ure between 20 deg. and 30 deg. Cent. 
(68 deg. and 86 deg. Fahr.). The observation windows 
of mirror glass, 2.5 cm. in thickness, are 27 om. by 14 cm. 
| (103 in. by 54 in.), and are fixed on the one side of the 

lery in bolted cast-iron frames between rubber strips. 
he other side of the gallery is covered with earth ; 
| the tube is not embedded in the ground, this being 
| inadvisable on account of the high level of the ground 
water, nor anchored in it ; it rests in a shallow depression 
on a bed of furnace cinders. ‘ 

The third small gallery for testing motors and apparatus 
has a length of 4 m. only; it is also built of wood, and 
has a level floor. . ; 

The lamp-testing is effected in an iron trunk, rectangu- 
lar in section, 26 cm. by 12 cm. (10 in. by. 47 in.), 4.25 m. 
(14 ft.) long, built up of sheets, 5 mm. (0.2 im.) in thick- 
ness. From the middle of this trunk two extensions 
branch downward at acute angles. Below the centre of 
the main trunk is another short trunk, which is coupled 
to the main trunk by a short inclined passage at each end, 
and by a vertical passage rising from its middle portion. 
Doors for introducing the lamps are provided in these 
short passages (the two inclined and the vertical), so that 

as currents drawn through the trunk strike the lam 
rom above and below or from the sides, according to the 
ition of bafile-plates within the trunk. Gas samples can 
Cleben from thetrunk. The gases enter the trunk through 


amixing-chamberat its one end, the suction being produced 
by a three-jet ejector of Kérting, mounted at the other 
end ; this ejector is worked by air under 4.5 atmospheres. 
The mixing-chamber is closed by two discs of brass, 
which are perforated and connected by 24 copper tubes, 
lying horizontally, each 16 mm. (0.63 in.) in diameter. 
These tubes are perforated with 12 holes, 3 mm. in 
diameter each. The natural gas is introduced into the 
chamber, and enters the tubes through the holes in the 
walls, whilst air is being sucked through the tubes. The 
gas mixes with the air in a large number of fine jets ; 
the mixture is through a short length of the 
trunk, and is then met by a partition of a double 
system of louvres, the first row being inclined downward 
and the second row inclined upward, so that a thorough 
mixing of the gas and air is obtained. The pipe feeding 
the trunk with gas consists of two branches, and it con- 
tains two valves, for rough and for fine adjustment of the 
gas supply, a gas-pressure regulator and a -meter ; 
there is also a pressure-gauge for determining the velocity 
of the gas current, and, further, a cock in the main pipe, 
which is closed as soon as an explosion occurs in the 
trunk. The article in Glick Auf, from which we quote, 
does not explain how the testing is actually carried out 
and how long a test lasts; the cock which separates the 
trunk from the measuring a ape and the gas-holder 
is to be turned by hand. @ speed of the gas current 
can be raised to 12 metres per second, and the gas mixture 
be varied so as to contain from 1 to 13 per cent. of 
methane. 

The natural gas drawn from the Gneisenau Colliery 
contains, on an average, 88.9 per cent. of methane, 
9.3 of nitrogen, and 0.9 per cent. of oxygen and of carbon 
dioxide. Up to 60 cub. m. of this gas can be withdrawn 
at the time; when more is taken the porceenee of 
methane decreases. bE comes from the coal at the 

m. (920 ft.). To collect it, a 
concrete dam has m erec down below. The dam 
rests on iron girders underneath the seam ; it hasa thick- 
ness of 1 metre, and is overtopped by a brick wall more 
than 10 ft. in height; thus a closed gas-chamber has been 
created in the ee and the gas can, apart from cracks 
in the rock and 1, only escape through a 70-mm. 
(2#-in.) pipe of iron, which is carried through the rock 
to a height of 40 ft., and then runs along roads and up 
the shaft to the holder, more than a mile away. In 
the gas-bolder the is under a pressure of 160 mm. 
(6} in.) of water. The pressure of the gas being insuffi- 
cient to raise the gas bell, a steam-ejector has been joined 
to the pipe to suck the = up and to send it on under 
pressure ; pots in which the water condenses had hence 
to be added to the pipe conduit. We should have men- 
tioned that the cl gas-chamber below is drained by a 
siphon. Recently a second source of a gas of the same 
composition has been tapped. , 

The explosives ine of the plant can store 200 kg. 
of eee ee t lies more than a hundred y: 
from any building, and is built in concrete and entirely 
covered with earth, except at the front wall, which is 
faced by as earth dike. The walls of the magazine 
taper from a thickness of 18in. below to 6 in. above. 
The floor is covered with linoleum, and the ventilating- 
shaft ends below the floor, where it is covered by wire 
netting, to be continued through the ceiling. Between 
the two strong en doors, which swing outward, 
there is yg ee omnvees in this hall serves 
for storing the igniter-caps. asting agents rest on 
shelves in the fener room. The magaeme is heated by 


Balk tent 


warm water and provided with a lig ig 








Tue Workine Fivurp or Internat - ComBUSsTION 
of Internal-Combustion Engines,” delivered by Dr. 
Dugald Clerk, F.R.S., before the Junior Institution of 


ING, has, we are glad to learn, now 
the Institu and is obtainable from Messrs. Percival 
Marshall and , 66, Farringdon-street, London, E.C., 
price 1s. 2d., post-free. 








Eorngs.—The valuable lecture on ‘‘ The Working Fluid | 


which we recently reported fully in Encivger- | of under 100 francs in value. 7 
been published by | appreciated by British shippers of small quantities of 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
T’ Jowrnal. Further information on these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Canada: The Imperial Trade Correspondent at Toronto 
reports that tenders are invited by the Toronto Depart- 
ment of Works for the supply and delivery of two portable 
centrifugal sewage-pumping engines, each complete with 
portable boiler, vertical e © with direct-connected cen- 
trifugal pump, suction and discharge-pipes, and flexible 
metallic steam-hose, &c. One sep must be capable of 
pumping 1200 U.S. gallons (1000 Imperial ye 
minute against a lift of 34 ft., and the other set 900 U.S. 

lons (750 Imperial gallons) per minute against the same 
ift. Sealed tenders on the proper form, marked ‘‘ Tender 
for Portahle Centrifugal Pumps and Hngines, with Boilers 
Mounted,” must be sent by registered post, and will be 
received, up to noon on August 19, by the Chairman of 
the Board of Control, City Hall, Toronto. A cash deposit 
of 100 dols., or a marked cheque for the same sum (cost 
about 20/. 12s.), made payable to the order of the city 
treasurer, must accompany each tender. The specifi- 
cation and form of tender may be obtained from the 
office of the Department of Works, City Hall, Toronto. 
With reference to the proposed construction of a big 
railway station and viaduct in Toronto, the Imperial 
Trade Correspondent at that city reports that the Toronto 
City Council and the Canadian Pacific, Grand Trunk, 
and Canadian Northern Railways, after long discussion, 
have agreed to the erection of a new Union Station at 
Toronto, and the construction of a viaduct along the 
water front. The viaduct, which will extend from 
Bathurst-street almost to the eastern city limite, will 
consist of earth embankment and concrete retaining-walls 
from Bathurst to Yonge, and earth embankment only 
from Yonge easterly, and is to be completed in three 
years. It will be 230 ft. wide, and give room for eight 
to twelve tracks. The viaduct and new Union Station 
together will cost 13,000,000 dols. (about 2,672,0002.). As 
a result of the ment the Harbour Oommission 
secures 180 acres of water-front property, which will be 
utilised for dock and industrial purposes. 

Norr.—A marked cheque is one whose event has 
been provided for by the bank on which it is drawn having 
transferred the amount from the account of the drawer 
and marked the cheque either “* accepted ” or “‘ certified.” 

It will be observed that the time for the receipt of 
tenders is limited, and this intimation therefore may be of 
use only to firms having agents in Canada who can be 
instructed by cable. 

South Africa : H.M. Trade Commissioner reports that 
the Cape Town Corporation has considered the report of 
the Swiss engineer on the proposed Table Mountain 
railway (see our issue of November 29, 1912, 

759), and has unanimously approved of the funicular 
railway scheme as op to the rack railway, the latter 
being considerably more expensive and offering no gi eater 
advantages than slightly different and additional scenic 
attractions. The line will start from Rocklands, and 
— to the summit via Platte Klip and Platte Klip 

orge, and its cost is estimated at 75,000/. The Ca 

Town Corporation has submitted the scheme for the 
approval of the other local municipalities in view of its 
utility to the peninsula in general and also in view of the 
forthcoming a tion of all local municipalities 
(except Wynberg). It is probable, therefore, that the 
scheme will not be formally sanctioned until the amalga- 
mation takes place in September next. H.M. Trade 
Commissioner considers that the scheme will in all prob- 
ability be adopted and a loan raised for the purpose. 

Switzerland: The Feuille Fédérale Suisse, Berne, pub- 
lishes a decree granting a subsidy of 1,000,000 francs 
(40,000/.) towards the expense which will be entailed in 
the scheme for regulating the River Reuss. The total 
cost of the o ions is put at 2,000,000 francs (80,000/.). 

Germany (Switzerland) : With reference to the pro- 
posed international competition for the preparation of a 
scheme for the navigation of the Upper Rhine between 
Basle and Constance, it is notified that the Acting British 
Consul at Mannheim has now forwarded a copy of the 

me of the competition. Prizes of 40,000 marks 
a ae 19602.), 28,000 marks (about 1370/.), and 20,000 
marks (about 980/.) are offered, and schemes must 
forwarded to the Verein fiir die Schiffahrt auf dem Oberr- 
hein, Basle, not later than 6 p.m. on December 10, 1914. 

Brazil: The Diario Official publishes a decree (No. 
10,332) ear-marking, in favour of the Brazilian Ministry 
of Communications and Public Works, a sum of 120,000 
milreis (about 8000/.) for the construction of a section of 
railway from Araxd to Uberaba on the Goyaz Railway. 

Argentine ic: The Boletin Oficial, Buenos Aires, 

ublishes a decree, issued by the Ministry of Public 

yorks, yn the terms of a contract entered into 
with the Buenos Aires Western Railway Company, 
Limited, for the construction of a 114-mile section of 
line, starting 22 miles west of ‘‘ Colonia Alvear” station 
and terminating at a place called Tambito. 





Frencu ConsuLaR Frees on British Imports.—The 
British Chamber of Commerce, Paris, points out that 
under the new scale of French Consular fees, published 
July 31, certified invoices of value can be visé by French 
Consuls free of charge for British shipments to Fr 
This concession will be 


steel and twist-drills, for which the Consular fee of 
6 francs constituted a item. These are almost the 
only goods requiring a certified invoice in France, 
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AXIAL THRUST IN TURBINE PUMPS, Fg Ms 
AND THE METHODS OF BALANCING | SoH0n Of various 


SAME. 


By A. E. L. Cuortron and L.W, Wet, Manchester. | axial end-thrust in turbine pumps. 
Or all the mechanical 
the development of the turbine pump, the most difti- | hydrostatical and the hy 
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Before poe cong the design and practical appli- | exact theory and formule for calculating these out- 


blems connected with| End-thrust in turbine — is caused by the | the nature of the liquid Lens has a still — 
ynamical conditions | disturbing effect. The h ynamical conditions, 
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cult one, and the one which has taken longest to|of the liquid in and around the rotating impellers ;|though of considerable importance in the end- 


successfully solve, is that of the end-balance of the | the first due to unbalanced static pressures on the | thrust 
rotating parts, the maintaining in their exact original 
position of the rotating members with relation to the | set up through 
fixed parts of the pump under all conditions, wear and the 

and tear included. 





blem, are not of 
impeller surfaces, and the latter to those pressures | the hydrostatical conditions, these forming by far 
changes in the direction of flow | the — component of the axial thrust. It is 
motion of the liquid surrounding | for this. 


the impeller. It is almost impossible to give the | with in the following formule. These are, however, 


cing devices to meet the | of-balance conditions, for though they naturally 
above requirements, it will not be without interest | vary with the design of pump, still even in similar 
to briefly describe the origin, nature, and effect of | pumps the variations in castings and in the tooling 
affect the result, whilst the wear and tear due to 


e same magnitude as 


reason that the latter only have been dealt 
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as will be readily understood from the foregoing 
remarks, theoretical values only, for the purpose 
of giving an approximate idea of the origin and 
magnitude of end-thrust in turbine pumps, and for 
estimating the size, &., of the balancing device to 
be fitted to counteract it. In the formule given 
the variables affected by variations in castings and 
tooling, wear, &c., are p, and pe, and it is interest- 
ing to calculate out the differences in end-thrust 
set up by, say, a variation of 1 lb. per sq. in. in 
either of these. 

Fig. 1 shows a diagrammatical section through 
the impeller of a turbine pump. The liquid enters 
the impeller at u with an absolute pressure p,, and 
leaves it at b with an increased absolute pressure 

», the amount of which varies, according to the 
head required, with the diameter and — of 
the impeller and its exit blade angle. ough 
the gap between the impeller and the stationary 
passages surrounding it at the outer periphery, this 
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Pressure to the right (chamber 2) :— 


P, = (d? — d,?) x ; X po + 


(a? - 3) © x (m2 - ri) 






problems of end-thrust did not present themselves 
as difficult ones in the early days of centrifugal and 
turbine pump design, as the heads worked against 
were but low, and the speed of rotation very mode- 
rate only. Any of the ordinary devices to take 


Thad up end thrust, such as the single or multi-collar 
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thrust-block, and later on the ball-bearing, proved 
satisfactory. Thus, in the early forms of the 
Reynolds multi-chamber pump, as made by Messrs. 
Mather and Platt, Limited, no special devices for 
the control of end balance were used. It must be 
remembered that in this pump special impellers 
were adopted in which the possible magnitude of 
the end-thrust was not so great as with the shrouded 


type. 

The advent of the high-speed turbine-pump, 
however, especially when constructed with a large 
number of chambers and with shrouded impellers, 
running at high speeds, made these end-thrust 
problems at once very complex and difficult. 

It will be readily understood that in a pump 
with n chambers or stages the end-thrust derived 





2 








The resultant unbalanced pressure or axial 


34964 
pressure Ps is also transmitted to the chambers 1 
and 2, a throttling device (neck-ring) c separating thrust to the right :— 


the chamber 1 from the impeller eye a. The result- | 

ing pressures on both sides of the impeller will then | 

be expressed by the following equations :— 
Pressure to the left (chamber 1) :— 


Py = (@-dy) x Fx - 





P= P,- P; = (d,?— 8?) x 4 x (Po - 71). 


From equation (3) it is evident that the axial 
_ thrust is only a small amount, if the diameter of | and economy, to deal with the high heads pumped 
| the impeller eye d, and the pressure p, or head of 
|the impeller are kept small, Consequently the | Amongst the earliest attempts to solve the diffi- 


as in formulz (3) is expressed by :— 
P, =n x (Py - Pi) =n x (d,? - 8) x i x (po—m) (4) 


viz., » times that in a single-chamber pump. It is 
obvious that it was not possible to take up these 
heavy pressures safely by means of thrust-collars 
or ball-bearings, particularly at the high s 

necessarily adopted, for reasons of high efficiency 


- (3) 





against. 
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culty was the so-called method of the ‘‘ back-to- 
back ” impeller arranged either in pairs or in series. 
The underlying principle is to balance the end- 
thrust of one impeller by that of another impeller 
arranged on the shaft in an opposite direction to the 
first one. The design shown in Fig. 2, page 243, | 
involves the use of somewhat intricate castings, 
which, coupled with the fact that it admits of the 
use of an even number of impellers or stages 
only, renders it expensive both in pattern and 
manufacture ; the use of a solid or integral body 
casting further makes the type less economical and 
flexible in its adaptability for varying conditions 
than the Reynolds type of series pumps. From the 
back-to-back method various arrangements were 
devolved, as shown in Figs. 3, 4, 5, and 6. It will 
be seen that while the impellers in Figs. 2, 3, and 5 
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of the balancing holes to conform to the ex- 
tremely complex hydraulic conditions under which 
they have to operate, as the authors have found on 
recent investigations on this very interesting sub- 
ject. The same defects adhere to the various 
designs which have been developed on this prin- 
ciple, some of which are shown in Figs. 8, 9, 10, 
11, 12, and 13. 

All the foregoing designs are, apart from the 
instability of their balancing effect, in no way 





secure against axial disturbance of the running 
members from their cen- 
tral running position — 
i.e., the position directly 
opposite the diffusion pas- 
sages. They are there- 
fore necessarily fitted with 
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rotating parts. Messrs. Mather and Platt, Limited, 
Manchester, were amongst the first to thoroughly 
study and successfully solve the difficult problem of 
auto-balance ; and it will therefore undoubtedly 
be of interest to follow the development of their 
various devices into the final and well-known double- 
plate or compound differential balance. In the first 
arrangement (Fig. 15) the last impeller was fitted 
with a neck-ring r, this forming behind this 
impeller a ure chamber K, which was con- 
nected to the suction of the first impeller by means 
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Fig. 14. 


are arranged to work in series, the impellers in 
Fig. 4 are working in parallel, and those in Fig. 6 
m parallel as well as in series. 

Another method of balancing end-thrust was 
taken from water-turbine practice, and adapted to 
the turbine-pump, Fig. 7. Its main features are 
the arrangement of throttling-rings (neck-rings) on 
both sides of the impeller, dividing the spaces sur- 
rounding the impeller into four distinct chambers 
(1, 2, 3, 4) and a communication between chambers 
1 and 2 by means of holes through the impeller- 
boss. The pressures in 1 and 2 and in 3 and 4 being 
thus respectively equalised, the system should theo- 
retically be in perfect balance, at least as far as the 
hydrostatical conditions are concerned. In practice, 
however, as has been stated, this is not so. Slight 
inaccuracies in the castings, in the tooling, unequal 
wear of the throttling or neck-rings, are apt to 
disturb the balance and to set up an end-thrust in 
one or the other direction. It is, moreover, very 








difficult to determine the correct size and position 
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bearing intended to act 
as a centring deviee. 
At the same time slight 
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Li of the piping p. A needle-valve 
n in this piping was trial 


by 

adjusted to maintain in K a cer- 
tain pressure, sufficient to balance 
the end-thrust of the pump. Any 
sudden movement of the impeller 
to the right tended to cause an 
: increase, any movement to the 
left a decrease, in pressure in the 











out - of - balance will 


chamber K, which counteracted 
the out-of-balance. This arrange- 





naturally involve this : 
bearing having to take 
up any end-thrust that 
might occur. The extent of this, and the effect 
of the heavy loads such a thrust-bearing has, in 
certain cases, been called upon to take, is seen in 
Fig. 14; this shows the hard phosphor-bronze 
multi-collar thrust-block of a Continental pump 
of repute, the collars of which are worn down 
through end-thrust from 7 mm. to less than 2 mm. 

Experiences like this made it obvious that some 
other device would have to be adopted to balance 
the end-thrust in turbine pumps, and that this 
should act automatically, so as to check instan- 
taneously any change that might ocour from internal 
or external causes in the balance conditions of the 














ment was, however, not altogether 
satisfactory, the needle-valve re- 
quiring to be readjusted from time to time, accord- 
ing to the wear in the pump, and it was further 
cates’ to possible accumulation of grit or silt in 
the needle-valve itself, a disadvantage of all non- 
rotating small orifices. 

The next development is shown in Fig. 16. The 
regulating valve is self-adjusting by means of levers 
conn to the pump-shaft, and transmitting 
thereby automatically any end movement of the 
rotary system to the regulating-valve. Frictional 
resistance and wear of the pins and centres of this 
mechanism caused the design to be not reliable 
enough, and subsequently design Fig. 17 was 
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developed. The regulating-valve is here mounted 
at the end of the pump-shaft, and transmission 
levers are dis al with. Every movement of 
the shaft in either direction acts directly on the 
regulating-valve, which by its movement controls 
the balance of the pump, maintaining the central 
position of the rotating parts. Fig. 18 shows this 
valve arranged directly behind the balance pressure- 
chamber A further modification is shown in 
Fig. 19. Wear which might take place along the 


surface of the impeller neck, especially when work- | an opening out on the s 







NF 
SS 






Yy 


YZ 
a. 






Z 


SSS 


\ SOS 
S 


WUuuiiiien 4 


QZ 


\ al 
YS hd Vm WA F 


Yb 


\! 









Udi 


yy 


SS 


RGA QAK AS 
hoe 
FY 


SSS 


S 


Sa 





Kééddd 


AS 


Fig. 18. 


. Sees 
: 
i 
H 





b-— 





b=: 

















(3096. @) 





CZ 


4H 
I il 


iF| 
I! 
. \ Wh Z Vl 
psy SD leery t 
y ud 






rim of the last impeller, passes through the holes 
h into the pressure-chamber m, from where it 
escapes along the large throttling surface of the 
balance-valve into the regulating pressure-chamber 
K, and from there, past the small throttling sur- 
face, into the escape-pipe p, leading back into the 
suction-chamber of the pump.- The double-plate 
balance appears to be the most sensitive automatic 
balancing device in practical use, for by it closing 
up of the plate on the e throttling face causes 
1 one, thus multiplying 
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ing on very gritty water, as in colliery work, &c.,|the balancing effect ; a movement of a few thou- 
to use a sandths of an inch being all that is required to 
tween the counterbalance the most extreme and sudden 
| changes of the hydraulic equilibrium of the pump. 


made it advisable in a modified desi 
separate renewable balance-piston put 
last impeller and the small regulating-valve. 
Fig. 20 finally shows the 
double - plate or compound 


arrangement. The balance-piston and lating- 
valve are combined, and form a Salinepdion with 


two active throttling surfaces, floating between _ | the case when pumps are working on gri 
e | 
vertically, so as to be| recent years, some 


fixed seatings with a minimum clearance. 
working faces are arranged 


independent of possible vibrations of the rotary | 22, and 23. In 
system. The pressure water, escaping from the used, in addition to another throttling device of sentirg readings taken to compare the water losses 


} 


mt standard The other and most important feature of this 
ifferential balance auto-plate balance is that it always maintains the 


(3496.A" 


central position of the impellers, even if the 
throttling surfaces become worn, as is invariably 
Pear 
have been brought out in 
which are shown in Figs. 21, 
each case a single- balance is 


Various other desi 
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fixed and unadjustable resistance. This throttling 
device is formed, in designs in Figs. 21 and 22, asa 
thread a on the boss of the balance-valve in front 
of the valve-seating, and in Fig. 23 as a small dis- 
charging orifice b Fos behind the balance-valve. 


It is, of course, obvious that such designs, although 
serving their purpose well on clean water, are not 
as reliable and effective in their action as the 
double - plate balance when working on gritty 
water or water of a nature to cause growth in the 


pipes, 


&c. Moreover, in these designs wear at 
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the balance-face is taken up by an axial movement 
towards the suction side, and the impellers are 
re moved out of line with the guide- 
ports by a corresponding amount. 

Fig. 24 gives the results taken during an official 
test of measurements of balance water-discharge at 
various heads. The pump in question was designed 
to deliver 550 gallons per minute against 500 ft. 
total head. From curve A it will be seen that the 
loss of balance ‘water amounts to less than half of 
1 per cent. of the pump output. 

An interesting result is given in curve B, repre- 
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BALANCING THE AXIAL THRUST IN 
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of single and compound balance-dircs, the single 
plate used for this experiment being similar to that 
shown in Fig. 21, The gain of the double, or 


Mather and Platt, "type is clearly. shown, especially | 8T°4 


at the higher pressures and speeds. 








B... E ip my Pra-Inon Union.—At ba recent chief 
eting the lowing statement was le concerning 
wed market. Sales are at t quiet, As far as the 
10me country is , both the foundries and the 
steel works have covered their 


hold back, with prices 
turbed political conditions. The d 
amounted to 91.87 per cent. of the it, and the 










despatch during July was aleo likely to prove satisfactory. 
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Barker on Heating : The T' and Practice of Heating 
and Ventilation. By A. H. Barker, B.Sc., B.A. 
(Lond.). London: The Carton Press. 
Tuts is a remarkable book. It is not likely to dis- 
appoint those who have been interested in the work 
Mr. Barker has done in connection with heatin 
and ventilation, or who have admired the criti 
and independent attitude he has taken up in refer- 
ence to much current practice and theory. The 
book states the whole of Mr. Barker’s position in 
t detail. It covers an acute theoretical analysis 
of the conditions entering into the problems of 
heating and ventilation, and deals in a clear way 
with the application of this theoretical analysis to 
the conditions of tice. The book is a large 
one, and runs to 640 large octavo pages of diagrams 
and matter, in addition to an appendix consisting 
of 69 pages of tables. As a mere collection of in- 
formation it should be of great value to all workers in 
the field of heating and ventilation. Itis, however, far 
more than a mere collection of information. It is 
a consistent and reasoned treatise, which establishes 
its practical recommendations as far as possible 
from theoretical principles, and points out where 
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and why it is n to leave theoretical con- 
siderations and rely on judgment and precedent. 

The volume is one to be read throughout, as it is 
constructed on a consistent plan and builds up its 

ractical data from the elements of its subject. 
t is remarkably complete. It ins with five 
chapters rows | to the properties of matter, heat, 
water, steam, &., and the elemental definitions 
and laws of mechanics. It is a small point, and we 
are little inclined to be critical in reference to any 
feature of the book, but we are not sure if the 
whole of the matter in these early chapters is justi- 
fied. In any work dealing with some aspect of 
the complicated problems of engineering, a certain 
amount of initial knowledge must be assumed on 
the part of the reader, and although, in the present 
case, some twenty-four lines are devoted to an 
explanation of the difference between mass and 
weight, we cannot think that anyone for whom 
these twenty-four lines were necessary would be 
able to understand some of the following sections 
of the book. It does not seem that instruction in 
the elements of physics and mechanics is properly 
- of the subject which is being dealt with. We 
o not wish to make too much of this matter, how- 
ever. The point is quite a small one, and incident- 
ally, and perhaps illegitimately, we are —_ y glad 
to have these early chapters, whether justi or 
not, since they form such an excellent example of 
Mr. Barker's remarkable gift of clearness of state- 
ment. The first chapter can only be described as 
brilliant. 

The sixth chapter deals with the hygiene of ventila- 
tion, and forms an interesting review of the question 
of ventilation from the physiological standpoint. It 
introduces a point of view which is maintained 
throughout the whole book. On page 120, Mr. 
Barker says—‘‘The criteria to which the heating 
engineer must work are the thermometer, the 
anemometer, the hygrometer, the carbon-dioxide 
measuring appliances, and other scientific instru- 
ments, and not the self-contradictory feelings 
or complaints of the he' eous occupants of a 
building.” This statement is obviously true if any 
attempt is to be made to build up a scientific 
foundation for the practice of heating and ventila- 
tion. None the less, it is necessary not to lose 
sight of the fact—and Mr. Barker never does lose 
sight of it—that the ultimate basis of heatin 
and ventilation must be a physiological one, 
that no matter what one’s instruments may say, the 
results obtained will not be satisfactory unless they 
satisfy the feelings and sensations of the ave 
person. The fixing of the data to which the results 
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of heating and ventilating systems should conform 
is a matter for medical men and physiologists. The 
duty of the heating engineer is to so design and 
apply his apparatus that the correct results will 
follow. Mr. Barker makes this abundantly clear, 
and insists, not merely once, that a blind adherence 
to the reading of thermometers and other instru- 
ments may produce final results far from satisfac- 
tory from the point of view of the user. 

The practice of heating and ventilation can never 
reach a satisfactory scientific basis until the results 
at which it is to aim are definitely fixed by the 
physiologists. For the present they are not so 
fixed, so that, apart from the difficulty in the 
application of physical principles which the engi- 
neer meets, he has an added difficulty owing to the 
uncertainty of the results at which he is aiming. 
Much has, however, been done on the physiological 
side during recent years, and an adequate summary 
of it will be found in Mr. Barker’s pages. An in- 
teresting point in this connection is raised in the 
twenty-third chapter, which deals with heating by 
fireplaces and stoves. Mr. Barker points out that 
any comparison, on a purely physical basis, between 
the heat effect of an open fire and a radiator is ex- 
tremely difficult, if not impossible, owing to the added 
effect of the radiant heat from a source of high tem- 
perature in the case of the open fire. The existence 
of this added effect is made very obvious if the read- 
ing of black and polished bulb thermometers are 
compared in the two cases, the black bulb instru- 
ment reading much higher with the open fire, even 
though that with the polished bulb may read the 
same in both cases. This added effect, not shown 
by an ordinary thermometer, is of great importance 
from the physiological point of view, and Mr. 
Barker suggests that an instrument which might 
give results of physiological value could, perhaps, be 
constructed by a combination of a shielded ordinary 
thermometer with a black bulb thermometer. Mr. 
Barker has, we believe, made this suggestion else- 
where than in his book. It is interesting to note 
that the idea underlying it has been applied and 
carried to a greater degree of refinement by Dr. 
Leonard Hill in the Kata-thermometers or ‘‘ Com- 
fort-meters ” which he exhibited at the recent Royal 
Society Conversazione. 

In reviewing Mr. Barker’s book we have no wish 
to suggest that it is concerned in the main with the 
amg ogical aspects of its subject. This is far 
rom being the case. As we have said, the basic 
physiological aspect is never lost sight of, but in 
essence the book is that of an engineer writing for 
engineers. Itis not concerned with the practical 
details of design, but the broad physical aspect of 
all the problems of heating and ventilation are dealt 
with. No problem is avoided, however difficult, 
and where calculation becomes impossible, owing 
to the complexity of the factors which have to be 
dealt with, the approximate solutions which prac- 
tice has shown to be sound are indicated. It is not 
possible, here, to deal fully with the major portion 
of the book, but we may briefly indicate its remain- 
ing contents in a little more detail than we have 
yet done. 

Following on the chapter on the hygiene of ventila- 
tion, there is one on the means of moving air through 
a room, and another on the movement of air in a 
room, The first of these treats of the problem of 
ventilation in general terms, and discusses the 
effect of cowls, open windows, flues, fans, &. 
The second is concerned with air-currents in rooms, 
draughts, the points of introduction of fresh air, 
&c. Following this there are two chapters on the 
calculation of quantities in ventilation, with many 
useful curves. The question of the position of the 
neutral zone and its effect on draughts is clearl 
treated. Then follows a chapter on fans, whic 
deals with the theory of their working, questions 
of efficiency, &c. The next six chapters are con- 
cerned with heating, that on the determination of 
the heat lost from a room in practice being of great 
interest. After that the Look deals with the 
combustion of fuel, boilers and chimneys. Then 
follows a chapter on the heating and humidifying 
of air, and others on pipe sizes, the plenum system, 
and heating by fireplaces and stoves. The final 
chapter is on the testing of plant. 

As we have said, the book should be of great 
value to the practical worker. It abounds in data, 
curves, and tables, the greater number of the very 
numerous curves having apparently been plotted 
by Mr. Barker himself. The labour involved must 
have been very great. As an example of the type 
of information made available for practical appli- 


cation by the curves, we may take at random the 
diagram forming Fig. 120 on page 482. The infor- 
mation given by the curves forming the diagram is 
also given in tabular form in Table XXVIIL., in 
the Appendix. The diagram is concerned with the 
determination of pipe sizes for a hot-water installa- 


tion. It connects values of 24 D,—D, with return 


1 2 

temperatures in degrees Fahrenheit. D, and D, 
stand for the weight of 1 cub. ft. of water at the 
return and flow temperatures, and the expression, 
which is established in the text, when multiplied 
by the height in feet of the centre of the radiator 
above the centre of the boiler, gives the approxi- 
mate circulating pressure in inches of water 
in a two-pipe system. To obtain figures for actual 
water circulation, pipe friction and other factors 
have to be taken into consideration. These are 
dealt with in the book. Our object in referring to 
Fig. 120 and Table XXVIII. is merely to give an 
idea of the class of information which is plotted 
and tabulated by the author. In conclusion, we 
cannot do better than quote the opening sentence 
of the preface to the volume, and add, as our com- 
ment, that Mr. Barker has amply succeeded in his 
intention. The sentence is: ‘‘The object of the 
present book ‘is to place before English-speaking 
readers a detailed explanation of the application of 
scientific principles to the chief problems with which 
the heating engineer has to deal, and further, to 
indicate the limits within which these principles 
are applicable in practice.” 





Handbuch der Ingenieurwissenschaften. Dritter Teil : Der 
Wasserbau. Herausgegeben von G. Franzius, A. 
Friintinc, E. Genzmer, TH. Kornn, Fr. KRevreEr, 
Tu. Reusock, Ep. Sonng, undG. pe TH1ERRY. Vierte, 
vermehrte Auflage. Zweiter Band. Stauwerke. 
I. Abteilung. Wehre und Fischwege. Bearbeitet von 
Tu. Rensock, K. E. Hivearp, und P. GerHarpt. 
Herausgegeben von TH. Rexnpock. With 502 illus- 
trations in the text and 14 lith phed plates. Leipzig : 
W. Engelmann. [Prices: unbound, 36 marks; bound, 
39 marks. } 

Tue genius of German is strongly metaphorical, 

as everyone who knows and has thought about the 

language will admit. Two examples will make this 
clear as well as many : thus the word ‘‘ nut ;” the 

German equivalent is Schraubenmutter or screw- 

mother, or the word ‘* pantograph,” for which the 

German is Storchschnabel or stork’s-bill ; Vorteil 

and Nachteil are also in point. There are, of course, 

many German words not metaphorical ; ostensibly 
synthetic, they convey on analysis little more than 

a false impression ; their meaning must be learnt 

by experience. Such a word is Handbuch, a term 

used in Germany to denote a publication com- 

prising anything from a dozen to sixty tomes, each 

weighing on the average half-a-stone avoirdupois. 
The ‘‘ Handbuch der Ingenieurwissenschaften ” 

(Hand-Book of Engineering Sciences), a title with 

which one can scarcely agree, comprises about forty 

volumes, containing excellently illustrated examples 

from the best practice, treated, however, in a 

manner hardly connoted by the term ‘‘ science.” 

The third of the Handbuch deals with the 

hydraulic side of civil engineering—rivers, harbours, 

docks, dams, sewage, irrigation, and water supply ; 
and the second volume of this third part deals with 
weirs and dams. The book before us, constituting 
the first section of the second volume of the third 
part, is not so heavy as it might have been, but it 
will do; it is devoted entirely to weirs and their 
accessory fish-ways, and contains 530 large octavo 
ges and eleven handsome folding-plates. The 
mee of the work is comprehensiveness ; on its 
subject it is encyclopedic. Every conceivable type 
of weir is described and illustrated : weirs in stone, 
concrete, wood and steel, rubble, timber, bamboos 
and twigs ; all kinds of weirs, pervious and imper- 
vious, are treated. The first page and a half is 
occupied with the definition of a weir and a dam. 

Then the reader is told why a weir might be 

wanted—a curious inversion. The important effects 

of weirs in causing alluvial deposits or erosion of 

the banks are well outlined, and the use of a 

horizontal grating from the crest to extend the 

area of the cushion water is described. The law 
regarding the subject is briefly sketched ; it is 
interesting to note the multiformity of the water 

laws in the various German States and provinces, a 

striking contrast with the uniform legislation in 

France. An elementary discussion of the forces 

on & massive weir occurs, apn the moditica- 

tions necessary for a pervious subsoil; the criterion 





of strength adopted amounts to our middle-third 


rule —i.e., no tensile stress in the masonry. 
Beyond this short section, there is nothing in the 
book more forbidding than arithmetic. Thus many 
would call the book ‘‘ practical,” a term too often 
consecrated to ignorance, illiteracy, and rules of 
thumb. It almost seems a pity that more advan- 
tage should not have been taken of scientific in- 
vestigation on the subject; reference is never 
made to Lorenz, Féppl or Prandtl; Bidone and 
Bélanger are not even mentioned. Some com- 
pensation there is in the synopses of valuable 
results from the Karlsruhe Laboratory; in this 
connection are given some excellent diagrams of 
stream forms, ventilated and otherwise. 

It is surprising how many people associate mathe- 
matics with German technical literature ; brood- 
ings and lengthy involved periods are a much more 
general feature. The book we are reviewing is 
almost entirely descriptive ; well-chosen examples 
from America, India, Java, and most European 
countries, are treated, and splendidly illustrated ; 
the weir at Richmond-on-Thames is included. It 
is wonderful how many forms a weir can take: 
solid and hollow, piled and buttressed, they are all 
included in the book. Some ideas, in fact, are 
discussed which are still in the drawing-office ; an 
attractive scheme is shown of a colossal weir, in the 
interior of which two canals are formed, so that 
two oppositely-moving lines of barges may cross 
the main stream. Then there are the adjustable 
movable weirs ; the slide-gate type with removable 
standards, post-weirs, roller-weirs, weirs like vene- 
tian blinds, semi-automatic fiap-doors, gates of 
segmental and sectorial forms ; in fact, every con- 
ceivable kinematic possibility is described, and a 
copious bibliography is furnished for the reader 
who wants more. 

A very valuable section of the book comprises 
forty-five pages, and deals with fish-ways in a 
masterly manner. It is a subject not always 
sufficiently considered. Geheimer Oberbaurat 
Gerhardt accords it excellent treatment ; he deals 
with the habitudes of a large variety of fish— 
migratory and otherwise—and emphasises the neces- 
sity of careful forethought in the matter. Two 
main factors occasion the migration of fish ; the 
desire for food and the reproductive instinct. Both 
of these have a seasonal variation, which should be 
considered with regard to the seasonal variations of 
water-level, in order to fix advantageously the depth 
of the fish-ways. In short, it is not necessary to fix 
the fish-way by the lowest water-level ever realised, 
but rather by the lowest level observed during the 
period of migration. There is much skill in placing 
the ends of the fish-ways so that the fish may find 
them easily, or, in fact, be attracted to them, and 
the author of this chapter is well known in Germany 
as one of the most skilful in the art. He deals with 
the fish problem in a very satisfying manner ; 
several varieties of step-chambers are shown, with 
minute though very important details of con- 
struction quite unknown to many river engineers. 
Modern water-turbines grow more and more com- 
plex and valuable, and experience in some parts has 
shown the absolute necessity of eel-ladders, if the 
turbines are not to be befouled. Thus the author 
deals at some length with eels ; with the older ones 
who descend, and with the younger ones who ascend 
the stream. Altogether, this chapter on a much- 
neglected subject is really excellent. 

With the general contents of the book the critical 
man will find scant employment for his faculty ; it 
has been compiled and written by experts. The 
descriptive matter is well printed and readable 
enough, and the illustrations are excellent. Com- 
pensating for the weight and size of the volume we 
have thorough treatment of detail and a type which 
does not try the eyes. It may be regretted that 
German publishers have not yet followed the 
British and Americans in the matter of emphasis 
by bold types; the typography of present-day 
German scientific books is decidedly like the English 
mathematical works of 1870 ; scant paragraphing, 
with occasional faint italics or open type ; these 
are characteristic. Every merchant knows the 
value of advertisements, properly headed and em- 
phasised, in attracting attention and impressing the 
memory; why should authors and publishers 
refuse to know this? The volume before us must, 
however, be highly commended ; it is distinctly an 
addition to technical literature. Whether or not 
it is apposite cannot be answered by a reviewer ; 
time and the public will decide that. The engineer 
who is engaged with weirs and who can afford to 





pay 2/. for a book will do well to buy it ; the man 














AUG. 22, 1913.] 


ENGINEERING, 


249 








who is not concerned with weirs was not considered 
very seriously when the book was written ; it is by 
specialists for specialists. 





Theory md Structures. By ARTHUR Morey, M.Sc., 
M.I1. Mech. E., Professor of Mechanical Engineering in 
University College, Nottingham. With 320 diagrams. 
London, New York, Bombay and Calcutta : Longmans, 
Green and Co. [Price 7s. 6d. net.] 

Tus book opens with an elucidation of the nature 
of stress and strain treated in some detail, follow- 
ing which there is a chapter of much interest deal- 
ing with working stresses, and giving an excellent 
account of the present state of knowledge with 
respect to impact. 

Bending moments and shearing forces are ex- 
plained and illustrated by well-chosen typical cases, 
stresses in beams of various sections being dealt 
with at great length. In the consideration of 
moving loads the author presents a useful state- 
ment of the more practical methods of arriving at 
maximum stress values, the application of influence 
lines is well explained, and the method of equiva- 
lent distributed loads is discussed at length, with 
evident appreciation of the simplicity of the method, 
while not omitting to give some idea of the limita- 
tions—limitations which, it may be remarked, are 
of less importance in usual British practice than 
would be the case for more open structures a 
a panels, to which it does not so wel 
apply. e deflection and elasticity of beams is 
studied in much detail ; particular features of the 
phenomena of deflection dealt with, though no 
doubt of interest, are in some instances a trifle 
academic. Graphic methods of determining flexure 
curves are presented, of direct utility, and some 
pages devoted to the consideration of deflection 
due to shear stress. 

Columns and stanchions are investigated under 
the general heading, ‘‘ Direct and Bending Stress ;” 
the root principles are studied, and the usual 
formule commented upon, with the effects of 
flexure due to extraneous causes and to eccentricity 
of loading. 

The latticing of open-work columns is treated in 
a manner somewhat open to question. The shear 
force which may be taken up by these is assumed to 
be measured by the available flexural resistance of 
the column, to which no exception need be urged ; 
but the amount of shear deduced appears t® be 
that which corresponds to a central transverse‘load 
developing this flexural resistance, instead of to a 
load approximating to even distribution, having 
greater end-shear values. Stresses in frames, roofs, 
girders, &c., are examined by the usual methods, 
from which the author proceeds to the more diffi- 
cult question of statically indeterminate structures, 
to which much attention is given, three methods of 
solution being presented, with suitable examples. 
The consideration of riveted connections, of struc- 
tural details, and of plate girders comes late in the 
book, and, but that the treatment of web strengths 
results in too liberal thicknesses and unnecessary 
stiffening, calls for no special remark. Suspension 
bridges are given adequate attention, as also 
metallic arches, including those having fixed 
springings. The last chapter treats of questions 
relating to earth pressures, foundations, and 
masonry structures, including dams. There are 
added, for the reader’s convenience, a list of 
standard sections, short mathematical tables, and 
answers to the numerous problems given through- 
out the volume. 

_ This work is essentially a student’s bookthat 

is, for those who seek a thorough knowledge of the 

principles involved in the design of structures. 

The author does not spare the use of strict mathe- 

matical methods of treatment, and for those 

sufficiently well equipped in this res the book 
will be most useful. -In. the’ descriptive matter 
there is an occasional obscurity of expression, which, 
however, commonly yieldg to more careful reading. 
A satisfactory feature of the author’s treafnient 
of various methods of calculation is that he appears 
to be clearly aware of limitations where these 
exist, and warns the reader suitably with respect 
to them. Some calculations, however, seem to 
imply a degree of accuracy which as a fact does, not 
exist in actual work. The estimation of values to 
& great degree of nicety is often labour thrown 
away, having regard to variations in the physical 
properties of materials, to the unknown conditions 
of initial stress in the work after manufacture, to 
uncertainties as to the condition of supports, the 
doubtful immobility of foundation masses, or true 


verticality of columns, which may be pulled in the 
ae of erection, with irregular bearing as a result. 

uch considerations account largely for the dis- 
inclination which engineers pn | on work to be 
executed have for inquiries of an involved nature 
leading to results of doubtful importance—doubtful 
because not all-inclusive. The ultimate test of 
long use and experience ap more strongly as 
a means of arriving at simple inclusive stress con- 
stants, in addition to which it is necessary, in order 
to deal with the more troublesome cases by 
laborious mathematical treatment, that there should 
be not only familiarity and confidence in the pro- 
cesses of calculation involved, but unlimited time 
in which to carry through, and check them. But 
such studies, though of limited use, are of much 
value as indicating what may be expected under 
the given conditions, showing what may for prac- 
tical purposes be treated as negligible, and what 
should be borne in mind, information of direct 
worth to the practical designer, to whom the book 
should be welcome, as to the student. A commend- 
able feature of this work is that references to 
other writers of authority are freely given. The 
book is well illustrated, and the mathematical work 
is well displayed. 
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3-TON WAR OFFICE SUBSIDY CHASSIS. 


In view of the standing of Messrs. Vickers as con- 
tractors for thé naval and military services, it is not 
surprising that their associated company, the Wolseley 
Tool and Motor-Car Company, Limited, of Adderley 
Park, Birmingham, should have undertaken the pro- | 
duction of commercial chassis to meet the require- | 
ments of the War Office subsidy scheme. Two models | 
meeting the conditions of that scheme were exhibited 
by the firm at the recent Olympia Exhibition, and we 
illustrate one of these this week in the figures on 
pages 250, 251, and the present page. The chassis we 
deal with is the 3-ton model which is capable of =. 
ing a useful load of 34 tons. Its general lines will 
followed from Fig. 1, on page 250, and Fig. 4, on page 
251. Among the more special features of the chassis, 
the arrangement of the back axle is probably of the 
greatest interest; but rather than deal with this at 
once it will be better to begin with the frame, and 
afterwards trace through the transmission from the 
engine to the back wheels. 

The frame is of pressed steel, with a maximum 
depth of 8 in., and is arranged with the taper on the 
upper side at the front end, in order to keep down the 
height to the top of the radiator, it being a War 
Office condition that the radiator must rest on the 
frame. The top-side taper adopted also facilitates 
access to the engine, as is well shown in Fig. 7, on 
this page. The engine has four cylinders 4§-in. bore 
by 54-in. stroke. The cylinders are cast in pairs, 
and all the valves are on one side. The crank- 
shaft, which is carried in three bearings, is 2 in. in 
diameter, the crank-pins being 24 in. in diameter. The 
lower portion of the crank-chamber is removable 
without taking down the main bearing. The car- 
burettor is of the Wolseley constant - depression 
type, and is water-jacketed to maintain the correct 
working temperature. The petrol-tank is situated 
under the driver’s seat, as shown in Fig. 4. Feed is 
normally by gravity, but a small air-pump is fitted for 
use when necessary on steep hills. Ignition is by Bosch 
high-tension magneto. Lubrication is by a positively- 
driven pump, which distributes to the main bearings 
and to troughs, into which the connecting-rods dip. 
A sight-feed indicator is fitted to the dashboard. The 
engine is fitted with a governor in accordance with 
War Office requirements. It is mounted on the spindle 
which drives the centrifugal water-pump, magneto, 
and fan-belt. The arrangement of these various parts 
can be seen at the side of the engine in Fig. 7. In 
addition to the governor-controlled throttle, there is a 
single throttle, which is operated by a pedal and finger 
lever. 

The clutch is of the leather-faced cone type, fitted 
with a ball thrust. The clutch-springs are of the flat 
laminated type, of length about equal to the diameter 
of the fly-wheel. The drive from the clutch to the 

ear-box is by a universally jointed shaft. The gear- 
oy which is shown in Figs. 2 and 3, is, of course, 
designed to meet the conditions of the War Office 
specification, which calls for four speeds forward and 
one reverse, and restricts the gate to two slots. The 
reverse is engaged by a continuation of the motion of 
the lever in the first-speed slot. The details of the 
gear-box will be followed from the figures ; as will be 
seen, it is a simple and straightforward job. It is 
suspended at its rear end by a bracket bolted to the 
frame cross-member, and at the front end from a 
circular stay, which fits in the large half-bearings | 
which can seen in Fig. 2. The countershaft fly- 
wheel brake is attached to the caps which form the 
covers of these bearings. The out-of-centre position 
of the oil-filter cover of the gear-box, as shown in 
Fig. 2, is necessitated owing to the position of the 
petrol-tank above the box. 

From the gear-box the transmission is by a pro- 
peller-shaft universally jvinted at each end, to a double- 
reduction bevel-driven live axle of novel construction. 
As will be seen from Figs. 5 and 6, the propeller- 
shaft carries a bevel-pinion which drives a bevel-wheel 
on a counter-shaft, which in turn drives the differential 
througha spur-pinion. The differential itself is of the 
spur type and contains three pinions, which drive 
into pinions on the axle-shafts. The whole is con- 





tained in an oil-tight casing in the centre of the 
axle, the casing being formed by @ ring-shaped portion 
of the axle forging, itself provided with two covers. | 
Ball-bearings are fitted to the reduction gear, but | 
the differentials have plain bearings owing to the | 
limitation of dimensions imposed by the War Office | 
specification. The axle-shafts, of course, take no | 
weight, the wheels running on floating bushes on/ 
the axle- tubes. By withdrawing the axle-shafts | 
and removing the rear cover of the differential 
easing the differential can be removed, while by 
disconnecting the torque-thrust member and removing 
the forward cover the whole of the reduction gear can | 
be taken out. 


The position of the thrust-member can | long 


As will be seen from Fig. 1, the member is so placed 
that the forward thrust ie taken horizontally. 


n-metal bearings and are provided with ball-thrust 
rings. Two sets of brakes are fitted, the first 


The rear wheels are 42 in. in diameter and carry | consisting of the hinged strap brake on the gear-box 
twin solid tyres; the springs are semi-elliptical, 54 iv. | countershaft already referred to, and the second of 
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The front wheels are 36 in. in 


(39619E) 


and 4 in. wide. 


be seen from Figs. 1, 5 and 6. It consists of a double- | diameter and have single solid tyres, and the front 
pressed steel member of channel section, the forward springs are 40 in. long and 3 in. wide. All wheels 
end of which is pivoted to a spherical bearing on a| are steel castings. The front axle is of I section with 
cross-member supported from the frame by trunnions. | inverted jaw ends. The swivel-arms are carried on 








clearance under any part of the chassis is 12 in. 
only detail part of the chassis to which we need refer 





internal metal-to-metal double -acting shoe - brakes 
working on inside drums on the rear wheels. These 
are operated by a hand-lever. The minimum road 


The 
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is the steering arrangement, which is shown in Fig. 8. 
It is of the irreversible worm and segment type, and is 
adjustable for wear. The connecting-rod to the axle 
is provided with adjustable ball-joints. The steering 
cross-rod is behind the axle, and has knuckle joints 
fitted with hardened-steel bushes. Each joint is pro- 
vided with a separate grease-cap. The movement of 
the steering-wheel provides for a maximum lock of 
38 deg. on each side of the normal. : 





INDUSTRIAL NOTES. 

In the last quarterly report issued by the Ship 
Constructors’ and Shipwrights’ Association we read 
that the special advance conceded to time-workers of 
ls. per week, or jd. per hour where payment was 
made by the hour, will bring the wages of the ship- 
wrights on the Clyde to 41s. 74d. per week, of those on 
the Tyne to 41s. 6d., on the Wear and Tees to 4ls., 
at Barrow to 4ls. 74d., at Birkenhead and Hull to 
41s. 6d., the advance taking effect from the first 
full pay-day in August. The enhanced rates are to 
remain undisturbed for a period of twelve months. 
In every district, says the report, the wages are 
higher than ever before in the history of the Asso- 
ciation ; further, the report adds, the wages of 
the members in the various ports have been raised 
to their present rate without any loss to the indi- 
vidual or to the Association and without disturbing 
the of the shipyards. The report also states 
that, ‘‘By conferences and negotiations between 
the employers and the responsible representatives 
of the Association, our members have benefited 
to no inconsiderable extent. . . . Our bitter experi- 
ence of-the past reminds us that, in too many cases, 
striking did not secure any improvement in wages. 
Every thinking individual and responsible official must 
agree that a stoppage in the shipyards at this time 
would have been most disastrous to the continued 
prosperity of the industry. . . . Such a stoppage 
te have depleted the funds of the various 
unions, disorganised the industry, and created a posi- 
tion in the future of great difficulty.” The execu- 
tive expressed satisfaction at the fact that the 
members, together with those of the trades under the 
Shipyard Agreement, had by their votes shown a keen 
appreciation of the position and of the necessity during 
the present good times of consolidating and increasing 
their funds, obtaining thereby, while it lasted, the 
fullest advantage of the present prosperity. The 
income of the society during the . wy April, May, 
and June had been 19,995/. 15s. 8d. ; the expenditure 
had reached the sum of 17,564/. 4s. 6d., leaving a 
balance to the good of 2431/. lls. 2d. This brought 
the reserve funds to a total of over 129,000/. he 
present membership was 26,397. 


The report for August, dated the 8th inst., issued 
by the Steam-Engine Makers’ Society states that this 
society’s unemployed amounts to 95, equal to a per- 
centage of less than 1, whilst the average Board of 
Trade figures show a percentage of 2.1. 





The latest figures of the Board of Trade, based on the 
returns sent in, are contained in the issue of the 
Board of Trade Labour Gazette for the 16th inst., 
which states that employment in July continued very 
good on the whole. There was some decline in the 
pig-iron, building, furnishing, brick-making, and glass 
trades. Several branches of the textile trades also 
showed a falling off. On the other hand, there was an 
ingore in the iron and steel, tinplate, et 
and pottery trades. The engineering and = uilding 
trades remained very good, and there was little change 
in coal-mining. There was a continuance of the demand 
for workmen in the shipbuilding and engineering 
trades, and in the building trades in some districts. 
A deficiency in the supply of women was reported in 
the cotton, linen, and Slothing trades, and in laund 
work. The upward movement in wages continued, 
Most of the principal industries showed ‘an improve- 
ment as compared with July, 1912, which was itself a 
period of good employment. There was, however, & 
considerable decline in the tinplate trade, and some 
falling off in the glass trade. 

Trade unions with a net membership of 926,787 

reported, on the basis of 3138 returns, 17,935 (or 1.9 
per cent.) of their members as unemployed at the end 
of July, 1913, com: with 1.9 per cent. at the end 
of June, 1913, and 2.6 per cent. at the end of July, 
1912. The percentage of “insured” workpeople un- 
eniployed at the end of July was 3.1, compared with 
2.8 at the end of June. 
_ Returns to the number of 1913, from firms employ- 
ing 414,509 workpeople in the week ended July 26, 
1913, showed a decrease of 0.3 per cent. both in the 
number of workpeople employed and in the amount of 
wages paid compared with @ month Compared 
with @ year ago, there was a decrease of 0.4 per cent. 
in the number of workpeople employed, and an in- 
crease of 2.5 per cent. in wages paid. 





The returns, to the number of 823, from firms em- 
ploying 868,602 workpeople in July, 1913, showed 
that in July last the days worked per week were as 
follows :—5.26 in coal-mining, 5.65 in iron- mining, 
and 5.25 in shale-mining. 

The changes taking effect in July affected 233,000 
workpeople, of whom 229,000 received increases, the 
net effect of all the changes being an increase of 13,7000. 
per week. 

The number of disputes _— in July was 109, 
and the total number of workpeople involved in all 
disputes in progress during the month was 126,912, as 
compared with 122,623 in the previous month, and 
117,333 in the corresponding month of last year. 
The estimated aggregate duration of disputes durin 
the month was 1,184,500 working days, of whic 
343,000 were due to the metal-workers’ dispute in the 
Midlands, as compared with 1,718,200 in June, 1913, 
and 1,323,200 in July, 1912. 


trade-union leaders are uneasy, adds our contempo- 
rary, because the industrial unrest of the last few 
— has swept into the unions a large mass of mem- 

rs who are not imbued with the thrifty spirit that 
hae built up the a unions in the country. These 
men have only joined the unions for the sake of the 
benefits offered during strikes, or under the influence 
of energetic canvassing. In the event of strikes, which 
might precipita by these new members, they 
would draw from the unions benefits far in excess of 
their contributions. 

The National Union of Railwaymenis now increasing 
its membership at the rate of about 3000 per month, 
but the following figures show that its funds available 
for strike benefits are not keeping pace with the influx 
of members :— 


Membership. Trade-Uuion Fund. 


Year. 














mn. weekly number of vacancies ager 3 » the 364 in en silts 
bour Exchanges which were open at the beginning ib 1155 
of July, 1912, for the five weeks ended July 18, 1913, aa omen ot 132000 send 
was 22,725, compared with 22,975 in June, and 21,445 | 1913 (estimated) 230,000 


in July, 1912. he weekly number of vacancies filled 
was 17,092, compared with 16,596 in June, and 16,041 
in July, 1912. 


The management committee of the Northumberland 


Miners’ Association issued on Monday, the 18th inst., 
a strongly-worded circular, in which they point out 
that reeent miners’ strikes —i.c., the -shift 


strike of 1910 and the national strike of 1911—have 
not only depleted the funds of the Association, but 
have resulted in a bank overdraft of 10,0001. The 
rent allowance which it had now been decided to pay 
to financial members who occupied rented houses 
during the last three weeks of the national strike will 
have the effect of increasing the overdraft to 16,000V., 
and this, at a rate of interest of 34 per cent., will mean a 
charge of 560/. per annum upon the funds. The count; 
strike, it is stated, cost the funds between 23, 0002. 
and 24,000/. per week. The committee wish to warn 
the men against the ‘‘ strike-for-every thing advocate ;” 
they add that the men are only too frequently 
carried away by the arguments of such men, and do not 
stop to consider how futile, except in rare instances, 
arethese methods. Inthecommittee’s opinion, workmen 
should never resort to a strike until every other 
measure hae failed, and even then only if they have 
the means of striking both hard enough and lon 
enough. Now, as the result of resolutions carri 
under the influence which the committee condemn, the 
votes of members have to be taken on three questions, 
all of which involve the probability of a county strike 
if two-thirds of the votes are in favour of such action. 
The points at issue are the grievances of night workers, 
the taking of every eye as a general holiday 
without the consent of the colliery-owners, and the 
modification or abolition of the three-shift system. 
The committee say that their desire to have these 
grievances remedied is as strong as that of the most 
ardent ‘‘strike advocate,” but they recognise that 
all attempts to realise their desires must be measured 
by their strength and governed by reason and dis- 
cretion. 





An unsatisfactory situation is reported in the affairs 
of the Society of motive Engineers and Firemen. 
The assets of this society, whose membership is 
30,000, amounted, at the commencement of 1912, to 
185,814/. 19s. 114d., and at the end of the same year 
to 169,712/. 4s. 3d., showing a fall of 16,102/. 15s. 84d., 
this being the amount by which the expenditure ex- 
ceeded the income during the year. 





An article in the Times of yesterday points out 
that the labour unrest of the last few years is depleting 
the funds of the trade unions to an extent which is 
causing anxiety to the labour leaders. The General 
Federation of Trade Unions, in return for contributions 
of 3d. or 6d. per member per quarter, pays weekly 
strike benefits of 2s. 6d. or 5s. For some time after 
the Federation was formed, in 1899, the plan worked 
well, and a substantial reserve fund was built up ; but 
owing to the abnormal number of strikes since the 
beginning of 1909, the position has quickly changed, 
as shown by the following figures :— 











| Benefits | Reserve Benefits Reserve 
Year. Paid. Fund. Y¢*F “Paid. Fund. 

£ £ £ £ 
1908 | 24,922 162,210 1911 72,321 61,235 
1909 | 122°748 74,729 1912, 70,609 35, 
1910| 8,767 99,902 | 1913 91,106 15,888 


‘psa AS 


These figures take no account of overdrafts at the 
bank or loans raised to meet deficits which have not 
yet been paid off. Nearly 900,000 trade unionists are 
affiliated to the Federation, and this may at any 
moment be faced with liability for strike-pay far in 
excess of its nominal reserve fund. he older 
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The strike in the German shipbuilding yards, which 
started in the middle of July, a to be drawing 
slowly towards a settlement. Work at the Hamb 
yards was jam | resumed on Friday last, the 15t 
inst. It is feared, however, that trouble is not yet at 
an end, since the men of the Bremen yards were still on 
strike at the commencement of the present week, and 
if they remained on strike over Wednesday, the Ham- 
burg men were to be locked out yesterday (Thursday) 


evening. 

A 4 number of railway men held demonstrations 
in Hyde Park, London, and in various provincial 
cities on Sunday last with a view to taking steps to 
secure theenrolment all the railway men throughout the 
United Kingdom as members of a trade union, and then 
to demand an eight-hour day and a minimum wage of 
30s. per week for all railwaymen. The termination 
of the Conciliation Boards was strongly advocated, 
and it was resolved to ask the railway companies to 
give instead full recognition to the men’s trade-union 
officials. The date was chosen to commemorate the 
railway strike on August 17, 1911. The demonstrators 
came from the rank and file, and several speakers 
stated that it was no use relying on Unity House, the 
head-quarters of the union; ‘‘ the men to fight 
for themselves,” 








The Sheffield union moulders, to the number of about 
1200, decided to return to work on Monday, pending 
the consideration of the points in dispute at a joint 
meeting of the Masters’ Association and officials of 
the Ironfounders’ Society. The men struck work 
without notice three weeks ago as a protest against 
ten or twelve non-union men being employed at the 
works of Messrs. Edgar Allen and bo." Limited. 
Since last Monday, however, matters have become 
somewhat complicated by reason of difficulties in con- 
nection with the men at Messrs. Crowley’s works. 
At these works mostly non-union moulders are 
employed. A number of these men recently entered 
the society, and Messrs. Crowley reinstated non- 
society men only. The joint conference, besides the 
points originally in dispute—i.ec., the moulders’ w 
and the summonses sent out for striking without due 
notice—has now to give its attention to the case in 
regard to Messrs. Crowley’s works. 





The monthly trade report for July of the United 
Pattern-Makers’ Association contains the following 
statements :—‘‘ The London movement for the 
establishment of a 1s. per hour rate makes steady if 
somewhat slow progress. Seventy-nine firms have 
now agreed to the increase, and 150 members, or one- 
third of those concerned, are now working at the Is. 
rate as a result of the movement. . . . A joint com- 
mittee has been formed at Ashton to obtain an 
advance of ls. per week for fitters and turners, and 3s. 
per week for pattern-makers ; this to bring the whole 
of the workmen up to the Manchester rates. . . . Our 
new branch at Ipswich has gone on the war-path, and 
an application for an advance of 4s. has been sent to 
each employer in the district, including Colchester. 
Replies have been received stating that our application 
will be dealt with immediately by the local Employers’ 
Association. ... The N Branch protests 
against the action of the Executive Committee in 
calling for a further vote re investment in Daily 
Citizen from Assistance Fund, when two adverse votes 
have already been given, and questions the legality of 
same, it not being created for the purpose of invest- 
ment according to rule. If any levies are asked for, 
they should be for our members’ use, to help further 
the conditions of our trade. . . . Sheffield East 
resolves that a two-thirds majority be required before 
we invest in the Daily Citizen, ...” 
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HISLOP’S OIL-TESTING MACHINE. 


THE machine which we illustrate on this and the 
opposite page has been devised for testing- the lubri- 
cating properties of oils and , and is of the 
class in which the friction between a lubricated driven 
member and a loose member causes the latter to 
move to some extent with the driven member against 
the resistance of a spring, the amount of the move- 
ment depending on the degree of friction. The 
machine is designed so that the friction can be 
ascertained either between revolving members or 
between reciprocating members, and can be recorded 
by suitable mechanism. Friction of revolving parts is 
ascertained by means of a spindle rotating between 
loose bearings, the pressure on which can be varied by 
means of a spring, oil being applied to the bearings auto- 
matically or by d, as is convenient, while the fric- 
tion between the reciprocating parte is ascertained by 
means of a piston moving to and fro in acylinder, the 
pressure between the piston and the cylinder being 
variable at will, as is also, by means of steam, the 
temperature at which the oil is tested. The results in 
each case are recorded automatically. The apparatus 
is shown in perspective in Figs. 1 and 2, annexed, 
which are reproductions from photographs, in vertical 
section, in Fig. 3, and in plan in Fig. 4, while Fig. 5 is 
& longitudinal vertical section through the cylinder 
in which the oil is tested for reciprocating friction. 
Figs. 6 to 10 are various details, and Figs. 11 and 12 
show the recording mechanism. 

If we refer now to Figs. 3 and 4, the driven friction 
member is shown at A, and the loose friction members 
at B, between which members the oil or grease to be 
tested is introduced. The part A is mounted on a 
horizontal spindle C, driven by the coned pulley D. 
The loose friction members are held in position by 
the bell-crank levers E and F, the fulcrums of which 
are carried at the end of a spindle G, as shown in 
Fig. 3. The temperature of the loose friction bear- 
ings can be noted by means of a thermometer which 
is inserted into a hole in the upper bearing. On the 
spindle G there is a loose part H (Figs. 3 and 4) 
at the two ends of which are pivoted the arms I and 
K. The spindle is also attached to a cylindrical 
casing L enclosing a spring M and carried in the 
bearing O on the main framework of the machine. 
1t has on it also a circular rack P (Fig. 4), to which we 
shall refer later. Onthe spindleG there is a loose circular 
piece Q, which fits in the casing L, so made that it bears 
against the end of the sprin M, pressure being put on 
it by the levers Rand 8. These levers are centred on 
@ spindle T, and are operated by a handle U through 
the bevel-wheels V and W, a screw, and a nut, 
shown in Figs. 3and4. In order to take the strain 
off the levers R and 8S, and prevent the spindle G 
rotating, the hand-wheel Z is screwed up against Q 
after the spring has been compressed the amount de- 
sired, and the eens R and § are released. 

To the end of the spindle G is fixed the part a, 
which is so arranged that it will rotate in the ball- 
bearings }, all lateral movement of the spindle G being 
prevented. On the spindle G there is an arm c (shown 
in Fig. 4), on the outer end of which is a rod d 
attached to a spring fixed to the frame of the 
machine as shown. In Fig. 6 an alternative arrange- 
ment is shown, in which the driving friction member A, 
Figs. 3 and 4, is replaced by the friction member /, 
oat the driven member B by the loose friction 
member g, both of which have flat surfaces, which 
are brought to bear on each other by the compression 
of the spring M, Fig. 3, ~~: on the part H and 
the arms I and K, and so tothe carrierh. By this 
means disc friction may be obtained. 

As is shown in Figs. 3 and 4, the main driving- 
spindle C carries a bevel - wheel i which drives 
the spindle & through the bevel-wheel shown, the 
other end of the spindle aes a crank-pin /, which 
drives the reciprocating iriction appliance shown in 
Figs. 4 and 5. This consists of a piston m working 
inside a cylinder x, the latter, in this case, forming 
the loose friction member, or the one that is moved by 
friction. The cylinder is carried by a pair of bars o 
and p, along which it can slide. On the bars are 
springs as shown, which bear against lugs on the 
cylinder n. On these lugs are the bent bars qg and r 
(Fig. 4), with spring-loaded pawls « and ¢ at their ends, 
which are arranged to engage with the racks « and »v, 
mounted on the uprights w. The arrangement of 
these pawls and racks is such that the cylinder is 
free to move only in a direction away from the crank 
which actuates the piston m inside. Steam or gas 
can be admitted through the back cover of the 
cylinder by means of the pipe x, and to the opposite 
cover is attached a pipe i which the steam or gas 
can escape. 

The reciprocating friction member is shown in detail 
in Figs. 8, 9, and 10. It consists of two ts m, m, 
which are alike, and fit inside the cylinder x. The 
shank of each is threaded, as shown, one shank havin 
a right-hand thread, and the other a left-hand t 4 
and both shanks are held by the split-nut y, which 
can be turned so as to force the parts m, m out or 


draw them in, in order to increase or diminish the 
friction inside the cylinder. 

The mechanism by means of which the results of 
the tests are recorded is shown icularly in Figs. 4 
and 1]. Onthe secondary spindle & there isa worm z, 
which, through a worm-wheel, actuates the spindle a! 
and the train of wheels }'. By this means the spindle 
c} (Fig. 12) is rotated, the two drums d' and e! (on the 
spindle) which carry the recording papers being also 





tion members A and B, after which pressure is put on 
the friction surfaces by compressing the spring M. 
The spindle C is then rotated from any convenient 
source of power, and the resulting friction between 
the surfaces of A and B causes the spindle G partially 
to revolve against the influence of the spring at the 
end of thearmc. This movement of the spindle G is 
transmitted to the casing L, on which is the curved 
rack P, and thence to the straight rack /! (Fig. 12) and 


























On the other side of the machine there is a straight 
rack h! (see Fig. 12) fastened to the lugs on the 
cylinder n, and actuating the train of wheels shown, and 
rough it the threaded spindle k', on which there is 
the nut /' (see Fig. 4). On this nut there is an arm 
carrying the pencil n'. A bar o' (Fig. 4) prevents the 
arm from turning round the spindle. 

The operation of the machine is as follows :—Uil or 
grease is introduced between the surfaces of the fric- 

















Fia. 2. 


, turned. On one side of the machine the curved rack | the pencil g'. As the cylinder d' is at the same time 
| P gears with a rack /! which carries the pencil g'. | rotated from the main shaft C and the spindle k, a 


curved line is recorded on the paper round the drum. 
In the appliance for testing disc-friction, shown in 
Fig. 6, the oil or grease is introduced between the 
friction members / and g ; the load is then put on by 
means of the spring M and the machine rotated, the 
result being recorded on the drum d', as previously 
described. 

When it is desired to test oil or grease for recipro- 
cating friction, the appliance shown in plan in Fig. 4, 
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and in section in Fig. 5, is used. The oil is introduced | shown in Fig. 12. This rack actuates the train of 
into the cylinder by any suitable means, and the | wheels i', and turns the nut /' (see Fig. 3), and moves 
main driving shaft is then rotated, thus reciprocating | the pencil n' in a direction parallel to the rotating 
the parts m, Figs. 5, 8, and 9. The resulting friction | spindle, on which is the recordin cylinder ¢', the 
between the members m and the cylinder tends to cause | result being traced on & paper round the cylinder. In 


Fig.3. 
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the latter to reciprocate also, the movement away from | this way a curve is traced on the paper. During this 
the direction of the crank causing a pawl (shown aty', operation steam or gas can be introduced into the 
Fig. 7) to pass over the teeth of a rack q', the rack, cylinder n through the pipe x, making it possible to 
however, preventing the return of the cylinder until test oil or grease in the presence of steam or gas. 

the pawl is rel . The cylinder, therefore, moves The machine may be seen in use at the works of the 





in one direction only, and carries with it the rack h', British Oil and Turpentine Corporation, Limited, 


Excelsior Refinery and Wharf, Hayes, Middlesex, 
where the company undertake to reproduce any 
working condition, and investigate all lubricating 
problems. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Tonnage arrivals over the week end were up 
to expectations, and the tone of business has been firm 
in all departments, although buyers are to some extent 
waiting to see whether any improvement is likely to take 
place in the coal output. At the same time, sellers are 
so fully sold that even a full output would be easily 
absorbed for some time. Household coal has shown little 
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Naval Training.—Steps are being taken at Devonport 
to give effect to new naval training schemes. The cruiser 
Andromeda, which is to be linked up with the Powerful 
to form a training establishment for boys, is being fitted 
to prepare her for her new duties. At the close of this 
month she will be removed to new moorings at Hamoaze, 
opposite the South Yard. The Ganges is to be devoted 
to providing bathing accommodation for the boys; the 
Ganges was originally a third-class cruiser. 


Cwmcarn.—It is understood that the Ebbw Vale Com- 
ny intends to erect 500 houses on garden city lines at 
carn. The site selected occupies the side of a hill. 
The company is taking this step in order to accommodate 
the workmen who will be employed at a new colliery in 
the Cwmcarn Valley. Alrealy several hundred men are 
employed at the colliery; but in course of time the 
number will reach at least 2000. 


The South Wales Engineers.—The South Wales Insti- 
tute of Engineers are to meet in Ghent in the first week 
of September. Among the papers promised, Mr. E. L. 
Hann is to give one on the sinking and equipping of the 
new Bedwas colliery of the Powell Duffryn Company. 
Among other members of the institute who have notified 
their intention to join the party are Mr. T. Evens and 
Mr. W. D. Wight pat residents), Mr. H. T. Wales, 
Swansea, Mr. W. Stewart Gicheen of the South Wales 
Coal Owners’ sane and Mr. J. Roberts, Swansea 
(vice-presidents), Mr. J. Dyer Lewis, Inspector of Mines, 
Swansea, Mr. W. A. Chamen (Chairman of the Western 
Section of the Institute of Electrical ineers), Cardiff, 
and Mr. Alderman Illtyd Thomas, Cardiff. 


Feet E. Steer presided at the last meeting of 
the Newport Harbour Board. The statistics of p 
ments for July showed an import of 93,449 tons of iron 
ore, as compared with 75,415 tons in July, 1912; coal 
exported, foreign, 399,901 tons, as compared with 429,707 
tons; and coal exported coastwise, 65,377 tons, as com- 
pared with 65,839 tons. The total export of tin plates, 
foreign and coastwise, was 5274 tons, as com with 
5893 tons. 


More Welsh Coal.—Mr. W. D. Weel. manager of 
the Markham Colliery, in the Sirhowy Valley, and his 
staff have reached the seventh seam. seam is 
6 ft. 6 in. thick, and is of excellent er. It was won 
ata depth of 600 yards. The Pwilbach Cr sa 
pany, Ystalyfera, commenced, some thirty mon ago, 
important extensions of its workings by re-tunnelling 
Alltygrug mountain. The new tunnel, which has now 
been completed, was designed to replace an old one, 
which is still being used to convey the coal now worked 
in the Gwrhyrd mountain to sidings at Ystalyfera. The 
new tunnel will permit of a double service of trains, and 
the output is expected to be doubled also. 


Dowlais.—The Bessemer and Siemens furnaces have 
been doing well. The Goat Mill has been engaged on 
heavy-section steel rails on colonial account, as well as 
fea bana eae nae billets, f tin ~. Lo Bi = 

been kept going upon light short-length s rai 
for und ak use, as 1 for — &c. Sole- 
plates, fish-plates, &c., have also been turned out toa large 


| extent. 





Tue Franco-British Travet Union.—The first con- 
gress of this union will be held in London, at Marble 
Arch House, W., on tember 23 to 27. The subscrip- 
tion for membership is per member and 2/. per asso- 
ciation. Members will be entitled toattend the meetings 
of the Congress, and, so far as limitation of numbers 
permits, to receive invitations to the social gatherings 
and entertainments. Until September 20 the offices of 
the Congress will be at 33, Craven-street, Charing Cross, 
where information will be supplied and tickets issued. 
Ths crossing encectary nhs Driffield Hewkin ‘The 

organising secretary is Mr. T. Dri wkin. 
official organ of the union is a booklet, in English, entitled 
ve ” issued at the price of 6d., from the Craven- 
street offices. The last issue, Vol. I., No. 2, contains 
interest ng illustrated data on a number of French towns 
and tourist resorts. 
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GUN LATHE AND BORING-MACHINE. 


We illustrate on Plate XIII., and on the present page 
and page 258, an exceptionally large combined gun- 
turning lathe and boring-machine, probably amongst the 
largest yet mide, which has been completed recently by 
Sir W. G. Armstrong, Whitworth and C»., Limited, at 
their Opsnshaw Works, Manchester, where some of 
the finest and largest tools of this type have been con- 
structed. These machines have been specially designed 
to meet the demands of modern ordnance construction, 
which necessitate having not only a powerful and 
massive tool, but one of great utility. 

The machine shown in the elevation in Fig. 1, on 
Plate XIII, and also in perspective in Figs. 2 to 5, on 
the same plate, and in Figs. 8 and 9, page 258, is a 
combined one, and is arranged for sliding (parallel 
and taper), surfacing, screw-cutting, grinding, oo 
and chambering guns, and the following is a list 9 
the principal dimensions of the tool :— 






Z 





Fig.6. 


/; 


N 





/ 


Height of centres 55 in. 
Admit between centres 67 ft. 6 in. 
Length of lathe bed 96 ,, 54,, 
Width of id in. 
Depth of ws on 4, 
Diameter of face-plate we 110 ,, 
Diameter of front bearing, fast 
stock... sah i ms s 

Length of front bearing, fast 

headstock... foc ne 344,, 
Diameter of cylinder of loose 

headstock _... Fig ae Mw 
Traverse of boring bar 69 ft. 

” ” bed 64 ” 
Length of __,, ~ 80 ft. 9 in. 
Diameter of boring bar 10 in. 
Quick traverse of saddles 15 ft. per min. 

e, ja stays she 7 a 

i af boring bed 7 a 


. ” 7 ’” 
se rye speeds ... 4 to 18 revs. per min. 
Weight of machine # 230 tons 
(All gears throughout are machine cut.) 


The fast headstock, shown in end view in Fig. 6, 
annexed, is of massive construction, having a hardened, 
fluid-pressed, forged-steel spindle, running in phosphor- 
bronze bearings, the front bearing being adjustable 
for wear by means of a wedge, while the back bearing 
is fitted with a number of collars to take the thrust 
of the out, the bearings having forced lubrication 
by means of a motor and pump. The face-plate 
wheel is of forged steel and the pinion is chrome- 
nickel steel, the teeth being machine-cut double- 
helical to ensure smooth running, — for the 
boring operations. The pinions and driving-shafts 
are made of hard steel, the shafts run in a mo 
bronze bearings, and are also fitted with double keys. 

The face-plate is of very — design, being well 
ribbed at the back, as shown in Fig. 6, the external 
spur-ring being let on toa flange cast on the back of the 

rr being fixed b hep . steel screws. The 

nt of face-plate is our strong forged- 
ateel jaws (see Fig. 8) ed into the plate ; each 
jaw is independently moved on the plate by means of 
i -steel screws, which are fi with lock-nuts 
friction-washers to take the thrust of the jaws. 
The drive is by means of a 100 horse-power variable- 


speed motor running at from 300 to 900 revolutions 
per minute, and three changes of gearing (iuterlocked 
# prevent mishap) giving spindle speeds from 4 to 18 
revolutions per minute. The motor and the change- 
j gears are clearly shown in Figs. 2 and 6. 

The movable headstock, shown in outline in Fig. 7, 
is fitted with a hard fluid-pressed forged-steel cy- 
linder, adjustab'e by a steel screw working into a 
phosphor-bronze nut; the cylinder can be locked in any 
— by suitable lock-bolt and pad. The centre is 
orced into the work by means of a worm, worm- 
wheel and cross-handle, and an eccentric release to 
the worm enables the workman to use the large hand- 
| wheel directly connected to the forcing-screw in the 
cylinder, if a quick movement of the cylinder is re- 
quired. The movable headstock is also connected 
with the quick-run serew, which enables a quick tra- 
verse of Tt. p’r minute in either direction to be 
| obtained. 





! The two saddles are independent of each other, | 








run is obtained from a 15-horse-power constant-speed 
motor, 600 revolutions per minute, fitted to the ~ 
of the fast headstock through spur-gears, bevels, and 
clutch gear to the shaft in front of the , then by cross- 
shaft at the end of the lathe-bed, reversing-mitres, and 
spur-wheels to the screw fitted in the rear portion of 
the lathe-bed. 

The boring saddle has a bearing surface of 86 in. 
on the bed, and is arranged with a circular table, upon 
which is fixed a cam for use in way og chambers of 

uns. This table is clearly shown in Fig. 5. The table 
is revolved by means of change wheels and worm and 
worm-wheel, as shown in Fig. 5, and with the aid of 
the cam the desired shape of chamber can be made. 
The saddle is fitted with a flanged oy ee shaft 
to which is attached either the long boring-bar for 
boring the gun-tubes or the short bar for chambering. 
On the back of the saddle is fitted a rotary pump 
driven by a motor for supplying the lubricant when 
boring. The lubricant is carried in a tank 138 ft. 10 in. 


15 Feet 





arranged with self-acting feeds, both for sliding and 
surfacing in each direction, giving 8, 16, 32, and 
64 cuts per inch; they are also fitted with quick- 
running gear, giving a speed of 15 ft. per minute in 
| either bookies cheng the bed, and a ish -cxdaning 
motion of 3 ft. per minute in both directions. All 
the motions are controlled by means of levers and 
clutches within easy access of the workman, and are 
also interlocked to prevent accident. The saddles are 
arranged so that they can be coupled to a swivelling 
guide-bar, thus enabling taper-turning to be done. 

The two top rests have each compound slides and 
are —— to swivel, so that short tapers can be 
turned. The feed-screws are of large dimensions and 
the nuts of ample length, while the clamp-bolts and 
clamps for fixing the tool are of forged steel. The 
rest on the front saddle is arranged to accommo- 
date a special slide, on which is mounted a grinding 
attachment. This attachment is self-contained, bsing 
driven by motor, which also drives the pump for the 
necessary lubricant. The saddle is driven from the 
—o shaft when grinding, the shaft being slowed 

own by a special reduction-gear designed for the 
purpose, which —- @ grinding: speed of 3 ft. per 
minute. The roller support and stays are of strong 
design, adjustable to suit the various diameters of 
work, and are coupled to the quick-run mechanism, 
enabling a speed of 7 ft. per minute to be obtained in 
either direction. 

The bed of the lathe is cast in two pieces, accuratel 
planed, tongued and jointed ther by steel bolts, 
and is fitted with two large diameter fluid-pressed 
forged-steel screws, one for screw-cutting and the 
other for quick running the roller-support, stays, 
loose headstock, and boring-bed, and also two long 
shafts, one of which is used for feeding and for the 
quick-running of the saddles, and the other for con- 


are each forged in one 
100 ft. in ~ m the shafte being supported at inter- 
vals by tumbler-bearings actuated by kickers on the 
underside of each saddle. 


back of the fast headstock spindle 
gearing to the shaft in front of the 








trolling the motor-switch by means of hand-wheel and | 
gearing from the saddles. These screws and shafts | quick running, and ti 
iece, although they are nearly | 


The feed motion to the saddles is obtained from the | 









long at the back of the machine, the feed and exhaust- 
pipes trailing in this tank. The boring-bars are of fluid- 
pressed forged steel, in one piece, the long bar being 
——- by means of two automatic slip-carriages. 


e boring-bed is cast in two pieces, accurately 
laned, tongued, and jointed together by steel bolts. 
he bed is supported by several standards of ample 

bearing surface, the front standard containing the nut 
which gears into the screw, giving a quick traverse of 
7 ft. per minute. The feed-box is attached to another 
of the standards, and contains ten changes of feeds in 
geometrical progression from 0.5 mm. to 5 mm. per 
revolution, and by using the special reduction gear 
mentioned in connection with the grinding apparatus 
further fine feeds can be obtained, ranging from 
0.1 mm. (75 mm.) as a minimum. The bed is fitted 
with a large-diameter fluid-pressed forged-steel screw, 
and also a long shaft; the screw is supported at 
intervals by bearings, and the shaft by tumbler bear- 
ings. This shaft is actuated by means of spur-gearing 
from the end of the screw, and then drives the change 
and worm-gear when chambering. The base-plate is 
also cast in two pieces, and accurately jointed to the 
lathe-bed ; a long fluid-pressed_forged-steel shaft is 
attached to the back of the base-plate, and is eet 
at intervals by tumbler bearings actuated by a kicker 
on the feed-box standard. 

The boring feed is obtained from the lathe-feed 
shaft in the front of the lathe-bed, then by cross-shaft 
and reversing mitres to the long shaft at the back of 
the base-plate, from there by a vertical shaft and mitres 
to the feed-box standard by a short shaft underneath 
the boring-bed, and then by spur-gearing to the screw 
in the boring-bed. 

The machine is complete with change-wheels for 
screw-cutting and chambering, screw-keys and cross- 
handles, and brass indicating-plates giving instruc- 
tions regarding the position of levers for the feeds, 
various other motions. 





German Bar Inon. — The negotiations about the 


| formation of a German bar-iron syndicate have not led 


to any result, and the differences standing in the way of 
its formation were so considerable that no wish for re- 


by means of spur- newed negotiations seems to exist. The collapse, how- 
bed The quick ever, Bey ten no decline in prices, rather the reverse. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday 

the pig-iron market was very quiet ; only one Cleve- 
land warrant changed hands at 24d. fourteen days, 
and the session closed firm with sellers at 55s. 2d. cash, 
55s. 6d. one month, and 56s. 1d. three months. In the 
afternoon the tone wasa little easier, and Cleveland war- 
rants were done at 55s. ae. cash, and at 55s. 3d. and 
55s. 34d. fourteen days. turnover was 2000 tons, and 
closing sellers quo 55s. 14d. cash, 55s. 
and 56s. three months. On Friday morning the market was 
quite idle, and Cleveland warrants were unchanged with 
sellers at-55s. 14d. cash, 55s. 54d. one month, and 56s. 
three months. Another idle session was recorded in 
the afternoon, with Cleveland warrants the turn easier 
at 55s. Id. cash, and 55s. 4d. one month sellers. The 
three months’ position was unchanged at 56s. sellers. 
Copper was offered at 69/. 15s. three months sellers, 
but there were no buyers’ quotations. On Monday 
morning the market was steady, but dealings were 
small, and consisted of 1500 tons of Cleveland war- 
rants at 55s. cash and 55s. 4d. one month, and at the 
close sellers quoted 55s. O}d. cash, 55s. 44d. one mont 
and 55s. 104d. three months. Cash hematite was quo 
69s. 6d. sellers. The afternoon session was firmer, and 
one lot of Cleveland warrants c hands at 55s. 10d. 
three months, with sellers over at 2d. cash, 55s. 6d. 
one month, and 55s. 11d. three months. Tuesday morning 
was a blank session, and sellers of Cleveland warrants 
quoted easier, the prices being 55s. 1d. cash, 55s. 44d. one 
month, and 55s. 11d. three months. Sellers of hematite 


. one mon 


quoted 68s. 9d. cash, but buyers were absent. In the | S00! 


afternoon there was little doing, but the quotations for 
Cleveland warrants only sho a slight seme “9 with 
sellers at 55s. cash, 55s. 4d. one month, and 10d. 
three months. The turnover was ted to one lot at 
55s. thirteen days. Sellers of cash hematite quoted 68s. 
When the market opened to-day (Wednesday) quietness 
again ruled, and prices were easier. e 88 
consisted of 1000 tons of Cleveland warrants at 55s. 1d. 
one month, and sellers’ closing prices were 54s. 94d. cash, 
55s. 14d. one month, and 55s. 9d. three months. Hema- 
tite was weak, and the quotation was 6d. down, with 
sellers naming 67s. 6d. sak. The afternoon session was 
dead idle, and although sellers —— quoted Cleveland 
warrants at 54s. 94d. cash, the positions were the 
turn easier at 55s. 1d. one month, and . three 
months sellers. 


Scotch Steel Trade.—There is little change to report in 
the Scotch steel trade this week, and al h there is a 
certain amount of activity generally, some departments 
are on busy. For heavy material ly is the 
demand very poor, as 
to hand po A slowly, and an increase would be gladly 
welcomed. The recent reduction in prices has accelerated 
a certain araount of business on home account, but buyers 
are still holding off to some extent, and seem in no hurry 
to place orders on a falling market. The export inquiry 
is also of a rather limited nature at the present time, but 
the future ts are considered quite favourable. 
Black-sheet makers continue to be we employed, ar 
a fairly good business is being done with Australia, 
India, South America, and the Far East. Structural 
material is still in demand, and producers are experiencing 
quite a satisfactory run of trade. Fairtsh lots are going 
to South Africa, Australia, and New Zealand, as well as 
other places abroad, but Canada has not been quite such 
a g customer of late. The official list of prices is 
ae A meeting of the directors of the Steel Oom- 
pany of Scotland, Limited, was held in G! w to-day, 
when the accounts for the year ended July 17 last were 
submitted. After writing off special expenditure amount- 
ing to 31,6601. 16s. 9d., they recommend that, subject to 
audit, 30,0007. be to the credit of the reserve fund 
account, and that 47,0830. 6s. 8d. be applied to the pay- 
ment of a dividend at the rate of 10 a. annum, 
less income-tax, carrying forward a ce of 20,4330. 


Malleable-Iron Trade.—During the past week there 
has been little or no sign of any improvement in the con- 
dition of the West ~4 ope ee per = 
reduction in prices which took place y has not brough 
any great me of new business, but hopes are entertained 
that new orders may shortly be booked. This is con- 
sidered more probable now that reports state that Con- 
tinental producers’ prices are getting a little stiffer; but 
the competition from that quarter, and also from America, 
is still very keen. 


Scotch Pig-Iron Trade.—There is a sort of lull in the 
Scotch pig-iron trade at the moment, and buyers are not 
too much in evidence. The demand both on home 
export account is not very pressing, but over the week 
there have been no changes made in prices. The follow- 
ing are the market quotations for makers (No. 1) iron :— 
na rire (all shipped o Glasgow) pp 

oan, a ; 
rossan), 75s.; Shotts (at Leith), 75s.; and Carron (at 
Grangemouth), 76s. 





Tur New Borpine or THE InsTITUTION OF CIVIL 
Pyoiveers : ErraTuM.—In our notice of the new buildi 
of the Institution of Civil Engineers, on 226 and 
of our last issue, a slight error arose owing to an unfortu- 
hate transposition 
the description Fig. 2 was said to re} t 
the building facing Princes-street, w Fig. 3 was said 
» ~s = of o Te pny These 
shou ve been reversed, Fig. 2 showing Great 
George-street front, and Fig. 3 the side facing Princes- 


Street, 


specifications for plates are coming | ‘4 


and | resul 


the blocks on Te = i 
side o' 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

New pws wd Work.—The news that the Admi- 
ralty had deci to place the contract for the building 
of the hull and ey of a new super-Dreadnought 
in the hands of a Sheffield firm came as a welcome piece 
of information, in spite of the fact that the armament 
works are at full ure. The armament firms are one 
branch of Sheffield industry that has not been affected 
by the decline from the boom of last year. 


South Yorkshire Coal Trade.—Demands on shipping 
account have improved the position of the steam-coal 
market, and an extra fillip has been added by the 
increased requirements of manufacturers. Forward 
business has only in few cases, however, been ean 
The demand on export account is somewhat better, but 
does not show the usual August briskness. House coal is 
experiencing a sale, consumers attending to their 
winter s rices erally have shown firmness, 
and in some directions 


6d. 10s. ; 
shire ym te ed yh ye iy ge oy 4 
ae slacks, 7s. to 8s. ; 6s. to 7s. 6d. ; smalls, 
. to 6s. 
nity at Shee capt nee aoe has pew 
e little change. sers are only giving ers for 

iron for immediate consumption, and makers have offered 
no special terms that be calculated to induce exten- 
sive business. East Coast and Lincolnshire pig irons 
have been affected by the position of the -— 
industry in South Wales. Hematites, West and t 
Coast, are unc and opinion is strongly held 
in some quarters that there will be no weakening. The 
reductions in bar iron seem to have had no appreciable 
influence on the market, and makers have experienced no 
special demands. There is a similar depression in billets, 
which have to face keen foreign competition. New busi- 
ness in the steel industries shows a decrease that is not 
wholly accounted for by labour dispute, holidays and 
stocktaking. Firms employed on work for the Govern- 


ment, however, have extensive for armour- 

and shell to keep them fully occupi Spanish, Brazi- 
lian and Turkish naval work isaccounting for a good deal 
of the local activity. A good number of contracts have 


been placed in Sheffield just recently, which include 
large railway material orders from India, Western 
Australia, the New Zealand Government, Ireland, Buenos 
yres, &c. Prosperity continues to attend the manufac- 
ture of agricultural implements, and makers of tools, 
files, &c., are doing good business. Orders are good for 
steel motor-car parts. 
ightside Foundry.—The report of the Brightside 
Fou and Engi ing Company shows that o 


neering 
advances have been made on the previous year’s working. 


and | Not since 1907 has the present dividend of 74 per cent. 


been equalled, and the profits show an increase on last 
year of 4150/., amounting to 9965/. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLesBRouGH, Wednesday. 
The Cleveland Iron Trade.—As is usual during the 
annual local race week, holiday-making is general. Few 
traders are to be seen on ’Change, business is on a 
very limited scale. Apart, however, from the tem 
inental inquiries are reported, and a fairly good autumn 
business with customers abroad is looked for. Values of 
ig iron are easy. Merchants are quite 
o. 3 g.m.b, Oleveland pig at . f.0.b., and 
ogee d many of them would not 
6d.; whilst No. 1 is t at 58s.; No. 4 foundry, 
56s.; No. 4 forge, 54s. 9d.; and mottled and white 
iron, each 54s. 6d.—all for early delivery. Extreme 
ape = gg on the —y ~~ Bn of 
the staple industry. otations are falling 
Nos. 1, 2, and 3 East Coast brands at 70s. for either early 
cur ak ton, ated ot te te bean 
pay that in the 
a lower rate wil rule in the near future. There isnothi 
passing in foreign ore. Merchants, however, are 
sold, and are not disposed to lower quotations, with the 
t that market rates remain nominally on the basis of 
20s. ex-ship Tees for Rubio of 50 per cent. quality. Coke 
is dull and easy, though in heavy local consumption. 
Average blast-furnace kinds are on sale at 18s., delivered 


Manufactured Iron and Steel.—As is usual during the 
local — holiday Pry ns works vt pmpe a+ pane 
taking advantage execute necessary 

irs and generally o their machinery. There 
is little new to report ing the various branches 


3 
! 
3 
i 
H 


suspension of business due to the holidays, more Con- | 





columns, 7/. 7s. 6d.; cast-iron railway chairs, 4l. 15s. ; 
light iron rails, 7/. to 7/. 5s. ; heavy steel rails, 6/. 12s. 6d. ; 
steel railway sleepers, 7/. 10s.—all net at works; and iron 
and steel galvanised corrugated sheets, 24 gauge, in 
bundles, 11/. f.0.b.—less the usual 4 per cent. 

Stocks and Shipments of Pig Iron-—To meet current 
needs Cleveland pig continues to be steadily taken from 
the public warrant stores here, the withdrawals so far 


this month averaging 420 tons per working day, and at 
this rate the stock would disa: al r in about 
fifteen months. The stock of Cleveland pig in the stores 

or 6752 tons 


to-night (Wednesday) stands at 186,059 
less ion at the eens of the month. Shipments of 
ig iron from the Tees ports to date this month average 
tons per working day, the total despatches amount- 
ing to 57,649 tons. To the same date last month the 
clearances of pig were given at 55,180 tons, or a daily 
average of 3270 tons, and for the corres ing part of 
August, last year, the loadings were returned at 58,104 
tons, or an average of 3630 tons per working day. 





Tue Late Mr. James Rospson.—We regret to have to 
announce the death on the 15th inst., at Handsworth, 
Birmingham, of Mr. James Robson, Senr. Mr. Robson 

born in 1832, at North Shields, and in his early years 


}| carried out a considerable number of experi ts with 
- | small gas-engines. He constructed sev: i which 
were put to work in the neighbourhocd of his His 


first patent for improvements in gas-engines was taken 
out in 1877, and this was followed by a later one in 1879. 
These two patents, although the full credit was not 
usually ied to Mr. Robson, may be regarded as the 
pioneer patents of the “‘two-cycle” fir engine, and 
indeed, all the present-day engines of this cycle operate 
in conformity with Mr. Robson’s patents. It will prob- 
ably be remembered that his early com ial gas- 
engines, working on the two-cycle principle, were manu- 
factured by Messrs. Tangyes, Limited, Cornwall Works, 

irmingham, having been intrcduced about the year 1881, 
while shortly afterward this well-known firm brought 
into the market his patent gas forging-hammer, of which 
many examples were sold and are still working. 





Tue INsTITUTION OF ELecrRicAL ENGINEERS AT Paris, 
May, 1913.—A supplement to the July number of the 
** Bulletin de la Société Internationale des Electriciens ” 
is entirely devoted to the ‘‘Congrés des [ ieurs 
Electriciens d’Angleterre et de France, tenu A Paris du 
21 au 24 Mai, 1913.” A copy of this issue has been 

ted to all the members who icipated in the 
joint meetings, over which Mr. D. ot, President 
of the Société Internationale des Electriciens, and Mr. 
A Duddell, en of the a san emg 

ingineers, presided. r. Berthelot’s name is 

pana we to electrochemists and to those interested 
in the chemical effects of light and electric waves than it 
is to electrical engineers. We commented in our columns 
on the proceedings of the joint wr at some length, 
and also published abstracts of many of the papers read. 
The French official report does not reproduce the com- 
munications in full, but prints most of the papers pre- 
sented in abstract, supplemented by illustrations, with 
full accounts of the discussions. A brief epitome of the 
programme is given, but nothing is said about the excur- 
—_ -—_ — to heap et Pps Supplement is : 
volume o' pages, large octavo, of gen: interest, an 
of special interest to those English members who wish to 
look up the discussions and their own remarks as ren- 
dered in French. The French language is used through- 
out the volume. 





Tse Copper Marxetr.—In their report dated the 
18th inst., Messrs. James Lewis and Son state that there 
as been an advance of 2/. 10s. per ton in the value of 
standard copper during the past fortnight, from 67/. 7s. 6d. 
for both cash and three months prompt on the Ist inst. 
to 697. 17s. 6d. on the 14th. On the 15th there was a 
recession to 69/. 10s., but subsequent recovery to 
691. 16s. 3d. On the 18th the closing values were 69/. 15s. 
cash and 69/. 13s. 9d. three months. The sales amounted 
to about 20,000 tons. The ey ven | in values was 
mainly due to a continuance of the etrike at the Lake 
Superior Mines, but this was not expected to last much 
longer. The conclusion of the war in the Balkans also 
induced purchases on behalf of both consumers and u- 
lators, considerable sales of manufactured copper being 


to | made for India and elsewhere. American refiners having 


sold freely for delivery during the next two or three 
months for both home — and export, had 
gradually raised their price for electrolytic to 153 and 16 
cents o pewee. and to 73/. 5s. and 73/, 10s. per ton c.i.f. 
Sales of Ja electrolytic had recently been made at 
721. 158. 721. 10s. for September and October delivery. 
by was & pany mag Se 13,205 tons in og a ome 
oreign copper in Europe, as compared wi e same 
period year. American exports for the t two 
weeks had been 17,518 tons. The returns of the American 
refiners for the month of J ee ">, “yn there 
being a slight increase in stocks of tons. ' The 
— was 1449 tons less than for May, and evidently 
id not include the deficiency of about tons during 
June caused by the strike at one of the works. Pre- 
sumably this quantity was waiting to be refined, in 
addition to the supplies from the mines. The 
deliveries for export were tons in excess of the 
uantity actually export d in the month of July, and will 
‘orm part of the August exports. sosveete of enlarged 
milling ipment y expected to in operation, 
the quantity of ore treated by the Arizona yy Ape 
pany was expected to be increased from 1500 to tons 
St representing an production of about 
1,000 tons of copper per annum. 
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GUN-TURNING LATHE AND BORING-MACHINE; 55-IN. CENTRES. 
CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, AT THEIR OPENSHAW WORKS, MANCHESTER. 
(For Description, see Page 256.) 
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NOTICE OF MEETING. 


Tue Institute or Mrras.—Thursday and Friday, August 28 
and 29, autumn meeting at Ghent, Belgium. Thursday, August 
28, at 10a.m. General meeting in the Palais des Fétes in the 
Exhibition, when a selection of papers will be read and discussed. 
In the afternoon visits to the works of Messrs. Van de Kerkhove 
and to the works of Messrs. Oarels Fréres. In the evening there 
will be a concert at the Exhibition. Friday, August 29, at 10 a.m. 
Papers will be read and discussed in the Palais des Fétes in the 
Exhibition. In the afternoon there will be an in tion of the 
Engineering and Metallurgical Sections of the Exhibition, and in 
the evening a municipal reception at the Town Hall by M. le 
Bourgmestre and Reception Committee, followed by a concert in 
the Palais des Fétes. The following isa list of papers that are 
expected to be submitted :—1. Second Report to the Corrosion 
Committee, by Dr. G. D. Bengough, M.A., and Mr. R. Jones, B.Sc. 
2. ** A Further Study of Volume Changes in Alloys,” by Mr. J. H. 
Chamberlain, M.Sc. 3. ‘“‘ The Micro-Chemistry of Oorrosion : I. 
Some Copper Zinc-Alloys,” by Dr. Cecil H. Desch and Mr. Samuel 
Whyte. 4. ‘* Metall phical Researches on Egyptian Metal 
Antiquities,” by Mr. H. Garland. 5. ‘‘ The Specific Volume and 
Constitution of Alloys,” by Dr. W. M. Guertler. 6. ‘ Copper 
Rich Alloys,” by Professor 8S. L. Hoyt. 7. A Method of Improving 
the Nag | of Arsenical Copper,” by Mr. F. Johnson, M.Sc. 8 
“The Influence of Phosphorus on Some Copper-Aluminiun 
Alloys,” by Professor A. A. Read, M. Met. 9. “‘ The Annealing 
of Gold,” by Dr. T. Kirke Rose. 10. “The Intercrystalline 
Cohesion of Metals—Second Paper,” by Dr. W. Rosenhain, F.R.S., 
and Mr. D. Ewen, M.Sc. 11. “The Determination of Oxygen in 
Copper and Brass,” by Mr. T. West, M.Sc. 
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MOTOR TRAFFIC IN LONDON, 

Tue highly valuable report on London traffic 
py of the Royal Commission of 1903-1905 has 
no practical outcome, for reasons which it is 

not nec to discuss. As time elapsed, however, 
further experience only served to accentuate the 
urgent necessity of improved methods of dealing 
with the traffic problem, and those set in authority 
over us were accordingly compelled to take action 
of some kind. They therefore appointed still another 
body to “= still another report on this complex 
problem. Upon this Select Committee were placed 
many men known to be favourable to the monopoly 
system, amongst the members being an ex-chairman 





-| of the London County Council, an ex-chairman of 


the Tramways Committee of that body, an ex-chair- 
man of the Manchester Tramways Committee, and 
other county councillors, practically all pledged to 
the idea of the system of monopoly in urban trans- 
port as — at Manchester, Glasgow, Liver- 
pool, and other great provincial cities. The state 
of mind in which these gentlemen 2 the 
subject is well exemplified by the following quo- 
tation from the report :—‘‘ When widenings are 
made for tramways the tramways bear a large propor- 
tion of the cost, on the ground that they are intro- 
ducing through traffic which did not before exist.” 
Were it not that the beliefs of politicians are often 
governed by their volition, it would be difficult to ab- 
solve the members of the Committee from conscious 
misrepresentation in advancing the surprising 
misstatement above quoted as the sole reason why 
tramways are required to contribute to the expense 
of road widenings. As everyone knows, this 
requirement is of very old date, originating in days 
when lines were not extensive and were not capable 
of adding very materially to the congestion of the 
streets of a town by the additional travel they 
induced. As the Committee ought to know, the real 
and effective reason for the regulation is that the 
tram-car has a higher ‘‘ coefficient of obstruction” 
than any other passenger vehicle. 

Thus the traffic department of the Board of 
Trade attribute to the tram-car a coefficient of 10, 


3|as compared with 5 for a horsed omnibus and 3 for 


a motor-omnibus, and it is on account of the great 
extent to which tram-cars restrict the user of the 


265| road by the general public that the obligation to 


make widenings was originally imposed, and not 
because they add a large amount of new through 
‘The latter consideration has 
only become of great importance within recent 
years, when it was advanced as one of the reasons 
for instituting a petrol tax on motor vehicles. 
To the peculiar constitution of the Committee 
must also be attributed another surprising state- 


267 | ment in the report—viz., that ‘‘though the police 
7| carry out the bye-laws with great ability, where 


the exercise of advisory functions is concerned 


272| London is at a great disadvantage as compared 


with provincial cities.” As everyone knows, 
this statement is the precise reverse of the actual 


facts. In no other city in the United King- | 


dom have the ratepayers the advantage, in traffic 





and independent of the party Press and the party 
politician. To whatever party he belongs, the 
average town councillor has a strong belief in not 
letting the public know more than he considers 
good for it. It was an important North Country 
town which told their gas-examiner that he must 
not report bad gas now that the works had been 
taken over by the Corporation, and it is a common- 
cone that the worst water supplies in the country 
ave been those controlled by the corporations of 
certain of the smaller boroughs. In such cases 
expert advice has been ignored time after time 
until an outbreak of typhoid has compelled repair 
of a system of neglect, which, if followed by the 
directors of a water company, would have subjected 
them to a trial for manslaughter. 

The report we have before us refers to certain 
tramway projects, promoted by the London County 
Council, which have failed to pass even a friendly- 
disposed Committee, owing to the evidence given 
by the police. That this result ensued constitutes 
in itself a disproof of the amazing assertion that 
‘*in the matter of advice London is at a disadvan- 
tage as compared with provincial cities.” If a 
friendly Committee is thus swayed, it cannot be 
doubted but that the counsel of the police has been 
of the greatest advantage to the community, and 
saved them from wasting resources on ill-advised 
schemes. 

In order to make out a case for their contention, 
the Committee complain that the views of the 
— are not known to the London County 

ouncil until the schemes in question come before 
Parliament. If this statement be really true, which 
is exceedingly improbable, it can only be because 
the County Council wish to trade on an apparent 
grievance, as it cannot be doubted that the 
police authorities would be perfectly ready to 
discuss informally such projects in their initial 
stages. Indeed, so far from the actual facts is 
the complaint made by the Select Committee, 
that there have been instances in which the County 
Council have actually brought in the same scheme 
in successive sessions, although they, during 
the earlier proceedings, obtained full knowledge 
of the objections raised by the police. It is 
evident, therefore, that the complaint in ques- 
tion is baseless, and it has undoubtedly been 
advanced by the Committee to render more plau- 
sible their unfair suggestion that the motor-bus 
traffic should be put under the control of a trade 
rival, which is finding itself saddled with a specula- 
tion which the march of improvement threatens 
to render unremunerative. They quote with 
approval the sonorous declaration by Sir Lawrence 
Gomme that ‘‘It seems to me to be a some- 
what ridiculous position for a great city like 
London to be subject to the results of com- 
ery rather than the results of organisation.” 
f Sir Lawrence Gomme could point to any 
important advance. originated in any department 
of human activity by ‘‘ organisation,” his opinion 
might be entitled to greater weight. The idea 
that the brains required to conduct a competitive 
industry can replaced by ‘organisation ” 
is, of course, the basis of most of the Fabian 
fallacies. All experience shows, however, that 
routine can never replace initiative ; though an 
excellent servant, it is a very bad master; and, as 
has already been pointed out in these columns, the 
desire to nationalise and municipalise industries is 
in the main a revolt against intellect, the idea 
being that the services of many highly-paid minds 
can thus be dispensed with. An excellent object- 
lesson illustrating this feature very significantly 
was the declaration of the Post Office, when it 
took over the telephones, that, save in special cases, 
it had no use for any telephone employee whose 
services would cost 700/. a year or more. 

Obviously, what Sir Lawrence Gomme desires is 
that certain streets shall be declared a tramways 
monopoly, and this robbing of a section of the public 
of the results of engineering progress he dignifies 
by the title of ‘‘ organisation,” a word which on a 
certain type of mind has the same soothing influ- 
ence as ‘* Mesopotamia ” had on the traditional old 
lady. As the Committee themselves admit, where 
competition exists between the tramways and the 
omnibuses the public benefits by more rapid ser- 
vice and lower fares than. on non-competitive 
routes. According to one witness, the s of 
the omnibuses along tram routes was from 9 to 10 
miles an hour, as against 84 miles an: hour on other 
routes. Also, along the tramway. routes the average 


matters, of the advice of a body both competent length of a half-penny stage is 1350+yards, whilst 
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elsewhere it is 736 yards. On one service the penny 
stages are 1}? and 2,4, miles on the tramway route, 
and 14 miles and 12 miles off the route. In another 
case the three-penny stage on the tram route is 
9540 yards, and off it is 7740 yards. Sir Lawrence 
Gomme by his proposed ‘ organisation” desires to 
deprive the citizen of the advantage of the com- 
petition between two trade rivals, solely because 
the one in which he is interested has made, he 
fears, a bad speculation. 

In one respect, perhaps, tramways are nowadays 
not quite fairly treated. The obligation to main- 
tain the pavement for the whole width of the tracks 
and a little beyond them was not unreasonable in 
the early days, when tho lines were commonly laid 
along roads which otherwise would not be paved at 
all, and it is not unreasonable now, when, as is some- 
times the case, the presence of the trams necessi- 
tates the adoption of a typs of paving which is 
otherwise objectionable. In general, however, in 
streets which would be paved in any case, the 
obligation to maintain might now fairly be limited 
to the immediate vicinity of the rails. 

Dismissing, however, the partisan side of the re- 
port, it must be acknowledged that many interesting 
facts have been elicited in the course of the inquiry. 
In an early portion of the report it is admitted 
that had effect been given to the recommendations 
of the previous Royal Commission, much would 
have already been accomplished towards the greater 
safety of the streets. The growth of traffic has of late 
years been enormous. In 1907 the relative numbers 
of licensed horsed passenger vehicles and of power 
passenger vehicles were 12,700 and 3700 respec- 
tively. In 1912 there were 13,800 power-pro- 
pelled vehicles and but 2800 horsed vehicles. A 
similar but less pronounced change has also been 
in progress with regard to goods lorries and the 
like. ith the improvement in methods of trans- 
port, the travelling habit has increased. In 1904 
the journeys per head per year were 150, whilst 
now they are 228. The total passenger traffic of 
the Metropolis, including the suburban train ser- 
vices, is put at, at least, 2000 million trips per year. 
This is increasing at the rate of 250,000 per day, 
so that, if the present rate continues, the passenger 
service will, in 1920, reach 3000 million trips per 
annum. 

The development of means of transport which has 
rendered this increased travel possible has greatly 
added to the amenities of life. A man is no longer 
compelled to live within an easy walk of his work, but 
can sleep in the less vitiated air of the outer suburbs 
ata cost for transport which, according to the Board 
of Trade, is the lowest of any capital city in Europe. 
Accompanying it, however, has been a very great 
increase in the number of street accidents, and 
eng oy | fatal accidents. These latter have risen 

rom 155 in 1904 to 537 in 1912. The increase 
of fatalities has been much greater than that of 
non-fatal accidents, which have, however, doubled 
during the period in question, being returned as 
10,384 in 1904 and 20,166 in 1912. In the City, 
which is no doubt the best-managed section of the 
Metropolis, being under the direct control of a 
Corporation the members of which are of a superior 
class, with no party ends to serve, there has, it 
a been some tendency for the total number 
of accidents to decrease in spite of an enormous 
increase in the volume of traffic. The number of 
fatal accidents has, however, risen from six in 1904 
to twenty-four in 1912, this being attributed to the 
more severe injuries caused by modern vehicles. 
Thirty years ago, a census gave 639,000 persons 
and 58,500 vehicles as the volume of this traffic 
between 7 A.M. and 7 p.m. It is now 1,070,000, 
and there are 94,000 vehicles. It is noteworthy 
that the police report that the congestion has 
actually diminished, the delays at the Bank having 
been reduced from an average of between four and 
five minutes to about two minutes. This u- 
liarity is reflected in other arsas. Thus, Lord 
Kingsburgh remarked in his evidence that ‘‘the 
most extraordinary thing in London at present, 
as 8 traffic, is the extraordinary rapidity 
with which the blocks at the corners are cleared, 
and that means more running, of course. Formerly 
I have seen myself a block a quarter of a mile long, 
and could not get past it; had to leave my cab, 

y for it, and cross over to one on the other side. 

hat was in Holborn, and you could not move. 
eres: ou never have a block, and never will 
have a bloc ae 


The way in w 
of the streets by other vehicles is well illustrated 





ch the tramways restrict the use | gested 


in the report. Omnibuses are compelled by law 
to set down and pick up as near to the kerb as 
possible ; but the position of the tram-lines in the 
middle of the streets raises, the Committee states, 
‘*a very acute problem.” The difficulty is _—. 
cially pronounced at dead-ends, and other vehicles 
in their attempt to pass the obstruction frequently 
force the pedestrians to flatten themselves against 
the sides of the standing car. This practice is, of 
course, illegal ; but, as Falstaff was not merely witty 
himself, but a cause of wit in others, so a tram- 
car causes obstruction both directly and indirectly, 
and will only be tolerable so long as no more efficient 
system of local passenger transport is available 
In one point only do the tramways show to advan- 
tage, and that is in the relatively small number of 
fatal accidents they occasion. This arises almost 
wholly from the ease with which they can be fitted 
with lifeguards. So far no satisfactory form of 
front lifeguard for a motor-bus has been designed, 
but recently means have been found for guarding 
the rear wheels, and this should cause a very sub- 
stantial reduction in the number of fatalities, 
since, according to Mr. Beaumont’s evidence, the 
front wheels were responsible for sixty-two acci- 
dents in 1912 and the rear ones for fifty-six, or 
nearly one-half of the total. 

The evidence submitted to them is stated by 
the Committee to prove that speed is not in 
any way a serious element in originating accidents. 
In only six cases of fatal accident was the legal 
limit being exceeded, and in three of these it was 
the culprit himself who was the victim. In the 
City of London not a single accident was attri- 
buted to excessive speed or could have been pre- 
vented by the fixing of a speed limit. The police, 
in fact, do not a r to favour any large 
increase in the number of speed limits. Accord- 
ing to the Chief Commissioner, there is only one 
effective control for motors, and that ‘‘ works auto- 
matically, as in Oxford-street,” where the frequent 
refuges render unreasonable speeds impossible. 
It appears, moreover, that 81 per cent. of the acci- 
dents occasioned by power-driven vehicles occurred 
where there was no refuges within 100 yards; and 
of those for which horse-drawn vehicles were re- 
sponsible, 84 per cent. occurred where there were no 
refuges. Subways also contribute greatly to safety. 
In spite of the evidence that s is not a serious 
element in the number of fatalities, the Committee 
recommend that speed-registers should be fitted 
both to tramcars and to motor-buses. The maximum 
legal limit of speed for the tramcars is 16 miles per 
hour, and that for the omnibuses 12 miles ; but in 
practice both vehicles probably exceed these limits 
in favourable conditions, greatly to the advantage 
of the travelling public. 

It is somewhat surprising that weather conditions 
seem to be but seldom a contributory cause to the 
accident list, save in the case of cyclists, amongst 
whom many fatalities have been due to slide-slip- 
ping, for which the tram-rails were responsible in 
about 50 per cent. of the cases enumerated. Bad light 
also appears to be without evil influence on the 
security of pedestrians, since accidents are not more 
frequent in ill-lighted than in well-lighted streets. 
The main cause appears to be carelessness, both on 
the part of drivers and of the public. A very 
large proportion of children are included amongst 
the fatalities, forming about one-third the total. 
All trams and motor-buses now come to a dead stop 
before passing a school, and it is suggested that 
the most promising plan of reducing accidents to 
children is that the schools should undertake the 
inculcation of maxims of caution: In almost all 
the accidents to children it appears that it was 
impossible for the driver to avoid the accident. 

A noteworthy point about the accident statistics 
is the fact that, though the number of horsed 
vehicles has diminished in the proportions already 

iven, the number of accidents due to them has 
n — unaffected. This no doubt arises 
from the great increase in the use of the streets. The 
figures given show that in ‘‘ very co ” areas 
the motor-bus is responsible for 58 per cent. 
of the fatalities. In congested districts this has 
fallen to 52 per cent., in regions of ‘‘ considerable 
traffic” to 36 per cent., whilst in ‘‘ medium ”’ traffic 
the omnibus is no more dangerous than the tram- 
car, in spite of the advantage the latter gains from 
the efficiency of its guards. Indeed, part of the 
favourable showing of the latter arises from the fact 
that the trams are absent from many of the con- 
areas served by the omnibuses. 





In regions of ‘‘ light ” traffic, taxi-cabs and light 





and heavy motor-cars were responsible for 85 out 
of 92 fatalities. 

The Committee raise an objection to the fact 
that Mr. Beaumont is at once technical adviser 
to the Metropolitan Police and to the omnibus 
companies. As a permanent arrangement, such a 
condition is open to criticism on theoretical 
grounds, but in the present case it is very doubtful 
whether as rapid an improvement of the London 
motor-bus would have been practical under other 
conditions. The most effective reply to the Com- 
mittee’s criticisms is, in fact, their own statement 
elsewhere in the report. They say that the Chief 
Commissioner of Police had a very difficult part 
to play in the development of the motor-bus, 
having to protect the public, and yet to permit of 
that street experience which alone could produce a 
satisfactory vehicle. The regulations now in use 
are, however, they say, ‘‘ regarded as model regu- 
lations on the Continent and in America,” A sys- 
tem which has led to such a result cannot be open 
to serious criticism, and it would be only fair that 
the Committee should have expressed some appre- 
ciation of the benefit the public have reaped by the 
services of Mr. Beaumont rather than insinuate the 
above innuendo. 

This inclination to hint a fault where they cannot 
substantiate one is illustrated also by the grudging 
terms in which the Committee recognise the great 
care taken by the London General Omnibus Com- 
pany to maintain their vehicles in a safe and service- 
able condition. The Committee imply a doubt as 
to whether this policy is ‘‘animated by caution, 
regard for public safety, or economy.” 

One very important factor in the congestion of 
the streets is the abuse of the existing traffic 
regulations by certain private firms. Thus evidence 
was given to the effect that 560,000. had been ex- 
pended on the widening of the Strand at Holywell- 
street. When the work was completed Messrs. 
W. H. Smith and Co. immediately occupied a large 
portion of the widened area by their carts, and 
continue to occupy it from early morning till late 
at night. There is no legal obstruction, because 
the traffic is not actually stopped, and each cart 
does not stand for a longer time than is necessary 
to load, but the intention with which the widening 
was carried out has been defeated. 





WARSHIP CONTRACTS. 

Tue Admiralty have placed contracts for prac- 
tically the whole of the ships’ hulls and propelling 
machinery embraced in the Navy programme of 
the current financial year. The work has thus been 
arranged for at an earlier period than has been the 
case for many years, and, undoubtedly, more money 
will be earned on all of the ships than is provided 
in the Estimates. Consequently, supplementary 
estimates are certain to be required for the light 
cruisers as well as the three contract battleships, 
the construction of which has been expedited owing 
to the postponement of the ships proposed to be 
built for the British Fleet at the expense of the 
Dominion of Canada. It was not originally in- 
tended that the ships of either class would be 
ordered until the late winter or early spring- 
time. The only work remaining to be settled is 
the contract for the boilers and machinery of two 
light armoured cruisers to be built at the dock- 
yards, for three torpedo-boat destroyers, and for a 
floating dock. We give, on the opposite page, a 
list of the new ships embraced in the Navy Esti- 
mates, indicating opposite each the name of the 
contractors for the hull and for the machinery. 

Five battleships have been ordered. The First 
Lord of the Admiralty has already indicated that 
in the design of these there has been some reversion 
to the type of vessels adopted two years ago. In 
other words, the design of the (Queen Elizabeth 
class, of which five were ordered last year, was 
exceptional, particularly in respect to speed. The 
new vessels, therefore, of this year’s programme, 
are to be 20 ft. shorter, of fully 2 ft. less beam, and 
of nearly 2000 tons less displacement ; but in 
res’ of offensive and defensive qualities there 
is little difference. The machinery, however, is 
of less power, and coal will be burnt as well as 
oil. - The vessels will equal in speed the battleships 
laid down prior to the Queen Elizabeth, but will 
fall short of the rate of the five vessels of that 
class. Of the five new ships, two are to be built 
in the dockyards—one at Portsmouth and 
the other at Devonport ; and the machinery for 
these will be supplied respectively by the Parsons 
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Marine Steam -Turbine Com 
Hawthorn, Leslie, and Co., both Tyne firms. | 
Tyne is also to have one of the contract ships, the| been ordered. All of these are to be of the|of the Chagres River, on 


y and Messrs. 


Sixteen torpedu-boat destroyers are provided for | mouth of the Rio Grande on the Pacific side of the 


The in the Navy Estimates, and so far thirteen have | Isthmus, and also in Limon Bay, the former mouth 


e Caribbean side. 


tender of Palmer’s Shipbuilding and Iron Company | twin-screw type, and several will be fitted with | Borings made by the canal engineers have revealed 


having been accep 
Messrs. Vickers will build another of the contract | prope 


for hull and machinery. | mechanical gearing between the turbines and the | ancient channels of the Rio Grande and Chagres 
llers. In some cases, it is understood, there|a few hundred feet below the sea-level. 


These 


battleships, as will also Messrs. William Beardmore | will be four turbines abreast, each pair working a ancient channels are now filled up with alluvium, 
| gear-wheel to drive one shaft; but in other cases and since no river wears its bed down below sea- 


and Co., Limited, Dalmuir. 


Contracts for Ships and Machinery under Navy 
Programme, 1913-14. 


Battleships (5) : 


Hull. 


Machinery. 


oF Portsmouth Dock- Parsons’ Company, 
yard ~. Wallsend-on- 
'yne 
2 Devonport Dockyard Hawthorn, Leslie 
and Co, Ltd., 
Newcastle 
} Vickers, Ltd. . Vickers, Ltd., Bar- 
row-in- Furness 
4. W. Beardmore and W. Beardmore and 
Co., Ltd. Co., Ltd., Dalmuir 
ee. Palmer’s Company, Palmer’s Company, 
Ltd. Ltd., Jarrow-on- 
Tyne 
Light Armoured Cruisers (8) : 
= Swan, Hunter and Wallsend Slipway 
Wigham Richard- and Engineering 
son, ; Comaang. Soe 
o.. Cammell Laird and Cammell Laird and 
a { Co., Birkenhead 
ee; Hawthorn, Leslie Hawthorn, Leslie 
and Co., Ltd. and Co. 
ee Pembroke Dockyard Do. 
a Do. Do. 
... Chatham Dockyard Parsons’ Company, 
7 Do. (Tenders have been 
invited. ) 
Goad ... Devonport Dockyard 
Torpedo-Boat Destroyers (16) : 
Three John BrownandCo., John Brownand Co., 
Ltd. Ltd., Clydebank 
One Swan, Hunter and Wallsend Slipway 
Wigham Richard- and Engineering 
son, Ltd. Company, 
Three Yarrow and Co., Yarrow and Co. 
Ltd., Scotstoun 
Two Hawthorn, ie Hawthorn, Leslie 
and Co. and Co. 
Two Thornycroft and Co. Thornycroft and Co. 
Two Palmer’s Company, Parsons’ Company, 
Three (Yet to be placed) 


Submarine-Boats : 


One .. Chatham Dockyard Chatham Dockyard 
Several ... Vickers, Ltd. Vickers, Ltd. 
Do. Scotts’ Company, Scotts’ Company, 
Ltd. Ltd., Greenock 


River Gunboats (2): 
Two Yarrowand Co.,Ltd. Yarrow, Scotstoun. 
Floating Dock : (Not yet ordered.) 


Eight light armoured cruisers were provided for, 
and it was originally intended that three of these 
should be built at the dockyards and the remaining 
five by contract, but it is understood that this 
division of the work has been departed from, and 
that five vessels will be built in the dockyards— 
two at Pembroke, two at Chatham, and one at 
Devonport—leaving three contract ships, which will 
be built, one by Messrs. Swan, Hunter and Wigham 
Richardson, with machinery by the Wallsend Slip- 
way and Engineering Company, one by Messrs. 
Cammell, Laird and Co., Limited, Birkenhead, 
and one by Messrs. Hawthorn, Leslie and Co., ihe 
two last-named firms supplying the machinery for 
their respective ships. The last-named firm will 
also supply machinery for the two Pembroke Dock- 
yard vessels, while the Parsons Company have 
received the order for the machinery of one of the 
Chatham ships. Tenders have been invited for 
machinery for the two cruisers which have been 
added to the portion of the work allotted to the 
dockyards. 

These eight cruisers correspond in almost every 
detail to eight vessels laid down under the pro- 
gramme of the preceding year, but there has been a 
slight increase in the dimensions, and the speed 
will be approximately 30 knots. Consequently 
these vessels will, as Mr. Churchill has pointed out, 
be remarkable, not only for their great gun-power 
and protection, but for the high speed to be 
realised. An interesting feature is that, in con- 
nection with some of the new ships, gearing will 
be introduced upon all the shafts. is, as experi- 
ence has shown, gives not only a more —- 
arrangement of turbines and condensers, but other- 
wise conduces to higher efficiency. This applies 
also to several of the torpedo-boat destroyers to 
be built this year. 


| 





the turbines for each shaft will be in the same fore level, they indicate that the land generally was 
and aft line. These destroyers are, for the most part, higher than it is now. The surface features of the 
exceptional in size and power, as well as in speed ; | Isthmus have changed considerably within recent 


but it is not desirable thus early to give further 
particulars as to design. Three vessels will be built 


ecological times. Before the upheaval of Culebra 
ill the Chagres River made its way to the Pacific 


respectively by Messrs. John Brown and Co., | Coast, and not to the Caribbean, as it does now. 


Limited, of Clydebank, and Messrs. Yarrow and | At that time Lake Ni 


Co., Limited, of Scotstoun, two by Messrs. Haw- 
thorn Leslie and Co., Messrs. Thornycroft and 
Co., and Palmers Company, and one by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
the engines for the latter being by the Wall- 
send Slipway and Engineering Cunpenn. The 
Parsons Company, however, will be associated 
with several of these ships, either in supplying the 
whole of the machinery, or in many cases the gear- 
ing. It only remains to add that one submarine 
boat is to be built at the dockyard, and several by 
Messrs. Vickers, Limited, of Barrow-in-Furness, 
and Scotts’ Shipbuilding and Engineering Com- 
pany, Limited, of Greenock. Two gunboats which 
were deferred from last year will probably be com- 
menced this year by sadly arrow and Co., 
Limited, of Scotstoun, while the only remaining 
vessel of first-class importance—namely, a floating 
dock—has not yet been ordered. 

It will thus be seen that the Clyde has not shared 
so liberally in the work this year as in some pre- 
vious years, as there has only been ordered from 
the firms on the northern river one battleship, with 
its machinery, six torpedo-boat destroyers, and 
several submarine-boats ; but it must be remem- 
bered that both contract battleships last year were 
placed with Clyde yarde, and that, in addition, 
they have a battleship-cruiser, four light armoured 
cruisers, and a large number of torpedo craft in 
course of construction. The Tyne this year has 
profited to a greater extent. Thus there has been 
ordered one battleship with its machinery, the 
machinery for two other battleships, two light 
armoured cruisers, and the machinery for five vessels 
of the class; while of destroyers five have been 
ordered. Barrow has secured one battleship and 
several submarine-boats, while on the Mersey 
there will be built a light armoured cruiser. 





GEOLOGY OF THE PANAMA ISTHMUS 
AND THE CARIBBEAN ARCHIPELAGO. 

Tue present West Indian Archipelago is, geologi- 
cally speaking, a condition of yesterday ; it is the 
last development in a series of physiographical 
changes which has taken place in the Caribbean 
area since the beginning of the Tertiary period. 
The present conditions, in which there is an archi- 
pelago extending from Cuba te Trinidad, and in 
which a portion of the continent which bounds it 
on the west forms the comparatively low and 
narrow Isthmus of Panama, are such as render it 
just possible for a wealthy and ae nation 
like the United States to connect the Caribbean 
Sea with the Pacific Ocean by means of a navigable 
canal. 

Other physiographical conditions have, however, 
existed in the past, when a canal would not have been 
necessary, for the Caribbean Sea was at one epoch 
connected with the Pacific. That this was so is 
indicated by the fact that identical fossils belonging 
to the early Tertiary period have been found on 
both sides of the Isthmus. About that time, when 
an archipelago occupied the position of the present 
Isthmus, a volcanic island existed at the place 
where Ancon Hill now stands looking down on 
Panama City. Geologists are that this hill 
is an old volcanic neck, and that the ashes from 
the then active volcano, falling into the sea around 
the volcanic island, were stratified into the present 
grey tuffs which are so characteristic of the beach 
of the present Panama Bay near the city. 

At another period the land between w 
Colon and Panama was higher than it is at present, 
and the task of digging the canal would have been 
much more difficult + be it is to-day, or, indeed, 
it might, perhaps, have been quite impossible. The 
fact that the Isthmus of Panama once stood a few 
hundred feet higher than it does now is proved by 
the existence of drowned river valleys at the 
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a also drained into the 
Pacific, and not into the Caribbean, as now. But 
by the upheaval of Culebra Hill, through igneous 
action, the Chagres River was diverted te its pre- 
sent course so as to fall into the Caribbean Sea, its 
Pacific end forming what is now known as the Rio 
Grande. 

A clue to this former state of things is afforded 
by the fact that, although the fresh-water fauna of 
the Pacific slope is quite distinct from that on the 
Atlantic and Caribbean slopes throughout Central 
and South America, yet in the Panama district 
alone are there to be found fresh-water fish of 
types common to both sides of the Continental 
divide. Here the Continental divide is the summit 
ridge of Culebra Hill, and the same species of fish 
are to be found in the Rio Grande and the Rio 
Chagres. Probably about the time when the 
Culebra upheaval took place, volcanic action dammed 
up the river which once drained Lake Nicaragua 
into the Pacific, and resulted in it draining into the 
Caribbean Sea. 

Not only have geological changes affected the 
present isthmian side of the Caribbean area, but 
they have also affected the present archipelagic side 
which extends from Florida to Trinidad. There 
are reasons for believing that a connecting tract 
of land formerly existed between North and South 
America in the position of the Greater and Lesser 
Antilles ; some of them may be briefly stated here. 
The distribution of the mammalian order Edentata 
(sloths, anteaters, and armadilloes) was formerly 
much more extensive in the New World than it 
is at the present day. Their fossil remains are to 
be found in Georgia and Carolina on the Continent 
of North America, and in Guadeloupe, one of the 
Lesser Antilles, as well as in South America, 
where these characteristic animals persist even at 
the present time. From this fact alone it might be 
inferred that continuous land existed between 
Georgia and the coast of South America via Guade- 
lou This conclusion is further strengthened by 
the consideration that huge Edentates, like the 
Megatherium, require extensive feeding grounde, 
and as they are vegetable feeders, a ad island 
like Guadeloupe would clearly be inadequate to 
supply the necessary amount of food. The restric- 
tion of their roaming and feeding grounds, which 
caused their extinction in the West Indies, was 
probably due to the process of submergence which 
converted a former continental area, or more prob- 
ably a broad isthmus, into the present Antillean 
Archipelago. 

There are actually facts at our disposal which go 
some way towards fixing the geological date at 
which this connection existed. In the Island of 
Guadeloupe the remains of these large Edentata 
have been found associated with fossil human 
skeletons. Man, therefore, probably existed when 
there was this connecting strip of land, and before 
the formation of the present West Indian Archi- 
pelago. 

There are many species of animals and plants 
distributed in the various West Indian islands in 
such a way as to throw light on the manner in which 
this submergence took place. This distribution of 
fauna and flora shows that the first result of subsid- 
ence was the formation of a large island occupying 
the position of the present islands of Cuba, Jamaica, 
Hayti, and Porto Rico. A large island was first 
formed and afterwards, by further submergence, 
these four large islands came into existence. The 
poogeaphiesl distribution of a group of birds, which 
in Jamaica go by the name of “green todies,” is 
evidence of this. 

Every Jamaican is familiar with the little green 
bird, which, from its bright-red throat, and a 
superficial resemblance it thus bears to one of the 
favourites in this country, is termed the ‘‘ Robin 
Redbreast.” Its zoological name is Todus Viridis 
(green tody). Similar todies, but of different 
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species, are found in Cuba, Hayti, and Porto Rico 
as well, but the bird is found in no other part of 
the world. Thus the genus 7'odus consists of only 
four species, each of which is restricted to one of 
the four islands of the Greater Antilles. Other 
like instances of restricted distribution are to be 
found among other genera of birds and also among 
the few mammals which are indigenous to these 
islands. Among the finches, the beautiful Cashew 
bird of Jamaica is represented by five distinct 
species in the West Indies, one in each of the 
islands Cuba, Jamaica, Hayti, Porto Rico and the 
Bahamas. In the cuckoo family the Jamaica rain- 
bird is represented by three distinct species in the 
other three islands. Numerous other instances 
might be quoted. On the Continent of South 
America the general aspect of the fauna is essen- 
tially similar to that in the West Indian Archipelago, 
and unlike that in North America. The nearest 
representatives of the Jamaica todies are to be 
found in South America in the motmots, a group of 
birds which extends from Mexico to Paraguay. 

From the fact that each of the four islands of the 
Greater Antilles contains its own representative 
species of tody, and that none of these is found else- 
where in neighbouring regions, we may infer that 
the area occupied by this isolated genus of birds 
was originally continuous, and, since the divergen- 
cies of the four species of todies from a common 
form have not yet proceeded very far, we also con- 
clude that this continuity of area existed, geologically 
speaking, at no very remote date. This inference 
is borne out by soundings, for although Jamaica is 
separated from the coast of South America by a 
depth of 3000 fathoms, an upheaval of the bed of 
the Caribbean Sea to the extent of only 500 fathoms 
would be sufficient to connect Cuba, Jamaica, Hayti, 
and Porto Rico with each other. 

These facts concerning distribution, supplemented 
by deep-sea soundings, support the conclusion that 
the first result of subsidence at the time when 
land connection existed between North and South 
America via Guadeloupe, was the detachment, as 
already suggested, of a large island in the position 
now occupied by Cuba, Hayti, Jamaica, and Porto 
Rico. is large island contained, as the common 
ancestor of the present four species of todies, a bird 
derived from the South-American family of motmots. 
In a large island of this kind individuals in different 
localities would, in course of time, present appreci- 
able differences, although these variations from the 
normal type might not be so great as to justify a 
naturalist in classifying them as a distinct species. 
So long as these varieties occupied a continuous 
area, interbreeding would always be possible 
between them, and it might require a very great 
lapse of time for the modifications to proceed so far 
as to convert the varieties into species. When, 
however, subsidence took place to such an extent 
as to separate the large island into its four present 
divisions of Cuba, Jamaica, Hayti, and Porto Rico, 
the varieties would tend to become more pro- 
nounced, for interbreeding would be no longer 
possible. Those forms which, before subsidence, 
tended to vary in a certain direction would then 
breed with each other, and in this way would 
increase the rate of variation until it became so 
marked as to constitute four definitive species such 
as at present exist, one on each island. — 

The present physiographical conditions of the 
isthmus and archipelago must not, of course, be re- 
garded as permanent, for the great works of Nature 
are proceeding incessantly. They may determine the 
rise and fall of civilisations, and cause the transfer- 
ence of centres of empire from one part of the 
earth’s surface toanother. When the Panama Canal 
is completed an earthquake shock may undo in a few 
seconds all that the French and American engineers 
have accomplished in as many years, although geo- 
logical experts are agreed that of all parts of the 
Central American Cordillera, the Panama district 
is less threatened with volcanie or earthquake 
disturbance than others. 

There are no geological grounds for believing 
that the present distribution of land and sea in 
the Caribbean area is permanent. The forces of 
upheaval and subsidence are by no means exhausted, 
as the recent earthquakes in Kingston, Jamaica and 
Cartago, Costa Rica, have shown. Some writers 
appear to think that, as the earth’s crust cools 
down and becomes more rigid, these subterranean 
forces will gradually diminish and ultimately die 
out. It is by no means certain that the earthquake 
phenomena of our planet will end so happily for 
mankind. It is all too possible that the stresses 


and strains of the earth’s crust, which give rise 
to earthquakes, may increase as the earth gets 
cooler and the crust becomes thicker. This view 
was supported by a homely comparison of the late 
Lord Kelvin, who once pointed out that when 
oatmeal porridge cooled in the porridge pot, the 
escape of the bubbles of steam was effected with 
much less violence when the porridge was very hot 
and liquid than when it was cool and viscous. 
What has happened once may happen again, quite 
regardless of the handiwork of mankind. 








HIGH-TEMPERATURE HIGH- 
PRESSURE REACTIONS. 

HicH pressure can assist reactions between 
fluids or solids and fluids or solids in various ways. 
In the first place the pressure effects a concen- 
tration ; it brings more of the gas into action. In 
the second place pressure forces gaseous reactions 
in the direction which leads to a reduction of the 


preparation of ammonia from nitrogen and hydro- 
gen is the best case in point. The reaction may be 
expressed by the equation: N, + 3H, = 2 NH,; 
that is to say, one molecule of nitrogen and three 
molecules of hydrogen unite to two molecules of 
ammonia ; thus four volumina are reduced to two, 
and high pressure should favour such a reaction, 
just as it favours the liquefaction of gases in which 
iquefied gas molecules cease to claim their space in 
the volume of Other considerations recom- 
mend high pressure, and high temperatures accele- 
rate most reactions. For want of suitable apparatus 
high-pressure and high-temperature reactions have 
found little application so far, however. Some time 
ago we drew attention to the remarkable experi- 
ments of Dr. Friedrich Bergius, of Hanover, who 
makes hydrogen, and changes peat into coal, by novel 
methods. Dr. Bergius has since published further 
particulars in a monograph on ‘‘The Application 
vf High Pressures in Chemical Reactions and an 
Imitation of the Formation of Coal,”* and he 
discoursed on his researches in a meeting of the 
Society of Chemical Industry, held in London this 
spring. We hence revert to the subject, and will 
first deal with the apparatus. 

The construction of high-pressure apparatus does 
not in itself offer particular difficulties. But diffi- 
culties appear when the apparatus comprises valves 
and joints which have to be opened and re- 
made during the experiments, especially for work 
at high temperatures. Fibrous and disc packings 
are not satisfactory in such cases, and even ordi- 
nary conical joints fail when repeatedly undone, 
unless they are turned and ground true again each 
time. In their investigation of the synthetical 
preparation of ammonia, Haber and his collabo- 
rators found the conical joints of F. Kirchenbauer 
very serviceable, and these are the joints which Dr. 
Bergius has been using. The device consists of 
an inner solid cone fitting into an outer hollow cone, 
and the novelty is that the base angle of the solid 
cone is somewhat larger than that of the hollow 
cone. The two conical surfaces thus do not touch 
one another all over their curved areas, but only 
in a ring line ; and if the joint is put under pressure 
by tightening a screw Somber against the solid 
cone, the ring contact will gradually shift more and 
more towards the base of the cone, when the joint 
is re-made or the screw pressure increased ; thus 
fresh portions of the parts are brought into play. 
By releasing the screw, the joint can be undone, 
and heating will tend to make the joint more 
perfect. If desirable, the two parts of the joint 
“~ be made of different metals or materials. 

igs. 1, 2, and 3 illustrate the small high-pres- 
sure chamber, or bomb, and the conical joints used 
by Bergius in some experiments. The chamber (it 
is shown in section in Fig. 1 and in plan in Fig. 2) 
is a cylindrical boring in a square block of 
special non-corrosive steel a, and is about 60 mm. 
in diameter and 120 mm. deep. The solid cone b 
—axially perforated to serve as gas inlet—is under 
the adjustable pressure of the hollow screw c. It 
will be noticed that the two cones are not of the 
same angle, and that a tight joint can be secured 
by forcing the cone more into the cylinder ; this 
operation would slightly reduce the volume of the 
reaction chamber, by an amount which would be 
insignificant in most cases, however, even if exact 
measurements were intended The capillary steel 
tube d is itself sorewed with its conical end into 
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the cone b. With the aid of the couplings illus- 
trated in Fig. 3 and of T-pieces, the tube d can 
either be secured at its upper end or connected 
with the gas supply and pressure-gauges. The 
pocket in the cylinder wall marked in Figs. 1 
and 2 serves for the insertion of a thermo-couple 
or thermometer ; a thermo-couple is also pushed 
through the perforation of the cone b into the 
interior of the chamber for the purpose of measur- 
ing the temperature within the chamber. Connec- 
tion with the outside is effected through the 
reduction-valves of R.le Rossignol, which are made 
by the firm of OC. Desaga, of Heidelberg. These 
valves are of the usual type and appearance, and 
the is throttled by passing it through the port 
left between a pointed rod (of nickel) and a conical 
sleeve of the valve (generally bronze). 

The excellence of these conical joints is proved by 
the fact that a practically constant pressure of 150 
atmospheres was maintained for three weeks at 
400 deg. Cent. in apparatus provided with twenty 
joints. The difficulties of undoing and re-making 
the joints after experiments at high temperatures 
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increase, of course, with the dimensions of the parts. 
To facilitate the operation the screw-threads are 
lubricated with the finest graphite, and cones up to 
20 cm. in diameter have been used at pressures of 
400 atmospheres. For some researches the steel 
block a (Fig. 1) is replaced by a Mannesmann steel 
tube closed by conical joints at_both ends, or by 

ressed-steel flasks made by the Ehrhardt method. 

ergius has used the latter in sizes up to 12 gallons 
capacity, and they can be obtained in sizes of 200 
gallons. The heating of the reaction chamber is 
generally done in electric furnaces, the cylinder 
being lowered into the resistance coils of nickel or 
German silver, wound with asbestos insulation on 
sheet-iron cylinders. A vacuum jacket is provided 
in the furnace walls, which consist of magnesia and 
kieselguhr. The alternating 110-volt currents 
from the mains are through a transformer 
of Koch and Sterzel, of Dresden. 

One of the first reactions studied in this appa- 
ratus was the formation of calcium peroxide CaO, 
from calcium oxide (lime), CaO, and oxygen. Barium 
oxide can easily be peroxidised by being heated in 
oxygen to 600 deg. Cent., but all attempts to effect 
the reaction directly with the very similar calcium 
oxide had so far failed. Bergius finds that 
the reaction does take place with evolution of 
heat, as was indeed known from the thermo- 
chemical determination of Forrand, but that it 
proceeds far too slowly at ordinary pressures and 
temperatures. Further to accelerate it he dis- 
solves the lime in a fused mixture of caustic 
soda and potash, which dissolves about 4 per cent. 
of lime at 350 deg. Cent.; this diluted solution 
enters more readily than the powdered solid oxide 
into combination with oxygen, when the pressure 
is raised to 120 atmospheres. For studying the 
equilibrium of the reaction high pressures and 
temperatures had to be maintained for many days, 
and it was necessary to supplement the supply of 
oxygen under pressure at intervals. Ordinary 
valves and hard-soldered joints were quite unsuit- 
able for this purpose, because the soldered portion 
would always contain a certain amount of slag, 
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which, when su uently heated, gave rise to the 
formation of capi channels. Wood’s metal 
was finally found to afford a good high-pressure 
valve. The oxygen from a commercial steel 
cylinder was allowed to enter an auxiliary iron 
vessel, which it left again through an iron pipe 
reaching nearly to the bottom of this cylinder ; 
this bottom was covered with pieces of Wood’s 
alloy, which melts in hot water.* When enough 
oxygen had passed through the vessel, the alloy was 
fused and allowed to solidify ; the solidified alloy 
then formed a hermetical seal, especially when the 
iron pipe had been tinned to secure better adhesion 
of the alloy. This preparation of calcium peroxide 
is scientifically interesting, but technically of little 
es Arg so far, because it is very difficult to 
isolate the peroxide from the fused caustic in which 
the lime was dissolved ; the process remains slow, 
moreover, even at high temperatures and pressures. 

Of practical importance are the reactions effected 
by means of superheated liquid water. When water 
is prevented, by being confined, from turning into 
vapour, it retains the properties of the liquid, 
above all its great specific heat, and reactions take 
place which could not occur with vapour, because 
the temperature of the reaction would locally rise too 
much and combustion would ensue. The liquid 
water thus serves as a heat store, and keeps the 
temperature within the bomb steady. Before Dr. 
Bergius recognised the bearing of this fact, he 
observed that liquid hot water shows a much more 
pronounced acid or basic character than water 
vapour. The reason is probably that, under high 
pressure, water dissociates electrolytically—we do 
not refer to the direct splitting into hydrogen and 
oxygen—to a much greater extent than under 
ordinary conditions. The reactions which we are 
now going to discuss may indeed be electrolytic in 
nature, and the generation of hydrogen from water 
and metals may not so much be a direct oxidation 
process, as a reaction of the OH ions with the 
metal with liberation of the H ions. 

Charging his bomb or cylinder with water and 
some powdered charcoal or coke, Bergius and his 
assistant, Hugo Specht, found that the heated 
bomb contained carbon dioxide and hydrogen. 
They thought at first that the hot iron had decom- 
posed the water. This proved to be so; when 
they repeated the experiments without putting 
coal into the water, the walls of the bomb were 
coated with hydrated oxide, yet no hydrogen was 
liberated. This coating of oxide acted as a protec- 
tion for the walls, which were not further attacked 
afterwards. 
absence of carbon proved, however, that the carbon 
was concerned in the liberation of hydrogen. At 
temperatures above 650 deg. Cent. steam and carbon 
will yield only CO, and H,, at lower tempera- 
tures CO (the monoxide) is also formed; with liquid 
water, however, CO, (and not CO) and H, are 
obtained as soon as the temperature exceeds 300 
deg. Cent. But the yield of hydrogen was not 
satisfactory, and various electrolytes were there- 
fore added to the water to act as catalysts. 
Of these, thallium chloride seemed to be most 
effective, and with the aid of suitable catalysts 
Bergius finally succeeded in preparing hydrogen 
from liquid water and iron without the addition of 
carbon. It is not stated in what form the iron is 
applied ; the reader will remember that no free 
hydrogen was obtained when the water was merely 
in contact with the steel walls of the bomb. But 
Bergius emphasises that in his process, for which a 
patent has tom applied for, the iron is actually 
oxidised to magnetic oxide, the reaction being : 
3 Fe +4H,0 = 4H, + Fe,0,, and that the oxida- 
tion is not merely superficial, the whole iron being 
converted into a connie of Fe,0,, which could easily 
be reduced and re-used again. The following yields 
of hydrogen were obtained, in cub. cm. per hour : 
from pure water and iron at 300 deg. Cent., 230 
cub. em. ; from water and iron chloride, FeCl,, at 
300 deg. Cent., 1390 cub. cm. ; from watex, iron 
chloride, and copper, at 300 deg. Cent., 1930 
cub. cm., and at 340 deg. Cent., 3450 cub. cm. 
The yield thus can be much improved by raising 
the temperature and using suitable catalysts; a 
cylinder of 12 gallons capacity will give 3000 cub. ft. 
of hydrogen per day, and in six such cylinders 
Bergius makes 1000 cub. m. of hydrogen per day, in 
his works at Linde, near Hanover. The hydrogen 


* There are two Bi-Sn-Zn-Cd alloys, melting at 70 deg. 
and 60.5 deg. Cent.; this application is due to Victor 
Meyer (1876) we believe. 
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thus generated is at high pressure, so that the cost 


of compression is saved, and it is of 99.95 per cent. 
purity ; the chief impurities are hydrocarbons, 
produced by the action of the hydrogen on the 
carbon of the iron. The purity of the hydrogen, a 
technically very important feature, and the sim- 
plicity of the process are essential advantages of the 
method. 

We pass to the production of coal from cellu- 
lose, wood, peat, &c., by a process which is pos- 
sibly little more than the natural process accele- 
rated to an enormous rate by applying suitable 
pressures and temperatures. Thecomplete decom- 
position of cellulose (C;H,,O;) evolves about 70,000 
gramme-calories per gramme-molecule of material, 
an enormous amount of heat, which, if instan- 
taneously liberated, would burn rather than 
carbonise the material. In the household of 
Nature the transformation probably takes millions 
of years, and the rise of temperature is insignifi- 
cant ; according to the Berlin geologist, Potonié 
(‘* Origin of Coal,” Berlin, 1910), peat would, at an 
average temperature of 10 deg. Cent., require 
8 million years to change into mm The enormous 
acceleration of the formation in the laboratory is 
possible, because the liquid water, present to a 
sufficient amount, takes up the heat liberated, so 
that the temperature in the cylinder does not rise 
above the desired limit; that is the essential fea- 
ture of the new experiments. In previous experi- 
ments the cylinder or tube had been partly filled 
with water, so that the reaction took place in 
steam, in which the temperature would rise con- 
siderably higher than in the liquid; hence the 
resulting carbonisation was not satisfactory, and 
the carbonised material did not resemble coal. We 
summarise some of the results of Bergius and Specht. 
The table gives the composition of the dried peat ; 
the peat was mostly used in the natural wet condi- 
tion, however; the cellulose was common filter 


paper :-— 


Dura- | Analysis of Resulting Coal. 


Material. | Tempera-| tion of | 
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ing | o 0. | | N 

| deg. C. | hours | p.c. | p.c. | p.c. | p.c. 

Peat, original, dry — ; — 52.4 | 41.4 5.60 | 0.70 
Ditto | 20 | «68 | 74.3! 19.4) 5.20) 1.07 
Ditto 300 | 8 | 77.0| 169| 5.0 | 1.07 
Ditto 340 | 8 | 81.2] 133 4.65 | 0.89 
Ditto 340 | 24 | 84.0| 10.4| 4.62 | 0.95 
Ditto 340 | 61 | 835 )| 11.0} 4.60 | 0.97 
Cellulose .. 310 | 64 | 837) 10.9| 5.40) — 
Ditto 0 | 8 | 881 | 1.7 | 5:20 | - 
The table shows that the carbon Dag ere in- 
creased with the temperature and the duration of 


the heating to a maximum of 84 per cent., which 
a temperature rise did not appear to raise further. 
The final product was nearly the same whether the 
material was heated to 310 deg. Cent. for 64 hours 
or to 340 deg. for 8 hours. Thus a rise of only 
30 deg. Cent. accelerated the reaction velocity 
eight times; since 8 = 2°, arise of 10 deg. Cent. 
should double the velocity of the reaction, which 
would be the normal temperature coeflicient of a 
purely chemical reaction. Making calculations on 
this basis, Bergius found that a coal of 87 per cent. 
of carbon should actualiy result, at an average tem- 
perature of 10 deg. Cent., within eight million 
years, the above-quoted and largely accepted figure 
of Potonié. A natural bituminous coal contains 
from 75 to 90 per cent. of coal and from 4.5 to 
5 per cent. of hydrogen. Bergius realised up to 
85 per cent. of carbon and 5.2 of hydrogen in his 
experiments with cellulose. Some methane and 
carbon dioxide escaped when the cylinder was 
opened (no CO, escaped from peat), and his cellu- 
lose was converted into a black powder ; at high 
temperatures it became more like soot. hile his 
coal chemically resembled a natural coal, it there- 
fore differed physically. 

But Bergius su ed in conveiting the fine 
black powder into a product having the physical 
qualities of natural coal. For this purpose he sub- 
mitted the powder to very high pressures while 
keeping the temperature high. e carbonised 
peat was compressed in a steel cylinder by means of 
a screwed-down piston until the volume of the dry 
mass was reduced to about one quarter, and the 
cylinder was then heated in the electric furnace 
for about eight hours to 340 deg. Cent. The opera- 
tion, therefore, was heating in the dry under very 
strong pressure, and not a continuation of the treat- 
ment with liquid water. 
ment the steel cylinder had to be cut with the saw. 


At the end of the experi- | - 





Any gases present would escape, a gas analysis was 
impossible under the conditions, and we do not 
quite follow Dr. Bergius in his distinction of a 
carbonisation period and a period of the formation 
of anthracite. The former reaction, the carbonisa- 
tion, he says, progresses very slowly or more 
quickly under ordinary pressures; the latter requires 
high pressure. Rise of temperature merely hastens 
the t reaction, which would anyhow go on 
at a slower rate. The formation of anthracite 
cannot occur without high pressure. Anthracite 
would thus not necessarily be very old coal ; ordi- 
nary coal might be older, but it remained in that 
condition because the ure was absent. This 
would explain how anthracite is frequently found 
in geologically recent strata, and that coal from 
paleozoic strata may be poorer in carbon than 
mesozoic coal. 

In support of these views Bergius points out that 
oar of 5000 atmospheres would not convert 

is black powder into a compact coal when applied 
at ordinary ay en though a coherent mass 
resulted, whilst high pressures and high tempera- 
ture applied concurrently yielded a kind of anthra- 
cite, whose carbon percentage and density increased 
with the temperature and the duration of the com- 
pression. He does not give sufficient particulars, 
these experiments not having proceeded far, as yet; 
it would appear, however, t somewhere near 
340 deg. Cent. a new reaction sets in under the 
conditions under which he is working. 

When Dr. Bergius brought his researches before 
the Society of Chemical Industry, there was much 
discussion as to whether his product was really a 
coal. The specimens handed round looked like jet 
or cannel., e had not mentioned methane, which 
is, unfortunately, liberated by most coal. He then 
explained that if his raw materials contained fats, 
wax, and other products which seemed in Nature 
to lead to the formation of bituminous coal, his water 
would subsequently contain colloidal solution of 
hydrocarbons, which, in Nature, would be precipi- 
tated by any salt deposits in the neighbourhood. 
On distilling his artificial coal he had obtained 
some aromatic compounds. Whether or not his 
reseasches clear up the formation of coal, they 
are a valuable contribution towards this problem, 
and they certainly demonstrate that a great deal 
can be achieved by these high-pressure and high- 
temperature reactions in his apparatus. The fact 
that liquid-water bombs constitute a water bath 
for any constant high temperature is in itself of 
considerable importance for technical chemistry, 
and a continuation of these researches looks pro- 
mising. 





NOTES. 
Tests OF THE EMERGENCY DaMs ON THE 
Panama Canal. 

In recent issues of ENGINEERING* we have given 
fully-illustrated descriptions of the emergency dams 
which are being a on the races than to be 
used to cut off the flow of water from the high to the 
low level, in case of accident to lock-gates. Rapid 
progress is now being made on this work, and one 
dam, that on the east wall at the Gatun Locks, has 
been sufficiently advanced to be subjected recently 
to the final tests. Particulars of these tests are just 
to hand. The total time occupied in closing the 
dam in the first test was 614 min. Subsequently 
better time was made, in the last test the closing 
being accomplished in 42 min. 17 sec. After the 
first closing test, the operation was repeated twice, 
and then another test was commenced, consisting 
of operating the turning and wedging machinery 
for twenty-one days, at intervals ie nding upon 
the heating of the motors. At the conclusion 
of this test three fresh closing tests were made, the 
last of these occupying the time given above. The 
chief difference between the tests consisted in time 
lost, the only operation which showed much varia- 
tion being the swinging of the dam into position. 
The shortest time taken to do this was 1 min. 29 sec. ; 
the longest, 2 min. 22 sec. The actual operations 
in the last test were as follows :—Withdrawing 
wedges, 19 sec.; turning dam, 1 min. 44 sec. ; 
driving wedges, 20 sec. ; lowering all wicket girders, 
4 min. 40 sec.; lowering gates No. 1, 3 min. 2 sec. ; 
throwing clutches for gates No. 2, 49 sec.; lowering 
gates No. 2, 3 min. 25 sec.; throwing clutches for 
gates No. 3, 49 sec.; lowering gates No. 3, 3 min. 
3 sec.; throwing clutches for gates No. 4, 49 sec.; 


* See pages 70 and 149 ante, 
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lowering gates No. 4, 2 min. 32 sec.; throwing! the secretary of the Employers’ Federation was 


clutches for gates No. 5, 49 sec.; lowering gates 
No. 5, 2 min. 2 sec. The time lost in the various 
operations in the best test thus amounted to nearly 
18 min. It is, of course, only natural that there 
should be at first a considerable amount of time 
wasted in this way. Doubtless with better drilling 
of the staff this will in due course be brought down 
to a much smaller figure, and the operations be 
conducted much more smartly. Ultimately, there- 
fore, an appreciable reduction on the 42} min. may 


be expected. The least time taken to return the | 


dam to its original position was just under 1 hour 
28 miuutes. 


Inprrect Lientina By Arc-LAmps. 


In the present rapid development in the use of 
the metallic-filament lamp and its invasion of the 
field of street and display lighting, it is interesting 
to meet a thorough-going advocacy of the arc- 
lamp, which it is showing some signs of displacing. 
In a paper on ‘‘ Indirect Lighting by Arc-Lamps,” 
read before the Victorian Institute of Electrical 
Engineers, Mr. Justus Eck made a strong claim 
for the arc-lamp for the illumination of the in- 
terior of retail shops and other premises in which 
indirect lighting is feasible. To establish his 
case for indirect lighting Mr. Eck quoted a series 
of experiments on the reading of complicated 
words and figures in small type in different illu- 
minations. The seven individuals taking part in 
the tests were of different ages and occupations, In 
the result, to enable all seven individuals to read 
the test-sheet 1.5 foot-candles of indirect light was 
required, and 7.3 foot-candles of direct light 
Passing, then, to a comparison of the economy of 
arc and metallic-filament lamps, Mr. Eck quoted 
a *‘ well-known testing authority of the highest 
standing in the electrical world” to the effect that 
the average consumption of a large number of 200- 
volt smotaliio- Slamens lamps was 1.58 watts per 
mean horizontal candle-power over 1000 hours, 
and that the economical life of the lamps—i.e., the 
period during which the watts per horizontal 
candle-power did not exceed 1.5—was 463. The 
capacity of the lamps was not stated, but the 
results appear to be very inferior to those recently 
obtained by the National Physical Laboratory, and 
dealt with by us in our issue of May 30 last. No 
attempt was made in the paper to compare these effi- 
ciencies directly with the efficiencies of arc-lamps, and 
the matter would obviously be difficult. A direct 
point was made, however, in curves showing the 
much greater variation of candle-power with voltage 
of metal-filament lamps as compared with arc-lamps. 
As the variation of voltage taken was some 20 per 
cent., it may be imagined that the metal-filament 
lamps showed enormous candle-power variations. 
It is not clear, however, that a 20 per cent. voltage 
variation is a concomitant of normal practice. As 
a direct comparison between arc and incandescent 
lighting Mr. Eck quoted a case of metallic-filament 
lamps in prismatic glass shades in which a current 
consumption at the lamp terminals of 1.2 watts per 

. ft. of floor surface gave an illumination of 4 
foot-candles. He com with this two cases of 
indirect arc-lighting. In one, an illumination of 
1.74 foot-candles on the floor was produced b 
1.1 watts per sq. ft. at the lamps, the correspond- 
ing figures in the other case being 4.57 foot-candles 
and 69 watt. The items of renewals, &., Mr. 
Eck summed up by saying that the percentage in 
favour of arc-lamps was 25. 


Tae AppLicaTION or THE “ PARTICULARS ” SECTION 
or tHe Factory Acr to Founprigs, 


A report has just been issued of an investigation 
held on behalf of the Home Office, by Sir Ernest 
F. G. Hatch, Bart., into the — whether the 
** Particulars” Section of the Factory and Work- 
shop Act, 1901, should be applied to foundries. 
Briefly, the section in question orders that workers, 
who are paid by piece, shall be furnished with such 
particulars and rates with regard to the work on 
which they are en as to be able to compute 
the wages due to them. The required particulars 
are to be communicated to the workmen or posted 
up before the commencement of the work, or, if not 
then ascertainable, furnished in writing when the 
work is completed. The inquiry was instituted as 
a result of a demand by iron-moulders for the 
section to be applied to their trade. This was 

iven ex ion to by a deputation received by 


r. CO. F. G. Masterman at the Home Office on 
December 7, 1911. 


In commencing the inquiry 
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first approached, with a view to ascertaining 
whether employers had any grounds for objecting 
to the application of the section to iron foundries, 
in the manner in which it had already been 
applied to shipbuilding yards, brass-founding, &c. 
he employers entered some objections to the pro- 
posal, and finally a deputation, representing textile 
foundry employers, met the Commissioner, Sir 
Ernest Hatch. The objections have been held to 
form inadequate reasons for not making the appli- 
cation, some of them being of the nature of - vend 
raised in connection with the case of the ship- 
building trade, but since proved, it is said, to have 
been groundless. The Commissioner considered that 
the textile industry formed the nucleus of the oppo- 
sition, and after taking steps to find out ale 
the demand was genuine on the part of the workers, 
has recommended that the application be made. 
Unions representing 75 per cent. of the moulders 
in the country have declared in favour of the 
application, with the result that Sir Ernest Hatch 
states that he thinks a Particulars Order should be 
made, applying to all moulders in works where 
iron or steel founding is carried on, on the same 
lines as the Order of August 23, 1912, applying to 
‘*non-textile factories and workshops which are 
shipbuilding yards, so far as concerns the work of 
persons employed in the building or repairing of a 
ship.” One alteration, however, is suggested. In 
the Order just referred to it is forbidden to use 
symbols to designate either the work or the rate of 
payment. In the present case it is proposed to 
allow the use of symbols descriptive of standard 
work, known to the employee, by means such as a 
number, letter or name. is has been suggested 
to meet the case of certain industries for which the 
foundry patterns are exceptionally numerous. 





THE USE OF VEGETATION FOR 
RECLAIMING TIDAL LANDS. 
By Gerap O. Cass. 


In various parts of the world there are numbers 
of plants and trees growing on foreshores below 
high-water mark, which are very effective passive 
defences against coast erosion. They break the 
force of the waves and currents, and cover the 
shore with a protective coating of roots. They are 
also active defences, inasmuch as they bring about 
accumulation and gradually raise the surface level. 

On tidal shores in sheltered places, where there is 
a tendency for natural accumulation to take place 
by the deposit at high tide of particles of sand, 
clay, and humus, vegetation plays an important 
part in organising and controlling the accumulation, 
and causes it to take place ata much more rapid 
rate than it otherwise would. The plants slow 
down the tidal currents and material is deposited 
which, if the plants were not there, would be held 
in suspension and moved away. They also collect 
quantities of material moved along the bottom by 
currents and waves. Numerous marine animals 
dwell among the vegetation, and their remains, and 
the decay of the plants themselves, assist in forming 
a fertile soil. 

On tidal muddy foreshores in many places 
various species of flowering plants (chiefly grasses) 
grow strongly from high-water to half-tide level 
and form a dense mass. As the surface is gradually 
raised by sediment deposited by the incoming tide, 
by streams bringing débris worn from the land, and 
by the accumulation of dead végetation and shell- 
bearing animals, a salt marsh is formed and gradually 
grows seaward. The ordinary species of plants 
which build up salt marshes do not do so above 
ordinary high spring-tide level, as they require 
to be covered qutclically by the sea in order to 
flourish. When salt marshes have grown upwards 
to about ordinary high-water level, the accumulation 
of material subsequently takes place at a very slow 
rate, as the conditions are then unsuitable both for 
salt marsh and land plants. Bushes, trees, and 
the higher species of vegetation will not, as a rule, 
grow on marshes covered at occasional high tides, 
even by a few inches of sea-water, although there 
are important exceptions. When a salt marsh has 
been built up to ordinary high-tide level by vege- 
tation, it can then be reclaimed by an inexpensive 
embankment constructed to prevent the land from 
being overflowed by high spring tides. 

On the eastern coast of the United States of 
America, and elsewhere, there are enormous areas 
of salt marshes which have been formed by vegeta- 





tion and animal life gradually raising the bottom 
level of areas originally sheltered by barrier beaches. 
Shaler states that ‘‘on the eastern shore of the 
United States there is awaiting the thrift which 
shall win it to agriculture an area far greater than 
that occupied by all the Netherlands.”” It is prob- 
able that in the near future two million acres, or 
over 3000 square miles, of excellent land will be 
wou from the sea to agriculture. Beyond low- 
water line, on the sandy bed, ‘‘ eel ’’ grass, or sea 
grass (Zostera marina), and a few other plants, 
often grow, and rapidly accumulate sand and mud. 
When the shore has been raised to above low-water 
mark of ordinary tides, salicornias, spartina 
grasses, or other similar plants, commence to grow, 
and when they in their turn have raised the level 
to above high-water mark of neap tides, susedas 
and other plants assist in the work of reclamation 
up to high-water level of ordinary spring tides. 
Then, again, other species of plants establish them- 
selves, until in course of time a green salt marsh is 
formed which is fit for enclosure. Land in this 
country, thus won from the sea, is amongst the most 
fertile for agriculture. 

On coasts where the shore is of a rocky nature, 
and high tides wash the base of the cliffs, and also 
where there is a comparatively small horizontal 
range of tide, marine vegetation and animal life 

roduce little effect in causing accumulation. 

hree conditions are necessary for the formation 
of salt marshes on tidal foreshores. Firstly, the 
foreshore must be sheltered from rough seas ; 
secondly, there must be an ample supply of sand 
and mud brought in by the tides or carried down 
by rivers ; and, thirdly, there must be an adequate 
number of suitable plants growing on the fore- 
shore. The general tendency is for the sea to erode 
headlands, to fill up bays and estuaries, and to join 
outlying islands to the mainland. The places where 
vegetation on the foreshore forms the bee sand or 
mud into salt marshes are:—Firstly, estuaries ; 
secondly, sheltered bays ; thirdly, areas between 
islands and the mainland ; and, fourthly, on the lee 
side of shingle or sand-spits. 

Estuaries and Bays into which Rivers Discharge. 
—In the Wash accretion is slowly but continuously 
taking place over the whole surface. Gravel and 
sand are —— in the deep water; the mud 
only accumulates when the surface has been raised 
by the gradual deposit of sand, and there is, con- 

uently, comparatively quiet water. It is gene- 
rally found that when the sand has accumulated to 
about 7.80 ft. below high-water level of ordinary 
spring tides, mud commences to deposit amongst 

e sand. When the surface level has been raised 
to about 6.60 ft. below ordinary high spring-tide 
level, salicornias commence to grow on the foreshore, 
and the deposit then takes place at a much more 
rapid rate. These plants collect and fix the mud 
and sand, and, in course of time, a soil is formed 
composed of a mass of fine sand and mud mixed 
with decayed vegetation. When the surface has 
risen to about 4.70 ft. below ordinary high spring- 
tide level, grasses and plants of various kinds grow 
among the salicornias, and in time a salt marsh is 
formed, which is only overflowed by the highest 
tides. Itis then fit for enclosure. The level of 
high-water mark of ordinary spring tides in the 
Wash is 13.34 ft. above Ordnance datum, but 
during exceptionally high tides, which some- 
times occur, the level of the water has reached 
as high as 4.5 ft. above that level. When 
the foreshore level has been raised by the 
assistance of vegetation to about 4.70 ft. below 
ordinary spring high-tide level, it is then only 
covered by the sea during spring tides, and is 
locally called ‘‘Samphire Marsh.” When the 
surface has been raised to about 2.30 ft. below 
ordinary high spring-tide level, and is, more or less, 
covered by various grasses, it is termed ‘‘ Green 
Marsh” or ‘* New sh,” and when the surface 
has been raised to about the level of high water of 
ordinary spring tides it is termed ‘‘ Old Marsh.” 
The Fenland is really a silted-up bay or arm of the 
sea, the deposits beneath it being essentially 
marine.* 

In some bays, especially where there is a com- 
—— narrow entrance and a large supply of 
ittoral drift, the sea builds a shingle or sand-spit 
across the bay ; the river, in such cases, often has a 
narrow and frequently-changing entrance to the sea. 
Romney Marsh was at one time a bay, into which the 
River Rother discharged. A barrier beach com- 


* Skertchley, ‘‘Geology of the Fenland.” 
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menced to form near Rye, aang grew out into the 
sea in the direction of Hythe, and then caused 
the mouth of the Rother to be diverted eastward 
until, as time elapsed, there was a barrier beach 
across the bay which only had a narrow and oft- 
changing opening for the sea to enter at high tide, 
and for the waters of the River Rother to dis- 
charge. Nearly 60,000 acres of tidal foreshore was 
thus sheltered from rough seas. Sand and mud 
brought in by the tides, and a certain amount also 
brought down by the river, were deposited in the 
bay, the bottom of which was gradually filled up ; 
various species of plants started to grow, and they 
increased the rate of deposit. The decayed vege- 
tation and the remains of shell-fish and other 
animals helped to raise the surface, and to form a 
soil. In course of time salt marshes were formed, 
and embankments were then built to prevent the 
salt marsh from being overflowed by the highest 
tides. Hundreds of examples might be given of the 
silting up of estuaries and bays, into which rivers 
discharge, and of the gradual] natural formation of 
the tidal foreshore into salt marsh by the action of 
vegetation. 

Bays into which no Rivers Discharge.—Bays into 
which no rivers discharge are sometimes gradually 
filled up by the deposit of littoral drift over the 
bottom, and sometimes a barrier beach is formed 
across the entrance of the bay, having a narrow 
opening in it, through which the tide gains access. 
In the former case sand only is deposited until the 
surface-level has been raised to about the level of 
high-water mark of neap tides. In the latter case 
silt and mud are deposited over the whole area as 
soon as it is sheltered by the formation of the 
barrier beach. The part of Sussex known as the 
Pevensey Levels was thus reclaimed. In the first 
place, a barrier beach was formed having a narrow 
opening for the tide to go into the bay. Silt was 
then brought in by the tide and deposited, various 
species of plants grew on the foreshore until salt 
marshes were formed, and the whole bay was 
gradually enclosed by embankments. 

Accumulation between Islands and the Mainland. 
—There is always a tendency for accumulation to 
take place, and for vegetation to form salt marshes, 
between islands and the mainland. When there is 
an island near the coast, it shelters the shore of 
the mainland from. the action of the wind waves, 
and reduces the amount of littoral drift ; more 
material is therefore moved in from the windward 
side than is moved out on the leeward side, and 
reclamation results. Accumulation has thus taken 
place between Holy Island, Northumberland, and 
the mainland. There is also a tendency for the 
seaward coast-line of the island to be eroded, and 
for the materials therefrom to be distributed in the 
form of barrier beaches in the direction of the 
mainland. The Islands of Cockenoes, in America, 
Margarita, in Venezuela, and Shapka, in Alaska, 
are thus each joined to the mainland by two barrier 
beaches. The Island of Portland is joined to the 
mainland near Weymouth by the well-known Chesil 
beach. Several islands in Scotland are also joined 
to the mainland by barrier beaches. On the 
sheltered lee side of such shingle spits, salt marshes 
are generally formed between the island and the 
mainland, and in numerous cases they have in time 
become incorporated. The isles of Thanet and 
Selsey are examples of this action. The Isle of 
Selsey, in the first place, became joined to the 
mainland on the south-west side by a shingle spit, 
subsequently a shingle spit was also formed between 
the east end of the island and the mainland towards 
Bognor. This spit for many years had a narrow 
and oft-changing opening, through which the tides 
gained accessto what wasknown as Pagham Harbour. 
Under the shelter of the shingle spits, salt marshes 
were formed by vegetation, and from time to time 
these were enclosed by the construction of earth 
banks, so as to prevent them from being overflowed 
by the highest tides. 

Accumulation on the Lee Side of Shingle and 
Sund-Spits.—There are on many shores sand or 
shingle spits projecting from the mainland into 
deep water. Salt marshes are usually formed on 
the lee side of such spits. A wide belt of marsh- 
land has thus grown up under the shelter of the 
long shingle spit at Hurst Castle, Hampshire. 

_ Source of Supply of Sand and Mud.— While there 
is no doubt that there is a natural tendency for all 
bays and indentations in the coast-line to become 
filled up, the source of supply of this material is a 
matter upon which there is a great difference of 
opinion. Some engineers and geologists are of 





opinion that most of the material which is being 
deposited in the Wash is derived from the erosion 
of the coast, and is moved in by the sea; others 
hold that the material mainly comes from land 
erosion, and is brought down by the rivers. Mr. 
W. Whitaker, F.R.S., in giving evidence before 
the Royal Commission on Coast Erosion, stated 
that, in his opinion, the chief source of the material 
which is deposited in the Wash is the land material 
brought down to the coast by the rivers. In his 
work on the ‘‘ Geology of the Fenland,” Skertchley 
states that the deposits now forming are brought 
in by the sea, the source of supply being the neigh- 
bouring coasts which are being eroded, the rivers 
bringing only an inappreciable quantity of sediment 
from the land. This, he says, is shown by the fact 
that when the land is drowned by freshlets the 
ogi is never soiled, although the flood may last 
or weeks. 


In the author's opinion the material now being 
deposited there is partly derived from the erosion 
of the neighbouring coast and brought in by the 
sea, and partly derived from the land and brought 
down by the rivers. Bays on the coast into 
which no river flows are now being, and have in the 

t been, filled up, and, on the other hand, bays 
into which rivers flow, and into which, owing to 
the nature of the neighbouring coast, little or no 
coast-eroded material could be brought, have also 
been filled up. It would therefore appear reason- 
able to suppose that the supply of material for fill- 
ing up bays, estuaries, and indentations in the 
coast may either be brought in by the sea from 
the neighbouring coast, or be brought down by 
rivers from the land. 

On the coast of Cornwall a considerable quantity 
of the material which has been deposited in the 
bays, and which has caused them to silt up, has 
obviously been brought down from the old mines 
and stream tin works. 

Foreshore V egetation.—The vegetation of the sea- 
bed, foreshore,* and on salt marshes, may be 
divided into zonest :— 

5. -bed. 

2. Foreshore covered by the sea at neap tides 
(area between high-water line of neap tides and low- 
water line of neap tides). 

3. Foreshore covered by the sea at spring tides 
only (area between high-water line of neap tides 
and high-water line of spring tides). 

4. Salt marshes covered only by the occasional 
highest spring tides. 

ncluded in these zones we find various species 
of both hydrophytes and: hallophytes, which grow 
on sand and mud, and which accumulate and fix 
material transported by the tides and currents. 
The decay of es plants also adds to the rising 
surface. The plants are usually distributed in 
zones, and often very gradually over into salt 
marsh formations. In shallow of seas asso- 
ciations of microphytes and the larger alge grow 
on sand and all The hallophitic communities 
are divided into those that are psammaphilous, 
pelophilous, and helophilus, according as the sub- 
stratum consists respectively of sand, of mud, or 
of swamp. 

On European foreshores salicornias are the most 
important psammaphilous hallophytes on the first 
zone landward of ot ne level, and salicornias 
and spartina grasses are the most important pelo- 
philous hallophytes. Near low-water mark black 
masses of sand are often inhabited by iron-sulphur 
bacteria, the black colour of the sand being due to 
the reduction of sulphates dissolved in water con- 
tained in ferruginous sand. On muddy foreshores 
of estuaries and bays in Northern Europe there 
are sometimes shallows which contain water even 
at low tide. In such places several species of tall, 
perennial plants w in dense masses, and 
accumulation on the bottom gradually takes place. 

The Sea- Bed.—The algze which grow on the sea-bed 
are usually attached to stones or rocks, and are not 
of much importance in raising the shore level. 
There are, however, a few species having capillary 
root-like organs which w in masses on loose 
sand or mud. Of the plants which grow on the 
sea-bed between low water, zosteras are by far the 
most important as agencies for accumulation. In 
places, these plants grow from low water to a depth 
of over 30 ft. 

In many places along the coast-line of the United 


* The word ‘‘foreshore” is here applied to any part of 
the shore which is covered by the sea at high-water 
ing tides, and laid bare at low-water spring tides. 

Vide Warming, ‘‘Ocecology of Plante. 





States of America, especially in regions north of 
Cape Hatteras, ‘‘eel” grass (Zostera marina) has 
a powerful influence in causing the accumulation of 
sediment and the diminution of the depth of water, 
over extensive areas of the sea-bed, in sheltered 
bays and estuaries, and also in lagoons.* 

n America the blade-like leaves are generally 
about } in. wide and grow up to 8 ft. or 10 ft. 
long. The leaves are very strong, and are capable 
of withstanding waves which occur in moderately 
sheltered parts of the coast. The dense masses of 
leaves diminish the force of the waves striking 
the coast and reduce the velocity of the tidal cur- 
rents, causing them to deposit sediment in suspen- 
sion, which settles between the stems and gradually 
accumulates at the bases of the plants. Many 
species of animals dwell in the zostera beds, find- 
ing there the protection and food necessary for 
their existence. The remains of such animals 
contribute to the rapidly increasing accumulation. 
The effect of these plants in raising the surface 
level is confined to areas below low-water mark. 
When they have raised the surface to about that 
level, other kinds of vegetation and animal life 
take up and carry on the work of accumulation 
begun by the zosteras in deep water. 

Off the coast of Yarmouth, at Poole Harbour, 
and in other places round the coast of England, 
‘*eel” grass grows abundantly on the sea- 
bed. After a gale the shore at Yarmouth is often 
strewn with masses of the leaves of these plants, 
mounds being formed of the blackened stems and 
leaves. At Poole Harbour many acres of the sea- 
bed are overgrown with zosteras, and banks of 
decayed leaves often fringe the shore. Cows will 
eat the leaves, but horses do not care for them. 


(To be continued.) 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 7. 

Srez. shipments from mills and distributing ware- 
houses continue in excess of new orders. Slight price 
concessions are expected in the trade. otwith- 
standing the conservative 44°" the railroads, there 
are most encouraging signs in the preparations bein, 
made for the placing of 1914 rail conenete, The New 
York Central has already presented tentative inquiries 
for 150,000 tons, and the Atchison, St. Paul, and 
Burlington are each figuring over 40,000 tons. It is 
believed that by the end of the current quarter 
two-thirds of the rail capacity will be sold up for 1914. 
Car orders were slack through July, but this week 
inquiries have been presented for 15,000 cars which 
are wan Locomotive orders have, as usual, fallen 
off, but this week inquiries are in hand for quite 
a number. Business in plates and shapes ave 
60 per cent. of shipments. The Steel Corporation 
shows for July a decrease of 400,000 tons. t con- 
cern is working to 90 per cent. of total capacity. 
Stocks of material among consumers are depleted and 
are at the lowest point for the year. Plates, shapes, 
bars and pipe continue active. 

Latest crop reports are . Anenormous traffic from 
agricultural sources awaits the roads. The indepen- 
dent steel-makers of the West have just contracted 
for 775,000 tons of Bessemer and basic iron for future 
delivery. Cast-iron-pipe makers are heavy buyers of 
iron. A good week’s business has been done in 
foundry and forge. Excellent conditions prevail in 
trade and manufacturing circles. A heavy autumnal 
distribution of merchandise is assured. 





Tue tate Mr. James Rironim, Girascow.—The Glas- 
\gow Herald announces the death at Roberton, Lanark- 
shire, on the 19th inst., in his ninety-second year, of Mr. 
James Ritchie, ©.E., 10, St. James-terrace, Glasgow. 
Mr. Ritchie went to London as a young man, and while 
there was in the ee of some of the earliest 
railways. He took levels for lackheath Tunnel and 
the line to Maidstone, and had some work to do in con- 
nection with the preparation of the plans for the first line 
between Darlington and Barnard Castle. On leaving 
Lendon he proceeded to Perth, where he carried on his 
profession for about fifty years. Among the numerous 
appointments he held was that of Inspector of Land 
Improvements under the Board of Agriculture. He had 

h of the land improvements in is when the late 
Sir James Mathieson purchased the island, for his 
success in the cultivation of a ial kind of there, 
which he imported from the Falkland Islands, he was 
awarded the gold medal of the Highland and icul- 
tural Society. For many years he held the office 
surveyor for the Central ict of Perthshire. He was 
much in request 8s a consulting engineer and arbiter, and 
he acted for several of the proprietors in connection with 
the dispute in rd to the pollution of the Spey. Mr. 
Ritchie retired about fifteen years ago. 


* Vide Shaler, ‘‘Sea and Land.” 
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TRADE OF JAPAN FOR 1912. 


Tue report on the trade of Japan for the year 1912, 
by Mr. E. F. Crowe, Commercial Attaché to H.B.M.’s 
Embassy, Tokyo, contains much information which is 
useful to those interested in Japan. The total amount 
of foreign trade for the year was the greatest in the 
history of Japan, the value totalling 116,984, 8587. , 
being an increase of 18,858,318/. over the previous 
year. The imports amounted to 63,188,795/., and the 
exports to 53,796,063/., showing an excess of imports 
over exports of 9,392,732/. In imports raw cotton 
and metals have led the way with conspicuous in- 
creases, while the list, as a whole, shows a satisfac- 
tory growth in raw materials and semi-manufactured 
articles. For this reason, perhaps, the apprehensions 
of Japanese economists at the continued excess of 
imports need not cause as much fear as they have done 
in some quarters. At the beginning of 1912 the out- 
standing national debt amounted to 260,865,686/., 
while at the close of the year it was 257,667,087/., 
of which 111,924,377. was internal, and 145,742,710/. 
external. Some interesting points in Japanese finance 
are discussed in the report. 

The value of raw cotton imported was 20,500,700/., 
being an increase of 5,516,700/. over that of the pre- 
vious year ; the value of the iron and steel imported 
was 5,968,300/.—an increase of 1,680,600/. over the 
previous year; of metals other than iron and steel, 
1,415,000/.—an increase of 277,300/.; of metal manu- 
factures, 2,105,000/.—an increase of 265,000/.; of 
machinery, 2,987,000/.—an increase of 169,600/.; and 
of vehicles and vessels, 1,133,000/.—an increase of 
73,2001. It is interesting to note that, in spite of the 
increase of duty, cotton yarns were impo to the 
value of 64,000/., which is nearly double the amount 
which came in in 1910, under the old duty. The yarns 
imported were mostly of special qualities not yet spun 
in Japan. The Japanese are now able to spin all the 
ordinary yarn which they require. 

Of the imports of pig and ingot iron and steel, out 
of a total of 236,510 tons, 159,293 tons came from the 
United Kingdom. It ought to be noted that China and 
India are now sending to Japan considerable quantities 
of iron in this form, and they are likely to increase. In 
the various kinds of manufactured iron and steel the 
United Kingdom still holds by far the most important 
place, although the competition from Germany and the 
United States is beginning to be felt. The list of 
the machinery imported is of a very varied kind, the 
most important items being wood-working machinery, 
dynamos and electric motors, spinning machinery, 
gas-engines, weaving-looms, and steam-engines. Of 
the total amount, 1,456,300/. worth came from the 
United Kingdom, 705,600/. from the United States, 
658,900/. from Germany, and the remainder from other 
countries. 

One of the most interesting features of the year 
was the business in steamers, not so much because 
of any extraordinarily large increase, but because of 
the attitude prone | by the Japanese authorities 
in the Kwantung pall | territory, which grants to 
ships the right to fly the Japaneze fing, while they 
escape the payment of high import duty, Darien 
and Port Arthur being free ports. The shipping, 
steam and sailing, entered at Japanese ports during 
the year 1912 shows a satisfactory increase both 
in number of vessels and a as compared 
with 1911, the number of vessels being 9386, and 
the tonnage 21,700,268 tons, being an increase in 
vessels over last year of 380, and of tonnage 646,802 
tons. During the year there was a considerable 
inerease in the Japanese mercantile marine, which at 
the end of 1912 consisted of 1969 steamers, of 903,756 
tons net, and 6398 a vessels, of 410,061 tons. 
The total mileage of railways on March 31, 1912, 
was :—Government railways 5044 miles, private rail- 
ways 562 miles, being a total of 5606 miles. Oa 
December 15, 1912, the Imperial Government Rail- 
ways had 2445 locomotives, divided as follows, accord- 
ing to nationalities: British, 964; German, 244; United 
States, 1022; Swiss, 11 ; Japanese, 204. 





Persona, —The Judson-Jackson Company, Limited, 
state that, owing to their increased trade, they have been 
obliged to take more commodious premises, and have now 
removed to 50, Marsham-street, Westminster, 8S. W., a 
continuation of Great Smith-stree*. 


ee 


New Sovurnh Wares Rattway DerveLropment.—Ac- 
cording to a telegram in the Morning Post of yesterday, 
an important ment of rather unusual interest has 
been signed in New South Wales. The parties to this 
agreement, which will require the sanction of Parliament, 
are the New South Wales Government and Messrs. 
Norton, Griffiths and Co. The agreement fi 
the construction of railways, the cost of which is esti- 
mated at about 3 million sterling, including the long 
delayed connection between dobolin and Broken Hill. 
It is understood that the workmen are to be paid by day 
at the rates existing in Government departments, and 
apparently the work will be paid for on the system of 
cost plus 5 per cent. The works are expected to be com- 


plete in 24 years, 





GAS-ENGINE CYLINDERS. 
To THE Eprror oF ENGINEERING. 

S1r,—Professor B. Hopkinson is to be congratulated 
on the success of the experiments described by him at 
Cambridge last month, though, as he says, ‘‘ the idea of 
introducing water into an internal-combustion engine is 
not new.” It is about twenty years since I discussed the 
matter with his ted father, the late John Hopkin- 
son ; but it was allowed to drop, partly because there 
were other and more pressing things to be attended to, 
and partly also Maxim pro to make a gas- 
engine having the combustion-chamber and _piston-head 
lined with soap-stone, which, while being itself unaffected 
by gases at high temperatures, would protect the iron. 

y own pet scheme was to force water through open- 
grained metal, in order to keep its inner surfaces at or 
about boiling-point ; and I cannot help thinking, even 
now, that this might be better than the method of spray- 
ing adopved by Professor Hopkinson, as it would prevent 
all ‘‘ evaporation in the flame.” 

His 40-horse-power engine runs 180 revolutions per 
minute ; so there are 90 explosions per minute—one every 
% second ; and 360 strokes—that is, 6 per second. For 
steam to be useful it must be preduced before half- 
stroke ; so there are (a) firing of the charge ; (6) warming 
the surface of the metal ; and (c) evaporating the water 
—all to be done seriatim, as Professor Hopkinson be- 
lieves, within so short an interval as one-twelfth, or less, 
of a second ! 

If my letter be not already too long, may I protest 
against mechanical engineers being still treated to such 
baby-talk as ‘‘ heat-flow” and “‘ the removal of heat,” as 
if a substance were being put into and taken out of the 
iron? Are we never to be allowed to grow out of our 
unscientific infancy ? 

Faithfully yours, 
Wm. H. Massey. 
9, Queen Anne’s Gate. Westminster, S.W., 
August 18, 1913. 








‘THE ADMIRALTY AND CONTRACTORS.” 
To THE Enitor oF ENGINEERING. 

Sir,—Referring to your article in this week’s ENGI- 
NEERING, on ‘‘the Admiralty and Contractors,” let me 
give an instance of the ignorance displayed and nonsense 
talked by the ordinary M.P. when dealing with matters 
he doesn’t understand. 

A few years ago, when giving his annual address to his 
constituents for two successive years, the member for a 
Yorkshire division stated that the Government (he was 
then in opposition) were paying 90/. a ton for steel ship- 
plates, whereas the ordinary shipbuilder was only paying 
9. a ton for his steel plates ! 


Yours truly, 
Leeds, August 16, 1913. ” 


DD.” 


HUMPHREY PUMPS FOR FEN DRAINAGE. 
To THE Epritror or ENGINEERING. 

Sir,—I notice in the issue of your paper of the 
15th inst. a letter from the Humphrey Pump Company, 
Limited, in which they imply that the statement I e 
in my reply to the discussion on the “ Drainage of the 
Fens” at the summer meeting of the Institution of 
Mechanical Engineers, at Cambridge, was an erroneous 
one. My statement was: ‘‘ Mr. Humphrey has referred 
to the lower initial cost of the Humphrey pump. I have 
had no personal experience on that point, but I know of 
one recent case where the Humphrey Pump Company, 
Limited, tendered against the ordinary centrifugal pump 
and steam-engine, in which I think I might say, without 
any breach of confidence, that the tender for the 
Humphrey pump was exactly double that of the steam- 
engine and eT —. This statement is abso- 
lutely correct, and I think it is quite plain that it compares 
the cost of the Humphrey pump installation with the 
cost of the steam-engine and centrifugal pump only. In 
the case referred to new boilers had been installed two 
years before the tenders for pumps were invited, and 
therefore their cost is not included in the comparison 
I made; if, however, the cost of the boilers and boiler- 
house plant be added to the tender for steam-engine 
and centrifugal pump, the tender for the Humphrey 
pump is still 50 per cent. in excess of that for the steam 
ins’ tion, exclusive of foundations and buildings in 
each case ; and if the cost of foundations and buildings be 
added, the cost of the complete internal-combustion pump 
installation is considerably more than double that of the 
complete steam-driven centrifugal-pump installation, the 
Humphrey pump requiring deeper and more extensive 
foundations. The cost of foundations will necessarily 
vary for every site, but the case referred to is a typical 
one for the Fens, and it may be taken as being applicable 
to all Fen pumping-stations. 

Provided the claims put forward by the inventor of the 
Humphrey punrp can be substantiated, this pump wi 
installed m every case where a new plant is to be put 
down, as public bodies and commercial firms could not do 
other than take advantage of the great saving in initial 
and running costs. I, however, consider actual tender 
prices to be the best comparisons as regards initial costs, 
and that further proofs are required as regards mainten- 
ance and running costs. 'y, I think the Humphrey 





‘or | pump in its present form to be in many respects unsuit- 


able for fen drainage or dock pumping-stations, which 
are the particular classes of os of which I have 
special knowledge. It is to be hoped that Mr. Humphrey 
will be able to evolve a type of pump to suit the condi- 
tions of fen and dock pumping, and thus be able to 
confer on pump-users for these particular purposes the 
l financial fits they so much desire. 

have no intention of entering into a discussion on the 


be | specification for which stipulated that certain 





merits or demerits of the Humphrey pump—that was 
not the subject under discussion at the Cambridge 
meeting of the Institution of Mechanical Engineers, 
or to carry on a paper correspondence on the subject, as 
I decline to be le the medium of an advertisement for 
the Humphrey Pump nee: oy 6 Limited, and therefore 
the correspondence is closed as far as I am concerned, my 
object in replying to the letter of the Humphrey Pump 
Company, Limited, being solely to confirm my statement 
made at Cambridge and to refute the implication that it 
is in any way erroneous. 

It is Pome necessary for me to say that I have no 
financial, commercial, or other interest in any form of 
pump, engine, or any other machinery. 

I am, Sir, yours faithfully, 
E. G. Crocker, M. I. Mech. E., 

Consulting Engineer. 

Ely, Cambs., August 16, 1913. 





HYDROPLANES. 
To THE EpiToR oF ENGINEERING. 

Sizn,—A name is uired for hydro-aeroplane, the 
terms water-plane, sea-plane, &c., being quite unsuitable, 
as they fail to refer to the most important part of the 
plane’s function—namely, that it flies in the air. Hydro- 
aeroplane does all that is required, but it is far too long. 

The problem has been dealt with in other branches of 
science where a similar problem has been encountered, 
and the Greek word ‘‘amphi” has been used successfully 
to designate animals which live both in water and air, as 
in the words amphibian, amphibiology, &c. This gives 
us the word “‘ amphi-plane,” which may be pronounced 
without difficulty, and before long it would, no doubt, be 
shortened into the convenient form of ‘‘ amphi.” 

Yours faithfully, 
OC. TurRNBULL. 

Electricity Works, North Shields, August 18, 1913. 








FUSIBLE PLUGS. 
To THE EprTor oF ENGINEERING. 

Sir, —In reporting my remarks upon Professor Hopkin- 
son’s paper on a “‘ New Method of Cooling Gas-Engines,” 
you point out (page 159 ante) that I expressed some doubts 
as to the efficiency of the fusible plug by which Professor 
Hopkinson proposed to remedy the possibility of damage 
from inadequate water supply, and that I referred to my 
experience with the use of such solid plugs in steam 
boilers. I wish it to be clearly understood that I referred 
only to such plugs as I believe were proposed in connec- 
tion with the gas-engine—namely, solid ones. Such 
plugs were for a long time used in the furnaces of loco- 
motive and other steam boilers, and were seldom of any 
service, generally failing to melt at all, or melting so 
little as to be inefficient in discharging water and steam 
enough to extinguish the fire. 

During the last few years thoroughly reliable plugs for 
steam boilers have been designed, | I cap speak from 
actual experience of their very great value as safeguards 
in cases of overheating. It has since occurred to me 
that it is possible that some plug designed on modern 
lines might be suitable for use in the gas-engine working 
under the conditions referred to in Professor Hopkinson’s 
= Faithfull 

‘aithfully yours, 
JF. 


. L. Crostanp. 
Manchester, August 13, 1913. 





Tue LATE Mr. THomas ARROL.—We regret to have 
to ey on record the death on Thursday morning, after. 
a short illness, of Mr. Thomas Arrol, who had long been 
associated with the firm of Sir William Arrol om Co., 
Limited, bridge builders and engineers, Glasgow. Mr. 
Arrol was a nephew of the late Sir William Arrol, and 
for many years was a director of the firm. Indeed, he 
had practically spent in the works the whole of his profes- 
sional life as an engineer, being responsible for the execu- 
tion of many of the important undertakings by the firm, 
principally in supervising the erection of bridges and 
other constructional steel work. He had great tical] 
experience, and was particularly resourceful in emer- 
oe, so that he contributed in some considerable 
legree to the success of the firm’s operations. He was 
of a quiet disposition, and took no part in public life, but 
he was a genial companion to those who knew him well. 





Rieuts To A Trapr Name VinpicaTep.—In Glasgow 
Sheriff Court, Sheriff Gardner Millar has recently issued 
his decision in an action at the instance of the Manganese- 
Bronze and Brass Company, Limited, London, against 
a Scotch firm of engineers. The plaintiffs claimed 
damages on the ground that, in the course of executing a 
contract for the construction of two marine engines, the 
were 
to be constructed of Parsons’ white metals, the defendants 
used a different white metal as being plaintiffs’. The defen- 
dantsdenied that plaintiffs’ alloys— Parsons’ white brassand 
Parsons’ white metal—were used solely to designate their 
goods, or that the plaintiffs had patent rights for the 
sale or manufacture of said metals; and they maintained 
further that the names of the metals and the metal itself 
were used generally and werenot plaintiffs’ exclusive pro- 
perty. Sheriff-Substitute Craigie, before whom evidence 
was led, found that the names ‘‘ Parsons’ white brass” 
and “‘ Parsons’ white metal ” were used solely to designate 
goods of plaintiffs’ manufacture, and that defendants 
passed off goods as plaintiffs’ which were not plaintiffs’ 
manufacture, to the loss of plaintiffs, and found them 
entitled to damages. Sheriff Gardner Millar, on appeal, 
adhered to the decision of the Sheriff-Substitute. 
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MOTOR FIRE-ENGINE, HOSE-CART, AND LADDER. 
CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LIMITED, GREENWICH. 








WE illustrate above a new motor fire-engine of the 
trol-driven ‘‘ Hatfield ” design, which has recently 
mn supplied by Messrs. Merryweather and Sons to | 
the Edinburgh Fire Brigade. The engine is a four- | 
cylinder Merryweather - Aster engine, capable of | 
a 70 brake horse-power, and the pump, which | 
is of the reciprocating or plunger type, delivers 450 | 
to 500 gallons per minute. The whole machine con- | 
forms generally to the makers’ standard specification, 
but is constructed with certain modifications in points 
of detail to meet the special requirements of Vire- 
master Pordage. In addition to the powerful 1}-in. jet 
delivered by the pump when worked to its full capacity, 
arrangements are also made for it to supply an auxiliary 
t-in. jet through 180 ft. of j-in. rubber hose. This 
** first-aid ” apparatus, which can be brought into ser- 
vice immediately the scene of action is reached, should 
prove of the utmost value for extinguishing small 
fires. Its adoption is rendered possible by the extreme 
flexibility of the ‘‘ Hatfield” pump, which can throw 
any jet from } in. to 14 in. in diameter, according to the 
quantity of water available. The size of the jet can 
also be regulated according to the magnitude of the 
fire, so that an outbreak can be extinguished with a 
minimum water damage. The water for supplyin 
the “‘ first-aid” jet is contained in a 30-gallon tank 
carried on the vehicle itself. 

A feature of special interest to firemen is the light- 
ing equipment. The engine carries three headlights 
pm. Bon in the form of a triangle ; the top light is 
green and the two side ones are red. The green glass 
in the top lamp can be removed, and the lamp—which 
is 200 candle-power and driven by a dynamo—can 
either be used as a searchlight from the engine or can 
be taken into a building, a length of flexible cable, 
carried on a reel on the engine, being provided for the 
latter purpose. Firemaster Pordage has made an 
arrangement with the police authorities to the effect 
that the top.green light is to be regarded as a special 
signal announcing to the police on point duty the 
approavh of a motor fire-engine. ~ 

The specification required that the engine should 
deliver 450 gallons of water per minute through a 
1}-in. nozzle at not less than 140 Ib. pressure on the 
pump, but at the official tests, which were very ex- 
haustive, these figures were well exceeded. The actual 
delivery through a 1}-in. nozzle was 468 gallons per 
minute at a pressure of 178 Ib. persq. in. The follow- 
ing are the test results :— 














a Quantity Tests. 

i 

Length of | Diameter of | P on tity 

| Delivered per 

Hose. Nozzle. | Pump, } Route. 
ft. in. Ib. gals. 
100 i } 140 554 
100 1 | 178. | 468 
100 1 | 190 377 








The quantities were measured through a Venturi meter. 





Long-Line Tests. 


Working through 1000 ft. of hose with two 1-in. nozzles: 
180 Ib. =. 

ae rough 1500 ft. of hose, with two 1-in. nozzles: 
180 lb. —, 

Working through 2000 ft. of hose with two 1-in. nozzles: 
190 Ib. pressure 

Working through 2500 ft. of hose with two l-in. nozzles: 
195 lb, pressure. 

Suction-Iaft Tests. 
Water 30 ft. below centre of suction inlet: water in 


50 seconds. 
Water 27 ft. below centre of suction inlet ; branch on tower 
110 ft. above engine: water in 1 minute 10 seconds at 
nozzle. . 

These figures, Messrs. Merryweather inform us, 
were subsequently improved upon, since, at a later 
demonstration, the pump created a record for —_ 
lift, repeatedly sty Sapa from a measured dept 
of 31 ft. 3 in. without being primed. During the road 
ag a speed of 36 miles per hour was attained on 

e level. 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 





WE give below a few data on a number of colonial and 
foreign ne projects, taken from the Board of 
Trade Journal. Further information concerning these 
projects can be obtained from the Commercial Intelli- 
ce Branch, Board of Trade, 73, Basinghall-street, 


don, E.C. 
Canada: The Commercial Intelligence Branch of the 
Board of Trade is informed that ers have been invited 


by the Canadian De ent of Public Works for the 
construction of a wharf at Vancouver, B.C. Sealed 
tenders, on the proper form, were to be received, up to 
4 p.m. om , the 21st inst., by the Secretary, Depart- 
ment of Public Works, Ottawa. 

South Africa: H.M. Trade Commissioner reports that 
tenders are invited by the Johannesburg Municipality 
for the supply of (1) two tar-spraying machines and spares, 
and (2) two 20-in. by 5-in. granulators and spares. Tenders 
will be received at the Municipal Offices, Johannesburg, 
up to September 15, where ‘specifications may be seen by 
agents of United Kingdom manufacturers. 

Spain: The Gaceta de Madrid publishes a decree 
empowering the Ministry of Marine to arrange for the 
carrying out of the work connected with the construction 
and fixing of a metal pier, the laying of railway lines, the 
construction of an iron shed, on the construction of three 
warehouses for storing gunpowder at the Marine 


at Ferrol. e also publishes a notice, issued by 
the Ministry of Fomento, inviting tenders, which will be 
opened on September 9, for the construction of the sixth 


section of the railway in course of being laid from Ripoll 
to Puigcerd4, in vince of Gerona. The upset 
price is put at 2,167,171 pesetas (about a ef a deposit 
of 10 per cent. of which amount will be required to qualify 
any tender. though the foregoing contract will doubt- 
less be awarded to a S firm, nevertheless the 


outside Spain. 
Italy: The Gazzetta Ufficiale, Rome, notifies that 
tenders are invited and will be oe on oe = 
simultaneously at the offices of the Ministry of ine, 





Rome, and at the Prefecture of Teramo, for the construc- 
tion of a sea defence wall slong the at Giulianova. 
The upset price is putat 179,000 lire (7160/.) The Gazzetta 
also notifies that tenders are invited, and will be opened 
on A t 30, at the offices of the Italian Ministry of 
Public 7. Rome, bl the ing out Sanat 
extensions at Spezia. upset price 1s put at . 
lire (111,468/.). The work will entail the building of 
wharves. The Gazsetta further announces that jontess 
are invited and will be opened on Se ber 4, at the 
offices of the Italian State Railways, Rome, for con- 
struction of a portion of the Fossano-Mondovi section of 
the line in course of being laid from Fossano to Mondovi 
and Ceva. The upset — is put at 5,544,000 lire 
(221,7607.). Although the above-mentioned contracts 
will doubtless be awarded to Italian firms, nevertheless 
the carrying out of the works may involve the purchase 
of materials outside Italy. 

Russia: The Torgovo Promyshlennaya Gazeta, St. 
Petersburg, states that at meetings of the Committee of 
the Russian Imperial Bank held on August 1 and 8 it 
was decided to sanction the necessary expenditure for 
the erection of grain-elevators at the following stations 
on the Ryazancko-Uralskoi Railway :—Kolyshlei, 207,000 
roubles ; Tambov, 408,000 roubles; Saltykovka, 227,000 
roubles ; and Tamala, 240,000 roubles. The total sum 
ear-maked by the Committee of the rr Bank up to 
date is 8,503,000 roubles in respect of 25 grain-elevators. 
(Rouble=2s. 14d.) 

Salvador : H.M. Consul at San Salvador-reports that, 
according to the Diario Oficial, San Salvador, the 
Salvador Ministry of Public Works invites proposals for 
the construction of a second bridge over the River Lempa. 
The bridge is to be constructed of metal, and designed 
for a high road ; the width is to be7 ae 23 ft.), 
and the flooring is to be of stone pavement. ‘The pro- 
posals are to based on private surveys. Sealed 

accompanied by plans and estimates, will be 
received up to December 31, at the office of the 
Ministerio de Fomento, San Salvador. 

Colombia : The Acting British Vice-Consul at Bogoté 
reports that a -making contractor (British) in that 
- who also does a considerable amount of transport 
and haulage work, wishes to receive catalogues of United 
Kingdom makers of traction- engines, road - repairing 
material, and plant. &c. It is desirable that the cata- 
logues should be in Spanish, and, if ible, contain par- 
ticulars as to weights, shipping, and forwarding 
&c., 80 that the exact cost of delivery in Bogota can be 
calculated. The name and address of the contractor may 
be obtained by makers in the United Kingdom at the 
Commercial Intelligence Branch of the Board of Trade. 
Any further communications rding the inquiry 
should be addressed to the British tion, Bogota 

Brazil : With reference to the call for tenders for the 
construction of a railway from a to Itajubé the 
Acting British Consul- eral at Rio de Janeiro calls 
attention to an announcement, in the Diario Official, to 
the effect that the adjudication of this contract has been 
postponed. 


THE GERMAN STEEL UNION. 

Tue report of the German Steel Union for the year 
1912-13 states:—In our previous report we had to give 
expression to the fear that the opportunity afforded | by 
the favourable position of the market might be interfered 
with by the marked shortage of railway wagons, more 
especially to be a ended for the autumn, and the 
event showed that the extension of the transport facilities 
was not effected in time. We can therefore all the more 
em ise that the railway department now energetically 
endeavours to guard our y= | against the barmful 
accumulations and disturbances of last autumn. 

In spite of the different obstacles ensuing from the 
conditions of foreign politics and the eongested state of 
the money market, the sales of the Steel Union have main- 
tained a notable high igure during the whole of the year, 
and exceeded that of the business year 1911-12 by some 
397,000 tons, of which 318,000 tons refer to the inland 
trade and 79,000 tons to export trade. 

As regards prices, the union adhered to its previous 
policy, to act with moderation in times of rising markets 
and carefully to study the buy ing Losey of the market. 
In spite of the obvious upward tendency of the world’s 
market and the favourable position of prices for fini 
goods, both at home and abroad, the union has only once 
raised the quotation for half-finished goods (which had 
undergone no alteration since the second quarter of 1910 
—viz., on July 1, 1912, by 5 marks), whilst the quotation 
for shape iron, which had been in force since 1909, also 
was raised on July 1, by 2.50 marks, on which a further 
rise of 2.50 marks followed on January 1, 1913. In 
addition, the hitherto customary discount of 14 per cent. 
was discontinued from July 1, 1912. The financial result 
of the year for the members of the union-is better than 
during the previous year owing to increased sales and 
higher prices, also abroad. The total quantity 
of despatched amounted to 6,394,592 tons, against 
5,998,262 tons in the 1911-12. Of the increase, 
40,159 tons refer to f-finished goods, 239,162 tons to 
railway construction, and 117,009 tons to shape iron. The 
next report deal with the period April 1, 1913, to 
June 30, 1913, which, according to the resolution of the 
general meeting held on September 26, 1912, is to be con- 
sidered as a separate financial year. 








“Tue Hanpy Hore, Guing.”—This is published at 
the price of 2d. by the Hotel and General Advertising 
Company, Limited, 239-241, Shaftesbury-avenue, Blooms- 
bury, London. It gives general information on a very 
large number of hotels in towns of the United Kingdom, 
Over one thousand hotels are thus dealt with. 
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THE STEAM FRICTION OF TURBINE- 
WHEELS.* 


By Witi1am Kerr, A.R.T.C. 


Tue frictional resistances created by the rotation of a 
turbine-wheel in the steam surrounding it constitute a 
loss which is generally of sufficient importance to deserve 
careful attention in design. It should be borne in mind 
that, by neglecting to consider this loss, it is quite pos- 
sible to design a wheel in which it is excessive. This is 
epenaiy the case with high-speed wheels. The steam 
frictional resistances increase so — with the speed 
that at high speeds they become so large as to exercise a 
direct and important influence on the efficiency of the 
turbine. Indeed, with —— types of impulse turbines 
it is this factor alone which limits the speed for econo- 
mical working. At low speeds these resistances are cer- 
tainly less important, but it should not be too readily 
assumed that they are ligible. Low-speed turbines 
are usually of the multiple-stage type, and while the 
frictional losses per disc may be comparatively small, 
the total losses due to this cause, over the whole turbine, 
may be sufficiently important as to require investigation. 
In general, therefore, a full realisation of the nature and 
value of these resistances is essential to the determina- 
tion of a truly economical speed, and the factors on which 
this value principally depends should be kept clearly in 
view throughout the design. 

The steam friction of a complete turbine-wheel may 
be divided into two distinct parts—viz., disc friction and 
vane resistance. The action sup to take place in 
the case of disc friction is somewhat as shown by Fig. 1. 
This represents the disc as performing a centrifugal 
pumping action, by which the fluid is taken in at the 
centre and discharged at the circumference, with a 
partly radial and largely circumferential velocity. 

he fluid returns again to the centre of the disc 
along definite stream paths, as indicated by the dotted 


Fig.t. 
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curves. The power eee to overcome the disc 
friction would then be that necessary puree this 
pumping action, and, according to the usual theory, this 
would be proportional to the cube of the speed and to 
the area of the disc. While this hypothesis—which was 
given by Professor Perry to account for the results of 
Odell’s experiments—may provide a very reasonable 
explanation of the phenomena occurring when the wheel 
rotates in a free atmosphere, it may not, perhaps, be a 
true representation of the action in the case of an actual 
turbine disc which revolves inside a casing. The small 
clearances usual between wheel and casing must, to a 

great extent, prevent the free circulation of the steam. 
The vane resistance is caused by the churning action 
of the blades, which creates a turbulent or eddying 
motion round the blade edges. A fan action, due to the 
blades performing the function of an axial turbine-pump 
by pumping fluid through the blade passages, is also sup- 
to exist. This latter conception has been so 


generally adopted that many writers refer to the vane | § 


resistince as ‘‘ ventilation work” or ‘‘ ventilating effect.” 
These terms are an rae due to Dr. Stodola, but that 
eminent writer clearly states that only under certain 
circumstances is a flow through the blade 

possible. In fact, it is almost certain that this fan action 
only occurs with blades of unsymmetrical sections, and 
even then it is questionable whether it takes place to 
any great extent, since experimental results seem to make 
the vane resistance of too small a value to account for 
any serious amount of fan-work. 

Since the importance of disc and vane rotation losses 
was first realised several series of experiments have been 
carried out by different Se ay but the results are 
not particularly consistent. This is chiefly due perhaps 
to the indeterminate effects of variations in design. 
Differences in the methods of experimenting could 
certainly have but little effect in preventing agreement 
between the various results, since in nearly all the 
investigations which have been made the experimental 
methods adopted are practically alike in essential 
features. It will therefore be sufficient, before pro- 
ceeding to discuss a few of the leading experiments, to 
pee: ood na the general mechod which has been 
employed. 

An electric motor is attached to the turbine-shaft and 
drives the wheel at certain different speeds ; the casi 
being full of steam at known conditions (unless, of course, 
the friction in air is being investigated). The speed is 
kept constant at any one particular value until the neces- 
sary observations are taken to obtain the input of the 
motor. This gives the power required to drive the wheel 
at the particular speed in steam (or air) at a known 








: Paper read before an ordinary meeting of the 
Pee ¢ Society, held in the Royal echnical College, 
aagow. 








density, plus the power to overcome the shaft 
friction and the internal ee the motor. These latter 
are allowed for by auxiliary experiments, made by re- 
moving the turbine-wheel and finding the power neces- 
sary to drive the motor and shaft alone. This, of course, 
neglects the effect of the weight of the wheel on the shaft 
friction, but a sufficiently accurate allowance may be 
made for this by means of the well-known relation 
between bearing friction and ing pressure. C) 
difference between the total power and the power re- 

uired to drive the motor and shaft alone gives the power 
absorbed by the steam or air frictional effects. By the 
logarithmic plotting of a series of such results the rela- 
tion subsisting between the frictional losses and the 
speed may be arrived at. If the investigation is made 
to discover the dependence of the frictional resistances 
on any other factor, such as wheel diameter or blade 
length, the method is exactly similar, and need not be 
further described. 


EXPERIMENTAL Work ON WHEEL FRICTION. 

Among the earliest of the experiments made on this 
subject are those of Mr. W. lell* on disc friction. 
Odell used cardboard discs of various diameters—15 in., 
22 in., 27 in., and 47 in.—which were run unenclosed in 
air only. His object was to find the relations subsisting 
between disc friction, speed of running, and diameter of 
disc. The experimental method used was practically 
as has been described, but actual allowance was made 
for the weight of the discs by replacing them with lead 
rings of the same weight, when making the auxiliary 
experiments to determine the power absorbed by the 
motor and shaft. 

Although Odell’s investigations were not made at such 
high speeds nor under such conditions as are usual in 
turbine work, they are of interest as being practically 
the first to indicate the pry _— which would be 
absorbed by disc friction at high speeds. They are also 
the most extensive series of experiments so far carried 


Fig. 2. INFLUENCE OF SUPERHEAT 
ON STEAM FRICTION. 
I. Lewickis Curve of Variation of Loss with Si 
I Variation of Loss with Superheat Jaolae 
to change of density. 
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out on disc friction alone ; omni they are fre- 
quently used to isolate the disc and vane rotation losses 
in experiments made under more exact conditions with 
actual turbine-wheels. 

An interesting point in Odell’s work is that he finds 
the power absorbed by disc friction to be proportional 
only to the second power of the speed at low speeds, 
while this exponent rises to an average value of about 
3.5 at higher speeds, the ehange in the exponent taking 
= suddenly at an apparent critical value of the speed. 
That the index of the s has a low value at low speeds 
is practically certain, but the idea of an actual critical 
ed should be accepted with reserve. It might ke ex- 

ined away on the assumption that the disc frictional 
osses, instead of being proportional to a certain power of 
the speed, are really a age ek to the sum of different 
integral powers—a relation which is probably the more 
correct. The point is, however, of no great practical im- 

rtance, since the so-called critical speeds are somewhat 
ow the usual turbine speeds. 

Stodola has made a few experiments on the fric- 
tion of a simple disc made from boiler-plate, in a manner 
and under conditions very similar to Odell’s experiments. 
While the latter finds the horse-power absorbed by disc 
friction to be proportional to a power of the speed, vary- 
ing with the different discs from 3.1 to 38, Stodola’s 
value for this index is 2.9. This shows the kind of dis- 
agreement that is met with in all the experimental work 
on this subject. 

An equation to represent the results of Odell’s and 
Stodola’s experiments on the friction of discs running 
free in air is given by Jude,} and may be written :— 


Nu = 0.0837 (3) @ ¥ (1) 


in which 
Na = horse-power absorbed by disc friction. 
e = ne 8 in feet per second. 
d = diameter of disc in feet. 
= density of air in pounds per cubic foot. 


It is, of course, obvious that this cannot re nb 
Odell’s work very closely, since almost all his values of 
the speed index are considerably above 3. The use of 3 








* “Prelimi Experiments on Air-Friction,” see 
ENGINEERING, ——* 1904, 
+ “The Theory of the Steam-Turbine,” page 218, 


is, however, admissible, on account of the wide variations 
in the results of different experiments. 

Stodola’s* principal experiments were made with actual 
turbine- wheels of different diameters, each having a 
single ring of blades, the dimensions of the blades being, 
of course, different for each case. With these he madean 
elaborate series of tests in air. The wheels were some- 
| times enclosed and sometimes open, and they were driven 


The | both in the natural and in the reverse directions. The 


experiments were carried out in the usual way, and the 
results obtained show some very interesting features. 

It would seem that, if a wheel is running free in air, 
the power required to drive it backwards would be from 
five to six times the power necessary for forward running ; 
while, if the wheel is enclosed, this ratio is reduced to 
the comparatively small value of about 1.2. The extra 
power required to drive the wheel backwards is, in all 
ae. due to the fan action previously mentioned. 

he surrounding fluid would have a much better oppor- 
tunity of entering the blade passages when the concave 
faces of the blades are advancing than when the wheel 
runs in the correct direction. The large reduction in the 
power absorbcd, due to the enclosing of the wheel, shows 
the advan which accrue from a restricted circulation 
of the fluid. That this reduction is largely due to 
decrease of vane resistance is evidenced by the fact that 
a casing extending only round the rim of the wheel gives 
results very similar to those obtained when the wheel is 
completely enclosed. The effect of blade length on vane 
resistance is also very clearly shown by Stodola’s results. 

From the actual powers measured, and the known 
dimensions of the wheels and blades, Stodola deduces an 
equationt for the friction work of turbine-wheels with 
single blade-rings, when running enclosed in air, which, 
when transformed into English units, becomes :— 


N ( -) {a, d?+a,d0} ¥ 


100 
Fig.3. INFLUENCE OF THE ARC OF ADMISSION. 
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Number of Nozzles oper. 


N = horse-power absorbed. 
u = peripheral velocity in feet per second. 
= mean blade-ring diameter in feet. 
l = blade length in inches. 
= density in pounds per cubic foot. 
a, = constant = 0.0607 a, = constant = 0/458. 


Although this equation is for wheels running in air, it 
represents the results of a much more extensive series of 
experiments than any of those which have been made 
with steam. Moreover, the equations which have been 
obtained from steam experiments give widely different 
values for the frictional resistances, and, indeed, have 
generally been deduced from inadequate data; conse- 
quently they are not altogether reliable, and the use of 
equation (2) is to be preferred. It may be safely recom- 
mended for the calculation of the frictional losses of 
single-ringed turbine-wheels running in steam. 

Influence of the Number of Blade-Rings.—If a turbine- 
wheel has more than one ring of blades, it might appear 
natural to calculate the frictional losses from such an 
equation as (2) above, modified by multiplying the term 
for the vane resistance by the number of blade-rings on 
the wheel. But such a procedure would not be quite 
correct. The circulation of the fiuid about the inter- 
mediate blade-rings cannot be quite the same as about 
the outer =“. e small clearances and the presence 
of the fixed blades would tend to prevent a free motion 
of the fluid, and consequently the vane resistance will 
not increase in direct proportion with the number of 


rings. 

‘The only experiments in which an attempt has been 
made to determine the relation between the steam fric- 
tional losses and the number of blade-rings are those of 
O. Lasche,t of Berlin, who used actual turbine-wheels 
with one, two, three, and four blade-rings. The experi- 
ments were made with steam, and the results are pre- 
sented by means of-an equation, which, on transforma- 
tion into English units, becomes :— 

N = 10-9 adm Im n3 3 
in which 04 ” 
N = horse-power absorbed. 
dm = mean blade-ring diameter in feet. 
lm = mean blade length in feet. 
m = number of revolutions per minute. 





* “Steam-Turbines,” second (English) edition. page 


133. 
t ‘Die ometetoes, eh menteiition, 128. 
Pg en ola, 4th (German) edition, 
page Iu, 














AuG. 22, 1913.] 





ENGINEERING. 


269 








steam density in pounds per cubic foot. 
34.9 for single blade ring. 

40.9 for two rings. 

55.9 for three rings. 

84.8 for four rings. 


Y 
a 


This equation is certainly faulty in form, because the | 
disc friction and the vane resistance are distinct, and | 
ought to be represented by separate terms. To 
correct, there should be one term uninfluenced by the 
number of rings, since the disc friction will be practi- 
cally independent of that number. The factor a would 
be one multiplying the vane resistance term only. Never- 







° 





618.) 


theless, the equation is of considerable value, as it pro- 
vides practically the only information obtainable on this 
int. 

These results would tend to disprove the idea that vane 
resistance is largely due to what has been called the 
“ventilating effect.” If this effect were indeed large, it 
would seem reasonable to suppose that the steam friction 
would increase more rapidly with the number of blade- 
rings than the values given by Lasche seem to indicate. 

intluence of Superheat. —The effect of superheated 
steam on the steam frictional losses has investigated 
by Lewicki* with a 225-mm. De Laval wheel, running at 
20,000 revolutions per minute. Experiments with super- 
heated steam at atmospheric pressure, and ata pressure 
of 5.31b. per sq. in. (absolute) were made, the steam 
ian employed reaching the high value of 572 deg. 

anr. 


Curve I., Fig. 2, shows the horse-power absorbed by 


the frictional resistances at atmospheric ure, with 
superheat varying between 0 deg. and 360 eg. Curve IT. 
18 introduced to show what would be the effect of super- 


heat on the frictional losses if that effect were due merely 
to the natural decrease of density. It follows that there 
1s actually a greater decrease of friction work during 
about the first 200 deg. of superheat than would be given 
by the usual type of equation. Beyond 200 deg., however, 
the slopes of the two curves are much alike, showing that 
density again becomes the only cause of the reduction of 
loss. The steep gradient of ve I. in the earlier stages 
of superheat is usually explained on the assumption that 
water particles adhere to the wheel, even when nominal 
superheat exists in the casing. The rapid decrease of the 
resistances is then due to the evaporation of this water 
by increasing superheat until all the water has disap- 
eared, when further decrease of friction is wholly due to 
iminishing density. 

These experiments show that by using superheated 
steam the frictional losses may be somewhat reduced. 
This fact is, however, of no very great practical im 
ance, since, even in those cases where high superheat 











* Zeitschrift des Vereines Deutscher Ingeniewre, 1903. 


exists before the nozzles, the turbine-wheels may be 
running in fairly wet steam. 

Infiuence of the Arc of Admission.—In experiments on 
steam friction it is usual to allow the wheels to rotate in 
** at +”. steam—t.¢., steam trapped in the casing. 
This is, of course, different from the conditions of actual 
a. where —_ he ty from _~ —— = the 

le passages throughout a certain length of the cir- 
cumference. This would undoubtedly tend to reduce 
the vane resistance (as it is understood in the present 
subject). 

Information on this point is extremely m 
the experiments of Lasche* with a 900-mm. 


but 
iedler- 
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Stumpf wheel are of interest. The full lines in Fig. 3 
show the results which he has obtained under ordinary 
conditions. Ib will be seen that, for the three speeds at 
which investigations were made, the steam friction de- 
creases uniformly with increase of working nozzles (or 
are of admission). Such a result seems fairly reason- 
able, but by changing the conditions somewhat, Lasche 
found quite a different relation. He fitted a cover-ring 
round one half of the circumference, allowing a ve 

small radial clearance between this ring and the wheel. 
The results then obtained are shown by the dotted curve 
in Fig. 3. Such results as these would seem to show that 
the influence of the arc of admission on the vane resist- 
197 Stodola, ‘‘Die Dampfturbinen,” fourth edition, page 











ance is not of such a simple nature as might be supposed. 
No deductions of any very general value can be made 
from these ey | since the Riedler-Stumpf wheel 
is essentially different from the more common types. 

The only other “wo on this subject are those 
of Jasinsky* with a 50-horse-power De Laval turbine, 
who proposes an equation of the following peculiar 
type :— 

H. = H.e (e-*—1) . (4) 
in which 
Hy» = vane resistance in heat unite. 
H, = total en loss (in heat units) when working 
with the full arc of admission. 


Fig. 5. 


By- Pass from Steam Pipe | 











e¢ = ratio of the are of admission to full circum- 


erence. / 
a = 0.167 x “0-® u? where u = peripheral speed in 
feet per second, 

It will be seen from the nature of this equation that 
the vane resistance H, has real values only for values of 
E between 0 and 1. For E=0 no nozzles are open, 
and coi uently the wheel will be stationary, and 
H, zero. For ¢=1 the full number of blade 
will be filled with working steam, causing a complete 
elimination of vane resistance; 7.¢., H»=0. He will 
be a maximum for some intermediate value of ¢ depend- 


ing on wu. - 
On the whole, there seems to be a rather complicated 
relation between the arc of admission and the vane re- 
sistance. An elaborate correction for this is, however, 
undesirable, and in unnecessary. At the high- 
pressure end of a turbine, where the steam friction is 
greatest, the arc of admission is ——, small, and a 
simple correction for the small arc should be sufficient. 
Where the arc of admission is large (say greater than 
180 deg.) the wheel is usually running in steam of low 
density. Consequently the steam friction will be com- 
paratively small, and an — correction for the 
“~ = —- | aoa suffice. hate aoe ‘e 
© foregoing discussion is a presentation of the 
whole subject. It is now proposed to enter upon the con- 
sideration of a series of experiments on steam friction, 
recently carried out in_ the Mechanical Engineering 
Laboratory of the Royal Technical College by the author. 


EXPERIMENTS ON THE STEAM FRICTION OF A 250-Kw. 
TuRBINE- WHEEL. 

These experiments were made on an impulse turbine 
(built by oy ©. A. Parsons and Co.) which has a 
rated output of 250 kw. at a speed of 3000 revolutions 
per minute. The general arrangement is shown in Figs. 
4 and 5, while a large-scale section of the nozzles and 
blades is given in Figs. 6 and 7. 


'* Stodola, “Die Dampfturbinen,” fourth edition, page 
129, 
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It will be seen that the turbine is of the compounded 
velocity type, with one pressure and three velocity 
— There are twelve nozzles in all, situated together 
at the top of the casing, and in four groups of 
three nozzles each. The first set of three is tly con- 
trolled by the main stop-valve, which is of the Ferranti- 
Hopkinson type. The regulation of the other three 


groups is effected by means of the small hand-valves | and 


shown.in the end elevation in Fig. 4. The nozzles are 
rec r in section, and the les are of unsym- 
metrical sections, as shown in Figs. 6and7. The three 
blade-rings are fixed on separate w , but these wheels 
are attached together on the shaft to form what is, 
in effect, a single deeper wheel. The guide-blade rings 
are only partial, being fitted in positions and throughout 
circumferential lengths to suit the trajectory of the steam 
and the full arc of admission. The glands are of the 


Fig. 8. SPEED-TIME CURVES FOR DIFFERENT DENSITIES 








Fig.9. CURVES OF TOTAL RESISTING TORQUE. 





(3616.F.) Speed Revs. per Mun. 


labyrinth type, with the usual provision (at A, Fig. 5) 
for live steam admission when working with vacuum, 
and also having communication (at Bye 5) with a 
small steam-ejector which carries away the leakage steam 
when working with pressures above atmosphere, thus 
froventins the steam from passing eut into the room. 

e ings are of the Parsons ic-sleeve type, and 
are 24 in. in diameter by 6 in. long. A small thrust-block 
(showa at C, Fig. 5) is provided to take up axial pres- 
sures, which may become considerable when quan- 
tities of steam are passing, owing to the unsymmetrical 
form of the blades. The ings and thrust-block are 
all rimg-oiled from oil- baths formed in the lower 
half of the casing. The “runaway” governor gear, indi- 
cated at D, Fig. 5, controls by means of the lever E, 
Fig. 4, a spring-loaded valve situated in the passage 
between the main stop-valve and the first nozzle set. 
This valve is kept open, but if the normal speed of 3000 
revolutions per minute should be exceeded by 10 per cent., 
the governor gear acts by releasing E, thus allowing the 
spring pressure to close the vale and shut off the steam 
supply to the nozzles. The by-pass pipe F, Fig. 5, was 
specially fitted to allow of the admission of live steam 
into the casing during steam-friction tests. Some 
preliminary experiments, at atmospheric pressure, had 
shown that the steam initially trap in the casing 
rapidly leaked out through the exhaust-valve, thus 
creating the bility that during some part of the 
test the wheel was running in air. The fitting of this 


by-pass prevented any further trouble in this respect. 
turbine is fitted with a 9-in. Froude water dyna- 
mometer, which was, however, disconnected throughout 


—- ex _«—~ Tt. 

e of Experimenting.— The experiments were 
undertaken to investigate steam-frictional effects of 
this turbine-wheel at different speeds and steam pres- 





sures. The method adopted was suggested to the author 
by Dr. Mellanby, and is quite different from the a. 
dure already described as common to practically all 
previous experiments. 

Tt de on @ direct application of one of the funda- 
mental laws of mechanics—viz., that the torque-resisting 
motion is equal to the uct of the moment of inertia 

the retardation. “pp ication of this — 
requires the determination, by ee, of the speed 
at definite time intervals, while the wheel, running in 
steam of known density, is slowing down due to the 
resistances created by the steam and g friction. 

For the calculation of the resisting torque (and conse- 
quently the power absorbed) it is obvious that an accurate 
knowledge of the moment of inertia of the rotor is 
essential. This was obtained by calculation from the 











dimensions, the known weight of the rotor acting as a 
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and the pulley driving the counter is 15 in. in diameter, 


thus giving a reduction of six to one, which was quite 
sufficient to allow of the easy ing of the counter, 
with the turbine running at to 


~~ ‘his 15-in. pulley 
was actually on the spindle of a Horn yoy ys which 
on an ex t graphical record of the drop in speed 
‘or the range between 3000 and 2300 revolutions per 
minute. This did away with the necessity of reading 
the revolution counter at the highest speeds, where an 
error in the reading was most probable. F 
The steam density was obtained from readings of the 
temperature and pressure in the casing. The pressure 
was given by a Bourdon pressure-gauge attached to the 
bottom of the casing, and the temperature was recorded 
by a thermometer situated in a pocket in the side. As 
the temperature observed in all the experiments showed a 





Fig. 10. TORQUE-DENSITY CURVES FOR DIFFERENT 


small amount of superheat (due largely to the live steam 
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Fig.11. BEARING FRICTION COEFFICIENTS 
I : Curve of Bearing Fructon Coes calculated assumption 
of the nigh se Lines on the asus of Zero Density (in Fig.10) represent Resisting 
Torques to Bearing Friction 
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Fig.12. LOG. TORQUE AGAINST LOG. SPEED 
FOR DENSITY =-O615.LBS.PER CU. FT. 
Total Torque Values taken from Fig.10. at 
=-O615.ane for Beari iction to obtain 
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check on the work. Some previous attempts to determine 
this value directly by experiment gave quite unreliable 
results. The value obtained by calculation was 24.17 
(ft. and Ib. units), and the experimental results obtained 
will show that this value cannot be seriously wrong. 

It is to be understood, then, that the values to be 


asce directly by experiment, are the speed and 
the steam density. The former was obtained by means 
luti ter, driven by belt from the coupling 








of a re 
end of the turbine-shaft. The shaft is 24 in. in diameter, 





admitted through the by-pass), there is no difficulty in 
determining the steam density. The amount of super- 
heat, while definite, is small, so that there is no necessity 
to consider the effect of superheat on steam friction, 
Ss. has been observed by Lewicki, and already con- 
sidered. 

In conducting the experiments with pressures below 
atmospheric, the turbine was first run up to full s: in 
a@ vacuum about 2 in. higher than was actually desired. 
The steam-valve was then closed, and simultaneously the 
exhaust throttle was almost completely shut, only the 
very slightest ouing*s left to give a possible control 
over the pressure. is the effect of raising the 

ssure in the casing slightly, but not sufficiently as to 

ing it to the required value. The final adjustment of 
the pa was made by means of thé wheel-valve in 
the by-pass pipe, sufficient steam being passed into the 
casing to create and maintain the pressure at the desired 
value. Any subsequent fluctuations which might occur 
were corrected by..means of the by-pass valve or the 
exhaust throttle (or both). When the correct pressure 
had been ined—usually from 15 to 30 seconds after 
shutting down—the reading of the revolution-counter 
was observed at a given instant, and thereafter readings 
were taken ye ren From these readings and 
the known pulley diameters it is a simple matter to 
obtain the average speed of the turbine over any half 
minute. Thus a curve may be plotted giving the turbine 
speed at any instant while slowing down to rest. The 
curves so obtained will be considered later. Observations 
of the temperature were made every minute. The 
fluctuations were small, however, and it is sufficiently 
accurate to take an average value of the steam density 
throughout any test. 

The first test was that at 25-in. vacuum. The condenser 
was kept at 27 in., and to maintain this steam had to be 
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turned on to the turbine-glands. Steam admission to 
the glands is by two pipes from the inlet side of the 
main stop-valve, the control being by means of a small 
hand-valve. This valve was opened to admit sufficient 
steam to maintain the 27-in. vacuum, and this omning 
was thereafter kept constant, the necessary lowering o 
the vacuum for the succeeding tests being effected by 

ing an air-cock on the condenser, and by cutting 
down the speed of the air-pumps. The boiler pressure 
was maintained fairly constantat about 110 1b. per sq. in., 
and it is assumed that, with a constant valve opening 
a constant boiler pressure, the re of the steam 
admitted to the glands would be approximately the same 
for all the vacuum tests. The idea in this was that, if 
the steam friction of the glands was at all measurable, 
that portion due to the outer halves of the glands would 
show itself as a friction independent of the density inside 
the casing, since the limits of pressure would be nearly 
the same for all casing conditions. With a knowledge of 
this friction an allowance could be made for the total 
gland friction, which would otherwise be quite indeter- 
minate. However, an examination of the results of the 
vacuum tests alone failed to show a much greater amount 
of constant friction—i.e., friction ne of the 
caine conditions—than could be reasonably attributed to 
t 

The later experiments were made with preseures above 
atmospheric, and consequently with different gland con- 
ditions, since with the higher pressures it is necessary to 
open communication between the glands and the ejector, 
to prevent steam leakage into the room. But this 
difference in the gland conditions does not forbid the 
combining of the results to form one series, since the 
vacuum tests, as has been pointed out, show the gland 
friction to be so small that changes of conditions will 
have but a negligible effect. 

In the tests with pressures above atmospheric a new 
exhaust-valve had to be fitted to allow the ae os 
sures to be maintained. The procedure follo in 
making the tests was mye ne as has been described 
for the others, except that the pressure was kept closely 
to the desired value throughout the period of npr | 
up. Then, on the closing of the steam-valve, the by-pass 
valve was opened fully, and the exhaust was closed 
gradually, and in such a way as to keep the pressure in 
the casing approximately constant. is is necessary 
because of the rapid drop of the speed when the pressures 
are high, so that to allow of the speed being obtained as 
soon as possible after the closing of the steam-valve, it 
was essential that no great change of pressure should 
occur in the casing at that particular time. 

Analysts of Results.—Tests were made at vacua of 25in., 
20 in., 15 in., 10 in., and 5 in. at atmospheric pressure, 
and at gauge pressures of 3 lb., 6 Ib., 91b., and 12 Ib. 
per sq. in. curves obtained directly from the 
experimental observations are shown in Fig. 8. It has 
been considered quite unnecessary to give actual obser- 
vations in tabular form, as they consist merely of a 
large number of counter and thermometer readings. 
The readings taken were so numerous that there is no 
difficulty in finding the correct forms of the curves. 

Each of the curves in Fig. 8 are 5; -time curves for 
a certain casing condition, the addition of the third co- 
ordinate of density allowing the whole series to be put 
in one diagram, thus showing very clearly how the curves 
vary with the steam density. The effect of the increase 


of pressure on the time taken to come to rest is clearly 
shown by the dotted curve through the end points of the 
8 -time curves. The peculiar curl at the ends of all 


these curves is undoubtedly due to the predominance of 
the bearing friction at the low speeds, and its rapid 
increase as the speed decreases to zero. These end por- 
tions are very much alike in all the curves, as is shown 
when plotted to a larger e. 

All of the curves in Fig. 8 have been differentiated 
graphically with respect totime. This was done by fixing 
points on the graphs, not at definite times, but at definite 
speeds, and finding the gradients of the curves at these 
particular points. The retardation is thus obtained at 
certain speed values for each condition, and by multiply- 
ing by the known moment of inertia of the rotor, the total 
resistin; ues are obtained for the same speed values. 
The differentiation of each curve below the speed value 
of 150 revolutions per minute gave retardation values 
which were approximately the same for all conditions. 
The very reasonable assumption is therefore made that 
below 150 revolutions minute, the resistance is 
wholly due to bearing friction. The average values of 
the torques for the range of speed from 150 revolutions 
per minute to zero have been taken to give a measure of 
the ing friction —— that range. 

By plotting on a speed the total resisting torques 
obtained by differentiating the curves in Fig. 8 we get 
Fig. 9. The initial portion of each curve down to the 
minimum value gives the average torques over the speed 
range 150 revolutions per minute to zero. Obviously, 
this is due to bearing friction, as already stated. e 

g friction increases from. its minimum value to 
appromimataly the value for static friction as the wheel 
slows down to rest. The lines through the torque 
curves at constant speed values show clearly how the 
steam friction varies with the density. By producing 
these lines to meet th ue speed plane in front the 
dotted curve is obtained. is curve, therefore, must 
represent a friction which is independent of the casing 
conditions, and we must therefore attribute it to bearing 
friction, plus a possible amount of gland friction. In 
order to show this more clearly, the lines through the 
antes curves “ constant speed he pouey, proj back 
ini e torque-density plane, and give Fig. 10, which is 
Seatars Garon ere eet Ease 
inear ity —for certain 
speed values between 180 and 2700 revolutions per minute. 


| 





It is seen that these lines form different intercepts on 


the axis at zero density. Now, these intercepts corre- 
spond to the dotted curve in Fig. 9, just as the ordin tes 
at a particular density correspond to a full curve—s.c., 
these intercepts give values of torque due to somo fric- 
tion inde: ent of the casing conditions, but varying 
with the speed. It has been previously pointed out 
the gland friction must be very small. Hence these 
intercepts must be largely due to bearing friction. The 
coefficients of bearing friction have therefore been 


and | calculated from these values by means of the known 


weight of the rotor and the radius of the journal. By 
plotting these bearing friction coefficients on a journal 
surface speed base we obtain Curve I. of Fig. 11. 


This curve shows a variation of bearing friction with | ¢ 


speed, which is rather against the common but somewhat 
erroneous assumption that bearing friction is altogether 
independent of the speed. That there really is a varia- 
tion, however, has been clearly shown by Professor 
Stribeck* in an elaborate series of experiments on bear- 
ing friction, and some of his results have been included 


in a 

Stribeck, in one set of experiments, used a ring-oiled 
bearing of 70 mm. diameter by 230 mm. long (2# in. by 
9 in.), and therefore quite comparable with the bearings 
of this turbine, which are 2} in. in diameter by 6 in. long, 
and ring-oiled. Curve Il., Fig. 11, shows Stribeck’s 
curve of variation of friction coefficient with speed, for 
a constant ing temperature of 77 deg. Fahr., and a 
bearing pressure of 28.51b. persq. in. Curve III. is for the 
same bearing temperature, but with a pressure of 42.7 Ib. 
per sq. in. The actual pressure on the bearings of the 
turbine is 33.5 Ib. per sq. in. If, then, the turbine bear- 
ing temperature were about 77 deg. Fahr., the curve of 
friction coefficients ought to lie rear Curve II. But the 
heat from the turbine-casing would create a higher bear- 
ing temperature than this. With increase of tempera- 
ture Stribeck found considerable decrease in friction. 
Curves IV. and V. are plotted from some results which 
he gives. Curve IV. is for a bearing temperature of 
104 deg. Fabr., and a pressure of 41.2lb. per sq. in., 
while Curve V. is for a temperature of 127 deg. Fahr. 
and a pressure of 41.2 Ib. vd .in. Now, the turbine- 
bearing temperature would probably be near the higher 
of those values, but the lower pressure obtaining in the 
turbine bearings would tend to raise the curve a bit. 
Consequently, the curve which might be directly com- 

ble with I. would lie somewhere between IV. and 

.; that is, very nearly coincident with I. for some dis- 
tance. This leaves but a very amount as due to the 
constant portion of the gland friction, and we may allow 
it to be grouped with the actual bearing friction, since 
we are really only concerned with the steam friction of 
the wheel. Again, since what is probably the larger 
portion of the g friction is thus small com with 
the bearing friction, the part which is 'y involved 
with the wheel friction may be considered as quite 
negligible. We will therefore consider the torque values 
-e zero density in Fig. 10 to be wholly due to bearing 
riction. 

We are now able to find the values of the resisting 
torques due to wheel friction alone by subtracting from 
the total values those due to ing friction. 

To find how the wheel friction varies with the speed, 
the oo of the net torque is plotted against the 
logarithm of the speed for some particular density. In 
this case, a density of 0.0615 was taken by yy 4 
ing an ordinate in a convenient position in Fig. 10. 
Fin is plotted against the logarithm of the speed 
in Fig. 12. The graph obtained is a straight line with 
a gradient of 2.04. Therefore at constant density the 
torque varies as the speed raised to the power 2.04. 
This value of the index is clearly only an average value. 
In fact, the points obtained by logarithmic plotting seem 
to indicate a decrease in the value of the index with 
decrease of s It is also of some interest to note that 
by examination of the results of the vacuum tests alone 
the value obtained for the speed index is somewhat higher 
than 2.04. Thisseems to point to a change of index with 
change of density, but a consideration of the separate 
results failed to show any definite relation. 

Since Fig. 10 shows clearly that the steam friction 
varies directly with the density when the speed is 
constant, and since it has been shown above that it varies 
as the speed raised to the power 2.04 when the density is 
constant, we can write :— 

T=cwrHy, 
where 
T = torque due to steam friction, 
w = angular velocity, 
= density, 
and c is a constant. 


Expressing this as horse-power absorbed, and using the 
peripheral velocity of the wheel instead of the angular 
velocity, changing at the same time the value 2.04 into 
the simpler and hardly less accurate value 2, we get :— 


N=k (3%) 
= * \ 500) 7 
where & is a constant. 


By consideration of a few random values from Fig. 8, 
k is found to be 3.016. The complete equation, therefore, 
as determined directly by these experiments is :— 


N= 3.016( 5) 7 (5) 


If Lasche’s equation (No. 3), with the value of the 
constant for a three-ringed wheel, is put into this form, 





* Zeitschrift des Vereines Deutscher Ingeniewre, 1902, 
page 1343. 


| full, and 





we find that :-— 
3 
N= 4.32 (55) y (6) 


This shows that Lasche’s equation gives a much higher 
value for the steam friction of this particular turbine- 


thap | Wheel than is obtained by direct investigation. 


quently, this equation is not very reliable. 
Putting Stodola’s equation (No. 2) into the same form 
as (5), we get :— 
uw \ 
N = 1.993 (100) y (7) 


Now, this represents the friction of a single-rin 
wheel in air, while (5) re’ ts the steam friction a 


h wheel. Taking the ratio of the constants 
in (5) and (7), we get :— 

3.016 _ 1.58. 

1.923 


Ain ws not an — a ay oy for the -~ 
tio e-ri and, if we e the corresponding 
ratio, as given |p en equation (2), we get :— 

55.9 _ 1.6. 

34.9 


This shows that the steam friction values obtained by 
actual investigation are practically the same as would 
be obtained from Stodola’s equation, if it were corrected 
for ng « additional blade-rings, by means of the ratios 
given by 

Hence it would seem that we might obtain a fairly 
general expression for the steam frictional effects of a 
turbine-wheel, by inserting an additional factor in the 
vane-resistance term of Stodola’s equation, to cover the 
effect of extra blade-rings. The correcting factors would 
be obtained by means of the various constants given in 
Lasche’s equation (2), since the present experiments have 
confirmed such a procedure for the case of a three-ringed 
construction. 

This results in the following equation :— 


oh 15) / w \3 
in which 
N = horse-power absorbed ; 


d = mean blade-ring diameter in feet ; 

l = mean blade height in inches ; 

= peripheral velocity in feet per second ; 
= density in pounds per cubic foot ; 


a, = 0.0607 ; a. = 0.458 ; 

»=1 for single-ringed wheels ; 
= 1.23 ,, two rings; 
=z=18 ., three . 
= 3.9 four ,, 


If we introduce a simple linear correction for the arc 
of admission, the general expression may be written :— 
u 


16 3 
N = {ad + nag (1-r)i } (ao) dy. (9) 
where r = ratio of arc of admission to total circum- 
ference. 

This correction will be sufficiently accurate where the 
arc of admission is small. 

Magnitude of the Steam Frictional Losses.—In the case 
of the 250-kw. turbine which has been under considera- 
tion, the total power which would be absorbed by the 
steam fricti resistances when the wheel develops 
full power would amount to about 10.1 horse-power—.e., 
a loss of about 3 per cent. 

Taking the case of a Rateau turbine of seven compart- 
ments, which a 2000 kw. at a spsed of 3000 revo- 
lutions per minute, the wheels are 3 ft. 6 in. in diameter, 
and the first wheel carries two blade-rings. The calcu- 
lation of the steam frictional losses by means of equa- 
tion (9), assuming that the last four wheels have full 
peripheral admission, gives a total loss of nearly 70 horse- 
power. The percentage loss in this case would be 
En 2.6. 

rom these two examples it would seem that the 
— frictional losses in a turbine are of the order of 

r cent. 

n the case of marine turbines the total losses due to 
steam friction are usually trifling compared to the total 
power yom but practically the whole loss will 
occur at the high-pressure end of the turbine, and, in- 
apes he a steam ae rf the aioe geese yo od 

a fair mtage of the power veloped em. 
An peat of this occurs in a set of Ourtis turbines for 
the Italian Navy, the leading particulars of which were 
vocently pune The approximate calculation of the 
steam frictional losses in first) wheel of the turbine 
gives practically 60 horse-power. This wheel is 6 ft. 8 in. 
in diameter and carries four rows of blades. It rotates 
at 450 revolutions per minute, in steam at a pressure of 
94 Ib. per sq. in. absolute. As there are sixteen stages in 
all, and the turbine dey 7500 horse-power, it is 
obvious that a steam fricti loss of 60 horse-power in 
the first wheel must be a very considerable percentage 
of the total power developed by it. 





‘** Brazit in 1912.”—We have received a rig we 4 
booklet dated March, 1913, edited by Mr. J. C. en- 
published by bert Atkinson (London 
Lamited, St. Paul’s Chambers, 19, Ludgate-hill, E.C. 
The entire edition of 12,000 copies is intended for free 
distribution, but dupli and trade ies will be 
charged 5s. each. communications be ad- 
dressed to the editor, c/o the publishers. The booklet 
gives in ing illustrated descriptions on all the avail- 
able resources of Brazil. 





272 


ENGINEERING, 





[Auc. 22, 1913. 








CATALOGUES. 


Theatre-Lighting Apparatus. — The General Electric 
Company, Limited, 67, Queen Victoria-street, E.C., have 
issued a special bulletin as te electrical apparatus 
and accessories for stage and theatre lighting. It deals 
with stage and cinematograph arc-lamps, stage bunch 
lights and battens, number indicators, ‘‘Osram” and 
Robertson lamps, illuminated signs, metallic and liquid 
dimmers, resistances, stage-plugs, ornamental electric- 
light fittings, and many other articles. The bulletin is 
profusely illustrated and prices are stated in all cases. 


Wheelbarrows.—Mr. H. G. Slingsby, of 142-146, Old- 
street, E.C., has sent as an illustrated price-list of wheel- 
barrows for use in mines, works, &c. Several designs 
are illustrated, but all are constructed entirely of steel 
having seamless pressed-steel trays, steel tubular handles, 
and mb steel wheels and legs. ey have many obvious 
advantages over wooden barrows, and the fact that all 
sizes are fitted with sand-proof axle bearings should render 
them especially suitable for use in foundries. Ano 
advantage mentioned is that for export shipment they 
can be taken to 5 pom and bundled together so as to 
occupy a very small space. 

Lifting Machinery.—Messrs. Richard ©. Gibbins and 
Co., of j Sor ee Birmingham, have issued an illus- 
trated catalogue giving _ and particulars of cranes, 
winches, lifting-jacks, &c. The catalogue is bound in 
cloth-covered boards and divided into sections dealing 
respectively with steam-cranes, breakdown and portable 
cranes, wharf-cranes, goliath and derrick-cranes, over- 
head cranes, foundry cranes, platform cranes, and ware- 
house cranes. Other sections deal with crab-winches, 
screw and hydraulic jacks, pulley-blocks, pile-drivers, 
shear-legs, and platelayers’ tools. A thumb index is 
provided to facilitate reference to any particular section. 


Rotary Converters.—From the British Thomson-Houston 
Company, Limited, of Rugby, we have received a copy 
of one of their descriptive lists dealing with rotary con- 
verters. The list explains the general characteristics of 
rotary converters, and points out their advantages over 
other classes of converting machinery. The construction 
of the B.T.H. machines is illustrated and described in 
detail, and several examples of recently - constructed 
machines are also illustrated. Among several other 
special advantages claimed for these machines it is men- 
tioned that they have a high efficiency, perfect commuta- 
tion, and high ovevload capacity, and also that the design 
and construction of the commutator, oom and brush 
gear is such that they give the least possible amount of 
trouble. 

Safety 4ppines for Works, &c. — Messrs. Wallach 
Brothers, Limited, of Royal London House, Finsbury- 
square, E.C., have sent us an illustrated catalogue 
giving oo of various appliances for the preven- 
tion of industrial accidents. e firm’s ‘‘ Evertrusty ” 
oxygen-breathing eng for mine rescue work, and for 
reviving persons suffering from the effects of poisonous 
g is first illustrated and described, and particulars 
are then given of a great variety of helmets and face- 
masks, respirators, eye-protectors, gloves and gauntlets, 
first-aid cabinets, and appliances for ambulance work. 
The catalogue also deals with belt-lifting devices, gauge- 

lass protectors, fire-extinguishers, saw-guards, stands 
or acid carboys, and appliances for handling dangerous 
liquids. Prices are stated in every case. 


Tool-Holders.— Messrs. Butler and Wilson, of 1, Stroud 
Green-road, N., have sent us a leaflet relating to their 
** Double-Grip ” tool-holders for lathes, boring, shaping, 
and planing-machines. It is claimed that these tool- 
holders effect a large economy in tool steel, since the 
smallest possible quantity is wasted in short ends. 
Further economy is also said to result from the fact that 
less steel has to be ground away in forming the clearance 
angle than is the case with other tool-holders. Their 
name originates from the fact that the tool is held partly 
by a set-screw in the tool-holder and partly by the 
clamping-screw of the slide-rest. The latter screw presses 
on the cutting-tool through an intervening steel wed 
the arrangement, it is said, combining the advantages of a 
forged tool with those of a holder-tool. Prices are stated 
for ten sizes, in which the outter ranges from ,; in. by 
d in. to 1 in. square. 


Locomotives.—An attractive booklet has been issued by 
the Hohenzollern Aktiengesellschaft fiir Lokomotivbau, 
of Diisseldorf-Grafenberg, Germany, to commemorate 
the ——- of the 3000th locomotive built by the 
firm. his is a 2-8-2-type tank-engine for the Dutch 
State Railways. The klet illustrates the develop- 
—s the works from — aan ~ 1873, and 
re uces numerous photogra owing locomotives 
built from that — to the present time. These 
include all types of passenger anc goods engines for rail- 
way service, bo a Seana ag pte fireless loco- 
motives, and other locomotives for special p 
Other productions of the firm are also illustrated, and 
among these are included gas-works plant, traversers for 
railway rolling-stock, stationary steam-engines, and large 
mine-ventilating fans. In conclusion, a few pages of 
views in the works are given. 

Expansion-Joint for Steam-Pipes, &c.— A four- 
pamphlet, illustrating and describing the ‘‘ Acme” ex- 
pansion-joint for steam and water-pipe has 
issued by the United Brassf ers ond Engineers, 
Limited (branch Isaac Storey and Sons, Limited), of 
Empress Foundry, Manchester. These joints, whi 
are made under Christie’s patent, consist of a 
cylinder —s bey A Lg each we oP be 46 a 
spigot provided with a cu packing is fitted. T 
packing ie kept tight against the cylinder-walls by the 


been | start the motor when water is drawn off, and stop 


ich | the cylinder, whi 





steam pressure, and the spigots, which are quite free to 
slide in the cylinder, are prevented from being drawn out 
of oe stop-flanges bolted on to the cylinder ends, the 
cen holes in these stop-flanges being too small to 
allow ating of metal formed on the outer surface of the 
spigot to pass through. It is pointed out that the form 
of packing adopted is very durable, and has many other 
points of superiority over ked glands. Another 
jean sy of te | is that the construction of the joint 
is such that the amma | can be renewed, when necessary 
without breaking any of the pipe-joints. Prices are quoted 
for joints for pipes ranging from 1 in. to 18 in. in dia- 
meter, for pressures up to 160 lb. per sq. in.; the smaller 
sizes are made with either screwed or flanged ends. 
Pump-Buckets.—A little booklet containing some testi- 
monials from users of their pump-buckets come to 
hand from the N.P. Pump- Bucket Company, of 11, 
Queen Victoria-street, E.C. These buckets, which are 
suitable for boiler-feed and general-service pumps, are 
claimed to be capable of withstanding temperatures up to 


ther | 300 deg. Fahr. and working pressures up to 500 lb. per 


sq. in. In these buckets two flexible packing-rings of a 
special section are employed, and holes are drilled in the 
upper and lower faces of the bucket to admit the water, 
or other fiuid under pressure, to the backs of the 
packing- rings, to force them outwards against the cylinder 
walls. They are claimed to be very efficient and reliable, 
and to adjust themselves pwn nog to any irregu- 
larities that may exist in the eylinders. Prices are quoted 
for buckets varying from 2 in. to 12 in. in diameter, 
constructed of gun-metal ; cast-iron buckets can also 
supplied. 

Blow-Pipes Using Petrol Vapour.—We have received 
from Messrs.‘ E. Bevan and Co., Claremont-buildings, 
Newcastle-on-Tyne, a booklet relating to the “‘ Stellite” 
plants for soldering, bonne and general heating by 
means of petrol vapour. e F ne comprise & pair of 
foot-bellows, which supply air through a flexible tube to 
a carburettor, in which the air takes up petrol vapour, and 
thence me through another flexible tube, to a burner 
of the blow-pipe type; pure air from the bellows also 
passes through a fiexible tube direct to the burner to 
supply the blast. The intensely hot flame resulting from 
the combustion of the air and vapour can be regulated as 
desired, and the arrangements are such that when once 
adjusted the proportions of air and vapour remain the 
same, whether the bellows are worked at high or low 

ure. The apparatus ap to be very convenient 
or use in places where o gas is expensive or 
unobtainable ; Ns > it —— be useful for hp 
purposes on ships. er vantages mentioned are 
that the plants are portable, self-contained, and ready 
for use at any moment, no preliminary heating being 
required. Prices are quoted in the booklet for three 
sizes, giving flames 14 in. by 10 in., 2 in. by 18 in., and 
3 in. by 22 in. respectively ; the two larger sizes are also 
supplied with the bellows and petrol-vaporiser, mounted 
together on a stand, the top of which forms a hearth for 
brazing and other operations. 

Fire-Extinguisher.— A pamphlet relating to the ‘‘ A.D.” 
fire-extinguisher has reached us from the Abbé Daney 
Fire-Extinguisher Company, Limited, 343-345, Dashwood 
House, 9, New Broad-street, E.C. The ‘‘ A.D.” extin- 
guisher is the English model of the Abbé Daney extin- 
guisher, which is the invention of a French priest of that 
name, and has been largely used in France. It consists 
of a welded-steel vessel containing a chemical solution, 
which, it is claimed, not only has great fire-extinguishing 
properties, but also renders articles imp ted with it 
non-inflammable, provided they are at the same time 
subjected to the action of heat. In consequence of this 
property, it is stated that, when these extinguishers are 

, there is no danger of a fire breaking out again, as 
sometimes happens when it has apparently been com- 
pletely extinguished. The solution is discharged through 
a flexible tube by the gee of liquid gas contained in a 
small steel bottle inside the outer vessel, the gas being 
gradually released by opening a valve when it is necessar 
to put the apparatus into use. One lever controls bo 
the release of the gas and the flow of the solution, eo that 
it is impossible for a dangerous pressure to accumulate 
inside the containing vessel when the a of the 
solution is stopped. The pamphlet deals with several 
other notable features in the construction of these appli- 
ances, and also mentions the fact that a special liquid is 
—— for use where petrol, celluloid, and other highly- 
inflammable materials are used or stored. Prices are 
stated for one size only, having a capacity of 2 gallons; 
smaller extinguishers for use on motor vehicles, and larger 
ones for public institutions, &c., are, we understand, in 
process of manufacture. 


Automatic Pumps.—From Siemens Brothers Dynamo 
Works, Limited, 38 and 39, Upper Thames-street, E.C., 
we have received a catalogue giving prices and full par- 
ticulars of ‘‘Melda” pumps, for providing the water 
supply of country houses, &c. The pump, which is of the 
rotary type, and is directly coupled to an electric motor, 
draws water from a well or other source ; a sand-catcher 
is provided in the suction-pipe, near the pump, in order 
to prevent sand or other foreign matter from reaching the 
pump and damaging it. The water is delivered either to 
a very small overhead tank, or to a closed cylinder par- 
tially filled with air, situated close tothe pump. In the 
former case the tank is provided with a float arranged to 
it as 
soon as the water rises to its normal level. With the 
other system the — is controlled by the pressure in 

ich is connected to the house supply Pipe, 
so that when water is drawn off the pressure falls an 
the pump starts. It continues to run until the demand 
for water ceases, when the rise of re stops the 
motor. If desired, the pump con to uned t eteuly 


large overhead tanks, but the small tanks previously 
mentioned are considered to be preferable for domestic 
purposes, since there is no risk of the water becoming 
stagnant; there is also no likelihood of the water be- 
coming unpleasantly warm in the summer or freezing in 
the winter. The pumps can also be used for drainage 
urposes. For this purpose they.would be arranged to 
w from a sump and to start automatically when the 
water reached a certain level. The particulars given in the 
catalogue refer to a pump having a capacity of 264 gal- 
lons per hour inst a maximum head of 98 ft., and 
prices are stated for the pump, motors, and all necessary 
accessories. Similar pumps with capacities up to 8000 
gallons per hour are also made. 

Ventilation.—From Messrs. Ozonair, Limited, 96, Vic- 
toria-street, Westminster, S.W., we have received a 
pamphlet illustrating and describing their system of 
ventilating buildings. The pamphlet first gives some 
notes on the principles of ventilation, and then deals with 
the properties of ozone and its application to ventilation. 
The company’s apparatus is then illustrated and described 
and its many important advantages pointed out. In the 
**Ozonair” system, which works on the plenum prin- 
ciple, the outside air is first drawn by a ‘‘ Sirocco” fan 
through a filtering screen composed of fine metal gauze, 
on to which a small quantity of water is constantly 
sprayed. The air, ter having been eonsiderably 

eansed in this process, is still further purified by the 
addition of a small quantity of ozone, and the ozonised 
air is distributed ~ ducts to various ts of the 
building as required. © ozone is produced by drawing 
air through a generator in which an electric discharge 
takes place between pairs of plate electrodes separated 
by a dielectric. The comparatively high-tension current 
required for the discharge is produced by a small step-up 
transformer, the primary of which is connected directly 
on to the mains if these carry alternating current ; 
if the mains supply continuous current, a small rotary 
converter must, of course, be installed to produce the 
alternating current necessary for the static trans- 
former. Among the more important advantages claimed 
for the system, it is mentioned that stuffiness, odours, 
tobacco smoke, &c., are removed, and that the volume 
of air required is only about one-third that used in ordi- 
nary systems, so that there is no risk of creating draughts. 
The cost of ope: ating is also claimed to be very small— 
very little, in fact, above the cost of the electric energy 
consumed. Numerous photographs of important buildings 
in which the ‘‘ Ozonair” ventilation system has been 
installed are reproduced in the pamphlet, and some small 
portable ozone generators, suitable for purifying the air in 
one or two rooms, are also illustrated. 


Wire-Ropes and Accessories.—An interesting catalogue 
of wire-ropes and accessories has reached us from 
Messrs. Bullivant and Co., Limited, 72, Mark-lane, E.C. 
The catalogue, which is well printed and profusely illus- 
trated, is bound in cloth-covered boards, and contains 
much valuable information for users of wire ropes, 
together with prices, weights, working loads, and other 
useful data. It is divided into seven sections, the first of 
which deals with ropes for marine work, and illustrates 
examples of ropes used in connection with the launching, 
towing, mooring and salvage of ships, and others for use 
on slipways. One of the ropes illustrated for the latter 
ae vd is 134 in. in circumference, and the guaranteed 

reaking load is 525 tons. The next section is devoted 
to ropes for cranes, hoists, lifts, &c., and in it we notice 
an interesting device called Hiley’s shock absorber for 
application to cranes, lifts, mine-cages, &c. Its object is 
to prevent the rope from breaking if it should be sub- 
jected to a sudden shock by the dropping of the load, 
or otherwise. Briefly, it consists of a cylinder filled 
with oil and containing a piston, from which a piston- 
rod extends through a ed gland to an eye to which 
a shackle is attached. A similar eye is formed on the 
other end of the cylinder, and the device is placed in 
position ‘‘in series” with the load, and as close to it as 
ible. Normally, the piston is prevented from moving 

y small rods, which are screwed into a flange on the piston- 
rod, and also into the end of the cylinder. These are 
however, designed to break when a certain load (say five 
times the normal working load) is exceeded, and, should 
this happen, the piston travels along the cylinder, the oil 
passing t TK a slot in the edge of the piston. Attached 
to the wall of the a, and fitting in this slot, isa 
strip of metal shaped to a parabolic curve so that as the 
piston moves along the cylinder the aperture gradually 
closes and the resistance to the passage of the oil conse- 
quently increases. In this way the load is Peg em 
brought to rest without doing any damage. e third 
section relates to ropes for winding, haulage, suspension 
bridges, power transmission, and other purposes, illus- 
trating several interesting examples, and also including 
ustrations of haulage gears. The next three sec- 


some 
tions deal with various accessories such as bl ulieys, 
winches, reels, hydraulic-rope grippers, rope-end fittings, 


tightening-screws, slings, and other appliances for use 
with wire ropes, while the last section illustrates a few 
examples of aerial ropeways, and gives some particulars 
of each. The catalogue, which contains 152 pages, con- 
cludes with a complete general index to its contents. 





‘‘Tue Hoimpays : WHERE TOSTAY AND WHAT TO SEE.” 
—We have received from Mr. Walter Hill, 67 to 71, 
Southampton-row, W.O., a book which is published at 
1s., and contains booklets issued for the Midland, London 
and North-Western, Great —— Eastern, 
Great Western, and Great Central lways, giving 
illustrated particulars on the various resorts they serve. 
Many towns and townships are described, and the infor- 
mation includes data on the facilities for residence, with 





addresses and prices, 
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‘ENGINEERING’ ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Ofice, Sales 

ranch, 25, aa Buildings, Chancery-lane, W.C., at 
the uniform ye of 8d. 

The date of the advertisement of the t a, 


Lot, 


tion to move the same into the ‘‘on” position. When the movable 
member of a switch is moved from the ‘‘on” to the “off” 
position the spring acts in like manner, and causes the comple- 
tion of movement of the switch to the “off” position. The ion 
is as follows :—The solenoid 1 is excited, and a pull is exerted on 
the core 2, which is set in motion and is moved against the action 
of springs 15 attached to the cross-member 8 and the piston 4 in 
the cylinder 5. The piston 4 acd cylinder 5 form a dash-pot, and the 
resistance off to the motion of the core 2 can be re; in 
manner well known. As the core 2 moves, its cross-member 3 
comes in contact with the arm a of switch 8 and presses thereon, 
moving the movable member about its pivot towards posi- 
tion B, and against the action of spring 14. As soon as position B 


Fég.4. 








y a Comp 
ification is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
- person may, at any time within two months from the date of 
the advertisement +4 the t of a Complete Specification, 
ive notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


22,509/12. M. J. . J. § and H. J. 
Coates, London. Time-Lag Devices for Electric 
Switches. [6 Figs.) October 3, 1912.—This invention relates 
to time-lag devices of the dash-pot type, and is applicable to 
electric circuit-breakers for efficiently retarding the operation of 





opening circuit to any required extent ; it is also applicable to 
other electrical apparatus whose operation it may be required to 
delay. The invention consists in the employment of a plunger, 


bucket, or its equivalent immersed in liquid in known manner 80 
as to op; by retardation the action of the apparatus to which 
it isapplied, and having for its distinguishing feature the pivoti 

of the plunger or the like to its supporting rod, 80 

that at any predetermined point in its travel it may be tilted so 
as to relieve more or less quickly its retarding effect. The short 
hollow plunger or bucket a is pivoted at ) to the rod c so as to 
be easily deflected, and is immersed in oil or other fluid d con- 
tained in the dash-pot ¢. A stop / is arranged to be struck by the 
bucket @ when it is pulled upward, and the striking may be 
effected near the edge of the bucket, as shown in Fig. 2, or at any 
point between the centre line of —. and the as may be 
required, as is hereinafter referred to. In order to set the device 
to operate at any required amount of time-lag, the stop fis made 
adjustable as to the distance the bucket a is allowed to travel 
before being struck—that is, it is provided with suitable vertical 





























adjustment, as, for instance, by means of the nuts g. A pointer h 
may be clamped between the nuts or otherwise fixed to the stop 
anda scale i provided and calibrated to indicate the amount of 
time-lag the instrument is set for: the height of the fluid d in 
the vessel ¢ may be a Se ae in the calibration. The 
stop f may also be Fm my orizontally, so as to vary the 
amount of force requ to deflect the bucket, or a combination 
of the two adjustments may be used. As an instance of 
applying the device, it is shown in Fig. 3 attached to an auto- 
matic circuit-breaker. The dash-pot e is attached to the instru- 
ment by a bracket, and the rod ¢ is arranged to be lifted by the 
moving element J of the electromagnetic mechanism. This 
element operates through the rigidly attached arm 7 to lift the 
rod c, When an overload occurs in the circuit in which the 
electromagnetic mechanism is included, or when the apparatus 
to which the time-lag device is applied is operated, the rush of 
the moving element, such as 7, is checked by the retarding action 
of the plunger-bucket @, and if the circuit then becomes normal 
before the time limit is exceeded the bucket descends again ; if, 
however, the disturbing cause continues, the ons is struck, the 
bucket is tilted, relieving the retardation, which retardation is 
further decreased when the bucket a is rising through and above 
the fluid d and relieving itself of its load ; thus the retardation 
is removed, and the circuit-breaker or other apparatus allowed to 
act. (Sealed July 3, 1913.) 


20,247/12. E. Schattner, London. El - 
netically-Operated Switches. (2 Figs. | outen ber 5. 18, 


—This invention has relation to a 
switches for use more es ly, but not exclusively, in the con- 
trol of electric motors from a distant point, and the invention has 


reference to switches of the kind in which the starting resistance | 


is controlled step by step by the actuation, successively in time, 
of a series of mechanically-operated switches, the switches bein 
Operated one by one, or successively in time, on the excitation o' 
a solenoid. A motor-starter in accordance with this invention, 
comprises the combination with such a series of switches, of a 
member carried b 
tacting with eac’ 
movement of the solenoid core, and actuating the switches inde- 
pendently and successively in time. 1 is the solenoid and 2 its 
core. The solenoid 1 is mounted ona or backboard 20. The 
Core 2 carries a cross-member or bar 3, and at its lower end a 
piston 4 which works in a cylinder 6. The cross-member 3 is 
provided at its ends with grooved rollers or pulleys 6 which 
bear or roll on rails or runners 7 mounted on the baseboard 20. 
8, 9, 10, 11, 12, 13 are switches, rably knife-switches, mounted 
on the baseboard. These itches control the resistance in 
circuit with the motor. The movable members of the switches 
are of bell-crank or analogous formati The switches are 
arranged out of line or in steps so that the actuation thereof is 
the one cud of a opring 1k the other end ef the epsing taine sone 
one end of a ing 14, ol t con- 
nected to the baseboard. The disposition of the epelogs is such 
that when a movable switch member is moved from the “off” posi- 
tion (position A, Fig. 2) towards the ‘‘on” position (full line position, 
Fig. 2), the movement stresses the spring until the member 
a certain ition (position B, Fig. 2). When this posi 
is reached the ng has been moved through such an angle 
it is able to exert a pull on the movable switch member in a direc- 








tion 


closed in like manner. 





and movable with the solenoid core and con- | 
of the switch-arms successively during one | 


from the 5 
that | provided with a coil 
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is reached, the spring 14 can exert a pull on the movable switch 
member, which, as a consequence, moves rapidly and in advance 
of the cross-member to its ‘‘ on” position. switches 9, 10, 11, 
12, and 13 are acted upon in turn by the cross-member 3 and are 
When the solenoid is de-energised, the 
core 2 is moved downwardly by the springs 15, the dash-pot 4, 5 
then being arranged to offer little or no resistance to such move- 
ment. As thecross-member 8 moves downwardly it comes in con- 
tact with the arms b of the movable switch mem one after the 
other, commencing with the switch 18, and moves such members 
about their pivots towards the positions in which the springs 14 
become operative to complete the movement of the movable 
switch-member in advance of the cross-member 3. (Sealed July 3, 


1913.) 

8063/12. A. H. Olmsted, Bowdon. Voltage Regu- 
lators. (5 Figs.) April 3, 1912.—This invention relates to 
voltage regulators of the kind adapted to vary the excitation of 
an electric generator or of its exciters, so as to maintain a con- 
stant voltage on the generator terminals, and is an improvement 
in the voltage r described in Specification No. 28,747, of 
1911. Inthe regulator described in the above-mentioned » - 
cation, a resistance in series with the field-magnet winding of 
the generator or its exciter is arranged to be short circuited 

two contacts operated by a —ae and a short- 
circuit round the — is made and broken by another pair of 
contacts, one of which is carried on a vibrating arm, whose rate 
of oscillation is caused to vary automatically in accordance with 
variation in voltage of the generator. The vibrating arm is 
caused to oscillate by means of an electro-magnet, the circuit of 
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which is made and broken by two contacts, one of which is 
carried on the arm, and the other on another arm, the position 
of which varies in accordance with the voltage of the generator 
to be controlled. According to this invention, one of the contacts 
governing the circuit of the operating coil of the relay is given a 
vibrating movement the frequency of which is substantially 
constant and is a the —-. of the = 
operati contact, said co-operating con ing moun 
on = om, the position of which is determined by means 
of an electro-magnet connected directly or indirectly with the 
circuit to be regulated. A magnet, hereinafter referred to 
the main magnet, which is energised 

generator, the voltage of which is to con’ 

1 and two cores 2, 3, of which the core 2 is 


mounted on an arm or lever 4 pivoted below the magnet, the 


as 
directly or indirectly | ternal 
trolled, 





other core 3 being adjustably su; ted within the coil 1 
bracket 5 by means of the screw 6, the cores 2 and 8 are pro 
with axial saw-cuts to reduce eddy currents therein. The pivoted 
lever 4 is supported by a 8 from a bracket 9, the tension of 
the spring being adju by means of a screw, and it will be 
readily seen that if the coil 1 is supplied with current and the velings 
at the terminals thereof is maintained constant, the spring can 
adjusted so that the lever 4 will be maintained in equilibrium in 
any position. 11 is a dash-pot carried on a fixed bracket, the 
piston of which is pivotally attached to a flat —> secured to 
the lever 4. The object of this is partially to reduce 
“humming,” and ly to assist the lever 4 and core 2 to adjust 
themselves to any position which they are caused to take by 
variation in the pull of the main magnet. Another magnet, herein- 
after termed the vibrator magnet, is provided with a coil 14, a 
core, a fixed poie-piece 16, an adjustable me 17. The 
armature, which co-o; tes with the adjustable pole-piece is indi- 
cated at 18, and consists of a thin strip of iron mounted on a 
lever 19, which, in turn, is moun on a shaft, but insu- 
lated therefrom by a mica sleeve. The shaft is arranged to 
rotate in a bearing formed in a fixed bracket 24. The lever 19 
carries at its free end a contact 25, preferably formed of silver, which 
co-operates with a similar contact 26 mounted on a 27 
secured to a fixed bracket 28. Carried by the lever 19 is an arm 
29, on which is mounted a contact 30, which contact co-operates 
with a contact 31 mounted on a pivoted lever 82, the pivot of 
which is carried in the bracket 24. These two contacts control 
the circuit of the relay-coils. A spring, one end of which is 
adjustably connected to the bracket 24, has ite other end con- 
nected to the lever 32, and holds the lever lightly against a stop 
ted in a bracket attached to the lever 4. e operation of 
the regulator is substantially as follows:—As the voltage of 
battery 64 is lower than the exciter voltage, the battery will 
receive a charging current from the exciter armature a 
resistance 66, and when the contacts 80, 31 make connection 
through relay-coils 38 and 89. When the contacts 25 and 26 make 
connection, the battery will discharge ——— the magnet-coil 14 
in parallel with the exciter. By this means voltage for operat- 
ing magnet-coil 14 will be maintained substantially constant equal 
to the full voltage of the battery in a well-known manner. “The 
magnet-coil 14, with its armature 18, and the co-operating con- 
tacts 25 and 26, in conjunction with the battery 54, will operate 
to cause the arm 19 to vibrate with a lar frequency after the 
manner of an electric trembling-bell, thus cause contact 30 to 
vibrate with a perfectly definite travel and frequency of vibration, 
the weight of lever 32 and the force of the connec’ 
thereto being so small compared with the mass of the lever 19, 
Cat Che at of Ghee contests So ene Ep tang te: etalon . 
ment will not affect the vibration of the lever 19. The nit 
of the relay coils 38 and 39 is made and broken by the contacts 30 
and 31, and the length of time per vibration of the lever 19 that 
these contacts remain in e: ment will be determined by the 
— of the stop on the lever 4, which the lever 32 is 
eld by itsspring. The position of lever 4 and of the stop 
which it carries will vary in accordance with variations in the 
voltage applied to the terminals of the main 
consequently the periods of time — which the relay 
and 89 are energised and the corresponding periods of time during 
which the resistance 65 in the field-circuit of the exciter is not 
short-circuited will be varied in a similar manner, ( 
June 19, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
4338/13. R. and _ J. , Limited, G. F. H. 
and 8) 


Guided Gas-Holders. (9 Figs.) February 20, 1913.—This 
invention relates to ladders or staircases a ed to rally- 
guided gas-holders, and has for object to pro means whereby 
the ladder, or the like, is adequately supported at all heights 
necessary for enabling the full exposed length of the holder or 
lifts being reached by a workman or otherwise, whether dui 
complete inflation of the said holder or lifts, or du 

inflation thereof. In pot om | out the invention, the jer or 
sections thereof are provided in more or less inclined form 
relatively to the ground line, and it is formed with means which 
































are in spiral gear, so to 
This may be accomp! 
nearest the holder with a 
contact with e rollers, 
a cal attached to 
foot of the said ladder 
the adjacent outer lift, or top 
case may be. a is the ladder or staircase 
an attached spiral-guide rail b ; 
esse also assumed to be of like spiral form. 
ler is secured to the tank side c, or it may 
while the guide rail } is engaged by rollers 
inner lift or holder ¢. (Sealed July 24, 1913.) 


15,069/12. J. ¥Y. John (F.1L.A.T., Fabbrica 
Italiana Automoboli Torino, . § 


the 


2 


to an outer lift, 
mounted on the 
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at work, is utilised for the purpose of starting the internal-com- 
bustion engine when so required. Starting means for internal- 
combustion engines, g to this invention, comprise the 
combination, with a dynamo, of a storage battery, and a switch 
controlled by a centrifugal governor mounted on the dynamo 
shaft so as to close the circuit between the dynamo and the 
storage battery. The internal-combustion engine 1 by 
means of the toothed gear-wheels 2 and $ adynamo 5, 

of which is connected to the shaft 4 of the toothed 


connected by 8 to a storage battery 10. 
switch 7 starts under the action of a spring as;soon as, on 


Tm 













































































T) 4 fs 
@ *) 
2/ 3 
¥ \e 
Ey 
7 
4 , wn oe . 
» pdalad 5 zn 10 


decrease of the speed of the dynamo, the voltage of the dynamo 
tends to decrease when the electrical en , instead of being 
stored in the storage battery, would be discharged into the 
dynamo if the circuit was not broken. On operating the switch 8, 
to start the engine, the current from the storage battery 10, 
flowing through circuit 11, 12, 13, and 14, acts in the dynamo 5, 
which is then converted into a motor, which, through the speed- 
reducing gear 6, starts the motion of the internal-combustion 
engine 1. The engine, after being started (and assuming the 

itch 8 to be open), tends to rotate the dynamo 5, the switch 7 
then enters into action and in its motion closes the circuit 
16, 11, 14 so that the current generated passes into the storage 
battery 10. (Sealed July 10, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c, 


8266/12. C. A. Parsons, Newcastle-on-Tyne. Thrust 
gs. (9 Figs.) April 4, 1912.—This invention relates to 
thrust and other bearings of the type in which the bearing or 
pressure-blocks are pivoted, its object being to provide an im- 
proved form in which the direction of relative motion between the 

ts of the bearing can be reversed without complication in the 
ote structure. The invention consists in a thrust or like 
bearing in which each pressure-block is pivoted about an axis 
lying in a plane at right angles to the direction of relative motion 
between the bearing parts, and dissecting the area of the block- 
contacting surface. In cunpenn. Ge nt invention into effect, 
as applied to the thrust ng illustrated, the casing of the 
bearing is made in two parts @ and b divided by a central hori- 
zontal joint and enclosing a thrust-collar c formed on the shaft d, 


Fig, 














lace where the shaft 


é at the 
Each side of the collar ¢ con- 


which is supported by bearin 
through the casing 

ts with four pressure-blocks f/, which are situated in 
recesses g formed in the adjacent part of the casing. A projec- 
tion on the back of each block f extends radially with respect to 
the shaft d, and, as shown in Fig. 3, contacts with a bearing-part 
jattached to the adjacent surface of the casing. The line of con- 
tact between the projection A and the j thus forms an axis 
about which the block f is pivoted, this axis being in a plane at 

‘ht angles to the direction of relative motion between the thrust 
collar ¢ and the blocks /. According to the present invention, the 
said plane cuts the contacting su: of the block f in a line 
k, k, which, as shown in Fig. 2, bisects the area of the surface. 
Accepted May 15, 1918.) 


SHIPS AND NAUTICAL APPLIANCES. 


17,768/12, L. W. P. Chetwynd, Mill Hill. Mariners’ 
Compasses. [1 Fig.) July 31, 1912.—This invention relates 
to mariners’ compasses, whether of the liquid or dry type, where- 
in the bottom of the compass bowl fo Uped 00 a reosptesio for 
or other suitable liquid, the friction between which and the wall 
Sok. Noleeding vs the present Nkres ton, this Tiquid recepiae ceptacle 

Ww! ccording to the present invention, ui 
is made cellular, the oil or the like being confined within a double 
or multiple bottom in contact with several walls thereof, 
which are preferably translucent. The invention is illustrated 
in the drawing, whi shows in transverse section a compass 
bow! having a double-walled bottom of translucent material 
with liquid enclosed in the between the walls. Each 
of these walls a, ) is spherical in shape, but the radius of the 
inner wall a is less than that of the outer wall b, so that when 
the two walls are secured in the compass bow! with their axes 
coincident, the space c between the walls will 
as shown, from the lowest point of the bowl upwards on all sides. 
Further, as shown in the drawing, the lowest part b! of the outer 


wall may be flattened so as to increase still more the 
between the width of the interspace at the 
width at the highest t of the bowl. 
shown in the drawing, 


lowest point and the 
In the construction 
space within the inner wall a is covered 


compe nen Ana aie at its centre the pivot su 
port of the compass card, a gasket of indiarubber or other suitable 
material being interposed between the edge of the glass plate and 
a flanged metal ring g, which girds the compass bowl and is 
rigidly attached Another ring A, screwed upon 
underside of the ring g and suitably shaped on —_ = surface 

home into 


where it engages gasket /, serves, when scre 
ition, to expand the gasket and form a liquid and tight 
aed i lerside of 


the edge of the glass plated. On the wi 
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the ring A is another indiarubber gasket, against which the rim 
of the spherically-shaped wall a is pressed by means of a flanged 
ring j, which is screwed into the ring g, an indiarubber gasket k 
being interposed between this tanged ring and the rim of the 
wall a. Ths rim of the outer 1} is 
flanged ring m 
under the rim, gaskets n, o being interposed between the 

the rings g and m. By these means the space within the walls a, b 
which encloses a translucent liquid, such as oil, is hermetically 
sealed. (Sealed July 24, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


ee ra + 


milarly secured b 
secured by screws to the ring g and engaging P 
ai 


of an intermediate or partition-wal! or walls j within the header. 
Each superheater element or pipe within each enla’ flue or fire- 
tube ¢ consists, as usual, of four lengths of pipe c, c!, c2, c¥, which 
extend into the fire-tubes ¢ to within a suitable distance of the fire- 


the | box tube-plate, d, d! and d?, being suitable return bends or fittings, 


the bend or fitting d connecting the inner or fire-box ends of the 
pipes c and cl, the bend d? connecting the inner or fire-box ends of 
the pipes c2 and c? andthe bend or fitting d! connecting the outer 
or smoke-box ends of the pipes c! and c®. In the example shown, 
the forward or smoke-box ends of the pipes ¢ and c* extend toa 
suitable distance within the smoke-box and are there to 
the headers by means of the chambered plugs} soas to communi- 
cate respectively with the saturated and superheated-steam 
chambers g and g! in the header. Within each of the chambered 
plugs } there are formed two chambers or channels A and /, the 
chamber / being a saturated-steam chamber and the chamber / 
a superheated-steam chamber; a port or passage in the wall 
of the chamber / forms communication between the chamber 
h and the saturated-steam chamber g in the header a, 
and a rt or passage in the wall of chamber / forms 
communication between the chamber / and the superheated- 
steam chamber g! in the header. Holes are vided a 
the inner ends of each chambered plug } (i.e., the end of the 
plug adjacent to the smoke-box tube-plate), one of the holes com- 
municating with the saturated-steam chamber A in the plug, and 
the other hole communicating with the superheated-steam 
chamber / in the plug ; these holes are of a size to receive the 
forward orsmoke-box ends of the superheated-steam pipes c and 
c3 of a superheater element. The saturated-steam chambers g in 
the headers a are each connected at their upper ends by elbow 
Pipes o to the saturated-steam pipe g of the boiler by means of 
a T-pipe The superheated-steam chambers g! of the 


a | headers a are connected by means of elbow-pipes t and a T-head 


ne. As shown, 
the elbow-pipes t are formed integral with the headers a, but they 
ht, if desired, be separate pipes suitably covered to the 

headers a. (Sealed July 17, 1913.) 
29,166/12. E. B. London. Steam-Separating 
tus. (2 Figs.) mber 18, 1912.—This invention 


relates to apparatus employed for separating impurities or 
tracting moisture from eam, and consists in the construction 


ipe with the cylinder steam-chest m of the engi 





9773/12. G. Hughes, Bolton. Pp 8. 
(27 Figs.) April 25, 1912.—The present invention consists princi- 
liy in improvements in that type of superheater wherein a 
ler or headers comprising saturated and superheated-steam 
chambers is, or are, peed in a suitable position within the 
smoke-box or —— or within the downtake, holes being pro- 
vided in the walls of the header, such holes being closed by means 
of covers, to which the saturated elements or pipes are secured, 
the construction and arrangement ler we that the superheater 
elements or pipes are passed through holes in the header in 
— in position and in removing them, the constru 
i er such that any single superheater element can be 
withdrawn and a new element (or it tt be the same element) 
replaced without disturbing any other element or part of the 
superheater, and, further, arrangement being such that on 
the withdrawal of an element the holes in the walls of the header 
through which the element was withdrawn can be temporarily 
closed by suitable covers or plates until such time as it is conve- 
nient to insert a new element. According to the present inven- 
tion, as applied to locomotives and other fire-tube boilers, the 
holes in the walls of the header or headers o ite the ends of 
the flues or fire-tubes of the boiler are cl haga of plugs 
extending from the front to the back of the hi r, each of such 
plugs having formed in it two chambers or channels, one for satu- 








na) 


rated steam and the other for superheated steam, ports or passages 
in the plugs being provided for connecting the steam-chamber or 
chann Sapeetinchs with the saturated and rheated-steam 
chambers in the header ; the saturated-steam inlet ends and the 
superheated-steam outlet ends of the LJ-loop superheater elements 
or pipes are suitably secured to the chambered plugs, so as to 
communicate respectively 
steam chambers or channels therein. Referring to 
pan ——-. which illustrate, by way of example, only the 
of the superheater according to this invention, to 
locomotive boilers, f is the locomotive boiler and f1 the smoke- 
box, ¢ being the be ae flues or fire-tubes of the boiler into 
which the superheater elements or pipes extend as usual ; & is the 
fire-box end, m indicates the cylinder steam-chest of the engine. 
In the superheater, to this invention, the enlarged 
flues or fire-tubes ¢ are arranged in two sets, there being two 
vertical rows of such tubes in each set, and these sets of 
bes one on either side of the centre of the 





in the smoke-box, one er te the outlet 
of the enlarged flues or fire-tubes of each set of such tubes. 
@ indicates the header or each com: 


headers, 
tate chambers g, g!, respectively, for 


ction | arran 








saturated 
steam, these chambers being separated from each other by means 


and arrangement of parts as hereinafter described, and which 


are particularly applicable to steam generators. The improve- 
ments, ng to this invention, consist in so constructing 
and ing the parts that all the steam admitted to the 


enclosing steam-tight casing of the apparatus from the steam 
merator, while travelling radially inwards to an outlet pipe 
or the dry or purified steam, has to take a circuitous or 
course between one or more series of baffles or slats di 
substantially vertical ; the baffies in each series being formed and 
ged to present large surfaces to intercept the particles of 
moisture carried along by the steam down which surfaces these 
particles glide, eventually falling on a sloping floor communicating 
with a drain-pipe leading to the lowest part of the steam gene- 


Fig.1. 


Fig.2. 
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(29166. a 
rator, or, at any rate, to a part well below the surface of the 
water therein, so that no vapour from the generator may find an 
exit through this drain or outlet-pipe. In the drawings, a is the 
steam dome communicating with the steam generator ; b denotes 
a series of baffies or slats arranged circularly around a central 
dry-steam — ce. The baffles are of channel 

a and arran 


shay are 


their 


spaced apart, in two concentric rows, wi 
edges overlapping, so ee the steam, entering from the dome 
through the 0; bl left between the baffles of the outer row, 


is forced to take a zigzag path on its way towards the dry-steam 
outlet-pipe c. In the example shown, there are two rows of 
baffies, but as many rows as may be desirable may be used, and 
the baffles themselves may be of other shapes than those shown, 
provided they furnish sufficient impinging surfaces, and consti- 
tute a circuitous path for the steam. e wall of the dry-steam 
pipe c is perforated for the admission of the dry steam which 
upwardly through the pipe toa distiller or other apparatus 
n comneamieaiion with pipe c. (Sealed July 24, 1913.) 

21,923/12. J. A. Hill, Sheffield. (2 Figs.] 
Septem ber 26, 1912.—This invention relates to furnaces of the kind 

which are provided with hollow fire-bars or bar-su’ in 
troughs or conduits with an ing or aperture therein extend- 
ing over a portion or the whole of the length of the conduit, and 
a with a pivoted valve to trol such The 
vention consists in forming a \ worsted valve with flanged — 
adapted to e the faces, of strengthening ips 
t to the of the opening or aperture. The trough or 
conduit a is fi to suit the fire-bars b that are to be supportea 
thereon, and the trough is provided with an aperture on the lower 
side thereof, and extending over a portion or the whole of the 
length of the trough or conduit as may be desired. The aperture 
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or opening c is ited to be controlled by a valve d, which may, 
if desired, be provided with a strengthening strip ¢ running the 
whole of itslength. The valve d is carried upon trunnions or 


J working in bosses g formed upon the back and front mates h ot 


the conduit. The valve d is formed with flanged or turned-over 
portions ¢ as shown, which are adapted to e with the 
machined faces of the strengthening or reinforcing strips k secured 
by pinning, riveting, or otherwise to the end plates A and to the 
: es of the Pep aves Avy pam iyo de es oy ad be —— 
mpartin necessary rotat! to the valve d, as, for example, 
an ope! handle such as that shown at / attached to the front 
end of the valve-plate, or any other suitable form of gearing or 

device may be employed for the purpose. (Sealed 

uly 17, 1918.) 
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SUGGESIrIONS CONCERNING A NEW 
DEVELOPMENT OF GYROSCOPE 
MECHANISM. 

By J. W. Gorpon. 


Ir is well known that while executing free preces- 
sion under the disturbing force of an applied 
couple, the gyroscope exerts a restraining force or 
back pressure upon the applied couple, and that this 
back pressure is measured by a well-known equa- 
tion, which is commonly written thus— 
K=- Cu». 

Here 

K = the moment of force of the applied couple ; 

C = the moment of inertia of the gyroscope about 

its axis of spin ; 

w = the angular velocity of spin ; and 

v = the angular velocity of free precession. 

It is also well known that under the conditions 
of free—that is to say, of unconstrained—precession 
the gyroscope so moves that its axis of spin 
revolves in a plane which contains the axis of the 
applied couple—that is, the axis of the disturbing 
or driving force—and that, consequently, it arrives 
in the course of its free precession at a position in 
which the axis of spin of the gyroscope and the 
axis of the applied couple coincide. When 
that happens precession ceases, because the gyro- 
scope is then in a position of stable equilibrium 
in relation to the applied force. Now, forasmuch 
as the velocity » is the angular velocity with 
which the gyroscope tends towards the position of 
equilibrium, it falls necessarily tozero when that 
position is reached. We then have— 

K= - Cur=- CrO=0. 

For that reason the gyroscopic reaction in free 
precession is of temporary efficacy only as against a 
couple having its axis fixed in space, and although 
it has been employed in various ways to furnish | 
resistance to oscillating forces, as, for example, | 
to damping the roll of ships and the oscillations of | 
a single-track car, it has not hitherto been found | 
applicable to the purpose of opposing a similar re- 
sistance to the continued pressure of an unvarying 

load, as, for example, to correct the list of a ship or | 
to resist the steady pressure of the wind upon the | 
side of a car. The source of the difficulty is at once | 
obvious from the foregoing equation. For it will | 
be observed that the factors C and » are constant | 
quantities under the conditions which obtain in | 
practice—that is to say, that the gyroscope be kept | 
spinning at an approximately uniform speed. The 
instantaneous value, therefore, of K depends upon 
the instantaneous value of the factor v, and if that 
be allowed to sink to zero, the resistin power 
of the gyroscope must come to an end. This is a 
matter of no moment if the applied couple, which 
has to be resisted, is itself a force which constantly, 
or at short periodic intervals, changes the direction 
of its axis in space. The preponderance of a 
spinning-top towards the side on which it leans 
away from the vertical is such a force, since it 
shares in the precessional movement of the top. 
Hence, such a top, or an overbalanced gyroscope, 
will, by virtue of the continuous change in the 
direction about its point of support of the resolved 
component of the eouple due to gravity, maintain 
a constant reaction against that couple sufficient to 
counteract the tendency to fall and to support the | 
overbalanced mass. A gyroscopic mechanism so 
designed that the change of angular position, or, as | 
it may be termed, the change of potential on the | 
part of the gyroscope, is balanced by a correspond- | 
ing simultaneous, or periodically successive, change | 
of potential on the part of the disturbing force is, | 
of course, capable of indefinitely prolonged action. 

It has therefore been found mined to make use 

of gyroscopic resistance to a couples, such 

as those of a rolling ship and unstable car, and on 

the same general principle the force of gravity is | 
successfully resisted under the conditions of the 

‘‘sleeping’”’ top or overbalanced gyroscope. That 

18 to say, the moment of force set up by an over- | 
balanced gyroscope, to speak of that example, is an | 
alternating couple tending to cause it to turn at 

one time clockwise, and at another time anti-clock- 

wise, about its point of support. The condition 

that the force opposed must itself be a force of 

varying potential in the sense just explained puts | 
& necessary limit to the application in the useful | 
arts of the gyroscope in simple free precession, and 

has, in fact, put very narrow limits to its useful | 
applications hitherto. 








' 


This limitation, under which the designers of | 


roscopic mechanism have hitherto worked, is, 

owever, not inherent in the laws of motion, but 
may be broken through by means of suitably- 
designed appliances. e principle on which this 
may be accomplished can best be explained b 
postulating an alternative form of precession, whic 
may be called ‘‘forced precession.” By forced 
precession is to be understood an angular move- 
ment of the axis of spin in a plane at right angles 
to the axis of the applied couple. Such, for 
example, is the precessional movement imposed 
upon the wheels of a locomotive or railway carriage 
in rounding a curve on a railway. The equation 
K = —C yp, holds good in this case as in the other, 
but K no longer signifies the back pressure with 
which the spinning body reacts against the applied 
couple. In forced precession the gyroscope acts 
as a transmitter of the applied force, and, turning 
it through a right angle, exerts a corresponding 
pressure upon the controlling mechanism which 
serves to suppress the free precession. Hence the 
limit of the value of v is in this case set, not by the 
capacity of the gyroscope for absorbing the applied 
force, but by the capacity of the guiding or con- 
trolling mechanism for absorbing that force im 
to and transmitted by the gyroscope, and the func- 
tion K expresses the instantaneous value, not of 
the couliel. but of the transmitted couple. Under 
the conditions of forced precession, therefore, the 
angular speed » continues to accelerate until the 
resulting couple K overbears the resistance of the 
controlling guides, and allows free precession to 
occur. Thus a gyroscope reacting by way of forced 
precession may be described as a transmitting 
mechanism, whereas when reacting by way of free 
precession it may be spoken of as a drag. 


Fig.1 





























It will now ap that forced and free preces- 
sion are mutually exclusive reactions, since the 
function K cannot have two different values at the 
same instant of time. The phenomenon which 
corresponds to this mathematical necessity is that 
free precession, when it occurs, supersedes and, pro 
tanto, suppresses forced precession. Thus, in 
unconstrained or free precession the angular move- 
ment of the axis of spin takes place at right angles 
to the plane which contains the applied couple. In 
forced precession, on the other Gea, the axis of 
spin moves in the plane which contains this 
applied couple. When the precession is not wholly 
unconstrained, nor, on the other hand, controlled 
by unyielding guiding mechanism, we have a state of 
things which may be described as constrained 
precession. A gyroscope in constrained precession 
will absorb power in proportion to its free preces- 
sion and transmit power in proportion to its forced 
precession. 

So much being premised, the reader may now be 
invited to consider the phenomena of constrained 
pee which, although they would seem to be 


y much the most important phenomena of gyro- | 


scope reaction in relation to the application of the 

roscope to engineering problems, do not seem 

itherto to have engaged the attention either of 
the pure mathematicians or of engineers. 

It will be convenient for this purpose to take a 
special form of gyroscopic mechanism, which, for 
simplicity in the description and discussion, will 
be essumed te take the form shown in Fig. 1. 


In this diagram G is the gyroscope mounted in a 
frame F. The frame has two pivots p, and p,, the 
lower or confined pivot p, resting in a fixed 
bearing cup O, the upper or swinging pivot p, 
being through a travelling bearing g (shown 
in Fig 2), by which it can be caused to move in a 
determined path about a vertical axis passing 
through the confined pivot. 

In Fig. 2 the same letters of reference indicate 
the same parte, and the broken line A BC D indi- 
cates the path in which the travelling bearing is 
caused to move by the action of the driving power 
indicated Rey ae ape srg A by ra linders sup- 
posed to be double acting an y disposed as 
shown. An arrow indicates that the travelling bear- 
ing is driven anti-clockwise about the vertical axis 
through O. 

In passing from A to B the gyroscope moves 
about an axis perpendicular to the longitudinal or 
pivot-axis of the frame F, and, consequently, the 
gyroscope willset itself in this part of its orbit with 
its axis of spin in a plane parallel to the planes 
containing the lines A D and BC. It will be 
understood that the path traversed by the centre 
of gravity of the gyroscope under the influence of 
the applied force is here spoken of as the orbit of 
the gyroscope. When the travelling bearing q 
reaches the point B, the axis of spin will lie in a 
plane containing the line B C, and forasmuch as 
the orbit of the gyroscope at this point 
through a right angle, the axis about which the 
gyroscope swings undergoes a corresponding change, 
and is swung round into a plane parallel to the 
— containing the lines A Band C D. A 

riving power applied to the travelling bearing, 
tending to move it from B to C, will, under these 
conditions, set up a free ion of the gyro- 
scope about an axis coinciding with the pivot-axis 
of the frame, by which free precession the 
scope will set its axis of spin in coincidence with 
the axis of forced precession ; that is to say, at 
right angles to the plane containing the path B C, 
This free precession while in progress will oppose 
a resistance K = — C » v to the driving moment, 
and will thus set up a couple acting clockwise upon 
the platform or other foundation which carries the 
bearing cup O and the driving engine. As soon as 
the precession has effected the readjustment of the 
spinning axis to the orientation of the driving 
couple, the gyroscope will move freely forward un 
the new segment of its orbit corresponding to the 
path BC. In a theoretical sense the travel from B 
to C may be said to be executed without resist- 
ance from gyroscopic reaction, since the spinning 
axis may be supposed, having once attained the 
position of stable equilibrium, to preserve that 
position and move parallel to itself until the next 
turning-point, corresponding to the point C in the 
path, isreached. But, in fact, there will be a little 
oscillation of the spinning axis about its position 
of equilibrium, and some consequent forced pre- 
cession in the course of the movement from B to C, 
But this forced precession is accidental, and may 
be treated as negligible in relation to the matter 
now under discussion. The point C in the path 
having been thus gained, the yy ye takes 
a new direction, at right angles to BC, and thus 
sets up afresh a free precession, by which the axis 
of spin is brought into a plane parallel with the 
planes containing A Dand BC. Here, therefore, 
the same amount of resistance to the driving 
couple is set up, and the component of that resist- 
ance resolved in the horizontal plane sets up, as 
before, a clockwise torque — the platform 
ing the gyroscope and its driving engine. It 
is obvious that a similar reaction must be set up 
as each of the points A, B, C, and D is reached 
by the swinging pivot, and that these reactions, 
being similar in sign, and not balanced by any 
other gyroscopic reaction developed by the opera- 
tions now in question, result in a gyroscopic 
resistance which can be indefinitely prolonged 
to an applied couple about the vertical axig 
through O. 

The equation given above expresses the thrust 
or pul] with which the gyroscope reacts through 
the connecting-rods upon the pistons of the driving 
|cylinders. It is obvious that in order to deduce 
from that value the moment of force with which 
the gyroscope reacts inst the driving couple it 
is necessary to multiply that factor into another 
which measures the distances O A, O B, &., the 
path A BC D being projected on the horizontal 
plane containing the point O; that is to say, the 
| required moment of force, which may be called th 
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moment of resistance of the gyroscope to the given 
driving couple, is expressed by :— 

se R, = sin@ K = — sin@Cyuy, 

i 

R, = the required moment of resistance, and 

0 =the angle between the pivot-axis of the frame 

and the axis of the driving couple. 

It is manifest that the gyroscope under the 
arrangement just decribed offers a resistance which 
is intermittent in time and lasts only so long as the 
free precession lasts. If, therefore, we wish to 
estimate the efficiency of this resistance for holding 
in check a steady applied couple, we must allow for 
the ineffective intervals of forced precession. If 
we treat these intervals as entirely ineffective, and 
write— 

T = the time consumed in free precession, 

r = the equivalent moment of resistance, estimated 
as uninterrupted moment of force, 

t = the time consumed in fo: precession, or, more 
accurately, the time occupied in passage from 
point to point in the orbit, 

we shall have— - 
ol ET hes 

The intermittent character of the resistance 
offered by the gyroscope is accidental and not in- 
separable from the mechanism. Thus, the ms gre 
couple may be applied directly to the axis of the 
frame F, so that forced precession takes place 
about the pivot-axis, and free precession about the 
transverse axis of the system. In that case the 
gyroscope will offer an unintermitted resistance to 
the applied couple. Suppose, for example, that 
the driving power is a weight acting through a 
drum mounted on the pivot-axis of the frame. 
Then, during forced precession, the weight will 
descend with a speed proportional to the angular 
velocity v of the forced precession. During the 
periods of free precession the descent of the weight 
will be arrested and the weight itself held in sus- 
pense. In this case, therefore, the descent of the 
weight will be intermittent, but the resistance of 
the gyroscope will be continuous. 

It is quite possible to arrange matters so that 
the movement of the weight or other propelling 
mechanism and the resistance of the gyroscope 
shall both be continuous. This point may be illus- 
trated by an experiment with the apparatus dia- 
grammatically illustrated in Fig. 3. 


Fig.3. 
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In this case the path of the swinging pivot is 
determined by a circular ring, R, in contact with 
which the pivot moves. It will be obvious that 
the descent of the weight produces forced pre- 
cession about the pivot-axis, when that pivot-axis 
rests in contact with the ring, and free precession 
about a transverse axis when the swinging pivot 
slides around the surface of the ring. In fact, both 
these operations go on simultaneously, as is shown 
by the diagram reproduced in Fig. 4 from an 
original traced by means of this apparatus. 

In the diagram of Fig. 4 the descent of the 
weight, and therefore the revolutions in forced 
precession, is represented by the ordinate of the 


| curves, traced below the horizontal line in the 
diagram, were produced under the condition that 
|the pivot-axis made an angle 5% deg. with the 
vertical. It will be observed that the larger angle, 
representing, of course, an increased amplitude of 
swing in free precession, corresponds to increased 
resistance by the gyroscope, so that the rate at 
which the weight Sassente corresponds to 25.6 
revolutions a minute. With free precession con- 
fined to the smaller angle the weight drove the 


cord passing over three pulleys as shown, which 
are fixed in the main frame. Its descent, there- 
fore, imparts angular velocity in one direction to 
the main frame, and in the opposite direction to the 
gyroscope frame. 

By means of this apparatus the descending weight 
causes the platform, and the whole system carried 
by the platform, to revolve about its centre of 
gravity, and when the weight in its descent comes 
to rest upon the platform, the whole system, in- 
cluding the gyroscope itself, is 
found to be rotating with un- 
balanced momentum in a direc- 
tion opposite to that of the forced 
precession of the gyroscope. 

This last experiment, although 
it exhibits the Pou Sto reaction 
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gyroscope at 44.9 revolutions a minute. These 
speeds are in the ratio of 100:175. The sines of 
two angles through which free precession took 
place are in the ratio of 100: 169, so closely does 
the resisting power of the gyroscope correspond to 
the measure of its free precession. 

This operation is reversible. If we combine the 
mechanism of Fig. 2 with that of Fig. 3 and 
cause the swinging pivot to travel in a closed path 
about a vertical axis, the gyroscope will operate as 
if it were a gear-wheel meshing with a correspond- 
ing gear fixed on the vertical axis, and will wind up 
the weight. For this purpose the path of the 
swinging pivot would, of course, be made circular, 
or approximately circular, as otherwise the wind- 
ing-up action of the gyroscope would not be uni- 
form, but marked by intermittent activity 
From this last experiment an easy transition 
leads on to an experiment of extreme interest, 
made with what may, in allusion to a well-known 
story of Archimedes, be termed a ‘‘Pou Sto” 
mechanism. Such a mechanism, with which the 
experiments detailed below have been made, is 
shown in Fig. 5. 

The mechanism illustrated in Fig. 5 consists 
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of three parts : (1) A pedestal ; (2) a main frame 
having centre pivots above and below, and carryin 
on board a driving mechanism ; and &) a pistol 
gyroscope frame F with its gyroscope G. 





curve and time by the abscissa. The vertical scale 
is divided for revolutions, 1nd the horizontal for 
seconds. The parabolic curve was traced by allow- 
ing the weight to descend freely, the gyroscope 
acting merely asa fly-wheel ; that is to say, not 
being spun for this occasion. The other six curves 
were traced with the gyroscope spinning. They | 
fall into two groups of three each ; those of the | 
upper group were produced under the condition | 
that the pivot-axis made an angle of 93 deg. with | 
the vertical. 





The pedestal carries a centre, upon which the 
ongery and main frame are supported so as to be 
ree to revolve and oscillate about the point of 





me 

e pivot-pin at the top of the main frame is | 

eensis abd Sen slag, sleilie'tothe stag Bi of Vie. 8, | 

which limits the oscillations of the frame to very | 

small angles, but does not in any way restrict its | 

rotation about a vertical axis. 
The gyroscope frame is mounted in the main_ 
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in a very striking form, does not 
afford the material for a test of 
the efficiency of the mechanism 
consideredas a transmitter of the 
power developed by the descent 
of the weight. For the purpose, 
therefore, of a dynamometer test, 
the apparatus was removed from its pedestal and 
suspended in a sling, as shown in the photograph, 


~ 





Fig. 6. 

Ted it will be seen that the moment of force 
operating about a vertical axis can be measured 
with great nicety by being balanced against the 
torsion of the twisted cord by which the system is 
suspended. This mode of measuring it is indicated 
in the photograph. It will be seen that the torsion 
of the bifilar support is balanced here against a 




















weight upon the steelyard balance. In like manner, 
this torsion can be balanced against the turning 
moment of the suspended weight when the gyro- 
scope is put out of action; or, again, it can be 
balanced against the turning moment of the gyro- 
scope when that is actuated by the descending 
weight. In this way the efficiency of the gyroscope 
in converting the moment of force of the suspended 
weight into a moment of force tending to wind up 
the twisted cord can be directly measured, and the 
table in the next column gives the result of a series 
of four experiments conducted in that way. 

In this table the first column, headed ‘‘ Pou 
Sto Moment,” expresses the torsion put upon 
the bifilar support by the constrained preces- 
sion of the gyroscope. e second column, 
headed ‘‘ Dead-Weight Moment,” represents the 
torsion when the moment of force of the sus- 
cere weight is directly balanced, as by a 

ll-crank lever, against the torsion of the twisted 
support ; and the third column, headed ‘‘ Pou Sto 


It was thought expedient to take frame between pivots so as to be able to rotate | Factor,” expresses the efficiency of the gyroscope 


three tracings in order that it might be obvious | freely about a vertical axis and independently under the conditions of the experiment, considered, 


that the conditions of the experiment were suffici- | 
ently accurately controlled to yield comparative 


within the main frame. 
The driving weight is connected with the drum 


results of practical value. The second group of| mounted at the foot of the gyroscope frame by a! applied yoment of force through a right angle, 


that is to say, as a mechanism for supplying the 
place of such a bell-crank lever, and turning the 
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the necessary ‘‘ Pou Sto” for this operation being 
furnished by its own change of angular momentum. 














Pou Sto Dead-Weight 
Experiment. Moment. | Moment. Pou ore 
(1). (2). : 

No. 1 5.50 610 0.900 
No. 2 6.25 5.85 0.900 
No. 3 és 6.20 6.65 0.780 
ap Sem Ae 640 | 0875 
Total of four ob- 

proche Fn } 21.55 5.00 3 455 
Average .. 5890 | | 25} 


It is obvious that a mechanism of this kind must 
find numerous applications in the useful arts. The 
principle of balancing a apn | against a rotating 
moment has hitherto been confined to those small 
powers which can be controlled by a pendulum or 
balance-wheel. The use of the gyroscope in con- 
strained precession will indefinitely extend the 
application of that principle to large-power mecha- 
nisms. Moreover, the convenience of being able 
to turn a moment of force through a right angle 
without putting any strain upon the foundations 
or fixed parts of a machine opens up a large field 
to invention. To take one instance only out of 
many that might be given, and that in a field where 
invention is proceeding at the present time with 
very rapid strides. Hitherto it has been impossible 
to apply the gyroscope to control the pitching of 
an aeroplane precisely because a ‘‘Pou Sto” 
mechanism was wanting. It is as easy on paper 
to arrange a gyroscope to control the pitching 
of an aeroplane as to control the rolling of a 
ship, but the difficulty is that the pitching motion 
of the aeroplane, unlike the roll of the ship, is not 
a rhythmic or rocking motion. A gyroscope, even 
if installed, would be put out of action by the mere 
mounting of the aeroplane, and the aviator, at a 
loss for a ‘‘ Pou Sto,” would be unable to restore 
it to its operative position without putting a pitch- 
ing moment on his machine, and so producing the 
very mischief which the mechanism was intended 
to counteract. In such a case the remedy would 
be worse than the disease. But with a ‘‘ Pou Sto” 
mechanism available this problem of counteracting 
the tendency of the aeroplane to pitch assumes a 
wholly new character. The question now is whether 
the necessary weight can be carried, and how the 
necessary mechanism can be bestowed. 

This illustration has been selected because of 
the appeal which it will certainly make to the 
attention of engineers ; but, indeed, if any attempt 
were made to indicate the applications of the prin- 
ciple of constrained precession to chronometry, to 
brake mechanism, to governor mechanism, to steer- 
ing mechanism, and in a general sense to mecha- 
nism for securing the Pou Sto of Archimedes, a 
treatise, not a short article, would have to be 
written on the subject. 
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Panama: The Creation, Destruction, and Resurrection. 
By Puiippz Bunav-VaRItta. London: Constable 
and Co. [Prico 12s. 6d.]. 

We are afraid M. Bunau-Varilla has gone far to 

defeat his own purpose. His main object is to 

manifest the genius of the French nation in con- 
ceiving the possibility of constructing a waterway 
through the Isthmus ; to demonstrate the accuracy 
of their judgment in selecting the most suitable 
route ; te do justice to the engineering ability of 
those who ee the operations, and to uphold 
the value of the work accomplished in spite of un- 
patriotic dissension that prevented the country 
reaping the fruits of the foresight and penetration 

of those best able to guide its destinies. It is a 

marvellous tale M. Varilla has to tell, one of bold 

conception and dachievement. But it is diffi- 
cult to sustain the interest over nearly 600 closely- 
printed pages. At times, too, a fractious, querulous 

tone is noticeable, and irritation is aroused by a 

number of quotations from authorities, sometimes 

of very doubtful value, that are out of proportion 
to the magnitude of the undertaking, whose history 
the author relates. 

It is his fortune to describe the culmination of 
projects that have been beneficial to, as well as the 
removal of obstacles that have delayed, the indus- 
trial progress of the world. On that little neck of 
land, throughout the past four centuries, have been 
played dramas illustrating the dominating passions 








| the acquisition of rights and property. The United 





of man, as well as the weaknesses of nations, for 
Panama has been the key to commerce as the key 
to political supremacy. It was early destined to 
become the most important place in the economic 
development of the New World. Surrounded by 
morasses, and cursed by a pestilential atmosphere 
that breathed malaria, yet it triumphed over these 
drawbacks. Its position on the world’s highway 
= it a distinction and attraction, that from the 

ys of Spanish possession it never lost. Through 
its portals the treasures of the northern and 
southern coasts, the islands to the south, and of 
the Indies beyond. It was the half-way house and 
the toll-gate between Eastern Asia and Europe, the 
mart of the Western world, where men of all 
nationalities and colours met and made their ex- 
changes, the merchant princes of the East and 
West, the raw adventurer outward bound full of 
hope, and the returned fortune-seeker wearied with 
his quest. Its opportunities have invited the energy 
of many ; it has flattered the hopes, but proved the 
grave, of many reputations. 

Its allurement and fascinations early fired the 
imagination of the author, whose constant ambition 
it was to do something to urge forward the con- 
struction of the canal. For its sake he became 
an engineer and subsequently expatriated himself 
from France. And here let us say that in the 
capacity of an engineer the author did very 
work. .In the scheme that he has set himself, it 
becomes his duty to recapitulate what was accom- 
plished by the old and new Panama companies, and 
to declare the extent to which the work was subse- 
quently utilised by the Americans. He lays no 
stress, however, on the construction of a reservoir 
in the Upper Grande Rio Valley, close to the great 
Culebra Cut. M. Varilla was himself the engineer 
responsible for the dam, a curved concrete structure 
of excellent design and rapidly built, containing 
little masonry, but admirably adapted to its pur- 
pose. Years later, under the resuscitation, all that 
was necessary to make it effective was to raise the 
dam in order to increase the capacity of the reser- 
voir. M. Varilla would regard as a far greater 
service his strenuous defence of the canal scheme 
at a time when a storm of indignation, such as bitter 
disappointment alone could raise, paralysed the 
efforts of the promoters, and in the end brought 
about the temporary abandonment of the project. 
Later, M. Varilla, finding his advocacy unavailing, 
but with energy still alert and undiminished, turned 
politician, and in his capacity of Minister Pleni- 
potentiary from the Republic of Panama to the 
United States, nursed his pet scheme to fruition. 
In the States, however, the author found fresh 
difficulties, his way was by no means smooth, for 
an alternative scheme—that by way of Nicaragua 
-—had many defenders, and he did not want any 
canal ; only the completion of the original concep- 
tion of the Panama Canal would satisfy him, in 
order that the sacrifices of his countrymen might 
be _ the soundness of their judgment 
be demonstrated, and the adequacy of their plans 
be admitted before the world. 

This is not the place to follow in detail the 
marvellous story told by the author; more espe- 
cially would it be injudicious when the interest 
shifts from the designs of the engineers to the 
tangled web of diplomacy. But one may give just 
a word of approval to the astuteness of M. Varilla 
in his engineering a revolution, which enabled the 
Panama Province to declare itself independent of 
the Colombia Republic, and by this ingenious 
scheme defeat the machinations of the greedy 
Cabal who jeopardised the completion of the project 
by demanding an impossible indemnity and an 
excessive annual subsidy from the United States 
for the right of way. Nothing succeeds like 
success; and though, from an ethical point of 
view, objection might be raised to the caahepaeat 
of such machinery, the practical man will 
in the political justice of the line of action adopted. 
Colombia did not play an honest game; the dice 


was loaded, and the only means of extrication from | 


the imbroglio was to start a new game with fresh 
counters. 

Our sympathies are with the author in his 
attempt to vindicate the excellence of the French 
plans and methods, but whether it was necessary 
is another matter. The American Commissioners 
have on more than one occasion expressed their 
appreciation of the value of the excavation work 
and of the amount of information collected, besides 
paying the substantial sum of 40,000,000 dols. for 


States authorities have admitted in the handsomest 
manner that they came into control of a great ship 
canal work, a small portion only of which had been 
actually completed, and were placed in ion 
of much valuable data required for the ultimate 
solution of all the problems yet to be determined. 
The author seems to have allowed himself to be un- 
a. disturbed by the screaming of the American 
Eagle. 

There are two facts whose importance we think 
M. Varilla has failed to grasp. First, that in the 
early days, when enthusiasm was keenest and pro- 
gress most necessary to keep alive both energies 
and subsidies, the importance of improved drainage 
and sanitation was not apprehended. Science had 
not demonstrated the played by anopheles 
and stegomyia, in the spread of disease. The 
insignificant enemy who finally conquered was 
never recognised, the uselessness of bringing up 
huge armies of coolies to fall a rz to the in- 
sidious and unsuspected poison of the mosquito 
was not perceived. Secondly, could the work have 
been done by other than a great nation with all 
the resources an organised government can com- 
mand? It is not simply a question of finding 
money, any more than it is simply a problem of 
constructing a passage for ships between two 
oceans. Something more than the convenience of 
vessels and the gathering of tolls is involved. 
There are the jealousies and the amenities of 
nations to be considered. A new problem was 
broached when the question of the protective 
fortification of the canal was put in hand. New 
problems and new complications stand confessed, 
we have to adjust our eyes to a new perspective. 
To see the full significance of this waterway we 
need other units of measurement than those M. de 
Lesseps could apply. We have to accustom our- 
selves to a new creation disturbing the centre 
of commercial gravity, we need a readjustment to 
new and unknown factors, but promising oppor- 
tunities and capabilities to him who wills to accom- 
plish. But here we are travelling out of the 
record and beyond the limits properly assigned to 
a technical journal. May we plead as an excuse 
the extreme interest of M. Varilla’s volume that 
has tempted us to look beyond mere constructional 
work, and obliged us to contemplate the many 
difficulties that jealousy, disaffection, and selfishness 
rear between conception and achievement, whose 
defeat excites our admiration for the men and 
heroes who, by reason of their faith and energy, 
have been able to overcome the obstacles and reap 
the fruits of their labours. 





Die Geblise: Bau und Berechnung der Maschinen zur 
Bewegung, Verdichtung, und Verdiinnung der Luft. 
By AvsRecut von IHERING, Kaiserlicher Geheimer 
my ty ee Third revised and enlarged edition, 
with 643 figures in the text and eight plates. Berlin: 
Julius Springer. [Price 20 marks. 

In his preface the author confesses to — 

had trouble with his title, but we cannot fee 

really sorry for him. ‘‘ Blowers : Construction and 

Calculation of Machines for Moving, Compressing, 

and Rarefying Air ;” that, in English, is the title 

he hasadopted. Itis clumsy, unn ily clumsy, 
and all because of slavish adherence to an anti- 
quated convention. In the old times, before 
pneumatic transmission had become common, the 
only mechanical operation, outside of the smith’s 
bellows, to which air was subjected was that of 
rarefaction. Thus a machine for rarefying, or 
rather abstracting air was called an ‘‘ air-pump, ’ and 
the name remained with that special type of air 
machine. When the necessity arose of compress- 
ing air, a similar machine was used with reversed 
valves, and called a ‘‘compressor.” If the air-pump 

—for that is what all these machines are—had only to 

displace air against frictional resistance, then it was 

termed a ‘‘ blower” or ‘‘ blowing-engine.” In hy- 





uiesce | 








draulic engineering the word ‘ pump ” embraces 
machines which give . pressure, low pressure, 
or motion to water. e admit, of course, that 
water and air are of different natures, which intro- 
duce important modifications in their tive 


| machines. Nevertheless, as a generic title for the 


contents of the volume before us, ‘ air-pumps ” 
would have served much better than ‘‘ blowers,” 
and the sub-title in apposition would then have 
been not only explanatory, but also educational. 
The book is divided into two parts, the first, con- 
sisting of nearly 550 pages, is devoted to a 
and the second, of nearly 200 pages, deals with theory 
and calculation; thus there are nearly 750 large 
octavo pages on machinery for pumping air. Like 
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veut) 8 4-9 Ht --- —- 
most German writers our author indulges in a| 
preambulant introduction. In this he classifies 
what he calls ‘“‘ blowers” into four groups :—(1) 
Piston blowers ; (2) centrifugal blowers ; (3) helical 
blowers ; and (4) jet blowers; and gives a few 
general remarks on the purposes to which they 
might be applied. Then follows his first chapter. 
This deals with piston blowers, but begins with 
more classification. A piston blower may be either 
single or double-acting, it may be horizontal or 
vertical, it may be driven directly or indirectly, it 
may have a fly-wheelor it may not, and sv on at 
some considerable length. 





The author points out the possibility of other 





schemes of classification, according, for ex- 
ample, to the prime mover adopted or the |, 
purposes for which the ‘‘blower’’ may be de- 




















signed. Such explicit classification as meets 
us here we have no desire to condemn. It 
represents a German habit, and is utterly 
foreign to Britain. We should criticise it in 
an English book as being unsuitable to its readers, 
but in a German work we are inclined to refrain. 
It does little good and no harm. To say that a 
machine may have a fly-wheel, or it may not have 
a fiy-wheel, is prudent at least, as prudent as the 
dialectic of the logicians: ‘‘Kither it rains or it 
not rains,” But that any good purpose is served 


Fre. 976. Core-Oven; Messrs. C. Portway anp Son, 


HatstTeapD, Essex. 


by it is doubtful ; it ——, gives a false sense of 
completeness. If any such scheme were adhered 
to, and each rubric treated in turn and in order, 
coherence and unity would result, and omissions, 
of importance at any rate, would seldom occur. 
But in this book the classifications are not used as 
schemes on which to model the sequence of the 
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discussion ; they are put forward more as brief type- 
catalogues, a the description is made to follow 
an order to a large extent related with history. 
Like most German writers, our author a 
at the beginning, and devotes a few to 
bellows of various kinds. Then follow about 
70 pages on blowing-engines for blastfurnaces. 
These are well described, and not merely with 
regard to the mechanical principles and details ; 
metallurgical needs and influences are well brought 
out wherever relevant. An interesting section of 
20 pages deals with blowers driven by internal- 
combustion engines using blastfurnace gas. The 
second chapter deals, in 190 pages, with air- 


compressors. Practically every type is considered ; | p 


dry, wet and half-wet, as well as the hydraulic 
type. In air-compressors and pumps the valves 
are very important, and these are well discussed 
all through the book. Mechanically - operated 
valves, the introduction of which is so largely due 
to Professor Riedler, and the lightly-made so-called 
massless valves for high-s work, are lucidly 
described, and not with the one-sided partisanship 
so often seen in catalogues ; dignified criticism is 
intermingled. The author displays familiarity with 
mining conditions, and gives valuable results of ex- 
perience gained in a large number of German mines 
with pneumatic power transmission. A valuable 
section on the most desirable method of driving air- 
compressors is given in which various problems 
relating to cost are disc . This section is 
written from data which Geheimerat von Ihering 
ascribes in three different es to Ingenieur 
Fr. Harth. We suspect they are ie to one Barth. 
Other examples of incorrect spelling occur which 
are, however, more obvious ; e.g. ‘*‘ Mestminster ” 
instead of Westminster, ‘‘ Jngersoll-Sergent” for 
Ingersoll Sergeant, ‘‘ Cousex”’ for what we suspect 
should be Consett, ‘‘ Davisdon” and ‘“Sirokko” 
instead of Davidson and Sirocco, and ‘‘ Cuils” 
instead of Civils. 

The third chapter deals with air-extractors con- 
ventionally termed ‘‘air-pumps,” and occupies about 
40 es. The greater part of the chapter deals 
with the various types used with condensers, and 
here, as in other parts of the book, British practice 
he conspicuously. Chapter IV. deals with 
what may be termed ‘‘capsule-pumps;” pumps after 
the fashion of Root’s blowers. Here in 30 pages 
various ingenious modifications are described. Cen- 
trifugal or radial-flow fans take up 120 pages, and 
form the subject of the fifth chapter. The applica- 
tions of this type to the smithy, workshop, and 
mine are discussed, and every conceivable type 
described. Interesting and valuable are the very 
complete details furnished of actual efficiency tests ; 
these show a much firmer scientific grasp than is 
usual with pneumatic engineers. The sixt chapter 
is concerned with turbo-compressors, and gives 
some excellent examples of modern practice. The 
Rateau type is favoured, though not blindly and 
without justification. In the Parsons type of 
turbo-generator—a reversed reaction turbine—the 
leakage at the blade-tips is a serious drawback. 
In the steam turbine leakage at tha high-pressure 
blades is not altogether a dead loss, for part of the 
heat energy becomes available in the low-pressure 
bladings ; in the compressor, however, leakage has 
obviously an aggravating influence. Thus the 
Rateau type of compressor, in which leakage can 
only occur at the inner diameter, has a great 
advantage and gives higher efficiencies. In con- 
nection with the Parsons turbo-compressor, the 
old question of priority of invention is brought out, 
and with the patriotism typical of Bismarck’s modern 
Germany, it is proved that one, J. Adolf Miiller, 
was before Parsons in taking out patents for the 
multi-stage reaction turbine and its converse, the 
turbo-compressor. This kind of thing, though in- 
teresting to historians, is, to most engineers, merely 
irritating. Inventing, as we understand the term, is 
something more than filing 4 patent specification, 
otherwise such people as Jules Verne and H. (3. 
Wells might easily rank with Kelvin and Edison. 
The majority of patents taken out represent 
a opel ingenious and scientific guesses perhaps, 

ut guesses for all that, and as the greatest o 
modern Germans impatiently expressed himself, 
**T want none of your guesses, I have enough and 
to spare of my own.” The t merit of the 
inventor lies in the tical development of the 
idea ; in developing his thoughts into acts. 

The final chapter of the descriptive part deals 
with jet blowers and pumps in less than twenty 


ro 
pages. It is surprising that the types suggested | accelerated tendency of e 


f | negligible ; but the author would not say that 
inline 
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by the names Sprengel and Leblanc are entirely 
omitted in a volume with such comprehensive aims 
and far-reaching inaugural classifications. 

The theoretical part of the book, though, perhaps, 
unnecessarily lengthy, is clear and easy to under- 
stand. A t deal of the matter is, of course, 
standard thermodynamics, and can be found in 
most of the text-books. Yet by including it in 
such a treatise, the reader is spared the trouble of 
inconvenient reference, and the more directly useful 
parts are emphasised with — to their practical 
applications. Besides the ordinary text-book work 
rm are useful chapters on the calculations neces- 
sary in capsule pumps, centrifugal blowers and jet 
umps. ‘he theory of the turbo-compressor is 
omitted avowedly because of limitation of space ; the 
reader is referred to Ostertag’s well-known book for 
that. A welcome chapter deals with the accurate 
measurement of air velocities and quantities, and the 
various modifications of the Pitot tube by Krell, 
Prandtl, and Brabblé are described. The micro- 
manometer of Krell is also appropriately included. 
This, in principle, is familiar to most physicists, and 
has long been in use. Some day engineers will come 
to apply it in testing pneumatic plants and, dropping 
the empirical formula with its inches of water, may 
work on more exact lines and take into accurate 
account the static and kinetic heads of the air. 
Mere mechanical efficiency is, we know, not every- 
thing in engineering, and the efficiencies on the test- 
bed are rarely realised in practice; yet rational im- 
provement can only follow rational measurement. 

In general get-up the book leaves little to be 
desired. It is well bound and excellently illus- 
trated. The typography is also good except for 
some parts of the theoretical section. There the 
small ‘‘1,” which stands for litre, is almost iden- 
tical with the number 1. Thus, 1 litre reads 
like 11, and 274 litres reads like 2741. For 
a book of its size and scope, the index is much 
too scant ; the writer on technical economics, whom 
we suspect to be Barth, and whose data form the 
basis of six important pages, is not included. 
Other things of importance are left unindexed. 
However, to write a good book is much more diffi- 
cult than to find its faults, and we have no desire 
to lessen the value of Von Ihering’s work. It is 
a good book, sure to be useful and appreciated. 
We can honestly recommend it. 





Aeroplanes in Gusts. Soaring Flight and the Stability of 
A mes. By S. L. Watkpen. London: E. and 
F. N. Spon, Limited. [Price 7s. 6d.] 

Tuts book, whose object is to demonstrate the 

principles relating to the disturbing effects of wind 

gusts on the motion of aeroplanes, is not very 
satisfactory. The arrangement leaves much to be 
desired, articles that appeared in technical jour- 
nals being introduced without much method ; but 
our main objection is to the discussion of dyna- 
mical problems, in which the author denies himself 
the assistance of mathematical notation. The 
greater simplicity supposed to be gained by the 
ae ee of this plan generally proves illusory, 
while the eftort to follow demands a greater strain 
on the attention than is required by the use of 
symbols, and the accuracy of statement is much 
less. In problems connected with aeronautics, 
solutions are rarely final, assumptions have to be 
made which reduce the general proposition under 
discussion to a rough approximation to the condi- 
tions prevailing in practical aviation. In a book 
of this character, in which we assume the author 
intends to be practical, it is‘ very difficult to see 
the nature or the amount of the approxima- 
tions made. As an example of the disadvantage 
attending this practice, it may be mentioned that 
we are left uncertain as to the character of 
the medium with which we are dealing, and are 
told nothing of the work done by viscosity or 
of the formation and behaviour of eddies. We 

presume that the discussion is restricted to a 

medium that offers no resistance to shear, and that 

when brought into contact with the aeroplane, 

experiences no frictional retardation. In such a 

fluid as air the direct effects of viscosity are, perha 

e 

n t effects could be passed over with equal 

ightness, or that eddies forming in the wake are 

without influence. 

A gust considered merely as a sudden increase or 
fluctuation in the wind’s velocity is too loose for 
the author’s purpose, and he prefers to treat the 
effects with which he to deal as ‘‘ the 
air with respect to 





the aeroplane.” The general method for finding 
the impressed acceleration consists, it is stated, 
‘*in first answering the question: If at the given 
instant the flying-machine could be suddenly trans- 
formed to a small, smooth concentrated mass, how 
would it accelerate relatively to the air?” The 
exact meaning to be attached to “first” in this 
quotation is not clear ; but in treating the machine 
as a heavy, frictionless point, we have made a great 
departure from the practical problem. The air 
movement is uniform in force and direction over 
only a very small area, as those who have had to 
interpret anemometric records obtained from instru- 
ments separated by short distances know only too 
well. ithout entering into the curious problem 
of so-called ‘‘ holes in the air,” or the numerical 
results derived from special experiments, it is sufti- 
cient to point out that the different parts of aero- 
planes are liable to be submitted to very different 
forces. It may well be that a number of interest- 
ing problems can be solved only on the assumption 
made by the author, but that is not quite the 
same thing as solving the problems which occur in 
practice. 

An elementary matter which gives a great deal 
of trouble is the ‘‘ resultant relative gravity,” as 
distinguished from the direction of ‘‘common 
gravity,” or gravity as ordinarily understood. 
After being dismissed in an early chapter, the 
author broaches this topic again in Chapter XIV., 
at what seems needless length. Many of us have 
been conscious of the apparent alteration in the 
direction of gravity when trying to walk upright 
on the deck of a vessel in a seaway ; the deceptive 
alteration in the apparent vertical causes a con- 
fusion that is precisely analogous to what the pilot 
of an aeroplane experiences, and as a matter of 
common observation scarcely called for such elabo- 
rate treatment. 

The second chapter is important. It describes 
the principles ailedaten disturbances of pose by 
gusts ; the diagrams are easily followed, and the 
effect of relative direction on the track of the aero- 
plane should be illuminating. This chapter ought 
to be read in connection with Chapter XII., in which 
are described the appliances that react to the gusts, 
and have been designed with the view of promoting 
stability, though it is easier to admit the necessity 
for counteracting machinery as demonstrated by 
the diagrams, than to subscribe to the practical 
suggestions that are founded upon an incomplete 
theory. As far as we have noticed, the author 
has not anywhere defined rigorously what he 
means by “‘ stability.” The devices for securing 
‘* natural stability ” or ‘‘ longitudinal stability ” 
are described at some length, but if is meant by 
stability the automatic damping of oscillations 
causing small angular velocities to die out, the 

rinciples are not discussed in that form. The be- 
Reuters of eddies formed behind the wings, when 
the machine is passing.through variable currents, is 
a very puzzling subject and one that the author 
omits altogether. Fortunately, some instability is 
not of extreme consequence, because the skill of the 
pilot assists in keeping the machine effectively 
poised to the true vertical and also to the direction 
of the resultant force. Continual conscious adjust- 
ment, instinctively applied, is, and for a long time 
—— will be, necessary to secure safety, and 
the most that can be expected of experiment or 
theory is to make the work of the pilotas light and 
effective as ible. : 

In the third chapter the subject of soaring is 
treated. This chapter, with some necessary ex- 

sions in subsequent sections, is the most interest- 
ing and novel in the book. Mr. Walkden is kind 
enough to resuscitate Professor Langley’s turkey- 
buzzard, whose strange behaviour first directed 
the attention of physicists to the problem of deter- 
mining how a heavy body, entirely detached from 
the earth, immersed in, and free to move in the air, 
could be sustained at a uniform level without any 
expenditure of energy. The author distinguishes 
various kinds of soaring, all traceable to the 
irregular movements of the air, and the various 
ways in which ascending currents can be utilised. 
He admits that there have been much controversy 
and misunderstanding of this question, but con- 
tends ‘that the adoption of acceleration as the 
measure of a gust, and its graphical representation 
by vectors, supply a means or intellectual tool 
whereby the elucidation of hitherto obscure details 
of soaring may be carried out in a comprehensive 
and conclusive manner.” This particular case 
described by Langley, of a buzzard maintaining 
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itself at one level in an effortless way, gliding 
round and round in a small oval curve without the 
flap of a wing or the quiver of a feather, is ex- 
plained as an instance of ‘‘ structure gust soaring.” 
We do not deny that a bird could Be kept aloft 
under the action of the forces described, but if it is 
necessary to invoke the curiosity of the bird as an 
additional support to the theory, we grow restive, 
and take the liberty to doubt that the bird ‘‘ was 
revealing an inquiring mind in sympathy with that 
of its distinguished observer.” 

After so thorough and patient analysis, one 
expects to meet with a categorical answer to the 
supreme question, Will human soaring become 
practicable? Here the author admits that the 
structure of the atmosphere is of such a complex 
character that it is difficult to give a definite reply. 
He is able to point out what conditions fight for or 
against this achievement, and what is technically 
required from the ability of the pilot, but is 
reluctantly compelled to admit ‘‘ that with present- 
day machines, in weather in which soaring is pos- 
sible, the pilot’s attention is so much engaged in 
defeating the attempts of the sudden gusts to dis- 
turb his balance that he has no time to cultivate 
the more refined art of soaring.” 
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By JoszrH Horner. 


Tue drying of cores is one of the sections of 
foundry work which is usually done in what might 
seem to be a rather haphazard fashion. But results 
are reliable in the hands of careful and experienced 
men. The maintenance of a fairly even tempera- 
ture is very desirable; but the pyrometer is only 
used in a relatively small number of foundries, 
because considerable variations are permissible. 
Temperature is more or less a subject of guess- 
work ; but when men are heating up the same ovens 
day after day the year through, they learn to gauge 
the temperature, warned by the fact that much 
overheating results in burnt and fragile cores. The 
convenient practice is to heat the stoves up in the 
late afternoon, and leave the cores in all night, 
removing them in the morning or during the 
day as they are required. The stoves may be 
kept going by fres — of fuel through- 
out the working week, the firing being regu- 
lated according to the judgment of the core- 
makers, or of the man whose special duty it is to 
attend to them. The small cores must be put in 
and taken out at frequent intervals during the day. 
But these are dried in small ovens. Fortunately, 
cores will stand a range of 50 deg. or 60 deg. of 
temperature without suffering damage. A core is 
dried when all steam has been driven off, and the 
sand is baked without being burned. An exper- 
ienced man can judge by the aspect, the weight, and 
the handling of a core, whether it is properly dried. 
Weight, and resonance when tapped, are some 
indications. A core which is either steaming or 
cold should not be inserted in its mould. Cores 
should not be placed in their moulds overnight, or 
very long before casting. When this must be done 


stove is used for loam-work swept on plates and 
rings. The dimensions of stoves of this kind depend 
wholly on the size and volume of the work done in 


j/any foundry. The number also of the stoves 


required depends on the same conditions and on 
the subdivision of the tasks done in afoundry. It 
is better in large foundries to locate stoves to 
serve separate gangs of men, as loam-moulders, pipe 
or cylinder-moulders, for general castings, and so 
on, rather than to mix up cores of all sorts in one 
stove and transport many of them over long dis- 
tances. 

Small cores can be, and often are, dried on the 
core-carriages in the 7" ovens, but the method 
is not a good one. The larger the core the longer 
it has to remain in the stove, and small ones would 
be over-baked unless the stove were opened 
frequently to withdraw them, which is not a desir- 
able thing todo. Large cores may require 12 hours 
or more to dry, small ones only an hour or two. 
For these last, therefore, small ovens fitted with 
tiers of shelves are provided. The shelves may be 
fixed or movable, the latter being the more con- 
venient. 

Though a suitable temperature within a moderate 
range can be maintained in a core stove without 
ange ory aids, the equable distribution of the 

eat, which is as essential as a proper temperature, 
depends on the desi and construction. The 
common method in coke-fired stoves is to make 
the fire either right in the bottom of the stove, 
or at one side or end, so that the heat goes 
directly into the stove. The objection to this is 
that the temperature is not regular, and that a 
considerable quantity of smoke passes into the 
stove on its way to the chimney. There may be 
as much as 50 deg. Fahr. of difference in the tem- 

rature in the lower and the upper part of a stove 
red thus, and though this might not injure cores, 
it means that those on the upper racks or shelves 
would be baked earlier than those occupying lower 
positions. The best core-stoves are those the 
construction of which approaches more nearly 
that of annealing furnaces. An advantage of gas- 
firing is that it is clean as well as under control, and 
hence new foundries generally prefer to employ gas 
instead of coke. 

Figs. 956 to 959, on page 278, illustrate a brick- 
built core-oven of average dimensions, being 10 ft. 
long by 6 ft. wide by 7 ft. 2 in. high, the walls being 
9 in. thick, as built by Messrs. Thwaites Brothers, 
Limited, of Bradford. It affords a typical example 
of the coke-fired stove, but differs from the ordinary 
type in having the racks which carry swept-up 
cores, built into the walls instead of forming a 

rtion of a portable carriage. The doors are 

ivided and hinged. An alternative is to have one 
door sliding vertically and counterbalanced, which 
does not interfere with the floor area in the vicinity, 
as hinged doors do. Subject to these alternatives, 
the stove stands as a type of hundreds existing. 
The fire-grate, seen in Figs. 956, 957, and 959, is 
at the back of the stove, and is very deep, to retain 
its heat for a night. It is constructed a hecns bars 
at the bottom, sloping bars in front, the other sides 
being occupied by brick walls, and is fired from a 
equare door above. Air enters through the ash-pit 
below. The products of combustion out of 
the chimney at the centre of the roof of the stove. 
The roof is of firebrick, arched, and carried in a 
framing of angle iron tied with bolts. The doors 
are lined with firebrick. 

In stoves of this kind, when a core-carriage is 
used, it is built of cast-iron beams for the frame- 
work, made roughly in open sand. On the lower 
portion, plates are laid to receive the cores 
rammed in boxes, or loam moulds. Ribs stand up 
at the sides with notches to receive circular cores 
swept on bars. Tram-rails are laid into the stove 





because of the large amount of coring required in 
some big moulds they should be well warmed in 
place after the vents have all been secured, and 


from the foundry, and the axles of the carriage 
carry flanged wheels to run on these. All is cast 
very roughly, mostly in open sand, because the 


when the mould is ready for closing. This can be | heat of the stove warps the parts after a moderate 


done with a portable furnace or with lumps of red- 


hot iron -‘‘ heaters” suspended. Cores that are | 
properly baked, suitably vented and secured, will 
not cause blow-holes in the castings. 

Core-stoves or ovens are of two main types. The 
largest cores are put in brick-built stoves of large 
dimensions, fired with coke, coal, or gas, and 
served with tracks ran in from the foundry floor, 
on which tracks a core-carriage, rigged up with 
suitable plates or other supports, receives cores of 
the multitudinous shapes employed. Many varia- 











tions occur in these details. e same kind of 


period, when they are cheaply renewed. 

The other illustrations on 278 show stoves 
manufactured by the Britannia Foundry Company, 
of Coventry. They are of self-contained design— 
that is, instead of being brick-built, they are of 
sheet steel separated by about 2 in., which space 
is packed with silicate cotton, an excellent non- 
conductor. They are constructed for coke-heating 
or for gas, and are built with sliding shelves or 
with portable trolleys running on rails. They are 
fitted with thermometers, by which the tempera- 
ture can be regulated. They thus in their different 
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designs satisfy the varied requirements of foundry 
service and fulfil the functions of fixed or portable 
stoves, since they can be set down near core 
benches and save the walking to distant stoves. 

Figs. 960 to 963 show a stove of moderate 
dimensions, coke-fired. From the firing chambe1 
at one end the heat is diffused through four 3-in. 
flues vertically into a box, whence four other 
similar flues pass along horizontally to the chimney 
in which a damper is placed to regulate the tem- 
perature. 
fitted to receive small cores. In the o 
the stove four sliding shelves are fitted for larger 
cores. Hanging doors are provided to the fire-grate 
and to the ash-pit. 

In Figs. 964 to 966 a longer stove of the same 
general design is illustrated, but with a trolley. 
Here the horizontal flues traverse the entire length, 
from the firing-chamber at the rear of the stove to 
the chimney at the front, where the doors are fitted. 
Through these doors the trolley with its tiers of 
shelves, Fig. 966, is ran in on tracks of angle 
section. Small shelves are fitted directly over the 
heating-chamber as before. 

The stove in Figs. 967 and 968 differs from the 
others in being gas-fired. There are four gas- 
burners and tubes in the stove, with an air-space 
below. The heat rises through the stove and passes 
out of the chimney above, which is fitted with a 


damper for its regulation. Sliding racks receive the | 
cores. These stoves are made in a range of dimen- | 


sions, all being 6 ft. high, but varying from 4 ft. to 
9 ft. in width, and from 3 ft. to 6 ft. in depth from 
front to back. 
with silicate cotton. Mica sight-holes are fitted, 
so that the flame can be observed without opening 
the doors, with escape of heat. 

Small-core ovens are represented by other designs, 
of which the Millett (Figs. 969 to 974, page 279) is 
a favourite. In all the old shop-made ovens the 
opening of the sheet-iron doors to insert or remove 
cores exposes the entire area of the oven to outside 
air. Much heat is thus lost, and often a quantity 
of smoke also escapes, which is not only un- 
pleasant, but wasteful. Yet small cores must be 
inserted and removed as required at frequent 
intervals. In the Millett oven the cores are placed 
on swinging shelves which are independent of each 
other. 


opening remains closed, and the heat is retained 
in the oven. These doors are seen in the front 
elevation, Fig. 973, and in the plan views, Figs. 970 
and 972. The shelves are open trays, as seen in 


Over the heating-chamber shelves are | 
n part of | 


All alike have the casings packed | 
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Fre. 977. Corr-Ovens ; Toe Waiting Founpry Equipment Company, Harvey, Itu., U.S.A. 


Each shelf has a front and a rear door or | 
flange, so that whether closed or swung out the | 


Figs. 970 and 972, and in perspective in Fig. 971, | 


so that the heat rises up through them all, drying 
the cores. The stoves are brick-built, fired with 
anthracite coal, and have a flue coming up and out 
at the top. They are single, Figs. 969 to 971, or 
double, Figs. 972 to 974. The latter type is fired 
from a central grate. The ovens are built as right or 
left-hand, and in a range of dimensions. They are 
also made portable, being constructed of sheet-iron 
and of castings. The bottom tray is made deeper 
than the upper ones. In the standard designs the 
upper trays are 5in. deep, and the lowest one 10 in. 

A portable core-oven by the London Emery 
Works Company is shown by Fig. 975, page 279. 
It is fired with coke or coal, or gas may be used. 
Provision is made by non-conducting linings every- 
where for the retention of the heat. he fire- 
rate in the base has an adjustable draught-door in 
ront of the ash-pit. The products of combustion 
pass through a chamber into a flue that is fitted 
with a damper. .A pipe is provided to carry off the 
steam and gas generated by the drying of the 
cores. The shelves are 8 in. high, and each is fitted 
with a door lined with non-conducting material. 
To permit deeper cores to be dried, the shelves and 
doors are senlily removable. In this oven the 
flame, smoke, or gases do not come into contact 
with the cores. The air enter: air-vents on each 
side of the furnace, on each side and over the 
top of the latter, and up the back of the stove, as 
shown by the arrows. At the top of each shelf a 
baffle-plate is fitted through which the air enters. 
Thence, passing over and through the cores lying on 
the trays, the air becomes chilled, and, travelling by 
gravity down the front of the stove, it is re-heated. 
The result is that a continuous stream of hot air 
circulates through the oven and over the cores, 
drying them throughout without risk of burning. 
The consumption of fuel is stated to be very low. 
Using only ordinary gas-coke, on one day—from 
10.30 a.m. to 8 p.m.—only 18 Ib. was burned. 


Coke breeze can be used as fuel. On one day—from 
6.30 a.m. to 5 p.m.—the consumption of breeze 
was 221b. Six sizes of this oven are made, taking 
from three to five shelves. In the smallest the 
shelves measure 28 in. by 20 in., the oven being 
58 in. high. In the largest the shelves measure 
41 in. by 26 in., and the oven is 74 in. high. 

Fig. 976, on page 279, shows a portable core- 
oven by ©. Portway and Son, of Halstead, Essex. 
It is constructed of galvanized sheets, the outer 
casing being double, and packed with non-con- 
ducting material. In the firebox at the bottom 
coke is burned, air being admitted through the 


draught door at the bottom. The air to be heated | y 


is admitted through ventilators on each side of the 
furnace front. The steam and gases from the cores 
escape, and provision is made for the circulation of 
the wd air. Doors and shelves are removable. 
Fig. 977, on the present page, shows a standard 
type of drawer-core ovens by the Whiting Foundry 


























Fie. 978. Corr-Room; THe Wuitinc Founpry Equipment Company, Harvey, Int., U.S.A. 


Equipment Company, of Harvey, Ill.,U.S.A. These 
ovens are brick-built. The drawers have doors or 
flanges at front and back to isolate them and 
prevent escape of heat. The weight when drawn out 
is taken on the overhead tracks, which is a feature 
of much value. 

In Fig. 978, above, is shown a core-room, equipped 
by the same firm. The principal feature here is the 
core-trolleys or trucks, which can be ran in and 
out of the stoves, or away to the moulding shop 
on tracks at right angles. 








Tur ‘‘Moniror” CorrucateD Tyre or SHIP.— 
essrs. Furness, Withy and Co. have contracted for the 
building of a ‘ Monitor” corrugated ship as a part of 
their new to This firm had two of such ‘** Moni- 
tor” ships on time charter, and in comparison of their 
working with that of the same company’s ships of ordi- 
n type and of similar dimensions and power, the 
“Monitor” came out so well that the order above men- 
tioned has been placed. 
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BOLINDER’S WOOD-PLANING MACHINE. 
BOLINDER, LIMITED, STOCKHOLM, SWEDEN. 


CONSTRUCTED BY MESSRS. J. AND C. G. 
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Iv our notice of the Building Exhibition at Olympia 
(pages 523 and 566 of our last volume), we briefly 
referred to a wood-planing machine on view there, 
manufactured by Messrs. J. and C. G. Bolinder, 
Limited, Stockholm, Sweden. We now give a more 
detailed description of that machine, which is known 
as the 64 A machine, to plane timber up to the maxi- 
mym dimensions of 3} in. by 12} in,, our engraving 
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(Fig. 1) being reproduced from a photograph. It isa 
type recommended for joinery mills and small fac- 
tories where a varied class of work is carried out, or 
wherever all kinds of planing work, such as mould- 
ings, matchings, and floorings, &c., have to be turned 
out. It is very strongly designed, and all the de- 
tails have been Prem e - thought out. This machine 
is made with either four or five revolving cutters, but 





Fig. 5. 


the actual one we are describing has five cutters. It 
has fixed knives underneath, and @ maximum 
rate of feed of 70 ft. per minute. Figs. 2, 3, and 4 
show the machine in outline in a diagrammatic 
form, but sufficiently clear to indicate the method 
of driving and some other points that are not shown 
indicated in Fig. 1. The outline illustratione are 
respectively a side elevation, an end elevation, and 6 
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lan. The feed mechanism has four rollers of 8 in. 

iameter each, which are placed at A, B, C, and D, 
Fig. 2, in front of the cutters, the position of which is 
shown at E. The positions of these parts are also 
very clearly indicated in Fig. 1, The upper fluted 
rollers A and B are easily raised and lowered by 
means of a crank, which may be seen between the 
a rollers in Fig. 1, and they are prevented from 
falling too low by means of a set-screw, which obviates 
the danger of their falling in case a board should 
through without being immediately followed up by 
another. The lower feed-rollers have their bearings 
in eccentric bushings and are easily adjustable for 
woods of different nature, hardness, &c. The rollers 
are driven by steel gears, all being guarded by cast- 
iron hoods. 

The front under-cutter is carried in a movable 
frame, which may be clearly seen in Fig. 1. It is also 
indicated at E in Fig. 2. This arrangement greatly 
facilitates the changing of the knives. The cutter- 
block has chip-breakers on all four sides, and the 
thickness of the shavings, or chips, is regulated from 
the front side of the machine while the machine is 
working. This is done by slightly raising or lowerin 
the rollers by means of eccentric spindles, eac 
adjusted by an arm having at its end a radial slot 
through which a set-screw passes for fixing. 

The side-cutters for tonguing and grooving are 
dsnown at F (Fig. 1), there being a similar one at the 
opposite side of the machine. They are adjustable 
while running, both horizontally and vertically, and 
are furnished with cutter-blocks for taking ordinary 
planing-knives, and are also bushed for Bolinder’s 

tent cutters. One of these cutters is shown in 

ig. 5, from which it will be seen that the profile 
of the cutter is always maintained. Each cutter 
is made in two pieces, cut in the plane at right angles 
to the axis of thespindle. As the cutter is sharpen 
and ground away at the face G, the part of the cutter 
which forms the groove for the tongue does not alter 
in width, because each alternate tooth is backed off on 
the opposite side, and therefore, although the cutter 
will in time become smaller in diameter and less in 
thickness, its profile does not alter. 

The top cutter, the position of which is shown at H, 
Fig. 2, is, like the under-cutter, mounted in a strong 
frame, which can be adjusted vertically and can be 
locked fast for any desired dimension of timber up to 
34 in. thick. This cutter-block also has chip-breakers 
on- all four sides. The last under-cutter, or beadin 
cutter, which is shown at I, Fig. 2, is adjustable bot 
horizontally and vertically. The rear table can be 
moved to one side, leaving the cutter quite free, and 
both the front and the rear tables can be moved to or 
from the cutter-spindle. If specially ordered, the 
beading cutter can be made so that the bearing at one 
end can be easily removed, whereby blocks for ordi- 
nary planing knives, or Bolinder’s cutters, can be used. 
The fixed planing knives are two in number and are 
set diagonally across the machine, as shown at K and 
L, Fig. 4. They are mounted in a carrier which can 
be withdrawn when desired, but which holds the 
knives very steadily in place. 

The pressure devices for holding down the work are 
of very effective design. They are not shown in our 
line illustrations, but may be seen in Fig. 1. They 
are easily adjustable for different thicknesses of wood 
and for different pressures. Over the bottom cutter 
and fixed knives, as well as against the side cutters, 
the work is held in position by rollers working 
independently of each other, by which means un- 
even timber receives an even pressure over its entire 
breadth. In front of and behind the top cutter there 
are pressure rollers, but sliding pressures can 
arranged for doing mouldings. Sliding pressure is 
used over the work where held for the beading cutter. 
All pressure-rollers are fitted with grease-cups. 

The countershaft, which is located behind the 
machine, as shown in Figs. 2 and 4, is furnished 
with double-rowed ball-bearings and fast and loose 
pulleys, the latter running in ball-bearings. 

Messrs. Bolinder and Co. also make other machines of 
larger types, as well as high-speed log-frames and 
double-edgers for converting the raw material into 
deals, &c., and also for cutting up ship-deck planks. 
Their high-speed deal frames are also well known, 
as are also their band re-saws and heavy-type high- 
speed flooring and matching machines. The sole 
British representatives for these machines are Messrs. 
James Pollock, Sons and Co,, Limited, 3, Lloyd’s- 
avenue, London, E.C. 





Warer-Works Directory anp Statistics, 1912-13,— 
This is the thirtieth issue of this directory, which is 

blished at the price of 10s. 6d. net, by Messrs. Hazell, 
Wateon and Viney, Limited, 52, Long ween Bags It 
contains a —_ index of officials of water ks, a 
directory of British water works, classified alphabetically 
vcording to towns, the further information, including 
financial data, area supplied, water source and consump- 


tion, price of water, and so forth. Information of the | 


rame nature is also given concerning water works 


having offices in London, 





INDUSTRIAL NOTES. 


In London various strike developments have occurred 
during the week. The chief trouble has been amon 
the painters, employees in the building trade, an 
electricians. The trouble appears to be wong con- 
cerned with the employment of non-unionist labour. 
As the opportunity is taken at this time of year of re- 
decorating a large number of important buildings in 
London, the strike of painters has led to a con- 
siderable dislocation of work. At many places the 
non-union men have taken out tickets, and work 
has been resumed. The same trouble is spreadin 
through the building trades, principally with reg 
to the employment of non-union labourers. This has 
affected work on the new Government buildings, and 
& sympathetic strike of electricians and stokers in em- 
ployment at the Government offices for a time affected 
the water and electricity supply. An offer by Earl 
Beauchamp to submit the question of the wages of 
engineers’ labourers to arbitration by the Board of 
Trade has been refused. A conference was arranged 
to take place yesterday between the First Commissioner 
of Works and the London Building Federation, when it 
is understood the subjects of discussion were to be 
the employment of non-union labour and the claim of 
engineers’ labourers to be classed with builders’ 
labourers under a recent award. The result was not 
known when we went to press. It was denied yester- 
day that there was any intention of calling a general 
strike among employees at the generating stations 
throughout London, as had been rumoured. 





The International Transport Workers’ Congress 
opened on Tuesday last at the Caxton Hall, Westmin- 
ster, there being present delegates from America, 
France, Germany, Italy, Sweden, &c. Nothing very 


ed | important appears to have transpired up till the time 


of going to press. Mr. Tillett, on the opening day, 
indulged in some rather extravagant language, advo- 
cating armed resistance to the forces which the majo- 
rity of the community regard as representing law and 
order. On the second day there was an undignified 
scene between Mr. Havclock Wilson and Mr. Tillett. 
The former called the latter a liar, to which Mr. 
Tillett retorted that Mr. Wilson was a Liberal. The 
congress does not »ppear to be animated by feelings 
of very sincere convord. 





Dublin has been the scene of a good deal of restless- 
ness recently owing to action taken by and against 
the Irish Transport Workers’ Union, of which Mr. 
Larkin is one of the moving spirits. Although agen 

ranted an all-round rise of ls., a number of men sud- 
Set left their work in response to a union order 
calling for a strike of the employees of the tramway 
company. The strike began on Tuesday, the object 
being to interfere with the Horse Show traffic. The 
vacant places of many of the men were, however, 
filled, and by considerable exertions a full service of 
cars was possible to and from the show. On other 
routes the service was not so well maintained. Several 
cars were damaged and drivers assaulted. The services 
were suspended at dusk. Several of the cars were 
deserted in the streets, but some of the strikers who 
took these steps were promptly arrested, much appa- 
rently to their surprise. 





Discontent continues in the Post Office, in which 
the condition of the transferred employees is said to 
be much worse than under the National Telephone 
Company. The report of the Holt Committee is re- 
garded by the employees as unsatisfactory. 


A strike has developed at the Acton works of 
Messrs. Napier Motors, Limited, over a new bonus 
system recently introduced. About 1500 men are 
affected. The strike began on Monday, and some 
men were sent down from the London offices to keep 
things going, but soon joined the strikers. The bonus 
system introduced is stated by the men to effect a 
considerable reduction in their pay ; but, on the other 
hand, the firm state that it can be demonstrated that 
the men with whom the system has been tried, so far, 
are earning more money than formerly, and are having 
their bonuses paid more promptly. 








A Special Committee has been appointed by the 
Government to inquire into malingering and excessive 
sickness claims under the Insurance Act. The terms 
of reference limit the inquiry to England. 


According to the Amalgamated Toolmakers 
Monthly, the number of members of the Society at 
the end of July last was 9685, or an increase of 2327 
over the total for July 31 of last year; the unemployed 
numbered 115, making a decrease of 47, and the funds 
amounted to 37,250/., corresponding to an increase of 
8000/. for the last twelve months. 








The return, dated July 25, of the proceedings of the | 


Distres: Committees aud of the Central (Unemployed) 
Body for London under the Unemployed Workmen 





Act, 1905, for the year ending March 31 last, states 
that in London the conditions of industry and employ- 
ment had improved, mainly on account of the weather 
being good for seasonal work, such as the building 
trade. The Distress Committee of Bermondsey, how- 
ever, reported that there was still much distress in 
that borough. The number of applicants showed a 
general decrease. One of the chief causes of unem- 
ployment was the growing substitution of motor for 
vehicular traffic, many carmen and horsekeepers bein 
thrown out of employment. The most beneficia 
results from the operation of the Act had been in con- 
nection with emigration. Work provided in the 
women’s work-rooms and in the labour colony had 
roved very beneficial. The Distress Committee of 
Middlesbro h reported a boom in the iron, steel, ship- 
building, a engineering trades ; Bournemouth ‘had 
experienced the heaviest call upon them since the Act 
came into operation,” during October to January, on 
account of slackness in the building trade ; the effects 
of the coal and dock strikes had been very apparent 
in Swansea, East Ham, West Ham, and ugh- 
borough. The greatest lack of employment was 
amongst the unskilled labourers, and a large propor- 
tion of the applicants for relief belon to the 
**chronic out-of-work” and the ‘‘too old at forty” 
class of workmen. The results of assisting emigration 
were the most satisfactory feature of the working 
of the Act. 





A decree issued by the Spanish Government in con- 
nection with the recent strike at the Barcelona textile 
factories provides for a maximum of 60 hours of work 
per week. Employers at whose factories this maxi- 
mum is exceeded at any time will be heavily fined, 
and the fines will be paid into the men’s sick fund. 
The Barcelona men have resumed work under these 
conditions ; the Madrid men, however, are on strike 
for a nine hours’ working day. The female workers 
at the Valencia textile mills have gone on strike, with 
a view to obtaining the release of all their comrades 
arrested in connection with the labour dispute. 


We hear that the Governor of Trieste has dis- 
charged all the Italians employed on municipal work. 
This is a serious decision for one nation to take with 
regard to another friendly nation. 





The reckless manner in which the men often commit 
breach of contract was illustrated the other day at the 
carbide factory at Odda, Norway, when 200 men left 
work with two hours’ notice. The men hold that one 
of their comrades had been discharged, and they 
insist upon the foreman responsible being discharged 
and the man taken back with full pay for the time he 
has been idle. The manager maintains that the man 
left voluntarily, and he offered to take him bavk if the 
case were dealt with according to the existing agree- 
ment, or, eventually, by arbitration. The men, 
however, Presser | the negotiation clause in the 
agreement and simply left work. Work at the factory, 
in consequence, stopped. Some officials of the trade 
union have now gone to try and talk the men round. 





According to Technik und Wirtschaft for August, 
conditions in the German labour market in May and 
June, as compared with those of the preceding months 
and of a year , had grown worse, owing to 4 
decrease in business. The unfavourable situation in 
the building trades had generally continued ; in some 
parts of the country, however, there had appeared 
signs of improvement, but generally this would prob- 
ably only set in with the opening of the next buildin 
season. The conditions in regard to mining continue 
favourable. The weakening in the iron and steel 
markets had not then had any effect to speak of upon 
the mining industry. There was a greater rush of 
work in several branches of the engine and metal 
trades and in the electrical industry. There were 
some complaints in the textile industry, but the 
clothing trades were better occupied. Conditions in 
the wood-working industry had grown worse, whilst 
the chemical works remained in a very satisfactory 
condition. In June last there were 126.9 applications 

r 100 vacancies, as against 118.3 in June of 

it year. 

These figures deal with the month of June. Later 
figures, which are now available from other quarters, 
show the situation in the German labour market to 
have grown still worse in all the industries referred 
to. Indeed, it is surmised that in the autumn, when 
the building season practically ends, there will be 
throughout Germany a vast amount of distress follow- 
ing unemployment. In July, we are told, the appli- 
cations per 100 vacancies rose to close upon 168, and 
the prices of all foodstuffs continue to increase. 


At the International Mining Congress held in 
Karlsbad on July 21 to 25, British and Belgian dele- 
se introduced a resolution to the effect that the 

emand for an eight-hour working day, bank to bank, 
for all hands employed underground should be ad- 
vanced, and that a rest of sixteen hours between each 
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shift should be compulsory, with no more than six 
shifts during the week. The mining organisations of 
Germany, Austria-Hungary, and Holland pro; the 
following resolutions :—‘‘ The Congress is of opinion 
that the working hours for hands employed in the 
mining industry should be fixed by law at a maximum 
of eight hours, bank to bank. e working hours at 
hot and wet places should not exceed six hours, bank 
to bank.” Both resolutions were unanimously,as 
was also the following :—‘* With to the accidents 
entailing a heavy loss of life, which, of late years, have 
been of frequent occurrence, and also on account of 
the continuously increasing number of isolated accidents 
in the mining industry, the Congress urgently renews 
the claim for better protection of the life and health 
of the miners. In order to bring this about, the 
Congress considers as an urgent necessity the appoint- 
ment of mine controllers, coed by the miners from 
among themselves, by secret and direct voting, such 
controllers to be paid by the State.” 

The question of miners’ dwellings was also dis- 
cussed, and a resolution passed to the effect that 
the parliamentary representatives of the men in each 
country should bring pressure to bear upon their 
respective governments for the purpose of 
law to prevent the employers from expelling the 
men from their homes when industrial conflicts arise. 
A German representative stated that wholesale 
expulsion of this kind was impossible in Germany. 
On the other hand, the “mining colonies” were, 
in reality, welfare institutions for the employers. 
There were, he admitted, masters who endeavoured 
to make these colonies homelike and comfortable, but 
the real aim in the establishment of these colonies of 
dwellings was to foster ‘“‘pay-slaves.” If the men 
wished to bring about a change, they should not depend 
upon the government, but upon their own organisa- 
tions. The question of the international regulation 
of coal output was also considered; the time had 
arrived, it was stated, for dealing with this. As 
a step in this direction the committee recommended 
every country to work for a uniform shift and 
working week. Belgian resolutions to the effect that 
collective agreements on wages and work should 
be concluded through the local or general trade 
unions, and that a minimum wage for hands working 
underground should be fixed by legislation, or as a 
result of collective agreement, were accepted unani- 
mously. A motion asking for an annual fortnight’s 
holiday, with full pay, was also passed. A British 
proposal asking the State to take over the mines and 
railways was sed, with a reservation on the 
part of the French delegates, to the effect that the 
transfer should take place only if it promised results 
to the interest of the men. e next congress will be 
held in two years’ time, probably in Frankfort. 


We read in the New South Wales Monthly Statis- 
tical Bulletin for May last that the returns relating 
to manufactories showed that the total number em- 
Lm in 1912 was 115,547, of whom 88,220 were males 
an ,327 females. Increases were general in most of 
the principal industries, the largest being in the class 
dealing with metal works, machinery, &c., and in the 
clothing industry. There was also a general increase 
in the wages paid of about 15 per cent., the total for 
1912 being 11,596,204/., as against 10,051,161/. in 
1911. The general average wage paid in 1912 was 
100/. 7s. 2d., as compared with 92/. 9s. lld. in 1911. 
Of the total wages paid in 1912, males received 
10,291,389/7., and females 1,304,815/., the average 
being for males 116/. 13s. 1d., and for females 47/. 15s. 
The plant and machinery in use were valued at 
13,773,949/., or 1,263,349/. in excess of the figures for 
1911 ; and the value of land and buildings used in con- 
nection with the factories was estimated at 8,842,489/., 
or 716,002/. more than in 1911]. 








Prussian official statistics give some interesting 
particulars of the number of hands employed in the 
mining industry. In the five chief Prussian mining 
districts there were in employment, during last year, on 
the average, 761,482 hands (male and female), against 
736,021 in 1911, and 541,951 in the year 1902—an 
increase of 25,461 on the previous year, and 219,531 
on be figures of 1902. The numbers were distributed 
as follows :— 


Dortmund district 372,256 
Breslau district ... 170,052 
Bonn district 125,064 
Halle district... 69,808 
Clausthal district 24,302 


_The increase of hands in the important Dortmund 
district since 1902 amounted to no less than 126,061. 
The number of women employed in the mining in- 
dustry was 10,070 in 1912, against 9687 in 1902 ; of the 
former total 9003 were in the Breslau district, and only 
five in the much larger Dortmund district. This gives 
confirmation to the fact that women are very he 
worked in Silesia. The number of juvenile hands 
amounted to 27,623 in 1912, inst 17,760 in 1902 ; 
the proportion of female juveniles is decreasing, being 


only 1.78 percent. of the aggregate in 1912, as against 


ing a| b 


4.2 per cent. in 1902. The average net earnings per 
shift were :— 


1912. 1902. 
: Marks. Marks. 

Dortmund district 5.03 3.82 
Aachen district oS sts 4.87 3.71 
Crown Saarbriicken mines... 4.22 3.57 
Upper Silesia ... si a) Sie 2.97 
Lower Silesia ... ii 3.44 2.73 
Halle district (lignites) 3.78 2.94 
Halle district (salt) ... 4.34 3. 
Clausthal district (salt) 4.42 — 


Since 1902 the wages have risen in the various dis- 
tricts, as follows :— 


Marks. Per Cent. 
Dortmund district ... 1.21 per shift = 31.68 
Aachen district e _—- = $1.27 
Saar district ... 0.65 ,, = 18.21 
Upper Silesia ... = = 22.56 
Lower Silesia ... sen 0.71 ee = 26.01 
Halle district (lignite) = 28.57 
Halle district (salt)... 0.76 ,, = 21.23 
1 mark = 100 pfennige = one shilling. 





A significant paragraph is contained in an article 
Mr. Guenther Thomas, the Berlin representative 
of the New-Yorker Staats-Zeitung, published in the 
Bulletin of the American Association of Commerce 
and Trade, Berlin. The article is entitled ‘‘German 
and the Panama Exposition in San Francisco.” It 
deals with the steps taken for making the Exhibition 
a success and for protecting the interests of exhibitors 
in the matter of patented designs and so forth; it 
also enumerates several advantages to be derived by 
exhibitors. The paragraph to which we have referred 
above reads :—‘‘ With regard to another objection, the 
so-called labour question, the labour unions and work- 
ing-men’s organisations in San Francisco have officially 
declared that they will keep the peace during the 
exposition and raise no objection to the employment 
of workmen brought to that city by exhibitors, even 
though non-union men.” It would be interesting 
to know in what manner this resolution on the 
of the men was arrived at—i.e., whether they decided 
to ‘‘ keep the peace” proprio motu, or whether the 
exhibition authorities approached them on this point 
beforehand. It is to presumed that the term 
‘** during the exposition ” covers also all preliminary 
work previous to the opening. 


In the Revue de Travail, Brussels, of the 31st inst., 
we see that during 1912, 4,728,439 deposits were 
made with the State Savin Bank, the sums 
amounting to a total of 388,900,879 francs (15,550, 000V. ). 
In the same year 1,565,930 francs were paid back to 
the depositors, the total being 367,833,796 francs 
(14,710,000/.). At the end of 1912 there were 3,013,296 
depositors. In 1899 there was one depositor for every 
five inhabitants; in 1900 the proportion was one to 
four, and since 1907 it has been one to three. In 1912 
the pension fund paid out 2,333,891 sums, amounting 
to 20,140,362 francs (805,000/.), of which 702,603 pay- 
ments were ‘‘’ capital réservé” for a total of 8,030,726 
francs (321,000/.). When a person takes part in a 
pension scheme in Belgium or France, and ‘‘ reserves” 
the capital, the added annual interest and the annual 
interest paid out at the time limit are less than when 
the payments are ‘‘ 4 capital aliéné ;” the *‘ reserved” 
capital can be bequeathed by will by the pensioner, 
whilst the “‘ capital aliéné” reverts ultimately to the 
State. 








INDUSTRIAL LicHTING.—The British Thomson-Houston 
Company, Limited, have issued an illustrated pees 
containing information on mill and factory ting, in 
which they point out that light is a condition o efficiency 
and safety in every department and in every — of 
factory operation. They call attention to the fact that 


they have organised an illuminating engineering depart- 
ment ; this department has carried out scientific hting 
installations with ‘‘Mazda” lamps and ‘“‘ ux 


reflectors in a number of large textile mills and factories, 
some of these installations being illustrated in the 
pamphlet. 





Tue Motor-Car Inpustry IN GERMANY.—Both the use 
and the manufacture of motor-cars and cyclesin Germany 
are constantly and rapidly increasing, and there seems 
every reason to believe that this movement will continue. 
German makers are more and more monopolising the 
home market, and exports are also rapidly increasing. 
The increase of self-prupelled vehicles, including son 
in Germany during Jast year amounted to over 12,309, or 
18.9 per cent., against 9000 in the previous year, or 16 per 
cent. Of last year’s increase 10,184 were for passenger, 
and 2155 for goods, traffic. The total number of self- 
propelled vehicles was, at the beginning of the present 
year, 77,789, against 27,026 six yearsago. Of the former 
total 70,085 were intended for carrying passengers, and 
7704 for goods, traffic. Of the former total 20,225 were 
motor-cycles; of the passenger motor-cars 14,742 were 
less than 8 horse- er ; 15,187 were between 8 and 16 
horse-power ; 18,501 were between 16 and 40 horse-power ; 
and 1430 above 40 horse-power. The bulk of the goods 
motor-cars were below 40 horse-power, most of them 
being between 16 and 40 horse-power. the use and 





the export of motor-cycles appears to be fairly stationary. 





BRITISH RAILWAY RETURNS. 

In the tables below are given the principal figures from 
the recently-issued Board of Trade report on British 
and Irish railways, which are referred to on page 292 : 

Mileage, Capital, &c., of the Railways of the United 
Kingdom. 


| Increase (+-) or 
Decrease ( -) in 1912. 
| 





| 
al 
| 























1912. 1911, ee Pe 
| Per 
Amount. Cent. 
miles miles miles | 
ge os .-| 2,44) | Del? | 4+ 24 | +01 
of ich, double} } | 
or more .. --| 18,139 13,106 + 38 | +0.3 
Track mil (in-| 
cluding sidings 54,909 54,576 + 883 +0.6 
£ £ £ | 
Capital .. . .|L,8834,964,000'1,324,018,000 +10,946,000 +08 
Amount included 
in the foregoin | 
which is nomin: | | 
only as .-| 198,462,000) 198,083,000 +379,000 | +0.2 
Ordinary capital.. 493,176,000 493,484,000 —808,000 -0@.1 
Amount included | 
in the f in, | 
which is nomin | 
only 93,098,000) 92,703,000, +395,000 +0.4 
Receipts :— £ £ £ 
Passenger traffic 54,258,000| 53,955,000 +303,000 +0.6 
Goods ic .. 64,049,000 63,286,000 +764,000 +12 
Miscellaneous ..| 10,246,000 9,960,000, +286,000 | +2.9 
Total .. .. 128,558,000, 127,200,000| +1,858,000 | +1.) 
Working expendi- } 
ture << .. 81,224,000) 78,618,000) +2,606,000 | +3.3 
Net earnings 47,829,000 48,582,000' -1,258,000 | -2.6 
Proportion of net) percent. | per cent. 
pn to | | 
i bs i 3.55 3.67 -0.12 
Dividend paid on 
ordinary capital 8.45" 8.62" -0.17 


* These percentages are calculated on amounts a little in excess 
of the true totals. 


Passengers Carried, Exclusive of Scason- Ticket Holders. 


Increase (+) or 
































= | 1912. | 1911, | Sunes} 
} Number. Percent 
Number of ordi-| 
nary me | 
carri = } 
First-class... os 30,011,000) 30,168,000 — 162,000 - 0.6 
Second-class i, 14,952,000 25,564,000 —10,612,000 -415 
Third-class - -{1,249,874,000/1,270, 590,000 ~ 21,216,000 - 1.7 
Total .. . | 1,204, $87,000 1,826,817, 000 81,980,000 - 24 
Receipts from P: wers, including Season- Ticket Hulders. 
| Increase (+) or 
| Decrease (—). 
Receipts from ordi- |—_———_—_____ 
nary and season- | Amount. (Percent 
ticket passen- —_— 
re :— & & £ | 
First-class .. 6,307,000 5,115,000 + 192,000 + 38 
Second-class 1,853,000 2,878,000 | — 1,025,100 - 35.6 
Third-class 87,072,000 | 36,169,000 | + 908,000 + 2.6 
Total .. _..| 44,282,000 | 44,162,000 |+ 70,000 | + 02 











Minerals, General Merchandise, dc., Carried. 
Cae eg re “Increase (+) or 
Decrease (-). 


Amount. Per cent 











million tons million tons million tons 
Minerals conveyed 4016 | 409.8 -8.2 |) =2.0 
General merchan-| | 
dise conveyed... 1187 | 183 +4.9 +4.8 
Total .. 520.8 | 623.6 -8.8 -0.8 





Receipts from Goods Traffic. 
2 Increase (+) or 
| Decrease ( -) 
—- Per cent 
671,000 -19 


+ 1,360,000 +4.2 
25,000 -L7 


+ _764,000| 41.2 








"| $8,485,000 | 82,075,000 
| “12439,000 | 1,464,000 


“Total .. —_..| 64,049,000 | 68,285,000 
Train- Mileage. 
Pa tr; Goods Total (including 
Trains. Trains. Mixed Trains). 


mill. miles million miles 
161.9 412.5 
156.5 428.6 
-4.6 | 

_-29 - 
1911. 

















mill. miles 
..| 268.8 
270.3 


mileage... - 11.5 
percent. | - 43 


~ Resulia per Train- ine | 


1912 .. 
1911 








Soomants ier { 
Decrease ( -) 








Goods ~, io a? 
Passenger and goods do. 
Expenses per train-mile .. 
Net receipts .. at Seal 








Passenger receipts. . : | 
| 
} 
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THE QUADRUPLE -SCREW STEAMERS 

*““OOSTERDYK ” AND ‘‘ WESTERDYK.” 

Two fine examples of a modern cargo-steamer—the 
s.8. Oosterdyk and s.s. Westerdyk—which we illus- 
trate in this issue, have recently been built to the 
order of the Holland-America Company, of Rotterdam, 
from the designs of Mr. H. Van Helden, M.I.N.A., 
by Messrs. Irvine’s Shipbuilding and Dry Docks Com- 
pany, Limited, West Hartlepool, with machinery 
constructed by Messrs. Richardsons, Westgarth and 
Co., Limited, Hartlepool. 

Fig. 1, on page 286, shows one of the vessels on her 
trials ; Fig. 2 is a longitudinal section ; Fig. 3 a plan of 
the upper deck aft; Fig. 4 a plan of the shelter-deck ; 
and Fig. 5, on this page, is a half-midship section 
showing the scantlings. 


eight derrick-posts and thirty-two Mannesmann steel 
derricks, in addition to a 40-ton steel derrick with 

jal worm-gearing winch for dealing with heavy 
lifts in either No. 1 or No..2 hold (Fig. 2). A com- 
bined steam and hand steering gear is fitted direct on 
to the rudder-head (Fig. 4), with telemotor attach- 
ment amidships. There is also a direct steam wind- 
lass working stockless anchors, &c. The complement 
of boats consists of four life-boats and two jolly-boats, 
providing sufficient accommodation on each side of the 
vessel for every person on board. The electric light 
installation is unusually complete, and includes signal 
lamps and binnacles, with cargo clusters at each hatch. 
A feature in the ment is a special, separately- 
controlled installation for lighting the holds and 
*tween-decks, with the object of facilitating the safe 
and rapid handling of the valuable cargoes often 





The dimensions of each of the vessels are 470 ft. 
MIDSHIP SECTION 
Fig.5. 


Length BP. 
Beam Extreme 


Depth Moulded to Shelter Dk. 41° 7% 38% 





carried by this company. 
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long, 55 ft. beam, and 41 ft. 74 in. depth moulded to 
shelter-deck. There are complete main, upper, and 
shelter-decks, with a tier of strong beams at the lower 
deck height, and steel grain divisions extend all fore 
and aft, including the hatchways, in the holds. The 
vessels are built to Lloyd’s highest class, and, as 
shown on Fig. 5, there are introduced bulb angle- 
frames and a cellular double bottom all fore and aft 
for water-ballast, b> per with a deep tank at each 
end of the engine and boiler space, the total capacity 
for water- t being 3200 tons. There are four 
masts of sufficient height to carry the aerials in con- 
nection with a Marconi long-distance installation, the 
(ig 4 -room for which is situated amidships 

The cargo loading and di ing gear is very com- 
plete, and consists of twenty si ent-running winches, 
With 7-in. by 12-in. steam cylinders, together with 


” ” 


Butts of She trom Hto 0° incluswe Overlapped 


The Holland-America Company have long been 
associated with improvements or | the comfort of their 
personnel at sea, the accommodation on the 
Oosterdyk and Westerdyk represents their latest 

ractice in this t. It consists, as shown in 

ig. 4, of a large steel house on the shelter-deck amid- 
ships, having above it a promenade-deck, 150 ft. in 
length. The sailors and firemen are berthed amidships 
in separate compartments, each having a large mess- 
room, wash-house, and lavatories; steam heating is 
supplied a. There are separate well-fitted 
rooms for the deck officers and engineers, with a large 
= +, prmmacemaan common - room for their use when off 
watch. 

The machinery consists of quadruple-balanced four- 
crank engines from the designs of Mr. Van Helden, 
the company’s engineer and naval architect. On 
the two-page plate are two engravings of the main 





engines, a feature of which is the fitting of the **Con- 
traflo” condenser and its appropriate auxiliaries, and 
on Page 290 are reproduced drawings showing the 
— arrangement of the machinery (Figs. 9 and 10). 

he cylinders are 27} in., 373 in., 55 in., and 84 in. 
in diameter by 60 in. stroke. The six boilers work at 
a pressure of 215 lb. per sq. in. The leading feature in 
the engine design is directness and simplicity. The 
bearing surfaces are specially throughout, with 
the object of reducing the cost of maintenance to a 
minimum. The cylinders are independent, the fram- 
ing substantial, the shafting of fluid-compressed steel, 
and the propeller of bronze. 

The complete ‘‘Contraflo” system is fitted for the utili- 


sation of the entire heat in the exhaust steam from the 
auxiliaries. The independent feed-pumps (illustrated 
in Fig. 11, on page 290) are Mumford’s “ nought” 


type, having improved simplex valves, the overhead 


Fig. 6 DIAGRAM SHOWING UTILIZATION OF HEAT FROM 
AUXILIARIES. 
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MEAT CONVERTED INTO WORK 
Fic. 6. DiaGrRam sHOwmnG UTILISATION OF 
Heat FoR AUXILIARIES, 


direct-contact heater being of the ‘‘Contraflo” type, 
with provision for separating the oil from the exhaust 
steam. All the oily drainages pass through a ‘ Cas- 
cade” filter, which, being on the suction side of the feed- 
pumps, enables the engineers to see the condition of 
the feed water at all times. The main condenser is of 
the ‘‘ Contraflo” type, with a temperature-regulator 
for the air-pump. Special attention has also been 
given to the capacity and directness of the exhaust 
passages from the low-pressure cylinder to the con- 
denser so as to obtain the highest efficiency from the 
vacuum carried in the condenser, Exactly how much 
heat is available in the exhausts from the various 
auxiliaries on a modern cargo-boat is graphically shown 
in the diagram, Fig. 6, on this e, which shows the 
utilisation of heat from the auxiliaries. Increasing 
attention is now being given to its useful employment 
for feed-heating instead of, as used to be the case, its 
wasteful discharge to the main condenser. 

Other auxiliaries comprise Morison’s radial evapo- 
rator, Mumford’s ballast and general service and 
auxiliary feed-pump, the latter being float-controlled 
from the cascade tank. Special attention has also 
been given to the economical working of the machinery 
for loading and discharging cargo, with provision for 
maintaining a high temperature of feed-water from 
the ‘‘Contraflo ” auxiliary condenser. 

The equipment of these vessels generally shows that 
the general trend of development in pure 9 
is towards the test economy in coal, low main- 
tenance costs, ample facilities for rapid loading and 
discharging, and the provision of such accommodation 
as will secure and retain the services of a steady and 
reliable personnel, 





ENGINEERING AT University Couiecr, Lonvon.—The 
prospectus for the new session of the engineering courses 
at University London, has now been issued. 
ae, seaneee include chemistry, ey civil, electri - x, 
mi ical engineering, munici engineering, geology, 
hygiene and public health, mathematics, and _pbysics. 
The Dean of the Faculty is Professor J. D. Cormack, 
M. Inst. C.E., who is also Professor of Mechanical En- 
gineering ; whilst Professor J. A. Kenny if Vice-Dean, 
and will deliver during the session a advanced 
course of lectures on “‘ Conductors for the Electric Trans- 
mission of Energy.” The mechanical and electrical 
laboratories are well equipped, and in the latter much 
valuable work on wireless telegraphy has been carried 
out. The civil engineering and surveying courses include 
special lectures on “‘ Railway neering,” by Mr, H. 

and Ph ea and ng,” by 
Mr. A. S. Walmsley. Full particulars can be obtained on 





application to the Provost, University College, London, 
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TRADE OF CHINA IN 1912. 


THE unsettled state of matters in China has dis- 
appointed the expectations which were formed of a 
great development of foreign trade. From the latest 
reports, published by order of the Inspec.or-General 
of the Chinese Maritime Customs, we learn that during 
the year the trade routes were disturbed and insecure, 
and that as the rivers in the Kwantung Province 
were overrun by pirates, junk traffic was unsafe on 
the Upper Yangtze and elsewhere, and banditti in 
many Riitricts made land transport difficult or impos- 
sible. In cousequence of the disturbances in different 

rts of the country, the money market was every where 

isorganised. The revolution had used up much 
capital, and other money which, under more settled 
conditions, would still have been available for com- 
merce, was withdrawn for safe keeping, and locked up 
in banks or in the form of treasure. The same want of 
confidence caused a suspension of credit and of banki 
facilities, so that business was largely confined to cas 
transactions. Although matters have somewhat im- 
proved, the recent troubles have made much progress 
impossible. 

onder such conditions railway construction was 

hindered. The event of the year in this connection 
was the completion, in November, 1912, of the bridge 
across the Yellow River, a few miles from Tsininfu, 
followed almost immediately by the opening of a 
through service of passenger trains between Tientsin 
and Pukow; the opening of this railway is certain 
to cause a great increase of trade in the district. 
Surveys have been completed from Wuchang to 
Yochow, and are proceeding towards Changsha on the 
Canton-Hinkow line; but the question uf finance 
stands in the way of construction. At the Canton end 
work has been progressing slowly, and the line is in 
operatiun fr a distance ot 75 miles, with the prospect 
of a further section being opened soon. Operations 
on the Hankow-Ssuch’nan line were entirely suspended 
during the year. Work having recommenced on the 
short line from Kinkiang to Neuchang, traffic was 
opened in the autumn as far as Teianhsien, 35 miles 
from the port. A small portion—about 9 miles—of 
the Ningpo division of the Chekiang Railway was 
opened at. Ningpo in December, and considerable pro- 
gress has been made during the current year. Several 
other small extensions have taken place, but there has 
been no important development. 

The value of the direct foreign trade during the year 
was 843,617,434 Haikwan taels (the average value of 
the tael during the year was a little over 3s.), being a 
decrease of 5,224,675 taels on the previous year, due to 
a decrease in the value of the exports. The importa- 
tions of cotton piece-goods were considerably under 
the total of 1911 ; but, on the other hand, it is esti- 
mated that the Shanghai stocks were reduced by over 
half a million pieces, and, as credit was so hard to come 
by, it is probable that stocks in the country were 
pretty thoroughly worked off. The total number of 
pieces imported was 14,619,776, and of these 9,618,386 
were from Britain, 1,930,836 from America, 3,043,747 
from Japan, and 26,807 from India. Of cotton yarn, 
the importations amounted to 2,298,479 piculs, valued 
at 61.4 million taels, showing an increase of 438,353 
piculs, valued at 11.7 million taels. There must be 
added to this the spinnings of thirty-two mills in 
China, which have been estimated at half the com- 
bined Indian and Japanese importations, and then 
some idea may be obtained of the demand for yarn. 


Metals generally showed smaller importations, but | peg 


there was an exception in copper ingots, of which 
109,000 piculs—nearly twice as much as in 1911—were 
received. This copper went chiefly to Hankow and 
Nanking for minting pu The influence of 
Euro fashions, so generally marked, has doubled 
the importations of clothing, including hats, boots, 
shoes, and gloves, which are valued at 6.6 million taels 
for this year ; and the increase of 2 million taels in the 
value of leather imported may a be explained in 
the same way. The exports consist chiefly ot tea, silk, 
and agricultural products of various kinds, in which 
few of our readers are specially interested. 





Frencu Coat-Mininc.—The production of coal in the 
French departments of the Nord and the Pas-de-Calais 
attained the following importance in the first halves of 
recent years :— 


Year Mord. Pas-de-Calais, 
: Tons Tons 
1905 2,227,426 8,558,097 
1907 3,388,811 8,565,235 
1909 a ne ol = 8,483,673 9,338,757 
1911 wt “a ie oa 8,707,767 10,022,595 
1912 ie os - * 3,742,908 10,998,746 
1913 3,906,105 10,039,919 


The combined production of the two departments accord- 
ingly advanced from 10,785,523 tons in the first half of 
1905 to 14,946,024 tons in the first half of 1913. The 
French Minister of Finance has been attempting of late 
to increage the duty imposed u col enles in Feenee to 
the extent of 5d. ton. minister afterwards 
reduced his proposed additional tax to ee 
— were negatived by the Chamber of 
puties, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 13. 
Tue production of pig iron for the first half of the 
ear was 16,488,602 tons, an excess over the first 
lf of last year of 883,939 tons. Stocks have been 
accumulating, resulting in some curtailment. Recent 
low prices have stimulated buying. August orders 
for finished iron and steel are light and scattered, due 
in @ measure to the general expectation of lower 
prices, which manufacturers say are improbable. The 
greatest activity is in shipbuilding material. All the 
ards are overcrowded. Latest inquiry is for 4000 tons 
or two boats. Current demand is below normal. 
Tariff perplexities have some influence. The next 
active demand is for agricultural steel to supply im- 
plement makera, who are running to maximun 
capacity. Railroad equipment orders are light, aud 
steel-building contracts have been curtailed. Negotia- 
tions are pending for 500,000 tons of steel rails for 1914 
delivery. Total orders placed in the past ten days for 
foundry and steel-making iron are close upon 100,000 
tons, including 40,000 tons of basic iron. Hot weather 
has curtailed production somewhat. Several merchant 
furnaces have blown out because of disappearance of 
profits. The Pittsburg Steamship Company is in the 
market for 5000 tons of plates for boats to be used on 
the Lakes. Among recent orders, are 2000 tons of 
struc‘ural material tor telephone buildings in Northern 
New York, 1500 tons of girder-rails for San Francisco, 
300 enger coaches for the New York Central, 180 
coaches for the New Haven, 500 hopper-cars and 1100 
freight-cars for the Southern. The general drift is 
towards conservative ordering, especially as capacity 
has been so greatly inc . The Mexican problem 
is not causing much concern. New wages schedules 
run for a year. Promotion of new enterprises is 
checked, but only for the time being. 





Tue ArcH Prtncrp_e or Sure ConstrucTion.—Messrs. 
Furness, Withy and Co., Limited, of West Hartlepool, 
have just placed orders for two cargo-ships to be built on 
the arch principle of construction under the Ayre- 
Ballard patent, each of a deadweight carrying capacity of 
about 3400 tons. One of them will be built by the North 
of Ireland Shipbuilding Company, Limited, at London- 
derry, and the other y Messrs. Osborne, Graham and 
Co., at Hylton, near Sunderland. These builders are 
working under license from Messrs. Swan, Hunter and 
i Richardson, Limited, and Mr. Maxwell Ballard, 
of Wallsend, joint proprietors of the patent, and Mr. 
Ballard is supplying the designs. 





‘‘Fiautinc Suirs.”—This interesting book, by Mr. 
Fred T. Jane, contains complete illustrated statistical 
data upon the ships forming the British, German, 
American, Japanese, French, Italian, Austrian, Russian, 
and other navies of the world. The present edition, 
1913, forms the sixteenth yearly issue. It is published 

Messrs. Sampson Low, Marston and Co., Limited. 
The information covers particulars of all ships, their 
protection, armament, dimensions, &c., and data on the 
yards; the illustrations include maps of roadsteads of 
the various nations, flags, &c. The book, in short, forms, 
as is now well known, a --y compendium on the 
various navies of the world. The present edition gives a 
chapter by Mr. C. de Grave Sells, M. Inst. O.E., on 
‘*The Progress of Warship Engineering,” which deals 
with turbines, auxiliary and testing machinery, internal- 
combustion engines, artillery, submarine-boat construc- 
tion, and submarine salvage. 


Tue Harr-Watr Incanpgescent Lamp.—Much has 
mn heard, in a desultory way, during recent months, of 
a new metal-filament incandescent lamp, consuming only 
half a watt per candle-power. The matter has aroused 
much interest, and we were glad to have an opportunity 
yesterday of inspecting some of the new lamps at the show- 
room of the British Thomson-Houston Company, Limited, 
at77, Upper Thames-street, E.C. The exhibition of these 
lamps by the Thomson-Houston Company is somewhat 
premature, as they are not yet in a position to place 
them on the market. They wished, however, to make 
clear their position in relation to the'matter. ‘The lamps 
have in the main been develo by the General 
Electric Company of America, although in some details 
the lamps shown were worked out at Rugby, where 
they were manufactured. The lamps represent the 
result of organised research, and are in no sense the out- 
come of an accidental discovery. We are not ina i - 
tion to give much information relative to the details of 
manufacture ; but, briefly, it may be said that a drawn- 
wire tungsten filament is used wound in the form of a 
fairly close spiral. The bulbs are nov exhausted, but are 
filled with some inert gas, such as nitrogen. We have no 
information as to the function of the inert gas, but 
it is interesting to remember that such gas-filled 
bulbs were tried in the early days of incandescent 
lamp manufacture, but were not successful, as it was 
found that the gas conducted the heat away from the 
filament so rapidly that adequate incandescence could 
not be obtained. If this effect is present in the new 
lamps, it may be minimised by the — form of the 
filament, which enables a great length of wire to be carried 
in a small space. The lamps have at present only been 


made in | sizes, one example being, for instance, of 
80 volts and 1400 candle-power, and having an efficiency 
of 0.52 watts candle. The light produced is very 


white and of a 


tiful appearance. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The recent move towards 
doing away with the Glasgow pig-iron warrant market 
has left things in such an unsettled state that daily busi- 
ness has lately been of a very smallamount. Last Thursday 
morning, however, the turnover reached 3000 tons of 
Cleveland iron at 54s. 94d. cash, from 54s. 10d. to 54s. 9d. 
five days, at 55s. Od. one month, and 55s. 74d. three 
months. At the close sellers quoted 54s. 10d. cash, 
55s. 14d. one month, and 55s. 8d. three months, and there 
were sellers of hematite at 67s. 6d. cash. In the after- 
noon once again there was nothing doing, and Cleveland 
warrants were the turn easier, with ers at 54s. 94d. 
cash, 55s. 1d. one month, and 55s. 8d. three mont 
On Friday morning the market was weak, and Cleveland 
warrants amounting to 3000 tons were done at 54s. 7d. 
cash, and 54s. 8d. fourteen days. The closing quota- 
tions were 54s. 64d. cash, 54s. 10d. one month, and 
55s. 5d. three months sellers. Hematite was unchanged 
at 67s. 6d. cash sellers. The afternoon session was quiet, 
and Cleveland warrants were the turn firmer. The 
business was confined to 1000 tons at 543. 104d. one 
month, and at the close sellers quoted 54s. 74d. cash, 
54s. 11d. one month, and 553. 24d. three months. Hema- 
tite was again quoted without change at 67s. 6d. cash 
sellers. On Monday morning the tone was easier inclined, 
and only one lot of Cleveland warrants changed hands at 
54s. 9d. September 26, with closing sellers at 54s. 54d. 
cash, 54s. 94d. one month, and 55s. 5d. three months. 
In the afternoon the turnover consisted of 1000 tons of 
Cleveland warrants at 54s. 6d. seventeen days, and sellers’ 
— prices were just the turn down at 54s. 5d. cash, 
54s. 9d. one month, and 55s. 4d. three months. There 
were also cash sellers of hematite at 67s. 6d., but no 
buyers. On Tuesday morning the market was firmer for 
Cleveland warrants, and 1000 tons were dealt in at 
54s. 6d. and 54s. 7d. cash, with closing sellers over 
at the latter figure, and at 54s. 10d. one month and 
55s. 6d. three months. In the afternoon the tone was 
— firm, and another 1000 tons of Cleveland warrants 
changed hands at 54s. 104d. one month, with sellers 
over. For the other positions sellers quoted without 
change at 54s. 7d. cash and 55s. 6d. three months. When 
the market k pony to-day (Wednesday) a steady tone 
prevailed, and 2000 tons of Cleveland warrants were put 
ay at 54s. 64d. cash, 54s. 104d. one month, and 
55s. 6d. three months. The closing prices were 54s. 7d. 
cash, 54s. 104d. one month, and 55s. 54d. three months. 
The afternoon session was idle and no dealings were 
recorded, the closing quotations for Cleveland warrants 
were called 54s. 74d. cash, 54s. 104d. one month, and 
55s. 6d. three months sellers. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has a shown a firming tendency, and the 
rice has improved. A better demand exists for near 
ate lots, and forward parcels are also receiving some 
attention. At present the price is 13/. 7s. 6d. per ton 
for prompt delivery, Glasgow and Leith, and with the 
latter port now open for traffic again some good lots are 
being shipped. 

Scotch Steel Trade.—New orders are still very scarce in 
the Scotch steel trade, but a more hopeful feeling pre- 
vails that a decided improvement may shortly take 
place in the general state of the industry. Better in- 
quiries are afloat on home account, but the export 
market is still of rather a dull nature. Employment is 
fairly good, although the number of specifications for 
prompt rolling continue to be very limited, and an 
increase in these would be a real boon to managements 
by helping to relieve some of the anxiety of the present 
time. The easier prices have not yet brought forth the 
amount of fresh business expected, and rumour has it 
that another reduction may be forthcoming before long ; 
he Fe at any rate, seem convinced of this, and are 
holding out of the market meantime. The placing of 
certain new Admiralty contracts with Clyde shipbuild- 
ing firms has brightened the outlook, although orders 
for new mercantile tonnage have been very few of late. 
Black-sheet makers are very well employed on heavy 
gauges and have been booking some new business 
amounting to quite a respectable tonnage, while struc- 
tural steel makers continue very busy on both home and 
export account. Official prices are unchanged. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland do not report any very decided 
increase in business yet; but they have, nevertheless, 
been securing a little more work during the past week 
or two. The easier prices have been responsible for this 
to a large extent, use the competition from ab is 
still very keen, although a slackening-off is fully expected 
to take place gradually, and that at no distant date. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig iron is the turn better, and the 
trade is, on the whole, decidedly steadier. The general 
inquiry is not as large as it might be at this period of the 
year, and in the case of hematite there is quite a distinc 
dulness, with an easier tendency in price. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 


pany, Mle. mea (all aioe ero ) Glen’ 
an tness, . at w) ; Glen- 
garnock (at Ardrossan), 74s. 6d. ; Shotts (at Leith), 


74s. 6d. ; and Carron (at Grangemouth), 74s. 6d. 





AviaTIon aT PorTsMoUTH.—It is announced that the 
Admiralty proposes to develop 200 seaplanes and 11 air- 
ships. It will probably be necessary, accordingly, to have 
another aviation station nearer Portsmouth Calshow 
Castle. The shores of Harbour are suggested 
as a suitable site for the purpose. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Labour Troubles.—The industrial horizon is not 
et cleared of the cloud of labour troubles that has been 
overing for some weeks. The moulders, fortunately, 
are back at work, and there are hopes that to-morrow’s 
conference between the employers’ and the men’s repre- 
sentatives will see the points in dispute amicabl 
settled, and some sort of agreement arrived at that will 
ensure a more stable ge for the future. The steel- 
smelters at one of the big works are demanding recogni- 
tion of their union, and unless the efforts now being made 
to avert trouble are successful, a strike is almost inevit- 
able. A number of men are also on strike at one of the 
local engineering works. If all these matters can be 
ey settled, and no further disturbances crop up, 
there are good prospects of satisfactory trade for the 
rest of the vear. 


South Yorkshire Coal Trade.—Although business gene- 
rally remains on the quiet side, the position shows some 
pr veteman The warm weather is keeping the majority 
of house-coal consumers off the market, and there is only 
a small number of local stocking orders in hand. The 
London demand is exceptio # for the time 
of the year. The rush will probably take place in a 
week or so, and then prices may be expected to 
show an advance. Gas-coal takings are increasing 
steadily, and this is improving the situation. Practi- 
cally all the pits are working five days a week. Hard 
coal is going away a little better, principally for shipment. 
Deliveries to the works are only fair. Labour disputes 
and other causes are creating constant stoppages. Ooke 
is quiet, with less reduction on steel-smelting sorts than 
upon other kinds. Prices are not expected to go much 
lower. Quotations :—Best branch hand-picked, 14s. 6d. 
to 15s. 6d.; Barnsley best Silkstone, 12s. 6d. to 13s. 6d.; 
Derbyshire best brights, 11s. 6d. to 12s. 6d. ; Derbyshire 
house, 10s. 6d. to 11s. 6d.; best large nuts, 10s. 6d.; small 


nuts, 9s. to 10s. ; Yorkshire hards, 11s. to 13s.; Derby- | T 


shire hards, 11s. to 12s.; rough slacks, 7s. to 8s.; seconds, 
6s. to 7s. 6d. ; smalls, 4s. 6d. to 6s. 


Iron and Stecl.—The raw material market shows little 
or no relief from the weakness that has prevailed now for 
some time. Purc are few, and the concession in 

rice has not had the expected influence on the demand. 

ig iron is selling at a loss, according to the makers, and 
unless the price of coke is reduced, iron quotations may 
show an upward tendency. Few specifications for forge 
irons have come forward, but the local demand by 
steel-makers and foundries is fairly good. Hard basic 
billets have been reduced 10s., the price now bei 
6l. Concessions have also been made in acid an 
soft billets, not sufficient, however, to satisfy users, and 
as yet no appreciable buying has resulted. Consumers 
still have faith that they will benefit by a policy of wait- 
ing. The armament firms of the city are as busy as ever. 
The weight of armour-plate being sent to Barrow and 
the Clyde isvery big. A 1 order for shell for Wool- 
wich is being executed in Sheffield. Messrs. Vickers 
have a large number of orders on foreign account. The 
fact that many important firms are making extensive 
additions to their premises goes some way towards dis- 
counting the forecasted decline in trade. Among the 
influx of orders that have recently come to Sheffield, 
India figures largely with contracts, mostly for railway 
mntesial, This improved demand for railway materi 
is not, however, reflected in home requirements of a 
similar nature, and buying is very quiet. But there 
should be a change for the better within a few months, 
on account of the regulation enforcing the fitting of 
spring buffers to wagons, which operates from January 
next. 





Tron-OrnE Deposits In SwepEN.—Deposits of iron ore 
have been discovered at Viistanabergen, Niisum ish, 
Sweden, and they will be pare worked. Some 
50,000 tons will be shipped to Engin this autumn for 
the sake of being there smelted by way of atest. Further 
German purchases of Swedish iron-ore deposits have re- 
centl en place, the Storahangvik Mining Company, 
which is an almost exclusively German concern, having 
purchased further iron-ore deposits at Siiter. The pur- 
chase is subject to a year’s experimental working proving 
satisfactory, but the deposits are understood to be fairly 
rich, and as 1,000,000 tons of ore can, it is calculated, be 
worked there, the authorities do not view these purchases 
by foreigners of Swedish material resources, ore deposits, 
waterfalls, forests, &c., with satisfaction, and a measure 
is likely to be laid before the next Ri so as to reduce 
and control the sale of such commodities, and of a 
majority of shares in limited companies owning such. 





SLEEPERS FOR THE HuncaRiaN State Raiways.—In 
connection with the large contracts for sleepers for the 
Hungarian State Railways, there were offered for the 
year 1914 2,574,000 oak sleepers and 1,769,000 beechwood 
sleepers, for the year 1915 res ively 300,000 and about 
3,000,000, and for the year 1916 respectively 490,000 and 
2,750,000. It was to be expected that there would be 
offered a quantity of oak sleepers for 1914, as a 
number of railways stagnate on account of the unfavour- 
able ongest of business, and the demand for building pur- 
poses is limited, so that the producers go more in for 
te of this, the reduction ed pen only 
percent. As for beechwood sleepers, 


. 


rise, in spite of the general depression. 


sleepers, but, in 
amounted to 3 to 


there was a 
good timber districts by di 
rom the impregnation establishments, in addition to 
cfere fore UID and 1016 mee thence eee tne 
‘or t! t hi 
Pen ® were throughout higher than 


rial | plates required in connection with the wor 


The | Scand 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — Buyers of pig iron 
still hesitate to commit themselves to any extent, but 
the market shows a distinct improvement in tone, and 
purchasing to meet autumn needs is looked for in the 
very near future. Many traders now prospects 
for the fall of the year as satisfactory. t of output 
continues high, but reduction is confidently anticipated. 
A few sales of No.3 g.m.b. Cleveland pig have this 
week been recorded at 55s. 3d. for early f.o.b. de- 
livery, and ibly some second hands would still 
accept that re for small odd lots, but most sellers 
now ask 55s. 6d., and for named brands above that 
figure has been realised. No. 1 Cleveland pig is 
firm at 57s. 9d.; No. 4 foundry stands at 55s.; No. 4 
forge, 54s. 9d.; and mottled and white iron, 54s. 3d. to 
54s, 6d.—all for early delivery. So far as can be ascer- 
tained there is nothing doing just now in East Coast 
hematite pig iron. Buyers are still very backward, and 
values show a marked downw: movement, but prices 
are still high as compared with rates ruling for Cleveland 
pig. Merchants are now keen sellers at 69s. for either 
early or forward delivery of mixed numbers of hematite, 
and doubtless some makers would not hesitate to enter 
into contracts at round about that figure. Business in 
foreign ore is still idle. Sellers keep prices nominally 
on the basis of 20s. ex-ship Tees for Rubio of 50 per cent. 
quality, but it is understood that purchases could be made 
on lower terms. Coke is easier, though in heavy local 
consumption. Average blast-furnace kindsare obtainable 
at 17s. 6d., delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
pig iron are slowly, but steadily, being reduced. In the 
public warrant store here 187,796 tons of Cleveland pig 
are now deposited, which is 6643 tons less than at the 
beginning of the month. Shipments of pig iron from the 

ees ports to date this month average 3607 tons = 
working day, the total despatches amounting to 79,: 
tons, 72,907 tons of which have gone from Middlesbrough, 
and 6446 tons from Skinningrove. To the same date last 
month the total clearances were returned at 71,724 tons, 
or a daily average of 3260 tons, and for the corresponding 
part of August, last year, the loadings reached 83,171 
tons, or an average of 3780 tons per working day. 


Utilisation of Gas.—The Otto Coke-Oven Company, 
Limited, of Leeds, have arranged to erect forty-six re- 
generative by-product coke-ovens at Sir Bernard Samuel- 
son and Co.’s Newport Iron Works, Middlesbrough. The 
ovens are to be constructed on a patent system with direct 
tar and ammonia-recovery plant. The installation will be 
so constructed that the gases will be divided into two 
qualities, one of which will be supplied to the Corporation 
of Middlesbrough for town-lighting purposes, whilst the 
other portion is to be used for heating the furnaces at the 
works. 


Manuyactured Iron and Steel.—Very little new can be 
reported concerning the various branches of the manufac- 
tured iron and steel industries. A few orders are coming 
to hand, and producers generally are full of work. Messrs. 
Dorman, Long and Co. have secured a contract to supply 
the East India pee SS 11,000 tons of 88-lb.-to- 
the-yard rails. Messrs. Dorman will also angele eee 

. Princi 
market quotations stand :—Common iron bars, 8/.; best 
bars, 8/. 7s. 6d.; best best bars, 8/. 15s.; pac’ -iron, 
61. 15s. ; iron oo > ; Iron ship-angles, 8/. 5s. ; 
iron ship-rivets, 9/. 10s.; iron boiler-plates, 8/. 7s. 6d. ; 
steel bars (basic), 7/. 5s. ; steel bars (Siemens), 72. 5s. ; 
steel ship-plates, 7/. 15s.; steel ship-cagion, 71. 7s. 6d. ; 
steel boiler-plates, 87. 15s. ; steel joists, 6/. 17s. 6d. to 7/.; 
steel hoops, 8. ; steel strip, 8/.—all less the 
24 per cent. discount; cast-iron columns, 7/. 7s, 6d. ; 
cast-iron railway chairs, 4/. 15s. ; light iron rails, 77. to 
71. 5s.; heavy steel rails, 6/. 12s. 6d.; and steel railway 

fos. —all net at works; and iron and steel 
ore ted sheets, 24 gauge, in bundles, 
1l. f.0.b.—less the usual 4 per cent. 





“ALL THE WoRLD’s AiR-Crarr.”—We have received 
a copy of the fourth year’s issue of this annual, founded 
and edited by Mr. Fred T. Jane, and published at the 

rice of 21s. net, by Messrs. Sampson Low, Marston and 
bo, Limited. It gives illustrated information on the 
aeroplanes and dirigibles of the world ; this includes the 
dimensions, weight, speed, &e., of the various machines, and 
particulars concerning the motors with which they are 
— bat — of od apne = are ae _— 
the princi ying unds, aerial societies and aeri 
pend coy the pte Jk classification being alphabetical, 
according to the nations. 





Tue Proposep Répspy-Framern Rovutse.—The advo- 
cates of this route are meeting with increased support, 
more especially in Western Germany, and the chambers 
of commerce in Barmen, Bielefeld, Diisseldorf, Elber- 
feld, Frankfort-on-the-Main, Cologne, Mayence, Osna- 
briick, &c., have joined the committee for the establish- 
ment of a railway connection between Cologne-Hamburg- 
Liibeck - Fehmern - Lolland (Rédby) - iy oes oh ye 
tiania, and Stockholm. The reason for this support is to 
be found in the fact that the bulk of the traffic between 

inavia and y and Europe y moves in 
a westerly direction rather than towards the east. The 
Prussian State Railway Department, on the other hand, 
views the new scheme with marked disfavour, as it is not 





—_* benefit, but rather reduce, their Scandinavian 
traffic. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been generally 
quiet ; tonnage arrivals over the week-end were somewhat 
restricted, but a relaxation of recent pressure is antici- 
pated in the course of the next few days. At the same 
time, coal-owners are maintaining quotations for large coal 
with prompt loading with a certain firmness. t pro- 
duction is gradually increasing, but many colliery owners 
are in arrear with their deliveries. Forward business is 
inactive, intending pu holding back in the hope 
of securing easier terms in the course of ber. 
The house-coal trade has continued quiet and stati ’ 
The best Admiralty large steam coal has made 20s. 9d. 
to 2ls.; the best secondary Geeaetees, 
20s. 3d.; other secondary qualities, 19s. 3d. 
best bunker smalls, 11s. 6d. to 11s. 9d.; and 
8s. 6d. to 9s. per ton. The best household 
quoted at 19s. to 20s. ; household qualities at 17s. to 
18s.; No. 3 Rhondda large, 163. 6d. to 17s. 6d.; and 
smalls, 12s. to 12s. 6d. ton. No, 2 da 
has realised 12s, 6d. to 13s., and No, 2 smalls have made 
8s. to 8s. 6d. per ton. Special foundry coke bas been 
quoted at 28s. to 30s.; good foundry coke, 23s. to 26s.; 
and furnace coke, 19s. to 2ls. per ton. As regards iron 
ore, Rubio has made 18s. 9d. to 193. 3d. per ton, upon 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Pontypridd.—A new Taff Vale Railway station at 
Pontypridd is nearly completed, and it will be one of the 
finest stations in Wales. !t is the longest, being 510 
yards from end to end. The station was projected in 
1892, but since then great changes have been made in the 
a to meet phenomenal growth of traffic. Passenger 

iness is, of course, far less than the traffic in coal, but 
the importance of the station may be gauged from the 
fact that every day in the week 110 passenger trains pass 
through it. 


Falmouth Docks.—The revenue last half year was 
10,802/., the working expenses were 8664/., and the net 
rofit was 2138/. e interest due to the Public Works 
n Commissioners has been duly paid, and 1000/. has 
been remitted in reduction of principal, making the 
balance of principal remaining, June 30, 16, A 
further remittance of 500/. is pending. 


Dunderland Iron Ore.—Meeti of the Dunderland 
Iron Ore Company, Limited, have held for consider- 
ing a scheme for re-arranging the capital of the company. 
Sir W. B. Peat is in possession of the property and assets 
as receiver and manager on behalf of prior lien bond- 
holders. In February, this year, the chief prior lien bond- 
holders a that the company’s property should not 

offered for sale at present ; and the receiver was in- 
structed to continue to endeavour to obtain the financial 
co-operation of outside ies. Since then negotiations 
have been continued with a view to securing the co- 
operation either of ironmasters or others, in a scheme 
which would provide the necessary capital to equip the 
Dunderland works for wet magnetic separation. It is 
pro to proceed upon a small scale at nay say | but 
when once the Ulbrich wet se tion plant can be shown 
to have worked profitab ’. at Dunderland it is con- 
sidered that it will be possible to obtain the necessary 
capital to enlarge the plant. 

Messrs. Guest, Keen and Nettlefolds, Limited.—The 
profits of Messrs. Guest, Keen and Nettlefolds, Limited, 
in the financial year 1912-13 were 453,092/. This com 
with 395,586/. in 1911-12, 383,008/. in 1910-11, 348,0932. in 
1909-10, 371,723. in 1908-9, 454,716/. in 1907-8, and 
470,512/. in 1906-7. The dividend was maintained at an 
invariable 15 per cent. per annum during the whole seven 
years. 

Bristol Coal-Owners.—An advance of 20 per cent. has 

conceded in the wages of winding-engine men em- 

loyed by the Bedminster, Easton, Kingswood, and Park- 

eld Collieries, Limited. Theadvance amounts to 1s. per 
man per day. 





PR eg Sa — aan forests of Canada fae pons for 
© most of coniferous species—viz., pine spruce, 
with hemlock in the east, and Douglas fir, metre tw ond 
lock, and western larch in the weet. In the east the 
hardwoods comprise poplar, birch, beech, and maple, with 
some elm, ash, and a few other minor species. Only in 
Southern Ontario is there anything like the variety of 
hardwoods which are to be found in the Ap jan 
region of the United States. The forestry branch of the 
Canadian Ministry of the Interior has established a 
system for the collection of statistics with respect to 
the various wood manufactures of the Dominion. The 
uantities and values of the wood used in 1911 were :— 
umber, 4,918,202,000 ft., of the value of 75,830,954 dols. ; 
square timber for ex 34,500 tons, of the value of 
766,406 dols.; lath, 235,000 ey of the value of 
2,212,226 dols.; shingles, 1,838,474,000 pieces, of the value 
of 3,512,078 dols.; pulp wood manufactured in 
672,288 cords, of the value of 4,338,024 dols.; pulp 
exported (unmanufactured), 847,939 cords, of the value 
of 5,340,592 dols.; cooperage (slack), 147,374,000 pieces, 
value, 1,465,702 dols.; ———— (tight), 5,762,000 pieces, 
value not fully known ; railway sleepers, 13,683,770 pieces, 
value, 5,237,424 dols. ; and poles, yy value, 
1,056,277 dols. The Douglas fir of the Western Pro- 
vinces has made rapid Progress, and now stands third in 
| the list of lumber woods. somede, ques entirely passed 
by ayy Sm now stands fourth in point of quantit; 
sawn for lumber. While spruce still 
used for pulp, balsam fir is also 
resorted to for 


the same purpose, 
ties, jack pine has captaned ¢ cedar. 
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GENERAL ARRANGEMENT OF MACHINERY OF SS. “OOSTERDYK” AND “WESTERDYK.” 
CONSTRUCTED FROM THE DESIGNS OF MR. H. VAN HELDEN, BY MESSRS. RICHARDSONS, WESTGARTH AND CO., HARTLEPOOL. 
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BALANCED QUADRUPLE-EXPANSION ENGINES, WITH “CONTRAFLO” SYST, O 


CONSTRUCTED FROM THE DESIGNS OF MR. H. VAN HELDEN, \.LN.4 hy MES 
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PLATE XIV. 








—}|— 
STH, OF THE HOLLAND-AMERICA LINERS “OOSTERDYK” AND “WESTERDYK.” 
LLN.a, py MESSRS. RICHARDSONS, WESTGARTH AND CO., LIMITED, HARTLEPOOL. 
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SHIPYARD ACCIDENTS AND THEIR 
PREVENTION. 


Emp.oyers of labour are anxious to avoid acci- 
dents alike from economical as from humane con- 
siderations. Even before the legislature imposed 
the liability for accidental injuries upon them many 
of them had provided safeguards for the —— 
of accidents, and the necessity of utilising these 
was enforced to the extent of prescribing penalties 
for the neglect of their use; but, as will readily be 
understood, it was not always prudent to exact a fine 
from a victim of his own heedlessness. Again, funds, 
subscribed by workers and employers, were volun- 
tarily instituted to assist unfortunate employees. 
Such accident funds have been merged into schemes 
based on the Workmen’s Compensation Act with 
satisfactory results ; but, even so, it is doubtful if 
there is any diminution in the number of accidents 
or in the loss which is incurred generally by the 
nation, and particularly by the employer and 
worker, owing to the production of ed men 
ceasing for a period, —— short, owing to inca- 
pacity through injury e subject is one of far- 
reaching importance from this standpoint, because 
it is to the material interest of the employer 





|as well as of the employee that accidents should 


be prevented, and that every means, medical 
and surgical, should be adopted to ensure the 
most effective first aid and scvequet treatment 
in order that the injured m shall return 
to work at the earliest possible moment. In this 
view, of course, there is embraced the most preva- 
lent of all the after effects of illness and accident— 
malingering. The whole question is one of im- 
oe we from the point of view of economics, 
also of ethics, and it deserves most careful 
eration. For the present, however, our 
ome is to deal with the subject of prevention 
of accident, because it is raised in a White Paper 
issued this week from the Home Office, and - 
taining certain proposals —_— to ship 
by His Majesty’s dans Chief Inspector i Fac- 
tories (Mr inson) and the Inspector of 
Factories at Glasgow (Mr. H. J. Wilson), who have 
had the assistance of ins rs in other districts, 
notably of Mr. Lauder, Newcastle. 

The statistics given in the Home Office report 
are so interesting that we at once wish for more, 
because, although deductions from figures are not 
always sound, much may still be learned from data 
of this nature dealing with a period of years -— 


298 | reduced to some common basis for comparison. 


is brought out, for instance, that in yards at Bel- 


298 | fast and on the Clyde, Tyne, and Wear there were 


in 1912, 1510 accidents due to falls only. This 
number—three per working day—seems large ; but 
one must take into consideration the enormous 


yards. It 


of the ratio of accidents per annum to the number 
of men employed. This is equally n 


the number of such accidents which proved fatal 
—62. Itshould have been possible also to state 





whether the numbers are decreasing or increasing, 
by such a common denominator being applied to 
the figures for a series of years. As it is, we have 
only the bare figures for the busiest year ever expe- 
rienced in the industry. It is scarcely right to 
make deductions from these alone. Again it is 
sought to arrive at very stringent and objectionable 
regulations by considering the number of accidents 
to workers of various ages during this abnormal 
year. Boys under sixteen to the number of 153 
were injured in 1912 by falls, six of them fatally; 

youths between sixteen and eighteen to the number 
af 154, six of them fatally ; and men over eighteen 


years of Seo to the number of 1203, 50 of them 
fatally. m these figures the i tors base 
the omuidiion that the employment of boys under 


sixteen years of should be limited to the 
less dangerous es. Obviously a proposal of 
such serious importance and consequences requires 
more definite support. Is the percentage of acci- 
dents to boys employed great and increasing, and 
what proportion of the accidents is due to causes 
which no — appliance could obviate? No 
attempt is made in the report to answer these 
legitimate questions. The inspectors are right in 
the statement that the prohibition or restriction 

posed would be opposed, “especially on the 
part of the workmen.” They add, “‘ still it is with 
considerable hesitation that we have refrained 
from recommending a rule prohibiting the employ- 
ment in the meantime of those under fifteen, and 
we have only done so because we think that if the 
regulations we have submitted are fully observed 
_ both employers and workers, and greater care 
and supervision is exercised, the risk of accident 
will be appreciably diminished. Otherwise we 
think that the employment of those under sixteen 
on a vessel in course of construction or repair will 
have to be entirely prohibited.” Our contention 
is that the need for such a prohibition is not proved 
by the inspectors in their report. 

Of the injuries due to falls in ships being built 
or repaired, totalling 1510, 1290, te = tee 3 which 
proved fatal, were during daylight, and 220, of 
which 10 proved fatal, were between sunset and 
sunrise. ore the need of regulations as to 
lighting, &c., is established, the ratio of the acci- 
y are a night and da has ‘the workmen-hours by 
night and day should have heen ascertained, and 
also the question settled as to whether these night 
accidents are increasing or decreasing. All admit 
that after dark the lighting of a vessel, or indeed 
of any work, is of great importance, and few will 
object to the regulations suggested on this score, 
wey of lighting adequately approaches, gang- 

, and the 
f the total number of accidents and deaths owing 

to falls in shipyards 388 and 13, or 25.6 and 21 per 
cent. of the respective totals, are due to men or boys 
falling through openings in the decks or tank tops. 
In the best wor ous are provided ; but, in 
many instances, these are often left off by the men, 
so that it is well that the workers’ responsibilities 
in the matter should be ised in any pro- 
posed regulations. Ladder accidents account for 
199 injuries, of which nine were fatal. Of the 
former total 20 per cent. were due to ladders 
slipping, and this it will be recognised is a matter 
of care rather than mechanical preventive measures. 
The inspectors propose that ladders should be 
adequately secured to prevent slipping. It remains 
to be seen how far men will wait for the securing 
of the ladder when they wish to use it to leave 
their work. Falls from stagings total 580, 28 
ending fatally. Of this total 190 were attri- 
buted to failure, breakage, or the tilting or move- 
ment of the s es ying and the practice adopted 
in some shipy of employing specially experi- 
enced men to erect all stages is to be made com- 
pulsory in all works. Again, planks forming a 
where they extend less than 1 ft. beyond the sup. 

rt, are to be fastened to prevent movement. It 
is to bea lation also that lowering appliances are 
t | to be provided for the dismantling of a staging, but 
the inspectors themselves realise the sinalee pe encti 
offered to the men tothrow down the mell; 
they insert a rule prohibiting men from Nos tier this. 

Another proposal considered was the provision of 
goggles for riveters, caulkers, chippers, and others 
in order to prevent accidents to the eye. Owing to 
the prejudice of the men, these goggles, although 
available in many works, are pudiialiy never used 
in | in shipyards. In no stratum of society does fashion 
hold aa rigid sway as with the British working 
man, and it is practically idle to try to make a 
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change such as was considered. Employers are 
recommended to have these goggles, but the 
inspectors feel unable to recommend that their 
provision should be gm Only 3 per cent. 
of all shipyard acvidents in 1912 involved injuries 
to the eyes. 


We publish the proposed regulations on page 296 | po 


of the present issue. They are scarcely necessary 
except in some works, notably those of cargo-ship 
builders, where prices, or the margin of profit, 
tends to make the management ignore many pre- 
cautionary measures, because they involve expense 
or delay in work. The inspectors state that an in- 
creased amount of attention is given to the question 
of accidents, and progress has been made in the 
adoption of means for their prevention. ‘‘ Principals 
have taken the matter up personally. . . . Perhaps 
the most general improvement we have noted is a 
better supply of planks and thwarts for the erec- 
tion of stages, and an increased width in some yards 
in the stages erected. Ventilators and other open- 
ings in the decks receive more attention, and covers 
are more frequently employed. There is evidence, 
too, of greater supervision over the safety of the 
workers generally.” But, as the inspectors remark, 
there are many yards where there is room for still 
further improvement. Legislation is for the 
enforcement of ordinary precautions upon those 
who are lax, and little harm will be done if the 
p” vposed regulations are not vexatiously enforced 
in yards where progress is being made. The 
wolaien especially need to be educated in the 
use of preventive measures. Until this is accom- 
plished — and it will take some time —the most 





satisfactory mechanical means of preventing acci- 
dents will be of relatively little avail. 
THE RAILWAYS OF THE UNITED 


KINGDOM. 

A week ago last Sunday we were reminded of 
the first serious attempt made to disorganise the 
life of the community by the celebration, on that 
day, of the anniversary of the railway strike of 
1911. In spite of the efforts of the more reason- 
able among their leaders, an insatiable majority 
assembled at meetings up and down the country, 

resolutions demanding the abolition of the 
onciliation Boards, the institution of an eight- 
hour day, and the coercion of non-unionists. It is 
natural that meetings of this class should be 
attended by the more restless element ; those who 
are contented have no reason to be present, and 
the resolutions passed are therefore of little value, 
iving no clear indication of the general feeling. 
ft was our privilege, about a year ago, to record 
the fact that the effects of the regrettable outbreak 
in 1911, had been entirely swamped by the excep- 
tionally favourable conditions of the year in 
other ways, so that the railways showed, for that 
twelvemonth, revenue and traffic records never 
before attained. Not so, however, was it with 
the yoar 1912, for which the Railway Re- 
turns* have just been issued by the Board of 
Trade. What with the labour troubles which lasted 
for so many weeks early in the year, and the 
wretched summer weather which followed, the 
period, which, from the general] state of trade, 
should have been one of exceptional prosperity, 
proved a distinct disappointment. 

The long weeks of the crippled mineral traffic 
during the coal strike are reflected in decreased ton- 
nage, whilst the depletion of savings consequent upon 
the enforced unemployment of some millions of 
workers is reflected in a large drop in nger 
traffic. It should be remembered that the latter was 
also largely affected by the exceptional summer. The 
continual rain, which worked such havoc in the agri- 
cultural districts, had an exceptionally depressing 
effect even on those who usually take the climatic 
vicissitudes of our country philosophically. As a 
result, holidays were abandoned and excursions 
cancelled, ple preferring their own fireside 
to damp and cold in strange surroundings. Had 
no serious labour troubles intervened, with a 
summer approaching the normal, we would probably 
have witnessed quite an appreciable increase on 
the traflic of 1911. 

All ordinary conditions were favourable in 1912 
for trade, except those of the labour 
world ; wages were high, and good trade means 
yearly, more and more passenger movement. 
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We are annually getting accustomed to more 
travel. The week-end, formerly an undertakin 
seldom ventured upon except for some specia. 
reason, and then only at rare intervals, is now 
accepted as a privilege coming within everybody’s 
means. A few years ago a large portion of the 
pulace took ite holiday, if it had one at all, 
quietly at home. Now even the smallest household 
can find the means of getting some change of air 
and surroundings, while those who formerly thought 
it quite an event to go to the nearest seaside town, 
now travel the length and breadth of the land in 
search of new scenes. The travel habit is growing, 
and with the well-to-do setting the example wi 
their motor-cars, it is only natural that the money 
of others should be beguiled out of their pockets 
into the coffers of the railways, to be returned, 
after the payment of expenses, in the form of 
dividends, to the large army of shareholders, who 
therefore regard with interest the fluctuations of 
traffic to which good or bad seasons give rise. 

In actual figures, the chief of which we reproduce 
on page 285 of this issue, there was a decrease in 
mineral traffic last year of 8.2 million tons, or 
2.0 per cent. Had normal labour conditions pre- 
vailed, the 409.8 million tons of the preceding year 
would probably have been far surpassed. This is 
fairly evident from the fact that, in spite of the 
upheaval in the spring, general merchandise traffic 
did actually show an increase in the year of 4.3 per 
cent. This traffic, though affected, of course, by 
the coal strike and the curtailment of the train 
services, was not then wholly interrupted, as was 
the case with the mineral traffic. The total goods 
traffic amounted to 520,300,000 tons, a fall of 3.3 
millions on the previous year. Similar indications 
are given by the receipts from goods traffic. Those 
from mineral traffic fell 1.9 per cent., while from 
general merchandise there was an increase of 4.2 
per cent. These figures correspond almost exactly 
with the changes in tonnage. 

The changes in the passenger traffic for the year 
are perhaps more interesting. Various causes con- 
tributed to these, in addition to those already men- 
tioned above. There were changes on the railways 
which resulted in the transfer of a large number of 
passengers from one class to another. For in- 
stance, second-class accommodation was still further 
reduced on December 31, 1911, on the London and 
North-Western, the Lancashire and Yorkshire, the 
Cambrian, North Staffordshire, and the Maryport 
and Carlisle Railways, and on the toutes, 
Brighton and South Coast Railway on June 1, 
1913. The effect has naturally been another large 
drop in second-class traffic, most of which has been 
transferred to third class. In spite of this transfer, 
however, the third-class traffic diminished from 
causes enumerated above. The year was unfavour- 
able to those who usually have only a moderate 
amount to spend in railway travelling. The number 
of passenger journeys taken (exclusive of those by 
season-ticket holders) dropped by nearly 32 mil- 
lions, or 2.4 per cent. First-class traffic showed a 
diminution of 152,000, or 0.5 per cent., a compara- 
tively small figure. The number of second-class 
passengers decreased 41.5 per cent., and stood for 
the year at no more than 10.6 millions. It is pre- 
sumable that this class of passenger was less affected 
by the conditions of 1912 than were the third-class 
travellers, and it may be taken that most of these 
10 million odd passengers accomplished similar 
journeys in 1912 to those they undertook in 1911, 

ut travelling, of course, third. In spite of this 
transfer the third-class traffic showed 21.2 million 
fewer passengers, so that the effect of the unem- 

loyment in the spring, and the other adverse 
influences, appears to have resulted in a shrinkage 
of nearly 32 millions in the third-class traftic. 

It is clear that this drop was largely in holiday 
traffic, though the curtailed services during the 
strike seriously interfered with business traffic at 
the time, for the short-journey traffic, which con- 
tributes to the number of journeys undertaken for 
business pur has continued to increase. It is 
suggested in the Board of Trade report that the 
development of the motor-bus services has done 
much to take traffic away from therailways. While 
this is to some extent so, we think the fall last 

ear was not especially due to this development. 

otor-bus traffic, for the most part, is short-dis- 
tance service ; but last year, in spite of the im- 
proved motor-bus services, season-ticket holders on 
the railways increased, the third-class increasing by 
the equivalent of 32,247 annual tickets. This in- 
crease, again, was due partly to the transfer from 





second to third of a number of travellers, but other 
figures show that this traffic tends generally to 


improve. Weare daily becoming used to taking 
more short journeys, just as longer trips are more 
The facilities 


lightly undertaken than formerly. 
aan by the omnibus and tram are now ely 
additional to those offered by the railways, which 
take people further afield to live, and leave the 
omnibuses to deal with the passengers inside the 
great towns. 

In spite of the falling off in traffic, as was the 
case with the goods traffic, passenger receipts 
showed a slight increase. Receipts from the 


th | second-class, of course, fell heavily, decreasing 


exactly in the ratio of the fall in traffic. Receipts 
from first and third traffic both increased, the first- 
class showing much improved receipts per passenger. 
The average receipts for first-class passengers were 
29d. in 1912, this figure having continuously risen 
since 1905, when it stood at 22.9d. The ordinary 
first-class passenger is transferring his patronage 
more and more to the motor-car for short journeys, 
keeping to the railway for the longer distances, thus 
making the average receipts higher. The third- 
class receipts showed a very light increase per 
passenger, which, however, taken on the large 
numbers, amounted to the respectable figure of 
631,000. The net increase in passenger-traftic 
receipts was 303,000/., the falling off in numbers 
being made good by higher charges in connection 
with season tickets, week-end, excursion tickets, &c. 
These adjustments the railways are at liberty to 
make without consulting anyone, and, probably, if 
judiciously done, without raising any commotion. 

ey are not, of course, made solely for the purpose 
of showing increased receipts on falling trattic, but 
to recoup for the heavier expenses thrust on the 
railways, as the outcome of the troubles of 1911. 

Expenses in 1912 were 2.6 millions sterling more 
than in the previous year, an increase of 3.3 per 
cent., so that the net earnings of the railways 
suffered altogether a decrease on the previous year 
of 1,253,000/. The ratio of working expenses to 
gross revenue rose from 61.8 in 1911 to 63.2 per 
cent in 1912. The expenses per train-mile rose 
from 41.62d. to 44.67d. in 1912, the largest increase 
contributing to this being one in traffic expenses 
of 1.04d., while another for locomotive power 
amounted to 0.92d. Increase, however, was shown 
in practically every section. There was a decrease 
in train mileage of 3.8 per cent., due to the strike, 
but that did not off-set the higher expenses. The 
increase in wages has been one of 3.8 per cent. in 
the locomotive and traffic departments, while the 
large rise of 1ld. per ton in the average price 
of coal, made a heavy advance in the railways’ 
coal bills. To meet these additional expenses 
adequately there is nothing for it but an increase 
of rates. The ordinary merchant, if expenses of 
production rise, increases the price of his product. 
Common — does not allow the same justice 
to the railways, however, and any evidence of a 
desire to continue to pay a fair return on the 
capital invested in the railway system, in the face 
of rising expenses, is at once the signal for out- 
bursts on the evil of monopolies, and the oppression 
of trusts. The anti-railway party nearly succeeded 
recently, in preventing the Government from 
keeping the pledge it entered into in 1911, by which 
the railway strike was then so quickly terminated. 

In our article last year we mentioned that a 
Railway Bill had been introduced to give effect to 
that undertaking, but had been withdrawn for the 
redrafting of the clause dealing with the increase of 
rates. After a very long delaya Railway Bill (No. 2) 
was brought in last winter and submitted to the 
House of Commons. During the proceedings there 
a clause was inserted, and accepted by the toon 
ment, limiting the working of the Act to five years. 
It was soon made very clear, however, that the time 
limit was contrary to the intention which any 
ordinary being would gather to be contained in the 
pledge bape in 1911, and consequently the House 
of Lords deleted the clause referring to it. Fortu- 
nately for its honour, the Government accepted the 
Lords’ amendment, and the Bill as finally passed 
virtually discharged the undertaking given two 
years ago. The Government has since promi 
the trading community something which shall off- 
set the effect the new Bill may have, but for the 
time, at any rate, there are prospects that the 
companies will be able to improve their receipts so 
as to counterbalance the increased labour expenses. 
It will be interesting to note whether these effects 
are discernible in the next few reports. 
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HEALTH REGULATIONS FOR THE 
BRIQUETTING INDUSTRY. 


Owrne to the relative cheapness and good quality 
of the coal available in this country, there is com- 
again small home demand for artificial fuels. 

he manufacture of briquettes from small coal, 
which forms one of the most important of such 
fuels, is none the less an important industry with 
us, the briquettes being largely exported to the 
Continent. Such briquettes are manufactured 
from small coal, with the addition of a binder, 
such as pitch or asphalt. On the whole, the best 
results are obtained with pitch, and it is that 
material which is chiefly used in South Wales, 
the centre of the industry. Although the use 
of manufactured briquettes involves no risk to 
health, there are certain eye and skin troubles 
which make their appearance among the workers 
engaged in the manufacture when pitch is used as 
the binder. On the strength of these troubles the 
manufacture of such briquettes was in 1911 de- 
clared a dangerous trade, and certain draft regu- 
lations were pro for its control. In order 
that the pro regulations should receive ade- 

uate consideration before being put into force, 
Mr. Alfred Herbert Lush was directed by the 
Home Secretary to hold an inquiry into them. Mr. 
Lush, in August, 1911, presented a report on the 
matter containing certain recommendations to 
the manufacturers, with the idea that remedial 
measures should be tried experimentally before the 
regulations were made compulsory. A second 
report* on the result of these experimental mea- 
sures has just been presented by Mr. Lush, and 
contains matter both of interest and importance. 

The troubles which are experienced among the 
pitch-workers are injury to the eyes, owing to 
fragments of pitch striking them, or pitch dust 
getting into them, and a skin disease which takes 
the form of a burning sensation in the face and 
extreme sensitiveness to the action of sun or wind 
after exposure to pitch dust, while after some 
years there is a tendency towards the formation 
of a special form of warts, known as pitch-warts. 
The warts are not in general malignant, but when 
they occur in particular situations, such as on the 
lips or genital organs, there is liability to a form 
of cancer known as epithelioma. The skin trouble 
appears to be of greater moment than the possi- 
tility of injury to the eyes. The draft regula- 
tions, to which we have referred, called for the 
encasing of disintegrators and elevators, with the 
idea of reducing the amount of free pitch-dust in 
the factories, and also for the provision of baths and 
wash-basins for the workers. The regulations also 
specified that every workman should take a bath 
at the works at least every alternate week-day. 
The recommendations to manufacturers contained 
in Mr. Lush’s first report covered practically the 
same ground as the Draft Regulations, but were 
in a less rigid form. They proposed the installa- 
tion of experimental baths at one or more works, 
and the seeking of volunteers among the workpeople 
who were prepared to give them a fair trial. 

In accordance with Mr. Lush’s recommendations 
baths and washing accommodation were provided 
at two or three works in Cardiff and Swansea, 
and were tried by a small number of men. It was 
appirently, however, on'y at Cardiff that any could 
be found to wash themselves —— the men 
in the other towns contenting themselves with 
washing the hands or the upper part of the body. 
Such washing would, of course, do nothing to pre- 
vent the formation of pitch-warts on the genital 
organs. The results of the experimental installa- 
tions are not very conclusive one way or another. 
Some of the men complained of pain on going into 
the open air after washing, and others did not. 
From among nine men who took the baths, three 
later developed pitch-warts, but not of such a 
serious nature as to incapacitate them from work, 
while one developed a serious case. On the whole, 
Mr. Lush is of opinion that there is a real improve- 
ment in the health of the men, especially at 
Swansea, but cannot say to what relative extent it 
is due to the reduction of dust or the degree of 
washing adopted by the men. The conclusion come 
to is that the Draft Regulations have been with- 
dcawn, but the proprietors of all the large works 
in the South Wales district have undertaken to 





* Second Report on the Draft Regulations for the 
Manufacture of Patent Fuel. By Alfred Herbert Lush. 
Cd. 7051. [Price 24.] 





provide baths and washing accommodation, and to 
do all that is ible to minimise the amount of 
free dust in the factories. No attempt is to be 
made to make bathing or washing compulsory for 
the men, as it is held that it would be impos- 
sible to enforce a regulation having such an object. 
One can well believe this. 

The above brief summary gives the essential 
facts in reference to the regulation of the trade, 
but there is other matter in the report dealing with 
the origin and nature of pitch-warts and epithe- 
lioma which is of much interest. It is clear that 
if the mischievous ingredient in the pitch could 
be isolated and removed before the material was 
worked, much greater success would follow in the 
elimination of disease than could ever be obtained 
by baths or other remedial measures. The matter 
is at present very obscure, but some evidence 
points to the fact that the trouble is caused 
by anthracene or one of the phenols given 
off with it. It is found, for instance, that pitch 
containing a large proportion of anthracene, and 
the higher oils is specially complained of by the 
workmen as producing irritation of the skin, while 
negative evidence is offered by the Arrow Works, of 
Newport, at which a pitch containing only a small 
mg one of the higher oils is used. These works 

ave been specially free from cases of pitch-warts 
and epithelioma, although in other respects than 
the use of a different quality of pitch the conditions 
do not differ from those in other works. If the 
disease be proved to be really due to the proportion 
of higher oils in the pitch the circumstance cannot be 
neglected, but is nonethelesssomewhat unfortunate. 
We have no information in reference to the process 
employed at the Arrow Works, but think we are 
correct in saying that pitch containing but a low 
proportion of the higher oils is in general not suit- 
able for briquetting the hard coals of South Wales. 
Such low-proportion pitch may be suitable for soft 
bituminous coals, but for harder coals a pitch con- 
taining from 7} to 14 per cent. of higher oils, 
driven off at a temperature of about 300 deg. Fahr., 
is most suitable. 

It must not be supposed that the case against 
‘trich” pitch has been conclusively made, and 
some experimental work by Dr. H. C. Ross, in 
collaboration with Dr. J. W. Cropper, into the 
origin of cancer suggest that the anthracene oil is 
not itself dangerous, but that some member of the 
amidine group, which exists as an impurity in com- 
mercial anthracene, is the cause of the trouble. Such 
substance owes its origin to the decomposition of 
dead cells, so that if the hypothesis be sound, the 
warts and cancers of the pitch-workers of to-day are 
due to vegetable organisms which perished long 
ages ago during the formation of the coal measures. 

essrs. Ross and Cropper have suggested various 
methods by which the dangerous ingredients could 
be eliminated from the pitch. Washing is one of 
these ; but, unfortunately, after washing, the pitch 
is unsuitable for forming briquettes. Another 
method is distillation at 360 deg. Cent.; but, again, 
the result is a pitch which will not form into 
briquettes, being too dry. Dr. Ross, however, 
further suggests that, pending a complete solution 
of the problem, distillation might be carried out 
at the highest temperature possible consistent with 
the formation of a pitch of serviceable quality ; 
while Mr. Hilditch, one of the Home Office district 
inspectors, suggests distillation at a high tempera- 
ture, and the subsequent restoring of a proportion 
of the middle oils to the pitch. A further and quite 
different method, which seems to be of some 

romise, has been tried by a West Bromwich firm. 

t consists in the addition of a small quantity of 
formaldehyde to the tar before distillation. Accord- 
ing to tests carried out by Dr. Ross, this process 
neutralises the dangerous elements. The method is 
to be thoroughly tested at the factories of the Crown 
Preserved Coal Co., of Cardiff and Port Talbot. 





SEWAGE DISPOSAL 

Tue eighth report of the Royal Commission on 
sewage disposal was published last autumn and 
analysed in our issue of December 20 last. The 
problem therein dealt with was the establishment of 
some correlation between the chemical character of 
the water of rivers and streams, and the relative 
purity and freedom of these latter from nuisance. The 


conclusion reached was that the liability of a stream | 


to become objectionable under unfavourable con- 
ditions might fairly be estimated by the amount of 
dissolved oxygen absorbed in five days, when the 





water was maintained at 65deg. Fahr. The percent- 
age of ammoniacal ni m present was also found 
to be in many cases a fair index to the more or less 
satisfactory condition of a stream, but in the view 
of the Commission, the above-mentioned oxygen- 
absorption test affords, on the whole, the best crite- 
rion of the liability of a stream to become offensive in 
warm weather. The temperature selected for the 
test is about the highest attained by river water 
in this country. An instructive chart, showing the 
tem ture variations of seven streams during a 
twelvemonth, is included in the report. The lowest 
temperature observed was 37.2 deg. Fahr., and 
the highest 64.4 deg. Fahr. The Commission have 
now issued an Appendix to this report, setting forth 
in detail the experimental work, which constituted 
the basis of their recommendations. This Appendix 
will undoubtedly long prove a mine of valuable 
data for engineers concerned in the prevention 
and abatement of river pollution. 

In commencing their operations the Commission 
addressed inquiries to all the county medical officers 
of England and Wales, as well as to the various river 
conservancy boards, and from the information thus 
acquired,a preliminary list of fifty streams was drawn 
up and personally inspected. As the result of this 
examination, which was carried out by Mr. G. B. 
Kershaw, the engineer to the Commission, twenty- 
five places were selected for further inspection and 
examination, but in the end attention was mainly 
concentrated on sixteen of the sites thus chosen. 
The object of the inquiry being to correlate the 
chemical characteristics of the waters of a stream 
with its state as estimated by the eye and nose, 
careful note was taken of the condition of its bed 
and banks. Stones from the shallows were examined 
for algee growth, water insects, and the like, and 
special attention was paid to any deposits of mud 
in the pools and banks. Fish life was also carefully 
noted, and at the same time data were taken of 
the relative rapidity of the streams, which were 
classified as follow :— 


Mean Current Velocity. Character of Stream. 
From 20 ft. per minute down- one to very 
u . 


wards 

From 20 ft. to 40 ft. per minute Slow. 
» 40 ft. to 60 ft. 3 Moderate. 
», 60 ft. to 80 ft. ® Rapid. 


Over 100 ft. per minute... Very rapid. 


Based on these observations the Commission have 
been able to tabula'e the features given in the 
Table on the next }4e, as characteristic of the 
relative purity of natural waterways in normal 
summer conditions. 

The cases <a inquired into by the Com- 
mission covered every condition, from insignificant 
to distinctly bad. The relative volume of effluent 
to the stream in which it was discharged was in 
some instances as low as 1 to 2, and in others less 
than 1 to 1000, but in all cases a pretty close con- 
nection was established between the results of the 
oxygen-absorption test and the place which would 
be assigned to the stream in the table, as the 
result of an inspection by eye and nose. The 
grey growth mentioned in the last column of the 
table appears to be eminently characteristic of an 
undesirable degree of pollution. 

The efficacy of the test recommended depends 
upon the fact that clean river water in normal condi- 
tion, and at 60 deg. Fahr., contains in solution 7 c.c. 
of oxygen, or 1 part by weight, in 100,000 of water. 
If polluted, this dissolved oxygen, as the result of 
bacterial action, enters into combination with the 
organic matter present, with a consequent reduction 
in the amount of that freely dissolved, and this loss 
of oxygen thus serves to indicate the degree of pol- 
lution of a stream. All river water contains some 
organic impurity, and hence, if kept in conditions in 
which the store of oxygen cannot readily be replaced 
from the air, there will, on keeping, be always 
some reduction in the quantity of oxygen contained 
in solution. With clean river water, however, this 
loss is small, whilst with badly - contaminated 
streams the whole of the dissolved gas may dis- 
appear from the sample under test. The connection 
between the oxygen dissolved and the character of 
the stream is stated to be as follows :— 


yoo ms na 
so! ygen 
in 5 Days. 
Very clean a an 
Clean ... ® 0.2 
Fairly clean ... 0.3 
Doubtful 0.5 
Bad... 1.0 


The figures refer to the weight lost from 100,000 
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Features CHARACTERISTIC OF STREAMS IN NorMAL SuMMER WEATHER. NOTES. 
, THE JAPANESE FInaNncriaAL ANNUAL. 
ee “Very Clean”) “Clean.” “Fairly Olean.” | “Moderate.” “ Doubtful.” “ Bad.” Tue Financial and Economic Annual issued by 
= Pikes =e the Japanese Department of Finance has come to 
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Delicate fish .. May we Scarce Probably absent Absent Absent Absent copied by the Government of this country in some 
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bare | w rit P brown , green} fluffy deposit —_ growth and de- | esting to engineers, and we believe that some 
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xi wiht of finance and economy in 1912, a general idea is 








grammes of the water under test. It will be noted 
in the above table that the figure given for a badly- 
polluted-stream exceeds the total amount of oxygen 
which water is capable of holding in solution at a 
temperature of deg. Fahr. is, in fact, was 
frequently the case in the tests, which were made 
by mixing the sample under observation with tap 
water in such proportion that some 50 to 60 per 
cent. of the total dissolved oxygen was taken up in 
the five days over which the test extended. is 
d of dilution was found by experiment to 
yield the most concordant results. 

A very fair correlation was, as already mentioned, 
also established between the condition of a stream 
and the ammoniacal nitrogen present, but the Com- 
missioners came to the conclusion that this test was 
on the whole the less satisfactory of the two, since 
the ammonia figure in the case of a stream receiving 
sewage effluents was not always as good an index 
of the actual condition of the stream as the dis- 
solved oxygen test was found to be. 

A most interesting feature of the present series 
of researches has mn the comparisons made 
between the condition of a stream above a sewage 
outlet and below it. Probably the most interesting 
observations made in the whole investigation are 
those on the River Avon, from Rugby to Stratford. 
This river rises in Northamptonshire, near Naseby, 
and flows across Warwickshire to the River Severn 
at Tewkesbury. It is a winding, sluggish stream, 
with a muddy bed, and there are many weirs on it. 
On it, or its tributaries, are situated the towns of 
Rugby. Coventry, Kenilworth, Leamington, War- 
ok, Stratford, and Evesham, the distance between 
successive centres of pollution being generally about 
10 miles. For many years the stream received the 
untreated sewage effluents from all the centres above 
named ; but as matters stand to-day, it would 
appear that the effluents sent into the stream are 
in the main fairly satisfactory, and that the river 
is maintained in a passable condition. Between 
Rugby and Stratford the proportion of sewage- 
derived water in the river never falls below 1 in 8 
or 1 in 9, and in one reach amounts to as much as 
1 in 2.5. 

The town of Rugby has a population of 21,000, 
and is sewered on the ‘ partially separate ” system. 
The sewage, which is ‘‘aomestic” in character, is 
treated in septic tanks, the effluent from which 
is passed through lating filters and irrigated 
over land. This effluent is stated to be bright and 
clear, with a clean, healthy smell, and is non-putres- 
cible on incubation. It contained in 100,000 parts 
about a yey of matter in suspension, and when 
maintai at 65 deg. Fahr. for five days took up 
1.97 parts of oxygen per 100,000, 

The ratio of the sewage «flluent to the dry- 
weather flow of the river is about 1 to 8; the 
river fiow being 4,500,000 gallons per twenty-four 
hours. No smell was observed near the Rugby 
outfall, and there was very little of the grey 
growth, which, as already stated, seems to be 
characteristic of polluted waters. Small coarse fish 
were present in the water below the outfalls, 
although in dry weather the admixture of the 
etiluent caused considerable deoxygenation of the 
water in the sluggish reaches. The Ooventry 
sewage reaches the river 13 to 14 miles further 
down. At this point the river has practically com- 

letely recovered from the effects of the by 

ischarge, at least so far as its chemical constitution 


is concerned, the chlorine content of the water 
alone being permanently increased. Coventry has 
a population of 90,000, and the sewage discharged 
amounted to 4,000,000 gallons per day in 1911. It 
is of a domestic character, but with trade wastes. 
The treatment to which it is subjected before dis- 
charge is settlement followed by land irrigation and 
land filtration ; the area assigned for this purpose 
| was 378 acres at the time of the observations, but 
has since been largely augmented. The effluents 
are stated to be very variable in quality. The dry- 
weather flow of the river, which is said to be fairly 
clean on its arrival at Coventry, is put at 7,500,000 
gallons per hour, and the ratio of dilution less than 
3to1l. Under these conditions of an inferior effluent 
and little dilution there was an abundant grey 
growth below both outfalls, and masses of putrifying 
mud have formed in parts of a very sluggish reach, 
where many dead fish are found in warm, dry 
weather, accompanied by an objectionable smell. 
Nevertheless the river purifies itself further on, 
and though it receives also the sewage effluents 
from Leamington, Warwick, Kenilworth, Strat- 
ford, and Evesham, it is, as already stated, now 
maintained in a bly fair condition, so far as 
actual nuisance is concerned. Bacteriologicall 
the results are much less satisfactory, althoug 
there is in all cases a well-marked progressive 
improvement of the river as the distance from each 
new outfall increases. It appears, however, that 
from the standpoint of bacteriology reversion to 
the original state of the unpolluted stream cannot 
in general be effected within the limits of distance 
which are probable in this country between indepen- 
dent sources of pollution. 

The observations made at Berkhampstead have 
rather a special interest, since the sewage is dis- 
charged not into a natural stream, but into the 
Grand Junction Canal, where practically the whole 
of the flow is merely that due to lockage opera- 
tions. The sewage is from a population of 8000, 
and is ‘‘domestic” in character. It is treated in 
closed septic tanks, followed by double-contact 
beds, the average flow being 500,000 gallons per 24 
hours. The effluent is slightly opalescent, with a 
brown tint, and generally, but not always, has a clean 
|smell. Two out of seven samples putrified on incu- 
bation. This effluent is discharged into a pound, 
where the water is practically s nt. This water 
had a stale wormy smell on shaking, but there was 
no smell on the tow-path. Much grey fungus was 
present below the outfall, and the only fish ob- 
served in the pound were minnows. Several cases 
in which sewage is discharged direct into the stream 
without treatment of any kind are discussed in the 
report. Apparently where the dilution is sufficient 
this practice does not give rise to any active 
nuisance, but even in these cases the discharge of 
paper, corks, and matches into the stream is objec- 
tionable, and could be avoided by straining the 
sewage before discharge. 








Swiss Inpustrigs.—An industrial censusin Switzerland, 
the result of which has now been made available, shows 
that the number of Swiss factories rose from 6080 in 1901 
to 7785 in 1911—an increase of 28 per cent.—whilst the 
number of employed during the same period rose 
from 242,534 to 328,841—an increase of 35 per cent. The 
| cause of the growth of the Swiss industries is, to a great 
| extent, owing to the increasing exploitation of the water 
power, a result of which has been a large influx of foreign 











given of the present state of matters, and in the 
last sentence it is stated that ‘‘from these 
facts it will readily be seen that the economic 
world is yielding better results in every direction 
than in the year preceding, and adding materially 
to the national wealth and power.” Detailed 
accounts are given of the estimated State revenue 
and expenditure for the years 1912-13, 1913-14, and 
explanations are given of the various items. An 
interesting statement is given of the various taxes, 
which should be studied with care by economists 
and politicians. More interesting still are the 
figures showing the receipts from Government 
enterprises and State property, and especially 
from the tobacco, salt, and camphor monopolies 
and the railways. The investors in Japanese 
funds will find detailed information regarding 
the outstanding National Debts, of the objects 
for which they were raised, of the amounts 
of money obtained, redeemed, and outstanding, 
with notes on the various loans. Details are also 
given of the annual revenue and expenditure of 
municipal corporations, and of the loans which 
have been raised for local purposes. The second 
part of the volume deals with agriculture, in- 
dustry, and commerce. While the Japanese have 
made great progress in Western commerce and 
industry, they have not neglected the oldest in- 
dustry of all —agriculture. They now apply 
the latest scientific methods to increase the 
amount of the products, and the figures which 
are given show that they have been successful. 
Mining has increased at a great rate ; and, of 
course, so also has the amount of capital invested 
in mines. One of the most interesting tables is 
that which gives the factories classified according 
to the kinds of enterprise, and it shows that all the 
chief Western industries have taken a firm hold in 
Japan. Part III. of the book is taken up with the 
foreign trade, and it shows that last year was a 
record year in amount and value. Part IV. deals 
with banking and the money market, and is full 
of detailed information on the subjects. Part V. 
will appeal to many of our readers, as it deals with 
communications, and gives iculars of the rail- 
ways, tramways, shipping, bour works, posts, 
telegraphs, and telephones. The rapid development 
of each of these departments has been very remark- 
able. Part VI. deals with the finances, commerce, 
and industries of Korea, and Part VII. with those 
of Formosa and Japanese Saghalien. Altogether, 
the information contained in the volume is encyclo- 
— in its nature, and covers every field of 
apanese national activity. 


THERMAL PROPERTIES OF CONCRETE. 


The interesting account of experiments on some 
thermal properties of Portland cement concrete, 
ccatadel since 1907, in the Massachusetts Instiwute 
of Technology, which Professor Charles L. Norton 
communicated to the American Society of Mecha- 
nical Engineers last February, might profitably 
have been brought before the International Con- 
gress for Testing Materials. The question of the 
behaviour of concrete in fires was discussed before 
that body, but, so far as we remember, certain 
features to which Professor Norton draws atten- 
tion were not dwelt upon. The linear expansion 
was studied with the aid of cubes of 6-in. or 10-in. 
side, which were provided with fiducial points for 
telescopic observation, and heated in gas mufiles 
or in electric furnaces, The generally accepted 
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elongation coefficient, 0.0000055 per deg. Fahr., 
was confirmed for temperatures up to 360 deg. 
Fahr. ; the coefficient then ceanenel up to 575 deg. 
Fahr. to about 60 (leaving out the ciphers), to de- 
crease at higher temperatures ; at 1500 deg. Fahr. 
the expansion ceased, and at still higher tempera- 
tures shrinkage set in. When a specimen 
been kept at a temperature above 1500 deg. Fahr., 
it did not on cooling return to its original dimen- 
sions, but retained a permanent elongation 
amounting to about 75 per cent. of the maximum 
elongation it had previously attained. This latter 
fact is important for the behaviour of ferro-con- 
crete structures in fires. At first both materials, 
steel and concrete, would expand at fairly equal 
rates ; at higher temperatures the concrete would 
not expand so much; this would not be serious, 
because the metal and concrete would rarely be atthe 
same temperatures ; but finally the concrete surface 
would develop cracks, owing to its shrinking, when 
heated above 1500 deg. Fahr. All the specimens 
tested lost much of their mechanical strength, not 
rarely more than half, when heated to 1700 deg. 
Fahr. or less. Some of the specimens had doubled 
their compressive strength in five years; but one 
or two hours’ heating to 1700 or 1900 deg. Fahr. 
brought the strength down badly. is was 
especially noticeable in small cubes and in beams 
of small cross-sections, 6-in. square, and tests should 
evidently be made with larger specimens, since it 
is acknowledged that actual concrete and ferro- 
concrete structures are not so sensitive to fires. 
Professor Norton’s tests of ferro-concrete beams, 
reinforced with round steel rods, showed that the 
failures were chiefly due to the rods pulling 
through the concrete, because they were insuffi- 
ciently anchored, which would not occur in struc- 
tures. In some cases the concrete was mixed with 
cinders. These cinders, it was found, might, 
without detriment, contain up to 5 per cent. of 
combustible carbon ; but when 25 per cent. of 
carbon was present, the hot concrete burnt until 
it fell to pieces. The specific heat was found (by 
the method of mixtures of Regnault) to be about 
0.15 for lower temperatures (up to 212 deg. Fahr.), 
and 0.219 for higher temperatures (up to 1472 deg 
Fahr.). The determination of the thermal con- 
ductivity caused considerable trouble. It was 
effected in various ways. For moderately high 
temperatures, an electrically-heated metal disc was 
covered on both sides with concrete and heavy 
plates of copper or brass were then laid on the 
concrete and kept at constant temperature by flow- 
ing water, or hollow cubes of various wall thick- 
nesses were electrically heated from inside. For 
higher temperatures the concrete was cast round a 
steel cylinder, which was provided with a calori- 
meter jacket. For the heating of the steel 
cylinder, heavy currents, exceeding 2000 amperes, 
were required. It resulted that the thermal con- 
ductivity, expressed in British thermal units, 
transmitted per degree Fahrenheit per square foot 
per inch thickness in 24 hours, was 150 at 95 deg. 
Fahr., and rose to 202 at 212 deg. Fahr. These 
values are for tamped specimens ; an untamped 
porous material gave only half the value of the 
tamped material. The specific heat of concrete 
was found slightly smaller than that of ordinary 
red bricks and of firebricks. Cinder concrete is a 
better heat-insulator than stone concrete, but cork 
is twenty-five times as effective in this respect as 
stone concrete. 





TELEFUNKEN ZRITUNG.—The J une issue of this periodical 
contains data on the wireless telegraphy lines of the world, 
reviews the ess made by the German wireless tele- 
graphy system during the last ten years, and gives informa- 
tion of interest upon new German wireless telegraphy 
installations in far distant countries. 





Lance Dresrt Encings rok BremEn.—Messrs. Sulzer 
Brothers, Winterthur, Switzerland, are now building two 
3000-horse-power Diesel engines for the Municipality of 
Bremen. ‘The engines are to generate current for a 
pumping-station to be erected in conjunction with the 
new drainage scheme, and the Electric Company have 
contracted to supply 3300 kw. within a few minutes after 


call. The are therefore designed so that they 
may be si up from the cold condition with a minimum 
of labour, and paralleled with the existing machin 


and —— to the full power in the shortest possible 

ciagib-ovtinny spp, thay wish: op tho eoeay yale principle, 

ng type, they on the t inci 
are direct-coupled to A. E.G. three- oe md 

of the fly-wheel working at 7000 volts and 50 periods. 

aa — —— ae we pte a 

riven dynamos ve water turbine-driven 
baving @ total output of 7500 kw, Pane 





THE IMPERIAL OTTOMAN BATTLESHIP 
**RESHADIEH.” 


THERE will be launched on Wednesday next, the 
3rd prox., from the Naval Construction Works at 
Barrow-in-Furness of Messrs. Vickers, Limited, the 
Imperial Ottoman battleship Reshadieh, which is, 
from several points of view, a most notable ship, as 
her armament exceeds in power that of any vessel so 


far launched, even for the British Navy, while in | 


armour protection and other qualities she equals any 
of the vessels of the latest design. The vessel has a 
length of 525 ft., and a beam of 91 ft., and on a 
draught under normal conditions of 28 ft. she dis- 

laces 23,000 tons. A notable feature in the design 
is the disposition of the armament, and the consequent 
arrangement of the armour protection. 

The main armour extends from well below the 
water-line to the upper deck, the lower part bein 
12 in. and the upper strakes 9 in. and 8 in. thic 
respectively. This broadside armour forms, with the 
screen bulkheads forward and aft, a central citadel 
over which the topmost deck is thickened to form a 
protective deck. A complete protective deck is also 
worked at the level of the water-line all fore and aft. 


Heavy longitudinal bulkheads are fitted on each side of 2, 


the ship below the load-water line, enclosing the spaces 
occupied by the propelling machinery, boilers, maga- 
zines, and shell-rooms, Additional protection is pro- 
vided ‘to the shell-rooms and magazines by heavy 
protective flats being worked under them. 

The armament consists of ten 13.5-in. guns, which 
are mounted in pairs in five barbettes. Two barbettes 
are situated forward, two aft, and one amidships, all 
on the middle line of the ship. The two forward 
barbettes have been arranged at the level of the fore- 
castle and boat-decks respectively, and the two after 
barbettes at the level of the upper and flying decks 
respectively. By this arrangement it is possible to 
obtain the fire of four guns directly ahead and four 
directly astern. A broadside fire of all the 13.5-in. 
guns is also obtained, through a very wide arc of 
training. secondary armament, sixteen 6-in. 
breechloading 50-calibre guns have been fitted in case- 
mates, on the upper deck. These casemates, which 
are armoured, have been disposed in such a way 
that six guns can fire astern and six ahead without in 
any way curtailing the very wide arcs of training on 
the broadside, for which eight guns are available on 
each side of the vessel. Smaller guns are also fitted 
for the use of the steam and other boats, landin 
parties, &c. Under-water torpedo-rooms, forward an 
aft, have been arranged with submerged tubes, 
capable of firing 2l-in. torpedoes. The service to the 
guns is from specially well-ventilated shell-rooms and 
magazines immediately under the barbettes. Cool- 
ing-plant is fitted to maintain an even temperature 
throughout the magazines and shell-rooms. A plat- 
form for controlling the gun-fire is situated at the to 
of the steel tripod mast, and this is connected electri- 
cally with the transmitting station on the lower deck. 

At the fore end of the boat-deck, and rising above 
it, are the navigating bridge, conning-tower p tform, 
and compass platform. The boat-deck, which extends 
between the second and third barbettes, is given u 
to the stowage of the boats. On the foremast stee 
derricks are stepped for manipulating the steam- 
launches and sailing-boats. The interior of the super- 
structure is taken up by the electric boat-hoisting 
winches, coaling-winches, hammock stowage, and sea- 
men’s canteen, while outside on the weather-deck 
mooring and anchoring arrangements of the very 
latest type are fitted. On the upper deck the cook- 
ing kitchen, wash-places, and —— are arranged 
for the crew. At the fore end a well-equipped sick 
bay, dispensary, &c., are fitted, as well as complete 
sanitary arrangements for the seamen. In the 6-in. 
gun casemates, which are situated on this deck, pro- 
vision is made for the mess and for sleeping accom- 
modation for a large portion of the crew. 

The after portion of the main deck is allocated to 
the admiral and his staff and other officers of the ship, 
a stern walk communicating with his cabin being 
provided for the use of the admiral. The central por- 
tion of the main deck, which is entirely encl in 
armour is occupied by the officers of various grades, 
officers’ kitchens, bakery, wireless-telegraphy office, 
lavatories, and crews’ messing and sleeping-spaces. 
On the middle deck, aft of the armour screen, are 
cabins for officers and engineers, the remainder of 
the deck being taken up with bunkers, store-rooms, 
and workshops. 

The dynamos, hydraulic pumping-engines, after 
torpedo-room, fresh-water tanks and steering-gear, 
are on the lower deck, also an ammunition lobby, in 
which are situated the electric ammunition-hoists to 
the 6-in. guns; by this arrangement a rapid supply 
of ammunition to the 6-in. guns is assured. e 
shell-handling rooms and magazines, are on the 
platform deck and in the hold, the forward torpedo- 
room being on the platform deck. The vessel is 
fitted throughout with a complete system of electric 
lighting, aud, in addition, twelve very powerful 


P| an increase of 45 per 
i 6 
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searchlights are arranged in advantageous itions 
on the mast and superstructure. The v is also 


fitted with a refrigerating installation, disinfecting 
plant, complete arrangement of voice-pipes and tele- 
hones. ere is a wireless-telegraphy apparatus 
th for long and short distance communication. The 
complement of the ship will total about 900 officers 
and men. 

The propelling machinery, which is in an advanced 
stage of construction, includes steam turbines of the 
latest Parsons type, operating four shafts according 
to the ment now almost universally adopted in 
vessels of this class. Steam pl goon in water- 
tube boilers of the Babcock Wilcox type, also 
manufactured at the Vickers Works. The designed 
power is 31,000 shaft horse-power, which it is expected 
will give the ship a speed of 21 knots. 
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a revival of late in the production of in 
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great importance, but, at any rate, a 
in the right direction, the value of the output to May 


Gotp-MINING IN WesTeRn AusTRALIA.—There 
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is year having been 2,229,567/., as com with 
207,5692. in the ing seven months of 1912. 
The decrease in Western Australian gold production, 


which has Jaen sopssted Coveunte ears, is now stated to 
have been due to the treatment of lower-grade ores. It 
is claimed that the industry has now been placed upon 
a sounder basis. 





A Marconi Station 1n Norway.—The large Nor- 
wegian Marconi station, near Stavanger, has alread 
been takenin hand. A quay is being built at Hafrsf ord, 
and from thence a road has been constructed to Uland- 
shang. The location of the ten high masts has been fixed, 
but one of Marconi’s engineers has finally to approve 
their position before the foundations are placed; they will 
require some 2500 cub. metres of concrete. A direct 
telegraph line will be constructed to Ly a and Chris- 
tiania via Tonstad. Whether there will be a diredd line 
to Stockholm has not yet been decided ; it depends upon 
the Swedish State Telegraphs. 





Be.cian Imports AND Exports.—The table issued by 
the Belgian Ministry of Finances relating to the trade of 
Belgium for the first six months of 1913 shows a total 
value of imports of 2,488,952,000 francs (99,558,000/.), and 
for exports a value of 1,791,281,000 francs (71,650,000/ ), 
which figures, compared with those for the co ing 
period of last year, show a rise of 3.5 per cent. in imports 
and a decrease of 4.7 per cent. in exports. dues 
on imports have reached, during the same period, a total 
of 38,330,408 francs (1,530,000/.), equal to a 6.6 cent. 
increase on the first six months of 1912. It should be 
remarked here that these are dues which have been pai 
on the whole imports into Belgium, whilst the above 
totals for imports and exports apply only to the more 
important goods and not to the whole of the imports 
into and ree from Belgium. During the period 
under consideration 5680 ships entered Belgian ports 
cent., of a total of 8,327,793 tons 
—an increase of per cent., when compared with 
the first six months of 1912. In these latter figures 
Antwerp accounts for 3547 ships and 7,007,475 tons. 





Tue Late Dr. Aveust Haarmann.—The late Dr. 
August Haarmann, who was closely connected with 
developments in permanent-way construction, was born 
at Blankenstein-on-the-Ruhr in 1840, and educated there 
and in the technical school of Bochum. That school was 
not in those days what the famous miners’ school at 
Bochum is at present, and though young Haarmann was 
anxious to continue his studies, as the means were lacking, 
he became a miner, and by working hard was able to save 
sufficient money to enable him to enter the technical 
institute, and later the technical academy at Berlin. 
The latter institute would gladly have retained him as 
assistant teacher, but he a desire for practical metal- 
lurgical work, and s' as second pud in some iron 
works at 1s. 7d. a day. Nh way up rapidly, he 
became manager in 1868 of the Henrichshiitte, a was 
in 1872 appointed chief of the new Osnabriick Stahlwerk, 
the steel works connected with the Georg-Marienhiitte, 
near Osnabriick, in the P ian province of Hanover. 
He soon recognised that his works, which are miles away 
from the West; an coal basin, could not wares | 
compete with other steel works, and he, therefore, deci 
to make a speciality of rails for tramways and railways, 
soon becoming a leader in this special field. Haarmann 
rails and sleepers, ribbed sleepers, chairs, &c., came into 
general use in Germany and abroad. The Osnabriicker 
Gleismuseum (railway-track museum), which he founded, 
a visitors from all ts the world. The 
Prussian Government recently took over this museum. 
Having travelled extensively in England and America, 
and all over the Continent, he published in 1891 the firs 
historical part of his treatise on the ‘‘ Kisenbahngleis,” a 


onary the Verein Deutecher I re; 
the second critical of this work followed in In 
1907 the Verein tscher Eisenhiittenleute awarded 


him the Carl Lueg Medal, because his improvenients in 
aoe ones ae done ee oe ee ee 
metallurgy of iron as those of any originator of new 
metallurgical processes. The T' ion of Char- 
lottenburg made him a Dr.-Ing. in 1903. He alwa 
remained on the most friendly terms with his men, w 


~, to be largel Siowted Wheover 3 jot gladden 
eserves : ‘Whoever mi 
others, and faile to do 20, dove not do his duty,” 
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EXPANSION OF THE METALLURGICAL 
INDUSTRIES OF THE URAL. 


Last year proved a very satisfactory one for a number 
of Russian industries, being notable for sound expansion, 
the liberal influx of capital, Russian as well as f 
and the good reports and balance-sheets published by 
numerous indust-ial concerns. ane | ae 

The metallurgical industries of the Ural, which, in spite 
of the immense na’ th of this part of the Russian 
Empire, have been through a severe and crisis, 
have also reaped their share of this forward movement. 
Last year, in fact, marked a decided change for the better. 
There has been no reason to complain of one of the most 
serious disadvantages of the past—viz., lack of the neces- 
sary working capital—for compared with previous years 
the influx of money was considerable. Russian comme 
banks, in conjunction with foreign financial groups, re- 
sponded willingly to the wants of the Ural, and in this 
connection the Azoff-Don Bank of Commerce and the 
Russo-Asiatic Bank may be specially mentioned. The 
former came to the assistanee of the —— Mining 
Company, which was thereby enabled to free itself from 
the official control or administration under which it had 
been worked for a number of years. The company was 
able to increase its capital, and to increase its output con- 
siderably. The result has surpassed all expectations. Apart 
from the profit on pig 1ron and iron products—notably 
—the sale of copper resulted in a large profit. The com- 
pny last year smelted 269,131 poods (4350 tons) of copper, 
equivalent to a fourth of the copper production of the 
entire Ural district. Prices continued to rise throughout 
the year, those at Ekaterinburg rising from 13 roubles 
48 kopeks in 1911 to 17 to 18 roubles per pood (36 lb.) at 
the end of 1912. : 

Another Ural concern, the Kyschtym Metallurgical 
Company, also profited from the good prices for copper ; 
their production of copper amounted to 457,334 poods, 
and the company’s net profits on the year were some 
4,500,000 roubles. 

Of other Ural industries which benefited from the 
upward movement mention may be made of the Werch- 
Issetski Company, the Alapajew Company, the Kama 
and the Demidow Factories, besides the Bjelorezki Iron 
Works, which latter company increased its capital with 
3,500,000 roubles, and materially extended its output. 
The fact that capital is now easily procurable has re- 
sulted in a number of private undertakings being trans- 
formed into limited companies. As an example we may 
mention the new Nikolaje-Pawlinski Mining Company, 
with a capital of 15,000,000 roubles, in the formation of 
which the Russo-Asiatic and the Anglo-Russian Bank 
participated. 

With the construction of new railways in the Ural the 
opinion is expressed that the Ural mining and iron 
industry will be enabled to attain to the position which 
must be considered its due. The technical progress of 
recent years must also be accounted an important factor 
in this connection. 

A product which has proved very remunerative to the 
Ural industry during last year is roof-sheeting, for the 
manufacture of which the Ural_remains the leading 
centre. The works of Southern Russia were fully em- 
ployed with other commodities, and could not give suffi- 
cient attention to the production of this material, and 
owing to the absence of competition good prices have 
prevailed. The favourable state of the market has caused 
two members of the syndicate in question—the Krowlja 
syndicate—to leave it, but the syndicate, notwithstand- 
ing, continues its work. 








Toe Mercuant VENTURERS’ TxrcHNICAL ScHOOL, 
Barstou.—The yo Faculty of the University of 
Bristol is provided and maintained in the Merchant 
Venturers’ Technical School, which was founded in 1856, 
and constituted as a department of the university in 
1909. The syllabus of studies for the ensuing session 
now been published. The school provides for both day 
and evening classes in civil, mechanical, electrical, and 
automobile engineering, and the degree of B.Sc. in engi- 
neering is awarded. The laboratories are excellently 
equipped. We are glad to see that the school is being 
well supported by the local firms, of which a large pro- 
portion ar that apprentices attending the evening 
classes shall exempt from overtime on three days of 
the week, and certain firms, moreover, permit students 
to come in at 7 a.m., instead of 6 a.m., for two mornings 
in each week. 





Conrracts.—The ‘‘ Auto” Recorder Company, Kent- 
street Worke, Leicester, inform us that the use of their 
** Auto” OO, recorder is extending rapidly. They have 
sent us a list of numerous firms using the recorder, 
amongst which we find one having taken seventy- 
eight instruments, one thirty-six, and another thirty-five. 
The Moscow Power-Station has fourteen, and an order 
for eighteen has just been receivei from the Victoria 
Falls Power Company. Messrs. Bibby Brothers and 
Co., Liv , have one on each of their We 
described the recorder in our issue of June 12, 1908.—An 
order has been placed with the Manchester Furnaces, 
Limited, by the Singer Manufacturing Company, of 
Kilbowie, for ten solid-fuel furnaces, each furnace having 
inside working dimensions of 5 ft, by 4 ft. by 2 ft. 
Delivery of t ten furnaces, erec 
been promised by the Manchester Furnaces, Limited, in 
five to six weeks.— Weare informed that Messrs. Trium 
Stoker, Limited, 85, Kirkstall-road, Leeds, have recently 
received orders to equip four boilers of the Eccles Corpo- 
ration with ‘‘ Triumph ” anical stokers, and from 
the Stockton-on-Tees Corporation for the equipment of 
er, 


one boil: 


ted complete, has | Board 





PROPOSED REGULATIONS FOR THE PRE- 
a OF ACCIDENTS IN _ SHIP- 
A . 


APPENDED to a report to the Secretary of State for the 
Home Department on accidents occurring in shipbuild- 
ing yards, by Mr. H. M. Robinson, H.M. Deputy Chief 

nspector of Factories, and Mr. H. J. Wilson, H.M. 
Inspector of Factories, Glasgow, are the following a 
posed regulations, for the construction or repair of ships 
in shipbuilding yards, to be made by the Home Secre- 
tary — 


In pursuance of Section 79 of the Factory and Work- 
shop Act, 1901, I hereby make the following regulations 
and direct that they shall apply to the construction or 
repair of ships in shipbuilding yards. Provided that 
these lations shall not apply to the construction or 
repair of a ship not exceeding 150 ft. in length, measured 
between the stem bar and the stern post. it shall be the 
duty of the occupier to comply with Part I. of these 
regulations, and of all persons employed to comply with 
Part II. of these regulations. 


Part I.—Dvtixs or Occupigrs. 

1. A sufficient supply of sound and substantial material 
shall be available in a convenient place or places for the 
construction of all stages. 

2. Alluprights, thwarts, and other supports used for 
the erection of stages, and as far as practicable the stages 
themselves, shall be erected by competent persons 
specially employed for that pur by the occupier. All 
such stages shall be constructed of sound and substantial 
material, and shall be of sufficient width, as is reasonable 
in all the circumstances of the case, to secure the safety 


of the persons working thereon. ; 
3. en < or planks forming a stage extend 
less than 1 ft. beyond the inside edge of the support upon 


which they rest, they shall be securely fastened to pre- 
er orme x . 

. The main gangway giving access to the upper parts 
of the ship shall “9 securely protected by eer and 
lower hand-rails on each side; and there shall be safe 
means of access to all places in which any person is re- 
quired to be employed. 

5. All ladders used shall be of sound material and of 
sufficient length to give safe access to the part they are 
intended to reach. They shall be maintained in good 
condition, and be adequately secured to prevent slipping. 

6. All ventilator holes, manholes and other openings in 
decks shall be provided with temporary covers in good 
repair or other sufficient protection, which shall be main- 
tained in position except when necessarily removed in 
the course of work. 

7. All parts of a ship on which work is being carried on, 
and the approaches to es om shall be efficiently 
lighted. If oil lamps are for lighting they shall be 
maintained in condition and provided with properly 
a lids or stoppers. 

8. en a stage has to be dismantled, and in all cases 
where materials or articles have to be lowered from a 
height, suitable provision shall be made for the safe 
lowering of the materials or articles. 

9. Suitable means of removing injured persons from 
the place of accident shall be provided and suitable 
arrangements shall be made for first-aid treatment. 

10. A competent person or persons shall be appointed 
to exercise supervision with regard to the requirements 
4 these regulations, and to enforce the observance of 

em. 

Part II.—Dutres or Persons EMPLoyeED. 


11. No person employed shall use any plant or gear 
which does not comply with these regulations. 

12. a person employed who becomes aware of any 
defect in the plant or gear which he is using or may be 
required to use shall forthwith report the same to the 
occupier or his manager or foreman or any person 
appointed in pursuance of lation 10. 

13. No person ouameret shall leave any loose articles 
or materials lying about in any place from which they 
may fall on persons working or passing. 

14. No person employed shall throw down tools, planks, 
or loose material from the stages, decks, or other parts of 
the vessel, but 1 use the means provided in pursuance 
of Regulation 8 for lowering such articles. 

These lations and the report of the inspectors are 
dealt with in our leading article on page 290. 





Leeps CHAMBER oF Commerce Yrar-Boox. —This 
Teciph for 1913, the second year of issue, is printed in 
lish, French, and Spanish. It has been edited and 
compiled with the authority of the Chamber by the 
secretary, Mr. R. K. Calvert. It gives a history of 
the Chamber, a history of the City of Leeds, and a large 
amount of information on the trade of Leeds and its 
vicinity, and is completed by a list of the members of 
the Chamber, classified according to their specialities. 





STANDARD SPECIFICATION FOR BROKEN STONE AND 
Outprines.—The Engineering Standards Committee have 
just issued (Report No. 63) a standard specification fo! 
the sizes of metal. The initiative in this matter is 
due to Mr. E. J. Lovegrove, Borough Engineer of 
Hornsey, but the matter was also rai by the 
rd, and, as a result, a conference was held under the 
chairmanship of Sir John Wolfe Barry. Certain resolu- 
tions were submitted by this Conference to the Engi- 
neering Standards Committee, who, in consequence, 
appointed a sectional committee to pre reports and 
The report io published ah Sa et ty Meson, Grocky 

re 1s at net essTs. 
Lockwood and one. , . 





HUMPHREY PUMPS FOR FEN DRAINAGE. 
To THE Eprror oF ENGINEERING. 

Sr1z,—As the secretary of the Humphrey Pump Com- 
pany is away on holidays, perhaps I may be permitted 
to reply to Mr. E. G. Crocker’s letter appearing in 

our issue of the 22nd inst.? I was sitting next to 

r. Crocker in the Senate House in Cambridge when 
he made the remark now given verbatim in his letter. 
I pointed out to him that the comparison was un- 
fair, because the cost of the steam pumping plant did 
not include the cost of the boilers, pg Mr. Crocker 
frankly admitted that this ought to have been men- 
tioned. He did not, however, at the time correct the 
erroneous impression he had left on his hearers, and 
hence the letter from my company was n . The 
summary of Mr. Crocker’s remarks, as reported by our 
representative at Cambridge, clearly show how F med 
remarks were understood, and that no one was aware 
that the important item for steam boilers had been 
omitted from one side of the comparison. 

Farther, Mr. Crocker did not state that the price 
quoted by the Humphrey Pump Company was given 
hurriedly, and the covering letter contained these words : 
“We should hope, on looking more carefully into the 
matter, to reduce this figure considerably ; but, in the 
meantime, we can ouly put forward a covering price.” 

In his letter, Mr. Crocker says: ‘‘If, however, the 
cost of the boilers and boiler-house plant be added to 
the tender for steam-engine and centrifugal pump, the 
tender for the Humphrey pump is still 50 per cent. in 
excess of that for the steam installation, exclusive of 
foundations and buildings, in each case.” Now a simple 
calculation shows that, if this is so, then two steam- 
engines, of 300 indicated horse-power each, coupled to 
centrifugal pumps, and including steam boilers and all 
accessories, piping, &c., can be purchased for 6/. 16s. 8d. 
per indicated horse-power—a figure which is much lower 
than we have seen in any quotation for a high-class steam 
pumping-plant. 

Further, Mr. Crocker might have mentioned that the 
estimate sent with our quotation showed that the savin 
of coal cost with Humphrey pumps, as compared with 
steam-pumps, would pay for the Humphrey plant in five 


years. 
Whatever the figures for the plant in question, the 
fact remains that the Humphrey Pump Company are 
prepared to supply pumping plant at prices which com- 
re favourably with steam- driven plants and inci- 
entally to save one-half to three-fourths of the fuel bill. 
As my company has more inquiries than it can 
ang nom d deal with, it has no need for any advertisement 
y letter to which Mr. Crocker refers, and I regret that 
he should have made it necessary to again deal with his 
statements. 
I am, Sir, yours faithfully, 
. H. A. Humpurey, M. Inst. C.E. 
38, Victoria-street, Westminster, London, S.W., 
August 26, 1913. 





THE PEKIN LEGATION MACHINERY ; 
OFFICIAL STATEMENT RELATING TO 
CONTRACT. 

To THE Eprror or ENGINEERING. 

Sir,—In order to remove a serious misapprehension, 
which is damaging British engineering interests in China, 
the British Engineers’ Association has obtained the 
authorisation of H.M. Office of Works to publish a 
letter addressed by that Department to this Associa- 
tion, dated March 7, 1913, and a schedule containin 
the names of certain contractors which accompanii 
it. — of these are attached to this letter. 
These documents have to do with a contract for 
an electrical and refrigerating installation recently 
erected at the British Legation in Pekin. The condi- 
tions surrounding the invitations to tender and the 
placing of this contract, have led to a very general belief 
that the machinery was manufactured in Germany. The 
false impression, to the effect that the official centre of 
British interests in China had been equipped with 
German machinery, has proved a severe blow to British 
engineering prestige. Chinese are centinually told, 
= the 6 a ent of certain Continental firms, that 
the British Government were obliged to go to Germany 
because there were no makers in England capable of 
doing the work satisfactorily. 

_ The enclosed documents , that there is no founda- 
tion whatever for this statement. This Association 
would therefore deem it a favour if you would give 
publicity to the letter from the Office of Works above 
referred to and to the following facts :— 


1. The contract was not given to the Siemens China 
Electrical Engineering Company—a purely German con- 
cern representing the Siemens-German_ interests—but 
was placed with the Siemens Brothers Dynamo Works, 
Limited, in London. Whether this firm is consid 
British or not, it possesses works in Great Britain. 

2. Messrs. Siemens only manufactured a portion of the 
eave in question, and this, according to the enclosed 

tter, was manufactured, not in rmany, but in 
England. 

3. The rest of the plant was also manufactured in 
Great Britain by the British firms whose names are given 
in the schedule attached, some of whom are members of 
this Association. 

The following causes gave colour to the misconception 
that the machines were German :— 

(a) Until now no official denial has been published. 

(0) The erection of the plant at the Pekin Legation 
was entrusted to a firm in China—the Siemens 
China Company—and this company was assumed by 
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many to be the contractors, owing to a similarity between 
their name and that of the contractors. 

(c) The public rally have either been unaware that 
there was a stipulation that the whole of the plant should 
be made in Great Britain, or have believed that such a 
stipulation was net enforced. ; 

This Association is aware that the manner in which 
this contract was negotiated and has caused great 
dissatisfaction among the purely British firms who origi- 
nally tendered. On this question, however, I am not 
directed to enter. The point which this Association is 
anxious to make clear is that,on the authority of His 
Majesty’s Office of Works, the whole of the plant in- 
stalled at the British Legation in Pekin was manufac- 
tured in Great Britain. 

I am, Sir, your obedient servant, 
StaFFoRD RANSOME. 


Secretary of the British Engineers’ Association. | y 


estminster, London, 8S. W., 
August 28, 1913. 


Letter from His Majesty’s Office of Works, Dated March 7, 
1913, to the Secretary of the British Engineers’ Asso- 
ctation. 

Sir.—With reference to your letters of the 12th inst. and 
22nd ult.,I am directed to furnish the following information 
respecting the contract for engineering work at the British 
Legation at Pekin :— 

1. Tenders were originally invited in August, 1911, from British 
firms only, and before an invitation was issued to the firm whose 
tender was ultimately accepted, they were aan to satisfy 
both the Board’s officer in Pekin and the Bri Consul, that 
they might be so regarded. 

2. Owing to the condition prevailing in China, in December, 
1911, the Board decided not to proceed with the work, and the 
firms who tendered were informed accordingly. No undertaking 
was given, however, that fresh tenders would be called for at a 
su uent date. 
hen it was found possible to proceed with the work time did 
not permit of the invitation of fresh tenders, but the two firms 
who had submitted the lowest tenders in the first instance were 
asked to submit fresh prices. The more favourable tender, that 
of Messrs. Siemens Brothers Dynamo Works, Limited, was then 
accepted. 

4. The whole of the plant has been manufactured in England. 
A schedule is attached showing the names of the sub-contractors 
by whom the various parts of the work have been undertaken. 

5. The erection of the plant is being carried out by the con- 
tractor’s representatives, the Siemens China Electrical Engineer- 
ing Company, under the supervision of a British engineer, by 
whom Chinese labour is being employed direct. 

I am, Sir, Igoe obedient servant, 


(Signed) LiongL Ear.e. 
The Secretary, British Engineers’ Association, 
Caxton House, Westminster, 8. W. 


Caxton House 








British LEGaTIonN, PEKIN. 
Main contractors for the above contract—Siemens Brothers 
Dynamo Works, Limited. 
The following is a list of the contractors and the material they 
are supplying :— 
SPECIFICATION A, 


1. Steam-Heating Installation. 
2. Hot and Cold-Water Supply Installation. 


1, Steam-Heating. 
Contractor. Material. 

Messrs. Babcock and Wil- Main boilers and fittings, Weir's feed- 
cox pump, pipework in boiler-house and 

engine-rooms 
The Atmospheric Steam- Complete steam-heating installation 
Heating Company in the various buildings, including 
pipework, feed - water — 
1 Aiat , valves, 


This covers :— 





fittings, and accessories. 
2. Hot and Cold Water Installation. 
Messrs. Rees’ Roturbo 1000-gallon pumps 
Manufacturing Company 
Mesers. Siemens Brothers Motors for above pumps 
Dynamo Works, Limited 
Messrs. Whipp and Bourne 
Messrs. Frederick Braby 
and Co. 
Messrs. Hartley Sugden, 


Limi 
Stewarts and 


Messrs. 
Lloyds 

Messrs. T. and W. Farmi- 
loe, Limited 

Messrs. Merryweather and 

mn ——- 
essrs. omas Piggott 
and Co., Limited 


Starting gear for above motors 
Tanks, cisterns, and cylinders 


Dome-top boilers 


Valves and lap-welded tubes and 
accessories 
Lead-piping, paint, &. 


Fire hydrants 
12-ft. by 12-ft. by 8-ft. pressed-steel 
tank. 


SpxciricaTion B. 
This covers :— 
1. The electrical generating plant. 
2. Ice-making plant. 


1. Electrical Generating Plant. 


Messrs. Siemens Brothers Main generators, main switchboard, 
Dynamo Works, Limited main cables, motor-booster set, 
wiring material for engine and 
boiler-rooms, electrical fittings, 

accessori 


an ies 
Messrs. Bellissand Morcom, Main engines 
imited 
Messrs. Pritchett andGold. Battery 


2. Ice-Making Plant. 
Messrs. Siemens Brothers Motor for driving ice-making plant 
Dynamo Works, Limited 
Mr. Sam. Puplett Ice-making plant. 





REVOLVING-CYLINDER ENGINES. 
To THE Eprtror oF ENGINEERING. 

a | revolving-cylinder ongine is by = means . 
novelty, and it possesses merits of its o long wi 
certain defects which are somewhat venpoved = those 
A I have made them—driven by steam, com- 
pressed air, and water ure—from 500 lb. per sq. in. 
to 700 lb. per sq. in. down to 50 lb. per sq. in., but not 


ve made. 


as yet to be driven by oil fuel. Not that there is any 





difficulty with oil or gas, but that there is no demand and 
no prospect of a reasonable profit. Under present condi- 
tions the revolving-cylinder e: s 
were younger I would go in for it in ference, but 
there are several points to be made clear before we 
gain perfection. 
Tam, Sir, yours truly, 
ArTuur Rice. 
150, Blomfield Terrace, London, W., August 15, 1913. 





‘* PLANES.” 
To THE Enitor OF ENGINEERING. 

Srr,—It seems to me that, in view of the Ye coged 
that aeroplanes will soon have the power of alighting, at 
the pilot’s choice, either on land or on water, the use of a 
separate name for the ‘‘ water” variety will become 

. It does not need a very bold prophet to 
ict that we shall before long be ing simply of 
* planes ” whether oe be flying over land or over sea. 

I am, Sir, yours faithfully, 
Immo 8S. ALLEN. 


[We believe we are correct in stating that the name 
“‘ Amphiplanes” was suggested in 7’ruth, some little time 
ago.—Ep. E.] 

S1z,—I notice that in writing of a plane which travels 
on sea and air no settled name appears to exist. May 
I suggest ‘‘Seairplane?” It has, I believe, the merits of 
being correct, short, and descriptive. 


Yours wy, 
London, August 28, 1913. o mes 


‘“* AXIAL THRUST IN TURBINE PUMPS, 
AND THE METHODS OF BALANCING 
SAME ” 

To THe Eprror oF ENGINEERING. 

Sr1r,— Under such a general title as the above a most 
interesting article might have followed, bub the one 
appearing in your issue of the 22nd inst. is so misleading 
in its implications, and has been written so obviously 
with the idea of describing the method employed by the 
authors’ firm, and of ae to show its superiority 
over all other methods, that I trust you will be good 
enough to publish this letter in fairness to other centri- 
— pump mauufacturers. 

n the first place I should like to point out that the 
equations 1, 2, and 3 are incorrect, as they are based 
upon the erroneous assumption that the pressure in 
}, ones 1, Fig. 1 (page 243 ante), is the same as that in 
Chamber 2. 





hat these pressures are very different is 
well known to desi of this type of = 

The problem of cing the axial thrust in high-lift 
centrifugal pumps is most interesting, and it has taken 
several years to arrive at the present-day solution by 
methods, in which the axial thrust is balanced hydraulic- 
ally and automatically, so that no thrust or centring 
bearings are oe og 

The back- k impeller arrangement is unsatisfac- 
tory, as it does not actually eliminate the axial thrust. 
Messrs. Sulzer Brothers bave discarded their arrange- 
noe shown in Fig. 2 for their up-to-date design shown 
in Fig. 21. 

The hydraulic method illustrated in Fig. 15, as used 
by Messrs. Mather and Platt for several years, became 
unsatisfactory in the light of present-day experience, as 
it was non-automatic, and as it was necessary to use & 
large balance-piston which was subject to wear. 

The arrangement by Messrs. Mather and Platt, 
shown in Fig. 18—the arrangements of Figs. 16, 17, and 
19 are essentially the same—is an improvement upon that 
of Fig. 15, as it provides an automatic balancing, but it 
still possesses the disadvantage of a large balance-piston 
liable to wear. What appears to be an identical arrange- 
ment was patented by Messrs. Allen, of Bedford, in 1907. 

In actual practice the wear on the ce-piston 
employed in the arrangements of Figs. 15 and 18 was 
so great and the consequent large increase in the quan- 
tity of water leaking past this piston caused so much 
trouble that it became necessary to devise some other 
method of balancing. As a matter of fact, Messrs. 
Mather and Platt actually reverted to the pump shown 
in Fig. 3, embodying the back-to-back npelior SS. 

A very great improvement took place when balancing 
devices on the lines of those shown in Figs. 20 to 23 were 
introduced, as these di entirely with the balance 
piston. The design shown in Fig. 21 was actually 

tented in this country by Messrs. Sulzer Brothers in 

906, at which date Messrs. Matherand Platt were them- 
selves employing the old type of balance-piston in their 
umps. The authors might in their article have given 
essrs. Sulzer Brothers credit for this, as they were at 
that time far ahead of Messrs. Mather and Platt in their 
balancing arrangement. 

It is difficult to see how the Mather and Platt design 
of Fig. 20 can claim any advan over the Sulzer 
design of Fig. 21, when working with dirty water, as in 
both cases the passages controlling the flow to and from 
the balance-chamber have one side formed by a rotating 
element, and any claims which can be put forward for 
the Mather and Platt design, from the point of view of 
these es not becoming choked up, applies ovely 
well to the Sulzer design of Fig. 21. An objection to bo 
the:e designs is that when one or both of these 
controlling the flow to and from the balance-chamber 
becomes enlarged through wear, there is a considerable 
increase in the amount of balancing water required. _ 

In the case of the Holden and Brooke patent design, 
illustrated in Fig. 23, the eo the balancing 
chamber is controlled by a fixed orifice, quite inde 
ore 


ent 
of any rotating parts in the pump, and the 


works well, and if I | face. 





amount of balancing water required 
however much wear may take on the balance valve 
The authors a to imagine that this orifice is 
likely to become up. Asa matter of fact, any- 
thing which has to pass through this orifice has first had 
to pass the balance valve, which is only open a matter 
of about y;5 in., and as the orifice is consider- 
ably larger than this, there seg Ay anything 
actually choking it. Ifthe pump is dealing with water 
of a nature to cause growth in the pi no growth forms 
in the orifice, as the 5) of water flowing through it is 
too high to allow such a formation to take place. Asa 
matter of fact, several Holden and Brooke pumps having 
the balancing design as shown in Fig. 23, are working 
very satisfactorily when dealing with heavy sugar liquor, 
“—aege large percentage of granular matter. 

The authors state that in the design of Figs. 21, 22 
and 23, wear at the balance-valve face is taken up by an 
axial movement towards the suction side. This is so, 
but in the Holden and Brooke design there is no increase 
in the amount of balancing water uired, nor would 
there be in the designs in Figs. 21 and 23, if no wear took 
eed at the threads marked a. On the other hand, in the 

ther and Platt design, Fig. 20, wear on the balance- 
valve faces means an increase in the amount of balancing 
water required, as the pressure difference between the 
8 P and | remai pode wane while  s total area of 
© passages offering resistance between these two spaces 
is increased. Fu than this, it means that unless 
wear takes place on the different faces, in just the correct 
pecpertene, the impellers and shaft would be displaced 
rom their central position. 

In view of these facts, it is difficult to see how the 
authors can substantiate the claims which they make for 
t ther and Platt design. If, as they imply, this 
design is so much superior to any other, it is rather 
curious that other makers have not developed their 
designs on similar lines, since the Mather and Platt design 
has not, I believe, been covered by a patent. 

Apologising for taking up so much of your valuable 


space, 
Tam, yours [ea 
W. E. W. Miiineton. 
Manchester, August 27, 1913. 





Meratitic Permanent Way.—The exports of chairs 
and metallic sleepers from the United a in July 
this year were 14,532 tons, as compared with 12,009 tons 
in July, 1912, and 3,000 tons in July, 1911. In these 
totals shipments to British India figured for 9727 tons, 
10,293 tons, and 651 tons respectively. 





Frre APPLIANCES AND Equipment In Russi1a.—The 
Board of Trade has received from the British Fire- 
Prevention Committee a copy of the Record, dated 
March, 1913, of the Special Commission formed by the 
Committee to visit Russia, from which the following 
ene have been extracted: —The climatic con- 
itions of the country make it necessary to consider all 
fire-gear from the point of view of its utility at low tem- 
peratures, and these conditions are comparatively well 
met by the elementary character of the fire-appliances in 
use. equipment of the Russian fire services may be 
described as usually somewhat elementary, but generally 
well cared for and in good condition. e introduction 
of motor fire-brigade a om epee for the country districts 
of Russia would probably be premature, and would onl 
be useful for ceratin districts having suitable roads. 1b 
may be anticipated, however, that motor traction will 
soon be introduced in St. Petersburg and other large 
cities, if appliances and axles can be uced to meet 
exigencies of the bad paving and steep gradients found in 
those cities. While a very substantial proportion of all 
elementary fire-appliances and aa fire-gear is ade- 
quately turned out by local fire-appliance makers, there 
is a wide field in Russia for the higher class of 
fire appliance and fitti and more particularly for 
steam fire-engines, bo’ 


loped, should be a great one for the Uni 
fire-engine makers. Steam ee en built for Russia 
should have strong axles, have all parts between the 
wheels kept well above the ground, and should be ade- 
quately protected against frost and rough There is 
room in Russia for several large establishmen 
in the sale of fire- preventive and fire-service appli- 
ances and equipment, provided these firms start with 
substantial capital, and are prepared to give credit and 
to follow the customs of the country. First-class 
of United Kingdom make can still be sold regardless of 
price ; the United —— mechanical products for fire- 
service purposes are still the most favoured in Russia, and 
no matter what the lower prices of the goods put forward 
by other countries may be, the dearer United Kingdom 
article can hold its own if Baa | handled by the right 
salesmen. The fact that tinental firms are getting a 
footing in the Russian market in this direction is largely 
due, so it is stated, either to the apathy or incompetence of 
the sale departments of British industrial firms, who seem 
to think that any second-class agent who will take their 
by (among any Sean © see it to deal with the 
pone market, that British measurements, hts, 
and prices quoted f.o.b. in the of production will be 
understood by the average Russian . Such 
assumptions are quite out of place in this age of keen com- 
— What really seems to be wanted is that several 
rms cc nducting allied businesses should establish one or 
more houses of their own in the leading centres of Russia 
to do business in their various joint products on busi 


like 
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STEAM TRIALS OF H.M.S. ‘“ FEARLESS.” 


H.M.S. Fraruess, built at Pembroke Dock, and 
engined by Messrs. Wm. Beardmore and Co., of Dal- 
muir, has recently completed her steam, gun and tor- 
pedo trials. The vessel left Pembroke on August 12, 
and proceeded to sea, for her preliminary trials testing 
the adjustment of her turbines at all powers satis- 
factorily. She afterwards sailed for the Clyde, where 
she arrived mete on the 13th inst. At noon on the 
same day she left for her 30-hours’ trial, which 
included an eight-hours’ full-power run, whilst burning 
coal only, and maintaining 11,000. shaft horse-power 
for 22 hours. During the 30th hour she ran into a 
fog, and it was fortunate that she just completed the 
day’s programme before it became thick. Mod cad 
during the eight and 22 hours trials were and 
234 knots respectively, taken on the measured mile at 
Skelmorlie. 

Oo August 16, after cosling, and cleaning boiler- 
tubes, the ship again went out for a series of trials 
at various powers to test the steam consumption of the 
turbines, measuring-tanks having been fitted on the 
upper deck for this purpose. ese trials were also 
highly successful. 

Jn August 19 the eight-hours full-power trial took 
place, both oil-fuel and coal being burnt in the specified 
proportions, The shaft horse-power attained was 
over 20,000, and the speed on the measured mile con- 
siderably over the designed speed of 25 knots. The 
vacuum exceeded that guaranteed, and the engines 
and boilers worked satisfactorily throughout. Starting 
and stopping, astern and steering trials, were also 
carried out on the same day. The vessel returned to 
Greenock in the evening, and proceeded to Dalmuir, 
where the measuring-tanks were removed the next 
day and the permanent connections fitted up. 

n August 21 the Fearless left Messrs. Beardmore’s 
yard and carried out her gun, torpedo, circle, and 
anchor trials. All passed off with complete success, 
and on August 23 the ship returned to Pembroke to 
complete for sea. The acceptance trial is expected to 
take place early in October. 

Captain Cobbe, who is expected to command the 
ship when she commissions, was in charge during the 
trials. 





Tue Roya Tecunicat Coiircr, GLascow.—We have 
received a copy of the Calendar for 1913-1914, being 
the 118th session of this college. It gives the names of 
the governors, professors, staff, &c., and contains com- 
plete particulars concerning the classes. The information 
covers 496 closely-printed pages, of which about 100 are 
reproductions of the various examination papers relating 
to the sciences and professions taught at the college. 





Tue Prentice System or WirELESS TRAtn ContTROL.— 
We had the opportunity, at the invitation of Mr. G. A. 
Phillips, of 4, Bishopsgate, E.C., of inspecting on Tuesday 
last, a demonstration installation of the Prentice auto- 
matic system of ‘‘ wireless” train control, on the 
Hampton Court Branch of the London and South-Western 
Railway. In this system the track is divided into a 
number of insulated sections, in each of which a low- 
voltage track circuit is arranged, with, in addition, a high- 
tension wave wire running between the rails. At the end 
of each section is a box containing the high-frequency 
plant for thesupply of current at 20,000 volts to the wave 
wire. This plant is controlled by arelay in connection 
with the track circuit of the section ahead, with the 
result that if that track circuit be short circuited the con- 
trolling relay is de-energised, and the supply of high- 
tension current to the wave wire ceases. e locomotive 
is fitted underneath with an end of wires 
equivalent to the antenne of the ordinary wireless appa- 
ratus. These receive the energy transmitted from the 
wave y rap Nagy Ay | means ee a } > of coherers ond 
relays in the cab a green “line-clear” signal is provi 
for the driver if the section ahead is sneewayed, 
however, the section ahead be short circuited the wave 
discharge ceases, and a red light is shown and a buzzer 
simultaneously sounded, while the brake is at the same time 
applied, these operations being effected by power obtained 
from a battery in the cab. vision is le to enable the 
driver to release his brake, but the red light and the buzzer 
continue until the section ahead is cleared, when the high 
frequency supply is re-established and normal working is 
resumed. @ system, therefore, provides for a con- 
tinuous danger si on the locomotive so long as the 
line is not clear, the automatic application of the brake 
and a prompt intimation of the restoration of line clear 
conditions. In the event of failure of the hig h tension, 
or the track circuit danger indications be given. 
The operation of the cab eugene naturally depends on 
uninterrupted battery supply. The demonstration on 
Tuesday was quite successful, the train being brought 
up on every trial by the automatically 7 2, 
although the regulator was untouched. he system 
requires electrical supply to all the section-boxes, and 
transformer t in each section-box, in addition to the 
boxed-in hig Pepe bigs niet the rail ona Oe 
apparatus on expense question is - 
fone one which will Fave to be seriously considered before 
the system is likely to be ly adopted. In addition 
to initial cost the working cost must also be taken into 
account, the power taken by a half-mile section being 
@bout 1 horee-power, 


if, | 8° 





MILLING-MACHINE FOR CUTTING FORGING DIES. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 




















Tue increasing use of drop-forgings has resulted 
in a considerable development of all kinds of plant 
connected with their production, including the size of 
hammers, and of the auxiliary machines employed. 
Recently the Albion Drop-Forgings Company, Limited, 
Coventry, have equipped new shops for this class of 
work, putting in heavy drop-hammers with Brett 
lifters, the heaviest having a tup of 3 tons weight. In 
order to produce the large dies necessary for these 
hammers, a large vertical milling-machine by Messrs. 
Alfred Herbert, Limited, Coventry, has been installed. 
The machine, which we illustrate herewith, is known 
as type No. 8 by the makers, and for this class of 
work has several advantages. In our illustration the 
machine is shown, for the sake of clearness, without 
its driving-belts. Samples of drop-forgings and of the 
dies produced by the machine are shown in the fore- 


und. 

One of the principal advantages of this pattern of 
machine for the work in question is the provision of a 
long table for use in cutting long dies, combined 
with a detachable circular table with circular move- 
ment, so that work may be done on the machine which 
would ordinarily involve turning or boring in a lathe, 
while arcs of circles between tangents can also be 
worked to. The fact that the machine, although 
powerfully geared, ean be driven by open belt, is also 
advantageous for the high-speed flat cutters which 
are used in die-sinking. It will be noted from our 
illustration that the control-handles for the various 
motions are all situated within easy reach of the 
operator, thus enabling him to follow without diffi- 
pm | the irregular shapes so often required in die- 
work. 

The machine is of the fixed-base type, having a 
longitudinal feed of 62 in. and a transverse f of 
38 in. The greatest distance from the surface of the 

lain table to the spindle is 27} in., and the distance 
rom the centre of the spindle to the face of the 
column is 26} in. The spindle is elevated by quick or 
slow motions, with micrometer dial for indicating the 
height. Its body is 3% in. in diameter, and in the 


main 54 in. The spindle-pulley is 18 in. i 
Senian ok the width of the spi e-balt 6 ia, “The 





spindle-head is clamped by a hand-lever carried on 
shaft projecting well to the front. The vertical ad- 
justment of the head is 21 in. It is fitted with large 
phosphor-bronze bearings for the spindle, the nose of 
which has a clutch drive. An external taper is pro- 
vided on the spindle nose for mounting large face- 
milling cutters, while it has also a No. 15 taper hole. 
The sliding head is balanced, and has an adjustable 
stop, with micrometer screw for regulating its vertical 
position. 

The flush-top table has channels for conveying the 
lubricant away, and has a tunnel from end to end, 
leading from a pocket at one end to one at the other. 
The working surface of the table is 85 in. by 19 in. 
The circular table, which has a diameter of 383 in., 
has also a flush top. It is 64 in. in height, and can 
be entirely removed when required. The longitudinal, 
transverse, and circular f: are automatic. Sixteen 
feeds are provided, the changes being effected by 
means of eum, Herbert's dial-feed motion. Sixteen 
8 8 are arranged for. The weight of the machine 
is 16,677 lb. net. 





Pgrsonat.—Messrs. Gjers, Mills and Co., Limited, 
Middlesbrough, have appointed Mr. William McLean, 
Stirling Chambers, Sheffield, their agent for the sale of 
we me” hematite pig iron in Lancashire, South 
Yorkshire, and the Midland Counties. 





Russia’s WEALTH OF CoaL.—At a congress held in 
St. Peversburg for mining, metallurgy, &c., some informa- 
tion was given about Russia’s wealth of coal, based upon 
——— a en wn te Geol _- + ape 
‘The aggregate of European Russia’s eposits was pu 
at 75,000,000,000 tons, and that of Asiatic Russia at about 
175,000,000,000 tons. As regards the quality, it was stated 
that the Donetz Basin was the only locality which 
supplied Russian metallurgical coke. In future there is 
reason to believe that the Kusulgk Basin will also supply 
metallurgical coke for Western Siberia. For the de- 
velopment of Russia’s ind , considering the immense 
area of the country, naphtha plays a very important part. 
A further careful investigation of Russia’s, and more espe- 


cially Siberia’s, coal deposits was urgently recommend 
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tary inquiries conducted by the authors have proved con- mish-blue la: laced, to ter 1 
SECOND REPORT TO THE CORROSION clusively that tubee from the same batch, aie by one ay by 2 whike Qeecuteaht salt, which Sent sob y <= 


COMMITTEE OF THE INSTITUTE OF 
METALS.* 


~. = D. een, M.A., Dae Caner 
etallurgy in the niversity of Liver a 
RICHARD M. Jongs, M.Sc. : _ 


INTRODUCTION. 

In a former report to the Corrosion Committee of this 
Institute, one of the authors has drawn attention to the 
apparently erratic occurrence of corrosion in condensers, 
and the matter has been emphasised by numerous 
speakers both before and after the publication of that 
report. A number of explanations have been advan 

to account for the phenomenon, but few of them are based 
—— rigid experimental tests. The recognised method 
of collecting information on corrosion hitherto has been 
to obtain it from engineers in charge of condensers 
engaged in practical work, and the general view of the 
importance of this method has been voiced by Arnold 
Phillip, + who says :— 


in 
and 





manufacturer, when placed in different parts of a con- 
denser, might resist corrosion for times which vary up 
to the proportion of 1 to 3. 

2. The peculiar nature of the deterioration that resulted 
in the failure of the tube. In nearly every case the 
deterioration was due to dezincification, resulting in a 
rotten and pitted tube. In two or three cases tu 
failed owing to local thinning, due, apparently, to the 
wearing away of the whole y of the tube near the 
water-inlet end. This phenomenon was comparatively 
rare. 

3. The impossibility of correlating the failure of the 
tubes with the presence or nature of the electric lighting 
installation. 

4. The difficulty of connecting corrosion with any defi- 
nite locality in the tube or condenser, though it would 
appear as if thinning were connected with the ends of the 
tubes at which the cooling water entered. 


5. The shorter life of tubes in land installations, where | 
| dock, canal, or brackish water is used instead of sea- 


a basic chloride of zinc. In one or two cases tubes were 
received partially choked with a ya poy deposit, 
light y in colour. This was found to be principally 
sand, but contained also ferric oxide, magnesium salts, 
and calcium salts. Such tubes sometimes appeared to be 
more severely corroded than others taken from the same 
condenser, but not always. 

One particularly interesting case came to hand. This 
was a 70:30 condenser-tube taken from a Yarmouth 
trawler. It-had been in use twenty years, and was appa- 
rently as good as new. There was no sign whatever of 
dezincification or thinning. It was covered with a very 
hard uniform scale, with a looser finely-reticulated sur- 
face layer. There was no well-marked blue-green layer, 
and this appeared to indicate that very little copper could 
| have been rethoved from the tube, which, in fact, was 
practically as thick as when new. 

The average total thickness of the scale was 0.31 mm., 
that of the hard lower layer being 0.13 mm. Analysis 
' showed the latter to consist of oxides of copper and iron 





TABLE I.—COLLECTED INFORMATION FROM INQUIRY SCHEDULES. 























_ I. IL. IIT. ay. Vv. Vi. VIL. ViIt. IX. X. XL. XI. 
—_—— - | —— ———————— —————_- SC — —____ ____ 
! 
enna —- | -—co and 
ngth of Normal age o' P inimum oe 
——— Service of Length | Failures a hb om pr pe a nS | Temperature be oe Protective | Period of Cause of Corrosion Nature of 
: Corroded of | in Time be me hance 5 Cond ubes | of Water : eS hi © Measures. | Run. suggested by Firm. Deterioration. 
Tube. —_Service.| Stated in ; m Condenser. | Leaving the | °° © P' 
/Column I. Condenser. 
years years | ft. in. | deg. Fahr. 
1. Shipping firm (to 74 15-20 6 12 9 ‘Middle andinletend Top nest of 110 to 11€ Yes. 8.* TIronslabs 12 days Tubes “not now made of Dezincification. 
Tropics). tubes the same clean alloy as 
| formerly” 
2. Same as (1). An- 15 15-20 10 15 8} — 110 ,, 116 Yes. 8S. Do. 12 days | _ Thinning of tubes 
other ship. and pitting. 
3. amd firm (‘o 4-24 7-10 1.6 12 3 Inlet end 70 ,, 110 Yes. D None - Bad material used for tubes —_— ficationand 
ropics). tting. 
4. Shipping firm 17 17 3.5 13 34 Each end of tube Top nest of 85 ,, 110 Yes. D Do. 22 hours Corrosion due to ing, ——e of tubes 
(Cross-Channel). tubes which consisted of tallow- at ends and pit- 
soaked cotton ting. 
5. Shipping firm 3 7 13 1 Wholelength of tube Top nest About 100 No. Cement Various Defective manufacture of Dezincificationand 
(General trade). in pits wash put tube and galvanic action pitting. 
| on doors of 
water 
6. Shipping firm 6 12 50 12 8 Ends of tube Bottom section 90 to 102 Yes. D. Zinc slabs Few hours|No definite view Thinning of tubes 
(Cross-Channel). | and pitting. 
7. Shipping firm 7 18-25 100 — (Whole length in pits General — No. Do. 30 to 40 Absence of tin from the Dezincificationand 
(Cross-Channel). hours | tu tting. 
8. Shipping firm. ll 20 Very high 11 4 General, bnt worst Do. — Yes. D. Do. 6 hours |Local galvanic action due to Dezincificationand 
— - 7. An- in middle | settling of particles pitting. 
other ship. | 
9. Shipping firm (At- 11 ll High 13 8 At both ends General 100-116 Yes. 8. | Do. 8days Due toimpingement of circu- Thinning and de- 
lantic trade). lating water, but tubes are  zincification 
considered to have stood well 
10, Same as 9. An- 3 ll 4.5 1l 8} Near waterinlet Bottom section 68-102 Yes. 8. Do. 7or3t ‘Local galvanic action Dezincification and 
other ship days pittin 
11. Same as (9). An- 16 16 10 12 54 4/in. from each end Varying 69-93 Yes. § None - (Life regarded as excep- ho. 
other ship. tionally good) 
12. Shipping firm 4 _ 100 - Middle Throughout | 125-130 Yes. D Do. 30 hours None suggested Do. 
(Cross-Channel). 
13. Shipping firm 1 _ Do. Top section 124 Do. | Do. 3 weeks Ditto Do. 
(Tropics). 
14. Shipping firm (At- 3} _ 3.5 13 84 Do. _ 90-107 Do. Harris-An- Ditto Do. 
lantic). derson pro- 
cees 
15. Shipping firm 1} Ends Bottom section | 100 Yes. D. None Varying None suggested ; water ee and pit- 
(Tropics). (mo.ths) outside tubes ng 
LAND INSTALLATIONS. 
16. Paper-mill .. 9 6-7 1} 7 11 |About 2 ft. from Top section _ - Continu- None suggested ; dock water Dezincification 
(weeks) inlet ous used and pitting 
17. Cotton-mill ee 4 7 Middle Near steam 75-85 11} hours Due to acid in water from Pitting 
inlet per day canal ; fresh water used 
18. Electric - power 8-9 - 2 9 6) 1 ft. from end to Various ~~ - None suggested ; brackish Dezincification and 
station centre water used pitting 
19. Electric - power 2 5 4 8 1k Near ends - -- ~ Iron slabs Varying | Bad quality of tubes; fresh Dezincificationand 
station water thinning at end 
20. Flour-mill .. eis 2 4 s 8 3) Middle ~ o Zine slabs | Varying Bad quality of tubes and the Dezincification and 
sticking of bubbles of gas, pitting 
| especially OO, to tubes 
* S. means single-wire system. D. means double-wire system. Nots.—Wherever blanks occur, no statement was inserted in schedule, 


‘**It is the engineers who are actually responsible for 
the efficiency of condensers, who are able to provide the 
necessary information upon which an opinion can 
formed as to the causes of observed cases of corrosion, 
and in order to secure that such information is not over- 
looked at the time, it is very desirable that a suitable 
schedule of queries should be filled in.” 

In accordance with this view a list of questions relating 
to condenser-tube corrosion was drawn up and circu- 
lated to members of the Institute, superintendent engi- 
neers, and others who have the care of condensers under 
their charge. The list, in the form in which it was 
finally sent out, was drawn up at a meeting of the Corro- 
sion Committee held during the Newcastle meeting of the 
Institute. Accompanying the schedule a request was 
circulated for specimens of condenser tubes that had 
given good, bad, and average service under ordinary con- 
ditions of work. A considerable number of forms were 
returned to. the Institute, but comparatively few were 
completely filled up. Of these, twenty have been selected, 
and the more important information contained in them 
has been tabulated in Table I. All the tubes referred 
to were of 70:30 brass or 70:29:1lalloy. The chief 
points of interest to be deduced from this table are :— 

1. The extraordinary variation in the normal life of a 
tube—viz., from four to twenty-five years. Supplemen- 

* Read before the Institute of Mstals at Ghent, on 
August 28. 

t Journal of the Institute of Metals, No. 1, 1912, 
vol, vii., page 51, and ENGIN&ERING, vol. xciii., page 99. 











water. Nevertheless, the Corrosion Committee, for good 
reasons, desired investigations in the first instance to be 


be| carried out with natural sea-water, and this has been 


used in all experiments described in the present paper, 
except where the contrary is stated. 

A detailed examination of the scale attached to tubes, 
both good and bad, was made. In normal cases the 
scale could be regarded as made up of a number of layers 
of different composition. The top layer consisted 
principally of ferric oxide, carbonates and chlorides of 
calcium and magnesium, calcium sulphate, and sand ; 
the next layer consisted of basic chlorides and carbonates 
of copper and zinc, and was greenish in colour. The 
layer next the tube was brown or black, and consisted 
largely of cuprous and cupric oxide. There was, of 
course, no sharp line of demarcation between the various 
layers, which faded gradually into one another ; some- 
times the greenish-blue layer was almost absent, especially 
when dezincification had been severe. 

In most cases the scale, ey lowest layer, 
was very strongly adherent to the tube. Owing to the 
stratification, and the impossibility of removing the 
scale from the tube without introducing foreign matter, 
reliable quantitative analyses could not be made; nor, 
probably, would they have been of much value, since the 
proportions of sand. ferric oxide, calcium carbonate (in 
the form of shell), &c,, were obviously due to chance. 
These substances are always present in large and vary 
quantities, and effectually prevent any useful deductions 
being drawn from quantitative analyses of the scale. In 
all cases in which a tube had suffered dezincification, the 


and calcium carbonate; no zinc was present. Neither 
was there any zinc in the looser layer, which consisted of 
considerable quantities of calcium carbonate and sul- 
phate, together with silica and oxides of copper and iron. 
The true thickness of the metallic portion of the tube 
was 1.29mm., so that, unless the tube had been originally 
of an unusual thickness, which is improbable, it had not 
lost more than 0.05 mm. in twenty years. 
Careful search was made am the deposits in badly 
corroded tubes for carbon particles. Although about a 
hundred cases were examined, no such particles were ever 
found, and inno single instance could a dezincified spot 
or area be correlated definitely with such a icle. 
This, of course, does not prove that carbon in the form 
of graphite or coal had not started the dezincification of 
the tuve, since it might subsequently have been removed 
stews the tube was cleared by means of an iron rod or 
rush. 
As a result of the study of the answers to the question- 
schedu of the tubes co; under conditions of 
tical work, the authors came to the conclusions that 
ew deductions of importance could be made, and that 
this method of work is yr 4 of value for indicating in a 
general way the nature of the problem to be attacked. 
The chemical and physical conditions obtaining in con- 


densers in practical work are of a complex 
nature, may vary considerably from point to point, 
not only of the condenser as ocho but even along each 


tube. oreover, it is not usually possible to ascertain 
what are the exact conditions as regards such matters 
as temperature, speed of water, presence of air, &c., in 
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any particular plant. The 
conditions from part to part of the same. f 
might be supposed to cause co i 
the speed of corrosion, may be summar as follows :— 

1. Variation of the Water Speed in Different Tubes.— 
This may operate :— 

A. Directly as an independent effect. 
B. Indirectly as affecting 2. 
C. Indirectly as affecting 4. 

2. Variation in the Temperature of the Different Tubes. 

—This may operate :— 
A. Directly, owing to increased chemical activity. 
B. Indirectly, by removing gases from solution 
(see 6). 
Norr.—Choked tubes may become highly heated. 

3. Variation in the Distance of Different Tubes from 
Electro-Chemical Protector Blocks, Bars, and Main Con- 
denser Bodies. 

4. Variation in the Distribution of Solid Substances 
which Settle on the Tubes. 

5. Variation in the Distribution and Amount of Water 
left in the Tubes when the Condenser is out of Action. 

6. Variation in the Oxygen Containcd in Solution in the 
Water during its passage through the Condenser.—The 
concentration will be highest where the water enters, and 
lowest where it leaves the condenser. , 

7. Variation in the Quality of the Water Circulating 
through the Tubes. 

Looking down this list, it becomes obvious that engi- 
neers in charge of condensers are not in a position to 
supply detailed information as to the exact nature of 
those conditions which may be expected to influence the 
course of corrosion. Take, for instance, the distribution 
of temperature. The highest temperature will not neces- 
sarily occur at the middle of the top nest of tubes, where 
the steam usually enters the condenrer. It will be influ- 
enced by the position and dimensions of befie-plates and 
by the speed of the water through the tubes. © 8 
pi the water will not necessarily be the same through all 
the tubes, owing partly to the swirling action in the water 
ends, and partly to possible partial choking of certain 
tubes. In any given condenser the distribution of tem- 
perature could only be ascertained by direct experiment; 
and this is not possible without the empioyment of special 
apparatus. Moreover, there is an almost entire lack of 
published experimental work giving quantitative measure- 
ments of the effect of these variations on the speed and 
nature of brass corrosion. Mang opinions have been 
expressed in discussions on the subject, but for the most 
part they have not been backed by experimental work. 
Arnold Philip* has on more than one occasion emphasised 
his view that electronegative particles of carbon, &c., 
are of special importance in promoting corrosion, but does 
not appear to have brought forward any detailed experi- 
mental work to support it—perhaps because it seems to 
be such an eminently reasonable view. Bruhl+ also 
neglected this point, and entirely failed to throw any 
light on the phenomenon of dezincification, which is the 
factor of princips] importance in practical work. More- 
over, with the exception of two experiments carried out 


at 40 deg. Cent., he confined all his work to experiments | P’ 


at the ordinary temperature. 

Milton and Larket carried out a considerable number 
of experiments to elucidate dezincification, but for the 
most part their work was confined to the electro-chemical 
aspect of the subject. Sirclair$ also worked mainly along 
electro-chemical lines, but carried out a number of in- 
teresting experiments at temperatures higher than atmo- 
spheric. Tilden,|| as long ago as 1 observed the 
combined effect of ferric oxide and other substances at 
a temperature of 40 deg. Cent. maintained for seven hours 
a day for eleven months, and probably succeeded in 
dezincifying his brass. He actually recorded his obser- 
vations as ‘‘ deposition of copper,” but in view of the 
knowledge that has been accumulated in more recent 
years, it seems to the authors probable that he was really 
observing the phenomenon of dezincification. If this be 
so, he was probably the first experimenter to observe it in 
a laboratory experiment. 





Sgcrion I. 
Laboratory Investigation. 

Owing to the fragmentary nature of the available 
experimental evidence, it was deemed advisable to 
arrange & somewhat extensive laboratory scheme for 
examining a few of the factors which seemed voy! to 
bear upon the nature and speed of corrosion. In the first 
place it must be remem that corrosion phenomena 
may be divided into two classes :— 

1. The gradnal wearing down of the tube—.e¢., general 
corrosion in which copper and zinc are removed approxi- 
mately in the proportions in which they occur in the 
alloy. This action will be called ‘complete corrosion.” 

2. Dezincification, followed by pitting, in which the 
zinc is removed preferentially, leaving a pit or area of 
copper-rich material. Such areas become quite weak and 
rotten, and in many cases the copper may easily be 

hed out of the tube in the form of a plug, leaving a 
e. These rotten tubes are no longer water-tight. 

The action which results in dezincification will be 

called ‘‘ selective corrosion.” Practically all tubes suffer 


* Journal of the Institute of Metals, No. 1, 1911, vol. v., 


99. 
Tbid., 1911, vol. vi., page 289. ENGINEERING, vol. xcii., 
pages 436 and 472. é pa 
; — of the Institution of Civil Engineers, 1903, 
vol. cliv. 


§ Ibid., page 184. : 
| J a of the Society of Chemical Industries, vol. v., 
page 54. 


ible variations in the! from the first form of corrosion, although it may be so 
condenser, which | retarded that the rate becomes practically zero. An 
ing variations in | 


| at the ends of the tubes, and may even give rise to per- 





instance of this has been cited already. 
‘Complete corrosion” is sometimes more pronounced 


foration ; but this is a comparatively rare phenomenon. 
Usually this type of corrosion is comparatively slow, and 
the vast majority of tubes fail owing to pitting induced 
by dezincification, before their strength has been seriously 
diminished by general attack. and.’ 

It is, therefore, the problem of dezincification that has 
received the principal attention of the authors, and the 
problem of perforation by ‘‘ complete corrosion” has not 
been specially investigated. Pi 

The view has sometimes been expressed that pitting by 
dezincification is merely ordinary corrosive action in- 
tensely accelerated locally, either by the action of electro- 
negative particles or in some other way. This view 
presuppo-es that the normal action of sea-water on brass 
ls & ie process of dezincification. The only experi- 
mental evidence on the point appears to be that of 
Sexton,* who states definitely that when 70 : 30 brass 
is attacked by sea-water, dezincification always occurs. 
However, this author gives only the very meagre experi- 
mental details expected in magazine articles, and in his 
book on corrosion they are repeated without addition. 
It seems, therefore, highly desirable to confirm or exclude 
his conclusions, and this matter served as a starting- 
point for the laboratory research. 


EXPERIMENTS AT ATMOSPHERIC TEMPERATURE, 
Seeiszs I, 


The alloys selected for examination were four in number, 
and were pieces of tube of the same batches as wer: 
used in the large-scale experimental plant, which will be 
described later. Analyses are given later. The tubes 
were sawn in half and cut into 2-in. lengths, which corre- 
sponds to a surface area of 4.2 sq. in. The Adwiralty 
tube was of smaller diameter, and hence surface area of 
2-in. length was less, = 3.4 sq. in. Their edges were 
filed smooth, and a hole 4 in. in diameter was drilled 
near one end; they were cleaned and polished, and 
suspended in beakers by means of glass hooks, as 
shown in Fig. 1, the top of the upper tube being 
about 4 in. and the lower tube about 3 in. below 
the surface of the water. Each beaker contained 14 
litres of natural sea-water, the surface area of the water 
being 124 sq. in. 

In cleaning the tubes they were roughly polished on 
the outside with fine emery paper to remove grease, 
oxide, &c. ; the inside surfaces were polished to a rather 
higher d by means of circular polishers rotated in a 
lathe. The purpose of this is explained later. Every 
endeavour was made to bring all the surfaces to the same 
degree of polish, so that all the results obtained might be 
strictly comparable. 

The experiments with these tubes served as a basis for 
the examination of the effect of altering the various 
conditions. In these experiments the speed of the water 
was zero. The temperature was the ordinary tempera- 
ture of the laboratory, averaging 18 deg. to 20 deg. Cent. 
No protecting metals or electro-negative particles were 
resent. Normal sea-water, taken at high tide outside 
the port of ot ae was used. The oxygen content was 
simply that which could diffuse down to the tubes from 
the surface of the water, free access of air to the ers 
being allowed—they were only loosely covered with ape 
sheets of coarse filter-paper to keep out dust, &c. The 
concentration of the sea-water was kept constant by 
adding distilled water from time to time to make good 
the loss by evaporation. 

e tubes were accurately weighed before examination, 
and at the end of 15 days were removed, well cleaned by 
means of a rubber-tipped glass rod, and all loose deposit 
removed. They were then ge dried and weighed. 
They were re-immersed, and further weighings made 
from time to time. The results are recorded in Tables IT. 
and III., and in graphical form in Figs. 2 and3. The 
oe was renewed periodically, as indicated in the 
tables, 


TaBieE II.—Sea- Water Corrosion Results. First Series. 











Upper Tubes. 
Vomposition of 1. h-1 oe 4. 
Interval. 
Tube. } 70 : 30 |70 : 28:2) 61:39 70:29:1 
Initial weight in ; 
grammes se _ | 14.4576 | 14.4914 | 14.9114 | 10.8808 
Weight after corro-| | 
sion for .. -.| days 14.7450 | 14.4769 14,9034 10 8666 
Loss in grammes ..| 0.0126 | 0.0145, 0.0080 0.0142 
Percentage loss .. _ 0.08 0.10 0.05 0.18 
Weight after 22days 14.7380 | 144724 14.9018 10.8624 
Percentage loss .. _ 0.13 013 0.06 0.17 
Weight after 28d+ys 14.7330 | 14.4674 14.9020 19.8585 
Percentage loss .. Sea-water 0.17 0.17 0.06 0.20 
renewed 
Weight after --| 84days 14.7100} 14.4372 14.8870 | 10.8204 
Percentage loss .. Sea-water 0.32 0.37 0.16 0.55 
renewed 
Weight after -.| 168 days 14.6910 | 14.4126 14.8720 10.7812 
Percentage loss .. Sea-water| 0.45 0.54 0.26 0.89 
| rene’ } 
Weight after ..| 208 days 14.6840 | 14.4030 | 14.8645 | 10.7680 
Percentage loss .. _ 0.50 0.6L 0.31 1.04 | 





Nors.—Owing to the slowness of the attack on the metal and the | 
slowness of the consequent diminution in concentration of the | 
sea-water, long intervals were allowed to elapse before renewal. 

* Engineering Magazine, vol. xxx., 1906, and ‘The | 
Corrosion ent Postetion of Metals” (Scientific Publish- 
ing Company), page 116. 





TasB.E III —Sea-Water Corrosion Results. First Series. 





Lower Tubes. 
Composition of 1. 2. 3. 4. 
Interval. 
Rabe. "J 70 : 30 70:28:2) 61:39 70:29:1 
Initial weight in, 
grammes.. oe 14.4352 | 15.6184 15.1424 11.6314 
Weight after corro-, | 
sion for .. -.| 15 days 14.4235 15.6050 | 15.1335 | 11.6174 
Loss in grammes . - 0.0117 0.0134 0.0089 0.0140 
Percentage loss . | _ 0.08 0.09 0.06 0.12 
Weight after 22days 14.4192 15.6000 15.1330 11.6130 
Percentage loss .. _ 0.11 0.12 0.06 0.16 
Weight after 28days 14.4148 15.5932 15.1880 11.6092 
Percentage loss .. Sea-water 0.14 0.16 0.06 0.19 
renewed 
Weight after ..| S4days 14.3966 15.5636 15.1202 | 11.5734 
Percentage loss .. Sea-water 0.27 0.36 0.15 0.50 
renewed 
Weight after - | 168days 14.3772 15.5404 15.1066 | 11.5318 
Percentage loss ..| Sea-water 0.40 0.50 0.24 = (0.86 
renewed 
Weight after -| 208 days 14.3705 15.5130 15.1010 | 11.5130 
Percentage loss . _ 0.45 0.55 0.27 1.02 


In conducting such experiments as these, ib has been 
found necessary to take into account the following 
factors :— 

A. The volume, concentration, and temperature of the 
corroding medium. 

B. The mode and depth of immersion. 

C. The rate of diffusion, whether natural or stimulated 
artificially by stirring, &c. 

D. If diffusion be natural, the superficial area of the 
sea-water surface mes & factor. 

E. Area of ex surface of corroded metal. 

F. The condition of the surface of the corroded metal. 

All these factors have been taken into account in the 
experiments described, and have been kept similar for all 
tests in each series of experiments. The omission to 
state their experimental conditions in their published 
accounts is no doubt responsible for the conflicting results 
obtained by previous workers. 

General Features of the Phenomena Observed.—It soon 
became clear that the first stage in the corrosion of brass 
is the oxidation of one or both of the constituent metals. 
Cohen and others have shown that, in the absence of 
oxygen, no corrosion will take place, and the authors 
have confirmed this fact. The earliest visible sign of 
corrosion is the formation of a layer of brown oxide on 
the surface of the specimen. Whether or not the oxida- 
tion is direct is not a question of importance for the 
purposes of this paper. 

On either view the net result is the same—namely, 
that the alloy becomes gradually covered with a layer of 
oxide. This layer is very tenacious, and is not removed by 
ordinary rubbing with a rubber-tipped glass rod. In the 
case of 70 : 30 brass, it is of a poe sg eh colour, darken- 
ing to a brownish-black as time goes on. The thickness 
of this layer of oxide is a matter of some importance, as 
it affects to a certain extent the accuracy of the loss-of- 
weight method of estimating corrosion. Careful micro- 
meter measurements have shown that it varies from 
0.01 mm. in thickness after a few months’ immersion, to 
about 0.04 mm. after nine months. The losses of weight 
given in all the tables in this ye refer to measurements 
made with this layer of oxide left adhering to the tubes 
in an unbroken state, except where the contrary is stated. 

An objection may be raised that this layer of oxide 
should have been removed by reduction in hydrogen 
before the final weighing. In some attempted measure- 
ments of the thickness of the oxide layer this procedure 
was carried out, but the results were not satisfactory. 
The reasons for this were:—(1) that zinc oxide is not 
reduced at moderate temperatures; and (2) that some 
zinc was volatilised in the stream of hydrogen gas. As 
a result, the light powder found on the tube at the end 
of the experiment was not pure copper and zinc oxide, 
but finely divided brass, and the loss of weight when this 
was removed was too t. 

After trying a number of alternative methods, such as 
measuring the reduction of tube thickness and the 
diminution of the chlorine content of the sea-water, 
the conclusion was reached that the most accurate and 
satisfactory comparative results would be obtained by 
weighing all the specimens after corrosion with the oxide 
layer left unbroken. It was noticed that the formation 
of oxide did not take place uniformly over the whole 
surface of the tube. It started at certain areas, i lar 
in distribution and shape, which could not be correlated 
with the individual crystals of the metal. The layer 
gradually spread until it covered the whole of the sur- 
face of tubes. 

It may be of interest to mention here that Lambert, * 
working with a sample of metallic iron which was prob- 
ably the purest and most homogeneous metallic substance 
of any kind that has ever been prepared, showed that even 
in this case oxidation began at certain spots and then 
spread out’ same result may be observed if a 

jece of brass tube be heated in a hot-air oven till the sur- 
ace begins to oxidise. It is evident, therefore, that the 
very minutest differences, chemical or physical, in a metal 
will determine the points at which oxidation begins, but, 
according to the experiments of the authors, it does not 
necessarily follow that subeequent corrosive activity will 
be most pronounced at these same points. 

The tubes become tarnished when they have been 
immersed in water for only a few hours, and a slight 
bluish opalescence becomes observable in the water. In 

* Journal of the Chemical Society, October, 1912, 
page 206. 
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the course of two or three days a deposit settles to the 
bottom of the beakers in the form of a fine greenish-blue 
powder. In the case of Muntz metal the deposit is paler 
in colour, and the surface of the metal exhibits a sallow 

ellowish tint instead of the reddish-brown colour exhi- 

ited by the other tubes. The tubes undergo no further 
change in appearance, but the ual increase in the 
amount of deposit shows that oxide layer is being 
continually removed and reformed. It appears to be 
removed by a reaction with the sodium chloride of the 
sea-water, whereby insoluble basic chlorides of copper 
“— zinc are formed. . te bine @ 

n certain experiments the greenish-blue deposit was 
collected and analysed, and was found to contain the 
whole of the copper that had been removed from the 
brass and a large part of the zinc. The remainder of the 
zinc was present in solution as zinc chloride. The copper 
and zinc are attacked in ey, the proportions 
in which they occur in the alloy. The fact that copper 
is entirely abvent from the liquid suggests that the 
cuprous oxide first formed reacts with the chlorides 
present in the sea-water, forming cuprons chloride or 
oxychloride. These, being highly insoluble in sea-water, 
are instantly precipitated, thus accounting for the fine 
bluish opalescence produced so soon after corrosion 
has started. On the other hand, only part of the zine 
forms an insoluble basic chloride, and part remains in 
solution as normal zinc chloride. As corrosion pro- 
c2eds, the sea- water becomes slightly alkaline, due 
to the removal! of carbon dioxide, which appears to be 
carried down in the form of basic carbonate. On 
these views the greenish-blue depoit will be a mixture 
of basic carbonates and chlorides of copper and zinc, its 


Fig.2. VERTICAL IMMERSION TESTS. 
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exact composition varying according to prevailing condi- 
tions. As a check on the validity of these views, it was 
thought desirable to ascertain whether any reaction would 
take place between sea-water and the oxides of copper 
and zinc prepared by ordinary chemical means. Accord- 
ingly, pure cuprous ox‘de was prepared by the addition 
of glucose to pure copper sulphate in the presence of 
tartaric acid. The resulting fine bright-red oxide was 
placed in a porcelain dish in contact with sea-water. No 
signs of reaction were noticeable for about three weeks, 
after which time the greenish-blue salt began to make 
its appearance. Some of the oxide was then placed in a 
beaker of sea-water suspended in a thermostat at 40 deg. 
Cent. After two or cae days the blue salt, whic 
characterises the ordinary process of general corrosion, 
made its ap; ce. 

In view of these results and of the fact that the blue 
salt is readily formed in all ordinary cases of corrosion at 
the ordinary temperature, a fresh batch of cuprous oxide 
was made with a view to ascertaining whether the details 
of preparation had any effect on the speed of reaction. 
In this case the oxide was made from pure copper sulphate 
and glucose without the addition of tartaric acid. The 
resulting oxide was lighter in colour and had a yellowish 
tinge. In this state the oxide readily reacted with the sea- 
water at the ordinary temperature, with the formation of 
the greenish-blue basic salt in the course of a few days. 

It was thought desirable to ascertain the composition 
of the deposit, and for this purpose a suitable quantity 
was prepared by leaving several feet of 70 : 30 tube in 
contact with 4 litres of sea-water for several months. 
The salt does not adhere at all tightly to the tubes, and 
was washed off, dried, weighed and analysed. The result 
was as follows :— 


Per Cent. 
Copper a ae ee ee 
Zinc ... sti ae ie mm i 13 02 
Chlorine sii ae a mie ‘i 295 
Carbon dioxide ... ola ; a 4 20 


Balance: oxygen, nesium, and calcium salts and 
insoluble matter. 


It is evident that the salt is a double basic chloride and 
carbonate of copper and zinc. It is noticeable that it 
contains less zinc proportionally to the copper than the 
original tubes. This is due to the fact that in this and 
all other experiments on corrosion described in this paper, 
a as at least of the zinc remains in solution as zinc 
chloride. The nature of corrosive action in stagnant sea- 
water at the ordinary temperature, and, as will be shown 











subsequently, at somewhat higher temperatures, may 
now be summarised as follows :— 

1. The oxygen in solution* reacts with the copper and 
zinc of the alloy, forming cuprous oxide and zinc oxide. 
These substances form first at certain areas, form a 
brown or reddish layer which darkens in time (probably 
owing to the formation of cupric oxide), and which finally 
completely covers the tube. 

2. The oxide layer reacts with the sodium chloride and 
carbon dioxide of the sea-water, the metals thus passing 
into solution, but instantaneously the whole of the copper 
and a rt of the zinc are precipitated in the form 
of a greenish-blue basic salt which is insoluble in sea- 
water, and is usually deposi in a flocoulent or non- 
adhesive state on the tu The remainder of the zine 
remains in solution as chloride. 

3. The reaction- between the oxide and the sea-water 
probably proceeds at about tae same rate as the forma- 
tion of the oxide, since the oxide layer is always fouad 
beneath the greenish-blue salt, but yet only increases 
very slowly in thickness. Owing to this reaction, the 
sea-water gradually becomes alkaline because of the 
removal of carbon dioxide. 

4. If the tube be allowed to dry, or if the green salt be 
allowed to remain on the tube for several months, the 
salt will stick tightly to the tube, but in the latter case 
only in small isolated patches. 

5. The sticking of the salt interferes with the accuracy 
of loss-of-weight experiments if carried out for very long 
periods. If violent measures are taken to remove the 
— salt, the oxide layer beneath is also removed in 
patches. 

6. The experiments described above have been carried 
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out for a period of eight months, and no signs of selective 
corrosion or local action have been observed. The tul 
present a perfectly uniform oxidised appearance indicating 
progress of complete corrosion only. . 

In view of the widely-held opinion that “spills” and 
‘‘flaws” on the interior surfaces of condenser-tubes form 
corrosion centres and start pitting, the inside surfaces of 
the tubes used in Series J. experiments were highly 
polished, as described previously. The original intention 
was to examine the polished surfaces under the microscope 
from time to time as corrosion proceeded, and to try and 
observe in this way whether corrosion was being accele- 
rated in the neighbourhood of any flaws. Microscopic 
observation of the metal is effectually prevented by the 
interposition of the oxide film. Still no evidence was found 
by this or any other means to show that flaws had any in- 
fluence on sea-water corrosion at the ordinary temperature. 
In view of the fact that sea-water always contains a con- 
siderable quantity of dissolved CO, it was thought 
desirable to ascertain the effect of this substance apart 
from the presence of salt. Accordingly the following 
ae 8 was made :— ; 

3-in. length of 70 : 30 tube was suspended in 1} litres 
distilled water, which was maintained saturated with CO, 
by bubbling a slow stream of the through the liquid. 

e tube was weighed before and after the experiment, 
which lasted sixty-four days. 


Grammes. 
Weight before experiment... 21.0372 
Weight after sixty-four days ... 20.9450 
Loss of weight 0.0922 
Percentage loss ... 0.4382 


At the conclusion of the experiment the tube presented 
a dull purplish 
salt could seen. The liquid remained clear, but on 
filtering a trace of green deposit was found. Yet the 
above result shows that quite a considerable amount of 
metal was removed ; indeed, more than in the case of a 
similar tube immersed in sea-water for the same |} 
of time. Obviously the metal removed must have 
remained in solution. This was borne out by the obser- 
vation that on heating the clear liquid to boiling a 
flocculent white precipitate of basic zinc carbonate was 
formed. The important point of this experiment is that 





in solution that reacts with the 
free gaseous condition. 





* It is only the oxy 
brass, not oxygen in t 
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colour, but none of the usual blue-green | th 





the loss of metal is almost entirely concentrated on the 
zinc. It should be mentioned, however, that this form of 
dezincification takes place uniformly over the whole of 

and in this respect is to be distinguished from 
the ‘ype of dezincification referred to later in this paper 
as ‘‘selective corrosion.” Nevertheless, the experiment 
indicates that waters highly charged with carbon-dioxide 
gas must have a serious effect on brass. 


Discussion OF Resuits or Experiments 1N Serizs I. 


Comparison between the results obtained for the upper 
and lower tubes in the same beakers reveals the fact that 
in all cases the upper tubes have suffered greater loss in 
weight. This is only to be expected, since oxygen is an 
important factor in corrosion phenomena, and is con- 
stantly being removed by reaction with the metals of the 
tube. It can only be replaced by diffusion from the 
surface of the liquid, and the new supplies will neces- 
sarily reach the upper tubes first. wise the results 
obtained for the ~. haga lower tests are in good agree- 
ment with one another. 

Figs 2 and 3 show clearly that the Muntz metal tubes 
have lost least in weight. Of the others, the 70: 29:1 
alloy shows the lowest 1esistance to complete corrosion, 
whereas the 70: 30 and 70: 28:2 alloys behave nearly 
alike, and are rather more resistant. In all cases the rate 
of corrosion decreases gradually with elapse of time. 

These results are surprising. In the first place, it 
would be expected that the Muntz-metal tube would 
suffer the test loss in weight, since it is a two-phase 
system, and would therefore appear to be peculiarly liable 
to electrolytic action. The 70 : 29 : 1 metal and the 
70 : 30 brass are homogeneous single-phase systems, and 


Fig.3. VERTICAL IMMERSION TESTS. 
Lo TUBES. 


WER 





Time in. Days. 


would be expected to show less loses of weight. The 


bes | 70 : 28 : 2 tubes contained a small amount of free lead 


interspersed between the crystals in a fairly regular 
manner, and from the electro-chemical point of view 
might be expected to show a loss of weight intermediate 
between the Muntz metal ard the 70 : 30 brass. 

It is evident that the order of corrodibility of these 
tubes differs widely from that which would be predicted 
from the electro-chemical point of view, ard the authors 
conclude that electro-chemical action between the various 
phases is not an important factor in determining the 
amount of complete corrosion under the conditions em- 
ployed in these experiments. The reason for this appears 
to be that the adherent oxide film, which covers the 
whole surface of the tubes soon after they have been 
exposed to the sea-water, interposes a considerable 
resistance into any ona circuit which may at first 
be formed between the different phases. Consequently 
the effect of the juxtaposition of two or more phases is 
completely masked by other factors which influence the 
speed of corrosion. 


Sgconp Serres OF EXPERIMENTS. 


In view of the unexpected results obtained in the first 
series of experiments, it was decided to repeat them with 
slight modifications. The differences consisted in the use 
of 3-in.* lengths of tube suspended in the beakers hori- 
zontally instead of vertically, so that a deposit might 
rest on the tube instead of falling to the bottom of the 
beaker, and secondly, in suspending the tubes by means 
of white string from glass rods laid on the top of the 

ers, as shown in Fig. 4. The second modification 
was merely for the sake of convenience, but the first was 
carried out to test the effect of the of the blue 
salt on the speed of corrosion. In first series of ex- 
periments this salt fell to the buttom of the beaker, in 

e second it remained in situ on the tubes. Two tubes 
of the same kind were immersed in each beaker at the 
same depth (approximately 1 in. below surface of water), 
otherwise the experiments were carried out in an exactly 
similar manner to Series I. The results of this series of 
experiments are given in Table IV., and the results are 
plotted in Fig. 5. 

It will be seen that while the differences in the 
speeds of corrosion between the various tubes are not so 

* The surface area of a 3-in. of tube is 6.4 sq. in. 
= 40 sq.cm. For the 70: 29:1 tube = 4.9 sq. in. or 
30.5 sq. cm. In all other experiments described 3-in. 
lengths were used. 
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marked as in the first series of experiments, yet the rates 
of corrosion are in the same relative order, 

in showing the least loss of weight and the 70 : 29:1 
a the most. 

The losses of weight recorded in this series of experi- 
ments are greater than in the first series. The differences 
are not great, and may be accounted for by the fact that 
the whole length of the tube was nearer the surface of 
the water than the average distance in the case of the 
vertical tubes. It seems unlikely that the presence of the 
pert salt has any important effect on the rate of corrosion 
of the tu 

It has been suggested from time to time by engineers 
and others that sea water remaining stagnant in the tubes 
has a specially rapid corroding effect on them. The 
second series of experiments shows that a 70 : 30 brass 
tube loses about 0.6 per cent. of its weight under the 
action of sea-water for four months at the ordinary tem- 
perature. Supposing no pee to take place, and 
assuming that a tube could be used till it had lost two- 
thirds of its thickness, that corrosion takes place on one 
side only of the tube, and that it proceeds uniformly at 
the same rate, the life of a 70: 30 tube should be about 
seventy-five years. In practice, the life of a tube rarely 
reaches twenty-five years, and the normal life of a tube 
may be taken to be about twelve years under average 
conditions. As a matter of fact, the life of a tube in 
practice is usually limited, not by its resistance to thin- 
ning, but by local dezincification and pitting. Only 
complete corrosion occurred in these two series of experi- 
ments, and therefore the experiments hitherto described 
throw but little light on the practical] ape except by 
showing that stagnant sea-water at the ordinary tempe- 
rature 1s not of itself an important source of trouble. 

Influence of Concentration of Sea-Water.—Condenser 
tubes are occasionally submitted to the action of sea- 
water containing salts of a different concentration from 
the normal. Thus, when sailing up rivers and estuaries, 
the water pumped through the condensers may contain 
much-less salt than water from the open sea. On the 
other hand, drops of water may lie along the bottom of 
the tubes when the condenser is out of action and par- 
tially evaporate, giving rise to a concentrated solution 
of sea-water salt. Further, such drops of concentrated 
sea-water may be formed always in the same positions in 
the tubes. Consequently it was thought desirable to 
obtain data showing the effect of these factors. 

The experiments were carried out as before, with the 
exception that the liquid used was sea-water which had 
been concentrated to one-quarter, one-half, and three- 
quarters of its original volume, and a fourth test was 
made with sea-water which had been diluted to twice 
its volume with distilled water. Thus calling the con- 
centration of ordinary sea-water 1, the concentration of 
the liquids used could bse denoted by 4, 2, 1.5, and 0.5 
respectively. Only one kind of tube was used in the 
experiments with concentrated sea-water—viz., 70 : 30 
brass. Two tubes were immersed horizontally in each 
kind of sea-water exactly as in Series II. The results 
are shown in Table V. and Fig. 6. 

It will be seen that in general, an increase of concen- 
tration gives an increase in the rate of complete corrosion. 
Between sea-water of concentrations 1 and 1.5 there is 
little difference in rate of attack; but the higher con- 
centrations 2 and 4 accelerate it to almost twice the 
ordinary rate. The corrosion product was the ordinary 
blue deposit already described. No signs of dezincification 
were observed. 

There was a noticeable difference from the usual ap- 

rance in the case of the tubes which were corroded 
in the highly concentrated sea-water. The oxide layer 
was much lighter in colour; and the greenish deposit 
adhered to the tubes tightly in patches, rendering the 
loss-of-weight values leas accurate. The deposit, on the 
other hand. was more highly coloured, indicating that 
there was less copper in the oxide layer, but more in 
the deposit. 

A series of tests with the four types of tube suspended 
vertically (using 2-in. lengths), ¥ ~~ similar to 
Series I, experiments, was carried out in diluted sea- 
water (concentration 05). The results obtained for the 
upper tubes are given in Table VI. and Fig. 7. 

hey show that a decrease in the concentration of the 
sea-water diminishes slightly the rate of complete corro- 
sion. A ee ae factor, however, is introduced by 
the fact that after the lapse of five to six months a new 
type of corrosion is observed to set in. The tubes (with 
the exception of the 70 : 28 : 2 alloy) which had hitherto 
undergone only ordinary complete corrosion of the kind 
poemeede described became covered (mostly on the 

ks) with minute specks of a white substance, which 
was strongly adherent. When the white salt was removed 
a coppery area was invariably disclosed. Evidently the 
corrosion was proceeding in a different manner from usual, 
and was of the type characterised in this paper as ‘‘ selec- 
tive.” This aspect of corrosion is dealt with in detail 
later. It is very noteworthy that the 70,: 28 : 2 brass did 
not show any sign of this selective attack under these 
conditions, while, of the others, Muntz metal seemed to 
be the most susceptible to it. 


INFLUENCE OF PARTICLES. 


The opinion has been repeatedly oes by speakers 
and writers on corrosion that trouble occurs most fre- 
quently in practice when sea-water has been allowed to 
remain at rest in the tubes. Arnold Philip, in particular, 
has suggested that stagnant sea-water gives rise to serious 
corrosion, but acts principally by allowing particles of 
carbon and other electro-negative bodies to remain at 
rest in one position on the tube, thus giving rise to 
intense local electro-chemical action. 

In the early stages of the research it seemed to the 
guthors probable that some such action might be the 


untz metal | were 





cause of the dezincification of tubes, and experiments 
to test the effect of the following sub- 
stances, acting in conjunction with stagnant sea-water 
at atmospheric temperatures:—Graphite, coal, coke, 
clinker, sand, iron pyrites; loss-of-weight experiments 
were carried out in exactly the same manner as in 
Series II. experiments previously described, the various 
substances being placed on the tubes, which were all of 
the 70 : 30 type. In the case of coal, coke, &c." the 
materials were tied firmly down to the tubes, so as to 
touch them to certain definite points. Check-tubes—i.c., 
tubes without any substance in contact with them—were 
placed in the same beakers with the tubes being tested. 
‘The results are collected in Table VII., page 303. 





Fig.3. HORIZONTAL IMMERSION TEST. 
é 


these substances was a mechanical one, whereby free 
access of =e to the tube was prevented. It seemed 
just possible that the bright areas of the tubes were really 
areas of most active attack, from which oxide was re- 
moved more rapidly than it was formed, but careful 
micrometer measurements show that in every case tubes 
were slightly thicker at the bright areas than at the sur- 


rounding parts. 24 
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_Fig.7. DILUTED SEA WATER TESTS. 
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TABLE IV.—Skra-Water Corrosion EXPERIMENTS. 


Sgconp SERIES. 





1 2. 3. 4. 

70 : 30 70 :28:2 69 : 31 70:29:1 

cal Interval. mira 
A.* B. 

(Horizontal). (Vertical). A. B. A. B. A. B. 
Initial weight in grammes 22.3662 22.8080 | 23.6705 | 23.5400 22.5950 | 22.7008 | 15.9360 | 16.1428 
Weight after corrosion for 30days 22,3122 22.7625 | 23.6242 23.4954 | 22.5760 | 22.6812 | 15 9000 | 16.1087 
Loss in grammes e _ 0.0540 0.0455 0 0463 0446 | 0.0190 0.0196 | 0.0360 0.0341 

Percentage loss .. . Sea-water renewed 0.24 0.20 .20 0.19 0.08 0.08 0.22 0.21 
Weight after a days 22.2910 22.7444 23.5955 | 28.4662 22.5560 22.6628 15.8774 16 0x78 

Percentage loss .. . Sea-water renewed 0.34 0.28 0,32 0.31 0.17 0.17 0.36 0.34 
Weight after j i 90 days 22.2700 22.7225 23.5695 23.4418 | 22.5350 | 22.6428 15.8565 16.0675 

Percentage loss .. an .. Sea-water renewed 0.43 0.28 0.43 0.42 0.26 0.25 0 50 0.47 
Weight after .. Se z 120 days 29.2270 22.6800 23.5365 23.4100 | 22.5110 | 22.6200 15.8250 | 16 0450 

Percentage loss .. wa x _ 0.62 0.56 0.56 0.55 0.37 0.36 0.63 0.61 


* The tube-pieces A and B belonging to tube 1 were immersed in same beaker in different ways—A horizontally and 
B vertically, and this is reflected in the results. 


TABLE V.—ConcentTRATED Ska-WaTER CORROSION EXPERIMENTS. 








No. 1 in 4 Litres 


No. 1 in 14 Litres 


No. Lin 14 litres 
Sea- Water of 


No. 1 in 1} litres 








{ | 
Ordinary Sea- | Sea-Water of Sea-Water of 1 
— Interval. Water. | Concentration 1.5 Co: centration 2. Concentration 4. 
A. mB i-3 Fa K. L. M. 0. 
Initial weight in grammes! _ 20.5590 20.1850, 22.7810 22.9680 20.8436 20.0360 21.3894 21.7554 
Weight after corrosion for 30 days 20.5158 20.1406 22.7312 22.9222 20.7840 20.9665 21.3260 21.7151 
Loss in grammes .. onl _ 0.0432 0.0444 0.0498 0.0458 0.0 96 0.0695 0.0614 0.0703 
Percentage loss .| Sea-water renewed 0.21 0.22 0.22 0.20 0.29 0.33 0.29 0.32 
Weight after er eat 60 days 29.4964 20.2218 22.7054 22.8982 20.7418 20.9245 21.2794 21.6578 
Percentage loss ..| Sea-water renewed 0.31 0.81 0.33 0.30 0.49 058 | 0652 0.58 
Weight after oat days 20.4576 20.0858 22.6840 22.8760 20.7068 20.8875 | 21.2286 21.6028 
Percentage los: ..| Sea-water renewed 0.49 0.49 0.43 0.40 0.66 0.70 0 75 0 84 
Weight after days 20.4125 20.0510 22.6555 . $385 6670 20.8510 21.1730 21.6530 
Percentage loss -— 0.71 0.67 0.55 0.56 0.85 0.88 1.01 1.06 


These results show that none of thesubstances examined 
exerts any pens influence on the amount of general 
corrosion at the ordinary temperature. Moreover, the 
most careful scrutiny of the tubes failed to reveal any 
sign of dezincification. In ral, the effect of these 
substances was to retard slightly the speed of corrosion. 
Under the ite and the tubes were _— bright 
and unoxi , and it seemed that the only effect of 





These experiments as regards the effect of graphite 
were capenaea a pieces of Admiralty tube, and exactly 
similar results obtained. 

It seemed probable that the failure of such substances 
as graphite and coal, even when in close contact with the 





tubes, to ote corrosion, was due to the resistance 
in in the electrical circuit at the point of contact 
between the tube and carbon. To test further the effi- 
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TaBLe VI.—Diluted Sea-Water Corrosion Tests. 


4. 


i. 3. > 
29:1 


ST 
70 : 30 70:28:2) 61: 


—_— Interval. | “ be 





Initial weight in 








grammes. . = _ | 12.1652 | 18.8800 | 13.3290 | 9.6500 
Weight after corro-| | 
sion for .. _..| 28 days | 12.1514 13.8668 | 13.3197 | 9.6408 
Loss in grammes .. | _ | 0.0138 | 0.0132 | 0.0093 | 0.0092 
Percentage loss ..|Sea-water, 0.11 0.095 | 0.07 0.095 
renewed | 
Weight after -| 84 days | 12.1274 | 18.8415 | 13.3044 | 9.6172 
Percentage loss ..|Sea-water| 0.31 | 0.28 0.18 0.34 
renewed | 
Weight after ..| 168 days | 12.0960 | 13.8150 | 13.2895 | 9.6000 
Percentage loss ..| ie | 0.57 0.47 | 0.30 | 0.52 | 


cacy of electro-chemical action the following experiment | 
was also made :— 

A circular hole was bored in a piece of 70 : 30 brass 
tube, and a piece of copper rod was screwed into it, thus 
ensuring a thoroughly satisfactory electrical contact 
between the electro-negative copper and the electro- 
positive brass. The tube was then immersed in stagnant 
sea-water for sixty days, together with a check-tube. The 
results of loss-of-weight determinations were as follow :— 

Loss after 60 Days = 
Cogs Plug Tube. Check Tube. 
er Cent. Per Cent. 
0.23 0.25 

There was no sign whatever of any localised reaction 
on the brass surrounding the copper, such as would 
have occurred if any electro-chemical stimulation of cor- 
rosion had taken place. The conclusion to be drawn 
from this and other experiments to be described sub- 
sequently is that, even under the most favourable con- 
ditions that can be devised to exhibit electro-chemical 
attack on brass by carbon and copper, no such action 
takes place, and that in consequence the settling of 
particles on condenser-tubes is not per se a cause either 
of dezincification or of any intense local complete corrosion 
inducing a pit. 

The authors attribute the absence of such action to the 








TABLE VII.—Inr.vuence OF PARTICLES 


were circulated continuously by means of a ay along 
two 6-in. | of 70 : 30 tube which had cut in 
half along a diameter. Under these conditions the speed 
of corrosion is further increased to approximately four 
times the rate obtaining in s t sea-water (an accu- 
rate comparison cannot be 
one side of the tubes was exposed to attack by the flow- 
ing current of sea-water). A uniform tenacious oxide 
layer was formed on these tubes similar to that on the 
tubes immersed in stagnant sea-water, but was somewhat 
darker in colour. 

Further experiments were carried out with circulating 
sea-water on the effect (if any) of particles on brass cor- 


Fig.9. RESULTS OF CORROSION 
BY RUNNING SEA WATER. 
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rosion. Pieces of coal and clinker were tied on near the 
centre to 6-in. lengths of each of the four kinds of tube, 
and sea-water circulated along the tubes continuously for 
thirty days. On examination at the end of this time, 
none of the tubes showed any traces of localised corrosion 
in the neighbourhood of the particles. On the other 
hand, beneath the coal was found a bright unoxidised 
patch, confirming previous observations that such parti- 
cles only exert a mechanical protective action. 


AND Deposits on SEA-WATER CORROSION. 

















| | 
| Weight | Weight | | Percent- | 
Details of Treatment. | Interval. | Before. | After. | | age Loss. | 
grammes.| grammes | grammes 
1. 70:30 tube alone in 14 litres sea-water immersed- 
horizontally (check) .. P am e ie 30 days 21.4372 21.8210 0.1162 0.54 |Oheck. 
2. Tube similar to above in 14 litres of sea-water with | 
pieces a coketiedon tointeriorsurface 30 ,, 22.1156 22.0600 | 0.0556 0.25 Graphite and coke. 
3. Tube treated similarly with pieces of clinker and iron 
pyrites on surface .. se “ “a 3 30 ,, 20.9535 20.8752 | 0.0783 0.37 Olinker and pyrites. 
4. Check tube .. ne - -. | Both immersed in } 45 18.5483 18.5098 0.0385 0.21 Check. 
Tube = sand laid on surface 14 litres sea-water / - 18.4648 18.4352 | 0.0296 0.16 Sand. 
5. Check tube. . aa és “ 
“oy A a Both immersed in | § 20.2756 20.2590 0.0166 0.68 Check. 
ie with freshly: + "Otitresscawater p & ” (120.4870 | 20.4641 | 0.0220 | 0.11 [Fey Os (fresh). 
Gti... .. ..| See ii, | (18.4078 | 18.3814 | 0.0264 0.14 \Cheek. 
Similar tube and ignited Fe,0, water y a » | 118.4648 | 18.4300 | 0.0348 0.19 Fe O; (ignited). 
7. Cie 5. we 
Tube with deposit formed on| 0th immersed | |. (18.8646 | 188115 | 0.0531 0.28 | Check. 
surface by evaporation of sea- 1} litres mee A ll ” | 24.4256 24.3240 | 0.1016 0.42 | Sea-water deposit. 
water at ordinary temperature } | | 
8. Tube with sea-water deposit | | 
tolred tors howe ct Sdem Oo. | _ Both placed in | 19.6042 | 19.4955 | 0.1087 Baked deposit 55d 
for 9 hours at 55 deg. OC. ; | 604 19.4 . 0,55 eposi eg. 
Tube with sea-water deposit { 1+ litres sea-water |} 45 » (19.6608 | 19.5440 | 0.1168 0.59 | Ditto, 100 deg. 
; | 


baked 9 hours at 100 deg. C. .. 





contact resistance interposed in the electrical circuit by 
the adherent oxide film which forms on the surface of the 
brass. The existence of el emical action, which a 
number of authors claim to have described in the case of 
iron and steel, is due to the fact that the hydrated ferric 
oxide does not adhere to the surface of the metals and 
that in consequence electro-chemical action can 

freely without the interruption due to the introduction 
into the circuit of a large amount of resistance. 

Influence of Motion of Sea-Water.—In all the ex- 
periments hitherto described, the rate of complete 
corrosion has been very slow. It follows, however, 
from the nature of the reaction as outlined above that 
if the sea-water were kept continually in motion, as 
is the case of condensers, it would be considerably 
accelerated. In stagnant sea-water the layer in contact 
with the oxide film will quickly become impoverished in 
salt by reaction with the oxide, and fresh salt can only 
reach the tubes by the slow process of diffusion. Thus, 
it has been found, by daily weighing experiments con- 
ducted on tubes suspended in s t water, that the 
rate of corrosion is always much faster during the first 
day than afterwards. At first, the rate is determined 
by the speed of reaction between the oxide and the 
salt, but after the first few hours it is determined prin- 
cipally by the rate of diffusion of salt and oxygen, and 
since this is slow the speed of corrosion falls off con- 
siderably. Possibly the zinc passes rapidly into solution 
during the interval of time before the formation of the 
oxide layer. These points are illustrated by the curves 
shown in Figs. 8 and 9. 

_Ourve 1, Fig. 8 shows the results obtained from a con- 
tinuous aeration experiment, in which two 70: 30 tubes 
were immersed in 1} litres of sea-water, through which 
air was kept continually bubbling, and thereby the speed 
of corrosion is almost doubled compared to the rate of 
corrosion in stagnant sea-water, as represented by 
curves 2, 3, and 4. 

The curves shown in Fig. 9 were obtained from the 
resulte of an experiment in which 4 litres of sea-water 





Influence of Deposits of Basic Salts.—In view of the 
fact that neither copper nor carbon particles set up any 
trolytic action when in contact with a tube, it seemed 
unlikely that such poor conductors of electricity as the 
anny basic salts which are formed during corrosion woul 
ve any effect. There still remains the possibility that 
they might exert direct chemical or catalytic action. 

In the horizontal immersion tests, when the ordinary 
green deposit was allowed to settle on the tubes its 
influence was shown to be very slight. In this case, 
however, the deposit never adhered tightly to the tube. 
In order to test whether it would exert a greater effect 
when it adhered firmly to a tube, a wet and dry test was 
carried —— immersing two tubes for one day in sea- 
water, and allowing them to dry in air on the next, and 
so on alternately for sixty days. 

The results showed an increased loss of weight as com- 
pared with the ordinary continuous immersion tests, but 
no signs of selective corrosion were observed. Hence it 
may concluded that at ordinary temperatures the 
greenish-blue deposit does not give rise to selective 
corrosion. 

It has already been mentioned that a portion of the 
zinc which is removed from the tube in the course of the 
complete type of corrosion remains in solution as 
chloride. It is well known that this substance in aqueous 
solution has an acid reaction, owing to hydrolysis, thus— 


Zn Cl,+2 H, OZ2Zn (O H).+2 H Cl. 
On concentration of the aqueous solution— 
Zn Cl,+H, OZ2H Cl+ Zn (O H) Ol. 
2 Zn (O H) Cl->Zn, O Cl, +H, O. 
insoluble white basic chloride. 


Experiments have ouugetets shown that if hydro- 
chloric acid, even when dilute, be allowed to evaporate in 
contact with a piece of 70: 30 brass tube, a green basic 
chloride is formed, and superficial dezincification—t.c., 


le, since only a portion of | be 





selective corrosion—takes place, leaving a copper-rich 
layer. It was thought, therefore, that zinc chloride 
would act in the same way by generating hydrochloric 
acid as indicated by the reactions given above. Moreover, 
the production of hydrochloric acid, if it occurred, would 
regenerative, as shown by the equation given above. 
The following experiments were ‘ore tried : 
1. Moist zinc chloride was left in contact with a tube 


for some days at the ordinary temperatute. No dezinci- 
fication was observable. 
2. Moist zinc chloride was next inside a tube and 


the whole heated to 70-80 deg. Cent. Pronounced de- 
zincification was observable wherever the moist salt had 
been in contact with the metal. 

3. Zinc chloride was placed upon a tube suspended in 
ordinary sea-water. No selective corrosion occurred, but 
the tube did not oxidise, retaining its yellowish colour 
as if protected from corrosion. 

It is evident, therefore, that zinc chloride, if it can 
accumulate at any point on a tube, might start dezincifi- 
cation if the condenser tu were hot. It is not, how- 
ever, very easy to see in what way this salt can accu- 
mulate at any one definite spot. The most probable way 
seems to be as follows:—Drops of concentrated water 
might form many tines in a certain definite position on 
a tube when the condenser was emptied, these might 
finally dry up and give rise each time to a considerable 
amount of basic salt which might be rich in zinc chloride. 
In the Sage mee of fresh supplies of moisture the chloride 
might be hydrol and give rise to dezincification. 

Accordingly the following experiments were tried :— 
Drops of sea-water were placed on three tubes and 
allowed to evaporate completely. As soon as this 
occurred the drops were renewed, and in this way a 
quantity of basic salt was accumulated at certain points 
on the tubes. One of the tubes was then heated to 
55 deg. Cent., another to 100 deg. Cent., and a third was 
not heated at all. The deposits on the three tubes would 
thus represent three states of basicity—that heated to 
100 deg. Cent. being the most basic. Next, they were 
all immersed in sea-water for four weeks. Corrosion of 
the complete type increased with the degree of the 
basicity of the salt, but no dezincification or selective 
corrosion was observable. 

A number of other similar experiments with various 
deposits of basic salts were tried. In some cases these 
appeared to have some slight influence on the rate of 
complete corrosion, but in no case was influence 
— to exert any appreciable effect on the life of the 
tube. 

EXPERIMENTS WITH JELLY INDICATOR. 


It was thought that some light might be thrown on the 
phenomena of dezincification by the use of a test similar 
to that used by Walker and others for studying the 
corrosion of iron and steel, and called by them the 
ferroxy] test. 

The test was originally devised for the purpose of 
ascertaining at what particular area on a sample of metal 
iron sansa into solution with the formation of rust. 
The test was carried out in exactly the same manner as 
for iron and steel, except that potassium ferroeyanide 
was substituted for potassium ferricyanide, since the 
former gives an easily recognisable white ipitate with 
zinc, and a brownish-red precipitate with copper. 

Experiments were carried out with jellies made up 
with distilled water and sea water. Ordinary pieces of 
of 70:30 tube, when tested in these jellies, showed no 
well-defined local action. In both cases the jellies showed 
metal passing uniformly into solution with production of 
a pink phenolphthalein colouration all over and around 
the tubes. After immersion in the jelly for a few days 
the tubes became cov with a slimy brown layer of 
the precipitated metallic ferrocyanide. 


GENERAL CONCLUSIONS TO BE DRAWN FROM THE EXPERI- 
MENTS AT ATMOSPHERIC TEMPERATURE. 


1. Corrosion at this temperature in ordinary sea water 


d|is always of the complete type and is very slow, and, 


further, it decreases in rate with progress of time. 

2. Particles—such as carbon in the form of coke, coal, 
or graphite, sand, &c.—have little or no effect on the 
speec or type of corrosion. 

3. The greenish-blue deposit formed during corrosion 
has very little effect on the speed of corrosion. Ferric 
oxide appears to exert some slight accelerating effect, 
but it is too small to be practically important. 

4. The alteration in the concentration of the sea-water 
affects the speed of corrosion as follows:—An increase 
of concentration increases the 5 ; « decrease of con- 
centration (or dilution of the sea-water) decreases the 
— and to some extent alters the type of corrosion 
after a long period of immersion. 

5. No evidence is forthcoming that “flaws” and 
*‘spills” have any influence on corrosion at ordinary 
temperatures. 

6. The rate of corrosion is approximately the same in 
the case of 70 : 30 brass and the 70:28: 2alloy. The rate 
of corrosion of Muntz metal is slower, and that of the 
70 : 29 : 1 alloy is faster than that of the other alloys. 

The order of resistance to selective corrosion, induced 
by diluted sea water, showed the 70:28:2 brass to be 
the most resistant (to date has resisted completely), and 
Muntz metal the least resistant. 

8. Free hydrochloric acid will give rise to corrosion of 
the selective type at the ordinary temperature, but is 
either not formed at all from zinc chloride in the 
> ane or is formed in too small a quantity to be 

ul. 


EXPERIMENTS CARRIED Out aT 40 DEG, CENT. 


For these experiments a large gas-heated thermostat, 
which would hold sixteen beakers, was fitted —- In 
each beaker was placed 14 litres of sea-water, they 
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were suspended in the thermostat by means of wooden 
trays. e surface of the water in the beakers was left 


open to the air, and evaporation was made good each day 
by means of distilled water. The water surrounding the 
bexkers in the thermostat itself was covered with a layer 
of liquid vaseline to diminish eva tion. The tem- 
perature of the thermostat remai' constant to within 
a quarter of a degree, and this was sufficiently accurate 
for the purpose in view. A pair of 3-in. of each 
of the four standard tubes were immersed in four of the 
beakers, in a precisely similar manner to that described 
in the horizontal immersion tests. The thermostat was 
heated continually night and day and throughout the 


week-en 

The first s of corrosion appeared to be identical 
with that which occurs at the ordinary temperature— 
viz., oxidation of the surface ofthe tubes, but the layer 
of oxide was formed more rapidly ; Muntz metal must be 
excepted from this statement, since the metal ap) 
quite bright and unoxidised. The second stage of the 
process was the formation of an insoluble green deposit 
which contained both copper and zinc, and closely resem- 
bled that formed at the ordinary temperature. As before, 
part of the zinc remained in solution, The tubes were 
removed and er every week, and the results are 
shown in Table VIII., and are plotted in the curves 
shown in Fig. 10. It will beseen that the order in which 
the tubes resist corrosion at 40 deg. Cent. differs from 
that at atmospheric temperature. 


Ftg.10. EXPERIMENTS AT 40°C. 
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iments at 40 deg. Cent. dezinci- 
fication was observed. enever this occurred a white 
saltp was formed in addition to the ish-blue salt 
already described. The white salt was found to be 
oxychloride of zinc, and it adhered firmly to the tubes in 
— In consequence of this, the losses of weight in 
these experiments are not so reliable a measure of the 
amount of corrosion as in the experiments conducted at 
the ordinary temperature. 


In a number of the ex 





TABLE VIII.—Txsts at 40 Dec. Cent. 


explanations of this observation suggested themselves. 
In the first , it was just ab these edges that diffu- 
sion, both of oxygen and salt, took place most rapidly, 
and this fact alone might be sufficient to accdunt for | 
increased action in that ition. An alternative view 
was that these edges, which had been sawn and only 

y smoothed, afforded better loci for the deposition 
of white basic salt, which in some way facilitated the 
attack on the zinc of the brass. ; 

To test the latter view, two tubes were polished all 
over very carefully, so that the physical condition of the 
edges and ends was as nearly as possible identical with 
that of the inner surface. ese tubes were then placed 
in a beaker in the thermostat along with the other tests. 
At the end of a month it was found that one of the tubes 
showed severe dezincification along one edge only, while 
the other tube was dezincified only along the bottom 
edge of the inner surface, and not at all along the edges. 
The result is nos entirely conclusive, but, taken in con- 
junction with the results obtained with other tubes, 
a to point to the fact that the physical condition 
a the surface exerts some influence in determining the 
areas at which dezincification appears. 

Influence of Concentration of Sea-Water at 40 deg. Cent. 
—The samples of the sea-water used in this section of the 
work were of concentration 0.5 (diluted sea-water) and 2. 

In the case ef the diluted sea-water, both tubes clearly 
showed dezincification at the end of seven days, and at the 
end of one month it had become fairly general all over 
the tubes; patches of the white basic salt were widely 
distributed. In the case of the concentrated sea-water, 
the tubes at the end of a fortnight exhibited a light 
yellowish-brown oxidised appearance; no particles of 
white salt adhered to the tubes, nor was any sign of 
dezincification visible on either tube. After a period of 
one month white spots began to appear, showing that 
concentrated sea-water has a retarding, but not pre- 
ventative, effect on the occurrence of selective corrosion. 


INFLUENCE OF SUBSTANCES IN CONTACT WITH TUBES 
AT 40 Dac. Cent. 


(A) Graphite on 70 : 30 Tubes.—After twenty-eight days 
the tube was bright and unattacked beneath the -e 
At the edges of the — layers of bluish and reddish 
oxide were visible. ese were evidently due to the 
mechanical prevention of diffusion by the phite, 
whereby the salt was unable to attack the oxide. The 
tubes showed dezincification in spots, mainly along the 
edges, as in the case of the bare tubes discussed above. 
The locality of the spots showed no definite relation to 
the position of the graphite. 

Graphite on 70:29 : 1 Tubes.—The appearances pre- 
sented by these were similar to those of the 70 : 30 tu 
except that no dezincification was observable. 

(B) Copper Plug Experiment.—A 70 : 30 tube, with a 
copper plug screwed into it, was placed in a beaker with 
a check tube ; at the end of a month both tubes exhibited 
general dezincification at the ed The metal in the 
neighbourhood of the coppe plug was not specially 
attacked. The presence of the copper plug evidently 
had no effect on the distribution of the areas of selective 
corrosion. The plug itself was covered with a layer of 
cuprous oxide. 

C) Precipitated Zinc Hydroxide.—It was thought that 
a slow interaction might take place between this sub- 








1. 2. 3. 4. 
— Interval. 70 : 30 70: 28:2 61 : 39. 70: 29:1. 
A. B, A. B. A. B. A. B. 
Initial weight in grammes _— 9.0271 20.7267 22.3552 22.6426 21,0340 21.8345 19.1612 18,7071 
Weight after ee oe 7 days 19.0010 20.7050 22.3306 22.6156 _ 21.0277 21.8293 19.1454 18.6890 
Loss in weight .. _ 0.0261 0.0217 0.0246 0.0270 0.0063 0.0052 0.0158 0.0181 
Percentage loss .. _— 0.13 0.11 0.11 0.12 0.03 0.025 0.08 09 
Weight after 14 days 18,9928 20.6982 22.3185 22.6023 21.0270 21.8275 19.1432 18.6873 
Percentage loss — 0.18 0.14 0.16 0.19 0.035 0.03 0.09 0.10 
Weight after 28 days 18 9860 6885 22.3040 22.5830 21.0145 21.8130 19.1380 18.6840 
Percentage loss Sea-Water 0.21 0.19 0.23 0.26 0.095 0.10 0.12 0.12 
rene 
Weight after 35 days 18.9815 20.6830 22.2935 22.5710 21.0115 21.8105 19.1340 | 18,6810 
Percentage loss .. _ 0.24 0.21 6.28 0.31 0.11 011 | O14 0.14 
' 


The first tubes to show signs of dezincification were 
those of Muntz metal. An adherent white deposit, 
sticking to the tube in small patches at the edges and at 
the ends, was clearly visible at the end of seven days. 
Beneath each white speck a small dezincitied area was 
found. The rest of the tube retained its bright 
appearance. The dezincified spots increased in number 
as time went on, and at the end of a month the 
greater part of the edges and ends of the tube were 
coppery in appearance. Dezincification had also begun 
on the backs of the tubes. 

The next to show dezincification was the 70 : 30 brass. 
Ip was noticed on one of the two tulkes at the end of a 
fortnight, but the other was apparently not affected. At 
the end of a month, however, dezincification was quite 


marked along the edges and ends of both tubes and on | co 


the back of one only. = 

The 70 : 29: 1 tubes showed slight traces of dezincifi- 
cation at the end of three weeks. In the case of these 
tubes it occurred on the interior surfaces near the end. 

The 70 : 28 : 2 tubes appeared to be the most resistant 
to selective corrosion. At the end of a month there were 
but very slight traces of dezincification along the sides 
of the interior surfaces of the tubes. 

A considerable number of other ex 
carried ont at 40 deg. Cent. on 70 : 30 


ts were 
tubes. It 





was observed that in the great majority of cases dezinci- 
fication began along the sawn edges of the tubes. Two! 


stance and the salt in sea-water and give rise to the oxy- 
chloride, which is fo as a result of selective corro- 
sion, and which ape to have an accelerating, or, at 
least, localising, effect upon the reaction. Accordingly 
a check tube and a tube upon which zinc hydroxide had 
placed were ex to the action of sea-water for 





a month at 40 deg. t. A slight dezincifying action 
was observed beneath the hydroxide deposit, and it | 
seemed probable that the expected reaction took place | 
to some extent, but was slow and required a considerable | 
time to me effective. 
(D) Ferric Oxide.—This substance seemed to have a! 
slightly accelerating effect on the rate of complete corro- 
sion, as noticed previously for corrosion at atmospheric 
temperature. It did not appear to increase selective 
rrosion. 
(E) Zine Chloride.—This substance when brought into 
contact with sea-water formed a highly insoluble finely- 
divided oxychloride which settled on the tubes and set 
up active dezincification. The action was most intense 
at the edges, which became uniformly coppery in colour. 
No complete corrosion took place, the tubes retaining 
their bright yellow colour, and their loss in weight was 
much smaller than in the normal case. 


CONSIDERATION OF THE Resutts OF EXPERIMENTS 
aT 40 OENT. 





One fact of predominating importance has been brought 


out by these experiments—viz., that brass tubes of any 
of the standard compositions will become dezincified by 
the action of sea-water at this temperature. The order 
of resistance to this type of corrosion is :— 


1. Muntz metal (the least resistant). 
2. 70 : 30 brass. 


3. 70; 29:1. 
4. 70:28: 2. 


Dilution of the sea-water increases the tendency towards 
selective corrosion ; concentration of the sea-water tends 
to repress it. The effect of particles was unimportant, 
with the exeeption of zinc chloride and possibly zinc 
hydroxide. The position at which dezincification began 
was determined largely by the ph sical condition of the 
metal and by the points to which diffusion could take 
place most rapidly, and not by the electro-chemical 
effect of particles. 

In no case were the tubes dezincified to any great 
depth by immersion for one month, and the experiments 
must be continued for a much longer period before a 
quantitative expression can be obtained for the rate of 
progress of dezincification through the tube. Although 
at 40 deg. Cent. the type of corrosion is selective to some 
extent, yet it is not entirely concentrated upon the zinc. 
Tn all cases a certain amount of loosely adherent nish- 
blue salt was formed, which closely resembled that 
observed at the ordinary temperature. The formation of 
this salt did not a to be confined to definite parts of 
the tube, but to take place generally, except just at those 
points where dezincification was in p On the 
other hand, dezincification began at certain definite 
spots and spread gradually. Ab these spots white basic 
chloride of zinc was formed and adhered firmly to the 
tu The nature of the action seems to the authors to 
be as follows :— 

At 40deg. Cent. the normal action of sea-water isslight 
preferential solution of the zinc, but some copper is 
removed from the metal at the same time. The zinc 
chloride, which rapidly accumulates in the solution, 
reacts with oxygen to form a basic oxychloride, which is 
precipitated upon the tube at any point of roughness, or 
on any particles of foreign matter which themselves stick 
to, or slightly roughen, the tube, and so present nuclei 
for the precipitation of the salt. When once this white 
salt has been deposited at o- point, the action becomes 
localised, and it seems as if the salt has a regenerative 
action in bringing about the transfer of chlorine from the 
sea-water to the zinc of the brass. 

It is now abundantly evident that temperature is a 
factor of prime importance in determining the type of 
corrosion of brass at 40 deg. Cent. Even at 25 deg. Cent. 
—that is, at only a slight elevation above the ordinary 
sr has been found that selective corrosion of 
70 : 30 brass becomes visible after a few weeks’ immersion 
in sea-water. It isa remarkable fact that Bruhl* men- 
tions the result of two loss-of-weight experiments carried 
out for nine weeks with 70 : 30 brass, but gives no details 
of the appearance of the tubes, and makes no mention 
of dezincification, nor does he refer to any difficulty met 
with in removing oxychlorides. No analysis or descrip- 
tion of the brass used, ur details of the method of experi- 
ment, are given in his paper, but the metal appears to 
have been brass plate. The present authors have ob- 
served dezincification at 40 deg. Cent. in twenty different 
samples of tube, and only one sample successfully resisted 
it for a month. It should perhaps be mentioned that 
Bruhl used synthetic sea-water, whereas the authors used 
natural sea-water. 


RELATION BETWEEN Loss OF WEIGHT AND THE 
OcoURRENCE OF DEZINCIFICATION. 


An examination of the tables and curves will show 
that the loss of weight for a given time of immersion 
in the case of 69:31 and 70: 28:2 alloys is slightly 
greater at 40 deg. than at the ordin temperature, 
while in the case of 70: 30 alloy it is about the same, 
but much smaller for Admiralty metal, so that the 
relative order in which the tubes lose weight differs from 
the order at the ordinary tem 
is no definite relationship 
weight and the resistance to dezincification. Thus Muntz 
metal, which loses least in weight, is most readily 
dezincified ; as regards loss of weight it is followed by 
the 70: 28:2 alloy, but the 70: 
most easily dezincified tube. 

It should be borne in mind that in ali cases in which 
dezincification takes place, the loss-of-weight results are 
less accurate than when no such action takes place. It is, 
however, quite evident that loss-of-weight experiments, 
conducted at the ordinary temperature for periods of a 
few months only, give no clue whatever to the behaviour 
of the alloys at 40 deg. Cent. as regards dezincification. 
Thesmall losses of weight shown by Muntz metal after 
dezincification has begun are due mainly to the fact that, 
though dezincification begins soon and penetrates deeply, 
yet it is severely localised. 


EXPERIMENTS CARRIED OvT aT 50 Dec. Cent. 


Observations made upon the temperature of the outlet 
water from condensers in practical use showed clearly 
that much higher Sapo than 40 deg. Cent. 
occurred frequently in the interior of the condensers. It 
is not very unusual for the outlet water to a tem- 
perature of 45 deg. Cent., especially in the case of ships 
trading in the tropics, and this indicates that at certain 
points along the interior of the tubes the temperature of 
the water would be at least 50 deg. Cent. In view of 
the results obtained at 40 deg. Cent., it therefore appeared 
desirable to examine the effects produced during corro- 
sion at a higher temperature. Accordingly, an electrically 


rature. oreover, there 
tween the total loss of 
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heated thermostat was installed to run at 50 deg. Cent. 
Beakers of sea-water were suspended in the thermostat 
by means of wooden trays and a pair of 3-in. tube- 
lengths immersed horizontally in each beaker as before. 
he experiments at 50deg. Cent. were confined mainly 
to the 70 : 30 and 70: 29:1 alloys, as the space in the 


apparatus was more limited that in the case of the ther- 


mostat at 40 deg. t. 

The 70 : 30 tubes showed clear signs of dezincification 

after seven days’ immersion; the action at the 
and ends, and spread later to the backs and in- 
terior surfaces of the tubes. 

The 70 : 29: 1 tubes were far more resistant than the 
70 : 30, and no signs of dezincification could be detected 
at the end of six weeks’ immersion. In view of the fact 
that this alloy showed —_ dezincification at the end of 
three weeks at 40 deg. Cent., this result is remarkable, 
and it appears to indicate that there is a limited wae 
temperatures over which dezincification can take place. 
The matter deserves further investigation. 

The layer of oxide formed at this temperature was less 
uniform than usual and decidedly darker in colour than 
that formed at the lower temperatures. Wherever 
free access of oxygen was limited by the presence of 
string, coal, or other substances in contact with the tabe, 
a bright red form of cuprous oxide was noticeable, 
especially in the case of the 70 : 29 : 1 alloy. 

he deposit formed as a result of the corrosion of the 
70 : 30 tubes was in all cases of a dirty white colour, very 
different from the green-blue basic salt formed at lower 
temperatures. It was found to contain only traces of 
copper, and consisted almost entirely of basic chloride 
and carbonate of zinc. The deposit formed from the 
70 : 29:1 tubes was of a pale green colour, lighter than 
that obtained at the ordinary temperature. 

It will now be realised that the effect of temperature is 
of predominating importance in determining the nature 
of the reaction which takes place when brass is corroded 
by sea-water. At the ordinary temperature both copper 
and zinc are removed from the metal, approximately in 
the proportions in which they are present in the brass ; 
and that uniformly over the whole surface of the metal. 
As the temperature is raised, less and less copper is 
removed proportionately to the zinc, and at a tempera- 
ture of 50 deg. Cent. the attack is concentrated almost 
entirely on the zinc. The presence of tin in the brass 
exerts a powerful effect in retarding selective corrosion, 
as denned above. The way in which it exerts this 
effect is not yet clear, and should be the subject of further 
investigation. 

It be noticed from the curves in Fig. 11 that the 
total loss of weight of 70 : 30 brass at 50 deg. Cent., is 
rather smaller than at the ordinary temperature for an 
equal period of time. It seemed probable that this was 
due to the decreased solubility of oxygen at the higher 
temperature. In order to test this a 70 : 30 and a 
70 : 29: 1 tube were immersed side by side in a beaker 
into which air was pumped continually by a motor-driven 
force pump, so that the sea-water in the beaker was kept 
continually in a state of violent agitation. _ 

This experiment seemed to the authors particularly im- 
portant from an entirely different point of view, since it 
would afford evidence of the effect of the motion of the 
sea-water upon the adherence of the oxychloride to the 
tube. The results of the experiments as regards loss of 
weight are given in Table IX. and Fig. 11. It will be 
seen that the speed of corrosion is enhanced by the 


Fig. 11. EXPERIMENTS AT 50°C 
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aeration of the water, and is much in excess of that at 
the lower en ye Moreover, these experiments 
brought to light the important fact that agitation of the 
water does not prevent the sticking of the oxychloride 
to the surface of the tube ; rather the selective corrosion 
seemed to be increased under these conditions, and this 
observation agrees well with the evidence obtained from 
tubes corroded in practice, in which the oxychloride was 
found to adhere tightly to the tubes, in spite of the fact 
that the water is circulated rapidly through them. 


EFFECT OF THE CONCENTRATION OF THE SzA-WATER 
at 50 Dec. Cent. 


The effect of the concentration of the water at this | the official Bulletin of Laws publishes 
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| 
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TasLe [X.—Tests at 50 Deg. Cent. 











Continually Not 
Aerated. Aerated. 
—_ Iaterval. . 
1. | 4. 1. 
70:30 70:29:1 70:30 
Initial weight in 
grammes .. me -- 21.8007 181943 209700 
Weight after 7 days 21.7680 181810 209562 
Loss in grammes .. _ 0.0377 0.0133 0.0138 
Percentage loss. - 0.17 0.07 0.07 
Weight after l4 days 21.7446 18.1740 20.9503 
Percentage loss ad 0.23 0.1L 0.09 
Weight after 21 days 21.7346 18.1680 209390 
Percentage loss . Sea-water 0.30 0.145 0.15 
renewed 
Weight after 28 days 21.7182 18.1600 
Percentage loss - 0.38 0.19 
Weight after 35 days 21.7070 - 
Percentage loss —_ 0.43 - 
Weight after .. 42 days 21.7000 — ~ 
Percentage loss . Sea-water | 0.46 
renewed 
Weight after 49 days 21.6965 _ — 
Percentage loss = 0.48 — - 





Errrct or Partioues at 50 Dec. Cent. 


The effect of coal upon 70 : 30 and 70 : 29:1 tubes was 
observed for six weeks, the sea-water being aerated con- 
tinuously throughout this time, as described above. The 
70 : 29: 1 tubes showed no sign of dezincification at the 
end of this time; but the 70 : 30 tube showed the usual 
amount characteristic of the alloy for this period of time. 
The coal exerted no special effect upon the tubes other 
than one of mechanical interference with diffusion. 

Ferric oxide did not cause dezincification of a 70 : 29:1 
tube in twenty-one days, but appeared to increase slightly 
the dezincification of 70 : 30 brass by affording Jocit for 
the deposition of oxychloride. The effect of graphite 
and of zinc chloride was similar to that which had been 
observed at a temperature of 40 deg. Cent. 

The effects of magnesium hydroxide and chloride were 
also observed, but were found to have no special effect 
on the type or extent of corrosion. 


(To be continued. ) 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
T Journal. Further particulars concerning these 
ane can be obtained from the Commercial Branch, 

of Trade, 73, Basinghall-street, London, E.C. 

South Africa: H.M. Trade Commissioner for South 
Africa reports that the Natal Provincial Gazette contains 
the text of an Ordinance authorising the Town Council 
of Durban to borrow not more than 960,000/., for the 
purpose of carrying out the following among other works ; 


£ 
Storm-water drainage 100,000 
Water supply 100,000 
werage ... et 35,000 
New Town Hall ... 75,000 
Baths at il as 25,000 
Infectious diseases hospital 25,000 
Telephone extensions ... ve es 75,000 
New building, Old Market House site 30,000 

Abattoir and wash-houses oat ae 25, 
Zoological Gardens improvements... 10,000 
Electric light and power extensions ... 100,000 
Tramway extensions a 100,000 


New Zcaland : The Imperial Trade Correspondent at 
Dunedin reports that, according to the | Press, the 
Mornington Borough Council proposes to increase the 

power of its cable tramway between that suburb 
and Dunedin. The alterations are expected to cost 
about 12,000/. The proposals include the installation of 
a 300-indicated ment ye simple expansion engine, two 
water-tube boilers with automatic stokers or chain grates, 
superheaters, and a fuel-economiser, as well as alterations 
to the clutches on the cars. ’ 

France (Tahiti): H.M. Consul at Tahiti reports that it 
has been decided to spend the sum of 8,000,000 francs 
(320,0002.) on improvements to the harbour of Papeete 
and the erection of lighthouses on the Marquesas and 
Taumotu Islands. The works include the construction 
of a wharf 200 metres (218 yards) long, widening and 
deepening the harbour entrances, the erection of two 
powerful lighthouses and one smaller one, the erection of 
a wireless station at Papeete to communicate with Suva, 
and the construction of a coaling dép6t on the new wharf. 
These works will be carried out either by the French 


| Government or by French contractors, but there may be 


| 
| 


some oo for the supply of plant and materials of 
United Kingdom manufacture. 
Russia M. Embassy at St. Petersburg reports that 


a Jaw determining 


temperature was only studied for the cases of sea-water | the cost of construction of a railway line from Merefa to 


of concentrations 0.5 and 4. In the former case dezinci- 
fication of a 70 : 30 tube became evident at the edges 


and over the whole surface after immersion for six or | V. 


seven days, 

In the case of the concentrated sea-water, selective 
corrosion, though not al: ac ned poy + ys was distinctly 
repressed ; the deposit obtained in this experiment was 
of @ pronounced green colour, showing that complete 
corrosion had taken place to some extent. 


| 


J 


| 
| 


Kherson. The line is to start from the station on the 
Southern Railway at Merefa and pass through Novaia 
Sura, and Snigerevka. The total amount 
voted is 5,917,4501., which is also to cover the cost of 
construction of a bridge at Ekaterinoslav below the 
existing one, and the laying of a branch line from 
Snigerevka te Vodoipoi. The actual amount allotted 
for apeatiawe during 1918 is fixed at 63,492. H.M 
Consul at 





the Russian Council of Ministers has approved of the 
construction of a railway from Moizekul, on the Pernau- 
Reval narrow-gauge line, to Riga, with a branch line to 
Miihigraben (near the mouth of the Diina). 

United States of America (Panama Canal Zone).—H.M. 
Legation at Panama reports that the appropriations for 
the Panama Canal for the year ending June 30, 1914, 
amount to 16,265,393 dols., and include the cost of dr 
docks, wharves, warehouses, a quarantine station, as we 
as two colliers of 12,000 tons 7 each, which are to 
be built in the United States. In addition to the above, 
4,870,000 dols. are een for fortifications of the 
Canal, including 2,635,0 dols. for sea-coast batteries, 
173,000 dols. for electric light and power plants, 285,000 
dols. for searchlights, 180,000 d for filling in the 
swamp behind the military works on Margarita Island, 
and 1,000,000 dols. for cannon and equipment and one 
16-in. gun and carriage, &c. (A dollar = 4s. 14d.) 

Mexico: H.M. Legation reports that, according to the 
local Press, a contract has been entered into between 
the Ministry of Communications and Mr. E. A. Davis 
for the dredging of a part of the Panuco River at Tam- 
~ The length of river to be dr is 13 km. _ 

miles), and a channel having a width of 200 m. (about 
218 yards) will be formed in the river. The sum voted 
by the Government amounts to 500,000 dols. (about 
51,000/.), and the work is to be completed within three 
ee The Diario Oficial contains a notice granting to 

mores Laura Hernandez and Acufia a concession for 
the utilisation of 5400 litres per second of the waters 
of the River Piaxtla, State of Sinaloa, for irrigation 
purposes. git He pre 
Japan : The following information is from the report 
~ | the Acting British Vice-Consul at Osaka on the trade 
of that district in 1912, which will shortly be issued :— 
Water-works systems are inning to replace older 
methods of supply in provincial districts. An Act was 
passed in the 1913 Session of the Japanese Diet, autho- 
rising the installation of water works as private enter- 
prises, conditionally to su uent purchase by the local 
authorities, in places where financial or other considera- 
tions preclude them from being constructed at the time 
as public undertakings, and companies have now been 
mooted in Tokyo and Osaka to take advantage of this 
Act. Similarly, the authorities of several of the electric 
railways in the Osaka district are considering schemes 
for the construction of water-works systems on a small 
scale at important points on their lines. 





Tue SourH-WestTeRn Po.ytTecunic InstiTuTs.—This 
Institute, situated at Manresa-road, Chi will re-open 
on September 29 for day classes, and on September 22 
for evening . The ineering Courses include 
lectures in Electrical and Mechanical Engineering, 
Physics, Chemistry, and Mathematics, and practical 
instruction is given in the fully-equipped laboratories of 
the Institute. Students are pre recognised 
teachers of the University of London for the B.Sc. degree 
in Engineering of the University, for admission to the 
various engineering societies, and also for the examina- 
tions of the City and Guilds of London Institute. The 
evening courses include, besides the Engineering Courses, 
also classes in Electrical Wiring, Building Construction, 
and other trade subjects. isunaumaiaions been made 
for placing students who have passed satisfactorily through 
the three years’ day course in itions with large engi- 
neering firms, and hitherto firms have offered more 
me mg = the Institute has — able © fill with its 
students. © prospectus, ce ld., or 7 
may be obtained from the Rodeetony. dusitatiins 





STANDARDISATION OF AUTOMOBILE Parts.—We have 
received from the Engineering Standards Committee a 
list of members of the sectional committee and sub-com- 
mittees dealing with the standardisation of automobile 
parts. The question of standardising automobile parts 
was brought to the notice of the Engineering Standards 
Committee by the Institution of Automobile Engi 
and the Society of Motor Manufacturers and Traders, 
with the result that a perp | representative con- 
ference on this subject was held last year, with Sir John 
Wolfe Barry, K.C.B., F.R.S., in the chair. At that 
meeting the following resolutions were passed :—(1) That 
the standardisation of automobile parts and the prepara- 
tion of standard specifications for the material used therein 
are desirable. () That the Engineering Standards Com- 
mittee be asked to form those invited to attend the 
conference into a sectional committee to deal with the 
matter, with power to add to their number, and to 
appoint sub-committees for dealing with the various 
branches of the subject. The formation of the sectional 
committee (under the chairmanship of Colonel Holden, 

.B., F.R.S.), with power to appoint the necessary 
sub committees, was sanctioned. The Society of 
Motor Manufacturers and Traders was asked to forward 
a list of the various automobile parts which, in their 
opinion, could usefully be standardised, and the sugges- 
tions were carefully considered by the sectional com- 
mittee, the various parts were grouped together, and ten 
sub-committees were formed to consider the subjects in 
detail. The thoroughly representative character of the 
sectional and sub-committees is a guarantee that no 
standards will be proposed but such as have received 
the careful consideration and scrutiny of men of wide 
experience both as users manufacturers, and their 
findings cannot but have a very far-reaching and beneficial 
influence on the automobile industry of this country. In 
this matter the Engineering Standards Committee is 
co-operating closely with the Society of Motor Manufac- 
turers and fe ney whose standardisation committee was 
formed in the early days, under the chairmanship of Mr. 


Riga reports that, according to the local Press, | Pullinger. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are ape fe Patent Office 

Copies of Speci, ions may ti a , Sales 
been. 26, Southam ton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the t of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement the t of a Complete Specification, 
give notice at the Patent O. of opposition to the grant of a 
Patent on any of the grou mentioned in the Act. 


ELECTRICAL AP?ARATUS. 


10,765/12. The Electric and Ordnance Accessories 
Com , Limited, J. D. Morrison and L. H. 
Davies, Electric Heating Elements. 
{7 Fige.| May7, 1912.—This invention relates to electric heating 
elements employed in connection with electrically-heated cookers 
electric radiators, and other electric heating appliances, the said 
heating elements being of that type in which a length of resist- 
ance wire or ribbon is wound spirally upon an insulating base or 
support which is of substantially triangular section, or having a 
larger area of resistance wire upon one side than upon the other 
side. According to the mt invention, the base or support of 
the heating element consists of a single integral piece of soledenecy 
and insulating material of a substantialiy a section, 
having concave heat-reflecting surfaces, and provided with the 
usual metallic terminal plates secured to its flattened ends. The 
base or foundation of the element consists of a bar a of a suitable 
insulating and refractory material. This base is of substantially 

6 
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triangular section (as shown in Fig. 2) and the three sides are 
slightly hollowed to form concave surfaces to assist the 
distribution of the heat by reflection. The resistance medium 
consiste of a length of metallic ribbon 6, which is wound spirally 
around the base a from end toend of the latter, the adjacent con- 
volutions being separated from one another. In use two faces of 
the triangular @ are presented outwards, so that useful heat 
is radiated from the portions of the windings » which cover the 
faces and only the heat given off by the windings upon the third 
or remote face is lost. e area of the wirding upon this face is, 
however, very much less than the combined area of the wind- 
ing upon the other two faces, so that the heat wasted or lost 
is relatively small as compared with that which is usefully em- 
ployed. The windings are kept in place in lugs c formed integral 
with the base, while the ends are connected to the usual metallic 
terminal plates d secured to reduced or flattened ends of the base 
a by bolts. (Sealed July 17, 1913.) 


11,279/12. W. H. Apthorpe, and the Cambridge 
Scientific Instrument A ted. - 
Coil Instruments. [3 Figs.| May 11, 1912.—This invention 
relates to improvements in electrical measuring apparatus of the 
moving-coil type, the object being the construction of an instru- 
ment which shall have the sensitiveness and iom from pivot 
friction closely approximating that of a galvanometer in which 
there is no pivot and in which the coil is only supported by a 
wire, strip, or fibre; while at the same time it combines the 
advantages of the moderate independence of levelling and vibra- 
tion of a pivoted instrument, and is free from excessive zero 
creep. A galvanometer, according to this invention, has a moving 
coil mounted therein by means only of a single pivot and a sus- 
pension wire, fibre, or the like. Between the poles A and B of a 
permanent magnet is a fixed iron core C. A coil D carrying a 
pointer encircles the core © and is provided with an inverted 

ivot E working in a jewelled bearing secured in the core C. 
Pa Fig. 1, a fine suspension wire F, secured at one end to a 
tension spring G, is secured at its other end to the coil D. The 





spring G at its other end is secured to an arm on a stationary 
bracket H. A torsion-controlling spring J, in the form of a 
flat spiral spring, is connected at one eid to the wire F and at 
ite other end to an arm H2, also on the stationary bracket H, or 
some other stationary portion of the instrument. A spring K, 
secured to the lower extremity and moving with a frame L, 
is arranged, when lowered, to engage with the top of the coil D. 
The upper extremity of the frame L es an arm L! having a 
fork between the arms of which is arranged a stop on a portion 
of the suspension F or the spring G. The stop is n ly free 
from engagement with the forked arm L}, but when the frame L 
is lowered the spring K clamps the coil D to the core C, and 
obviously owing to the flexibility of the spring K the frame L may 
be lowered still further to permit the forked arm L! by engage- 
meaty or the pa wpe mpi ede Sean - 
reference to x ya 

Gl, With phe a co the bracket L and its sstendant 
parts are simplified as in place of the forked arm L! and the stop 
a projection ‘L? may en the ing G! to depress it and 
release the tension of the suspension F, (Accepted May 15, 
1918.) 





GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
22,135/12. J. A. Prestwich, London. Internal-| 
Combustion Engines. (2 Fiys.) September 28, 1912.— 
This invention relates to valve-gear for internal - combustion 
engines, According to this invention, as applied to a Y-engine 
having two cylinders, the axes of which are at an acute 
le with each other, a single cam-shaft carrying one exhaust 
and one inlet cam is ted to operate the valves or valve- 
spindles through the medium of pivotally-mounted tappet or 
intermediate levers arranged in pairs in the manner of a pair of | 
calipers, each pair of levers consisting of the inlet-valve lever of | 
one cylinder and the exhaust-valve lever of the other cylinder, | 
said levers engaging the cam-shaft on diametrically opposite | 
sides of the shaft, or substantially so, or at different radial posi- 
tions according to the an, r tions of the valve-spindles and 
cylinders. a is the cam-shaft driven from the crank-shaft b. c is | 


| 











(24/35) 


the cam for operating the inlet-valves, and d is the cam for 
operating the exhaust-valves. e¢, ¢! are the two inlet-valve levers 
having shoulders for operating the inlet-valve spindles /, /1. 
9, g are the exhaust cam-levers which operate the exhaust-valve 
spindles h, h!. These levers g, g! are of T-shaped form, one arm 
of the T bearing upon the operating cam and the other arm 
bearing upon the end of the valve-spindle. The valve-levers are 
pivoted upon two centres /, ‘1, each pivot carrying a pair of levers 
consisting of the exhaust-lever of one cylinder and the inlet- 
valve lever of the other cylinder ; the two inlet-levers are crossed 
over one another so as to engage the cam on opposite sides of the 
cam-shaft «. In operation as the cam-shaft rotates, the inlet- 
cam c first engages and operates the lever c! and then the levere 
of the two cylinders respectively, and in like manner the cam d 
° — Ln the exhaust-lever 9! and then the lever g. (Sealed 
uly 24, 191 


MINING, METALLURGY, & METAL-WORKING. 


4908/13. H. Wade, London (F. Hundt Geisweid b/Siegen, 
Germany). Crucible Furnaces. [2 Figs.) February 26, 
1913.—This invention relates to tilting crucible furnaces with oil- 
firing, of the kind in which the spherical bottom of the crucible 
shaft, as well as the bed-plate on which the latter rests, have per- 
torations which coincide when the furnace is in operative posi- 
tion for melting. According to this invention, the said coinciding 
perforations are used for discharging the combustion gases. The 
crucible is inserted in the known manner into an iron frame lined 
with refractory bricks. The crucible is closed at the top by its 
cover, which, however, can be easily removed. The furnace is 
rotatably mounted in two standards, a and a!, and is provided 
with a ——- base b. This spherical base fits closely into a 
concentric spherical depression in the bedplate c, and the 




















standards a and a! are enppertes ty the bedplate. Both the base 
b and the bedplate ¢ are provided with an opening, which two 
openings = > — position — the crucible, and are 
used for harging the w: gases. ese waste gases pass 
from the bed: into a chamber situated below, whence they 
can be away and utilised for heating purposes. Crude oil 
is supplied through an oil-pipe to the burner d. The burner is 
also — with suitably-heated air, and is arranged in known 
manner in one of the trunnions. As the furnace is closed at the 
top, the heating gases are forced to travel round the crucible in 
an eddy before they can through the outlet in the spherical 
= b and bedc. The blast-supply pipe is, preferably, carried 

rough the conduit for the waste gases, (Sealed August 14, 





1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


20,008/12. J. Dewrance, Southwark. Reducing 
Valves. [1 Fig.] September 2, 1912.—This invention relates to 
valves for regulating the discharge of a fluid of any given pressure 
in such a manner as to automatically restrict the pressure of the 
discharge to some predetermined reduced pressure. The inven- 
tion consists in the employment of a discharge-valve formed with 
we more —— seatings —_ Pa wen two or more con- 
centric ree or more annu. ischarge passages bein 
thereby See, A discharge-valve for ay coduting-cabee 
apparatus is formed with concentric seatings a, a!, a2, which 
control two eccentric passages , bl, there being between the 
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inner seating a and the intermediate seating a! an annular 
passage through the valve. When the valve is lifted off its seat 
the steam or other fluid passes outwardly past the inner seating 
4, inwardly past the intermediate a!, and outwardly past the outer 
seating «2, thus providing three annular discharge passages instead 
of one, as in the case of the ordinary or single-seated valve. It 
will be obvious that if the number of concentric passages b, b! be 
increased to three, the ber of tric ti a, a, a? 
will be increased to five. By these means it is possible to reduce 
the diameter of the valve A, as also that of the diaphragm em- 
ployed to balance same. Moreover, the lift of the valve is reduced 
whilst the discharge area is increased. (Sealed July 24, 1913.) 





MISCELLANEOUS. 


13,982/12. The Electric and Ordnance Accessories 

Limited, and J. Etchells, Birmingham. 
En: e- {1 Fig.) June 15, 1912.—This invention 
relates to the testing of engines, and has for object to provide 
means whereby the electric current generated by a dynamo 
serving as a load to an engine undergoing test may be usefully 
employed. According to this invention, the dynamo driven by the 
engine is connected th h a suitable switch with the main or 
local source of electric supply that is utilised for lighting or 
driving purposes in the works, so that when the voltage from the 
dynamo exceeds that of the electric supply, the energy being 
developed by the dynamo enpgenents that obtained from the 
supply. A, Are mt the mains leading from a source of elec- 
tric supply to the Jamps B. C represents the armature of a 
dynamo, D its shunt field winding, E a hand-operated shunt field 
regulator, F an automatic cut-in and cut-out switch, G a resist- 
ance, H a double-pole switch, J an ammeter, and K a voltmeter. 
The engine to be tested is coupled to the dynamo armature C, 
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and the power generated by the latter—that is to say, the load 
upon the engine is adjusted by the testing operator by means of 
the lator E. With regard to the operation of the several 
parts, it will be understood that, when the engine undergoing 
test commences to run, the dynamo eoupled to it generates a 
voltage which increases with increase in speed of the engine, and 
may ultimately exceed that of the supply-mains A, A. auto- 
matic cut-in and cut-out switch F is so adjusted that when this 
occurs the plun; F! rises and causes the bridge-piece F? to 
close the circuit between the d © armature C and the mains 
A, A. It is, of course, assumed t the double-pole switch H has 
—— been closed. The current generated by the dynamo now 
flows into the mains A, A, and thus relieves to some extent the 
demand made upon them by the works—that is to say, in the case 
illustrated by the lamps B. When the engine drops below 
a certain value, the automatic switch F operates to open the 
dynamo circuit and disconnect the armature from the mains, 
(Sealed July 24, 1913.) 
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THE STRENGTH OF HOOKS AND |""*"* | “7 lair ed! has ) 
SIMILAR CURVED BEAMS. r Ps Bio 
Ir has long been known that hooks, punching- 3. Jppe. veer mer Q = A (log r+) - = + (4) 
machine frames, and similar curved forms, sub- a io 1 
jected to bending actions in the plane of their ert >| = ar-0 R=D+=(P+Q) . (5) 
7 ‘cht 
oe eae ee ee : were A,B,C, and D are constant tbe date. 
‘‘ Drapers Company Research Memoir,” published and u mined by the boun conditions. Of these, 
in 1904, Mr. B.S. Andrews and Professor Karl b=" D can be made zero without loss of generality, 
Pearson investigated the resistance of such curved -f', whilet the other three are determined by the 
beams to bending, arriving at an exceedingly com- S=-F5 —O. following equations :— 
plates and, as it turns out, not very accurate | ro r; M 
ormula for the stresses attained. Here 2 denotes the area of the cross-section of a e. ae 
Representing by Q, the maximum stress developed = . . To 
in such a beam, their formula for Q may be written as the beam, r the distance of the centre of gravity r; 
wa R \ ) of the section from the centre of curvature, whilst Qdr=0 (7) 
Q = i‘ &:° {(p- - Sr 7] 2 denotes the breadth of a layer at the radius r. ro 
where W/ denotes “the bendi moment on the - — ae, - os oes Sepa er ) 
2 ” ormula wi given later. = f P, =0 ae 
section, and and exceedingly complicated : tress 1 
functions of A, Tae of the renepaueliate ates oo SORES Soe Nile ne a 9 hal] | 1m equation (6) b denotes the breadth of the strip 


the reciprocal of Poisson’s ratio, whilst R is the 
mean radius of the cross-section, and 1, the dis- 
tance of the extreme fibre from the centre of gravity 
of the cross-section. 

The special characteristic of this suggested 
solution of the problem of the curved beam lies in 
the fact that the stress is a function (and a some- 
what involved one) of the elastic constants of the 
material, so that the stress distribution would be 
different in the case of a beam of india-rubber from 
what it is in the case of a beam of steel. Poisson’s 
ratio is, in fact, about } for the former material 
and about ? for steel. That the stress distribution 
should be different in the two cases is inherently 
improbable, and, as we will show below in the 
complete solution of such special cases of the 
problem as are amenable to exact mathematical 
treatment, the distribution of both the tangential 
and radial stresses is wholly independent of the 
elastic constants of the material, and by analogy 
should be so in other cases. 

The investigation given below shows that fora 
curved beam of rectangular section the maximum 
value of the tangential stress Q is given by the 
relation :— 

2 r 1 1 
cot ca 0 - 
Q _ ola a eh: rin?) 
% . * Po : OS 

Fa it ben 
where 7, denotes the inner and r, the outer radius, 
b the breadth of the beam, and M being the bending 
moment. 

From this formula it is easy tw calculate the com- 
parative strength of a curved beam as compared 
with a straight beam of the same cross-section. 
The stress on the latter is given by the relation 

¢=- 6 M 
bh?’ 
where h is the depth of the beam. Taking h the 
same for the curved and the straight beam, we have 
h=? — To. 


The relative strength of the two beams is equal to 


M 


F of which ratio a number of values for different 


ratios of "® are tabulated in Table I., below. They 


r 
have also been plotted in the curve, Fig. 1, which, 
it will be seen, is approximately parabolic. 














Taste I. 

om Strength of Curved Beam a 4 
2 3 Strength of Straight Beam Q 
. T Andrews- | Percent- — | Percent- 
zs Value. Pearson | 3 Error ic e Error. 
§ z a. Formula. | we *| Formula. | 9% . 

> j | 

0 0 0 0 | spi 
0.01 0.1843 _ | _ _ — 
0.02 0.2231 _ — — _— 
0.10 0.3932 | 0.3185 19.0 0.3647 | 7.2 
0.20 0.5265 | 0.4765 10.5 0.5195 1.3 
0.30 mei ce | OS lle — 
0.40 0.7076 | 0.6786 | 4.1 0.7093 0.2 
0.50 0.7737 — = -- — 
0.60 0.8325 | 0.8185 2.9 0.8375 0.6 
0.70 0.8816 _ _ _ _ 
0.80 0.9187 0.9019 | 1.8 0.9266 0.8 
0.90 0.9539 —_ |-— _ ~_ 
1.00 1.0000 1.0000 | — 1.0000 | _ 





In “the for going table the values given in 
column 5 are obtained from the approximate law 
that the stress is given by the relation :— 


gar+l, 
r 





/bent beam of rectangular cross-section, we shall 
|assume in the first place that any ‘‘anti-clastic” 
| flexure of the beam is prevented. As is well 
| known, if a straight rectangular beam is bent, the 
| section does not in general remain rectan 
warps into a form similar to that indicated in Fig. 2. 
When this ‘‘ anti-clastic” warping is prevented, the 
distribution of stress can be easily calculated. 
There is, for instance, no anti-clastic flexure of the 


Fig.1. 


7-0 


RELATIVE STRENGTH OF STRAIGHT 
AND CURVED BEAMS OF 
RECTANGULAR SECTION. 


Strength of Curved Beam 
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Strength of Straight Beam 
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central portions of a wide curved beam submitted 
to the forces indicated in Fig. 3. In this case four 
| equal forces are applied, as indicated, so that the 
section of the beam between A and B is submitted 
| solely to a uniform bending moment, and to no other 
| stresses. If A BCD, Fig. 4, represent the front 
view of the beam, of which Fig. 3 is the side 
elevation, then for all portions of the beam not 
close to AB and C D the shearing forces axially, 
radially, and tangentially must be identically zero. 

Considering, Shencton, a central section of the 
beam, such as E F HG, the sole stresses to which 
this portion is subjected are as follow :—A radial 
stress P, a tangential stress Q, and an axial stress R. 

The differential equations connecting these 
stresses then reduce to the following :— 


J (rP)=Q 


d 
q::R=0 (2) 
where r denotes the radius of the point of the 
| cross-section considered, and z represents & co- 
|ordinate parallel to the axis of the cylindrical 
| surface. 
Equation (2) shows that R is a function of r 
only, and does not involve The solution of 
these equations is as follows :— 





(1) 


~ 
we 





lar, but 


considered, and M the bending moment applied to it. 
In view of the relation r (P r)= Q, equation (7) 
r 


is satisfied if (8) and (9) are satisfied, so that the 
four equations reduce to three, and can be satisfied 
by the three constants. 

In addition to satisfying 
values of P and Q mustalso 
are ‘‘ compatible.” 

Suppose r and r! denote two points situated along 
| the same radius, these being the values of r before 
the strain. Let the result of the strain be to in- 
crease 7 tor + u, and r' to r' + u'. Then the 
is known as the average radial strain 
on the section comprised between r' andr. At the 
limit, when r! is very close to r, we get for the radial 
strain e at the point r, 
_ du 

dr 

In a similar way it can be shown that the tan- 
gential strain f must, in the conditions of our 
problem, be given by the relation :— 


f=G+. 
r 


uations (1) and (2) the 
such that the strains 


1 
ratio “ 
ri 


e (10) 


(11) 
dg 


, where 


8 denotes the total amount by which the bending 
moment changes the angle between the two end 
sections of the beam, and @ denotes the angular 
co-ordinate of any point. 

We also have the well-known relations :— 


ie 1 
E.e =P - -(Q +R) 


where G is a constant, being equal to 


E.f=Q-+(R+P), 


where _ Puisson’s ratio. 


m 
Putting the constant D = 0 in equation (5), we 
have :— 


1 
R =—(P + Q). 


Substituting for R we get :— 
3)-40+4)s 
Bor a(t-B)~ 313) 


The values of P and Q must be such that these 
two equations are simultaneously satisfied. Other- 
wise the strains are ‘‘ incompatible” the one with 
the other, and the proposed solution would fail. It 
is easy to show that the values of P and ( given in 
(3) and (4) are values which make the strains 
**compatible.” Thus, since 


d du 
P = 
Q Ze ! r)and ¢ 7; 


1 


E.e=P(1- 
m 


we get 
u= (1- aa) | Per Po (1+2)rP 
Substituting for P from (3) we have 
[Par = Artogr -Ar- B+or. 
Hence 


(1-2) Ateer-n-R+0}-Z(a+ Zp 


e 
r 








This may be written as :— 
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* =(1 —2,){ A (loge +1)- 3. +0-24 } - 


=(1+ 5) 





The maximum stress at the inner radius is, it will 
be seen, much more than the maximum stress at 
the outer radius. In the case of a straight beam, 
on the other hand, the maximum tension would be 


” “4 equal to the maximum compression. 
~ O=Al Big The value of Q, (that is to say, the tangential 
y= A (logr + 1)- +0. stress at the outer circumference) is given by :— 
So that we get Ss ieee nnn a 
1 r, _ To\" ") 
a(i-L)a+"=(1-L)Q-1(1+2)P. +(3- 3} ~ flog, 2 
If : 1 oe ] | x 2 log 4-3), 
we write G for 2 (1 = ~) A, this is the resu t re mfr re re 


required, and proves that the solution given by | 
equations (3), (4), and (5) is the true solution. 


It will be seen from the foregoing that the | and we shall now prove 


change in the angle between the two end sections | 
depends wholly on the constant A, and not at all | 
upon _ constants B and C. In fact, the terms | 
| 

C — 5, which appear in equation (4), represent a 
stress similar to that produced in a thick hollow 
cylinder by an internal or external pressure. In 
that case, of course, the angle between adjacent 
sections is not altered by the strain, although the 
radius of any given layer may be increased or 
diminished. 

To determine the constants A, B, and C we have 
equations (6), (8), and (9). 

From (6) we have :— 


M " r) r) 
b =| (rn) Qar =| rQdr-rm| Qdr. 
r% ro ro 


The second term vanishes at the limits, in view 
of (8) and (9), so that 


"\ 
ia rQdr, 


ro 


substituting for Q from (4) 


The solution above found is exact for the state 
of stress in the central — of a wide beam, 
y means of a principle of 


oS. 






























































‘, 2 log +) — ro? log 7, 2 7,9 
dee k.) CoS, er > 
I ween [ 2 ah | Fig.6. 
~B (log 7 -log 1) + "578 =. | 
Hence (6), (8), and (9) give us :— = Ti Ratti ry 
A [= log 7; — 10? low ro ner] Outer Radius 
2 4 
- Blog 477-7", o = M g 
og + 3 C b 3 
B 
A logy + — +C=0. 3 q ; 
“4 " en Rtn 55 
A logr; + B+C=0, - ee 
Solvi h A ' r) ro bia 
Solving these simultaneous equations, we get, 
finally :— ‘ ; iS a 
bQ= —- <a j va 
a“ (2 - 7) ~ [toe "1 7 PJ 
To rT) € 7%} g 
‘ae me r; (2380.0) 
(= ry? ) (log, r+) he log, To 
1 1 
ae log, To oo . log r; 
6bP= _ = TR %, 
} (7 ¥. 9) -[ 1, | 
ro r) To 
: = 2 1 r) 
(5 =) log, ah: nr 108, rT) | 
1 1 
+ a lee ro- 4: een | 
sna 1 


er ee Oe 
i. Lrg r) } [ 19¢e cd 
1 1 2 
( x no ){ 2log, r +1 } + r,2 Be ro | 
x / 


2 
~ re . log, To | 
Some curves showing the relation between Q, P, 
and R for different ratios of > are plotted in 


Figs. 5 and 6. In these figures the ordinates repre- 
sent stresses, and the abscisse points along the 





St. Venant that the tangential stresses are un- 
altered if the forces which prevent anti-clastic 
flexure are cancelled. That is to say, if we make 
R = 0, the stresses normal to the cross-section are 
still given accurately by the relation :— 


Q =A (log, r+1)-2+0. 
The removal of the axial stress R will produce an 


radial depth of the beam. At 7, and at r, the | anti-clastic flexure of the cross-section, but will not 
radial stress falls, of course, to zero, as indicated, | affect in any way the distribution of the longi- 
whilst the tangential stresses take their highest | tudinal stresses. This would not necessarily 

positive and negative values at these points. The | true if the beam formed a complete ring, but, as 


curve of tangential stress corresponds to the curve 


of normal stresses in the case of a straight beam, are free an 


but is approximately hyperbolic instead of being a 
straight fine. Moreover, the point of zero stress is 
not at the centre of the section, but is nearer to 7). 





we shall show, it is true if the ends of the 

d unconstrained. According to St. 
Venant, the distribution of stress on the cross- 
section of a beam may (so far as the effect of forces 





applied at a distance from the section is concerned) 


be considered simply as due to the resultant of 
these forces. Consider then a uniformly curved 
beam, such as a b ¢ d (Fig. 7), having a rectangular 
cross-section. To the two fiat parallel sides of this 
beam let a series of equal and opposite stresses be 
applied, the intensity of which varies with the radius, 
but is constant along all points equidistant from 
the centre. Calling these ‘‘surface tractions” R, 
we have R a function of the radius only, and not 
of the angle 6. 

Consider the section e f half way between the 
ends of the beam ; then from symmetry, if there 
be any longitudinal stress Q across this section, 
we must have :— 

dQ_y 


ae : 


If we remove the lower half of the beam, then 
the effect of this lower half upon the upper half 
can be replaced by the supposed stresses Q, the 
resultant of which must be zero, or otherwise the 
top half of the beam would move. 

Hence, if we take another section g h half-way 
between e f and b a, the stresses Q (if any exist) 
across this section will, by St. Venant’s principle, 
be the same as if there were no longitudinal stress 
at all at the section e f, the resultant of these 
stresses being zero. In this case we shall have, as 


before, 5 $ = 0 for the section gh. 
We have thus proved, in the complete beam 
a be d, that s is zero at the section e f, and 


at the section g h; and it is obvious that the 
reasoning may be extended to other sections. 


At the end 


sections, however, Q is zero, and it is therefore 
zero everywhere throughout the beam. It follows 
accordingly that in a curved beam the longitudinal 
stresses are the same, whether anti-clastic flexure 
is or is not prevented. 

The existence of the considerable radial stresses, 
of which the existence has been proved above, is a 
very important matter in the case of curved beams 
of an I section or of a box section. In the case 
represented in Fig. 6, the maximum radial stress is 
nearly one-fourth of the maximum tangential stress. 
If, therefore, the beam were an I beam with a web 
thickness less than one-fourth the width of the 
flanges, failure would occur through the radial 
stresses, and not through the tangential. It is 
obvious, moreover, that in the case of I sections 
the flanges should be stiffened by ribs connecting 
them with the web or with each other. 

In the Andrews-Pearson paper the assumption 
made was that stresses zero at the surface of the 
beam were zero throughout the cross-section. This, 
it will be seen, is not true, since the radial 
stress attains a value which may be consider- 
able when the ratio of the inner to the outer radius 
is small, and it is probably this fact which is re- 

nsible for the considerable error of the Andrews- 
earson formula in such cases. A somewhat less 
sweeping assumption is that the contribution of 
these transverse stresses to the resilience of the 
beam is practically constant for all reasonably prob- 
able distributions of the tangential stresses. 

We should then have for U, the elastic work 

stored in the beam, the expression :— 


* 
U=  ["@erar +t, 
© 


Hence, finally, — = 0 throughout. 





2 E! Jy 
where Q denotes, as before, the tangential stress, 
z the width of the beam at the radius 7, E! a 
modulus of elasticity, and L the assumed constant 
contribution to the resilience of the other stresses. 
‘ On the Andrews-Pearson hypothesis we should 
ave :— 


ir 
U= ag | rar 
0 


E being Young’s modulus, and L being zero. 
From the expression above given for U it is very 
to find an approximate expression for Q, since 
by Castigliano’s principle the potential energy 
stored in the bent beam isa minimum. We have 
therefore to make 
r 
| ‘@ zerdr 


To 
a minimum consistent with the conditions that 


vr) 
| Qz(r — )dr = M, 
rT 





P= 
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and 
"1 
| Qzdr =0. 
To 
This is a peculiarly simple exercise in the calculus 
of variations. Writing 


Tr) Tr; r; 
w=] Qzrdr-—k| Qzrdr-l | Qzdr, 
To 


ro ro 
where k and 1 are constants to be subsequently 
determined, we have to make W a minimum. 
Hence 


dQ ro 


Then (Todhunter’s Integral Calculus, page 317 
et seq.) we must have :— 
Qr-kr-l=9, 


aw =@= [Par kr -—U2zdr. 


or 


Qa=k+ 4, 
r 


which is the approximate formula already given, 
and, as shown in Table I. ante, gives very accu- 
rately the maximum stress within all such ranges 


of the ratio of ", as are probable in practice. 
r 
The constants k and | are determined from the 
relations :— 


r; 
| Qzrdr=M, 
To 


r) 
| Qzdr=0. 


ro 


Substituting for Q we get :— 


r) r) 
k rzdr+1 zdr=M. 
To To 


Tr} (1. 
k rar +t| <dr=0. 
ro rT" 


If © be the area of the cross-section and + the 
radius at which its centre of gravity lies, we have : 


r 
zdr=2 
To 


rT; = 
rzdr=rQ, 
To 


and 


so that k and / are determined by the relations :— 


~ M 
krt+l=> 


ee 
kQ4+1 —dr=0. 
a 


The integral f : dr is easily found for any section, 


either graphically or by the usual rules for approxi- 
mate integration. The above approximate formula, 
though it is, as has already been shown, more 
accurate than the Andrews-Pearson formula, has 
the additional merit of being much more simple, 
since there is merely the value of the above easy 
integral to be determined, instead of the values of 
two complicated functions, as is required with the 
Andrews-Pearson formula. 





Gurst, Kren AND Nerrieroitps, Liwirep. — Mr. 
Arthur Keen, chairman of Guest, Keen and Nebtlefolds, 
Limited, at the ordinary general meeting of the company, 
held at Birmingham, on August 28, said that during the 
past financial year, and owing to the activity that has 
prevailed in Gy y, America, and other countries 
engaged in similar trades to our own, as well as in this 
country, the company, in common with others, once more 
enjoyed a greater volume of trade with a higher level of 
prices, more particularly for the heavier manufactures 
and coal. Costs of suelicction in all departments have, 
from causes which are common knowledge, gone up very 
5 ong indeed. At the moment there is 2 distinct lull in 
the state of trade. More wages and shorter hours are 
being asked for, and it is beyond question that the com- 
pany have to contend with conditions that were never 
anticipated when the company was formed thirteen years 
ago. y ) eaponen ch have been t upon 
cuplovens. © company’s share of the contributions to 
pag ational Health Insurance Fund, quite apart from 
employees’ contributions, amount to 14,000/. for the 
year. industries of the country are, Mr. Keen 
stated, threatened with nervous depression from over- 
legislation, which brings on lassitude and loss of energy 


inne eee — ae ee ony 





THE FRIED. KRUPP WORKS, FRIED. 
RICH - ALFRED HUTTE, RHEIN- 
HAUSEN. 


Messrs. Krurpr own the following iron works, 
which supply the Essen Works with raw material : 

The Miilhofener Hiitte, which was put down in 
1856 by the Prussian State, passed into the pos- 
session of the Essen Works in 1865. These works 
are near Engers, on the Rhine, and contain four 
blast-furnaces with the acccessory plant. They 
produce various brands of pig iron, such as forge 
pig, steel pig, ‘‘Spiegeleisen,” and ferro-manga- 
nese. One of the by-products is slag-wool. 

The Hermannshiitte, near Neuwied, also on the 
Rhine ; these were put down in 1857 by the Weil- 
burg Company, and became the property of the 
Essen Works in 1871. This plant consists of three 
blast-furnaces for the production of ‘* Spiegeleisen”’ 
and other brands of pig iron. 

The Saynerhiitte, at Sayn, an old establishment, 
which was put down in 1770 by the Elector Clemens 
Wenzeslaus, of Treves, with two blast-furnaces, and 
passed into the possession of the Essen Works in 
1865. The furnaces were put out of blast in 
1876-78, and at the present time the plant contains 
a cast-iron foundry and a mechanical shop. 

In addition to these three metallurgical establish- 
ments, the Johanneshiitte, close to Duisburg, was 
acquired in 1872; it had very important blast- 
furnaces for that period, and these, together with 
those previously purchased, long sufficed to cover 
the needs of the Essen Works in the matter of raw 
materials ; when, however, these latter works deve- 
loped on a very large scale, in the early ‘nineties of 
last century, a number of their specialities, and, 
among others, the manufacture of armour-plate, 
other means had to be taken for ensuring the sup- 
plies. Messrs. Krupp gave their attention to a large 
number of localities in Germany, and after carefully 
studying the pros and cons of each, they decided to 
~ down on the Rhine, at Rheinhausen, opposite 

uisburg, a metallurgical plant, which would not 
only supply the Essen establishments with the 
material they needed for steel-making, but would 
also sell direct on the open market manufactured 
products, such as steel rails, sections, railway 
sleepers, steel billets, and bars. The new works 
were first called the Hiittenwerk Rheinhausen, but 
in 1904, in memory of the late Friedrich Alfred 
Krupp, who had devoted much care to their plan- 
ning and equipment, their name was changed into 
that of Friedrich-Alfred-Hiitte. They are shown 
in the plan, Fig. 1, e 310, and in the views, 
Figs. 2 to 5, on Plates XV. and XVI., and are the 
most completely-equipped works of their kind in 
Germany, and probably in the whole of Europe. 
Figs. 6 and 7, on Plate XVII., are views in the 
blowing-engine room No. 2, and in the current- 
generating station. 

There are nine blast-furnaces, the maximum 
annual output of which is 1,250,000 tons. Four of 
the furnaces have each a capacity of 500 cub. m. 
(17,650 cub. ft.), and produce mainly Bessemer pig 
and the various grades of hematite pig. The five 
other furnaces, 600 cub. m. (21, cub. ft.) in 
capacity each, supply the basic Bessemer converters. 
The iron ore is carried to the works partly by water 
and partly by rail. That from Bilbao and Sweden 
is carried in Messrs. Krupp’s own steamers to 
Rotterdam, where it is transhipped for towing u 
the Rhine. The flux, coke and coal, is suppli 
by rail. A harbour, having a wharf 540 m. (7 ft.) 
in length, has been provided on the Rhine at this 
site, for unloading the iron-ore es and for 
loading the manufactured products which are des- 
patched by water, a tug-boat being available for 
towing the craft in and out the harbour. The 
iron-ore barges are unloaded with the help of nine 
travelling transporters, each of which can deal 
with 50 tons per hour. Of these, four are of 
American and five of German manufacture. They 
are generally used for unloading the ships and 
storing the ore in the stacks, but they can also load 
and unload in trucks, and shift the ore to the 
various dépéts or bins. These latter have a 
capacity of 110,000 tons, the stacks containing 
about 300,000 tons. 

The coke-oven plant, Fig. 8, Plate X VIII., con- 
sists of two sets, each of 60 ovens of the Otto type; 
the total daily coke production is 800 tons. The 
coking coal is obtained mostly from the Fried. 
Krupp collieries,and is delivered to Rheinhausen by 
rail, the wagons being shunted up a platform and 
emptied into the pit of two paternoster elevators ; 





these raise the coal into a tower having a capacity 
of 1500 tons, whence it is loaded into self-emptying 
trucks, which c the coke-ovens from the top. 
The coke is pushed out of the ovens on an 
inclined bank, where it is quenched; it is then 
loaded in special trucks which deliver it to the 
blast-furnaces. The tar, ammonia, and benzol, 
are recovered from the coke-oven gas. The waste 
water from the ammonia-recovery plant is allowed 
to run into a settling-tank, and the solid deposits 
in the tank are “a in the blast-furnaces owing 
to their lime contents. There is at the works 
provision for storing as much as 1000 tons of 
ammonium sulphate. The coke-oven gas, which is 
not required for heating the coke-ovens themselves, 
is utilised for heating a number of open-hearth 
furnaces. The waste-heat from the coke-ovens 
contributes to the raising of steam in two sets, 
each of ten boilers, each boiler having 90 sq. m. 
(968 sq. ft.) of heating surface ; both sets can also 
be heated with blast-furnace gas. 

The blast-furnaces are illustrated in the general 
views of the works and in Figs.9 to 11, Plate X VIII. 
The smaller furnaces are charged by vertical and 
the larger ones by inclined lifts. The furnaces are 
all provided with the double-closing device, that for 
the smaller furnaces being a Parry with bell, the 
larger ones having a Parry with tilting hopper. The 
furnaces are 31 m. (100 ft.) high from the ground 
level to the throat-platform. e smaller furnaces 
have eight tuyeres 20 cm. (7.87 in.) in diameter, 
and the larger ones twelve, the diameter of which 
is 22 cm. (8.66 in.). The smaller furnaces cast in 
covered pig-beds, the larger ones cast into ladles con- 
taining about 35 tons, which empty into the mixers. 
The blast-furnace slag is carried in tipping-ladles 
fitted to trucks, and tly emptied into a slag- 
ditch to the rear of the main offices, and partly 
worked up in cement works; a small portion of the 
slag is granulated. The smaller furnaces are each 
connected to four Cowper stoves, 34 m. (110 ft.) 
high and 6 m. (19 ft. 8 in.) in diameter, and the 
larger ones to five Cowper stoves, each 34.25 m. 
(112 ft.) high and 6.5 m. (21 ft.) in diameter. 
The n blast is supplied to the nine furnaces 
by eighteen twin blast-furnace-gas driven blowing 
sets, each set having a capacity of 1000 cub. m. 
(35,300 cub. ft.) of free air per minute. Four 
vertical steam-driven blowing sets, — each a 
capacity of 840 cub. m. (29,600 cub. ft.) of free air 
per minute, form a stand-by. The normal blast 
pressure is 0.75 atmosphere (11 lb. per “4 in.), 
and the maximum 1.5 atmospheres (22 Ib. per 
sq. in.). Thenecessary compressed air for startin 
the gas-engine sets is obtained from two vertica 
air-compressors in the gas-engine room (one com- 
pressor being a stand-by), each having a capacity 
of 25 cub. m. (880 cub. ft.) of free air per minute, 
which is compressed to 30 atmospheres (440 lb. per 
sq. in.), the plant containing six compressed air- 
receivers of a capacity of 3.6 cub. m. (127 cub. ft.) 
each. The compressed air for operating the tap- 
hole-closing apparatus is obtained from two hori- 
zontal air-compressors, having each a capacity of 
50 cub. m. (1765 cub. ft.) of free air per minute ; 
they compress the air up to 5 atmospheres (73 lb. 
per sq. in.). 

The blast-furnace is drawn off directly below 
the throat, as usual; it is first made to flow 
through a set of dry cleaners, after leaving which 
it still contains from 5 to 10 grammes of dust per 
cubic metre. It is then made to flow through the 
wet washers, which consist of ordinary centrifugal 
fans provided with internal water-jets (see Fig. 11, 
Plate X VIII.). The water consumption amounts to 
1 litre of water per cubic metre of gas as washed 
(0.05 pint per cubic foot of gas), and when the 
gas leaves the wet-washing machines it contains 
only from 0.2 to 0.6 gramme of dust per cubic 
metre. This gas is used under steam-boilers 
and in the Cowper stoves. That for driving the 
gas-engines above referred to is made to flow 
through a second set of wet washers, which it 
leaves with only 0.01 to 0.03 gramme of dust per 
cubic metre. e water from the wet-washers and 
that from the slag-granulating tanks is made to 
flow to a depositing tank. The water, when clear, 
is used af, , and the solid deposit is thrown on 
the slag heap. The dust which proceeds from the 
dry cleaners is briquetted with the fine and concen- 
trated iron ores. The briquetting plant has an 
annual capacity of about 50,000 tons; it can also 
manufacture the same weight of granulated slag 
bricks. 

The ladles, containing 35 tons of basic iron, are 
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conveyed on trucks to an hydraulic lift, which 
raises them to the mixer platform, whence they are 
tip into the mixers. There are two mixers, 
each having a capacity of 900 tons, built on 
rollers, and tipped hydraulically. The mixer-slag is 
made to run out at intervals into a slag truck 
on the ground level, the slag being utilised 
afresh in the blast-furnaces. The iron from the 
mixers is tipped into ladles carried on electrically- 
driven trucks that take it to the converters, into 
which they empty it. Fig. 12, on page 311, shows 


The basic slag is dealt with in a separate installa- 
tion, which can turn out 5000 bags of 2 cwt. each 
per 24 hours. The raw-slag dépdét is served by 


and has a capacity of 900 cub. m. (31,700 cub. ft.) 
of free air minute, which it compresses to 
from 2 to 2.5 atmospheres (33 lb. tre sq. in.). A 
second similar engine acts as a stand-by. The same two 15-ton electric gantry cranes of 27.7 m. (90 ft. 
building contains the central jet-condensing plant! 10 in.) span. The masses of slag are first broken 
into which the steam-engines exhaust ; this is de-| up under a 6-ton tup having a 12 m. (39 ft.) maxi- 





signed for dealing with 20 tons of steam per hour. 


The building also contains two pumps for supplying 
ulic | orders on hand or warehoused in a silo having a 


the water under pressure to the various hy 


|mum height of fall; the slag is then ground toa 
|fine powder, which is delivered according to the 


machines, which work at an hydraulic pressure of | capacity of 9000 cub. m. (318,000 cub. ft.). 





50 atmospheres (730 lb. per sq. in.). Each one of , 


The installation contains two electro-magnetic 















































A. Blast-furnaces. G. Boilers. N. Basic-Bessemer steel works. 8. Repair and maintenance shop. 
B. Gas-driven blowing-engines. H. a peo plant. O. Ingot-casting plant. T. Iron foundry. 
O. Steam blowing-engines, stand-by. J. and coke dépéts. P. Open-hearth steel works. U. Fitting-shop. 
D. Boilers. K. Water towers. Q. Rolling-milis. V. Current-generating station. 
E. Iron-stone, flux, coal, coke dépéts. L. Water works. R. Smithy. W. Offices. 
F. Coke-ovens. M. Basic-Bessemer blowing-engines. ‘ 

Fie. 1. THe Friep.. Krupp Works, FrrepricH-ALFRED-Hirre, RHEINHAUSEN. 


the pouring of a charge from one of the mixers. 

ere are five converters, side by side in a row, each 
converter ving a 25-ton charge. The charging 
and emptying of a converter are Hlustrated in Figs. 
13 and 14, on page 311. The additions to the bath 
of ferro-manganese, spiegel, and lime are made in 


the usual way. The ferro-manganese is heated | th 


in a furnace on the lime platform situated above 
the converters; the spiegel is melted in two 
cupolas on the converter platform. The converter 
slag is removed to the A us inding shop in slag- 
trucks provided with movable covers. The steel 
from the converter is teemed into a ladle and 
carried to the neighbouring bay, where it is cast 
into ingots weighing up to 5 tons each. The 
necessary blast for the converters is supplied by a 
horizontal compound condensing steam-engine, 
which runs at a speed of 65 revolutions per minute, 





the pumps can deal, at a speed of 60 revolutions, 
with 1.5 cub. m. (53 cub. ft.) per minute. The 
present output of the basic- Bessemer plant amounts 
to 620,000 tons annually ; this could be increased 
to 780,000 tons. 

The dolomite plant consists of the calcining kiln, 

e ing machinery and that for the manufac- 
ture of dolomite bricks of all shapes for the making 
of furnace linings. The raw dolomite is crushed 
and then burnt in a shaft-kiln. The calcined 
dolomite is then crushed fine, the grinding-ma- 
chines delivering into hoppers, which are provided 
with hinged closing traps for emptying. It is 
then treated and mixed in a pug-mill. The con- 
verter bottom lining, after ramming, is thoroughly 
burnt over a separate fire, a 10-ton traveller being 
available for all the lifting work in this connection. 
The dolomite plant has a capacity of 100 tonsper day. 


separators for recovering the iron particles from 
the basic- Bessemer and open- hearth waste products. 

Fig. 15, on 311, is a view in the open-hearth 
plant. We shall deal with this plant and with the 
other shops of the works in a further issue. 


(To be continued.) 





TasMANIAN Raiiwayrs.—At the date of the last return 
there were 6244 miles of railway in operation in Tasmania, 
of which 452 miles belong to the State, and are con- 
trolled by a Commissioner working under the Minister of 
Railways. The under-frames and wheels of the —- 
stock in use are imported, but the bodies of both truc 
and passenger carriages are built in the railway work- 
shops. The ng Spo woods used are kuon, pine, 
and black wood. outlay upon capital account for 
the construction and 


uipment of the railways of the 
State amounted at the date of the return to 5,182,013/., 





the average cost per mile in operation having been 8304/, 
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THE INSTITUTE OF METALS. 


Tue autumn meeting of this Institute—the first 
to take place on the Continent—was held at the 
Palais des Fétes of the Ghent Exhibition, on Thurs- 
day and Friday, August 28 and 29. On the members 
assembling on Thursday morning they were cordially 
welcomed by Mr. Schoentjes, Rector of the Ghent 
University, who, speaking in French, said it was 
a great honour for the Ghent University, and for 
himself personally, to be associated with the Insti- 
tute in the opening proceedings of the latter. The 
Institute, although of recent foundation, had excited 
a lively interest in the scientific world. He would 
only mention a few names—those of Professor 
Huntington, Sir Gerard Muntz, Professor Turner, 
Professor Carpenter, Mr. Boeddicker, and Dr. 
Rosenhain—names which were known by all special- 
ists and physicists. The scientific work of Professor 
Huntington, among others, had for the last thirty 
years found application in actual practice. ‘* We 
on the Continent,” added Mr. Schoentjes, ‘‘ always 
highly appreciate all British work, by reason of its 
concreteness, its preciseness, and its powerful ya 
nality ; these points were duly appreciated by the 
Ghent University, who were An to receive the 
Institute within their walls.” The Rector also 
referred to the universal solidarity of the intel- 
lectual world. Scientists recognised no national 
boundaries, and whatever be their nationality, they 
all worked for peace. 

Professor Huntington, who replied, speaking in 
French, thanked Mr. Schoentjes for his cordial 
reception. It was quite true that science recog- 
ni no frontiers. The rules and regulations of 
the Institute were made with a view to receive 
as members all who were interested in the know- 
ledge which they endeavoured to cultivate, what- 
ever be their nationality. Among the proofs of 
success the Institute had obtained, the requests 
of admission to membership received from all parts 
of the world were not the least important. The 
list included not only gentlemen who had found 
distinction as prosperous manufacturers, such 
as, for example, the eminent Belgian indus- 
trialist, Mr. Carels, but also eminent scientists. 
Professor Huntington felt sure he interpreted 
correctly the object they all aimed at by stating 
that this was the application of metallurgical 
science to practical arts, in all that concerned 
metals other than iron and steel. The renown of 
the Cockerill Company a company which had been 
established by an Englishman, and had been 
managed for several generations by Belgian genius, 
had reached the uttermost parts of the earth. The 
Vieille Mon e Company occupied easily the first 
place in to zinc. The Belgian improvements 
in the matter of coke-ovens were greatly appreciated 
in Great Britain. These were only very few exam- 

les illustrating the high position occupied b 

lgium in the metallurgical industry. In conclud- 
ing, Professor Huntington said he greatly welcomed 
this occasion—their first meeting on the Continent— 
to present to Belgian industry their sentiments of 
consideration and their profound gratitude for the 
cordial reception afforded to the members of the 
Institute. 

Tue Councin ror 1914. 

In calling on the Secretary to read the names of 
the gentlemen nominated for seats on the Council, 
Professor A. K. Huntington reminded the members 
that the actual election would not be made till next 
March, and during the interval it was open to 
members to make alternative nominations. The 
list as read was as follows :—President : Admiral 
Sir Henry Oram. Vice-Presidents: Professor J. 
Carpenter, Mr. Summers Hunter, and Mr. R. K. 
Gray. Council: Mr. George Hughes, Mr. Arch- 
butt, Dr. Rosenhain, Dr. Hutton, and Mr. W. 
Murray Morrison. 


CONGRATULATIONS TO ProressOR CARPENTER. 


Before calling on Mr. Bengough to read an 
abstract of his paper, Professor Huntington said 
he thought members would wish to congratulate 
Professor Carpenter on his appointment as pro- 
fessor of metallurgy at the School of Mines. Dr. 
Carpenter had borne a large share in founding the 
Institute of Metals ; but he feared that, in his new 
appointment, he would, to some extent, lose touch 
with them, since the course at the School of Mines 
was devoted mainly to the extraction of metals 
from their ores, and was thus more closely related 





to the objects of the Institute of Mining and 
Metallurgy. Nevertheless there was ample sat 


for the application to this subject of the principles 
of physical chemistry. Already they had the flota- 
tion and magnetic processes of ore separation, both 
of which were purely physical in character, and 
probably as years went on this side of metallurgy 
would be more and more applied to the extraction 
‘of metals from their ores. 

Professor Turner supported the President’s pro- 
posal, As an old School of Mines man who had 
served on the Bessemer Memorial Committee, he 
knew the services Dr. Carpenter had rendered in 
the latter connection. He knew he would not only 
carry on the traditions of the school, but extend 
its field of work. 

In thanking the members, Professor Carpenter 
said that he was given to understand that the 
authorities of the Imperial College of Science were 
fully prepared to allow him a very free hand in his 
research work. 


Tue Corrosion oF METALs. 


In calling on Mr. Bengough to speak on the 
second report of the Committee on the Corrosion of 
Metals, the President said that the research was an 
admirable effort and quite an example of what work 
of that kind should be. 

Mr. Bengough said that the report* was a volumi 
nous one, but this was necessary, since he believed 
that much of the differences of opinion which had 
arisen on the subject of corrosion had been due to 
the publication of incomplete data. On one or 
two points, indeed, he considered that the report 
ively be amplified ; in particular they had not 
given very fully the evidence they had that in cor- 
rosion by cold sea-water there was no dezincifica- 
tion. The analysis of the deposit was given, but 
the proportions of the two metals in this was not 
the same as it was in the tubes, a certain quan- 
tity of the zinc remaining in solution. This 
they had estimated by adding to the sea-water 
sodium carbonate, which precipitated all the heavy 
metals present. This precipitate was filtered off and 
dissolved in sulphuric acid. To the solution potas- 
sium sulphate and potassium oxylate were added, 
the latter precipitating the calcium. From the 
solution the zinc was then removed by electrolysis. 
In this way they reached very fair results, though 
as the zinc deposited came down dark, they did not 
claim absolute accuracy. The test showed, how- 
ever, that in the cases of corrosion in question the 
zinc and copper were dissolved in practically the 
proportions in which they were present in the alloy, 
there being no selective dissolution of the zinc. 

It should, he said, be added that in certain of the 
experiments the 70 : 28 : 2 alloy was not selectively 
attacked, whilst Muntz metal was. This illustrated 
once again that the total loss of weight of a tube at 
ordinary temperatures was no guide as to its resist- 
ance to dezincification. The 70:28:2 metal, in 
which the 2 represented 2 parts of lead, proved the 
best of the alloys examined. At ordinary tempera- 
tures there was little between it and Admiralty 
metal, but in all other conditions it was superior. 

The curves of corrosion, plotted in Fig. 9 of 
the report (see page 303 ante), were, it would be 
seen, originally straight, and then turned over. 
This happened, because at the end of three weeks 
the green salt formed was very adherent, and could 
not be removed without removal of the film of 
oxide at the same time. This would have interfered 
with the course of the experiments, and hence 
none of the tests in question were prolonged beyond 
30 days. The statement made in the report that 
foreign particles resting on the tube had no effect, 
should slightly modified, the particles having, 
in fact, a slight protective effect, as they covered 
some of the metal which would otherwise have been 
exposed. The effect of work done on a tube had 
frequently been held as making the tube more 
liable to attack. Sir Gerard Muntz had, however, 
provided him with two tubes of Admiralty metal 
taken in a stage before the drawing was finished. 
These were tested against a finished tube, and the 
results indicated that the extra drawing had in no 
way affected the resistance to corrosion. Again, a 
tube had been taken direct from the pickle-vat and 
covered therefore with a copper film. Under test 
this copper deposit gave rise to no enhanced corro- 
sion, the tube, in fact, corroding slightly less than 
normal tubes. 


With respect to the suggestion made as to|P 


why corrosion always began at certain definite 





* This report we have republished in full ; see page 299 
of our last and page 339 of our present issue. 





points, he was inclined to think that a modification 
was required, the explanation given not fully repre- 
senting the matter. He was now inclined to believe 
that all tubes had ‘* reactive” areas, which were 
more subject to attack than neighbouring regions. 
This would be in accord with general experience in 
chemistry, where few reactions occurred explo- 
sively, but started instead at certain definite 
points. 

When corrosion once began at a spot, it went on 
at that spot ; it was difficult to find out why zinc 
went into solution at one point rather than at 
another, and much had yet to be learned as regard 
the causes of chemical reactions. There was no 
sufficient theory available to explain why tin and 
lead retarded corrosion. Did tin form a ‘‘ protec- 
tive paint”? There was, however, no satisfactory 
reply to the question, for if tin formed the ‘* protec- 
tive paint” allud:d to, it should prevent ordinary 
complete corrosion, and the same could be said in 
regard to lead. The matter remained open; they 
had had no time to go more deeply into it, and it 
was reserved for future examination. 

The plant referred to in Section II. of the paper 
was now closed down. The tubes had been removed 
and thoroughly dried; the corrosive action had 
been stopped, and he (the speaker) was of opinion 
that the gap between the stopping and the renewal 
of the experiments would simply mean a loss of 
time, no corrosion taking place in the meanwhile. 
This was the best that could be done in the 
circumstances. 

Sir Gerard Muntz, who opened the discussion, 
said that the result of the report was that we had 
to revise all our preconceived theories in regard to 
the corrosion of condenser-tubes by sea-water. 
Dr. Bengough had shown that the cause to which 
we had in the past mostly ascribed the pitting of 
condenser-tubes—i.e.. the presence of deposits in 
the tubes containing iron and other foreign ingre- 
dients—was now of little consequence. Galvanic 
action was generally considered the usual cause of 

itting. Dezincification was little understood ; it 
ad hitherto been little studied. Accurate infor- 
mation had been hard to obtain, for many reasons. 
Thinning of the tubes, added Sir Gerard, was 
totally distinct from pitting. Thinning might arise 
from the mechanical cutting action of water, which 
showed most at the intake ends of the tubes, or 
from electrolytic action, which caused a total dis- 
solution of the brass, and some tubes in the direct 
line of the short-circuited current were thinned 
from end to end. Some firms said that ‘‘ tubes 
were not now made of the same clean alloy as 
formerly,” which was quite opposed to facts; 
fifteen years ago it was difficult to obtain either 
copper or zinc which did not contain a consider- 
able amount of impurities. In case No. 1, 
Table I. of the paper, the tube failed through 
‘* dezincification ;” this pointed, according to Sir 
Gerard—in the light of Dr. Bengough’s report 
—to the reagon of failure having been that the 
tubes were made of too pure ingredients. This 
example showed how dangerous it was to jump at 
conclusions. 

Long experience and much careful investigation 
by analysis and under the microscope had shown 
that the inclusion of carbon particles in brass tube 
castings was very rare, even absent. The specific 
gravity of carbon being much lower than that of 
brass, any carbon particles from the cores or the 
dressing of the moulds would float to the top and 
be cut away with the gate. As a matter of pre- 
caution against the possibility of the retention of 
carbon particles, the speaker had discontinued at 
his works the use of carbon-dressed cores, and had 
eliminated, as far as practicable, the carbon from 
the dressing of the moulds. Uneven distribution 
of temperature in any condenser would be sufficient 
to account for the preferential attack by dezincitica- 
tion of some tubes. : 

The failure of condenser tubes by total dissolu- 
tion or thinning was rare; in 90 per cent. of the 
cases of failure the cause was pitting—i.e., prefer- 
ential dissolution. f . 

Dr. Bengough’s experiments were a fair practical 
representation of the actual conditions which brass 
tabes would experience in ordinary practical work. 
The results at normal temperatures, in Tables II. 
and III. of the report, were interesting, and might 
rove of value in other directions ; but so far as the 
investigation of the failure of condenser tubes 
went, they were of little value, since such tem- 
peratures would not rule in any condenser when at 
work. The results showed what action occurred 
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when a condenser was left standing cold with the 
tubes full of water. 

A very interesting — was noted in the report, 
to the effect that slight flaws in the metal had no 
effect upon corrosion ; it was shown that corrosion 
would not preferentially start atthe flaws. Another 
point of interest on the same page referred to the 
action of CO, on brass ; it had a great bearing on 
the wear of condenser tubes in land installations 
where other than sea- water was used. 

The lesser total dissolution of Muntz metal as 
compared with 70 : 30 brass was as would be ex- 
pected. This superiority of Muntz metal to brass 
in its power to resist sea-water action in the form 
of total dissolution first brought Muntz metal into 
prominence for ship-sheathing. In the second 
series of experiments only total dissolution was 
obtained, and there was apparently no preferential 
dissolution of zinc. Sir Gerard was glad that con- 
denser-tubes did not work under such conditions, 
for if they lasted 75 years makers would be very 
short of orders. 

In regard to tests in diluted sea-water, the pre- 
ferential or selective corrosion of zinc from all 
samples, except that of 70 : 28 : 2, was important 
as bearing upon the failure of condenser-tubes with 
such water—e.g., in river estuaries or in power 
plants using estuary and harbour waters. Failure 
of condenser-tubes in such situations was more fre- 
quent than in ships running in open waters ; a fact 
which supported certain of Dr. Bengough’s results 
recorded in the report. It was interesting to note 
that Muntz metal showed itself most susceptible to 
the action of diluted water; this had been confirmed 
by facts observed in tropical and semi-tropical 
waters, also in the Thames docks; but in this 
latter instance conditions had, no doubt, been 
aggravated by other causes. Dr. Bengough appeared 
to have eliminated the question of the detrimental 
action of particles. 

In regard to experiments at 40 deg. and 50 deg. 
Cent., the change in the order of resistance of 
70: 29:1 brass, 70:30 brass and Muntz metal, 
with the increased temperature was remarkable. 
A point of special interest was that at the increased 
temperature of 40 deg. Cent. the surface of Muntz 
metal remained bright and untarnished. Long 
experience had shown that where dezincification 
was taking place rapidly in Muntz metal there was 
no great deposit of oxychloride of copper formed, 
the metal remaining of a yellow or pale buff tint. 
This appearance was a sufficient indication that 
dezincification had set in. This trouble had during 
the last fifteen years been very frequent, especially 
in tropical and semi-tropical waters; before that 
it was almost unknown, and this date, 1898, was 
important, since it synchronised with the intro- 
duction and generally increased use of electrolytic 
copper. The best selected copper and ‘‘ special” 
zincs of former times contained a considerable 
admixture of lead, frequently 1 to 2 per cent. With 
the introduciton of electrolytic copper and with 
the improvements in zinc-refining, the amount of 
lead present was greatly reduced. As would have 
been seen, the 70 : 28 : 2 lead-brass resisted selected 
corrosion in a marked degree. 

In the case of dezincification of Muntz sheath- 
ing metal, the surface was often covered with a white 
incrustation of small spots from }in. to a pin’s 
point in diameter ; sheets showing this were invari- 
ably dezincified, often throughout, and absolutely 
rotten. This trouble of dezincification was remedied 
most effectively by the introduction of lead. As 
years went by more care had been given to manu- 
facture and the raw materials used were fewer than 
formerly, so much so that the Muntz Metal Company 
arrived at the conclusion that the metal was too 
pure. Sheets returned from Australia after forty 
years use in sea-water were practically in as good 
condition as when they were first put to work ; 
analyses showed that the alloy of which they were 
made was not free from other metals, the chief 
addition being lead. Laboratory experiments 
showed that by adding lead the selective dissolu- 
tion of zine could be retarded, and even stopped. 
This led to the 70 : 28 : 2 lead tube as an antidote 
to pitting. With this tube there was no selective 
corrosion of zinc and no pitting. Tubes of this 
alloy in use for four years show no sign of failure 
where others have failed in six months. 

Dr. Bengough had referred to the accelerated 
action of preferential corrosion on the sawn edges of 
tubes. In the case of Muntz metal it has been proved 
that thorough annealing at temperatures of from 
650 deg. to 300 deg. did prevent the preferential 





corrosion of zinc. It was also established about 
75 years ago that cold-rolled Muntz metal became 
rotten and brittle after a very short period of 
immersion in sea-water, and that it was essential 
that all ship-sheathing should be carefully annealed. 
The point required careful scientific investigation 
to ascertain the cause of the difference in the 
behaviour of cold-rolled and annealed metal. The 
sawing of the tubes referred to in the report would 
mechanically harden the edges; and this might be 
sufficient to account for their being first attacked at 
the edges. The order of resistance to dezincification 
given by Dr. Bengough tallied with Sir Gerard’s 
own experience. Sir Gerard gave the following 
results of laboratory experiments ; the samples were 
placed in beakers in sea-water, and a low electric 
current was applied ; carbon cathodes were used, 
and the experiments lasted 66 days :— 














_ | Excess Loss Loss in 
Alloy. Original. Resultant. tm Sino, |\Geamemen, 
rcent. | percent. | percent. 
{ Copper, 70.65 | 
— 5 0.33 
70: 30 brass, ion, 0.14 71.6 | 0.93 0.587 
| — 25.91 
opper, 09.5 | 
Admiralty ||tetd, ” 0.31 | 
alloy, fron, 0.17 | 70.00 0.50 0.700 
70:29:1 _— 25.97 | 
in 1.05 
Oopper, 69.7 
70:28 72 {Jrend" *'e 69.19 | 0.09 0.689 
lead ’ | Iron, traces | 
Zinc. 25.7 





The order of preferential solution of zinc in this 
series coincided closely with Dr. Bengough’s results. 
The greatest total loss was in the Admiralty alloy, 
the least was in the 70:30 brass, whilst the 
Muntz metal was scarcely dezincified. Sir Gerard 
had found that the addition of from 1} to 2 per 
cent. of lead solved the preferential corrosion 

roblem. Lead up to 4 per cent. appeared to be 

rmful ; from # to 1 per cent. it appeared to be 
neutral, and from 1} to 2 percent. it was beneficial. 
The combination of lead and tin in brass was detri- 
mental. The deposit of green oxychloride salt was 
loosely adherent, as stated by Dr. Bengough. 
Its washing off by sea-water could be observed on 
the bows and bilges of ships sheathed with Muntz 
metal ; the effect would be probably the same in 
condenser-tubes, and the danger from the deposi- 
tion of oxychloride of zinc would thus be much 
reduced. The fact that at temperatures of 25 deg. 
Cent. 70:30 brass was attacked with selective 
corrosion pointed to the undesirability of this alloy 
for condenser-tubes, since the temperature of a 
condenser always exceeded this limit. 

Total dissolution was of small account, for, as Dr. 


Bengough had pointed out, if only this were to | pape 


be considered, a condenser-tube might last seventy- 
five years. At 50 deg. Cent. selected corrosion was 
more virulent; the presence of 1 per cent. of tin or 
2 per cent. of lead had a markedly beneficial effect 
in retarding dezincification. The question of cost 
of tin and of lead, however, came in from the 
makers’ point of view. A temperature of 50 deg. 
Cent. is commonly reached in the working of con- 
denser-tubes; the steam first impinges on parts of the 
tubes, some tubes receive more heat than others, 
and this explained, no doubt, why some tubes failed 
when others lasted for several years. Dr. Ben- 
gough’s suggestion that the range of temperature at 
which dezincification took place was limited required 
confirmation ; it was open to doubt whether there 
was any limit to this selective corrosion in the case 
of 70 : 30 brass or Muntz metal, and in the case of 
Admiralty 70 : 29 : 1 alloy or Muntz 70 : 28 : 2lead 
metal it was likely that a protective film of tin or 
lead was formed, which prevented further action 
taking place. The effect of the agitation, and con- 
sequent aeration, of the water was confirmed in 
practice, and the action on propeller-blades was a 
case in point. The abrasive action of the water also 
camein. The action of concentrated sea-water had 
probably only a scientific interest ; its practical 
importance was nil. The results of the tests in the 
experimental plant of the Institute of Metals at 
the Liverpool University went to confirm the 
laboratory experiments of Dr. Bengough. 

It was interesting to note that the Admiralty 
alloy tubes used contained 71.18 per cent. of copper ; 
this would be in their favour in resisting dezincifi- 
cation. At the higher temperatures, the higher 
the copper contents of lead-free brass the slower 
the oaidies corrosion ; otherwise the contents of 


the four sets of tubes was very regular and close to 





what was aimed at, and a good example of what 
obtained in practice. It was perhaps as well that 
the plant did not run continually night and day and 
on Sunday, for in practice condensers did not run 
continually over long periods. Some of the worst 
cases of pitting had occurred on cross-Channel and 
coast-service vessels. In some cases (see Fig. 18) it 
; pn that the a of circulating water 
did not reach the 40 deg. Cent. of the laboratory 
experiments, but, nev: eless, selective corrosion 
took place. In further trials the temperature should 
be allowed to reach at least 40 deg. Cent. For the 
tubes, Figs. 17 and 17a, the tem tures were 
shown above the 50 deg. Cent. line; but these tubes 
received the first impingement of the steam ; they 
were scarcely a fair example. The regularity of 
temperature in the four condensers was excellent ; 
the only one of the four showing differences was 
that containing Muntz-metal tubes, and as this 
alloy was evidently not well suited for the purpose 
of condenser-tubes, the variation did not matter. 

Dealing with the deductions, Sir Gerard said that 
the order of dezincification put Muntz metal and 
70 : 30 brass out of count, leaving Admiralty alloy 
70:29:1, and Muntz alloy 70:28:2in the race. The 
importance of temperatures and the careful arrange- 
ment of baffle-plates was certainly a point worthy 
of attention. uction 3 pointed to the conclu- 
sion that corrosion was not ies to deposits, which 
were generally at the bottom of the tube; whilst 
deduction 4 did away with the theory of particles. 

The protection of tubes was a different phase of 
the question, to be further investigated when the 
best material for condenser-tubes been finally 
settled. There could, however, be no question as 
to the efficacy of properly-attached iron protection- 
plates. In r to Dr. Bengough’s suggestions, 
water had usually to be used as obtainable. All tube- 
makers had hitherto failed to find the alloy alluded 
to by Dr. Bengough in his observations on the prac- 
tical problem. As to the adjustment of temperature 
there should be no difficulty, and Dr. Ben h’s 
work would hasten asolution. Great pecenndiied tend 
to be taken as to electro-chemical protection. 

In concluding, Sir Gerard stated that the chief 
point of the 70:28:2 Muntz metal was the dissemi- 
nation of the lead admixture throughout the metal, 
and the use of the — kind of copper for the 
a. He congratulated Dr. Bengough on his 
work and on his very clear and well-reasoned report ; 
his work was of world-wide value. 

Professor Carpenter, who followed, said there 
was one point to which Sir Gerard Muntz had not 
called attention, and that was the close agreement 
which existed between the laboratory results and 
results that obtained in practice, in this particular 
case, with the condenser plant referred to in the 
r. It was, indeed, most satisfactory to note 
that laboratory work had yielded results which 
would serve as a guide in every-day ice. Pro- 
fessor Carpenter referred to several copper alumi- 
nium alloys which had been tested for a very lo 
period. Dr. Rosenhain, for example, had tes’ 
some of these for a period of four years, at Ports- 
mouth, in the sea, and he (Professor Carpenter) was 
under the impression that the rate of corrosion with 
these had n found very small. The great 
difficulty, however, in the case of these alloys was 
from the manufacturers’ point of view; since — 
aluminium alloys were not easy to work up. C) 
use of copper-aluminium alloys, however, might 
prove to be one solution of the problem. The Insti- 
tute deserved every congratulation for the valuable 
— which had been put before the meeting. 

r. L. Sumner not much to add to Sir 
Gerard Muntz’s remarks ; Sir Gerard had spoken 
from the manufacturers’ point of view, and he 
(Mr. Sumner) occupied a similar position. He 
thanked Dr. Bengough, whose remarks would be 
appreciated by manufacturers, who, so far, were 
merely informed that their tubes ‘‘were bad,” and 
nothing more. The authors’ views largely con- 
firmed those held by the speaker. Corrosion did 
not seem to have increased much with a rise in 
temperature, although it had been held that high 
temperatures aided corrosion, as also the chan 
over to waters of estuaries. He (the speaker) would 
like Dr. Bengough to account for the different action 
which took place in the series of tubes—top, middle, 
and bottom tubes—referred to in the report ; there 
must be some explanation for it, for according 
to the speaker’s experience matters were gene- 
rally reversed. The finding of a layer of calcium 
carbonate in the tubes was an interesting point. 
Tubes taken from the same batch, and used 
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on the same routes, often behaved differently ; some 
failed, and others did not fail ; perhaps the layer of 
calcium carbonate was one of the reasons. The 
author was not quite correct in his analysis for 
70:29: 1 Admiralty brass ; he stated the lead to 
be 0.28 and the iron to be 0.21, and Mr. Sumner 
asked him to look into these two figures. The con- 
re of condenser-tubes was sons see on 
quite fair, and it might frequently happen that the 
design of the Pte mn pe also see in fora 
part of the blame. 

Dr. Rosenhain, who followed, congratulated the 
Institute at having such a valuable paper put before 
them. He (the speaker) did, however, not find 
the paper so conclusive as the author. The latter, 
no doubt, was convinced, but readers required 
convincing. Dr. Rosenhain did not find dezincifi- 
cation at the pits. The pitted tubes referred to by 
the author were coated with green salt, and this was 
an indication of the absence of zinc oxychlorides. 
He asked whether there was no other form of corro- 
sion besides dezincification, for he wanted a proof 
that corrosion was due entirely to dezincification. 
He had himself found dezincification to take 
ag at ordinary temperatures, not with sea- water, 

ut with mine-water. He was surprised to find 
that 2 per cent. of lead had a protective action 
against dezincification, as it did not appear to have 
@ protective action against general corrosion. Sir 
Gerard Muntz had anticipated one question he was 
going to ask in regard to the action of various 
oe amy of lead contents ; he (Dr. Rosenhain) 

ad also found } per cent. of lead to be injurious, 
and he had also had much experience with good 
and bad brass tubes. In the tests that Professor 
Carpenter had referred to, the specimens had been 
for two years in the sea and for two other years ex- 
' posed to air and water; the loss of weight ascer- 
tained was practically nil, but the difficulty was to 
make tubes of copper-aluminium alloy. 

Professor Huntington said that Dr. Bengough 
had used hard-drawn tubes; the metal therefore 
had had work put on it. He had himself carried 
out experiments in other directions, using cast 
metal and experimenting with it cold. He used an 
apparatus in which a jet of sea-water played on the 
specimens ; the size and the force of the jet were 
constant. When the jet operated upon a metal 
hard on the surface there was a very marked dif- 
ference in the corrosion effect from what occurred 
when the corrosion had pierced through the 
hardened skin. With regard to dezincification at 
ordinary temperatures, he had experimented with 
8 metal, and found dezincification of this under 
certain conditions. It took place ‘‘ in specks and 


spots ;” it was not the cause of pitting, but the | part 


result of something that was causing pitting. There 
were some very minute particles which acted as 
nuclei to the oxychloride that was constantly 
formed. Dezincification was primarily due to some 
such very minute particles. It was difficult to find 
these specks, since they vanished as the result of 
what was happening. He put forward this point for 
consideration. He had worked in the cold with small 
specimens and then with larger ones, using all the 
time sea-water. With his plant he had found that 
results were obtained in the course of two days 
which otherwise would have taken several months 
to obtain. The use of water heated to 50 deg. Cent. 
accelerated very a theaction. He (the speaker) 
added that he » he thought, taken the rational 
way in his experiments, and that the use of acids was 
not rational. Heat, he found, hastened the effect ; 
it did not alter it, it simply accelerated it. The 
expression put forward by Sir Gerard Muntz, to 
the effect that metals were ‘‘too pure,” required 
qualification. Some impurities might do harm, 
and others might do good. Knowledge in this 
matter was getting to be more exact, and it ought 
not to be said that impure material was better 
than pure. 

Dr. Bengough, in the course of his reply to the 
discussion, said it was difticult to answer Sir Gerard 
Muntz, who, in his contribution to the discussion, 
had issued practically a subsidiary report. He felt 
mage that, on the whole, Sir Gerard agreed with 

im. Thereport had required a very large amount 
of labour; it gave particulars concerning twenty 
tubes, but the iments had, im fact, covered over 
fifty. Sir Gerard had said that water at ordinary 
temperatures did not have much effect rage corro- 
sion ; he (Dr. Bengough) now agreed with him, for 
he now knew that such was the case. He also had 
thought that carbon caused dezincification until he 
had carried out his experiments. In this matter of 





corrosion there were many conflicting opinions ; 
and even negative results had their value. He would 
bear in mind Sir Gerard’s remarks regarding the 8 
metal. Oxygen in solution was absolutely necessary 
to corrosion ; thus at boiling-point there was no cor- 
rosion, and at temperatures just below that point 
there was buta slight effect. Some of the curves he 
(Dr. Bengough) had shown in his paper extended 
much above 50 deg. Cent.; in winter the tempera- 
tures fell, but the diagrams also showed that they 
were above 40 deg. Cent. for long periods. In regard 
to the action of the electric current, the author was 
experimenting with the Cumberland process. Con- 
cerning the dissemination of lead, he had examined 
specimens under the microscope, and had found 
that the lead was disseminated in very long spicules 
which partially surrounded the alpha crystals. He 
was glad Professor Carpenter had drawn attention 
to the agreement between the experimental results 
and those obtained with the plant, and also to 
the advisability of using copper-aluminium alloys 
when the difficulties of drawing the alloy had 
been got over. In the matter of the position of the 
tubes, this no doubt had an effect upon the results, 
the bottom tubes were probably always full of 
water, and this might account for the fact that 
corrosion started at the top. In regard to the 
70 : 29: 1 alloy, he was surprised it did not turn 
out satisfactory ; he would examine the analysis, 
referred to by Mr. Sumner again, and refer to this 
in his written reply. Mr. Sumner thought that 
the 70 : 30 alloy was better than would appear 
from the report; that was perhaps the case, and 
it might be all right for ordinary work. In 
regard to Dr. Rosenhain’s remarks, the author 
agreed that all pitting was not due to dezincifica- 
tion. He had not made experiments using mine- 
water; he would bear in mind the other points 
raised by Dr. Rosenhain in further experimental 
work. e was fully aware of the experiments 
carried out by the latter in the matter of corrosion, 
and wished to give full credit to him in this connec- 
tion. Professor Huntington had mentioned his 
own researches, but he (the speaker) would like to 
have more particulars in regard to the apparatus 
Professor Huntington had devised, and to receive 
his diagrams and ascertain what was the Professor's 
method of experimenting. [Professor Huntington, 
in reply, promised to communicate all these. | 
But in Professor Huntington’s research, he (the 
speaker) fancied that erosion must come in, and 
erosion was an important factor. Erosion was 
also an important factor in his own (Dr. Ben- 
gough’s) experiments, and erosion took place at 
the ends of the tubes. In regard, again, to the 
icles of oxide, Professor Huntington had stated 
that they started the action. There was no evidence 
that such was the case. Dr. Bengough was unable, 
so far, to see really what did start dezincification. 
He fully agreed with Professor's Huntington’s 
remark to the effect that we should not be satisfied 
with the statement that present material was too 
pure. He thanked the meeting for the cordial way 
in which his report had been considered, and 
repeated that he was sorry Mr. Jones was not 

resent to witness the sentiments in which it had 

en received. 

Professor Huntington said the time occupied in 
discussing the report had been well spent. The 
Report on Corrosion was a feature of the Institute, 
and it was only just to devote time to it. He 
thanked Dr. Bengough not only for reading the 
report itself, but also for carrying out all the re- 
search work involved. He would like to add that 
the funds at the disposal of the Committee was a 
matter of anxiety, and he hoped the report would 
have for one result the bringing of additional finan- 
cial assistance. He was glad that many generous 
promises in this respect had come in from several 
well-known companies. He asked for a cordial 
vote of thanks to the authors, which was given. 


Tue INTERCRYSTALLINE COHESION OF METALS. 


The next paper taken was that on ‘‘ The Inter- 
crystalline Cohesion of Metals,” by Mr. Walter 
Rosenhain, B.A., D.Sc., F.R.S., and Mr. Donald 
Ewen, M.Sc. This is the second paper of the 
series ; of the first we gave an abstract in a former 
issue,* and we shall reproduce the present one in an 
early number. It was read in abstract by Dr. 
Rosenhain, who said that since their first paper, 
the case for the ‘‘amorphous cement” theory 
received considerable support from the results of 





* See ENGINEERING, vol. xciv., page 434. 





a research upon the behaviour of iron and mild steel 
at high temperatures, carried out by the speaker in 
conjunction with Mr. J.C. W. Humphrey. He indi- 
cated by a diagram the manner in which the amor. 
phous cement theory explained his and Mr. Hum- 
phrey’s observations on strained yiron. The pre- 
sent experiments dealt with lead, tin, aluminium, 
and bismuth of a high degree of purity. Specimens 
of these were prepared ; their temperature was 
raised to about 50 deg. Cent. below their melting- 
points, this temperature being held for about one 
hour ; a loading weight was attached, the stress it 
gave being about 72 lb. per sq. in. This done, the 
temperature was slowly and steadily raised by about 
3 deg. Cent. per minute until fracture occurred. Dr. 
Rosenhain. explained how the various specimens 
had behaved and illustrated their fractures, and 
said that the experiments showed that at some 
temperature below the melting-point, bars of certain 
pure metals underwent fracture under a very mode- 
rate stress by the separation of the crystals from one 
another along their boundaries and without distor- 
tion of the crystals themselves. The metals used 
were of a high degree of purity ; he discussed at 
length, under its various aspects, the possible way 
in which any ‘‘traces” of impurities might act ; 
but making all such allowances, he maintained the 
experiments gave additional evidence in support of 
the ‘‘amorphous cement” theory ; and that they 
clearly demonstrated that the brittleness of metals 
at high temperatures was due to intercrystalline 
weakness. 

Dr. T. K. Rose, who opened the discussion, 
found the researches most interesting. He did 
not feel disposed to attack Dr. Rosenhain’s theory, 
and no hurry should be experienced in disagreeing 
with it ; whether it was correct or not would appear 
in due course, as had been the case with other 
theories, several of which, after a few years, had 
found their usefulness departed. The author had 
said the metals fractured just a little below their 
melting-point ; was not this difficult to measure, as 
was evidenced by the author placing the thermo- 
couple first outside, then inside the specimens. The 
outside of the metal would heat first, and the edges 
would melt before they broke. He asked whether 
Dr. Rosenhain was satisfied that when the speci- 
mens broke the metal was actually a few degrees 
below the melting-point. 

Dr. Guertler, who followed, found the paper a 
most important contribution. Metals were influ- 
enced by mechanical treatment rather than by 
chemical additions. He thought that the influence 
of time should be reckoned upon also, and that in 
regard to this point there was a certain amount 
of uncertainty. The idea that metals were in an 
amorphous state so far below their melting-point 
was an astonishing one. Dr. Rosenhain, in his 
exposition, had said that the amorphous particles 
were in thickness as thin as a molecule. There 
might be some molecules that could not enter one 
crystal or another, and thus be in ‘‘disarrangement.”’ 
He (the speaker) agreed to this, and in it he 
found one explanation of the action of temperature. 
The whole of the phenomena could not, however, 
he thought, be explained by Dr. Rosenhain’s theory. 
Thus such slight impurities that might be found 
between the crystals would be more likely to break 
than the crystals themselves. These slight im- 

urities, if there were any present, in Dr. Rosen- 

ain’s specimens would, he thought, probably melt 
below the temperature of the pure metal; this 
might not necessarily be the case, though the pheno- 
mena could not, he thought, in their entirety be 
explained by Dr. Rosenhain’s theory alone. ; 

Captain N. T. Belaiew was more interested in 
the manufacture of armour-plates, and he found 
that the ‘‘amorphous cement” theory did not fit 
in with all of his personal observations, although 
some instances gave support to it. 

Professor 8. L. Hoyt referred to the diagram, 
Fig. 1 in the paper, and emphasised the action of 
viscosity ; experiments should, he considered, be 
carried out also with amorphous substances, such 
as wax and glass, in order to ascertain whether here 
also a critical point was found. 

Mr. E. L. Rhead asked whether the author had 
taken into account the possibility of differences of 
expansion. 

r. Rosenhain, in his reply, and with regard to 
Dr. Rose’s remarks as to whether fracture occurred 
below the melting-point, said one had only to look 
at the actual fracture to see that such was the case ; 
it was undoubtedly below, rege | the shape of the 
fracture. The differences in the thermo couple 
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records when the thermo-couple was placed outside 
and inside the specimens were always very small, 
being merely 1 deg. or 2 deg. Cent. There was no 
great difference in density between the and the 
small crystals. As regarded Dr. Guertler’s opinion 
as to the behaviour of molecules, all depended as 
to what was understood by molecules. The heating 
of the specimens had been only for a few hours, and 
there was thus no time for tion to take place 
at the boundary. He (Dr. nhain) would ask 
Professor Hoyt to read the paper again and to note 
also his statement in regard to the weight used ; 
with a larger weight, the specimens would draw 
out at the higher temperatures. He would reply 
later to Captain Belaiew’s remarks. In reply to 
Mr. Rhead, re differences of expansion, he could 
not see the point intended. 

On the motion of the Chairman, a hearty vote of 
thanks was accorded the authors for their contri- 
bution. 


On THE ANNEALING oF GOLD. 


The last paper taken on Thursday, the 28th ult., 
was one on ‘‘ The Annealing of Gold,” by Dr. T. K. 
Rose, who read it inabstract. He explained how the 
specimens had been , and stated that im- 
purities in gold generally raised the temperature of 
annealing to a remarkably great extent; though 
different impurities had very different effects. The 
effect of copper was more marked than that of silver, 
but other elements had far more effect than either. 
Gold melted on carbon in an atmosphere of hydrogen, 
although by assay its purity had been reduced only 
by 2 parts in 100,000, had its temperature of anneal- 
ing raised from 150 deg. to over 300 deg. Pure 
gold and gold-silver alloys, when melted with free 
access of air, had lower temperatures of annealing 
than those melted in a neutral or reducing atmo- 
sphere. Given a particular method of preparation 
of pure gold, its purity could be easily and quickly 
tested by annealing Diagrams in the paper showed 
the recrystallisation on annealing, the phenomenon 
being further explained by the author, as well as 
the method of testing the hardness by a cone instead 
of the Brinell ball. 

Mr. Simons, who opened the discussion, said 
the paper was interesting to him, he being a gold 
and silver smith ; but he was disappointed to find 
that the author had dealt only with practically pure 
gold. In the trade, gold contained a per- 
centage of silver and cop r, the greater being 
copper alloyed with gold, or the 9-carat gold of 
commerce. The author’s gold was practically un- 
known in commerce, and the researches should be 
carried on further, so as to include also the com- 
mercial alloys. It was a fact that gold alloys were 
found to work better by melting them down again 
when they had not worked well the first time. 

Mr. Brown associated himself fully with the 
previous speaker’s remarks. 

Dr. Rosenhain said that Dr. Rose’s experiments 
had shown that the mechanism of annealing gold 
was different from that of lead and other base 
metals. The author had referred to the action of 
surface tension, but he (the speaker) di 
with his remarks on this point, and added that the 
amorphous theory overcame the oy 

Professor Turner was of opinion that the author’s 
present test for hardness appeared to be an im- 
provement upon the former one. He had himself 
noticed the abruptness of the curves given in the 
paper showing the variation in the properties due 
to annealing. He thought there was no gradual 
change from amorphous to crystalline ; the texture 
should be either one or the other, either definitely 
hard or definitely soft. The author was extending 

the work of Roberts-Austen in showing the im- 
portance which attached to impurities in the 
properties of alloys. 

In his reply, Dr. Rose said he had to use pure 
metals in the case under consideration ; the experi- 
ments could, however, also be extended to other 
alloys. The suddenness of the conversion of an 
amorphous to a crystalline texture, pointed out by 
Professor Turner, was ing, but he did not 
think Professor Turner wanted them te-understand 
that all the material was amorphous before anneal- 
ing. Here Professor Tarner remarked that the 
material when not annealed was crystalline, with 
the crystals in a strained condition. 

A hearty vote of thanks was, on the motion of 
be chairman, accorded Dr. Rose for his communi- 

on. 

On the members reassembling at the Salle des 
Fétes at the Ghent Exhibition, on Friday, the 





29th ult , the first paper taken was the one on 


Tue Sveciric Votume anp ConstTITUTION 
oF ALLoys, 


which was read in abstract by the author, Dr. 
W. M. Guertler. We propose to reproduce this in 
full in a future issue. It is difficult to refer to it 
in abstract without the use of the diagrams it con- 
tained, but we may here state in a very few words 
that the author’s object was to point out the 
interdependence which existed between alterations 
in volume and temperature, the author showing 
also that the volume changed both with tempera- 
ture and with concentration, He explained his 
points by the aid of the diagrams referred to. 
Among other points he stated that the specific 
volume of a crystal was fectly unequivocally 
defined, the molecules being in a crystal most 
densely packed. He considered the case of a pure 
metal, which he styled ‘* A,” of which volume was 
found to vy By a function of the temperature 
which could represented almost by a straight 
line, from .* ae temperature to the cmon 
point. At the melting-point expansion generally 
took place, Mousth bake be age Considering 
next an alloy containing probably 10 cent. of a 
second metal, which he styled ‘‘ B,” he found this 
to show over the range of the crystallised state an 
expansion curve running more or less parallel to the 
expansion curve of the pure metal A until the solidus 
curve was reached. With these data and on further 
assumptions he had constructed diagrams showing 
the specific volumes of various alloy systems. 

Professor Turner, who opened the discussion, 
said that Dr. Guertler’s paper was one which all 
members would receive with pleasure, as it would 
repay careful study later. He had not had time to 
look carefully into the author’s diagrams, but there 
were one or two points, he had noted, where the 
author was in accordance with the speaker’s own 
observations. The author had stated that the 
specific volume of a pure compound (a single crystal) 
was perfectly unequivocally defined, the molecules 
being then most densely packed, whilst conditions 
were different in an aggregate of different crystals. 
He (the speaker) and Mr. Ewen had pointed out 
formerly that there existed evidence for the con- 
clusion that a small expansion occurred in connec- 
tion with the formation of a eutectic. Professor 
Turner understood the reference of the author in 
his paper to be due to a homogeneous liquid inter- 
vening ; for when particles were rearranging in the 
crystal form, there must be some space required for 
the rearrangement. As an illustration, he stated 
that matters were similar as to what obtained with 
the rearrangement of people in a room, where, 
unless each individual were a perfect cube, there 
must be a space between them. The same was the 
case for crystals. In some cases, however, crystalli- 
sation was accompanied by acontraction. Headded 
that he would study the paper with great interest. 

Professor Sauveur, in a few words, said he found 
the paper full of possibilities and one to be care- 
fully looked into. 

Professor Hoyt, who followed, said he had had 
the pleasure of listening to Professor Guertler at 
Charlottenburg. There was an important point which 
was not in the paper—namely, that the author con- 
sidered the iron carbide equilibrium diagram from 
the same point of view expressed in the paper. This 
was of { importance in the matter of cast iron, 
for until the present time there were points which 
were difficult to appreciate which now could be 
He was sorry the application to cast iron was not 
included in the present paper, but this was, +o to 
speak, a preliminary work, the future possibilities 
of which would be realised later on. 

Dr. Rosenhain was of opinion that there was no 
doubt as to the great value of Dr. Guertler’s paper 
on the relation of volume to temperature and con- 
centration. It was a theoretical — of great 
interest, but he would like to add the warning 
that it was purely theoretical, and that the assump- 
tions had to be verified. He asked how, in actual 
practice, would the measurements be made, and 
whether they could be made. In some experiments 
of his own he weighed the alloy in a liquid bath. But 
the oil did not stand the temperature long enough, 
and he had had to come to a standstill through the 
want of a suitable liquid to replace the oil. He 
had thought that he could, perhaps, Map the 
specimens in a bath formed of another alloy of 
greater fusibility, but in this case there was the 
risk of interdiffusion, and he would like Dr. 
Guertler to suggest a suitable liquid. 





Dr. Guertler, in replying, thanked the members 
for the way in which his paper had been received. 
He was interested to hear that Professor Turner 
had found the eutectic mixture to have a 
slightly different specific ‘‘ weight” to the one he 
(the author) had given. In reply to Dr. Rosen- 
hain, he said there were several methods of measure- 
ment available. 

The Chairman proposed a vote of thanks to the 
author, which was cordially responded to. He 
added that the paper was one to be carefully 
studied, and that the difficulties they were encoun- 
tering were being gradually met. 


A Srupy or Votume CHances In ALLoys. 


The next paper was ‘A Study of Volume 
Changes in Alloys,” and was read in abstract by its 
author, Mr. J. H. Chamberlain, M.Sc., of the 
Birmingham University. He stated that he had 
undertaken research in the copper-aluminium 
series as a continuation of the former work done 
on volume changes, with a view to establishing 
more firmly any relation that might exist between 
them and the equilibrium diagram. He had also 
endeavoured to meet some of the speculations 
and criticisms that bad arisen on the subject. He 
described the materials he had used, and gave an 
illustrated account of his apparatus and diagrams 
of typical curves. He had found the expansion 
curve obtained on casting a series of copper- 
aluminium alloys to show a distinct relation- 
ship to the crystallisation interval curve. The 
expansions were produced by forces of considerable 
magnitude. The extraordinarily large and quick 
expansions, peculiar to copper-zinc alloys in the 
neighbourhood of 15 per cent. copper, were always 
preceded by an arrest, the expansions only 
taking place during the crystallisation of the 
« variety. Microscopic examination and density 
experiments revealed cavities round the crystal 
boundaries of this copper- zinc alloy. They were 
produced by the absorption of 8 by « crystals. 
With copper-tin alloys (90 per cent. copper) and 
with pure aluminium castings the temperature of 

uring had an effect on the expansions observed. 

rs of a copper-tin alloy (90 per cent. copper), a 
copper-zine alloy (15 per cent. copper), and pure 
aluminium, all indicated a contraction while being 
slowly heated up to their melting-pointe, which 
suggested that the growth of the chilled shell 
first formed could not be responsible for all the 
expansions observed on casting. The contraction 
of the copper-zinc alloy, when slowly heated, might 
be due to the liquation of ¢« crystals, the liquid 
filling up the cracks in the casting, the skeleton 
crystals being left intertwining. e large expan- 
sion and the continued growth of the bar on repeated 
heatings might be due to this filling up of the 
cavities, followed by the crystalline change from 
dinto +. With the copper-tin alloy (90 per cent. 
copper) the expansion is apparently produced by 
the chilling of the liquid round a dendrites, since 
it was not observed when once the bar had been 
annealed. With aluminium the volume cha 
observed on heating and cooling were probably due 
to the presence of some gaseous impurity. 

The discussion was opened by Professor Guertler, 
who said that the theoretical of this paper was 
on a somewhat different basis from the speaker's 
own. The volume changes were given in depend- 
ence on time ; time was an important factor, but 
the dependence of volume on time could hardly 
be given in a formula. Volume was, in fact, 
dependent on heat effects. He would like to know 
whether the changes in the volume diagrams were 
due to irregularities in the cooling curve or not. 
He thought that, by holding the temperatures until 
the volume was constant, settled values could be 
obtained, and surfaces of volume could be built up 
which were applicable to all alloys of a series. 

Mr. O. F. Hudson found the problem a difficult 
one, and he was of opinion that Mr. Chamberlain 
had tackled it on the right lines by studying the 
conditions likely to influence the results with the 
ey he used. There was great trouble in 

is, and the author had displayed ingenuity in 
making his apparatus as efficient as it possibly 
could be. He asked what attempts had been made 
to correlate the volume changes with the crystal 
intervals. Fg — — to be ema Rand 
tradictory—-for example, in the copper-tin alloys, 
which showed no Win changes. This would 
appear to contradict the attempt to make the 
crystal interval a measure for the changes. 

Professor Turner found the author to have dis- 








316 


ENGINEERING, 


(SEPT. 5, 1913. 








layed great skill and patience in this study, which 

e had carried out onindependent lines. A former 
study of his had dealt with the aluminium series. 
That volume changes should be ascertained in oil 
was naturally suggested to him (Professor Turner), 
but with oil one could not work above 450 deg. 
Cent. for any length of time, and the oil method 
was now out of court. He would himself have liked 
to have a more refined method, but he could not 
wait until he had obtained it, but had, nevertheless, 
made very distinct observations, the accuracy of 
which could not be disproved. All were with 15 < 
cent. copper, which expanded on solidification, but 
not to a great degree. A very slight variation in the 
proportions made a difference, and led to a peak in 
the curve. He had found a bar to expand from 
12 in. to 13.5 in.; expansion also took place in the 
width and the depth. There was no crystal thrust 
at all, for expansion took place whilst the material 
was so solid as to be handled as a bar. In the 
author's diagram, Fig. 18, of a copper-zine alloy, 
with 15.29 per cent. copper, which had been heated 
up and cooled down five times in an electric furnace, 
the parts shown black were holes, the white parts 
being the alloy. One difficulty was to observe 
where there was a solid solution and where there 
occurred coring. When the bar was heated gradually 
in an electric furnace, contraction took place ; when 
it was annealed, on heating and cooling repeatedly, 
there occurred no further expansion or contrac- 
tion. In the case of pure metal there was a kind 
of box-crystal formation, liquid was drawn in 
from the gate, and when the liquid solidified expan- 
sion ceased. In the absence of a better method 
for explaining a hitherto unexamined field of 
phenomena, the Birmingham University had ob- 
tained excellent results, which they had put before 
the Institute. They had done their share, and if 
the critics showed a better method, he (Professor 
Turner) would read the account of it most carefully, 
and his students also. 

Mr. Coe stated that the author had moved a 

great step forward by attacking the conditions 
existing in the bar itself. Too much time had, 
perhaps, been taken in measuring exactly some- 
thing that was uncertain in it-elf; but the author 
had determined curves, and showed the contraction 
and expansion phenomena. Some said that crystal 
thrust was alone responsible for expansion, others 
that it was due solely to the crystalline (?) interval ; 
but he (the speaker) thought that neither was re- 
sponsible for it. He had added manganese to pure 
white iron, and the manganese had caused expansion, 
which gradually fell off. The micro-structures were 
identical in all the cases he had observed; the 
crystal interval was also practically identical. He 
(the speaker) would like to mention that he had 
seen many aluminium-zinc castings crack on solidi- 
fying completely, and the occurrence could not in 
any way be traced to the pattern. 
’ Professor Huntington found this a most valuable 
paper; it made it possible to better grasp the 
subject, and it had an important value from the 
practical point of view. 

Mr. Chamberlain, in the course of his brief reply, 
said that Dr. Guertler’s statement, to the effect that 
irregularities in the heating up and cooling down 
caused irregularities in expansion and contraction, 
was right, and the occurrence could be traced in the 
curves ; he (the author) hoped ultimately to im- 
oe the apparatus, and the method of. heating. 

n reply to Mr. Hudson, he could not yet definitely 
explain the irregularity contained in his paper in 
regard tothe copper-tin alloy; with this alloy 
there was a chilling effect. More work had to be 
done in this connection. Professor Turner could 
not believe that crystal thrust came into play, 
since expansion took place during solidification. 
It was now known, said the author, that on heat- 
ing up the bar one got contraction, and not 
expansion. With aluminium it was a volume 
change pure and simple, not a crystal thrust. He 
hoped to be able to continue his researches, carry- 
— out also in a vacuum. 

he Chairman moved a vote of thanks to the 
author, which was heartily responded to, and he 
hoped Professor Turner would not cause the’ Bir- 
mingham University to drop their researches on these 
alloys, but that he would reconsider his decision. 


On tHe Correr-Ricn Katcuorws (Coprer-Tin- 
Zrxc ALLoys). 
This paper was then taken and was read in 
abstract by its author, Professor Samuel L. Hoyt, 
University of Minnesota, U.S.A. He had found 





that in general the ternary alloys of copper-tin- 
zinc, up to 50 per cent. zinc and 30 per cent. tin, 
were seen from microscopical analyses to behave 
similarly to the binary alloys of copper-tin and 
copper-zinc. The liquidus surfaces, the limit of 
saturation of the asolid solution, and the eutectoid 
line were determined. The eutectoid surface was 
found to have a maximum near the middle, corre- 
sponding to 66 per cent. copper, 17 per cent. tin, 
17 per cent. zinc, and 590 deg. Cent. on the 
eutectoid line. This line showed the 8 solid solu- 
tions to be isomorphous. Quenching from above 
this line produced homogeneous solid solutions. 
The addition of tin to the brasses caused the visible 
breakdown of the 8 solid solution. The amount 
of the tin necessary varied with the zinc content 
and with the rate of cooling through the critical 
range. This gave rise to abnormalities in the micro- 
structure. A field off the a + 8 range in the 
bronzes was found, in which two heating effects in 
the solid were recorded—the discussion of which 
was deferred for the sake of securing further evi- 
dence, especially with reference to the location of 
the eutectoid plane. 

Professor Carpenter, who opened the discussion, 
said the Institute welcomed Professor Hoyt. He 
had found his paper most interesting. Two mem- 
bers had been working on closely-connected lines, 
but he (Professor Carpenter) was perhaps a little 
earlier in the field than Professor Hoyt. The 
latter had, in effect, stated that he was engaged in 
micrographical work to test alloys for the resolution 
of 8, when his (Professor Carpenter’s) paper ap- 
peared. The author said he had found there was 
distinct evidence to show that very great inertia 
had to be overcome to bring about a visible resolu- 
tion of 8 ; he (Professor Carpenter) had found not 
one inversion, but two in ternary alloys, the new 
at about 590 deg. He referred to one of the 
author’s diagrams, several curves of which showed 
the new inversion. A horizontal line of another 
diagram for the copper-tin alloy at a temperature 
of 590 deg., and the author’s statement that there 
was a possibility of a breakdown from a to 8, was 
not supported by the micro-section. Andrew had 
found that when the specimen was heated above 
the upper inversion point, the lower inversion 

int disappeared. If the author had held delta (?) 
or more than six hours at 560 deg., he would have 
found it disappear altogether. he 575 deg. was 
the temperature of supercooling at that change, 
and 590 deg. was the right temperature. Here 
Professor Carpenter referred to several of the 
author’s micro- photographs, and stated the struc- 
tures they represented, and expressed the hope 
that the author would find time to continue his in- 
vestigations. 


Wetcome sy Sir Ceciz HERTSLer. 


At this point Sir Cecil Hertslet, H.B.M. Consul- 
General, entered the room, and offered on behalf of 
the British Government a warm welcome to the 
Institute. The'staff of the British Section of the 
Exhibition would, Sir Cecil said, be pleased to 
receive the members, and to afford them every 
facility for inspecting the section. 

Professor Huntington thanked the Consul- 
General, in his name and in that of the members, 
for his cordial welcome. 

On resuming the discussion on Professor Hoyt’s 
paper, Dr. Rosenhain stated he had not much to 
say on the subject. He would only raise two 

ints. The paper was brief, and it was a pity ; 

e would have liked to see a longer exposition of 
the 8 theory and wave-points concerning it. There 
were also too few cooling curves. The author’s 
diagram was the expression of the author’s opinion, 
and the observed facts were comparatively few. 
The method followed was that generally adopted 
in the United States. Thus Shepherd did not 
publish curves, only an equilibrium diagram ; it 
simply meant six months’ work expended in po 
ing Shepherd’s experiments. All facts should be 
given, results also ; but in any case the facts, so as 
to enable tracing the work. In the second place, 
there was now a committee sitting dealing with the 
nomenclature, and he would advise that the term 
used in the title—i.e., ‘*‘ Kalchoid ”—be submitted 
to them. He hoped Professor Hoyt would con- 
tribute further papers, and also give more details. 

Dr. Guertler, who followed, said that if a paper 
of this kind did not convince them, he thought 
nothing could help them. It showed how the 
investigations had been conducted, and gave data 
of great theoretical and practical value. He 





referred to the author’s investigations and dia- 
grams, and emphasised a number of his points. 

Mr. ©. F. Hudson stated he greatly appreciated 
the paper ; it required careful study to master all 
its details. In regard to the extraordinary be- 
haviour of the 8. phase in the copper-zinc series, 
he would say he had tried to get it to break down 
in the presence of an excess of a and y, but could 
not get it to break down. There was a change, but 
when dealing with copper-zinc alloys 8 appeared 
to behave as a perfectly stable solid solution. 

Professor Huntington said the paper had entailed 
a large amount of work, and he was not surprised 
if the author had not done all he wished to do; 
he hoped he would continue his experiments. He 
(Professor Huntington) had observed that there 
was not a sufficient amount of detail on the experi- 
ments, but the author did not want to make the 
paper too cumbersome. He hoped the author would 
see his way, in communicating his other researches, 
to give more full information ; it would increase 
still further the value of his contributions. 

Mr. C. Billington found the author had dealt 
with alloys which were not commercial, and his 
paper would be of much greater practical interest 
if they were commercial. 

Mr. F. Johnson said experiments brought out 
many theoretical data, but also points which were 
of importance to practical men. For example, the 
author’s curve in the paper showing the tempera- 
ture of inversion was one of importance to manu- 
facturers of copper-tin-zinc alloys; the tempera- 
tures were the same as those in the case of com- 
mercial alloys. 

Professor Hoyt, who briefly replied, said he had 
doubts concerning the second transformation point 
mentioned by Professor Carpenter. In this, the 
gas used might probably come into play. The 
8 phase was, perhaps, unstable ; this might account 
for the wide range for the lower change—400 deg. to 
525 deg. More complete data would increase the 
value of the paper, but also its size. He (Pro- 
fessor Hoyt) would be very glad to complete his 
contribution later on. In regard to the term 
‘* Kalchoid,” others had used it to designate the 
ternary alloys of copper, tin, and zinc ; it had been 
suggested by Thurston, and he (Professor Hoyt) 
had simply accepted it. 

The meeting, on the motion of the Chairman, 
heartily thanked Professor Hoyt for his paper. 


A MerHop or ImprovinG THE QUALITY OF 
ARSENICAL Copper. 


This paper, which we publish on page 336 of 
our present issue, was the last discussed at the 
meeting. It was read in abstract by its author, 
Mr. F. Johnson, M.Sc., of the Metallurgical 
Department, Birmingham Technical School. The 
author regarded arsenic as an indispensable in- 
gredient, particularly in view of its influence in 
decreasing the power of copper to dissolve gases, 
and thus enabling sounder metal to be cast, and 
gave an interesting description of his experiments. 

Sir Gerard Muntz, who opened the discussion, 
said he noticed the author had stated he took the 
view that it would be a profitable investigation if 
some means could be foond of improving the 
quality of the metal without sacrificing those pro- 

rties which rendered it such a suitable material. 

ir Gerard agreed, but the author was thirty-five 
years behind the time. What he said was done 
before and was still being done, and the paper came 
a little late in the day. Arsenic was valueless and 
detrimental. The addition of arsenic for deoxidis- 
ing was an ancient method; it should be avoided ; it 
was only a densifier; but one could add phosphorus, 
silicon, aluminium, and other substances, which 
did less harm than arsenic. With arsenic one got 
occlusion of gases easier. In 1879, the Muntz Com- 
pany supplied locomotive tubes which had run for 
486,000 miles, whilst 150,000 miles had been the 
limit before then. The metal was deoxidised, but 
not with arsenic. The tensile strength of the metal 
cold was 16.6 tons per sq. in., with an elongation of 
29 per cent. —— was not easily affected ‘at high 
temperatures, as es of tensile tests made in the 
hot state showed. The vibration tests were interest- 
ing, but in these, as in the tensile tests, results 
could be obtained quite as good with copper con- 
taining no arsenic. 

Mr. F. Tomlinson agreed with the last speaker 
in his statement that the arsenic method was not 
new, and found that all deoxidising agents had the 
same effect as the one the author had recorded ; but 
arsenic had been ‘‘a good friend,” and a large 
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amount of evidence had to be brought torward to 
shake the confidence that was held as to the action 
of arsenic in copper. 

Mr. H. H. A. Greer said that the meeting had 
heard the opinion of two manufacturers, and would 
be interested to hear that he (the speaker) had 
bought up the copper of the wrecked Montague. 
He sold it afterwards to a large firm who used it for 
the manufacture of a 15-ton condenser ; this devel- 
oped a large crack on one side, and on investigation 
he found that the copper contained aluminium, 
the Admiralty having been experimenting with the 
copper-aluminium alloy at the time the Montague 
was in course of construction. The moral pointed 
to the watching of old metal scrap. 

Professor Huntington found that the test-pieces 
used by the author had not been annealed to a 
standard, and that the results they gave were not 
comparable. There was, further, no sufficient 
evidence for the statement made in the paper to 
the effect that the resistance of the metal | to the 
influence of a reducing gas at high temperatures 
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had been secured. It was very difficult to know 
what was going on in boiler-stays. 

Mr. F. Johnson, in his reply, stated that arsenic 
neutralised the injurious effects of impurities such, 
for example, as bismuth. It acted not so much as 
a deoxidiser, but mainly as a densifier, and pre- 
vented gases from guing into solution in the molten 
metal. The locomotive tubes Sir Gerard had 
referred to were most probably taken from a larger 
ingot than he (Mr. Johnson) took in his experi- 
ments. Other deoxidisers tended to produce brittle- 
ness, and he was glad to hear that Mr. Tomlinson 
had faith in arsenic. 

Professor Huntington, in norms a vote of thanks 
to the author, which was cordially responded to, 
added that Mr. Johnson’s paper gave evidence of 
actual solid work, and was appreciated. 

The following papers were taken as read :— 
‘The Determination of —_ in Copper and 
Brass,” by Mr. T. West, M.Sc., the University, 





Manchester: ‘‘The Micro-Chemistry of Corro- 
sion,” by Mr. Cecil H, Desch, D.Sc., Ph.D., and 


Mr. Samuel Whyte, the University, Glasgow ; 
‘* Influence of Phosphorus on Some Copper- Alumi- 
nium Alloys,” by Professor A. A. Read, M.Met., 
F.1.C., University College, Cardiff; ** Metallo- 
graphical Researches in tian Metal Antiqui- 
ties,” by Mr. H. Garland, F.C.S. The usual votes 
of thanks terminated the business proceedings. 
During their stay in Ghent the members visited 
the works of Messrs. Van den Kerchove, those of 
Messrs. Carels Fréres, and the engineering and 
metallurgical sections of the Exhibition. 





THE SULZER-DIESEL LOCOMOTIVE. 

Tue first Diesel-engined locomotive to be built was 
turned out of the works of Messrs. Sulzer Brothers, 
at Winterthur, in the early of this year, having 
been supplied to the Central Railway Department 
of the Prusso-Hessian State Railway, Berlin. The 
locomotive was supplied to the railway by the Gesell- 
schaft fiir Thermo-Lokomotiven, a company formed 
of Messrs. Gebriider Sulzer, Oberbaurat A. Klose 
and Dr. R. Diesel, with head-quarters at Ludwig- 
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shafen, for the working of the Sulzer-Diesel locomotive | driving-axles b, b. The engines were necessarily of the | plished the compressor would continue to work in 
patents. reversible type. The compressor set was of the vertical | order to re-charge the reservoir, the air in which would 
Before entering upon a description of this engine it | type with supe cylinders, c being the working | be used for ——- up again after a stop, and to supply 
eo be of some interest to refer to one or two of the ayhaine, and d the compressor cylinder. The reser- | the air necessary for the main engines. } 
earlier developments, which, though taking a some-| voir is shown at g. It, together with the compressor,| Another ment is illustrated in Fig. 2, in which 
what different form, embody the same fundamental | was in communication with the engine by means of | it will be seen t in addition to the auxiliary com- 
principles as the actual engine recently constructed. | the pipe e. It was the intention in this system on| pressor set, there is an air-pump driven off the main 
In Fig. 1, page 317, we illustrate one of Messrs. | starting up to keep the compressor running and to/engines. This is depicted at g, Fig. 2. Normally 
Sulzer’s earlier patents, from which it will be seen| supply the main engine from it direct until a speed | this pump would supply the air required by the main 
that this locomotive involved the use of main driving | of 5 or 6 miles per hour was obtained, when the main “—. 
engines, a compressor set, and an air reservoir. The i were to be over from working on e actual ine, of which trials have been made, 








main engines a drove direct on to one of the two| air to oil fuel. When this change had been accom-|is illustrated in Figs. 3 to 7, on page 317, and 
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also in various detail drawings on 318 and 320. 
The design was worked out jointly by Messrs. A. Klose 
and Sulzer, and the engine was built at the Winterthur 
works of Messrs. Sulzer Brothers, the locomotive frames, 
running gear and body being furnished by Messrs. A. 
Borsig, of Berlin-Tegel. The locomotive embodies main 
four-cylinder Y-engines working on to a crank-shaft 
coupled to the driving-axles, and an independent air- 
compressor set of about one-quarter or one-fifth the 
power of the main engines. The compressor furnishes 
the air necessary for starting the main engines, &c. 
Reservoir capacity is furnished in the form of a number 
of air-cylinders. 

The locomotive illustrated is designed for fast 
traffic. It has a length over all of 16.6 m. (54.5 ft.) 
and a weight in working order of 95 tons. The 
driving-wheel base is 3.6 m. (nearly 12 ft.). The end 
bogies each have a wheel-base of 2.2 m. (7} ft.), and 
they are 10.5 m. (34.5 ft.) apart, centre to centre. 
The driving-wheels are 1.75 m. (68.8 in.) in diameter 
on the ti The driving-axles have a diameter of 
7.87 in., increased to 8.26 in. at the journals, which 
have a length of 10.23 in. The coupling-pins are 4 in. 
in diameter by 4.7 in. The drive from the engine 
is transmitted to the wheels through coupling-rods, 
from outside disc-cranks on the end of the engine 
crank-shaft. 

The main engines are illustrated in Figs. 8 to 14. 
They are of the reversible two-cycle type, single-acting. 
There are two pairs of cylinders, inclined at 90 deg. 
to each other. The cylinders have a diameter of 
380 mm. (15 in.) and a stroke of 550 mm. (21.7 in.). 
Facing cylinders drive on to a common crank-pin, with 
forked connecting-rods. The two cranks are set 180 deg. 
apart. When running at 304 revolutions per mioute 
the locomotive travels at a speed of 62 miles per hour. 
The crank-shaft has three bearings in a cast-steel 
frame-casing, carried by the main locomotive frames. 
The driving- wheels and disc-cranks are counter- 
balanced. ach cylinder-cover has four valves—viz., 
a fuel-valve, through which fuel is injected into the 
cylinder under a pressure of 50 to 70 atmospheres 
(711 lb. to 1000 Ib. a sq. in. absolute); a starting- 
valve for the supply of air to the cylinder at a 

ressure of 50 atmorpheres (711 lb. per sq. in. abso- 
Fate) 5 and two scavenging valves for low-pressure 
air, at about 201b. absolute pressure. The exhaust 
takes place at the end of the down-stroke, through 
slots in the cylinder walls. The valves are driven 
by two loose eccentrics, which can be thrown over 
to effect reversing. One eccentric controls all the 
valves of two cylinders, in the manner shown in 
Figs. 8 to 14. The reversing-rod and levers d, ¢ 
and f, are shown in Fig. 8 set for the forward 

ition, in full lines. e dotted ition of the 
ever ¢ shows the reverse position. The valve gear, 
worked by the link and lever 6 and c, is shown also in 
this figure, while the valves are shown in greater 
detail in Figs. 10 and 11. To the left of Fig. 8 the 
gear shown is that for operating the two scaveng- 
ing-valves. They are both operated, it will be 
observed, by rocking-cams, of which one is clearly seen 
in Fig. 10, the other being hidden in that 
figure by the rocker-shaft = { and valve-casing. 
The fuel-valve motion is shown to the right hand of 
Fig. 8, and in greater detail in Fig. 9, the valve itself 
being shown in Fig. 10, and in detail in Fig. 11. 
In the fuel-valve mechanism there is provision for 
adjustment, by means of the distance-piece y (Fig. 9), 
which is set against a cam-tappet. e distance of 
the end of g, which can be adjusted by the vertical rod 
indicated in dotted lines, from the centre about which 
the cam-tappet rocks, determines the amount of the 
movement of the fuel-valve opening. There are two 
fuel-pumps. They are driven off the valve-rods, but 
are not shown in the drawings. Their cut-off can be 
varied by hand. 
_ The starting-valve gear, for working on air alone, 
is shown in Figs. 12 and 13. It is a composite 
gear, consisting of the cam-operated valve and a 
separate cam-controlled air supply to the valve. 
The valve itself (i) is worked by means of the gear 
shown in Figs. 12 and 13 from the main eccentric. 
The rocking motion of the cam-shaft forces out one 
arm of the cam-crank lever o, depressing the valve- 
spindle. The cam lever o is mounted eccentrically 
on the shaft h, and the amount of the movement 
imparted to the valve-spindle can be adjusted by set- 
ting this shaft. This valve motion is combined with 
the air-supply gear, of which a detail is given in Fig. 
14. The air supply is brought through the pipe k to 
the upper side of a small valve J, which is depressed 
off its seat by a cam-operated crank-lever, the cam 
being driven by bevel gears from the coupling-rod m, 
as shown in Fig. 12. The air thus admitted past the 
valve / makes its way to the cylinder, subject to the 
action of the starting-valve i. The effect of this com- 
nee gear is to maintain a constant lead whatever the 
length of the admission. The corresponding di 
of events is shown in Fig. 15, where it will be 
prea h ng Py curves ¢ d, —— the lift of the 

: -valve t, are symmetrically disposed on either 
side the line P ”?. In this way, whatever 





the conditions of cut-off, the maximum opening 
of the valve i is at the dead centre, and the 
commencement of the air admission is governed by the 
supply-valve 7. It is only necessary with this com- 
posite gear to arrange for reversing by altering the 
time of action of the valve /, this being accomplished 
by linking up the cam mechanism controlling / with 
the reversing-gear by means of a rod r. In Fig. 15 
the curve a 6 represents the admission of air as regu- 
lated by the supply-valve / alone. The curves c d 
show the supplementary control provided by the action 
of the valve ¢ for different cut-off adjustments. 

Between the four cylinders of the main engine there 
are placed two double-acting piston-pumps and a 
multi-stage air-pump. These are all driven off the 
connecting-rods of two of the main cylinders by means 
of links and rockers. The three-stage air-pump acts as 
a reserve for the auxiliary compressor set, and if the 
latter should fail, the engine air-pump can supply 
sufficient air, provided the demand on the locomotive 
is not too great. 

The auxiliary compressor set is illustrated in Figs. 
16 to 18, page 320. The engine is of the two-cycle 
Diesel type developing about 250 effective horse- 
power, with — 305 mm. (12 in.) in diameter, 
and a stroke of 380 mm. (15in.). Its cranks are set 
180 deg. apart. A section through the exhaust-ports 
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is given in Fig. 18. Working on to the same cranks 
are the connecting-rods of the two multi-stage hori- 
zontal compressors. The svavenging air for the two 
main cylit ders is compressed at the left-hand erd of 
the large-diameter cylinder shown in Fig. 16. The 
right-hand end of the same cylinder furnishes low- 
pressure air to the smaller cylinder at the right-hand 
end of the compressor, whence high-pressure air is 
delivered for starting the main engines or for the fuel 
injection. When the locomotive is standing, or when 
only a little air is needed by the main engine, the 
auxiliary compressor ey og battery of air-cylinders 
which may be seen in Fig. 3. From the auxiliary 
compressor the air is pa:sed through coolers. From 
the cooler for the high-pressure air the air can be dis- 
tributed in several ways. It can be conveyed to the 
cylinders for starting, or it can be stored for injection 
purposes, or it may be stored in an auxiliary air- 
reservoir for starting up the auxiliary compressor set. 
The injection-air reservoir communicates with the 
auxiliary compressor set, for which it % -“ injection 
air. In addition to the com ., there are 
also pumps for lubricating ee pone all bearings 
enclosed within the crank-chambers, pumps for the 
jacket water, and the water circulation for cooling 
the pistons, and fuel-pumps. There are, further, four 
bend warhol centrifugal pumps in the cab for charging 
the pipe system before starting up. 

The machinery is carried by a pair of longitudinal 
plate-frames, 22.5 mm. (0.9 in.) thick, stayed by cross- 
connections composed of plates and angles. The main 
engine crank-chamber and base is of cast steel, and 
extends between the plate-frames. The buffing and 
draw-gear are accommodated in box-sha) portions 
of the main frame, and cross-bearers between the 











side-frames support the two bogie centres. The bogies 
are allowed a certain amount of side-play, and are 
controlled by strong laminated springs. The bogie- 
wheels are ! m. (39.4 in.) in diameter. The locomotive 
is designed to take curves of 180 m. (590 ft.) radius. 
The weight taken by the bogies is transferred to the 
axles through laminated springs. The coupled wheels 
are also fitted with laminated springs below the boxes, 
and, in addition, double spiral springs in the hangers. 
The Westinghouse brake is fitted to all wheels, and 
hand-brake gear is provided on the drivers. Air pres- 
sure for the brake is obtained from one of the stages 
of the compressor, which supplies a special brake air 
reservoir. Compressed-air sanding gear is fitted in 
front and behind the coupled wheels. 

The whole engine is enclosed, as shown in Fig. 7. 
The fuel and circulation water are contained ip ear 
side-tanks constructed at the corners of the engine ; a 
silencer is provided in the roof, and the necessary 
radiators, &c., are also supplied. The engine can be 
worked from either end, the reversing and other 
mechanism being brought together, so as to be easil 
controlled. In addition to the reversing wheel, eac 
cab compartment contains levers for throwing in and 
out of gear the starting and fuel valves, levers for the 
control of the fuel-pumps, &c., the brake control, sand 
gear, whistle, pressure-gauges, &c. The sequence of 
operations ie as follows:—The auxiliary engine has 
first to be started up by admitting air to it, slowly at 
first, from the air-reservuir. After the auxiliary has 
been = over to oil-fuel, the pressure in the air- 
storage cylinders rises, and air supply is admitted to 
the main engine, which conse neal gins to work. 
When a s of about 6 miles per hour has been 
reached, the starting air-valves are thrown out of 
action, and the — is ch over to oil-fuel and 
works normally, the fuel-feed and the injection air 
being controlled according to the speed and power 
required. In order to stop, it is only necessary to 
cut out the fuel-valve and apply the brake. In order 
to reverse, the ret fan ell in the cab is operated, 
locking gear preventing reversing until the fuel-valves 
have been thrown out of gear. 

The earliest trials of this locomotive were made on 
the Winterthur-Romanshorn line, and the engine was 
despatched to Berlin in March last. The speed on 
that journey varied from 12 to 60 miles per hour. 
Further trials have been carried out on the Berlin- 
Mannsfeld line. In Fig. 19, on 321, we give a 
profile of the line over which the first trials were 
made, and in Figs. 20 to 25 some typical indicator- 
cards obtained on those runs. The Liter show that 
the engine is adaptuble to a wide range of work. It 
is reported that the change over from air to oil-fuel is 
satisfactorily accomplished withcut trouble at a speed 
of about 6 miles per hour, and that the reversing 
arrangements were equally successful. 





INDUSTRIAL NOTES. 

Tue three chief events of the week in the labour 
world have been the developments in London, Dublin 
and Cornwall. In London matters have become com- 
plicated, owing to the master builders repudiating the 
terms of settlement proposed by the master decorators. 
At the end of last week the London Master Decorators’ 
ee ce ag 2 + eager to ~ 
painters of ld., provi that the rules proposed y 
the union aesth'te submitted to arbitration, and, in 
addition, asking for a rix months’ agreement. The 
union took steps to ballot on these pointe, but in the 
meantime the Master Builders’ Association issued a 
statement to the effect that they had in March last 
offered an advance of 4d. per hour, but could not agree 
to the code of rules suggested by the master decora- 
tors, which involved the ing of men. It is staid 
that the builders will fight the matter out, On 
Wednesday it was announced that the men’s ballot 
showed a majority of 20 to 1 inst accepting the 
master decorators’ p > 80 t the strike con- 
tinues for the time. e question of the employment 
of non-union Jabour has continued to be a matter of 
interest. After considerable delay, Lord Beauchamp 
issued on Tuesday a statement that he was not in a 
position to accede to the request that no non-union 
men should be employed by the Office of Works main- 
tenance contractors, It is difficult to see how the 
reply to the deputation from the London Buildin 
Industries’ Federation could have been otherwise. 
For a Government official to have taken any other 
step would have set a precedent which would have 
resulted in endless trouble on the non-union question 
throughout the country. The reply has been con- 
sid | by the Electricians’ Union, which has decided 
that its men shall not return to work until the 
desired assurance has been granted. In the building 
trade the non-union question still causes uneasiness. 
Work on the Government offices and on other bvild- 
ings is stopped, as there still remain some men who 
have not succumbed to coercion. 


In Dublin a state of unprecedented riot and lawless- 
ness has existed for several days. A large number of 
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not taken without injury to several. Two brake-loads 
of women pickets subsequently arrived, and a depu- 
tation attempted to enter the works. Admittance 
was refused, and the body of strikers then marched 
towards another pit, and the crowd having increased, 
orders were given for it to be dispersed. As a 
result of the trouble at Bugle, 40 men and women 
were injured, including several strike leaders. The 
importation of police from outside districts seems to 
have caused much irritation among the strikers. 


The Trades Union Congress has been in session 
during the week in Manchester. The principal events 
are dealt with elsewhere in this issue. The President’s 
address was largely of a political nature. Tuesday’s 
proceedings were enlivened by the arrival of two 
delegates from Dublin, who appealed to the Congress 
to take action in connection with the Dublin strike. 
Subsequently it was decided to appoint delegates to 
visit Dublin, not to support the action of the Transport 
fae oo eee om to vr one ree in favour 
of free speec the right of holding public meetings. 
The delegates chosen by the Congress ese Mr. Brace, 
M.P., Mr. Ward, M.P., and Mr. J. Jones. The Par- 
liamentary Committee selected three additional dele- 
gates—viz., Messrs. H. Gosling, H. Hill, and J. A. 
Seddon. On Wednesday a resolution was brought 
forward demanding that agreements voluntarily en- 
tered into between employers and workers represent- 
ing & district should be pagent | enforcible 
against employers. It will be that the pro- 
position is of the usual one-sided character associated 
with the wilder demands of labour. enforce- 
ment against employees was not conside Among 
others, the Congress has considered resolutions dealing 
with the Government regulation of railways, the rights 
of civil servants, the employment of military bands, 
railway nationalisation, security of tenure of rural 
labourers’ cottages, the inclusion of clerks’ offices 
under the Factory Acts, the exclusion from the 
Government contractors’ lists of firms having no agree- 
ments with workers, the action of the police in recent 
disputes, and so on. 


At Sheffield trouble has been brewing over several 
» -eeagee but some -* + ~ now been surmounted. 
ere were prospects of a dispute between the grinders 
and manufacturers over w: but the eter has 
been settled. At Mesers. mel] Laird’s Cyclops 








Works labourers struck work without notice last 
week, owing, it seems, to a misunderstanding. It was 
stated that several men were receiving wages Is. short 
of those due to them under agreement. The firm soon 
set matters right by volunteering to pay back ayene 
in addition to the agreed rate. The men were all 
reinstated in their old positions. The moulders’ dis- 
pute has not made such satisfactory progress, though 


some certainly has to be recorded. About 2000 men | jaboure 


are affected. A ballot is now being taken as to 
whether the men should accept. terms put forward 
at a recent conference with the employers. The 
latter are firm in insisting that the men, who left 
work recently without proper notice, should pay 
taxed costs if the summonses issued inst them 
were withdrawn, and that an agreement should be 
given not to leave work in a similar manner in 
the future. After this point had been settled, the 
question of increased wages would be gone into. At 
the conference above referred to were offered 
by the employers which, however, were not wholly 
satisfactory to the men’s representatives, who there- 
fore retired to submit them to their members. At 
the meeting at which this was done it was decided to 
take a ballot on the proposals, which embrace the 
institution of a joint conference to deal with future 
questions. It is said that the ballot-papers so far 
returned indicate that the men are not favourable to 
the settlement suggested. A recognition dispute is in 
at the works of Messrs. Thomas Firth and 
ns, where certain readjustments were made with, it 
is stated, the men’s consent, in the pay of some of 
their labourers working on piecework. The officials 
of the British Steel Smelters’ Association state that 
the men have acted hastily in coming out, though it 
is clear that ition of the union in questions 
affecting w is the main point in dispute. Messrs. 
Firth and other firms have declined to grant the 
recognition asked for. 


The motor-trade strikes have continued during the 
week. That at the Briton Motor Company’s works at 
Wolverhampton has had the effect of bringing out also 
men at Walsall. The strike at the Briton Company’s 
works originated through the s ion of certain 
fitters during the absence of some of the foremen, 
which prevented the proper inspection of the motors. 
The temporary suspension appears to have been mis- 





interpreted, and several hundred men are affected, 

















the resignation of the manager being demanded. In 
addition, the men have now formulated a programme 
uiring a 54-hour week, district rates for overtime 
and night work, the abolition of piecework contractors, 
and 23s. minimum for labourers. At the Acton Works 
of Messrs. Napier, Limited, the firm have made an 
me reasonable offer in to the dispute over 
the new bonus system they introduced, e sug- 
gestion is to the effect that work shall go on practi- 
cally on the old lines, but that concurrently until 
Christmas the firm will keep the men’s pay records 
on the old and new systems, the effect of, the new 
system to be shown on the men’s pay-slips each week. 
he firm are convinced that the new system will 
result in increased pay, and that when the men 
realise this, by seeing the statement of what the pay 
would have been on the new system, the objections to 
it will be withdrawn. At Christmas any excess 
which would have been earned under the new system 
will be paid to the men. 





Representatives of the labourers employed in the 
shipbuilding trades on the North-East t met the 
es t week at Newcastle. The subject 
under discussion was an application for an advance of 
2s. a week at Blyth, the Hartlepools, and on the Tyne, 
Wear and Tees. Originally the application had been 
met by a counter-offer by the employers of ls. a week 
to men receiving 25s. a week an above, and 6d. to 
those receiving less. At the meeting last week the 
Shipbuilding Employers’ Federation amended their 
offer, which now took the form of ls. a week to all 
rs irrespective of their e. The representa- 
tives of the National Am anes Union of Labour 
and the Gas and General Workers’ Union undertook 
to submit the offer to the men. It was considered at a 
meeting at Sunderland on Monday night, and was 
accepted. 





The coal trade is again unsettled. A demand put 
forward by the Miners’ Federation of South Wales 
for a 15 per cent. advance in surfacemen’s wages, in 
contravention of as Conciliation Board agreement, 
which should hold good till 1915, is to be resisted by 
the employers, who hold that if collective bargaining 
is to of any value, agreements, when reached, 
should be kept. In the Cumberland district several 
demands were before the Conciliation Board last week, 
but were not conceded. These demands included a 
15 per cent. advance for surfacemen on the rates of 
February, 1912, a minimum of 5s. for all surfacemen, 
a standard rate of 5s. for mechanics, and 4s. for col- 
liery labourers plus current percentages. 





The London and North-Western Railway Company 
is threatened with trouble at their Karlstown Wagon 
Works, where about 2000 hands are employed. About 


sixty of the wagon-makers, wheel hts, and car- 
ters are non-unionists, and the agon-Makers’ 
iety has issued a statement that will be taken 
to compel any men remaining outside the Society after 


to-day to join it, as wages have risen in the last two 
years by 3s., due to the Society’s efforts, by which the 
non-unionists have benefited. tatives of the 
platelayers in the Liverpool district have had an inter- 
view with an official of the company, and set out their 
demands. It was decided to hold the matter over till 
Tuesday next, when another ing will take place, 
the company having expressed willingness to make 
some concessions. reference to a meeting of the 
men, ae was objected to, and it was decided 
that the resolution should hold, warning the company 
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that they would repudiate the responsibility of their 
work after Monday last. 





Tramway affairs have figured in the week’s news. 
The Glasgow Corporation Tramways Committee have 
granted increases in wages amounting to about 9500/. 

er annum. Motor-men and conductors who have 
aul in the service for six years are to have 34s. 8 
week, which, for seven-year-service men, will next 
year be raised to 35s. At present the pay is 33s. 
for the sixth year and after. Tramway-men in the 
Ashton district have demanded that motor-men shall 
start at 6d. per hour, rising to 7d. There are three 
tramway systems involved—viz., that of the Ashton 
Corporation, the Oldham, Ashton, and Hyde Tram- 
way Company, and the joint system owned by the 
four corporations of Stalybridge, Hyde, Mossley, and 
Dukinfield. The tramways committee has offered 
62d. instead of 7d., but a conference held last Saturday 
led to no result. Counter-suggestions made to the 
men’s demands were laid before a mass meeting on 
Saturday night. The men handed in their notices, to 
take effect in a week. During the week, however, a 
ballot has been in progress A settlement was 
expected. 





Although no definite action has yet been taken, a 
crisis appears imminent in the London bakery trade, 
in which an agreement was reached last March. The 
master bakers complain that the small bakers and 
confectioners have not come into line, and that it is 
therefore impossible for them to keep the agreement 
arrived at, which fixed the hours and wages of the 
operatives. The men’s union, though delaying action 
for the moment, is evidently in favour of a strike if the 
agreement be not adhered to. 





Peterborough, which has always proved a restless 
centre in the railway labour world, is again disturbed by 
astrike of foundrymen at the Great Northern Railway 
works. A miniature rifle cartridge was recently thrown 
by one of the men into a ladle of molten metal, causing 
an explosion, for which dangerous foolery the man was 
justly dismissed. The men thereupon went out on 
strike, and the company having refused to meet a 
deputation on the matter, an 7 has been ad- 
drassed to the general secretary of the National Union 
of Railwaymen for a national strike. It is not, of 
course, expected that the trouble will develop to that 
extent. The strike is instructive, as it shows to what 
foolish lengths some men now think they are justified 
in going on practically any question affecting employ- 
ment. 





About 160 weavers have been affected my, strikes at 
N: Ison, which have lasted about 18 weeks. The original 
cause ot the strike was the employment at two mills 
of members of the Weavers’ Protection Society. Some 
time ago these weavers joined the Weavers’ Associa- 
tion, but the Employers’ Association refused to meet 
the trade union, so the dispute remained unsettled. 
A joint meeting, however, was recently arranged, at 
which proposals were submitted by the employers, and, 
as a result, work was resumed on Monday last. The 
terms of settlement included an agreement by the 
weavers, who left work without notice, to pay to 
their employers the sum of 3s. 6d. per loom as damages. 





The annual report of His Majesty's Inspector of 
Mines for the Liverpool and North Wales District 
shows that in 1912 no less than 25 to 30 per cent. of 
the workers absented themselves daily from the mines. 
The total value of the coal raised in the district was 
equal to 8s. lld. per ton, an increase of 7d. on the 
previous year. The average quantity raised = 
person codengpound was 28] tons, compared with 
tons in 1911. The inspector states that he is assured 
from all quarters that a reasonable output is not being 
maintained. The inspector for the Midlands and 
Southern Districts reports that in 1912, in the Forest 
of Dean, wages were 40 per cent. above the 1888 
standard, in Somerset 45 per cent. above that 
standard, and in the rest of the division 55 per cent. 
above the 1888 standard. 





A strike occurred on Saturday at Messrs. Harland 
and Wolffs Yard, Belfast, owig to joiners being 
allowed to do certain work in connection with the 
Royal Mail Steam Packet Company’s new ship, the 
Andes. Asa result the —< = another ee the 
Ormeda, for the Pacific Steam Navigation Company, 
fixed for yesterday, was postponed. On Saturday 
last the employers refused to receive a deputation of 
the strikers, who left work without warning and with- 
out instructions from their union executive. 


Trouble has in developed at Elswick between 
the riveters holders-up, some 700 men being 
affected. Recently the employers gave an advance to 
the riveters of 2} per cent. in order that the holders- | 








up might receive 17s. 6d. for each 1/. received by the 
riveters. The riveters, however, have refused to pay 
out the required amoun‘s. 


Work was resumed until | 


the decision of the society was known, and as it was 
against the riveters, the holders-up again left work on 
Thursday, the 27th ult., returning, however, on Friday 
last, while the men’s council investigated the matter. 
The riveters insist that the recent 2} per cent. increase 
is insufficient to enable them to pay the amount de- 
manded by the holders-up. The same trouble has now 
spread to the Jarrow shipyard of the Palmer Ship- 
building Company. 





The situation on the Rand is rather uncertain. 
Some days ago a miner was found in a recreation-room 
when he should have been underground in charge of 
natives in the workings. He was dismissed with 
twenty-four nours’ notice. A deputation waited on 
the manager, and though admitting the man to have 
been in the wrong, asked for his reinstatement, which 
was not granted. The attempt was made by the 
union to interpret the case as one of victimisation, 
but the threatened strike came to nothing. Other 
cases of dismissal, due, according to the employers, to 
shortness of native labour, have also been 
as victimisation by the miners’ union officials; but the 
employers have now offered to keep a register of men 
so dismissed, and to advise them when a chance of 
re-employment occurs. Three labour leaders have been 
arrested on the charge of being concerned in seditious 
conspiracy. 





‘“AXTAL THRUST IN TURBINE PUMPS, 
AND THE METHODS OF BALANCING 


SAME.” 

To THE Enrror oF ENGINEERING. 

Sir,—We have noted and perused the long letter in 
your issue of the 29th ult. by Mr. Millington, ostensibly 
commenting upon the article on the above subject, but 
apparently written with the pu of describing the 
excellence of the Holden a eoche modification of 
balancing—+.e., the plate-type balance with orifice control 
(Fig. 23). Though fearing that, as the letter is of a 
trade nature, no very useful purpose will be served in 
discussing it, still, we note that, whilst complaining of 
the use of Mather and Platt’s name, he gives even greater 
promimence himself than the authors had done to their 
varied and extensive experience with balancing devices 
of all types. The latest Mather and Platt design is the 
direct result of such experience, and has in practice been 
found to be superior in efficiency and reliability to all 
methods mentioned in the paper, which have been tried 
in one form or another. 

The single-plate balance, with non-rotating orifice, is 
obviously not the equal in practice of the rotating one, as 
shown in Fig. 20, which automatically clears and adjusts 
itself. We note that it has been found possible to use the 
non-rotating orifice for extended periods with sugar 
liquors, but do not consider this a difficult duty. 

ith regard to the equations relative to the pressure 
on the sides of the impeller under the conditions given in 
the article, though we are aware of Mr. Millington’s 
reluctance to give anything away, it would, in our opinion, 
be more satisfactory to your readers if he were to sub- 
stantiate his criticism by what he considers the correct 
formule. 

Referring to the last paragraph, we believe we are 
correct in saying that the idea is now bee | followed by 
a firm of repute on the Continent in a modified form. 

We are, yours faithfully, 
Aan E. L. Cuoruton. 
L. W. Wei. 
Manchester, September 2, 1913. 





To tHe Eprror oF ENGINEERING. 

Srr,—The article under the above title, in your issue 
of the 22nd ult., appears to the writer to be incomplete, 
in that it describes many complicated devices for over- 
coming a mechanical difficulty without mentioning the 
simple one. 

e problem of taking the end thrust on a shaft is in 
its essence the same as that of taking the radial load. 
Oil-lubricated jourpal bearings are extremely efficient 
for keeping a shaft in position radially, and seldom give 
trouble even when worked at pressures of 500 lb. per 
sq. in., and when the true principle of the journal 
bearing is applied to a thrust bearing it gives equally 
satisfactory results. 

A thrust bearing of this kind was described in your 
issue of May 3, 1912. It is few, Rag wren for 
centrif pumps, some of which have been running for 
the last five years without giving trouble of any kind. 

Yours faithfully, 
H. T. Newsic1n. 

3, St. Nicholas’s Buildings, Newcastle-on-Tyne, 

September 3, 1913. 





AEROPLANE NOMENCLATURE. 
To THE Eprtor oF ENGINEERING. 

Srr,—May one protest against the suggestion made in 
your correspondence column on the 29th ult., that aero- 
planes iid be cut down to “‘ plane,” thereby giving an- 
other meaning to the dozen or so already put on to the 
words ‘‘ plane” and “‘ plain.” If we are slipshod enough 
to use the word “ ” in this sense we may expect to 
see in our morning's paper a sentence like this :— 

Bae tye plain in his he struck a plane 
(tree). planist sought for repairing, and a 
joiner proffered a plane, but he explained that it was 
plain that he could not repair a plane with a plane.” 








Besides, the word plane in itself is most inappropriate, 
as it means a flat or uncurved surface, and this is just 
what an aeroplane not got. The present incon- 
venience of words which have numerous meanings is bad 
enough. Recently a friend asked my opinion on electric 
motors, and it was only after some time that I found he 
meant electric motor-cars, and not the ordinary electric 
motor. Inaccuracies of this kind become more and more 
common, as more meanings are attached to otherwise 
useful words, a proceeding which is unnecessary, as 
English lends itself to the easy coining of new words 
for new ideas. 

If we are to shorten aeroplane, would it not be better 
tocall it ‘‘Aero,” which would be euphonious and specific. 
Yours faithfully, 


C. TuRNBULL. 
North Shields, September 2, 1913. 





NOTES FROM THE NORTH. 
Gtascow. Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a strong tone, the American 


ed market being better, but dealings were limited to 2000 


tons of Cleveland warrants at 54s. 10d. and 54s. 104d. 
cash, and 55s. 84d. three months. Closing quotations 
were 54s. 104d. cash, 55s. 24d. one month, and 55s. 9d. 
three months sellers. In the afternoon prices were 
firmer, and 500 tons of Cleveland warrants were done at 
55s. 4d. one month, with sellers over at 55s. 14d. cash, 
55s. 44d. one month, and 55s. 11d. three mont On 
Friday morning the market was more active, and Cleve- 
land warrants advanced sharply from 55s. 6d. to 55s. 11d. 
cash, 56s. . to 56s. 9d. three months, and with deal- 
ings at 56s. 7d. two months, and 563, 1d. and 56s. 14d. one 
month. At the close sellers quoted 563. 1d. cash, 56s. 44d. 
one month, and 56s. 10d. three months, and the turnover 
totalled 11,000 tons. The afternoon session was also 
strong, and 1500 tons of Cleveland warrants were 
dealt in at 56s. cash, 56s. 2d. twenty-one days, 
56s. 4d. one month, and 56s. 10d. three months. The 
closing quotations were 56s. cash, 56s. 34d. one month, 
and 104d. three months sellers. On Monday morn- 
ing Cleveland warrants continued strong, and there was 
a turnover of 8500 tons at 56s. Id. cash, from 56s. 34d. 
to 56s. 5d. one month, and from 56s. 11d. to 57s. 1d. 
three months. At the close sellers named 56s. 2d. cash, 
56s. 6d. one month, and 57s. 1d. three months, and there 
were buyers of hematite at 67s. 6d. one month. In the 
afternoon the market was just the turn easier, but 3000 
tons of Cleveland warrants were done at 56s. cash and 
56s. 114d. three months. Closing sellers quoted 56s. 1d. 
cash, 56s. 5d. one month, and 57s. three months. On 
Tuesday morning Cleveland warrants were less firm, and 
chan, hands at 55s. 11d. and 55s. 10d. cash, 56s. 1d. 
one month, and 56s. 104d. three months. The turnover 
was 8000 tons, and the closing prices were 553. 10d. 
cash, 56s. 14d. one month, and 56s. 9d. three months 
sellers. The afternoon session was quieter, but the dealings 
amounted to 5000 tons of Cleveland warrants at 55s. 11d. 
cash and 56s. 91. three months, with sellers over at 
55s. 114d. cash, 56s. 3d. one month, and 56s. 94d. three 
months. When the market opened to-day (We eed, 
a fairly strong tone prevailed, and 5000 tons of Clevelan 
warrants were put through at 56s. 1d. and 56s. cash, 
and 56s. 3d. one month. The closing quotations were 
called 56s. 04d. cash, 56s. 34d. one month, and 56s. 104d. 
three months sellers. The afternoon session was steady, 
but business was limited to 1000 tons of Cleveland war- 
rants at 56s. 34d. one month, and the market closed 
with sellers quoting 56s. 1d. cash, 56s. 34d. one month, 
and 56s. 104d. three months. 


Sulphate of Ammonia.—There has been no change in 
the price of sulphate of ammonia during the past week, 
and to-day’s quotation is called 13/. 7s. 6d. per ton for 
omy delivery, Glasgow or Leith. The demand is very 
air, and forward inquiries are promising exceedingly 
well, so much so that an early advance in the current 
price is anticipated. 

Scotch Steel Trade.—Nothing in the nature of a buying 
movement has as yet made its appsarance in the Scotch 
steel trade, either on home or export account. In the 
latter connection, however, inquiries point to the prob- 
ability of better orders not very far ahead. At the meet- 
ing of the associated steelmakers yesterday, it was 
decided to make no further change in prices, and this 
may have the effect of drawing forth some of the specifi- 
cations which some buyers are said to be holding back. 
Producers are only fairly well employed, and in the case 
of heavy material, at any rate, there is no pressure for 
delivery. Structural sections are moderately good, and 
there is quite an active demand for black sheets, while 
for galvanised sheets there is also a fairish trade passing. 


Malleable-Iron Trade.—The malleable-iron trade of 
the West of Scotland has not made any a im- 
provement during the past week. The home demand 
is still rather limited, but there is a little more doing in 
export orders, despite the fact that Belgian bars are 
being sold very cheap in some of the markets which were 
formerly strong supporters of Scotch iron. Prices are 
unc and are Paeed on 71. 10s. per ton for ‘‘ crown” 
bars, which figure is now 20s. per ton under the top price 
of the year. 

Scotch Pig-Iron Trade.—The makers of Scotch pig iron 
report a very satisfactory demand for the ordinary 
qualities of iron, and the furnaces are mostly all running 
full. Booking, both on home and export account, has 
been very good lately, and makers state that prices have 


a hard tendency. The following are market 
uotations for akon? Ole. 1) iron . Olsde, 74s. ; Calder, 
pera ema Summerlee, Langloan, and Coltness, 74s. 6d. 
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all shi at Glasgow) ; Glengarnock (at Ardrossan), 
. ra (at Leith), 74s. 6d.; and Carron (at 
Grangemouth), 75s. Scotch hematite iron is in poor 
demand, and with only a limited inquiry the price is the 
turn easier. 

Scotch Shipbuilding.—The output from the Scotch ship- 
building yards during the past month is not one to become 
enthusiastic over, as it is much under the av for the 





month of August. The district figures are as follows :— 
Vessels. Tons. 
The Clyde 20 33,511 
The Forth im wi 
The Tay 2 7,790 
The Dee . 8 986 
Total 30 42,287 


Sectional strikes or local disputes of one sort and another 
have hampered things considerably, but it is freely 
whispered that high-water mark of the present run has 
been and that a duller spell is now in front of the 
industry. This seems all the more probable from the 
fact that the bookings have recently been on a very small 
scale. Of course, during the past month, Messrs. William 
Beardmore and Oo., Limited, Dalmuir, secured the order 


for another battleship; Messrs. John Brown and Oo., 


Limited, Clydebank, orders for three torpedo-boat 
destroyers; and Messrs. Yarrow and Co., tstoun, 
but beyond 


orders for three torpedo-boat nag oe oe 
these the amount of new tonnage boo! by other firms 
has been very. small. The Clyde output for August is 
much less than half the tonnage for the corresponding 
month of Jast year, when the vessels launched totalled 
87,599 tons. e total for the year, to date, is 166 
vessels, of 410,781 tons, which still compares very favour- 
ably with Bp output for the corresponding period of last 
year, when the figure was 417,551 tons, and with the out- 
put for the similar eight months of 1907 and 1906, when 
the amounts were respectively 121,083 tons and 415,911 
tons. There is a fairly large amount of work on hand, 
and book may improve and cause a longer spell of 
activity than can at present be foreseen. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The improvement in the 
demand is only slowly gathering volume, but a rush may 
now be ex very shortly. New price-lists just issued 
in the Midlands and Derbyshire, quoting up to Is. a 
ton incréase, may the anticipated advances here. 
Probably things will begin to move rapidly after next 
week’s stoppage for Doncaster races. e collieries 
are not particularly well stocked, and a sudden 
a would buoy up iv immediately, whilst the 
general advance is loo for about the end of the 
month. No reductions have taken place during the 
summer, so that ruling quotations are practically those 
of last winter, and even small advances will bring 
prices up to a level about 3s. higher than before the 
coal strike. In house coal consumers are pursui 
the same old ae * deferring orders until the 
sends up prices. © improvement in steams, due to 
larger ——— requirements, is maintained, but home 
ordering has not been much better. Best slacks are a 
steady market, but cheaper qualities are weaker. Quota- 
tions :—Best branch hand-picked, 14s. 6d. to 15s. 6d. ; 


Barnsley best Silkstone, 12s. 6d. to 13s. 6d. ; Derbyshire 
best hts, 11s. 6d. to 12s. 6d.; Derbyshi ouse, 
10s. 6d. to 11s. 6d. ; best nuts, 10s. 6d. ; small nuts, 
9s. » —— + > ns —— 
aards, '; rough slacks, 7s. to 8s. ; to 
7s. 6d. ; smalls, 4s. 6d. to 6s. 


Tron and Steel.—Uncertainty still prevails as to the 
trend of iron prices in the immediate future. The makers 
are full of confidence in an improvement, justifying their 
ppm by the prevailing low rates and the necessities 
of consumers, who are ae deal with an ever- 
increasing demand for manufactured goods. Up till 
the present buyers have succeeded in keeping aloof, 
doing little in the way of giving out substantial contracts 
for forward delivery, and keeping themselves going on 
— or gn noe pe ee oe is about due, 

ough ge activity may ow in asserting itself. 
Business: fas been done here and there at easier quota- 
tions. Billet prices remain at the recently reduced figures. 
In the — trades the outstanding order of the week has 
been that from the Midland Railway Company for a 
year’s supplies. This has been distributed over fifty firms 
in the district. There are a number of other good 
orders, marking a distinct improvement in the tion 
of the railway material manufacturers, so far as the home 
demand is concerned. A number of firms are su lying 
steel, wheel centres, tyres, axles, ironmongery, sho 
forks, &. The principal order for the Midland, which 
2 oe ¢ igs, saws, and files, is shared by 22 firms. 
oreign ‘way contracts continue to be placed in 
Sheffield, chiefly from India, although there are orders 
ig eee 
reland. Points and for the tramway extension 
at Marsden have been ordered by the Huddersfield Cor- 
the armaments indeetry, and ake. Adm ae ke 
ustry, -Admiralt ve asked 
for new dovlgubatne te Chatham. r 





Seey.—Sir W. G. trong, Whitworth and Co. 

Limited, have commenced clearing the site which they 

recently purchased for new works at Barlow, near Selby. 

It is stated that an important Sheffield ‘firm is also 

district, whi s - tt ~ dt z= I : 
ano ‘ i 

for land at Barlby, on the eastern elie ef t ~~ 


Santa Fé, Montevideo, Manilla, and | class 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.EesBRroucH, Wednesday. 
The Cleveland Iron Trade.—There is some outside | 
speculative business in warrants once more, with the | 
result that quotations are fluctuating a little, and to some 
extent this is disturbing business in makers’ Cleveland 
pig iron, but, on the whole, the situation is satisfactory, 
and buyers are now coming steadily forward to arrange 
contracts to meet autumn requirements. Inquiries, both 
on home and foreign account, are good, and business over 


the quotation of a week ago. Fairly substantial 

of No. 3 g.m.b. Cleveland pig have been recorded at 
56s. 6d. for early f.o.b. delivery, and that price is recog- 
nised as the general market quotation, though some 
makers are disposed to hold out for a rather hi 
Business in No. 3 over the whole of this mon be 
done at a little above the foregoing quotation. No. 1 is 
59s. ; No. 4 foundry, 56s.; No. 4 forge, 55s. 9d.; and 
mottled and white iron, each 55s. 3d.—all for early de- 
livery. There is very little passing in Kast Coast hema- 
tite pig, and values show a mar! downward tendency. 
Merchants’ efforts to sell mixed numbers at 69s. for either 
early or forward delivery meet with little success. No. 1 
hematite is put at 69s. 6d., and No. 4 at 68s. Foreign 
ore is quiet. Sellers adhere to em on the basis of 
20s. ex-ship Tees for Rubio of 50 per cent. quality, but 
that is more than buyers are pre to pay, and some 


business is believed to have been done this week at about | yw 
193 6d. for best Rubio. Freights Bilbao-Middlesbrough | },..., 


are firm at 5s. 6d. Coke is in fairly good request and local 
consumption is heavy. Average blast-furnace qualities 
are in the neighbourhood of 18s. delivered here. 


Manufactured Iron and Steel.—In the manufactured 
iron and steel industries producers have contracts made 
that will keep them well em ~ to the end of the year. 
Inquiries are fairly good, and a few new orders are coming 
to d. Hopes are entertained that a considerable 
share of orders for Australia and India, which are 
expected to be placed shortly, will come to this district. 
Principal market quotations stand : mmon iron bars, 
8l.; best bars, 82. 7s. 6d. ; best best bars, 81. 15s. ; pack- 
ing-iron, 6l. 15s. ; iron ship-plates, 8/.; iron ship-angles, 
81. 5s. ; iron ship-rivets, 9/. ; iron boiler-plates, 81. 17s. 6d. ; 
steel bars (basic), 7/. 5s. ; steel bars (Siemens), 7/. 5s. ; 
steel ~ hee 7l. 15s.; steel ship-angles, 7/. 7s. 6d. ; 
steel boiler-plates, 87. 15s. ; steel strip and hoops, each 81. ; 
steel joists, 67. 17s. 6d. to 7l.—all less the 
24 per cent. discount; cast-iron columns, 7/. 7s. 6d. ; 
cast-iron railway irs, 4l. 15s. ; light iron rails, 7/. to 
71. 5s. ; heavy steel rails, 6/. 103. ; steel railway sleepers, 
7l. 10s.—all net ; and iron and steel galvanised corrugated 
sheets, 11/. f.0.b.—less the usual 4 per cent. discount. 


Iron and Steel Shipments.—The shi ts of iron and 
steel from the Tees during the month of August were 
up to expectations. Those of pig iron ap 4450 
tons per working day, the total despatches being re- 
turned at 111,254 tons, 101,530 tons of which went from 
Middlesbrough and 9724 tons from Skinni e. For 
the previous month the loadings were given at 105,935 
tons, or a daily average of tons, and for August a 
year ago the clearances amounted to 115,323 tons, or 
an average of 4612 tons. Of the pig iron cleared at 
Skinni ve during the past month, 9184 tons went to 
Scotland, and 540 tons to Holland. Of the pig iron 

i from Middlesbrough, 70,689 tons went n toe 
and 30,841 tons coastwise. Scotland was the largest 
buyer, taking 21,674 mae, Se France received 10,532 
tons ; Italy, 9565 tons; +p 8663 tons; Belgium, 
7213 tons; Sweden, 7039 tons; Japan, 5968 tons ; and 
Denmark, 4928 tons. Tees loadings of manufactured 
iron during August reached 13,494 tons, 7915 tons of 
which went abroad, and 5479 tons coastwise ; and steel 
43,485 tons, of which 38,641 tons went abroad, and 4844 
tons to home buyers. 





= Murray be ge = ScHEME Th ye SouTu bese 
—The engineers who were appoin to investigate an 
repent upon the waters scheme on behalf of New South 
ales, Victoria, and South Austratia, have furnished 
recommendations governing the settlement of the Murra 
River and the tributary water question. The esti 
cost of the scheme to make the maximum amount of 
water available for navigation and irrigation purposes is 
set down at 6,117,000/. a perma my of a Board of 
Control is = The supply of water is to be regulated 
to the three States by locks and weirs. 


a: pipeen Deas Sane renege Mn de 
1 ngineering Company, Limi ort 
Glasgow, have communicated to us an abstract of a letter 
they have received from the superintendent engineer of 
the Canada Interlake Line, Limited, Toronto, for whom 
this ship was built. It states that there is now a first- 

crew on Fordonian, and she is running v 
satisfactorily. Her speed now a about 9.75 miles 
per hour, and her consumption of fuel and lubricating 
oil has been much reduced as a result of better handling. 
It is found an» aay S&S oe ae 
from the donkey boiler. — a recent trip down the 
Canal, which is thirty miles of almost incessant man- 
ceuvring, the auxiliary air-compressor was only used for 
a few minutes, all the air required being supplied by the 
main air-com . Former trouble with the loose 
eccentrics on the shaft working the scavenging-air pump- 
valves has now been got over by a simple expedient 
involving a balance-weight. We gave an illustrated 


description of this ship in vol. xciv. of ENGINEERING, 
pages 435 and 807. 


the fall of the year to be . Middlesbrough | + 
warrants now jhe at 56s. cash buyers, or 1s. 64d. above 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has continued quiet, 
both buyers and sellers maintaining a waiting attitude. 
Tonnage has only been sparingly offered by sbipowners 
who are endeavouring to secure a advances, espe- 
pom | for = a ny pares. liery owners are 

quoting vious prices, but ers anticipate that 
will be a to secure some redusti oe he Bye 
on sd patent foe has tao been stationary "The 

ge ~ stati . 
my yy Fy best Be ay 
to 3 ities, to 
20s. ; and other soondary descriptions 18s 8d to 18s. 9d.; 


ton 
smalls, lls. to lls. 3d.; smalls, 
3d. ton. The Souackelll cult bee 


a 
3 


upon a 
freight, 


Fernhill Colliertes.—Mr. D. A. Thomas presided at 
the annual general meeting of Fernhill Collieries, Limited, 
and in proposing a dividend of 16 _ cent. on the ordinary 
shares for the past year, he said that 
took over the Fernhill ies of M 


A Shipbreaking y.—It is 
company will shortly registered which will have 
for its object the — peng | and demolition of old 
steamers and battleships at Porthcawl. Negotiations 
have been concluded for a lease of some land i 

to the Barry Sand and Gravel Company, Limited, and 
abutting on Sandy Bay. It is the intention of the 
directors to erect three jetties there, alongside which 
ships can be berthed and broken A. 


The com q 
which will have a capital of 60, ial 
backed. 


is influentially 


Welsh Coal Contracts.—Prices of Welsh steam coal 
over 1914 are likely to be at least as high as they have 
been in the present year. During the last few days con- 
tractors have been arranging for their supplies for the 
next six or twelve months ; and in every case the prices 
paid are higher than those under wh tom papel eon 
tract coal has been delivered this year. For the better 
steam -coal descriptions contractors have paid from 
17s. 6d. to 18s. 6d. net, f.0.b., and from 17s. to 17s. 6d. 
for second-class steam coal. 

Dowl vis.—The iron and steel works have been regular! 
employed. The production of the blast- , as well 
as the Bessemer and Siemens ays been good. 
The Goat Mill and the Big Mill have doing well ; 
the Goat Mill has turned out billets and h i 
steel rails, while the steel sleeper has been occupied 
with a foreign order. The collieries have shown an 
increased output. 





Tue Panama Canat.—On Sunday last the barrier at the 
Pacific end of the Panama Canal, which has enabled work 
to be done in the dry, was blown up, and water thereby let 
into the canal up to the Miraflores Locks. The dynamite 
used amounted to 44,800 lb., placed in 541 holes having an 
average depth of 31 ft. The explosion did not actually 
result in cutting the dyke, but a small trench quickly cut 
sufficed to start the flow of water, which soon opened a 

400 ft. wide. Dredgers proceeded to remove the 
remainder of the dyke. 





PromMENADE Extension.—The Bridlington Town 
Council have unanimously decided to proceed forthwith 
with a seaward age me of the ~ "= Princes’ Parade 
in accordance wit prepared by their tore 

ineer, Mr. E. R. tthews, A.M. Inst. O.E., F.R.S. 
(Ed.), and at an estimated cost of 50,000/. Mr. Matthews 
designed and carried out the last extension of the parade, 
whieh cost nearly 40,000/. He was the author, it will be 
remembered, of a series of articles on ‘‘ Coast Erosion 
and Protection” which recently appeared in ENGINEERING. 





Tue Arsert. Rarway AccipENnT.—A serious acciden 
occurred at about 3 o’clock on Tuesday morning at A isgill, 
on the Midland Railway. The scene of the accident was 
not far from that of the Hawes Junction accident which 
happened in 1910. In the recent case one heavy express 
train from G stalled on the incline, the engine fail- 


stalled on the 
ics | oollided with the rear of the free train. "dome at the 
demolished 


coaches were demolished in the collision, and three vehicles 
were destroyed in this way or by fire started by the live 
es ceaihiniorens train. 

acci was attended ury to several passen 
and the loss of some fourteen sven. ‘then comment thoceel. 
dent are at present obscure, as the driver of the second 
train seems to have run past signals against him, and also 
detonators. To is cur suntan to Gdler comammting on 
eee yee pe omni oe Sow been clearly 
brought ou we lo in present i 

ing our remarks until after the issue of the offici 





reserving 
Board of Trade Report by the officer, who has been 
deputed to investigate the matter. 
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ADJUSTABLE GUARD FOR MILLING-MACHINE CUTTERS 




















Fie. 1. 


WE illustrate on this page a simple milling-machine 
ges which has apoeumy bows introduced by the 
fachinery Accessories Company, of 212, Upper 
Thames-street, K.C. The characteristic features of 
the guard are sufficiently obvious from the illustrations, 
which are almost self-explanatory. One advantage 
claimed for the guard is that it need not be removed 
when the cutters are being changed, and, being tele- 
scopic, it can be used equally well with a wide gang- 
cutter as with a narrow one. The deyice consists of two 
principal pacts—viz., a clamp, by which it is affixed to 
the arm of the machine by the bolts and wing-nuts 
shown in Figs. 1, 2, and 3, and the hinged or telescopic 
guard proper. The clamp is made in two sizes, the 
smaller being suitable for machines with an arm 2} in. to 
34 in. in diameter, and the other for larger machines 
with arms up to 4} in. in diameter. There are, it 
will be seen, a pair of these clamps ; each has a slotted 
arm, through which the supporting pins of the guard 
proper pass, so that the latter can be clam into 
osition at any height desired by means of wing-nuts 
earing on spring-washers, so that no spanner is 
tens in making adjustments. 

The guard pro r is made up of. four segmental 
frames, two 0 which carry tubes, into which fit pins 
borne by the other two. The whole fit together, as 
is, perhaps, best seen in Fig. 2, and, as there shown, 
they are suspended from the clamps at the points 
where each pair of segments are hinged together. 
Where desired end ew are also supplied, thus 
closing in the cutter all round. 

In changing cutters and making adjustments the 
guard segments are opened out as shown in Fig. 1, 
in which case, it will be seen, there is easy access to 
the cutter and cutter mandrel. In the lower view, 
Fig. 3, the guard is shown closed in to. nearly its 
narrowest, whilst in Fig. 2 it is telescoped out to 
cover a wide cutter. These alterations in the width 
are effected by sliding one or both of the clamps along 
the arm of the machine, this being rendered easy by 
the use of wing-nuts. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 20. 

Tue curtailment in pig-iron production, which 
began last month, continues, and buyers are purchas- 
ing very prensene. The larger users of basic are 
suppli or the present, which leaves the market 
quiet. Nearly all consumers are awaiting develop- 
ments. Orders of magnitude for structural steel are 
less than usual, owing to the faiure to finance several 
large steel-consuming enterprises. Besides, the impres- 
sion prevails that a shading is probable in most lines 
of finished material. At present prices in Europe, 
billets can be brought from ab , if the duty were 
removed, and delivered at Atlantic ports about 5 dols. 
a ton under present local prices. Recent business 
in all iron and steel products is in small lots for 
near-by delivery. The tariff discussion drags along 
slowly, because of the constant development of new 
opposition. While a law will be enacted greatly 

ucing duties, the original purposes of the repealers 
will not be realised. A cursory glance at the iron 
and steel industry does not suggest any weakness, 
and a broad survey of future demands arouses confi- 











Fie. 2. 














Fia. 3. 


dence in a heavy trade during autumn and winter. 
The shipments of agricultural implements continues 
heavy, and there are no signs of lessened activity. 
Pipe-line construction for water, oil, and gas is 
assuming larger proportions. The plate-mills are well 
supplied with work filling orders for cars, ships and 


boats, and general construction. The high price of | 


furnace coke keeps back much business for future 
delivery. The steel industry has acquired such a 
momentum thata few weeks of comparative quiet does 
not affect prices or confidence. 





THe LATE Dr. TemPEsT ANDERSON.—We are sincerely 
sorry to record the death of Dr. Tempest Anderson, of 
Stonegate, York, an ophthalmic a of reputation, 
who, after retiring from professio work, took up the 
study of volcanoes and earthquakes, and contributed 
several articles on this subject to our columns. The 
son of a surgeon, he was born in 1846, and educated 
in his native town, York, and at University Col- 
lege, London. When the volcanic eruptions occurred 
in the West Indies in 1902, he was sent out by the 
Royal Society to report on the phenomena, and the 
excellent photographs he took on St. Vincent, on 
the Aetna and Vesuvius, in the Samoa Archipelago, 
Sandwich Islands, &c., were generally exhibited at the 
Royal Society’s Soirée, which he represented on other 
expeditions. He was on his way home from the Philip- 

ine Islands to take part in the proceedings of the 

ritish Association, of which he was a Council member, 
when he died of enteric fever in the Suez Canal. His 
genial kind-heartedness and humour secured him 
warm friends wherever he went. 


DeatH oF Mr. Joun G. Duntop, GLtascow.—We 
regret to learn at the moment of going to press of the 
death, on Thursday morning, the 4th inst., of Mr. John 

. Dunlop, who was for so long identified with the 
Clydebank shipyard, first when it was owned by Messrs. 
James and George Thomson, later by the Clydebank 
| Shipbuilding and Engineering Company, Limited, and 
a essrs. John Brown and Co., Limited, of which firm 
| Mr. Dunlop became a managing director, retiring two or 
| three years ago. Next week we shall give a memoir of 
Mr. Dunlop. 


LecTuRES TO ENGINEERS AT UNIVERSITY COLLEGE.— 
A course of post-graduate lectures on ‘‘ Conductors for 
the Electrical Transmission of Energy” will be delivered 
by Professor J. A. Fleming, M.A., D.Sc., F R.S. 
pA ie Professor of Electrical Engineering), at 
University College, on Wednesdays, at 5 ——_ Part I. 
beginning on October 29, 1913; Part II. beginning on 
January 28, 1914. The course will be divided into two 
parts, which may be attended. separately. Each part 
will consist of six lectures, six being given before Christ- 
mas and six after Christmas, recommencing January 28, 
1914. These lectures are intended for post-graduate 
students and for telegraphic and electrical engineers 
engaged in practical work, and are open both to members 
and non-members of the university. Those attending 
will be assumed to have an elementary knowledge of the 
differential and integral calculus and of elementary elec- 
trical engineering. The division of subject is as follows: 
—Part I. Telegraph and Telephone Conductors; 
Part II., Electric Light and Power Conductors. Fee: 
For each part, 1. lis. 6d.; for both parts, 2/. 12s. 6d. 
Application for syllabus and for tickets of admission to be 








le to Mr. Walter W. Seton. Secretary, University 
College, London, Gower-street, W.O. 
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THE FRIED. KRUPP WORKS, FRIEDRICH-ALFRED-HUTTE, 
RHEINHAUSEN. 


(For Description, see Page 309 ) 
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Fic. 7. View in Current-GENERATING STATION. 
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TRADE UNIONISTS AND THEIR 
RESPONSIBILITIES. 


THE —— disturbances of the peace in associa- 
tion with strikes of workers points to the conclusion 
that trade unions do not yet fully realise that the 
possession of power involves responsibilities, and 
that such occurrences detract from public sympathy 
with the claims of the working classes. The ‘Trades 
Union Congress, which opened at Manchester on 
Monday, is an evidence of the power of organised 
labour. The regrettable incidents at Dublin, follow- 
ing upon similar episodes in connection with other 
disputes during the past year or two, suggest that 
the responsibility of all citizens for law and order 
is not always fully recognised by those responsible 
for unionism. At Manchester there met 557 dele- 
gates of unions from all parts of the country, 
gus societies and 2,232,446 trade 
unionists. hen the Congress last sat in the same 
city there were only 153 delegates from 126 unions 
having 509,307 members. is growth in the 
‘** forces” of labour is not unwelcome to all inte- 
rested in industry—capitalists, managers, and fore- 
men—especially if, as is only reasonable, the 
organisations strive legitimately to fulfil the primary 
object of unionism—namely, to establish collective 
bargaining as to terms and conditions of employ- 
ment, and generally to better the lot of the 
workers. It is, in this connection, highly significant 
that when, on betveenen = a resolution was under 
consideration to com em 
whether members of a federation or not, to observe 
the conditions of any agreement made, the objec- 
tion was that this might involve legal action and 
compulsory arbitration, to which unionists object, 
because it is the privileges, and not the responsibi- 
lities, of collective bargaining that they support. 
As Mr. W. J. Davis, the President of the 
Congress, said, in the inaugural address to the Con- 
‘gress on Monday, ‘‘ professors of political econom 
and of logic, and statesmen who follow both 
or neither, closely examine its proceedings, some 
with a thirst for knowledge, others from interest, 
and many from expediency.’’ It is a pity that he 
did not admit also that employers of labour 
were even more deeply interested, and, further, 
that they were willing to profit by the enunciation 
of principles conducive to industrial prosperity, 
which, of course, includes the well-being of all 
workers. But Mr. Davis, while admittedly belong- 
ing to what is now regarded as the old school of 
unionism, pens a egieha trend . oe moment 
in his reliance upon legislation and the swayi 
of political ios theouahs the ballot-box atte 
division lobby in Parliament. The political econo- 
mist and logician are concerned with facts which 
cannot be altered by the will of the people. The 
principles underlying economic laws cannot be 
affected by a resolution of a Congress, and although 
some may welcome the presence of foreign rH om 
gates at this year’s gathering —an important 
innovation, because it may tend towards inter- 


826 | national similitude in the conditions of labour and 
396 | Of the worker, whereby the cost of production in 


various countries may be equalised—there is still 
justifiable doubt as to whether the inexorable dif- 
ficulties of competition and the laws of supply and 
demand can be overcome in order to bring about an 


Mr. Davis displayed great satisfaction at the bet- 
terment of the condition of the people through the 
legislation of the past and present generations, and 
he was inclined to the view that this was a direct 
result of trade unionism and the organisation of 
labour. Is it not rather a coincidence that trade 
unions commenced with the awakening of the 
recognition of the es of the wealthy 
towards the poor? ere the extension of the 


382 | industrial millennium. 


ployers in an industry, | Tig 





ane ser ye not incentives to union among 
workers? We grant that the education of the 
workers and the growth of their interest in consti- 
tutional government. has had a powerful effect, but 
we are not satisfied that it has been proved that 
_— unionism has done all sy is owe for it. 

the contrary, it is more and more being recog- 
nised that trade unionism is, day by dey, bein 
weakened by its incursion into the party politi 
arena. Party —- per se are not concerned with 
the question of wages, the hours of labour, or the 
conditions of employment generally. While trade 
unionists are, as citizens, intimately concerned 
with legislation, their primary responsibilities do 
not lie in that direction. 

The function of unionism, already stated, is of too 
absorbing interest to justify attention being diverted 
to indirect issues. uch of the trouble to-day is 
due to trade leaders not being thoroughly conversant 
with the conditions of employment, industrial econo- 
mics, and workshop government, so that they fail 
to p the significance of the demands of the 
workers, or the difficulty besetting concessions by 
the employers. ‘The lack of this specialised know- 
ledge weakens their advocacy of the men’s cause 
when it is just, and their control over the recalci- 
trants when their position is not tenable. If labour 
must have parliamentarian representatives, they 
should be entirely dissociated from the trade-union 
leaders. The duties are too exacting to enable one 
man to disch them both. At the Congress meet- 
ing on Wednesday it was decided, after a by no means 
unanimous discussion, that a special ballot should be 
taken to determine whether political activities shall 
form a part of the objects and functions of the 
trade societies. This involves the question whether 
it shall be obligatory, within the limits of the Trade 
Union Act of 1913, upon all members to contribute 
towards the expenses of Labour Members of Par- 
liament. This is a matter purely for the unions to 
decide ; but, as we have said, Parliamentary repre- 
sentation is not essential to the fulfilling of the 
function of the trade unions. Nevertheless we 
note that the resolution carried recommends ‘‘all 
trade unionists to vote in favour of their unions 
—_ political action in defence of labour 

> ts.”" 

‘* Labour rights” is a phrase of which the mean- 
ing depends upon the wish of the moment and the 
idea of the user of the term. Trade-union leaders 
are great champions of the rights of ‘ public meet- 
ing, of free s h, and of organisation,’’ which, 
they contend, have been denied to the strikers in 
Dublin. But this only means that unionists shall 
have freedom, while those who are beyond the pale, 
because non-unionists, shall not even have ‘* ele- 
mentary freedom.” As on so many previous occa- 
sions, so at Dublin, the unionists demand special 
consideration for themselves and anathema for all 
others. Everyone regrets the results of rioting in 
the Irish city, when between 700 and 800 were so 
injured that their wounds had to be attended to 
at the hospitals. It may be that innocent 
citizens were among these, or even that the police 
were not always as discriminating and calm as they 
might have been in the fulfilling of their duty to 
quell the riots—this latter has yet to be established; 
but the blame primarily rests with those who first 
encouraged resistance to law and order. That the 
Congress should allow any member to say, as was 
said on Monday, that ‘‘ our future disputes will be 
conducted with bloodshed, that armed forces will 
be used again as armed forces have been used,” 
proves that the nsibility incidental to the 
power of organised labour is not recognised. Public 
sympathy with labour must be forfeited when such 
language is permitted. In fact, the action of the 
Congress in sending a deputation to Dublin on 
Tuesday to interfere with the administration of 
the law may not redound to their credit. The strike 
in Ireland is not due to any failure to nise the 
right of labour organisation, but rather to a revolt 
against dictatorial tyranny. 

It is not consistent, on the one hand, to demand 
‘* elementary freedom ” for unionists while coercing 
men to join a union u pain of industrial ostra- 
cism. ‘Trade-unionists are, like all propagandiste, 
justified in seeking to induce men to join their 
societies ; but it is reprehensible in the highest 
degree, if not illegal, to demand the discharge of men 
from work, and to enforce such demand by strikes, 
because they are exercising the right of freedom 
of action within the laws and ethics of citizen- 
ship. Indeed, it is open to doubt whether the Trade 


franchise and the broader basis of Parliamentary | Union Congress has the right to their claim that they 
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represent the majority of workers in the United 
Kingdom. The reports of the president’s address 
contain the following statement :—‘‘ The following 
figures on the trade unionism of the world will be 
read with much interest. Britain, 22 per cent., 
or 3,010,000 members; Germany, 22 per cent., 
or 3,061,000 members ; France, 9 per cent., or 
1,029,009 members; Belgium, 14 per cent., or 
199,000 members; Holland, 20 per cent., or 
154,000 members ; Norway, 26 per cent., or 54,000 
members; Denmark, 30 = cent., or 128,000 
members ; United States of America, 10 per cent., 
or 2,283,000 members. As Germany’s population 
exceeds our own, it will be seen that Britain is 
s\ill at the top of the four great commercial coun- 
tries in organised labour. Unless, however, the 
non-unionists—the most valuable asset of capital— 
speedily come over (by persuasion or gentle and 
justifiable coercion) the German workmen will make 
a record in both percentage and numbers.” Does 
Mr. Davis mean by this that 22 per cent. of the 
British population, 22 per cent. of the German, 
9 per cent. of the French, and so on for other 
nations, are trade unionists? That would seem to 
be the interpretation he desires to be placed on 
the figures, to judge by the latter part of the quota- 
tion. But this is quite inaccurate ; the proportion 
is nearer 5 per cent. in Britain. If he means, as is 
not disclosed, but as seems reasonable, that 22 per 
cent. of British workers are unionists, surely 
he will concede that the other 78 per cent. are 
entitled to maintain their ‘‘ elementary freedom,” 
and that no coercion can be justified by, or in the 
name of, the self-imposed champions of ‘free 
speech, free meetings, and the right of organisa- 
tion.” The 78 per cent. of the workers do not 
harass trade unionists; why should they be 
harassed ? 

The Congress addressed itself, as usual, to a great 
variety of subjects, some of them associated directly 
with labour, but most of them entirely beyond even 
the widest scope of trade-union activity. Some 
topics were within the limits of practical politics, 
but most were chimeras. In the resolutions con- 
sidered at the Congress there is abundant justifi- 
cation for our contention that the energies and 
thoughts of the leaders and of the Congress are being 
dissipated in considering, and seeking to further, 
scheines which cannot influence the conditions and 
terms of labour. Surely the range of action embraced 
in this phrase is sufficient to satisfy the most ambi- 
tious. It involves a study demanding concentrated 
and continuous application, capable of yielding the 
most definite an neficial results, and at the same 
time of engrossing interest. If unionist leaders hope 
to improve the conditions of the workers—and we 
frankly admit that there is room for such ameliora- 
tion in many trades—they must have full know- 
ledge of the workers’ claims and position, of their 
employers’ arguments and economic condition in 
relation to competitors at home and abroad, of the 
possibilities of higher economy being achieved by 
greater mechanical and administrative efficiency, 
and, generally, of the whole range of industrial 
activities here and in possible competitive markets. 
The acquisition of such comprehensive knowledge 
would bring with it such a strength in enforcing 
workers’ claims, and such a toleration of ible 
limits of employers’ concessions, as would estab- 
lish a higher conception of responsibilities on the 
part of leaders, and a greater readiness towards 
confidence on the part of followers. The pursuit 
of the shibboleths of the eaty politician is quite 
another matter—a game, illusive and unsatisfying, 
and ephemeral in its issues. 





THE INTERNAL - COMBUSTION 
LOCOMOTIVE. 

Ir is quite natural that, in due course, the first 
serious attempt should have been made to supplant 
steam by one of the more later developments in 
power production, for locomotive purposes. The 
possible field is so large as to be eminently at- 
tractive, but at the same time the problems to be 
faced present difficulties which have not to be en- 
countered elsewhere, and which will tax the 
ae of designers probably for some time to 
come. The steam locomotive in many senses is a 


very difficult mechanism to displace. Though it 
lacks the very large reserve on which an electric 
locomotive can draw at starting—the power-station 
output—it yet is adaptable to heavy loads and slow 
meee or to fast traffic, having a flexibility which 

e ordinary internal-combustion locomotive cannot 





at aa equal, and in addition an ease of starting 
unler full load which is only paralleled in electric 
working. 

The ordinary internal-combustion engine is for 
this service greatly handicapped both as regards 
starting up and as regards flexibility. However 
excellent clutches and gears may become, they are 
only likely in their present forms to be accepted 
as a last resource. The vicious snatching of 
motor-buses, and even of carefully-driven motor- 
cars, suggests all sorts of draw-gear troubles and 
complaints from passengers and shippers, as the 
result of any attempt to construct a locomotive 
on motor-vehicle lines. It is quite true that 


developments may come by means of which some | eq 


of these objections could be surmounted, but, up to 
the present, the efforts made to work a locomotive 
with an ordinary internal-combustion engine have 
never been carried very far, having always resulted 
in comparatively inelastic and more or less cumber- 
some machines, possessing substantial disadvantages. 

However, for certain purposes the internal-com- 
bustion locomotive would prove so advantageous 
that the problem of producing such an engine of a 
satisfactory type is worthy of every attention. In 
countries where water is very bad the adoption of 
the internal-combustion engine would abolish all 
boiler troubles, though it might replace them with 
jacket troubles almost as serious. There are, 


further, countries through which railways run| based 


in which water is scarce, or even unprocurable, and 
where fuel supply also presents serious difficulties. 
In such cases an internal-combustion locomotive, if 
sufficiently flexible to deal with the varying de- 
mands to be met, would have strong recommenda- 
tions. But, to be successful, it would further have 
to be comparatively free from mechanical compli- 
cation. It is just in such circumstances as those 
in which water and fuel supply problems would 
come into consideration that any additional com- 
— of mechanism would be most severely felt. 

istricts with no water or fuel are a ae 
populated. They do not, save in exceptional cases, 
contain large centres where repairs could easily be 
executed, and any additional risk of breakdown 
introduced would therefore seriously handicap the 
new type of motive power 

It is proposed to employ some more or less 
imaginary form of internal-combustion locomotive 
on the east and west trans-continental line now 
building in Australia. On such a line the fuel and 
water supplies for the ordinary steam locomotive 
would have to be hauled long distances, but at the 
same time the facilities for repairs will probably be 
very limited, and this feature, in such conditions, 
might well prove a deciding factor in favour of 
the simpler steam locomotive, in which much of the 
repairs expense arises in connection with a com- 
paratively simple class of work. 

Elsewhere in this issue we give illustrations and 
description of the first Diesel locomotive. Among 
internal-combustion engines the Diesel engine is 
that which perhaps offers greater advantages than 
any other for locomotive work, owing to its range 
of power. We venture to think, however, that 
any locomotive engineer who reads the description 
of the engine in question will be somewhat appalled 
at the extraordinary amount of machinery the type 
involves. In the first place, the engine requires 
another engine, of one-quarter or one-fifth of its 
power, to make it start at all. This second 
engine, being of the Diesel type, requires similar 
provision in the way of air and circulating- 
water supply, &c., to the main engines. Pump- 
ing operations are required by the main engines 
for the supply of starting air, of scaveng- 
| air, and of injection air, for the fuel to each 
cylinder, for the jacket water, the circulation 
water for the pistons, &c., for the lubrication of 
the bearings, Re. Similar operations have to be 

rformed for the auxiliary engine above referred 

, and in addition pumps have to be provided for 
charging the pipe system before starting, and so 
on. A comparison of this collection of machinery, 
with all its rods and cams and levers, with that 


in a modern steam locomotive, with only the ine | pi 


gear and possibly a feed-pump and mechanical lubri- 
cator, is greatly to the advantage of the latter. 
Neither does the Diesel locomotive a: to show 
up any too well as a power plant. e engine we 
have described elsewhere seems to develop 1 horse- 

wer for about 190 lb. weight. A modern steam 
ocomotive develops 1 horse- power for about 
100 Ib. of engine weight, or for the engine 
and tender combined, say, about 1 horse-power for 





every 140 lb. to 1501b. The present form of Diesel 
locomotive, therefore, tends to confirm the general 
impression that such an engine would be com- 
plicated and cumbersome. Possibly improvements 
may come in both these directions with time and 
experience, but here, unfortunately, there is still 
another hindrance awaiting the engineer whose 
faith is pinned to this new type of motive power. 

It is often remarked that in the course of six 
or seven years the motor-bus has been transformed, 
from a nuisance, into a convenience, in which it is 
now possible to place a fair degree of reliance. 
This is, indeed, the fact, but it by no means follows 
that the internal-combustion locomotive will be 
ually successfully developed in a short period. 
Tt has not nearly the same opportunity. The motor- 
bus field was free to any one with capital and a 
taste for — and construction. Everyone could 
use the for experimental work, with the 
result that an enormous amount of data has been 
collected in a short time, based on the working of 
thousands of omnibuses and similar vehicles. The 
steam locomotive has been undergoing continual 
development—which has not yet terminated—as a 
result of the accumulated records of a very much 
longer period than that during which motor-buses 
have been running, while during this period the 
number of locomotives in use has vastly exceeded 
that on which the experience with motor-buses is 
. Moreover, the locomotives have been run 
under the charge of skilled engineers fully able to 
appreciate the lessons derivable from defects, and 
te devise and apply remedies. It is to these facts 
that the reliability of the modern locomotive is 
undoubtedly due. 

A locomotive is probably put to greater wear and 
tear, as the cumulative effect of load, speed, and 
the character of the road, than any other form of 
engine. Experience has shown how these are best 
met. It is quite true that the first Diesel locomo- 
tive has had the advantage, in design, of the 
experience of two of the best-known firms on the 
Continent—firms deservedly respected for their 
great enterprise and for the scientific knowledge 
and practical experience at their command; but it 
does not follow that experience of a certain 
special kind can be transferred so readily to a 
new development as might be imagined. Elec- 
trical engineers thought that an electric locomotive 
had only to be a sort of glorified tramcar bogie 
arrangement, but features of the steam locomotive 
which once they scoffed at are now preferred to 
their earlier designs. Development will have to 
follow actual work on the road, and the oppor- 
tunities for the necessary road experience cannot 
be otherwise than restricted for the Diesel loco- 
motive. Much as we might wish it otherwise, 
we do not therefore expect the rapid perfecting 
of this class of engine. One such locomotive is of 
little value, and even if a class of several was 
built, by some philanthropic railway, it would be 
long before they taught any but the broadest 
lessons. The work it seems, therefore, will have 
to proceed, unfortunately, in the dark to some 
extent, but it is to be hoped that this fact will 
leave at least some authorities undeterred, and 
that the efforts instituted on the Continent will be 
persisted in. The ter the initial handicap, the 
more glorious the ultimate victory. 





THE BIRMINGHAM MEETING OF THE 
BRITISH ASSOCIATION. 

On Wednesday next, September 10, Sir Oliver 
Lodge will open the inaugural meeting of the 
British Association in the Central Hall of the city 
of Birmingham. It will be the eighty-third meet- 
ing of the Association, and the fifth meeting at 
Birmingham. Both these facts are remarkable. It 
could hardly have been anticipated Ly the 353 
founders and members who assembled at York 
on September 27, 1831, under the presidency of 
Viscount Milton, that an association, established 
for the general purpose of advancing or popularising 
science—the latter term is perhaps not are 
riate for these days—would be able to celebrate 
its eighty-third birthday in vigorous health, with 
quite as good a promise of a prosperous future as 
it had in its infancy, though the numbers of scien- 
tific congresses, national and international, scientific 
societies, and scientific journals have increased to 
an almost undesirable extent. And that an indus- 
trial centre of the Midlands, which up till recent 
years was not conspicuous as a seat of learning, 
should invite the British Association for a. fifth 
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time, isan equally striking fact. York, Oxford and 
Cambridge, Edinburgh, Glasgow and Dublin have 
each welcomed the membeis four times. The 
Association has wisely avoided London ; it has met 
in small and large towns, but nowhere more than 
four times so far. Thus Birmingham breaks new 
ground in this respect, as it has done in some 
others. 

The first documentary mention of Birmingham 

occurs in the great survey known as the Domesday 
Book of 1086, which seems to have been compiled 
for the special benefit of future historians. There 
we read that William Fitz Ansculf, of Dudley 
Castle (near Birmingham), a mighty landowner, 
heldalso Birmingham. His possessions into 
the hands of Ralph Paganel, whose son, Gervase, in 
1154, granted the manor of Birmingham to Peter 
the Sewer, or steward (described as daptifer—i e., 
napkin-bearer), of Dudley. The descendants of this 
Peter de Birmingham retained the manorial rights 
for 400 years. Originally of very small value, Bir- 
mingham absorbed the neighbouring lands, and the 
name is marked on a map in the Bodleian Library 
at Oxford, dating from 1300, on which Coventry 
is not named, though possibly indicated. The 
nucleus of the village was the church of St. Martin, 
in the Bull Ring, probably of the Norman period ; 
the church was destroyed in the thirteenth century, 
and the present building, with its lofty spire, owes 
its existence to the reconstruction of the past 
century. 
During the Civil War Birmingham was staunchly 
held for Parliament, even before Charles I. raised 
his standard at Nottingham in 1642. Birming- 
ham men captured the King’s plate after the 
battle of Edgehill (October, 1642), and for this 
and other reasons the place was assaulted and 
mildly sacked by Prince Rupert, son of the Elector 
Palatine Frederick V. (whose acceptance of the 
crown of Bohemia was the immediate cause of the 
outbreak of the Thirty Years War) and of Elizabeth 
Stuart (sister of Charles I.). Clarendon, the Chan- 
cellor of James II., and Dryden roundly cursed 
wicked Bromingham, or Brummagam, the very name 
becoming a term of opprobrium. When the Five- 
Mile Act was passed, in 1665, which forbade any non- 
conforming minister to dwell within 5 miles of any 
corporate town, Birmingham, being still merely a 
manor without corporate authority, kept ite doors 
open to dissenters, Quakers, and Jews. A hundred 
years later all that had changed. At the time of 
the French Revolution the people were shouting 
for Church and King. Sympathisers with the 
French Revolution had arranged for a public dinner 
on July 14, 1791—that is, before the outbreak of 
the first revolutionary war in October, 1791. The 
dinner gen off quietly ; but, unfortunately, a 
hand-bill, sneering at a ‘‘ great Personage, whose 
crown was becoming too weighty,” and at the 
‘* Peace of Slavery and the Tyrants,” had been 
distributed ; Joseph Priestly, the great chemist, who 
was from 1780 a dissenting minister at Birmingham, 
had at once denounced this hand-bill. After the 
dinner the mob wrecked the hotel in which it had 
been held, set fire to Priestly’s meeting hall and to 
his house and laboratory, as well as to the house of 
William Hutton, the bookbinder and historian of 
Birmingham, and the riots continued for two more 
days. The house of John Baskerville, the art 
printer, and many others were destroyed, and 
more than a dozen people were killed, though 
those mentioned escaped. 

A saner spirit prevailed when the Reform 
movement commenced, though the distress of the 
Napoleonic wars had terribly afflicted Birmingham. 

A public meeting, of 50,000 people, called by the 
Hampden Club and held on Newhall Hill (now 
built upon), in January, 1817, protested inst 
the venality of the House of Commons and the 
Corn Laws. Other meetings followed on that hill, 
and a great meeting of 1832, demanding ‘the 
Bill, the whole Bill, and nothing but the Bill,” 
is said to have been attended by 200,000 people. 
Everything was solemn and orderly, and the 

rds gave in. England was not ruined, as 
Wellington had predicted, by taking the franchise 
from fifty-six rotten boroughs and conferring it 
upon 39 counties and large towns, includi 
Birmingham. 

Up to that time Birmingham had practically had 
the government ofa manor. It had enjoyed ex- 
tensive market rights since 1166 ; by the Reform 
Bill it obtained the right to send two members to 
Parliament, and the 


unicipal C ration Act of 


1835 enabled it to petition for a charter in 1837.|to fit them for a technical career. 





Then followed that remarkable development for 


which the municipality of Birmingham has become 
famous. An analyst under the Adulteration Act 
was Pe age in 1857 ; the Free Library Act was 
adopted in 1860; an industrial school opened in 1868; 
a medical officer of health was appointed in 1872, 
and the dwelling - house improvement scheme 
accepted in the year 1875, in which the Corporation 
acquired also the gas and water undertakings and 
established the fire brigade; Mr. Joseph Chamberlain 
was then mayor. The great water-works scheme of 


1891 involved the construction of three (ultimately | & 


of six) reservoirs in mid-Wales, of an aqueduct 
73 miles in length, of two (finally of six) mains, 
42 in. in internal diameter, and of a receiving 
reservoir at Frankley. The cost was originally 
estimated at 3,755,0001.; the estimate rose to 
5,891,000/ , and 6,254,000/. have so far been ex- 
pended, although only the three reservoirs and the 
two conduits have been built. 

By June, 1913, the population of Birmingham 
had risen to 859,644; by the city extension of 
1911 more than 30,000 acres had been added to the 
former area of 13,500 acres, and the population 
had been increased by 315,000. Most of the area 
covered—about 68 square miles—lies within the 
five mile radius on the sandstones, pebble beds, 
marls and clays of the Bunter and Keuper forma- 
tions, at an elevation ranging from 300 ft. to 600 ft. 
(average about 500 ft.) above sea-level. The rapid 
modern development of the city has not been 
particularly assisted by Nature. The town is 
situated nearly in the centre of England, 90 miles 
from any shore ; there is no river of importance, 
because the town lies on the great watershed between 
the North Sea and the Irish Channel. The rivers, 
the Rea, which joins the Tame, itself flowing 
into the Trent, and a little stream flowing into 
the Severn, are mere rivulets. The canals, owned 
by the Birmingham Canal Navigation, form a 
network of a total length of 159 miles ; they 
have had their importance, but we agree with the 
minority report of the Royal Commission on Canals 
that the maintenance of the obsolete system is 
imadvisable. The present Tame and Rea drainage 
and sewage system, comprising bacteria beds, was 
decided upon a few years after 1896, when the 
irrigation farms had largely been extended, because 
the difficulties of finding further irrigation land in- 
creased. A refuse-destructor and electric genera- 
ting plant were combined with the sewage scheme of 
the Health Department. The town is now one of 
the healthiest in the kingdom, ranking, with a 
death rate of 14.1, next to London, and thus second 
among the large towns. 

Town-planning on German lines, adopted mainly 
owing to the exertions of Mr. J. 8. Nettlefold, will 
further improve the health of the place. Garden 
cities are rising on the outskirts. In the town itself 
the back-to-back type of house, still very common in 
spite of the enormous demolition of houses for rail- 
ways, works, &c , created great difficulties, though 
there are few narrow streets left. Cheap gas (costin 
from 11.4d. to 15d. per 1000 cub. ft.) has sobused 
the smoke nuisance, and gas at 12 lb. sq. in. 
pressure is largely uscd for melting metals, even in 
rolling-mills. The original gas-holder of William 
Murdock is still in existence, though not in use ; it 
was Murdock who, after lighting his house in Corn- 
wall by gas in 1798, gave the first display of public 

as lighting at Boulton and Watt’s factory in Soho, 
irmingham, to celebrate the peace of Amiens in 
1802. 

Articles on the public libraries and on social 
work, such as now appear in the Association's 
** Handbook,” could not have been written at 
all when the British Association met in Birming- 
ham the last time, in 1886. Since then a great 
deal has been done, but there is no proper organ- 
isation of education even now. ere was, in 
1886, King Edward’s School, the most renowned 
of the forty -four schools known under this de- 
nomination, though its foundation goes back to 
1382, and, further, the Birmingham and Midland 
Institute ; the Mason College had been founded in 
1880. The University of Birmingham obtained its 
full charter in 1900, and the Municipal Technical 
School was opened in 1891. There are further the 
Municipal School of Art, the School of Music, and 
a most noteworthy novelty, the educational scheme 
of the Bournville Works of Messrs. Cadbury 
Brothers, where boys and girls from 14 to 18 or 21 
years of age receive a training which in most cases 
—two-thirds of the pupils are girls—is not intended 
We cannot 





further dwell upon municipal features, but we will 
give some figures as to expenditure. The total 
expenditure for the year 1912.13 per head of 
= (851,000) was estimated at 11. 10s. 9d., 
and for every pound contributed by the ratepayers 
the Council expended :—On education, 5s. 10d ; 
public works, 4s. 114d. ; police, 1s. 5d. ; drainage 
and refuse, 2s. 10}d.; health, 1s. 1$d.; finance 
department, Of. 5 light, 8$d.; parks, 8d.; fire 
aes, 7$d.; baths, 5d.; art, 3d.; libraries, 4d. ; 
asylums, 5d. (exclusive of maintenance of patients), 
These items total up to 22s. 7d, and the 
excess was met by profits from the gas supply, 
Js. 3$d. ; electric supply, 4d. ; tramways, 84d., &c. 

Industrially Birmingham has always been emi- 
nent, — to individual enterprise, especially in 
r to the ‘‘ finished ” metals and more recently 
to mechanical engineering. In crude metals, at least 
in crude iron, Birmingham never excelled ; that 
production has its home in the Black Country, 
near by ; the brass production and industry are 
important, however. Birmingham hardware, Bir- 
mingham ‘‘toys”—the name originally referred to 
steel buckles, chatelaines, chains, sword hilts, and 
other small steelware— Birmingham jewellery, arms 
and ammunition, steel pens, nails, are household 
words all over the world, and much ‘‘ London” 
made art-work really hails from Birmingham. The 
non-ferrous metal trade is centred there, although 
Nature cannot be said to facilitate the foundin 
and working of brass, nickel, aluminium, an 
German silver in the distiict. In motor-cycles and 
cycles Birmingham ranks next to ventry. 
Optical glasses are made in Birmingham alone in 
this country, and the mass of gold and silver wares 
hall-marked in Birmingham has increased four- 
fold since 1896. 

Thus the British Association members will have 
plenty to study in the works thrown open to them, 
in the art museums and scientific institutions, and 
in the —4 and social organisation: Bir- 
mingham can st of many famous citizens. In 
addition to those referred to, we might mention 
Josiah Mason, Rowland Hill, Edward Burne-Jones, 
Cardinal Newman, Francis Galton, Thomas Henry 
Muntz, Sir Richard Tangye, Miss Louise A. 
Ryland, and Sir Thomas Martineau, father of the 
present Mayor, Colonel Ernest Martineau, who is 
one of the Vice-Presidents of the meeting, together 
with Professor J. H. Poynting, the physicist, 
and Professor C. Lapworth, the geologist. The 
President, Sir Oliver Lodge, is Principal of 
Birmingham University. In electing him, the 
Council seems to have deviated from the custom 
nut to make local celebrities the chief officers of 
the meeting; it will be remembered that Sir 
William White, who died in February, had first 
been chosen president Jast year at Dundee. Dr. 
Gisbert Kapp, President of Section G, is also pro- 
fessor at Birmingham University, of course. The 
other presidents come from other towns, and for 
the first time a lady, Miss E. Sargant, will preside 
in one of the sections (K, Botany). 

The ‘‘ Handbook for Birmingham and Neigh- 
bourhood,” sg for this British Association 
meeting by Dr. George A. Auden and a large 
number of experts, and published by Messrs, 
Cornish Brothers, of Birmingham, deserves every 
praise, though the authorities of the Association 
may possibly wonder that there is, except on the 
title-page, practically no reference to the Associa- 
tion and to the visits it had previously paid to the 
city. The ‘‘ Handbook” is a volume of 637 pages 
—a splendid compilation on the history, municipal 

vernment, social and educational institutions, 
industries, water, gas, and electricity supply, health, 
= of oO » and . “ fauna, flora, and 
ecology of the district. e have largely quoted 
rom the ‘‘ Handbook” in this article, oa we 
should, in addition to other features already noticed, 
draw attention to Professor Lapworth’s excellent 
memoir of sixty on ‘* The Geology and 
ig san | of the Birmingham Country,” which 
is illustrated by two coloured maps of exceptional 
merit—the one geological, the other hypsometrical. 
The maps extend to Stafford and Burton-on-Trent 
in the north, to Nuneaton, Coventry, and Leaming- 
ton in the east, to Stratford-on- Avon and Worcester 
in the south, and to Tenbury in the west. 

The Corporation and the University will be the 
hosts. The local hon committee consists of 
the Mayor, of Professor E. W. Gamble, and of 
Messrs. Howard Heaton, John Humphreys, and 
W. Byng Kenrick. The reception-room in the 


Town Hall, Birmingham, will open on Septem- 
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ber 8. We gave an outline of the sectional 
programmes in our issue of July 25. These 
proceedings, comprising a discussion on radia- 
tion by Lorentz, Langevin, Pringsheim and 
others, to mention one notable item, and the 
excursions to works and to archeologically, his- 
torically, and scenically interesting places in the 
neighbourhood, as well as the special features 
which have rendered Birmingham renowned, 
should secure an attendance worthy of the fifth 
meeting in that city. The attendance figures of 
the four previous Association visits to Birming- 
ham were : — 1839, 1428 members and asso- 
ciates ; 1849, 1071; 1865, 1997; and 1886, 
2443. . The latter figure was exceeded in the year 
following (1887), when 3838 members, comprising 
an unusually large contingent of foreign scientists, 
congregated at Manchester. The Newcastle meet- 
ing of 1863 likewise attracted a very large gathering 
— 3335 scientists, and the Birmingham figure of 
1886 has also been exceeded a few other times. 

So far Manchester can boast of having been the 
most popular meeting, if popularity is to be 
judged by attendance. One of the most thor- 
oughly enjoyable meetings was that held at York 
in 1908: this success was largely due to:the efforts 
of Dr. Tempest Anderson, who, we were very 
sorry to read, succumbed to fever while passing 
through the Suez Canal a few daysago. We shall 
begin our reports on the proceedings next. week. 





BRITISH NAVAL CONSTRUCTORS 
AND THE TURKISH NAVY. 

Wutve keen competitors for work generally, and 
for British work specially, several of our naval con- 
struction companies have found it expedient on 
national grounds, and sometimes on the unofficial 
suggestion of the Foreign Office, to co-operate in 
the building of ships and the supply of munitions 
of war to foreign governments. Several cases 
might be stated, but the instance of the Turkish 
hattleship Reshadieh, launched at Barrow-in- 
Furness on Wednesday, servesasan example. The 
advantage is that statesmen of foreign Powers are 
enabled to carry out their policy of giving preference 
to the British nation without involving any jealousy 
on the part of separate firms—a condition, too, which 
secures the goodwill and the co-operation for in- 
spection pur of the Admiralty. At the same 
time, the collective experience of two or three firms 
is conducive to the highest efficiency in design and 
construction. No combination possible in any 
country could, from this standpoint, excel that in- 
cluding Messrs. Sir W. G. Armstrong, Whitworth 
and Co., John Brown and Co., Limited, and Vickers 
Limited, who were responsible for the Reshadieh. 
Hakki Pasha, who was présent on Wednesday, said 
that he always congratulated himself that the con- 
tract for the Reshadieh, made during the time he 
was Grand Vizier, had been so well placed. He 
was particularly anxious to acknowledge the very 
wise advice he had received from Sir Gerard 
Lowther on this point, and he wished to make the 
public statement that it was his hope and wish that 
the building of the shipr of the new Ottoman Navy 
should be entrusted to the same three firms as were 
responsible for the building of the Reshadieh. 

The Ottoman Empire naturally look with hope to 
the building up of such a modern navy as a means 
of ensuring lasting peace and prosperity. As his 
Highness Tewfik Pasha, the Turkish Ambassador, 
said, the Reshadieh would help his country to pro- 
tect herself more efficaciously, and in consequence 
assist her further progress and welfare. Turkey’s 
ambition, he added, was to remain peaceful and to 
work for the consolidation of her vast territories, 
in order to achieve the development of their moral 
and material To realise this noble task 
Turkey appealed to England for assistance. . 

As to the new ship, Sir Trevor Dawson, the deputy 
chairman of Vickers Company, who presided at the 
luncheon which followed the launch, said that the 
Reshadieh embodied the very latest devices in 
artillery, armour, machinery, and construction, and 
had a tonnage double that of any war vessel at pre- 
sent in the Turkish Navy. In the disposition oft her 
armour she was far in advance of other vessels, as 

ial protection had been provided for attack from 

e surface of the water, from under the water, and 
from the air ; and as regards power of attack, her 
primary and secondary guns collectively exceeded 
in energy those of any ship at present in commission. 
All this, we may add, is borne out in the description 
of the vessel published in last week’s ENGINgERING. 





Finally, as Sir Vincent Caillard, a director of the 
Vickers Company, and with long and intimate 
associations with Turkey and pt, pointed out 
in his speech, in responding for the builders, it is a 
happy augury that the Reshadieh was launched on 
the first day of Bairam—the great feast which 
follows the fasting. 





THE IRON AND STEEL INSTITUTE. 

THE autumn meeting of the Iron and Steel 
Institute has been held this week in Brussels, under 
the chairmanship of the president, Dr. Arthur 
Cooper. The place of meeting was the Palais des 
Académies, the former palace of the Prince of 
Orange, which was built in 1823, in the Italian 
style, and which has for some years past been set 
apart for the meetings of the various learned bodies 
of the capital of Belgium. It became the property 
of the State in 1842. In front of the main facade 
is the statue of Adolphe Quetelet (1796-1874), a 
former director of the Observatory. 

An excellent programme had been prepared, with 
a good list of papers, nineteen in all, whilst the 
local committee had arranged an interesting series 
of visits. 

On the members assembling on Monday in the 
Grand Hall of the Palais, Dr. Greiner extended a 
cordial welcome to the Institute. He remarked 
that the first meeting in Belgium took place at 
Liége in 1873, when Sir Lowthian Bell was presi- 
dent of the Institute ; the second was held in 1894, 
in Brussels, when the president was Mr. E. Windsor 
Richards, to whom a telegram of sympathy had 
just been sent by the council; the third meeting 
was the | yp ome one, under the chairmanship of his 
esteemed friend, Dr. Arthur Cooper. He hoped 
the members would enjoy their stay in their small 
but interesting country, and he repeated his warm 
welcome. 

Dr. Arthur Cooper felt sure the members would 
wish him to acknowledge the cordial words of 
welcome spoken by Dr. Greiner. He also felt sure 
that all of them were extremely grateful to him 
and to all their Belgian friends for the facilities 
they had provided for their meeting in Brussels. 
In Brussels proper there were no iron and steel 
works, but there were many in the vicinity. Brussels, 
however, was the head - quarters of the Steel 
Syndicate and of the Iron and Coal Exchange. The 
Exhibition at Ghent would also prove most attrac- 
tive by the progress it showed in manufactures. 
He thanked Br. Greiner and his colleagues for all 
they had done to make the meeting a complete 
success, and for the kind words of welcome which 
“2 had just heard. 

he proceedings of the last meeting were taken 
as a and after the Secretary had set forth the 
names of the retiring members of Council, Dr. 
Arthur Cooper announced that the Council had 
unanimously elected Dr. Greiner to act as President 
from May next; Dr. Greiner had honoured the 
Institute by his acceptance. In him the Institute 
would have a president ‘‘of the first water,” and 
his nomination and acceptance afforded another 
mark of the international character of the Institute. 


Historica, SuRVEY OF THE METALLURGY OF 
Iron in BeErarum. 


The first paper taken was ‘‘An Historical Survey 
of the Metallurgy of Iron in Belgium,” and it was 
read in full by its author, Baron E. de Laveleye, 
Brussels. It is of great interest, as our readers 
will find, and we reproduce it in full on page 333. 

The Chairman, Dr. Arthur Cooper, expressed the 
opinion that it did not admit of discussion. It was 
an interesting and most instructive paper, and the 
best thanks of the Institute were due, and were 
cordially expressed, to the author for the care and 
trouble he had taken in preparing it. 


Toe Manvuracture or Coke IN BeEtorum. 


The next paper on the list was one on ‘‘The 
Manufacture of Coke in Belgium,” by Baron Evence 
Co , Brussels. It was read in abstract by Mr. 
P.N.Hambly. We propose to reproduce it in full 
in a later issue. In his opening statements the 
author said that coal was now being won in Belgium 
at great depths, and since the volatile matter and 
coking power of the coal decreased as the depth 
of working increased, coke-makers had been com- 
pelled during the last fifty years constantly to 
improve their methods of manufacture, in order to 
deal successfully with coal of decreasing coking 
quality. He then gave an historical account of 





the Belgian coke manufacture, pointed out the 
various improvements, gave details of construction 
and method of working of ovens, and showed the dif- 
ferent methods by which the waste heat was utilised 
and the by-products recovered. The reason why by- 

roduct recovery had not made much progress in 

ngland was attributed by Baron Coppée to the 
fact that the first recovery-ovens were not as perfect 
as the present ones, difficulties having also being 
met in connection with refractory materials, which 
led to defective working of the ovens. English 
firebrick makers had still difficulties with their 
bricks in both to quality and price. The 
author then compared the two types: of coke-ovens, 
and pointed out that the saving available depended 
upon the use to which the coke-oven gas was put. 
In the matter of power production he showed that 
the regenerative oven had a very great advantage 
over the waste-heat oven. The method of working 
of the ovens was described in detail, as also was 
the field for utilisation of the by-products. 


Tue DistituaTion or Tak IN METALLURGICAL 
PRACTICE. 


A paper on ‘‘The Distillation of Tar in Metal- 
hengisdl Pundtion, ” contributed by Mr. Gevers-Orban, 
Liége, was then read in abstract by the Secretary, 
in the absence of the author. e latter stated 
that a metallurgist should make his own coke, and 
the proper place for coke-ovens was in the iron 
works, as the by-products of coking were required 
at the works. He laid stress upon the importance 
of tar, saying that if coke were made in the propor- 
tion of 1 ton of coke for each ton of pig iron, there 
would be for each ton of pig iron about 100 lb. of 
tar, which, at present, was°worth ls. 8d. He 
emphasised the utilisation of the tar by distilla- 
tion, and the Cava process of distillation, which, 
among other advantages, lent itself readily to the 
preparation of pitch for steel works uses—i.e., the 
briquetting of blast-furnace ores. 

» A. Situhiansn, who opened the discussion, 
said the members were indebted to the author for 
having pointed out the progress made in the con- 
struction of by-product ovens. English works 
had been somewhat slow in the adoption of by- 
product ovens generally. They had started two 
years ago with ovens on the regenerative principle 
at Skinningrove. For two years they had used 
Durham unscreened coal, and they had about 60 
per cent. of gas available for the rolling-mills and 
steel works, the total gas given off by the ovens 
being about 84 per cent. of the total weight of coal 
coked. Mr. Ernest Berry had recommended that 
the ovens should be slightly increased in size, and at 
Skinningrove they had made them to take a charge 
up to 9 tons of dry coal, and with 60 ovens they 
carburised 3000 tons of coal per week, giving a yield 
of 2000 tons of coke, which was a satisfactory output. 
A greater height gave a cooler crown, the ammonia 
products were split up, and there was an increase 
of 10 per cent. in ammonia yield. The question of 
bricks was one of great importance. English 
bricks were quite as good as the Belgian, and stood 
years of working. At Skinningrove they had 
experimented with bricks in the hottest part of the 
ovens, and had pho hed them after removing 
them. Unfortunately, “ had not brought the 
photographs with him. Durham bricks were quite 
satisfactory. For recovery of the by-products they 
used the direct process, which had distinct advan- 
tages over the indirect one. They saved all escape 
of ammonia, and obtained at the various stages 
cool gases ; they recovered the products separately. 
They obtained the tar direct, then the gases passed 
the compressors ; naphtha and benzol were obtained 
by further cooling the gases. 

Mr. J. H. Darby found’the paper to be very 
impartial in its statements. He could not agree 
with Mr. Hutchinson in regard to the brick ques- 
tion, for in his (the spegker’s) experience the 
English bricks were not s¢@.reliable as the Conti- 
nental ones. The. reliability of the linings was 
most important. The distillation of tar was a 
question which depended upon the market for the 
products, and in ium it paid to obtain the 
pitch. He did not think Mr. Gevers-Orban’s pro- 
cess would find a great application in England. — 

Mr. Greville-Jones stated that the English 
bricks used at Clarence Works lasted many years. 
They had found bricks made by the Fire- 
Brick Company last from six to eight years. 

Professor Turner said the brick question was 
very interesting to him. There were different 
qualities available for the different uses. He (the 
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egoekert had had to determine the expansion of 
tourbridge bricks, and he had not found this to 
be an easy matter. He had used a simple form of 
extensometer, but this did not give distinct read- 
ings. He would like to see the originals from which 
the author’s comparative diagram, relating to the 
various makes of bricks, had been drawn; also 
further reference as to the tests, and to have details 
of the instrument giving the results. The paper 
would be found useful by British manufacturers. 

Dr. Greiner, who followed, said that the reasons 
why the bee-hive ovens had been used so long in 
England were numerous. One was given him (the 
speaker) more than thirty years ago by a prominent 
metallurgist, who:said that the yield of the coke- 
oven was not interesting ; all he wanted to know 
was the quantity of coal that was required to make 
aton of iron. This was right in the main, since 
coke only came between the two. Since that time, 
however, circumstances had greatly changed, and 
metallurgists had recognised that there was no 
necessity to allow by-products to escape in the air 
when they could be sold, and thus cheapen the 
price of coke. It was true that at the present time 
coke had not the nice appearance of that made in 
the bee-hive ovens; it was dull and not so 
‘* pretty ;” but what did it matter? He referred to 
Mr. Houbaer’s (see below), in which he (the 
author) p avon ig ow the gases and other by- 
products lowered the price of coke. 

On the motion of the Chairman, the authors 
were accorded a hearty vote of thanks for their con- 
tributions. 


Tue Use or Buiast-FurRNACE anp CoKE-OvEN 
GasEs IN METALLURGY. 


A paper bearing the above title was read in 
abstract by its author, Mr. E. Houbaer, Seraing. 
We propose to reproduce it in full in a later issue. 
The author dealt exhaustively with the subject, 
reviewing the combustion of gases, and the 
numerous applications of these in the various 
metallurgical processes. The gain due to their 
utilisation was also entered into in detail. 

Dr. O. Petersen, who opened the discussion, 
stated that he had only just seen the paper and 
could offer but a few brief remarks. In Germany 
they were working on the lines given in the paper 
and were using in the different furnaces every kind 
of gas available. The mill-men were quite satisfied 
with the working. If blast-furnace gas alone were 
used, the works could not run continuously, as the 
blast-furnace temperature fell at intervals, when 
other means had to be resorted to in order to help 
the supply. Mixtures of blast-furnace and coke- 
oven gas were also used, and gave good results 
with satisfactory valves. In Germany, the fur- 
naces and mills were becoming more and more 
dependent upon the blast-furnace and coke oven 
gas supply. 

Mr. T. C. Hutchinson said the paper was not one 
to criticise at the meeting, but to study. In July, 
1911, at Skinningrove, they set to work a Talbot 
furnace —— with gas from producers, and 
they were building at the time sixty coke-ovens 
which were not ready until the following October. 
But they began in July to roll the ingots in their 
36-in.electrically-driven mill. They heated the ingots 
by using blast-furnace gas only, and the engines were 
driven with blast-furnace gas only. In October, 
the coke-ovens being completed, they enriched the 
blast-furnace gas up to about 130 B.T.U., and 
supplied this enriched gas direct to the gas-engines 
and to the soaking-pit, which used blast-furnace 
gas alone up to that time. They then started a 
second soaking-pit, using much richer gas than in 


the first. The coke-oven gas was passed directly | beca 


into the unwashed blast-furnace gas, whence it 
passed through water - scrubbers and Theisen 
washers ; it was now distributed to all parts of 
the works. The supply of a part of their coke- 
even gas to their blast-furnace the calorific 
value of which latter was 100 B.T.U. per cubic foot, 
gave an enriched mixture having 120 to 130 B.T.U. 
They had been working their Talbot furnace with 
gas enriched up to 170 to 175 B.T.U. When their 
second battery of coke-ovens became ready in the 
course of next. month. the gas would be enriched 
uniformly to 175 B.T.U., and the gas distribu- 
tion throughout their works will be at this latter 
calorific value, except in a third soaking - pit 
which would be worked on pure coke-oven gas. 
The works weré grou round the plant, 
there was a separate coke-oven main, and they 
could use blast-furnace gas and coke-oven gas inde- 





pendently in case of a breakdown. They used this 


gas in the Talbot furnace with very good effect. In | P: 


the Stockton race-week they were able to effect 
a marked economy in the consumption of coal per 
ton of steel. There was no difficulty in the working. 

Dr. Bone said there were one or two points he 
wanted to touch upon. The former speakers had 
given valuable data upon the application of blast- 
furnace and coke-oven gases. fh his introduction 
the author had dealt with important theoretical 
considerations concerning the combustion of gases ; 
but his treatment, in the speaker’s opinion, was 
not quite adequate. In his paper he contended 
that the temperature of combustion was the impor- 
tant factor in determining which proportion of one 
gas could be regarded as equivalent in heating effect 
to another, and in which it could replace this 
other. Now, the question of temperature of com- 
bustion was one of the most intricate and impor- 
tant matters that could be raised in connection 
with the subject of flame. He could not follow 
the author’s formula and indications as to calorific 
value and saving. He asked for the precise mean- 
ing of the figures and on what data they were 
based, because the point was all important. He 
(the speaker) had dealt at the British Association 
with the temperature of flames and explosions, 
and he had investigated, as far as ible, all the 
factors contributing to the determination of tem- 
perature. The author dealt with only three factors : 
the initial temperature of the system, the ene’ 
developed in combustion, and the specific heat of the 
burnt gases ; but he omitted two of equal import- 
ance—the mechanism and duration of chemical 
change in the combustion and the radiation from the 
flames, both of which affected the temperature. It 
was difficult to form a scientific conception of the 
temperature of large masses of burning . The 
‘*temperature of flame” conveyed little meaning 
to him (the speaker), and he would confine his 
criticism to one of the factors which the author had 
not taken account of—namely, the radiation from 
flames. A mixture of unburnt and air repre- 
sented energy that could be liberated when chemical 
change occurred. That energy divided into two 
parts — energy emitted by direct radiation, and 
energy immediately communicated to the burnt 
molecules as kinetic energy. The modern concep- 
tion was that the moment a system of molecules 
entered into chi mical change a system of vibra- 
tions was set up. Oxygen and hydrogen molecules 
came together by collision, and for an instant 
formed a vibratory system, and during that instant 
there was given off a considerable amount of radiant 
energy. There then came a formation of steam, and 
at the moment of the formation of steam the system 
was, no doubt, still in that vibratory condition. 
Then, as the result of collisions with other molecules 
of steam and some of the inert gases, the system 
settled down to the substance we should call steam. 
The whole energy of combination was not imme- 
diately imparted to the products as kinetic energy. 
As regards the proportion of energy given off, if 
10 per cent. were directly radiated off, then only 
90 per cent. would be immediately communicated to 
the products to produce sensible heat. The author 
then referred briefly to the work by Helmholtz and 
to Julius’s Berlin experiments. In the case of large 
flames much more energy was radiated out than from 
small flames. He gave a few on the black- 
board to illustrate several combinations that took 
place, and concluded his remarks by stating that, 
in forming an estimate of possible temperatures, 
radiations had to be taken into account. This was 
proved in internal-combustion engines, in which 
the polishing of the inside of the cylinder, so that it 
me reflecting, raised the pressure of the explo- 
sion and the power of the engine. 

Mr. J. A. Smeeton said that the main trouble 
with the blast-furnace gas in England was with 
reference to cleaning ; this had to be done properly, 
for all depended upon the satisfactory cleaning. 
In England we had not succeeded in cleaning it in 
a satisfactory manner. This was a reason why we 
had not adopted the gas-engine more generally. 
The same obtained with hee s if the gas was 
dirty, the tubes were surrounded with a deposit 
and efficiency decreased. With cleaned gas, the 
Cowper stoves required less gas, and there was 
more available for other uses. The Cockerill 
works had a dry gas-cleaning plant, and it would 
be interesting to know whether they realised a 
greater economy from this. 

The author, Mr. Houbaer, was warmly thanked, 
on the motion of the Chairman, who said that 


replies to the discussion would be printed in the 
roceedings. 


Tue CrysTaLLisinc Proprertigs oF ELecrro- 
Deposirep Iron. 


The paper bearing the above title was then taken. 
It was contributed by Dr. J. E. Stead and Professor 
H. C. H. Carpenter. The latter gave a brief 
exposition of its contents. We shall reproduce it in 
full in a future issue. Briefly stated, the authors 
said that specimens of electro-deposited iron of a 
high degree of purity had been found to exhibit 
remarkable recrystallisation effects when heated 
above Ac 3 and then cooled below Ar3. In this way 
relatively enormous crystals were formed in3 seconds 
after cooling. below Ar 3. 

The coarse crystals were sometimes ‘‘ equi-axed ” 
and sometimes ‘‘ radial.” Frequently both types 
occurred in ‘the same specimen. ere was no 
reason for thinking that they were constitutionally 
different, and they were most probably a iron. 
These crystallisation effects were only obtained when 
the thickness of the iron sheet or strip did not 
exceed a certain critical figure, which was between 
0.011 in. and 0.012 in. The most striking results 
were produced at a thickness of 0.009 in. to 0.01 in. 
Once the coarse crystals were formed they could 
not be destroyed except either by cold mechanical 
work, or by heating above Ac3 followed by quench- 
ing. Very prolonged heating above Ac3, followed 
by slow cooling, did not result in the formation of 
coarse crystals. The results gave no support to 
the view that there was any crystallographic 
difference between § and a iron. 

The very heat treatment that produced coarse 
crystals in the electro - deposited irons refined 
wrought iron and very mild steel that had been 
rendered coarsely crystalline by ‘‘ close-annealing ” 
between 700 deg. and 800 deg. Cent. Onthe other 
hand, annealing at 700 deg. to 800 deg. Cent. had 
no effect in coarsening the structure of the electro- 
deposited jron which had been refined by cold 
mechanical work. In these respects, therefore, the 
behaviour of electro-deposited iron was precisely 
the opposite of that of wrought iron and mild steel. 
The recrystallisation phenomena of the pure electro- 
deposited iron could be most satisfactorily explained 
on the assumption that at Ar 3 the iron ae 
direct from the y to the a condition. 

Dr. Stead exhibited samples showing beautiful 
radial crystals ; one specimen ap corrugated, 
but was really flat, the phenomenon being due to the 
crystal orientation. ealso exhibited a diagram 
to show the behaviour of the crystals. 

Professor Albert Sauveur, who opened the dis- 
cussion, said that upon the theory and scientific 
work of to-day the practice of to-morrow greatly 
depended. In this particular case the authors had 
not convinced him of the accuracy of all their 
conclusions, In his opinion, their experiments did 
not justify the statement that electrolytic iron 
differed radically from mild steel and wrought iron 
in becoming coarsely crystalline on being heated to 
slightly abeve Ac 3, followed by cooling through 
and below Ar3. Their experiments showed that 
the crystallised enlargements they pointed out 
oveurred only in very thin strips of electrolytic 
iron, not above ,j%> in. thick. He asked 
whether the thinness of the piece would not 
come in rather than the kind of material. The 
authors did not refer to a discovery of his (the 
epenber’s), referred to at the last Congress of 
the International Association for the Testing of 


Materials, and concerning the existence of a critical 
strain necessary to uce crystal growth below 
the critical-range. e had shown very conclusively 


that if that strain was not reached, or if it were 
exceeded, no crystalline growth took place. This 
phenomenon would have a direct bearing upon the 
authors’ experiments and ought te have been taken 
into consideration. When they said that cold- 
worked electrolytic iron did not grow on close 
annealing, he (the speaker) would not infer that it 
was because it was either understrained or over- 
strained, instead of critically strained as needed. 
Electrolytic iron might. however, behave differently 
from iron obtained by fusion. The authors’ experi- 
ments did not support the view that there was any 
crystallographic difference between 8 and airon, but 
he (the speaker) was not aware that such a view was 
generally held, if held at all. Osmond had shown 
that 8 and a iron were isomorphous, and that fact 
deprived the authors’ experiments of any signifi- 
cance so far as the existence of 8 iron was con- 





cerned. The authors admitted the fact that pure 
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iron lost the bulk of its magnetism not at Ac3, but 
below, in a range of temperature where one looked 
for Ac2. The apparent lack of discontinuity 
in the cnliieaianle character of iron in aap 4 
through the A 2 point, as well as the apparent lac 
of discontinuity in some other of its properties, 
did not constitute proof of the non-existence of 
Biron, however strongly it might suggest it. He 
(the speaker) continued to believe in the existence 
of Biron, not that he considered the 8 theory to be 
fully demonstrated, but because Benedicks’s theory 
was less simple, less clear, less satisfactory, and, 
in his opinion, not so well supported by experi- 
mental evidence as Osmond’s theory. 


Tue ALLoTROPIC TRANSFORMATIONS OF IRON. 


Professor Sauveur next read in abstract his own 
paper having the above title. In this he explained 
that the following points, at least, had not yet 
been satisfactorily reconciled with Benedicks’s 
theory :—1. The absence of the point Ar 2 in abso- 
lutely pure iron had never been conclusively shown. 
2. The point Ac 2 had not been shown to be absent 
in self-recorded curves of pure iron. 3. The point 
Ac 2 or Ac 3.2 was generally detected in steel con- 
taining less than some 0.60 per cent. of carbon. 
4. Iron lost the bulk of its magnetism, not at 
Ac 3, but between 780 deg. and 800 deg. Cent. 

Sir Robert A. Hadfield was sorry to differ from 
Professor Sauveur. He (Sir Robert) thought the 
allotropic theory had received its death-blow last 
May. He had found that manganese steel, if 
heated to about 600 deg. Cent. for about 60 hours, 
became slightly magnetic. In heating up to 
750 deg. he obtained interesting critical points. 
But as soon as manganese steel was taken beyond 
that temparature and cooled down again, there 
were no critical points of any kind. is proved 
that these internal changes that were so remark- 
able had no bearing whatever upon these critical 

ints. If manganese steel were taken and cooled 

own quickly in water, no hump in the cooling 
curve was obtained, and yet it became exceedingly 
tough ; further, if manganese steel was cooled slowly 
over the same range of temperature, it became 
exceedingly brittle. Another very important charac- 
teristic was that the ball hardness could vary (that 
most important guide, for which we were indebted 
to Dr. Brinell). For example, manganese steel 
could be found very tough, and yet the ball hard- 
ness had gone down. erefore, if 8 iron were 
resent, which was supposed to be of adamantine 
ardness, there would be a positive reduction in 
the ball hardnees. vy Robert —— i 4 
r by Dr. Burgess ; this gave an analysis of hi 
cicotzoly tie iron, and stated that the specimens 
contained hydrogen. Professor Sauveur did not 
refer to that. Bid he omit it for some special 
reason? Professor Sauveur’s analysis was different 
from that of Dr. Burgess, and Sir Robert would 
like to know whether he had noted the presence of 
any hydrogen in his samples. 


Heatine anp Cootine Curves oF MANGANESE 
STEgE.. 


At this point Sir Robert Hadfield referred to his 
own paper, which had the above title, and of which 
he gave a short exposition at the meeting. The 
object of this was to present a brief account of a 
special steel which apparently did not show any 
critical changes ; this steel was an alloy or a com- 
bination of the metal iron with manganese, the 
product being that known as manganese steel, 
which the author first described in 1888. In the 
curves of both the cast and forged specimens no 
critical points of any kind were detected, either 
upon heating to or cooling from the high temperature 
of erent 1355 deg. Cent. If we were to be guided 
by the curves, said Sir Robert, then this particular 
material— panes steel—with its many peculiar 
pro ies, did not appear tc indicate even the 
slightest trace of any internal change of structure 
during heating or cooling. 

On the motion of the Chairman, the various 
authors were accorded a hearty vote of thanks for 
their contributions. 

The last paper to be taken at the meeting on 
Monday morning was one by Professor H. Hubert, 
Liége. It was entitled 


Present Metuops or Testinc (with SPEcrAL 
ReregENCcE TO THE Work OF THE INTERNA- 
TIONAL TesTING AssOCIATION). 


It was read by its author. It reviewed briefly the 


history of testing, and indicated the different 





directions in which, at the present day, the experi- 
mental ae on the strength of materials 
had proceeded. The useful part played by the 
International Association for the Testing of Mate- 
rials was mentioned, and due reference was made 
to the fact that standardisation had been one of the 
leading objects which the founders of the Associa- 
tion had had in view. 

On the invitation of the Chairman, the meeting 
warmly thanked Professor Hubert for his interest- 
ing communication. 


On THE Use or OxyGEN IN Biast-FURNACE 
PRACTICE. 


The first paper taken on Tuesday morning, the 
2nd inst., was that having the above title, by Mr. 
G. Trasenster, of the Ougrée-Marihaye Works. 
This paper, which we shall print in full in an early 
issue, was read by a friend of the author. In it 
reference was made to the experiments which had 
been carried out at the author’s works on the use 
of oxygen in blast-furnace practice, and he described 
the experiments and the plant used. An impor- 
tant statement made was to the effect that, if it 
was found possible to work with pure oxygen, it 
would not be necessary to heat the blast, in which 
case the available would supply considerably 
more motive — than would be required for the 
production of the oxygen. To this should be added 
the fact that enormous quantities of nitrogen 
would be available, the utilisation of which would 
more than defray the expenses involved in the 
manufacture of the oxygen. The reader of the 
paper then added that Mr. Trasenster had hoped 
to give results, but the power-station had been 
under repair, and he could not state in detail 
the result of the addition of oxygen in the blast. 
He could add, however, that last month they had 
obtained from a furnace an increased output of 
12 per cent., plus an economy in coal of nearly 
5 per cent. 

r. Stead, who opened the discussion, said that 
the Institute felt gratitude towards the author for 
having introduced this most interesting subject. 
It had al] along been ised that the introduc- 
tion of — in the blast-furnace would result in 
economy, but we had been waiting for someone to 
make the experiments. This was now being done, 
and he hoped that the 12 per cent. increased output, 
and the 5 per cent. reduction in coal consumption, 
referred to by the reader of the paper, would be 
borne out when the Ougrée experiments were in 
full swing. 

Mr. Greville-Jones asked whether the use of 
oxygen had not a depreciating effect upon the 
furnace linings. 

On behalf of Mr. Trasenster, the reader of the paper 
said that the discussions and questions would be 
— to in writing. The oxygen in the blast was 
only 2 units above the general content of oxygen 
in air. This proportion was not large enough to 
affect the lining. They had hitherto experimented 
with a small furnace; they were going to continue 
their experiments with pure oxygen, when they 
might probably see a difference in the lining. 

r. Arthur Cooper, the Chairman, said that Mr. 
Trasenster was somewhat in advance of the times, 
and that was the reason why this paper had not 
been more fully discussed. He thanked him for so 
frankly coming forward. He hoped that the Insti- 
tute at the end of six months—at the next meetin 
—would receive from him further results. He ask 
the members to accord him a hearty vote of thanks, 
and this was carried by acclamation. 


On Mopern Open-HeartH Furnaces. 


The. second paper taken at Tuesday’s meeting 
was that by Mr. B. Talbot, entitled ‘‘On Modern 
Open-Hearth Steel Furnaces.” In the absence of the 
author, it was read in abstract by Mr. T. Twynam. 
In this the development of the tilting form of open- 
hearth furnace was dealt with in detail, and its 
advantages entered into. We propose to reproduce 
the paper in full in a future issue. 

. T. C. Hutchinson, who opened the discus- 
sion, said that at Skinningrove the Talbot furnaces, 
which had been in use for 24 using molten 
iron direct on pure Cleveland ores, had done re- 
markably well. They turned out 1200 tons per 
week, and the life of the roof was from 15 to 20 
weeks. They were putting down two further fur- 
naces, and they had settled to use tilting furnaces, 
and to take the whole , or to leave a part of 
the charge in for the next heat. The Talbot fur- 
nace was doing remarkably good work. 





Mr. A. E. Pratt stated that one or two points 
in the paper had struck him, and one was the use 
of mixers as preliminary refining furnaces. He(the 
speaker) had read a paper at the Middlesbrough 
meeting,* in which he had said that what Mr. 
Talbot made in the metal-mixer was steel. The 
author had stated that with a good quality of pig 
metal, low in silicon and sulphur, wads of the pig 
iron that was passed through these, so-called, 
mixers would be very much better retained there 
and made into steel with one set of men. In regard 
to this, he (the s er) would ask, paraphrasing 
a question put at the meeting of last May, ‘‘When 
is a mixer not a mixer?” and he would reply, 
‘*When it is a Talbot furnace.” The author had 
also referred to the making of steels of a very 
great variation in composition, from a steel hav- 
ing 0.05 per cent. of carbon to one with 0.70 

cent. of carbon. Perhaps Mr. Hutchinson 
would enlighten the members as to this, since it 
seemed to the speaker that the Talbot process was 
not one adapted to the production of steel of vary- 
ing carbon content, in consecutive heats. He had 
mentioned this point to Sheffield steel-makers, and 
they had confirmed his (the speaker’s) view. More 
information was wanted as to the process being 
adapted for taking blast-furnace metal without pre- 
liminary refining, and for turning out steel of 
varying carbon content. 

Dr. O. Petersen, who followed, was glad to 
speak a few words on the paper. As the author 
had said, the development of the open-hearth fur- 
nace was progressing, and the matter was largely a 
, nav of ore. During the last few years in 

ermany many furnaces had been put down, but in 
only one case had there been a tilting furnace 
adopted. The German steel-makers had looked 
into the matter, and they had found the advantages 
of the tilting furnace to be overruled by those of 
the fixed ones, and the question was one of cost. 
The Gutehoffnungshiitte had, for example, a fixed 
furnace of 60 tons ; they made four charges per 
24 hours, giving about 1500 tons per week. The 
costs were low. This being compared with the 
1200 tons of the author, one might well ask what 
was the advantage of the tilting furnace. The 
Continent was watching with interest the experi- 
ment being carried out at Witkowitz, which was the 
only Continental place where a Talbot furnace was 
being put down, and the only Continental place 
whence particulars could be had for comparison. The 
fact that very few tilting furnaces had been built in 
Germany and America would seem at first sight to 
militate against the advantages of the Talbot furnace 
put before the meetingin the paper. Last year, at 
the Leeds meeting, Dr. Petersen added, Dr. Sprin- 
gorum} gave information concerning the Hoesch 
process; could Mr. Talbot, asked the speaker, 
regain the slag as high in phosphoric acid as 
obtained at Hoesch ? 

Dr. Greiner stated that the reason why the 
Americans had abandoned the Bessemer process, 
and had run altogether on the Siemens-Martin 

rocess, was that they had too much phosphorus 
in their ore, and they could not obtain a sufli- 
ciently good rail Pus | They had to leave the 
converter and to adopt the open-hearth furnace. 
Until now the case hat not been the same on the 
Continent. Germany, France, and Belgium had 
available large ore deposits in Lorraine, the ore of 
which had exactly the. necessary phosphorus for 
the Thomas process, and these countries would be 
the last to leave the converter and to take up the 
Siemens-Martin furnace. They could make the 
best quality steel from the phosphoric pig iron 
obtained from Lorraine ores ; it was only neces- 
sary to treat the material as it required to be 
treated. They made all grades of steel, soft 
and hard, in the Thomas converter. A process 
was always good when a man understood it 
thoroughly, and when it was worked as it should be 
worked. It was difficult to state from the chair 
how far the Siemens-Martin process would displace 
the converter. One point against the Siemens- 
Martin process was that it was not cheap, and could 
not compare in that respect with the Thomas con- 
verter process. A very good amelioration in the 
Siemens-Martin furnace was its enlarging. The 
larger the open-hearth furnace the better was the 
quality of the steel, and the less was the quantity 
of coal i ton of steel. The first im- 
provement was this enlarging of the furnace. The 





* See ENGINEERING, vol. lxxxvi., page 465. 
+ Ibid., vol. xciv., page 464. 
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second was to charge the furnaces with molten pig 
iron. The third had reference to the use of ores 
which gave a good economy. It was difficult, how- 
ever, to have good mixtures, good refining, and a 
good product. A fourth improvement was the 
tilting furnace, as proposed by the author of the 

per now under discussion. If the Siemens-Martin 
| se was to supersede the converter, and wer 
cially the Thomas converter, it would be by em - 
ing the improvements he had outlined. There were, 
therefore, on one side America and England working 
the Siemens-Martin furnace ; Germany using it a 
little ; and, on the other side, France and Belgium 
working mostly the Thomas converter. But the 
main object after all was to sell the products 
obtained ; specifications had to be worked to, and 
the question resolved itself entirely as to how this 
could be done at the lowest cost. 

Mr. Greville Jones said that at the Clarence 
Works the average temperature of the chimney 
gases, from readings taken at different periods of 
the charge, was 480 deg., which compared well ith 
the author’s 472 deg. He asked whether the 
form of furnace referred to by the author gave 
more economical results than a fixed furnace over, 
say, twelve months’ working. 

Mr. T. Twynam, in the course of his brief reply, 
said that the variation in the composition, from 
0.05 per cent. carbon to 0.70 per cent., was com- 
monly done ; they varied almost continuously from 
rail steel to low steel without trouble. The ques- 
tion of the Hoesch process hardly arose. ey 
made phosphoric slag not so high in phosphoric 
acid as the Thomas 16.617 per cent. slag ; thi 
point was not surrounded with difficulty when 
dealing with a suitable pig iron ; but the sulphur 
problem came in; they had for this to use fluor- 
spar, and this affected the s He thought the 
converter and open-hearth would combine together. 
In regard to the question of cheapness, mentioned 
by Mr. Greville Jones, he could not answer the 
point off-hand. When there was a larger output, 
one item, the life of the roof, had to be divided 
over this larger output, and the cost resolved itself 
into one of so much per ton of steel produced. 

The Chairman found the paper an important 
one. The author had struck the key-note when 
he had said that the two main criticisms brought 
against the tilting-furnace were the initial capital 
outlay and the increased cost of upkeep, but 


during the next twelve months he (the Chairman) | P® 


hoped there would be more information available 
in every respect, since he had written to the 
Witkowitz Company asking them to contribute to 
the meeting the result of their experiments. They 
had replied that the time was not yet ripe for this, 
but that the Institute could rely upon their 
coming forward later with results. On his motion, 
Mr. B. Talbot was heartily thanked for his con- 
tribution. 


THe MaNvuFACTURE OF ARMOUR-PIERCING 
PROJECTILES. 


This paper, by General Ieandro Cubillo, Madrid, 
on ‘‘The Manufacture of Armour-Piercing Projec- 


tiles,” was read in abstract by the Secretary. In this | 7™ 


paper, which we propose to reproduce in full ina 
future issue, the author commenced by giving a 
brief review of the various phases of the conflict 
between armour and projectile ; he then gave the 
analyses and tests of two ternary and one quarter- 
nary steels as used at Trubia Arsenal for the manu- 
facture of projectiles. The processes of _manufac- 
ture, the different treatments and their effect, were 
entered into in some detail. General Cubillo also 


dealt with the manufacture of the cap, and gave the | 8° 


results of several firing tests. 

Dr. Greiner, who opened the discussion, stated 
that he had recently been to Ugine, in France, 
where the Girod electric steel Sadey oven sit uated. 
Mr. Girod and General Cubillo were two friends 
of his (the s er’s), and they had through him 
met in friendly competition as it were. Mr. Girod 
had not been able to come to the meeting, and Dr. 
G reiner would read a few notes received from him. 
Mr. Girod, as was well known, had had great ex- 
perience in electric steel-making and produced 
steel of remarkably good quality, They had a 
5-ton Girod furnace at the Cockerill works, and 
also made with it steel of very great regularity. 
Other types of electric furnaces, Dr. Greiner 
added, were no doubt in the same case. After first 
®xperimenting with armour-piercing projectiles, 

- Girod gave to his steel for these the following 
composition :—Nickel, 4 per cent.; chromium, 








1} per cent. ; carbon, 0.5 per cent. ; and he added 
from 0.2 to 0.3 per cent. of various metals, molyb- 
denum, vanadium, and tungsten. It was not 
necessary to add these latter precious metals, 
but they gave greater regularity still to the 
quality of the projectiles. He hardened the 
point in water, and the firing tests of the projec- 
tiles were highly satisfactory. He (Dr. Greiner), 
when he saw the Girod process of making pro- 
jectiles, was astonished to find that Dr. Girod 
was making the ingot only ‘‘about”’ twice the 
section, or size, of the finished projectile. The ingot 
was cast in a cast-iron ingot mould, there was a 
refractory brick lining at the top part of the mould, 
and no tion occ’ After being pressed 
and hammered the volume of the rough piece was 
twice that of the projectile. The fact stated 
by the author that Sir Robert Hadfield made cast 
armour-piercing projectiles was very interesting. 
The Girod works were making a large number of 
14-in. projectiles, which were giving great satis- 
faction to the French Government. In October, 
1911, a lot of 500 projectiles was taken delivery of 
by the French Government. The latter took-—as 
they usually do—a projectile from each lot, and 
fired it against a Krupp cemented plate of a thick- 
ness equal to the diameter of the projectile, and in 
the case of a 10-in. projectile, weighing 220 kg., 
and fired at a muzzle velocity of 544 m., it went 
through the plate without any crack. The same 
took place in the month of November following. 
The figures for later dates were :— 


March, 1912 . 12-in., 418 kg., 584 m. muzzle 


aap 

January, 1913 ... 12-in., 418 kg., 605 m. muzzle 
velocity. 

July, 1913 . 14-in., no particulars | Very good 

Later... 14-in. i results 


The very difficult question of armour-piercing pro- 
jectiles could, no doubt, be solved in different 
ways, and the members would admit that the 
Girod works’ manner of solving it was not a bad 
one. 

Captain Belaiew, who followed, thanked the 
author for his very interesting paper, and was 
understood to say that, in to forging or 
casting yo some the heat treatment could only 
chanye the microstructure and not the macrostruc- 
ture of the metal. Cast-steel 
suitable moulds, might have go 


jectiles, given 
mechanical pro- 
rties. 

Sir Robert Hadfield said the matter was a 
delicate one to ak upon ; governments, and very 


necessarily so, desired it to be surrounded with 
secrecy, and in his (the speaker’s) particular 


was fired against an 18-in. plate, and was recovered 
behind the i a 12-in. = "7 
against a 12-in. te passed through it, 
and was found a en behind. Exceeding 
great care had to be exercised in preparing the 
metal and in following up the various processes of 
manufacture. He (Sir Robert) was a pot as and 
the carbonists, as well as the allotropists, had still 
to face all the numerous intricacies connected with 
projectile steel. 

After General Cubillo had stated that he would 
deal further with the matter by correspondence, 
he was awarded, on the Chairman’s motion, a 
hearty vote of thanks for his contribution. 


Rerrorcep Pite Founpations ror Buast- 
FURNACES. 


The next paper taken was one having the above 
title, which was read by the author, Mr. Armand 
Baar, Liége. Weshall re uce it in full in a later 
issue. It dealt with the Frankignoul patent system 
of making pile foundations, and was interesting in 
that it illustrated a way in which secure founda- 
tions could be obtained for blast-furnaces and 
rolling-mills in most unsuitable ground. 

The only speaker on this subject was Mr. Lam- 
berton, who stated that this was a very short paper, 
and by reason of its shortness it might easily have 
been overlooked in the series. Its interest, how- 
ever, was in inverse ratio to its size. He (the 
speaker) would like further data concerning the 
process. The Chairman, Dr. A. Cooper, had stated 
that the Institute always placed scientific matters 
to the forefront ; they could not, nevertheless, set 
aside commercial ones completely. The very in- 
genious method of making foundations described b 
the author was one of those that would stand or fall 
on the ——_— of cost and efficiency. By how 
much, . Lamberton asked, did the piling really 
strengthen a foundation made on a -heap of 
large depth. One way might have been to, perhaps, 
saturate the whole mass; as much concrete might 
be used in this, but in this case the cost of the 
piles would have been saved. What was the time 
taken in building the piles in a 30-ft. slag-hill, and 
the cost ? Was their ditticulty in drawing out the 
tubes forming the tubbing? How were the tubes 
driven ; were they driven by pressure? The author 
had given a vertical section of the pile, and had 
explained the method of filling-in with concrete, 
expanding the concrete b ore This was 
rather difficult to do, aol further, if there were 
fissures in the slag, the concrete might wander 
about. The system, however, might solve a difti- 
cult problem ; it — to him (thes er) as 


case the pro consideration came in. He : : if j : 

added that the meeting was indebted to General i. as poser my = wanes youn 
Cubillo for this, his second admirable paper.*| wr Baar. in the course of a brief reply, said 
Metallurgy was also indebted to Spain in rd|that, in regard to time, the driving of one pile 


to the effect of tungsten on iron, the Brothers 
D’Elhuyar having studied the point. Sheffield 
held its own in the manufacture of projectiles ; 
and he (the amg instanced the reputation 
acquired by Messrs. Firth in this speciality, and 
he hoped he could also mention that of his own 
The problem was not an one, for when 
it was considered that the largest calibre projectiles 
were fired at a striking energy of from probab] 

about 15,000 to 20,000 foot-tons, an energy which 
was developed for the millionth part ef a second on 
the point, the steel forming the projectile had to be 
of a most excellent quality, and he was glad General 
Cubillo had lifted the veil a little upon this 
special manufacture. The author had also re- 
ferred to the cap. There was hardly enough stress 
merally laid upon the value of the cap, although 
its real action was still to a large extent undeter- 
mined. When the projectile was good and the cap 
happened to be indifferent, the ee was likely 
to get shattered. English works had made very great 
progress indeed in the manufacture of projectile 
caps. Here Sir Robert showed on the blackboard 
several a of caps, one being the hollow cap 
which was being adopted by the chief navies of the 
world, the advantage of which was that the cap 
bedded itself better on the front of the plate than 
a solid one, and the projectile passed through. Sir 
Robert also instanced the case of a 6-in. shot of his 
which, after going through a 6-in. plate, was un- 
damaged and was then fired twosuccessive times, the 
third time against a hard-face plate, when it broke 
in pieces. Also that of a 9.2-in. projectile which 


* See for General Cubillo’s first paper, ‘‘ Manufacture 
and Treatment of Steel for Guns.” See ENGINEERING, 
vol. xciii., pages 650 and 673. 











to a depth of 15 metres, and completing the work, 
took one day of twelve hours. At Ougrée they 
made one of these per day of twelve hours. The 
ice was 50 francs metre of complete pile in 
Fificult ground, and 26 francs per metre in easy 
ground. 
The author was heartily thanked for his paper. 


Commerciat Propuction or Sounp Sree. Ineors. 


This paper, which was communicated by Mr. 
Emil Gathmann, Baltimore, U.S.A., was read in 
abstract by the rey: owing to the absence of 
the author. In it, the latter said he agreed with 
Sir Robert Hadfield, in that physically sound 
steel must be free from blowholes as well as pipe. 
He gave several in in section to illustrate 
his point, also showed sections of his ingot mould 
in which the large end was upwards, and stated that 
the general practice, as outlined in his description, 
reduced the pipe in the deoxidised or killed steel, 
so that with an average discard of 10 cent. or 
12 per cent. sound metal was obtain “4 ——- 
tion — “lifting of mg eliminated o in direct 
ratio to the lifting of the pipe. e stripping 
apparatus and bottom-sealing stool rendered prac- 
ticable the use of ingots cast big end up on cars 
without complications in removing the ingot from 
the mould. This system, except for the car 

ice, was not in an experimental stage, as 
many tens of steel were daily being cast in 
both open-hearth and crucible plants in accordance 
therewith. 

The features which required especial mention 
were that there was no increase in cost of manu- 
facture ; the method combined simplicity in con 
struction and in operation ; there was, further, no 
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necessity of any radical interference with existing 
plant. No skilled labour or supervision and atten- 
tion were required beyond such as might at pre- 
sent prevail in any mill. It reduced the pi ing 
and provided physically sound steel by the iting 
of segregation, which was‘by far the most important 
feature. 

Mr. Saniter, who opened the discussion, said that 
the advantage of the method of casting the larger 
end: of the ingot upwards was a recognised one. 
The method of stripping, of the author, was inter- 
esting, but the tapering plug at the lower end of 
the ingot formei the object of a patent taken out 
in England several years ago. The author had 
moulds which tapered upwards very slowly only, 
and the whole of his arrangements taken together 
were worthy of consideration. 

Mr. Greville-Jones stated that in his experience 
the casting of the ingots with the larger end 
upwards was also the better way. 

Mr. A. Windsor Richards, on the point of dis- 
card, said that a discard of 12 per cent. was the 
usual practice in England. 

The Chairman, in moving a vote of thanks to 
the author, which was heartily responded to, said 
the subject dealt with was a most important one 
for metallurgists. He expressed the hope that 
further information would be put before the 
Institute, together with the results obtained at 
the plants which the author had alluded to. 


Tue Exectarc Rerininc or STEEL IN AN 
InpuctTion Furnace or Specirat Type. 


This, the last paper taken, was the one having 
the above title, by Mr. Otto Frick, who gave an 
interesting exposition of it. The paper contains a 
large amount of data on the Frick furnace and 
very full working results. 

Mr. D. A. Campbell did not agree with several 
figures: put forward by the author, and in regard 
to the average loss stated to occur in an are fur- 
nace, he (the speaker) said that that figure was 
almost exactly the one at which steel was made in 
an electric furnace at Sheffield. An electric fur- 
nace could be put down on the engine driving the 
works, and it could be shut down when the mills 
were running. He did not consider that electric 
furnaces would be greatly increased in size in the 
immediate future ; the capacity would be compar- 
able to that of the Bessemer converters. 

Mr. L. N. Ledingham said the author had given 
very fine analyses of electric steel, but very fine 
analyses did not always mean very fine steel. He 
doubted whether electric steel could compare with 
crucible steel even when it showed fine analyses, 
and did not think that any process, except the 
crucible process, could produce tool steel. If the 
electric furnace could make good steel with 
indifferent scrap, it would be doubly interesting to 
Sheffield. 

Mr. Greville-Jones asked what was the actual 
cost of converting cold scrap into steel in an elec- 
tric furnace ; he had asked several electric steel 
furnacemen for this, the actual figure, and had 
not yet been able to obtain it. 

Mr. O. Frick, in replying briefly to the diseus- 
sion, after referring to the action which took place 
in the two types of electric furnaces, the arc and 
the induction furnaces, said he agreed with Mr. 
Campbell that the 15-ton to 20-ton size of electric 
furnace would probably be the general size adopted. 
He (the author) would nov advise the use of 50-ton 
to 60-ton ones, and added that he did not believe 
electric furnaces would replace the crucibles as a 
rule, but in some cases only. The question of price 
came in ; a high price was paid for crucible steel, 
and a slight difference in cost did not matter. In 

to the cost. of converting cold scrap, he (the 
author) did not recommend the melting of cold 
scrap in the electric fdrnace; the current as a 
melting agent was too expensive. In a works 
having gas available, the gas could be supplied to a 
gas-engine to generate current sor the furnace. 

The author was cordially thanked for his most 
interesting paper, on the motion of the Chairman. 

The five other papers on the list were taken as 
read, and the thanks of the meeting were also 
conveyed to the authors on the motion of the 
Chairman. After the usual vote of thanks to the 
Reception Committee and to the Chairman, for his 
conduct in the chair, the business proceedings came 
to a close. 

Interesting visits were paid on Wednesday and 
on Thursday to the Ghent Exhibition and to 
several Belgian works and institutions. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
JUNE. JULY. AUGUST. 
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In the accompanying diagrams each vertical linc © gery a market day, and each horizontal line 
represents ls. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per , the contents of which vary in oy ers 70 lb. to80lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 





_AusTRaLIaN DevetopmentaL Rai_wars.— With a | surveyors to the effect that one of the routes already 
view to discovering the most favourable routes for dealt with was that from a point on the Port Augusta 
developmental railways in the Northern Territory, to Kalgoorlie line, joining up with Coward Sprin 
arrangements were made some months ago for Messrs.|in the centre of Australia. From Oodnadatta t 
Lawrence and Chalmers, of South Australia, to con- | preliminary survey had been completed. and the coun- 
duct a series of surveys. The Minister for External try in the vicinity of the Roper River had been 
Affairs (Mr. Glynn) has received a report from the | mapped out, 
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HISTORICAL SURVEY OF THE METAL- 
LURGY OF IRON IN BELGIUM,* 

By Baron E. De Lavevere (Brussels). 
BELGIUM comprises two eee ps centres, from the 
int of view of the iron and s industries, Liéze and 

It is true that important iron works are to be 
there are blast- 
t-furnaces and 


harleroi. 
found in other regions. In Luxembu 
furnaces; in the Central District, b : 
important steel works, rolling-mills, workshops, and boiler- 
shops ; at Mons and in Brabant, rolling-mills ; engineer- 
ing workshops and ee in mpage Bw Brussels, 
at Ghent, at Tirlemont, and elsewhere ; workshops for the 
construction of railway rolling-stock in Flanders and in 
Brabant; while foundries are distributed more or less 
everywhere. In short, it may be said, without e ra- 
tion, that ium isa thoroughly industrial country, both 
asa whole and as regards its subdivisions ; but as the Liége 
and Charleroi districts, together with the Central Dis- 
trict, possess 49 blast-furnaces ont of a total of 55, and 11 
Bessemer or basic steel works out of twelve, it will be 
seen that these three regions are the principal centres of 
iron metallurgy in Belgium. Indeed, the other districts 
in which the iron industry has developed are all of com- 

ratively recent creation, and the ancient province o 

iége has been the true cradle of this industry. _ ; 

It should, however, be borne in mind that this region 
was of a much wider area in former times than th 
present province now bearing its name. It comprised in 
the days of the Prince-Bishops of Liége a portion 
of the present province of Namur and the on 
‘*between Sambre and Meuse,” and extended far into 
Hainaut and Charleroi. : : 

These remarks about the Liége district in olden times 
apply equally to the mt district of Charleroi. 
Although these two provinces may be separately referred 
to, and have each their distinct development, they have, 
in spite of this separation (which is, in point of fact, 
more political than real), progressed along parallel lines 
throughout the entire period. Their populations are of 
the same race, le 4 —— present, A a —— close 
analogies as s industry, energy, and intelligence. 

It must, however, be admitted ‘that the inhabitants of 
the Charleroi district at the present day are —_ 
superior to those of Liége, from the point of view of the 
iron industry. Their endurance and aptitude are greater, 
and it is generally —y ey that they are inferior to no 
iron or steel workers found elsewhere. It would seem 
that they have maintained in themselves their ancestral 
traditions—traditions, perhaps, still older than those of 
the workmen of Liége, who have devoted themselves 
more particularly to the specialised industries of the 
smithy, to the manufacture of arms, and, gp 
speaking, to work less exhaustive, though at the same 
time more highly skilled, than that of their brethren in 
the west. : 

It is exceedingly difficult to ascertain at what period 
the art of extracting iron from its ores first made its 
appearance in Belgium, but some highly interesting 
details relating to this subject have been furnished by the 
well-known Belgian engineer, Mr. Victor Tahon. He 
shows that the great family of the Celts, emanating from 
Central Asia about sixteen centuries before our era, 
spread throughout the whole of Western Europe. One 
of its branches, the Gauls, took possession of the vast 
region which received from them the name of Gaul. 
These Gauls were the precursors of the Cymri, another 
branch of the Celtic race, the arrival of whom in the 
north of Gaul has been fixed at about the sixth century B.c. 
A branch of these Gauls became the Belge, often called 
the — Belgze—that is to say, Belge of the Celtic 
stock. 

About three centuries before the Christian era the 
Germanic races, in response to the great general east-to- 
west migration, c the Rhine and made themselves 
masters of the territory of the Celtic Belge. These 
new races, called the Suma —that is to say, 
eo of the Germanic race—formed by intermingling 
with the vanquished, the tribes of the Eburi, the Treviri, 
the Aduatici, the Nervi, &c., who, at the time of the 
arrival of Cesar, ocsupied the upper part of the country, 
now the Belgian Walloons. 

Nearly all authors agree in the view that the manu- 
facture of iron originated in Central Asia, and that the 
metal was known in the Indies 5000 years Ye In the 
Rig-Veda, the sacred book of the Hindus, and the oldest 
book in the world, iron is often mentioned. The Hindus 
of the time of the Vedas were blood-brothers of those 
Aryans who, traversing the Ural Mountains sixteen cen- 
turies B.C., overran Europe during the Stone Age, sub- 
jugated its savage inhabitants, and sowed abroad the 
earliest seeds of civilisation. 
Png, hout the whole valley of the Danube (Roumania, 

rvia, 
Ing in the course of the great Indo-Germanic migration 
to the west, the presence of iron has everywhere been 
established since the eighth century B.c. It may be 
assumed that it is from thence that ib passed into Belgium 
with the successive invasions referred to, at first as the 
modest result of the importations arising out of the 
commercial relations wi rey or countries on 
the east, and subsequently as the celebrated product 
of local manufacture when the rich iron deposits of 
Beiginm became known. 

his much is certain and agpeatione’ when the Eburi, 

the Treviri, the Aduatici, the Nervi (the Germanic 
Belge) first sppeneed in the country, 2200 years ago, the 
brought with them the precious secret of Asian metal- 
lurgy, the legacy of common ancestors long gathered to 
their rest on the Steppes of the Trans-Euxine. 

* Paper read before the Iron and Steel Institute at 
Brusseis on September 1, 1913. 





the | ores. It is probable that the Romans duri 


ungary, Austria, Styria, and Bavaria), follow- | } 





We know that the Scythia of the ancients was no other 
than the Donetz region of the present day, the rich coal 
and iron-ore fields of Central Russia, to which our fellow- 
countrymen have migrated after an interval of 2000 years, 
carrying back with them in its perfected state the art of 
mining and the working of iron. Whatever may be the 
facts, history teaches us that at the time when Cvesar 
conquered the Gauls he found amongst the tribes subju- 
cated to his arms the art of extracting from the ores of 
iron the metal which they applied to various uses, and, 
in particular, to the manufacture of weapons; a proof 
that from the earliest centuries of the Christian era the 
finery hearth was known in ium. 

The discovery, in 1870, at Lustin, near Namur, of one 
of those primitive furnaces still containing the raw 
materials of what may be called the ‘‘ burden,” enables 
us to understand the methods anciently employed in the 
manufacture of iron. The finery hearth consisted of a 
sim hollow excavated in the ground, oval in shape, 
with a rounded base, about 13 ft. long, 10 ft. wide, and 
39 in. deep, formed in a bed of clay. Ac’ dug out 
across the clay allowed the air to penetrate to the bottom 
of the furnace. In this excavation metal was discov 
containing 93.48 per cent. of iron, 0.37 per cent. of carbon, 


f | 4.94 per cent. of glassy slag, and 1.21 per cent. of sulphur 


and phosphorus, with traces of manganese. This shows 
the form in which our ancestors obtained iron from its 
their domi- 
nation taught the ancient Belgians the use of the bellows, 
which had been known to them for many years, and intro- 
duced other improvements in the art of smelting iron 
ores. During the reign of Antoninus in particular, in the 
second century, the iron indust 


extended throughout 
the whole district, afterwards to be known as Liége, and 
throughout the country ‘‘ between Sambre and Meuse.” 
The townships of this district, in which during the last 
seventy-five years the existence of man founda- 
tions have been discovered, were so numerous that one is 
almost justified in drawing the conclusion that almost 
the whole of the actual villages existed during the Roman 
=. as towns. As to works not only in the environs of 

6; 
at Vireux, these have discovered in hund 
beneath the slag mounds of the ancient forges of our an- 
cestors. Their furnaces in ruims, their tools, masses of 
forged iron, and others scarcely reduced, are encountered 
beneath the cinders at the bottoms of the hearths. The 
a? of ee are so peer and ‘ab yoy — 
or _— y have been regularly wor’ to supply 
the blast-furnaces in the localities. 

The Société de Couillet, in particular, has acquired at 

msart, near Cerfontaine, one of these heaps, com- 
prising no less than 14,000 tons of slags, which still con- 
tain 40 to 60 per cent. of iron, and it may be calculated 
that the blast-furnaees in the Charleroi district have 
consumed during the period of twenty-five years—from 
1860 to 1885—over a million tons of these very slags 
obtained from ‘‘ between Sambre and Meuse” alone, and 
called in the district ‘‘ Moorish cinders” (crayats de 
Sarrasins), though it has not been possible, as far as the 
author is aware, to ascertain the origin of this peculiar 
term, the Moors never having penetrated into the dis- 
tricts in which these slags are found. 

There is, therefore, not the shadow of a doubt that in 
the first few centuries of our era the whole of the future 
ar nag of Liége, and, in particular, that ‘‘ between 
Sambre and Meuse,” was incontestably the most im- 
portant region, from the metallurgical point of view, in 
_ north of Gaul, and perhaps even in the whole Roman 

mpire. 

The art of smelting iron ores and of bending and tem- 
pering the ductile metal for important applications had 
already reached a remarkable degree of perfection, and 
the Belgo-Romans of this district had acquired a degree of 
skill which they transmitted as a precious heritage to the 
workmen of Liége and Charleroi, and, indeed, to prac- 
— the whole of the Walloon workmen of the pre- 
sent A 

The sialon of the Germanic tribes undoubtedly 
arrested the impulse given to the manufactures of iron, 
but under Charlemagne, in the eighth century, progress 
was resumed, and the Catalan furnace gave way to the 
bloomary furnace, which it is unnecessary to describe, 
but which, being taller than the ancient furnaces, allowed 
of a greater concentration of heat. It has also been ascer- 
tained that under the Carlovingians a royal factory of 
armour and weapons of war existed either at Liége or in its 
environs. 

In a region where immense forests furnished in 
abundance and cheaply the only fuel at that time 
employed, and intersected by numerous streams of water, 
furnishing at little cost the motive power so n 
at that period, and affording cheap and easy faci- 
ities for intercourse with neighbouring districts, and 
where there were to be found in abundance quantities 
of easily-reducible iron ore, it is only natural that 
Ge eae of a | we vy seen, 

y enjo an ext inary degree of prosperity, 
should fave. have developed afresh. From the twelfth 
century workshops for the working of iron sprang up 
everywhere. The iron-workers combined into a power- 
ful association, constituted a most im t co tion 
of the thirty-two guilds of the city of Liége under the 
name of the W y Guild of Smiths, and the metal- 
lurgist Kars' in his treatise on urgy published 
in 1845, says that in the country which to-day forms the 
kingdom Belgium the origin of the manufacture of 
iron has great antiqui It is not improbable that it 
was from this period that the most important contribu- 
tions to occasioned by the introduction of blast- 
furnaces in the metallurgy of iron are to be traced. He 
adds that it is from this region that blast-furnaces have 
spread northwards towards England and Sweden, east- 


but in Charleroi, at Chimay, and those of Namur, | j 





wards towards Russia and Germany, and, later on, south- 
wards towards Italy and Southern Germany. 
only product, 


Hitherto malleable iron had been the 
but in proportion as the reducing furnace er 
the iron manufactured became more highly carburised, 
owing to its more prolonged contact with the charcoal, 
and it often happened that carburised liquid iron, or, in 
other words, cast iron, appeared simultaneously as a pro- 
duct with the ordinary spongy iron. 

The special type of instinct which has always charac- 
terised the Liége workmen accounts for their having 
7 themselves rather to the production of cast iron 
and refining it than to endeavouring to avoid its accidental 
production. This aptitude to take advantage of a 
opportunity accounts for the Liége district having 

first to utilise the indirect process, or the refining of 
cast iron, instead of the direct process by which iron was 
manufactured in a single operation. This process was, as 
a matter of fact, named the Walloon process, from the 
district of its origin, and was adopted in other countries, 

ticularly in Sweden, in Germany, and in England, not, 
owever, before it had become a true monopoly and 
privilege of the Liége district, whose blast-furnaces sup- 
plied the industries of the whole world. From _ the 
thirteenth century cast iron was produced regularly in the 
Liége district, and the blast-furnaces assumed a distinet 
character in the fourteenth century. The first blast- 
furnace for the production of pig iron, concerning which 
accurate details are obtainable, was constructed at Lustin, 
near Namur, in 1340, and there is no doubt whatever that 
prior to the year 1400 the blast-furnaces of Vennes and 
of Grivegnée were well known. 

In 1468 a terrible catast overwhelmed this busy 
region, and practically the whole of the iron works of the 
Liége district were destroyed by the troops of the Duke 
of Burgundy when he laid siege to Liége and sacked the 
town. Despite this pitiless destruction, from which 
many works never recovered, other energetic workers 
caused the iron industry to spring up again from the 
ruins; and in Scandinavia, towards the end of the six- 
teenth century, the Walloons introduced the art of work- 
ing me and had also the glory of becoming the valued 
hb — * Gustavus Adolpbusand Oxenstierna. Guillaume 
Ve de Besche, a citizen of Liége, at the instigation of 
King Charles IX., left the episcopal principality with his 
four sons and founded numerous fo: in Sweden. Aided 
in particular by his brother » he founded for the 
Swedish Government the For:marck foundry. Side by 
side with these industrial colonies in the interior of the 
country, in the midst of forests and mines, a considerable 
commercial colony was constituted in the town of Gothen- 
burg, which was chiefly composed of Dutch and Walloon 
Calvinists. This was the commencement of Walloon 
undertakings in Scandinavia. In 1600, in 1607, and in 
1608 emigrations of Walloons took place, and they distri- 
buted themselves over the forges of Wermland. A list 
of the handicrafts which they exercised still exists, and 
comprises the various branches of the foundry, rolling, 
and wire-drawing industries as practised at that epoch. 
In 1616, under Gustavus Adolphus, Louis de Geer, a 
Liége m t, settled at Ams‘ , took to Sweden 
200 to 300 metallurgists, mostly Walloons, who turned 
to profit the motive power of the waterfalls of the 
country and the fuel of its forests. There is still 
served a list of 171 Walloons who arrived at Norr- 
képing in 1638, though the town of Theux, near 
8 was their country of origin. The emigration 
of the Namur ironworkers attained at one time such 
proportions that y command of Philippe IV. the ae 
vincial council of Namur issued an edict, on May 4, 1624, 
forbidding the inhabitants to accept employment in 
Sweden, or to introduce the art of ironworking, ‘‘ to the 
disadvantage of the Sovereign and of the State, and to 
the great danger of the souls of the said ironworkers.” 
This interdict was renewed by am order dated November 11, 
1627. Mr. Pehr Pehrsson, deputy of the Swedish Rick- 
stag, in the ee to his work on the immigration of 
Walloons into Sweden, gives a list of 800 Walloons estab- 
lished in Sweden in the seventeenth century. The 
Walloons, at this period, did the same service for Great 
Britain ; and it ap thata named Godefroid 
Box, of Liége, established at tford, in 1590, the first 
iron-foundry in England, contrary to the view generally 
held that the establishment of iron works in Belgium was 
an English importation, while the invention of the rolling- 
mill, due to the Englishman Henry Cort, was doubtless 
derived from that foundry. 

The manufacture of knives, the blades of which can be 
folded within the handle, was introduced into Sheffield 
in 1650 by Belgi from the Walloon 


ian workmen similar] 
district. Asa matter of fact, these knives were known 
ues of Lidége. 


iven 


4 the name of “‘ Jocte-legs,” after J 

poet Robert Burns also refers to a “‘faulding jocte- 
leg,” the word ‘‘faulding” being, of course, folding. Indeed, 
even to the present day in Shehien, toe knives, the 
blades of which fold over into the handle, are known as 
jack-a-leg knives. Finally, when the manufacture of 
rifle barrels was introduced into Sussex in 1543, at the 
works of an ironmaster named Hogge, he employed 
———e armourer, Pierre van Collet, in their manu- 
acture. 

During the two centuries which followed the Burgun- 
dian invasion the iron industry recovered from its ruins, 
and the number of blast-furnaces increased so rapidly 
that in 1700 the Prince-Bishop of Liége issued an edict 
prohibiting the erection of new furnaces for a period 
of twenty-five years. It appears to be a fact that the 
cementation for the manufacture of steel also had 
its origin in the Liégedistrict. Inany case, at the begin- 
ning of the seventeenth —,, in 1613, a permit to 
transform iron into steel was officially accorded to two 
armourers of icht, a town which at that epoch 
belonged to the district of Liége, 
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Karsten justly points out that England, which has 
since become the school of the metallurgy of iron, owes 
two » discoveries to the Continent—the blast-furnace 
for the production of pig iron, and the manufacture of 
steel by cementation—and we have seen that the Liége 
district is chiefly referred to. Finally, we may note that 
from 1738 to 1743 Liége furnished the who'e of Europe 
with arms, and again, in 1802, a cannon foundry was 
started, which cayt a considerable number of cannon 
muzzles for Napoleon, specially for the celebrated camp 
at Boulogne. _ 

One of the principal improvements in the iron industry 
—the use of coke in tbe blast-furnace, known in England 
since 1619—was only introduced into Belgium at the end 
of the eighteenth century, and in 1769 a trial was made 
at Juslenville, near Spa, but without success. It was not 
until 1821 that the first blast-furnace working regularly 
with coke as fuel was constructed at Seraing by the cele- 
brated John Cockerill, the son of an Englishman who 
had settled in Liége in 1802. This blast-furnace remained 
the only one of its kind until 1830, and was the fore- 
runner of the colossal works of the Cockerill Company, 
which, as is well known, is one of the most important on 
the ee, and, indeed, it may be said, in the whole 
world. 

At about the same time another citizen of Liége, cele- 
brated in the annals of metallurgy, Michel Orban, erected 
at Grivegnée the first puddling-furnaces and made 

rooved rolls, both of which had been known in England 
or the previous forty years. In the meantime the steam 
blowing-engine with metal pistons had been introduced. 
The blast-furnaces mentioned were of small dimensions, 
though, of course, it is unnecessary to point out that 
when speaking of blast-furnaces we are not referring to 
the huge edifices to which this term at present relates. 
It will suffice to recall that it was about the year 1800 
that the height of these furnaces was gradually in- 
creased from 3 to 5 metres, and the dimensions of the first 
blast-furnace of the Cockerill works, built by Mushet at 
Seraing, were as follows :— 
Height. Diameter. 
ft. in. ft. in. 
eee, pst) 2s, 8. Sk ee 5 6 


Stack x ae « e-e 12 0 
Middle : i ot _--=- 

Boshes - = _ ~ 9 O 3 2 below 
Hearth - &@ & 6 wy 


The blast was supplied by a steam-engine. 

In 1837 another important improvement in the manu- 
facture of cast iron by the employment of the hot-blast 
was introduced ; and this, again, was tried for the first 
time by the Cockerill Company. 

Let us look backwards to see what can be discovered 
concerning the history of the iron industry in those parts 
of the provinces of Hainaut and Namur, which may more 
particularly be called the Charleroi district. In Hainaut 
the cradle of the iron industry was not Charleroi itself. 
It had its beginnings, as, indeed, it did everywhere else, 
in the forest districts where pure and easily reducible 
ores were found. The first traces to be found of the 
manufacture of iron are in the district of which Chimay 
is the centre. In ancient documents iron works called 
the ‘‘ Haut-Martean” are mentioned, which existed in 
1200 at Renlies, in Hainaut. In 1345, and again in 1384, 
the Count of Namur granted free charters to the iron- 
workers and miners of Morialmé, Fraire, Florennes, and 
other places, conceding also to them the institution of a 
court of jurors, which proves the importance of the iron 
industry even at this period. The earliest statistical 
details likewise refer to a very far-distant epoch. In 
1693 reference is made in a report drawn up that year by 
Berniéres, the Intendant of Hainaut, by order of Louis 
XIV., to the following facts :— 

«That of the province of Hainaut which borders 
on the district between the Sambre and the Meuse 
obtains all its riches from iron mines and forges. Fourteen 
furnaces are in use, nine of which are in the territory of 
Chimay, three in a dependence of Maubeuge, and two in 
the territory of Avesnes. There are twenty-two forges, 
nineteen of which are on the territory of Chimay and 
Beaumont, and three in the dependence of Maubeu 
All these establishments employ er about 
workmen, including those whose duty it is to prepare 
the wood.” 

Nearly a century later a struggle commenced between 
the two great economic prinziples, free trade and pro- 
tection, which, even at the present day, separate both 
nations and individuals. The Hainaut forges, which, in 
1766, were passing l~e> ¥ a crisis, while those of the 
Liége district were in full prosperity, sought protection 
against their eastern neighbours by claiming customs 
dues. On the other hand, the Government of the —— 
district, and even the Austrian Netherlands, repeatedly 
took measures, often by force, to restrict the freedom of 
trade with the neighbouring countries, and several tariff 
wars are noted, especially in 1756 and 1765. 

Statistics furnish evi of the progress made in 
Hainaut in the iron industry, and ina wd on the mines 
of Hainaut, Namur, Liége, and Luxem " paaee 
at Mons in 1816, it is stated that ‘‘118 forges have con- 
tinuously drawn the supply of pig iron which they 
require from our fifty t-furnaces ; ninety-eight are 
situated in the provinces of Hainaut and Namur, and the 
remaining twenty belong to France. The annual con- 
sumption of each forge was 450,000 lb. of pig iron, and the 
blast-furnaces actually produce 65,000,000 1b. of pig iron.” 
The substitution of coke for charcoal as fuel in the blast- 
furnaces, me mp led to the transference of the latter 
from the wooded districts to the coal regions, and the first 
blast-furnace burning coke was erected in Hainaut at Mar- 
cinelle in the year 1827. The district of the Centre did 
not follow this example until nearly thirty years later, 
- ~_eaaataaaaas -furnaces in that region dates from 





Karsten states that as late as 1837 there were in 
Belgium twenty-three coke blast-farnaces and sixty-six 
charcoal furnaces, producing 74,000 tons of pigiron In 
1839, when the number of coke blast-furnaces nearly 
doubled, and a large proportion of charcoal blast-furnaces 
had been blown out, the annual production had risen to 
80,000 tons. This brings us to a more recent period closer 
to our own times, and it may be said that from 1830 the two 
districts of Liége and Charleroi have followed the same 
destiny. We may sum up in a few words what has 
already been stated, and in ———s ing the salient 

ints we must remember that to the finery th of our 

burian and Nervian ancestors, at epochs that it is im- 
possible to determine, has succeeded the Oatalan forge, 
that the so-called bloomary furnace dates from the 
period of Charlemagne, and that the cast-iron furnace or 
primitive blast-furnace dates from the fourteenth cen- 
tury, and the coke blast-furnace from 1820 to 1830. Such 
are the outstanding dates to which we can refer in the 

t, and which mark the most important stages attained 
in Belgium by the iron industry. It remains for us to 
note a few salient dates in the history of metallurgy in our 
own time. 

About 1860 the Ougrée Company found a means of 
employing on a large scale the purple onlites. which are 
found in considerable quantities near Couthin, in the 
province of Namur, where they are still worked, and 
were for many years one of the chief sources of supply of 
the blast-furnaces. At the same period the erill 
Company started at Seraing the manufacture of crucible 
steel. In 1855 a fresh and important improvement was 
introduced into our country in the manufacture of big 
iron by recovering blast-furnace waste gases; in 1 
the Cockerill Company, always to the forefront of - 
gress, installed the first converters in Belgium and rolled, 
in the same year, the first steel rails, for which the 
Belgian Government paid as much as 17/. 12s. per ton in 
1874, although about 1895, at a time of intense crisis, the 
price dropped to about 3/. 12s. per ton f.o.b. Antwerp. 
It was also in Liége in 1872 that the first regenerative 
furnace on the Siemens-Martin system was introduced in 
this country by the Sclessin Company. From 1870 to 
1880 a complete revolution again transformed the Belgian 
iron industry, partly owing, on the one hand, to the local 
ores bein exhausted, and, on the other, to the opening 
up of rich deposits of ore in Lorraine and Luxemburg. 

ese ores, widely known by the name of Minette, the 
district in which they oceur, are relatively poor, but the 

e usually contains the necessary fluxes, and their 
treatment is therefore more economical than that of the 
other Belgian ores previously used. The introduction of 
these foreign ores began to assume great importance in 
the production of pig iron in the year 1875, Spain supply- 
ing almost exclusively the ores from which steel is su 
sequently made. Indeed, it may be said that at the 
present moment considerably over nine-tenths of the ores 
treated in Belgian blast-furnaces are imported. 

Another important date in connection with Belgi 
metallurgy was that of the application of the dephos- 
phorising process, which admitted of the manufacture of 
steel from phosphoric ores, and which the Société d’ Angleur 
imported into the country in 1879, directly Messrs. 
Thomas and Gilchrist had, in 1878, solved the problem 
of eliminating phosphorus. This process was not, how- 
ever, employed generally in Belgium until after the 
patents had me public property—that is, about 1885 
—and the manufacture of steel almost entirely super- 
seded that of iron from this date. 

Finally, one of the latest improvements introduced in 
the practice of the manufacture of pig iron—that of the 
direct use of the cleaned blast-furnace gases in gas- 
engines—was once again due to the Cockerill Company, 
which, as far back as 1897, installed two 200-horse-power 
gas-engines at Seraing, the first in the world set to work, 
and still in use at the present day. At present, Belgian 
manufacturers have launched themselves resolutely in 
the direction of driving rolling-mills by electric power. 

Electrical motors of over 1000 horse- power drive 
rolling-mill trains of dimensions, and the time 
may be | ene when, thanks to the use of the whole 
of the blast-furnace gases, and to the distribution of 
power by electrical means, works will be able to dispense 
entirely with the use of any fuel except the coke 
employed in the manufacture of pig iron, and when 
not a pound of coal will need to be burned under boilers 
in order to transform iron ore into finished products. 

It is necessary once again to refer to the past in order 
to realise the progress made since the earliest times to the 
— day in the productive capacity of the appliances 

‘or the manufacture of iron, or rather of cast iron, and to 
see how ba a pe taken deserves to be followed 
as regal its ing stages. 

We have not ponee dey in this country, the colossal out- 
puts of the United States, which do not consort with the 
raw material, the ores, and the coke placed by Nature at 
our disposal ; but the place which we have occupied has 
been, at certain times, the foremost of all, and is still, at 
the present day, a highly honourable one. We will 
therefore attempt to trace briefly the path from which 
we started to the point we bave actually reached. 

The earliest records on which we can with certainty 
rely date from 1546, and we know that the hearths in use 
at that period approximately 300 kg. of iron 
per 24 hours. Towards the end of the sixteenth century 
the production had considerably increased, without, how- 
ever, ex ing 3 tons per day at most. Thus we find 
the blast-furnaces of Chanxhe, on the banks of the River 
Ourthe, and those of Ferot, produced 876,000 lb. of iron 
annually, or 438 tons. In 1750 some slight progress had 
been made, and the Chimay blast-furnace had reached a 


production of 600 to 720 pigs, re ing an annual 
output of about 700 tons. "To al aay ier cvons an Englishman, 
in the capacity of the blast-furnace, we must turn to the 





blast-furnace of the Cockerill Company, of which men- 
tion has already been made, and which produced on an 
average 10 tons per day, or 3000 tons per annum. 

In 1848 an output of 25 tons per day was still regarded 
as highly satisfactory, and we see that in 1860 the blast- 
furnaces of the Espérance Company and those of the 
Cockerill Company produced 5400 tons per annum, those 
of Sclessin tons per annum, and those of Ougrée 7000 
tons per annum, the record being reached by those of 
Grivegnée with an output of 9000 tons per annum, or 
about 30 ag oy day. 

Towards 1870 Belgium had arrived at the head of all 
the nations producing pis iron, so far as capacity of out- 
put was concerned. The average yearly —— per fur- 
nace was then 12,000 tons, whereis Great Britain pro- 
duced but 9150 tons, y 7000 tons, the United 
States 6500 tons, and France but 4430 tons per furnace. 
In 1880 Belgium was still at the top of the list in furnace 
capacity, with a yearly average of nearly 29,000 tons, 
followed, in sequence, by England with 14,000 tons, 
Germany with 11,000 tons, the United States with 8750 
tons, and France with 8600 tons. 

Ten years later—namely, in 1890—the United States, 
with the rich ores of Lake Superior and their hard and 
compact Connellsville coke, had outpaced the countries of 
the Old World, and attained an average output of 
30,000 tons, while Belgium was still at the head of the 
European countries with 22,000 tons, followed by Ger- 
many with 21,000 tons, Great Britain with 19,500 tons, 
and France with 16,000 tons. 

In 1900, for the first time, and thanks to the enormous 
development of the Minette district, Germany assumed 
the lead amongst European countries, and, without 
making the giant strides of the United States, where the 
capacity had more than doubled, and was 60,000 tons, 
had attuined an average yearly output of 31,000 tons, 

inst an output of 27,000 tons in Belgium, 22,500 tons in 
reat Britain, and 22,000 tons in France. 

At present the actual annual production per blast- 
furnace in Belgium may be estimated at over 50,000 tons, 
which will be the average for 1913. This gives us the 
third place behind the United States, which has attained. 
according to the technical the enormous output of 
over 125,000 tons, and behind Germany, which has ex- 
ceeded 65,000 tons, but still ahead of Great Britain with 
35,000 tons, and France with a capacity of 37,000 tons. 
The latest blast-furnaces built in this country for the John 
Cockerill Company and for the Hainaut Donen will 
produce 200 tons per day, which amounts to about 75,000 
tons per annum, while those of the Sambre-et-Moselle 
Company will produce close on 300 tons per twenty-four 
hours, or nearly 100,000 tons per annum. 

In proportion as the production per blast-furnace in- 
ereases the number of blast-furnaces diminishes : in the 
United States, from 410 in 1873 to 291 in 1913; in Great 
Britain, from 661 to 349; in France, from 266 to 109 ; and 
in Belgium, from 46 in 1870 to 27 in 1892, but with an 
increase to 55 in 1913. 

Let us once again look backwards to take into considera- 
tion certain statistical details relating to our iron industry 
prior to the present day, and this retrospective bird’s-eye 
view will, while inspiring us with the lessons of the past, 
help us to regard the future with confidence. 

Some figures relative to the Charleroi, or rather to the 
Hainaut, district have already been quoted. According 
to the political map of the Department of Ourthe, drawn 
up in the year nine of the Republic, we see that the iron 
ore mined in this department was 100,000 myriagrammes, 
or 1000 tons, and represented approximately one-tenth o f 
the consumption of the fifteen forges then existing in this 
same department. In 1829, on the eve of the revolution 
- rendered Belgium an independent State, the Province 
of Liége — 


6 charcoal blast-furnaces. 39 reverberatory furnaces. 
1 coke blast-furnace. 31 tilt-hammers. 


5 cupolas. 16 rolling-mills. 
78 refinery furnaces, or 43 sets of bellows. 
hearths. 


The output of the blast-furnaces was 7078 tons; that of 
the foundries, 660 tons of mouldings; that of the iron 
works, 5011 tons of rolled products; and that of works 
using the iron, 4778 tons of various products. The 
number of workmen employed was about 711 hands. 

The revolution of 1830, which definitely ensured the 
independence of the Belgian State, was followed by a 
terrible crisis, luckily of short duration, to which suc- 
ceeded a period of iness revival unequalled in the 
annals of the metallurgy of iron. The years 1835 and 
1836 are dates to be remembered, because they mark the 
foundation of many of our principal industrial undertak- 
ings by the. great credit banks which had just come into 
existence. A wave of commercial fever oy to engulf 
the capitalists of the time, who crea the following 
undertakings in succession :— : 

In 1835 the Vennes Company was founded with a 
capital of 650 000 francs, and the Société des Charbonnages 
et des Hauts-Fourneaux d’Ougrée, with a capital ot 
2,400,000 francs. 

In 1836 the Saint-Léonard Company, for the construc- 
tion of machinery, with a capital of 1,600,000 francs, and 
the Société des Charbonnages et Hauts-Fourneaux de 
lEspérance, with a capital of 4,000,000 francs. 

In 1837 the Société de la Fabrique de Fer d’Ougrée, 
with a capital of 3,500,000 francs. 

All five concerns were — nceete Ba 
Banque de Belgique. Again, in 1 e Sclessin Com- 
pe with a capital of 800,000 francs, was founded by 
the Qucisté Générale. At about the same date (1835) the 
Couillet Company was created in Hainaut, and (in 1838) 
the Société de la Providence, to mention but a few, while 

i Mr. Bonehill, following the 
example of Cockerill, established himself in the Charleroi 
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The Société de Thv-le-Chateau and that of Acoz. 
since become the Soc’é é de Montcheret, are also amongst 
those founded about this period of industrial develop- 
ment, and we see Belgian iron-workers emulating the 
exodus of their ancestors in the seventeenth century, 
spreading in the middle of last century into the countries 
bordering upon our own, particularly into the heart of 
the Rhine vinces, carrying with them the improve- 
ments they had introduced into the different processes 
in vogue. The exodus of Belgian capital to Russia 
— the final decade of last century was also consider- 
able. 

At the present time, if, in Belgium, descendants of 
Englishmen are stili to be found, such as Cockerill, Pastor, 
Alexander, and Bonehill, on the other hand distinctly 
Walloon names, such as Marcotty, Fossoul, Gobiet, 
Dereux, Piedbeeuf, Bicheroux, and Charlier are to be 
recognised as nationalised in the Dortmund and Bonn 
districts. - Numerous collieries in the Rubr were also 
founded by Belgians, amongst which it will suffice to 
mention those of Dalbusch and of Alstaden. Atdifferent 
epochs, separated by hundreds of years, we see our 
history repeating the cycle of its events. 

The construction in 1835 of the earliest railways 
greatly contributed to this extraordinary development 
of industry. One of the first railways on the Continent 
was built in Belgium, from Brussels to Mechlin in the 
first instance, and subsequently from Ans to Antwerp, 
and once again we find that the Cuckerill Company, 
always associated with Belgian industrial history, sup- 
plied in 1835 the first locomotive as well as the first rai 
manufactured on the Continent. 

Periods of alternate crisis and prosperity succeeded, 
plunging industry to confusion : of crises, particularly in 
1839; after the revolution of 1848; from 1873 to 1876; 
in 1885, and in 1895; and, on the other hand, of eras of 

reat rity, ticularly in 1853 ; from 1872 to 1873; 
rom 1 to 1901; and lastly, from 1905 to 1906. Pro- 
duction, whilst continuously developing, underwent the 
same fluctuations. , 

In a report presented to the King, on the situation of 
mines and metallurgical industries in Belgium for the 
year 1838, it is found that the number of iron works then 
in the cotmtry was 221, and this report—one of the most 
interesting—gives, as the production in Hainaut, 45,000 
tons of pig iron and 25,000 tons of wrought iron respec- 
tively. Examining in detail how this production has 

rown, wé find that 135,000 tons of pig iron were pro- 

uced in 1845, that in $847 the amount had risen to 
250,000 tons, and in 1850 the production had fallen to 
145,000 tons. in, however, in 1862, the 200,000-ton 
mark was ex led, and subsequently the production 
rapidly and continuously grew, first to over 300,000 tons, 
then, in 1855, to 322,000 tons, and, in 1864, passed the 
400,000-ton mark with 460,000 tons. The industrial 
expansion of 1870 carried it beyond the 600,000-ton mark 
with an output of 610,000 tons; but during the crisis 
which followed the 1870 boom it fell to 550,000 tons in 
1877, and to 527,000 tons in 1879. It rose to 690,000 tons 
in 1889, and in 1889 exceeded, for the first time, 800,000 
tons, the output for that year being 832,000 tons. 

In 1896 the 900,000-ton mark was overtaken with 
959,000 tons, while in 1897 production capped 1,000,000 
tons, at which figure it remained fairly constant up to 
1900. 1901, a bad year, brought the total down to 
765,000 tons, but it rose again rapidly to 1,000,000 tons 
in 1902; to 1,300,000 tons in 1905, until it reached the 
present output of no less than 7300 tons daily, or an 
annual output of 2,750,000 tons per annum. 

Ten years Belgium, with thirty-five furnaces in 
blast, produced every twenty-four hours 3450 tons of pig 
iron, or, on an average, 105 tons per hour wd furnace. 
At the present time fifty-two furnsces in blast produce 
each an average of 141 tons of pig iron per twenty-four 
hours. There is only one furnace left in Belgium pro- 
ducing forge pig iron, and —_ four by Anema no 
ducing foundry pig iron. All the other furnaces produce 
steel-making pig iron. 

It should further be noted that since 1903 the number 
of Belgian blast-furnaces has risen from 39 to 55—thatis, 
16 units, or a 41 percent. increase, whereas the number of 
blast-furnaces actually in blast has, during the same 
period, risen from 33 to 52—that is, 19 units, or more than 
57 per cent. during the last decade. It may also be of 
interest to add t with ores containing on an ave 
32 per cent. of iron, the average consumption of coke 

r ton of ee See produced has, during the past year, 

m apprecia| oly below 1100 k; 

_The decennial production 
risen from 2,850,000 tons, in 1851 to 1860, to about 
15,000,000 tons for the decade 1901 to 1910; that is, it 
has risen more than five-fold. The peg of iron 
has risen from 1,450,000 tons to 3,500,000 tons, or nearly 
one-and-a-half times as much, and that of steel has risen 
from 12,000 tons, in 1861 to 1870, to over 12,000,000 tons, 
or over a hundred-fold in the space of fifty years. 

t for 1500 to 


a oe iron in Belgium has 


in 1847 it exceeded 80,000 tons ; in 1848, it had fallen to 
,000 tons, to rise again gradually to 110,000 tons in 
1852 ; 218,000 tons in 1857 ; and 344,000 tons in 1864, the 
year in which converter steel made its first ap 
with a very modest total of 410 tons, which hed risen by 
1866 to 1000 tons. 
In proportion as the use of steel became more wide- 
the progress of iron diminished, and the 
of these two products is interesting. In 1870 the 
production of iron had reached 520,000 tons, as against 
4000 tons of steel, and, in spite of the competition of the 


1882, and from 1887 to 1890. A fall, for two years, during 
the crisis of the years 1870-1880, lowered uction 
of iron below 400,000 tons; it recovered, however, and 
assumed fresh vigour, as has been seen above, and did 
not again fall below 400,000 tons until 1900, since when it 
appears permanently to have shrunk. It was 392.000 
tons in 1903; 360,000 tons in 1904; 380,000 tons in 1995; 
and 290,000 tons in 1911. It will be seen, therefore, that 
since the 577,000 tons of the record year 1889, the dimi- 
nution has been 287,000 tons, or about 50 per cent. 

As regards steel, which we have seen starting with an 
output of 4000 tons in 1870, its progress has been almost 
continuous. The output ex ed 10,000 tons in 1872, 
and rose rapidly to 104,000 tons in 1878—that is, in seven 
years. Another twelve years elapsed, however, before it 
exceeded 200,000 tons, in 1890. This was the waiting 
stage before the Thomas patents became public property. 
Even in 1893 the output had only reached 225,000 tons, 
but from this time mild steel began to find its field. For 
the space of two years the output remained within 300,000 
tons, and then bounded up in 1898 to 537,000 tons; then 
in 1899 to 635,000 tons ; to 725,000 tons im 1902; 914,000 
tons in 1903 ; 1,000,000 tons in 1904; and in 1911 to 
2,100,000 tons. Thirty-five years ago Belgium produced 
136 times as much iron as steel; at present it produces 
seven times more steel than iron. 

It is almost impossible to follow in detail the growth of 
our works, for, side by side with the large and iron 
works and rolling-mills, a host of engineering worksho; 
foundries and. works of all kinds, an enumeration of which 
would be tedious, have sprung into being. It will suffice 
to say that at the weekly industrial meetings held in 
Brussels every Wednesday, there are represented 19 works 
producing pig iron, with 55 blast-furnaces (of which 52 
are in blast); 10 steel works with 39 converters (of which 
37 are in use); 37 works using iron and steel; 26 steel 
foundries ; 4 tyre works for railway wagon wheels; 20 
works producing axles of every dimension; 80 works 
making roofs and bridges; 80 foundries of various 
descriptions ; 16 locomotive works; some 30 works en- 
gaged in the construction of railway rolling-stock ; in 
short, over 350 firms for the iron industry alone, 
without counting numberless small works in in- 
cidental manufactures. The foundations on which this 
superstructure stands are undoubtedly the leading fac- 
tories of raw materials, the great works, concerning 
which a few brief historical notes may not be amiss. 

It has already been pointed out that steel, as a com- 
mercial metal, dates from the year 1863, when the 
Cockerill Company built its first converters. The Angleur 
Steel Works were founded eight years later, in 1871, and 
in 1879, sixteen years after the rolling of the first rail, 
three new steel works—those of Ougrés, Thy-le-Chateau, 
and Athus—were built. In 1883 Mr. G. Boél ins 
his steel works at La Louviére, and again, in 1893, three 
new steel works were started—by the Angleur Company 
at Sclessin, and by ihe Providence Company and the 
Couiliet Company near Charleroi. The year 1895 saw 
the establishment of the Sambre-et-Moselle works at 
Montignies-sur-Sambre, and the year 1909 that of the 
Espérance-Longdoz Company. e starti of the 
Clabecq Steel Works dates from January, 1911, and the 
current year will see in activity three new steel works 
pose pe Oa the companies of Athus-Grivegnée, Mon- 
ceau-St.-Fiacre, and the Forges de Chattlineau. 


production of steel with that of neighbouring countries 
obtaining their fuel and ores from the same source— 
Germany and France—is interesting, and the figures 
quoted below tell their own story, particularly when it is 
borne in mind that only a portion of Belgium is con- 
cerned, and that it is an instance of a free-trade country 
fighting for its existence against its great protectionist 
neighbours :— 

Production of Steel. 














Years. Belgium. | Germany. | France. 
tons | ___ tons tons 
1906 .. 1,400,000 | 11,000,000 2,500,000 
1911 .. 2100,000 | 16,000,090 3,700,000 
Increase .. _..| 710,000 4,000,000 | 1,200,000 
Increase per cent. 50 37 48 


This table shows that ey has well maintained her 





industrial position as the iron industry despite 
the efforts of her powerful competitors, and despite the 
“dumping” with which unprotected countries, or coun- 
tries but imperfectly protected by customs duties, are 
always menaced. : 

It is particularly in the domain’ of industry that the 
well-known Belgian motto of William the Silent, Repos 
ailleurs, which means ** No rest here,” applies. There is 
**no rest” in business. Whoso pauses falls behind and 
finds himself outdistanced. Thus all our big i 
works may be said to be themselves in a constant state of 
transition. ’ J 

We have, as a matter of fact, to fight against competi- 
tors powerfully organised, and highly protected by the 
fiscal barriers that one of the two (France) has just 


recently further raised, as well as most favourably 
permaere either in the ion of the magnificent ores of 
the Minette district like colossal German and French 


undertakings of Rombach, Aumetz, Longwy, Micheville, 
and Homécourt, or in @ first-class coal-field like the giant 
enterprises associated with the names of Krupp, Deutscher 
Kaiser, and many others. ‘ 
Our small country has its work cut out to keep its 








place ‘‘in the sun,” and it is only by never allowing an 





necessaries of life, and by constantly increasing the pro- 
ductive capacity of their works, that our ironmasters have 
succeeded in maintaining the struggle on an equal 
footing and without alluwi themselves to be out- 
distanced. Some satisfaction is to be derived, likewise, 
from the fact that we have attained this result by our 
own efforts and without help, in spite of the fact that 
our products are sold at much cheaper rates those 
of the competitors referred to above, or even those of the 
great Anglo-Saxon productive countries, Great Britain, 
and particularly the United States. Without laying 
undue emphasis on this aspect, it may nevertheless be 
said that numerous great works which are quoted as 
examples of prosperity, and to which our own are not 
to be compared as pookuanive agencies, would find them- 
selves in very different positions to they occupy if 
they had to sell their produce at the low rates with which 
Belgian manufacturers have to content themselves. It 
must be borne in mind that Belgium is compelled to 
accept as an average se'ling price the prices which 
rule in the international export market, as it is in this 
market, and at great distances, that our products find 
their sale. No other country exports so large a propor- 
tion of its produce as our own. 

The United States exported in 1904 on an average 7 per 
cent. of its produce ; France, 10 per cent. ; and Germany, 
33 per cent. ; whereas Belgium only retained for her own 
use 20 per cent., and therefore exported about 80 per 
cent. of its manufactured products, At the present time 
these proportions are about 4} = cent. for the United 
States; 13 per cent. for France; cent for Germany, 
and 43? per cent. for Great Britain, manufactured 
products not included. 

ndeed, it may be said that, notwithstanding the disad- 
vantageous conditions in which Belgium finds herself in 
the struggle, she may have the satisfaction of believing 
that she not greatly degenerated since Gaulo-Roman 
times, and that if her ancestors of “‘ between Sambre and 
Meuse” and of the district of Liége could revisit their 
native vey he — Roe ny now, as their own 
time, the ucts o' gian industry s outwards 
to the very confines of the civilised world. 





Swiss Raitway Deve.topment.—The Sole, of Milan, of 
August 18-19 states, according to the Board of Trude 
Journal, that a meeting of the Swiss Committee for the 
construction of the Greina Tunnel was held at Zurich on 
August 17, the outcome of which was that a resolution 
was forwarded to the Swiss Government urging the 
necessity for ing with the boring of the Bm 
Tunnel through the Eastern Alps with the least possible 


delay. 





A New Norts Mipianp Oouiiery.—Shaft-sinking for 
a rich coal-mine on the borders of Nottinghamshire and 
Yorkshire is to be commenced during the next ten days. 
The new colliery lies beneath the Serlby Hall and other 
estates recently acquired by the Northern Union Mining 
Company, and the available coal about to be worked is 
estimated at 750,000,000 tons. The new mining area, 
which comprises 15,000 acres, is situated near Harworth. 
The annual output of the new colliery is estimated at 
1,500,000 tons, of a quality equal to the best Barnsley 


A comparison between the development of the Belgian | hard 





‘** Prox”-Moror ror Execraic Lirts.—The Siemens- 
Schuckertwerke some time ago introduced an alternating- 
current motor for lifting machinery, which has already 
found considerable application ; Elektrische Kraftbetriebe 
und Bahnen, of August 4, speaks of some 1500 of these 
motors in use. The ordinary induction motor is unsuited 
for cranes and lifts. The ‘‘ prox” is so desi phat iv 
starts as a commutator motor of the repulsion type; it 
has therefore a high starting torque. When the speed 
has come up to within 4 per cent. of the ous 
speed, a centrifugal governor short-circuits the starting 
turns at two or three pointe, and the motor runs as an 
induction machine independent of the load. The motors 
are generally built for 110 and 220 volts at 42 and 50 
periods, but can also be wound for 500 volts. The power 
ranges from 0.5 to 14 horse-power. The lation is, 
as a rule, effected by shifting the brushes without any 
starting resistances. 





Uriuisation or CoaL-Dust From Locomotive Smoxr- 
Boxes.—The two railway stations of Ostrowo and Skal- 
mierzyce, which are 17 km. (about 11 miles) t from one 
another, are supplied with ag | for light and power 
from a power-station at Ostrowo, in Prussian Silesia. The 
Skalmierzyce station is on the Russian frontier. The 
interest of the plant, we see from the Zettwng des Vereins 
Deutscher Eisenbahn enna, Se in the fact that the 
fuel utilised is the fuel dust which is carried through the 
tubes of locomotives and which collects in the smoke- 
boxes. This fuel is placed in gas- ucers to feed 
suction-gas engines. Similar plants have for some time 
been in use near Roulgrecs, in Prussia. Two gas-engines 
are installed, each of 180 horse-power, and drive two 


| dynamos, which are quite independent of one another, 


one for each railway station. Ourrent is ted at 
5000 volts three-phase, and transmitted at thie pressure 
to the Skalm ce station. For the Ostrowo station 
the current is transformed into continuous current of 
230 volts. The dynamos and main conductors are pro- 
vided io Gugtante. —_ = are hardly likely to 
come into general use ; but the application is interesti 

and may be of value in special cases. ~~ 
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A METHOD OF IMPROVING THE QUALITY 
OF ARSENICAL COPPER.* 


By F. Jounson, M.Sc. (Head of bey 
Department, Birmingham Technical School). 


INTRODUCTORY. 


_ In reading the discussion on Webb’s paper, ‘‘ Locomo- 
tive Firebox Stays,”+ the author was a¢! impressed 
by the contribution from the late Mr. S. W. Jobnson, 
from which he quotes the following extract :—‘‘ Owing to 
increasing steam pressures, higher firebox temperatures, 
larger fireboxes, and heavier work, the stays of locomotive 
fireboxes were very severely strai and heated in the 
more modern types of locomotive ; and this fact was now 
calling the serious attention of locomotive engineers to 
the question of staying, and causing them to look out for 
a more suitable material than commercial copper . . . it 
was not merely a question of ductility and strength. The 
material must stand the action of heated gases without 
suffering corrosion; its coefficient of expansion must be 
such that it expanded and contracted with the copper 
box into which it was screwed, so as not to set up leakage ; 
it must be soft enough to stand riveting without damaging 
the threads in the copper plates, and sufficiently flexible 
to stand the differential expansion of the box and shell 
without fracture. Copper more or less pure had so far 
served remarkably well, but it remained to be seen which 
alloy of that metal was really the most suitable for staying 
locomotive fireboxes.” 

Believing that the chances were remote of satisfying 
these requirements by making large additions to copper 
of other metals, particularly in face of the experiences of 
Webb and Johnson with copper alloys, the author took 
the view that if copper had served so remarkably well, it 
would be a profitable investigation if some means could 
ba found of improving the quality of the metal without 
sacrificing those properties which rendered it such a 
suitable material—viz., coefficient of expansion, softness 
for riveting, flexibility, ductility, and strength. If some 
of these properties could be improved without lowerin 
the standard of the others, and if that wastage whic 
occurs in service as a result of the action of heated gases 
—some of them of a reducing nature—could be lessened, 
then a material would have been produced more nearly 
approaching the ideal than ordinary commercial copper. 
Appreciating the value of arsenic, both to the marufac- 
turer and to the user, the author regarded it as an indis- 
pansable ingredient, particularly in view of its influence 
in decreasing the power of copper to dissolve gases, and 
thus enabling sounder metal to be cast. The problem was 
to I pnp an arsenical copper free from cuprous oxide, 
and, as a consequence, free from those injurious elements 
such as bismuth, which, as the author has shown,} may 
be harmless in ‘‘tough-pitch” copper, but which would ruin 
oxygen-free copper. As has been well proved by Heyn,§ 
Archbutt,|| Bengough and Hill,{/ and others, the action 
of a reducing gas such as ore upon “‘ tough-pitch ” 
copper at or above 600 deg. Cent., is to render it brittle, 
and in common with Archbutt, T. Johnson,** &c., the 
author believes this brittleness to be due to the abstrac- 
tion of oxygen, and to the intercrystalline weakness 
engend thereby. Proof of this theory will be found 
in this paper. To produce then an oxygen-free arsenical 
wens requires the use of a deoxidising agent which 
shall fulfil the following requirements :— 


1. It shall, in addition to completely removing oxygen, 
help to remove gases to such an extent as to ensure 
soundness in the castin 

2. It shall not form a harmful combination with arsenic. 

3. It shall not cause any degeneration in the essential 
properties of the metal as enumerated above. 

4. It shall not interfere with the working properties 
of the metal, even if present in considerable excess of 
the quantity requisite for deoxidation. 

5. It shall be cheap. 


As a further reason for wishing to produce such an 
improved copper, the author recalls an occasion when 
the desirability of doing so ona commercial scale appealed 
to him rather forcibly. ‘‘Tough” copper wire had been 
purchased by a manufacturer of copper rivets, and in one 
consignment he received wire which had been made from 
a brand of copper rather richer in impurities than usual. 
This meant that the proportion of oxygen had to be 
higher, so much higher, in fact, that the copper was em- 
brittled, and would not stand the severe cold work 
im in the process of forming the head. 

fter a number of experiments of a tentative nature, 
the author found that silicon could be added to arsenical 
omen in considerable excess of the quantity required to 
effect deoxidation without producing hot - shortness. 


Little or no work of a similar nature appears to have | Pp! 


been done, although it has been long realised that silicon 
is an element which can be added to high-conductivity 
copper for the purpose of impreving its quality with- 
out seriously lowering its electrical conductivity.tt+ 





* Paper read before the Institute of Metals at Ghent, 
August 29, 1913. 

+ Proceedings of the Institution of Civil Engineers, 
1901-2, vol. cl., Part iv. 

t Journal of the Institute of Metals, No. 2, 1910, 
vol. iv., pages 163 to 234. 

§ Zeitschrift des Vereines deutscher Ingenteure, 1900, 
vol. xliv., page 508. 

| The Analyst, 1905, vol. xxx., pore 385. 

‘| Journal of the Institute of Metals, No. 1, 1910, 
vol. iv., 34 to 53. 
ae’ ings of the Birmingham Metallurgical Society, 
. >. 

tt Thurston, *‘ Materials of Engineering,” Part IIL., 
Alloys, Brasses, and Bronzes. 





T. Johnson* found that the conductivity of electrolytic 
co was lowered from 101 to 99.7 per cent. by the 
addition of 0.04 per cent. silicon, whereas the same 
quantity of phosphorus lowered the conductivity to 
98.5 per cent. As, however, the property of electrical 
conductivity is of no importance in tough arsenical 
copper, the special value of silicon in this respect has 
played no part in the author’s investigations. 


PropvuctTion or Bags. 


In order that no objections might be raised on the 
score of expense, a ferro-silicon of high silicon content 
was chosen, as it was deemed inadvisable to introduce 
much iron into the copper. As the results of the experi- 
ments show, however, that iron is a welcome ingredient, 
it would probably have been more advantageous to have 
chosen a ferro-silicon of 60 to 65 per cent. silicon, on 
account of such an alloy having a melting-point in the 
neighbourhood of 1250 deg. Cent.—1.¢e., considerably 
lower than that of the ew A chosen by the author. It was 
with considerable difficulty that the ferro-silicon could 
be introduced into molten copper, and consequently a 
special copper-iron-silicon alloy was prepared and 
for making the necessary additions. is “ addition” 
alloy had alow melting-point and was readily dissolved 
by the molten copper. 

Preparation of the Ingots.—The copper was melted in a 
graphite crucible under charcoal, the correct quantity of 
copper-arsenic alloy added to give the requisite amount 
of arsenic, and finally the weighted portion of the copper- 
iron-silicon alloy. The molten alloy was then stirred and 
poured into ingots in the manner described in a former 
papert by the author.t These ingots were rolled under 


1. 





7 e ° 
(3636.4) Per Cent Silicon or Iron. 


conditions also outlined in that paper, and the resulting 
bars (4 in. in diameter) were submit to the various 
tests. The analysis of the barsare given in Table I. 


TaBLeE I. 











| 
No. of Bar.| Copper. Arsenic. Silicon.| Iron. |Oxygen. Total. 
per cent|per cent| per cent| per cent|per cent 

80 --, 9961 | 0.34 | 0.02 0.035 nil , 100,005 
81 .| 99.37 | 0.36 | 0.20 | 0.06 Je 99.99 
SS 2 -, 99.36 | 0.35 0.15 | 0.07 | 4 99.93 
83 -| 99.28 | 0.39 | 0.22 | 0.18 si 100.02 
84 - 99.10 | 0.88 0.36 | 0,13 9 | 99.97* 
86 - 98.56 | 0.35 | 0.80 | 0.24 »” 99.95 
U1 -| — | O87 nil 0.05 mn — 
U2 98.89 | 0.69 | 4, 0.43 trace , 100.01 
Bes 99.59 0.34 o | wa 0.066 100.00 
R.. te a a 0.089 | 99.99 


* Bar 8 4 was produced from an ingot which had of necessity to 
be remelted on account of an accident when pouring. The 
ingot before remelting contained 0.44 per cent. silicon and 0.20 per 
cent. iron. It be seen that there has been a greater per- 
centage loss of the iron than of the silicon. The remelting was 
effected under a cover of c! 


It is interesting to note that both silicon and iron have 

a strong deoxidising influence on copper, and that when 
wef are added together the silicon is the more efticient, 
as the relative proportions of the two in the ‘‘ addition” 
alloy and the ingots prove. 
_ Rolling Properties.—Without a single exception the 
ingots behaved admirably during the hot-rolling. As the 
roportions of silicon and iron increased, a slight increase 
in the working hardness was noticeable. 

Methods of Analysis.—The methods of analysis for 
copper and arsenic were similar to those described in the 
paper to which reference has just been made, whilst 
silicon and iron were determined by the usual gravi- 
metric methods, care being taken to separate arsenic from 
the ferric hydrate precipitate in the iron determinations. 
The analyses of bars E and R are included in Table I. for 
the purposes of comparison, E being a ‘‘tough-pitch” 

* Proceedings of the Birmingham Metallurgical 
Society, 1906. 

+ Journal of the Institute of Metals, No. 2, 1910, vol. v., 
page 174. es . 

t On account of the ‘‘ piping” which was caused by 
the introduction of silicon, and due at least partly to its 
" egasitying ” influence on the metal, it was found ad- 
visable to cast most of the ingots on end and reject the 
af portion. Ingots U1 and U2, however, were cast 

t. 





arsenical bar and Ra “ tough-pitch” high-conductivity 
bar free from arsenic. 
MEouanicaL TESTS. 
Tensile Strength ari Ductility.—The test-pieces were 
turned down for a gauge-length of 3 in. to gin. in dia- 





meter. 
Tase II 
| Elongation| 
7 | per Cent. | 
| | | ; a | 
tlle leflaa| 
o | #18! ¢ | 8/2 Ss 
2 | 48) & | 82] &§ \§5 
| pc ip. p. c.  tns p. 
| sq. in. 
so | 0.34 |0.02 0.035, 15 55 | 43 —* |Elastic limit,+ 6.7 tons 
$1 0.36 {0.20 0.06 | 15.60) 50 68 _ 
SS 2| 0.35 |0.15 0.07 | 15.85| 40 | —* [Elastic limit,t 6.7 tons 
83 | 0.39 |0.22 0.13 | 16.30 37 60 — 
84 | 0.38 |0.36 0.13 | 16.20) 41 60 - 
8 6 | 0.35 (0.80 0.24 18.25 37 56 _ 
U1 | 0.37 | nil) 0.05 | 16.15 46, 66 /|Elastic limit,t 7.1 tons 
U2 0.69 ,, | 0.43 |17.05| 48 67 (Elastic limit,t 7.3 tons 
E 0.34 | ,, | nil | 15.70, 41 | 52 |Oxygen, 0.066 per cent. 
R | oil » | o. | 14.92 39 | —* \Oxygen, 0 089 per cent. 








* Broke outside gauge-points. 

+ Yield-point not well defined. The figures given refer to the 
first noticeable elongation. 

The results are given in Table II. It will be as well 
to state here the reason for the inclusion of bars U1 
and U2, which were made in an exactly similar manner 
to the other bars, with the exception that no silicon 
was introduced, a copper-iron alloy (containing 10.2 
per cent. iron*) being used in order to introduce iron. 
On reference to Table II. it will be seen that the 
increase in tensile strength is far more a function of 
the iron than of the silicon where both are present. 
This is very graphically show when the percentages by 
weight are plotted against tensile strength as shown in 


Fig. 1. 

Taking iron alone, a much smoother curve is obtained 
than by taking silicon alone, and although these curves 
have an entirely fictitious meaning, since the increase is 
purposely attributed in each case entirely to the influence 
of one element, whereas it is really due to a combination 
of the two, yet they bring out clearly the fact that iron 
has a greater strengthening influence than silicon. It was 
therefore decided to verify this by making arsenical bars 
containing iron and no silicon. Bars Uland U2 show 
clearly the strengthening influence due to iron per se. It 
will be noticed that in the low-silioon bars (S1 and S0) 
the tensile os is lower than that of the ‘‘ tough- 
pitch” sample E. This is mainly attributable to the 
removal of oxygen, whieh is known to have a strengthen- 
ing effect, but in view of the fact that iron is also present, 
it would seem possible that the initial influence of silicon 
is to soften copper, an influence which has to be counter- 
acted by some of the iron before the strengthening influ- 
ence of the latter can assert itself. This point requires 
confirmation, but a comparison of bars U1 and §1 is 
significant. Bar U1, with 0.05 per cent. iron, has a 
tensile strength of 16.15 tons, whereas bar S1, with 
0.06 per cent. iron and 0,20 } my cent. silicon, has 
a lower tensile strength—viz., 15.60 tons. These points, 
however, are of minor consideration for the moment, 
and it will be as well to review the results at this 
stage in so far as they affect the requirements which 
the author laid down in an earlier portion of the paper. 
Of the five requirements enumerated, it will be seen that 


Tasie III.—Alternating Stress Tests on the 
Arnold Machine. 

















* . j 
a | a 
es it | Appearance of 
“ "ain | Dractare. 
a 3 = @ a —_— $$ 
3s | 5 3 § 4 z | Position 
sl#fis z &= | 2% | Texture. | Tension of 
z2i<|@ & |2~|5% | | Line. 
.Cc. | Pc. c Ce 
80 O34 bos 5.085 223 PP Silky and| Central 
even 
$1 | 0.36 | 0.20 0.06 | 243 33 | Do. Do. 
882! 0.35 | 0.15 0.07 | 256 35 Do. Do. 
83 | 0.39 | 0.22 0.13 | 239 25 Do. Do. 
84 | 0.88 | 0.36 0.13 | 258 36 Do. Do. 
S6 | 035/ 0.80 | 024 | 182t| — | Do. | Central, but 
| accompa 
} | | nied by 
| slight flaw 
U1 | 0.37) Nil 005 | 211 _— Do. n' 
U2 | 0.69 ” 0.438 | 244 33 Do. 
E 0.34 »» |Oxygen | 190 — (Silky and, 
0.06 even, but} 
not quite 
solustrous| 
R Nil 9s 0.08 | 182 _ Do. Central, but 
broader 
than the 
others 




















* Mean of two tests. 
t Low result probably due to flaw. 


four have begn already completely satisfied, either by the 
addition of silicon and iron together or by the addition 
of iron alone. That is to say, the additions have :— 

1. Yielded deoxidised ingots perfectly sound and free 
from porosity. 


* This alloy was made from electrolytic copper and 
Kahlbaum’s pure-iron wire. The fracture of the cast 
alloy was little different from that of pure copper in 
colour and texture. 
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P = harmful combination with arsenic has been 
U 5 

4. The working properties of the metal have not been 
interfered with even when the added elements have been 
present in considerable excess. 

5. The added material is cheaper than copper itself. 

The third requirement is a very competbansive one, 
since no degeneration in the following essential 
ties is allowable—viz., coefficient of expansion, softness fur 
riveting, flexibility, ductility, and strength. 


The figures given in Table II. show that not only have 


the properties of strength and ductility suffered no de- 
generation, but in some instances have Sonn considerably 
improved. The coefficient of expansion of the has 
not been determined, but as the composition is}so little 
changed from that of commercial ‘tough ” copper it is 
safe to assume that this property has undergone no appre- 
ciable change. No riveting tests have been carried out, 
but the malleability of the bars in the cold is of such a 
high order—in fact, much superior to “‘ tough-pitch ” 
copper—that the behaviour of the specimens in any such 
test may safely be assumed to excellent. There 
remains the property of flexibility, which the author 
prefers to term toughness. This has been tested by the 
resistance offered by 2-in. round test-pieces to alternating 
stresses. The tests have been very kindly carried out for 
the author by Dr. Arnold in his testing-machine at Shef- 
field University. The results are given in Table III, 


and it will be noticed how splendidly the bars have! 


pro-| silky and lustrous than that of bar E (‘‘ tough-pitch” 
standard 


proper- | 


the high temperature for two hours, being allowed to 
cool in an atmosphere of hydrogen. 

The accompanying table (Table IV.) gives the results 
of the bending tests on the specimens thus treated, and 
in Fig. 2 a number of the tests are shown. These results 
show that it is oxygen in copper, either in the presence 
or the absence of arsenic, which renders it susceptible to 
the disintegrating influence of reducing-gases at high 
temperatures. 


TaBLE IV.—Results of Tests on Specimens Heated to 
780 Deg. Cent. for Two Hours in Hydrogen. 


They all displayed a remarkable evenness 
of texture, while the colour became paler and paler as 
the percentage of silicon increased. In a single bending 


2e ® 


SO - $1 U-l U-2 


























The author considers that the experiments which have 
been described have borne results which justify him in 





oy Oxygen. Arsenic. Result of Bending Test. 
i per cent. per cent! 
> 80 Nil 0.34 | Bent through 180deg. No cracking 
| : 81 a 0.36 Do. Do. 
‘ : 8S 2 oe 0.35 Do. Do. 
} a3 ; 83 ° 0.39 Do. Do- 
: : 84 ; 0.38 Do. Do, 
: 86 , 0.35 Do. Do. 
pak’ a" U1 % 0.37 Do. Do. 
U2 Trace 0.69 Do. Do. 
: E 0.066 0.34 Broke without bending 
. " . R 0.089 Nil 0. 
R xX FE Xx 0.026 | 0.52 | Do. 


Fic. 2 (ske Taste LV.). 





Fie. 3.—Bar BR1 as rolled. Lon 
illumination. Etched. Magnifi 


tudinal vertical 
42 diameters. 


Fie. 5.—Same as Fig. 8. Shows ‘‘slip-bands” (due to 
cold “ work”) at right angles to direction of drawing, 
which is from bottom to top. Magnified 150 diameters. 


Fie. 4.—Bar BR1 as rolled. Transverse. Etched. 
Magnified 90 diameters. 








Fic. 6.—Bar S'0. Longitudinal. After 2jhours in hydrogen Fie. 7.—Bar/E }(arsenic, 0.36 perjcent.; oxygen, 0.06 per Fie. 8.—Bar.R (oxygen, 0.08 per cent.). Longitudinal, 
at 780 deg. Cent. Magnified 100 dhametene cent.). Longitudinal. After 2 hours in ae at After 2 hours in hydrogen at 780 deg. Cent. agnified 
780 deg. Cent. Magnified 120 diameters. Etched. 120 diameters. Etched. 
; a 
* e* * 
’ 8 
Sith a 
eof eat 
‘ ee ‘ : ies 
. . ‘ee ; . 
. sO 4 
1a? a ‘ ’ q%, Pd moF 
’ 
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. ’ 
* . pf, , ’ 
, ~ > ‘ _ ? . 
z AS. Py ‘ = fs. y Pre 
ms ee Leen Fie” F 
4 te ? =* . 














Fic. 9.—Cest copper containin 


0.2 per cent. oxygen. 
Shows continuity of eutectic. 


agnified 90 diameters. 


behaved in comparison with the “‘ tough-pitch ” arsenical 
bar E andthe “‘tough-pitch” electrolytic bar R. Taking 
bar E as a “‘tough-pitch ” standard, there is an increase 
in toughness in four of the bars ranging from 25 per cent. 
to 36 per cent., only one—viz., So showing any in- 
feriority. This inferiority was probably due to a flaw 
in the specimen resulting from the rejection of insufficient 
of the “piped” portion of the ingot and possibly to the 
finishing temperature being rather low. The fractures 





of all the kinetic test-pieces from SO to U2 were more 














Fie, 10.—Cast copper containing 0.19 per cent. oxygen ; 
2 per cent. arsenic. Showsisolating effect of arsenic on 
CuO particles. Magnified 90 diameters. 


Fie. 11,—Bar U2 as rolled. Magnified 120 diameters. 
Etched. 


test all the rolled bars bent over through 180 deg. without | stating that a means has been found for improving the 
cracking. quality of arsenical copper as regards its mec waleal ro- 
rom 


2 : : I perties, its vers pocgestion and its immunit 
BEHAVIOUR OF BARS UNDER THE NFLUENCE OF A | ** gassing,” and in all probability, therefore, its ability to 
Repucine-Gas at Hich TEMPeRATURE. withstand for a longer time the action of heated 8. 
The gas chosen for the tests was hydrogen, being pro- | To obtain this improvement there has been no lowering of 
duced in a Kipp’s generator and well washed and dried | the standard in other directions. From a commercial 
before passing over the + ng heated in a silica tube | point of view there are two possible objections—viz. :— 
to a temperature of 780 deg. Cent. The specimens mea-| 1. The necessity for using pure copper. © author 
sured in. in diameter by 2 in., and were maintained at has used electrolytic copper in his experiments, but he has 
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also experimented with some of the purer brands of re- 
fined American Bessemer copper and found them to give 
good results. i ‘ i 

2. The production of a ‘‘ pipe” in the ingots treated 
with silicon or iron. Whilst this ‘‘pipe” leads to the 
production of more scrap than in the case of “‘tough- 
pitch” copper, the improved quality and greater sound- 
ness of the metal more t compensates for this dis- 
advan b 

In order to test the practicability of the method on a 

scale, the author received the consent of Mr. L. 
Sumner, M.Sc., of the Broughton Copper Company, 
Limited, to have trial billets cast. Electrolytic copper 
was used, and after melting down in graphite crucibles 
under charcoal, the necessary amounts of metallic 
arsenic and copper-iron-silicon alloy were added and 
stirred in. The metal was poured into solid cylindrical 
billets, one of which was subjected to fluid compression. 

Works Txsts. 

The results of tensile and alternating stress tests, 
together with the analyses, are givea in Table V. The 
figures given in Table V. show that there are no diffi- 
culties in the way of applying the author's results in 
practice. They also show that a of superior quality 
can be produced. Mr. Sumner reports that the billets 
rolled in a manner similar to ordinary ‘‘ tough” copper. 
No application of the method to a big a = of copper in 
a reverberatory furnace was assayed, but the author has 
no doubt that such an application is quite feasible. 


TasLe V.—Tests on a Commercial Scale. 











| No, of 
24/3 | Composition. | $3 ry a ict | 
“a. | - hot Tae tions. 
Lie a EZ ogc 
xo) 3 | a, 8¢ eg .| Remarks. 
74% | 6 As.| Si. | Fe oh ge ae e 3 
Ss | Cu. As. . .| < ‘ 
Ss Rae 
< Zz | | i a Cs) oF 





[% 
| 





tbe.! | | H | | Billet un- 
190 BRI 98.74 0.340.08 0.81, 16.14 


| 63 | 81 336 270 pressed 
| when cast. 


} 


Billet 


0.81| 15.84 70 | 85 | 272 231 
| | \when cast. 


N.B. — The tensile tests were made on 1-in. diameter annealed 
rod, whilst the alternating stress teste were on j-in. diameter 
specimens turned from the 1-in. rod. 

Referring to Table V., the powerful influence of iron 
is again demonstrated, especially when it is pointed out 
that rod BR1 was produced under less favourable 
circumstances than B R 2, the latter having had the 
advantage of fluid compression when cast. oreover, 
the billet was much heavier than B R 1, and in order to 
produce the finished rod (1 in. in diameter) a greater 
amount of “‘work” was , and this would tend 
to improve the mechanical properties. The superior 
composition of BR1 has, however, conferred better 
properties in spite of these handicaps. 

e author does not fluid compression as a 
necessary operation in castin ~— for rolling, except 
in such a case as this, where the effects of ‘‘ piping” may 
be mitigated. It then resolves itself into a question of 
economy, viz., the possibility of the cost of fluid compres- 
sion being compensated for by the saving of scrap 
by “‘ piping.” 

Tests at Hich TEMPERATURES. 

In order to test the behaviour of the material at high 
temperatures, the author had tensile specimens a 
and sent to Mr. George Hughes, chief mechanical en- 
gineer of the Lancashire and Yorkshire Railway Com- 

ny at Horwich, whe very kindly had them tested at 

igh temperatures under the conditions outlined in his 
paper,* presented at the Newcastle meeting. Unfortu- 
nately, however, the author was under the impression 
that the rod received by him was in the condition in 
which it had been submitted to the tensile tests by the 
Broughton Copper Company. Such was not the case, 
however, the rod f from which the specimens were turned 
for Mr. Hughes’s tests being in a semi-hard condition. 
The results of the high-temperature tests are, therefore, 
not comparable with the tests at normal temperature, a. 

iven in Table V. There was only a small piece of rod 
Br 2 left, and the author had this tu down and 


Tasik VI.—High-Temperature Tests. 





— 99.27 (0.36 0.05 
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| | | less 
| | ess 
| | Elonga- " 
No. of Tempe-| Dimen- | Tensile (tion. Per ——- ley £ 
Bar. | rature.| sions. | Strength.! cent, on | Ares. |Sa® 
jo 
2 In. 58s 
| | | iss 
deg. F. in. tons per | | per cent. | 
sq. in. | 
BR2 Normal) 1x0 66 19.4 —* | _ — 
BR2 400 3x0.66 | 16,7 236 | 76 | 14 
BRl1 300 | 3x0.66 18.1 250 7606); — 
E 400 | 3x0.875 12.4 39.0 74.4 | 21 
8U2 _ - |} 181 | 48 | S818 | 2 
83 _ _ 12.8 34.0 | 87 ; 2 





* Specimen h had oaly Lin. gauge-length. 
tested at normal temperature in order to give some 
meaning to the high-temperature test. The results are 
given in Table VI. 








° “Non-Ferrous Metals in Railway Work.” Journal 
of the Instityte of Metals, No, 2, 1911, vol, vii., pp. 74-120. 





Results of tensile tests on four of the smaller experi- 
mental bars are also given. The percentage losses of 
tensile strength are, with the exception of 3 6, similar, 
thus showing no superiority on the part of the tough- 
pitch oxygen-bearing bar E. A slight fall in elongation 
1s also noticeable throughout. 


MICROSTRUCTURE. 


All the bars of Table I. were examined and found to 
possess structures in the hot-wrought condition quite 
similar to that of bar E, with the exception that none of 
the characteristic ‘‘oxidules” were present in bars to 
which the deoxidising addition had been made. The 
examination of the bass after annealing in hydrogen 
yielded interesting results. In the case of the bars which 
were ruined by this treatment it was observed that the 
“* oxidules” appeared black under the reper coy due to 
the reduction of the Cu,O to amorphous metallic copper, 
the light blue colour observable under usual conditions 
having completely disap . After etching, it was 
noticed that a network of cracks made up the structure, 
this network probably marking the original crystalline 
boundaries of the cast metal, since the cracks did not 
seem to follow twinning planes, nor the *‘ wrought- 
crystal” planes produced as a result of mechanical work. 

e coun were doubtless produced by the generation of 
steam as a result of the reaction Cu,0 + H, = Cu, + 
H,0 (steam). 

An examination of BR1 rod (see Table V.), as rolled, 
showed that the original ‘‘cores” had not disappeared, 
although a very uniform wrought-crystalline structure 
had been produced. 

The micrograph (Fig. 3) shows the structure of a longi- 
tudinal section of BR1. Traces of the original *‘core” 
structure are distinctly visible. The micrograph (Fig. 5) 
shows the same section under higher power. 

Figs. 3 and 4 show the marked difference between a 
longitudinal and a transverse section of a rolled arsenical 
bar in which equilibrium has not been established. The 
alternating dark and light streaks in Fig. 3 are due to the 
elongation of the metal in rolling and drawing before the 
original ‘‘ cores” of the cast metal have been obliterated 
The gro me the smaller crystals, 


by annealing. 
by much “twinning,” afford further evi- 


accom pani 


et | dence that considerable ‘“‘ work ”—followed by annealing 


—has taken place. : 
In a transverse section (Fig. 4) these crystals predomi- 
nate in the microstructure, the Jong drawn-out ‘‘core” 
threads not ap ing so pronounced when cut trans- 
versely, although visible in some parts of the section. 

Fig. 5 is a micrograph from the same section as Fig. 3, 
but under higher power. The crystals show some = 
tion, due to cold-drawing, and slip-bands are visible 
mainly ina direction at mght angles to the direction of 
drawing. After half-an-hour’s annealing at 850 deg. 
Cent. the ‘‘cores” had almost disappeared, and no slip- 
bands were visible. Figs. 6,7, and 8, show the micro- 
structures of bars S 0, and R respectively, after 
— treatment in ‘‘gassing” and in polishing and 
etching. 

Fig. 6 is typical of all the S and BR bars after similar 
treatment. It should be noticed that the crystals are not 
excessively large, that no cuprous oxide nor intercrystal- 
line cracks are visible, thus explaining the superiority 
of the bars over bars containing oxygen and sub- 
jected to the same treatment. All the bars upon 
which experiments have been carried out contained their 
impurities—arsenic, silicon, and iron—in the state of 
solid solution. A marked difference is to be seen between 
the structure of the arsenical tough - pitch bar E and 
the non-arsenical bar R. In both cases the inter- 
crystalline disintegration is apparent, but the great 
crevices and cracks which appear in the Bey 
bar are not apparent in the arsenical bar. ether this 
may be due to the larger proportion of oxygen in bar R 
(0.08 per cent.), as compared with that in the bar E 
(0.06 per cent.), is not certain, since it must not be for- 
gotten that the cuprous oxide in arsenical copper has a 
different structural arrangement from that in pure 
copper. This will be seen from an examination of Figs. 9 
and 10, which represent the structures of copper-oxygen 
and copper-arsenic-oxygen alloys respectively. Fhe 
coalescence of cuprous oxide under the influence of 
arsenic in hyper-eutectic alloys has been demonstrated 
4 Law.* is coalescence is now shown to be true in 
the case of hypo-eutectic alloys, and therefore in copper 
of commercial composition. Ina previous paper by the 
author the isolation of the cuprous oxide globules in 
arsenical copper is to be seen.| Without entering into a 
consideration of the improvement in mechanical proper- 
ties of the copper effected by arsenic (and they are indis- 
putable), the author thinks that the greater de; of 
rottenness of the ‘‘ gassed ” non-arsenical bar say ous 
in some measure to the structural continuity of the 
copper-cuprous-oxide eutectic, which would seem to offer 
an easier passage to the inroads of reducing gases. It 
will be noticed that ind black eS SS J. which 
represent spaces occupied ori y by globules of cuprous 
oxide, are not confined to the crystalline boundaries 
whence the gaseous products have made their escape, but 
= contained in some instances within the crystals them- 
selves. 

Fig. 11 shows the structure of bar U2 asrolled. The 
high arsenic and iron contents of this bar account for the 
very unced ‘‘ coring,” which is plainly visible to the 
naked eye, and which is not catively obliterated by the 
two hours’ —— in hydrogen. 

It will be noti in this as in other bars that twin 
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crystals appear although the metal has not been sub- 
jected to any cold work. The “ core” structure is visible 
in all the other arsenical bars as rolled, but not to so 
marked an extent. Vertical illumination was employed 
in every case. 

ConcLusions. 

1. A method has been discovered of deoxidising and 
conferring soundness upon cast arsenical copper. 

2. The rolling properties of the metal have not been 
impaired, in fact au improvement in cold malleability 
has been secured. : : 

3. Even if present in considerable excess, the added 
elements have no injurious effects. 

4. Noneof the properties considered to be essential in 
commercial ‘‘ tough” copper for locomotive stay-rods 
have suffered degeneration. 

5. The toughness of the metal has been increased. 

6. The resistance of the metal to the influence of a 
reducing gas at high temperatures has been secured. 

The expenses entailed in carrying out the foregoing 
———— have been met by a grant from the Royal 

ety. 

It is with great pleasure that the author records his 
acknowledgment of the invaluable assistance rendered to 
him by Professor Arnold, D.Met., of Sheffield Univer- 
sity ; Professor Dixon, M.Sc., Birmingham University ; 
Mr. George Hughes, M. Inst. C.E., of Horwich; and 
Mr. L. Sumner, M.Sc., of Manchester. 





CATALOGUES. 
Transformers.—We have received from the British 
Thomson- Houston om Limited, of Rugby, a copy 
of one of their latest price-lists, giving full particulars of 
various types of current transformers for use with 
measuring instruments and other apparatus, on alter- 
nating-current switchboards. 


_Ratlway Rolling Stock, d&c.—The Metropolitan Car- 
riage, Wagon, and Finance Company, Limited, of Salt- 
ley, Birmingham, have issued a klet illustrating and 
giving some particulars of work recently carried out by 
them. This includes a luxurious dining-car for a 
Brazilian railway, a bridge of nine 200-ft. spans for India, 
steel goods wagons for India, and a fruit wegon for South 
America. 

Electrically - Driven Rolling - Milis.—Messrs. Siemens 
Brothers Dynamo Works, Limited, Caxton House, 
Westminster, S.W., have reprinted in pamphlet form 
the article which appeared in ENGINEERING of Sept- 
ember 29, 1911, on 410, illustrating and describing 
the electrical plant for driving the reversing rolling-mills 
at the Skinningrove Iron Works. The pamphlet also 
gives details in tabular form of twenty-nine reversing 
rolling-mills driven electrically by plant constructed by 
the Siemens companies. A_list of other electrically- 
driven rolling-mills in Great Britain is also included. 


Electric Drive in Cement Works.—An attractive pam- 
phlet bearing this title has recently been published by 
the British Thomson-Houston Company, Limited, of 
Rugby. After summarising some of the advantages of 
electric driving in cement works, the pamphlet illustrates, 
by means of reproductions from photographs, some typical 
installations carried out by the firm. The illustrations 
show conveyors, Fuller miils, ball-mills, tube-mills, rock- 
crushers, rotary kilns, blowers, and other cement-works 
plant driven, in most cases, by squirrel-cage induction 
motors. These motors are, by reason of their simplicity 
and robustness, and by the absence of rubbing contacts, 
very suitable for use in cement works. We understand that 
the firm have carried out over fifty installations of electric 
driving in cement works in different parts of the world. 


Gear-Cutting Machines.—From Messrs. J. Parkinson 
and Son, of Shipley, Yorkshire, we have received copies 
of their latest lists of ‘“‘ Sunderland” gear - planing 
machines. It will be remembered that in these machines, 
some particulars of which will be found in our issue of 
September 9, 1910, on page 352, the cutter is in the form 
of a rack, and the rotary motion imparted to the wheel 
during the process of cutting is equivalent to the relative 
motion between a rack and spur-wheel. The is 
thus a generating one, and it is claimed to have all the 
advantages of hobbing process without its dis- 
advantages. The lists give particulars of machines for 
cutting spur, chain, and spiral gears, and illustrate 
examples of wo.k carried out. They also state prices for 
the cutters, made of high-speed steel, and illustrate and 
describe a machine for sharpening them. 


Railway Speed-Recorder.—The latest catalogue from the 
Chicago Pneumatic Tool Company, Fisher Building, 
Chicago, U.S.A., contains a description of the Boyer 
railway speed-indicator and recorder, and gives instruc- 
tions for applying and operating the instrument. In this 
instrument a rotary pump, of the gear-wheel type, driven 
from one of the wheels of the locomotive or carriages, 
delivers oil to a cylinder containing a spring-controlled 
piston, which rises as the pressure increases due to the 
increase of speed. The movements of the piston are 
recorded on a strip of paper, which travels a distance of 
4 in. for each mile covered by the train. By examining 
the record it is thus ible to determine at a glance the 
exact 8) at which the train passed any spot on the 
road, the number and location of stops, and the distance, 
speed, and location of any backward movement that ma 
have been made on a journey. In — to = reco’ a 
ing apparatus a pressure-gauge is also connected to the 
pump and fixed in the cab of the locomotive. This gauge 
is graduated in miles per hour, so that the driver can at 
all times see the exact speed at which the train is travel- 
ling. The London office of the company is the Consoli- 
ted Pneumatic Tool Company, Limited, 9, Bridge, 
street, Westminster, §.W, 
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SECOND REPORT TO THE CORROSION 
COMMITTEE OF THE INSTITUTE OF 
METALS.* 

By Guy D. Brncoven, M.A., D.Sc. (Lecturer in 
Metallurgy in the University of Liverpool), aud 
Ricuarp M. Jonkss, M.Sc. 

(Concluded from page 305.) 
SECTION II. 
Tue EXPERIMENTAL CONDENSER PLANT. 

In the laboratory experiments hitherto described the 
principal object kept in view was the investigation of the 
separate effect of each of a number of the conditions to 
which a tube might be expected to be subjected in the 
condenser. In some cases the simultaneous effect of two 
influences was investigated, as, for instance, those of 
temperature and deposits, but for the most part the con- 
ditions were kept simple. , 

It seemed very desirable, however, to observe the joint 
effect of all the influences to which a condenser-tube might 
be subjected under the simplest possible conditions of 


A 








which are arranged as shown in the elevation of the tube- 
plate in the right part of the figure. 

After the condensation of the steam the resulti 
water leaves the condensers by the pipes F and G, an 

through air-pump H, whic’ is hardly visible in the 
rawing, and reaches the hot-well I. From this it was 
originally picked up by the pump K and returned to the 
boiler through pipe L and an injector. Later, since oil 
accumulated in hot-well to some extent, and conse- 
quently corrosion of the .boiler was feared, the hot water 
in I was thrown away, and a separate container I’ was 
used to supply clean water to the Loiler. 

The circulation of the sea-water through the tubes was 
carried out as follows:—A steel tank, which would hold 
about 600 gallons of sea-water, was fixed in the open air 
outside the building which held the rest of the plant. It 
was protec from rain, &c., by a cover of galvanised 
iron raised about 1 ft. above the top of the tank on iron 
supports; the intervening space was covered in by wire 
netting. Thus air had free access to the tank, but wind- 
borne rubbish was excluded. The inside surface of the 
tank was protected by a thin wash of cement. 

The sea-water from the tank passed by gravity through 


Fig i2. ELEVATION OF PLANT 











practice, and to arrange matters in such a way that the 
nature of these conditions could be ascertained as accu- 
rately as possible. It was thought that, with the know- 
ledge of the effect of each condition separately obtained 
in the laboratory, it might be possible to interpret the 
results obtained in the more complicated case. 

yy it was decided to erect an experimental 
plant which should subject forty-eight condenser. tubes 
to conditions approximating as nearly as possib!e to 
those obtaining in the ordinary practice of the mercantile 
marine. 

Description of Plant.—The general nature of the re- 
quired plant was arranged by one of the authors, with 
the aid of the members of the Corrosion Committee. 
The engineering details were worked out, and the plant 
was supplied and erected by Mr. W. W. Strafford, of 
Great Crosby, Liverpool, and has fulfilled its purpose 
satisfactorily. 

An elevation of the plant is shown in Fig. 12. A is a 
tubular boiler of special design which works under 
normal ey jitions at a oo a of 125 Ib. = 
8q. in, steam passes through the pressure-gauge 
throttle shown to the pipe B, and then tothe dual-expan- 
sion engine C. From the low-pressure cylinder of the 
engine the exhaust steam along pipe D to the four 
steel cylinders marked E. Each of these cylinders con- 
stitutes a separate olding twelve tubes, 

3 ft. long. One of these cylinders is shown se tely in 
Fig. 13. The steam from D passes through the control- 
cocks D (Fig. 13) into the space surrounding the tubes, 





* Read before the Institute of Metals at Ghent, on 
August 28, 1913. Sei : 











iron pipes, about 50 ft. long, into the room containing the 
condenser, where it reached the pipes L and M. From 
these four side tubes M’ led into the four cast-iron water- 
ends X of the condensers. It then passed through the 
tubes and out into the water-spaces Y at the far ends of 
the condensers, and so by pipe Z into the tank N. 
this it was collected by the centrifugal pump P, and sent 
back throngh pipe Q to the outside. To reach 
this iv had to through 50 ft. of iron tubing, and was 
afterwards delivered in a shower at a distance of some 
3 ft. above the level of the water in the tank. Conse- 
= , the water which had been heated by its passage 
through the condensers was cooled considerably before 
passing again through the tubes. 

Composition of the Condenser-Tubes.—Four standard 
types of tube were selected by the Corrosion Committee 
as being most suitable for detailed examination. Their 
compositions were as follows :— 











1, | 2. 3. | 4. 
— 70 : 80 70 :28:2 61:39 70:29:1 
Bra | (Pb Muntz Admiralty 
rass. |Special Brass.| Metal. | 
Copper 70.21 69.94 60.90 | 71.18 
Zine 29.17 27.60 38.21 | 27.28 
Tin .. ae _ _— | 1.07 
Lead 0.27 2.08 0.46 0 28 
Iron 0.27 0.28 0.33 0.21 
Totals 99.92 99.90 99.90 100.02 











The tubes of the first three typ2s were kindly presented 





: ttee Muntz Metal Company, of 

Smethwick, Birming and the tubes of type 4 by 

the Broughton Copper Company, Manchester. The 

latter firm also presented an additional quantity of 70 : 30 
brass, which was required for the laboratory work. 
a authors tender their grateful thanks to both these 
rms.* 

Composition of the Sea-Water.—The sea-water used in 
the experiment was taken at high tide from deep water 
at Formby, at a point well outside the mouth of the 
—— Mersey. The composition of the sea-water was as 

ws :— 


to the Committee oy Se 


Sodium chlorid tiie 

tum ori 6 — coe 81) p tal chlorid 
Magnesium chloride TES pln cneaad 
Potassium chloride ... 0.17 J 3.19 per cent. 
Magnesium sulphate 0.1L 

Calvium sulphate 0.08 

Calcium car BO ies 0.02 


Specific gravity at 17.6 deg. Cent. = 1.0225. 


Owing to the expense of carting large quantities of 
tigen ib. = ay we te use ae eo sample apie 
ong as le. Accordingly, the specific gravity 
the chlorine content of the water were estimated weekly, 
so as to afford a guide as to the alteration of the composi- 
tion of the water with time. Owing to loss by evapora- 
tion, both the specific gravity and total chlorine increased 
slowly in the manner shown by the curves traced in 
Figs. 14 and 15, on the next page. It was decided that 
the total chlorides should not be allowed to exceed 4 per 
cent.t and oy 4 it became necessary in warm 
weather to change the water every six Rather 
longer runs were possible in cooler months. 

Sea-water was circulated through the tubes every day 
for nine hours, at the end of which time the steam and 
water were cut off and the plant was allowed to cool 
down. It would have been advantageous to circulate 
the sea-water continuously night and day, but the funds 
available did not permit of the payment of an attendant 
for the night shift. When the supply of water from the 
main tank to the condensers was cut off—as, for instance, 
at night and on Sundays—a small amount of water always 
remained at the bottom of the tubes. The plant was 
run for half a day on Saturdays and remained idle all 
Sundays. The total _— during which the plant was 
run in the manner indicated was nine months, at the end 
of which time it became necessary to close it down, owing 
to lack of fun: 

Temperature Conditions in the Plant.—The temperature 
of the inlet water rose gradually during each nine-hour 
period of running, especially in hot weather. It appeared 
to attain a maximum in about 7 hours. The hottest 
weather during the period occurred in May, 1912, and a 
curve is plotted in Fig. 16, on the next showing the 
rise in temperature during the day. The use of a much 
larger volume of water would have prevented to some 
extent this rise in temperature, but the additional cost of 
haulage would have been considerable. Moreover, it was 
only during the hot weather that the effect became 
important, and even in this case the conditions approxi- 
mated to those which might arise on board a ship trading 
to the Tropics. 

It seemed desirable to obtain a knowledge of the tem- 
peratures obtaining in the interior of the condenser, since 
these could not be deduced from measurements made on 
the in-going and out-going water. Accordingly, four 
thermometers were inserted through the casing of each 
of the four sections of the condenser in such a way that 
the bulbs of the thermometers were in actual contact with 
the top tubes. The thermometers were fixed in glands 


which were made perfectly steam-tight. The arrange- 
ment is shown at T in Fig. 13. 
These thermometers served two pu '8—VizZ. :— 


1. That of enabling four sections of the condenser to be 
kept at approximately the same temperature by the 
adjustment of the amount of steam admitted to . 

2. That of indicating the distribution of temperature 
along each tube. 

The actual temperatures observed d led princi- 
pally u four factors—(«) the atm ric tem 
ture ; () the amount of steam being condensed ; (c) the 
time the plant had been at work ; and (d) the speed of the 
water through the tubes. The factor (d) was kept constant 
throughout the whole experiments descri in this 
paper, and its effect will not be considered further. As 
~ s factor (a) the plant ran from March, 1912, till the 
following December, and during this period some of the 
highest temperatures recorded for the inlet water were 
obtained during the month of May. No severe frosts 
occurred during the whole run the plant, and the 
lowest temperatures were observed during November. 
Typical curves illustrating the distribution of tempera- 
ture along the tubes during May and November are 
shown in Figs. 17 and 18, page 342. 

It was not found —_— to separate the factors (a) 
and (b) from one ano entirely, so that the actual tem- 
perature of the inlet water, after the run had once begun, 
depended on both factors jointly. The extremes in 
steam pressure recorded were 90 Ib. per sq. in. and 1365 Ib., 
but for the most the steam was kept in the neigh- 
bourhood of 125 Ib. 

An examination of the curves shown in Figs: 17 
and 18 will show that the tubes in the four sections of 
the condenser had been subjected to temperature condi- 





* It should be mentioned that nv difference whatever 
could be detected in the behaviour of the 70 : 30 tubes 
made by these two firms, they were used side by 
side in a number of the laboratory experiments. 

+ Laboratory experiments described previous! ae 
ect 


that a small increase in concentration does not 
speed of corrosion appreciably, 
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tions that are nearly identical. Although the amount of 
steam admitted to each section could be controlled by a 
separate cock, it was not found possible to obtain greater 
equality of temperature than that shown in the curves. 
Sometimes one section was ——_ the hottest and 
sometimes another, and the small differences appeared to 
be fairly uniformly distributed between the four sections. 
Difficulties in obtaining exact uniformity of conditions 
rapidly increase with the scale of the plant, and althoug 
the engine and pump were kept working as regularly as 
possible, it is to the unavoidable variations in these 
matters that the differences in temperature are due. 

It may be mentioned that it was found difficult to kee 
the vacuum in the condenser above 20 in., althoug 
occasionally it reached 25 in. to 27 in. In ordinary mer- 
cantile marine practice the vacuum approximates more 
nearly to the higher figure. 

The amount of steam condensed per hour per square 
foot of condenser surface was approximately 51lb. This 
amount is also somewhat es than the ey practice 
in the passenger services, though it corresponds approxi- 
mately with the amount condensed in cargo-hoats. On 
the wale it is claimed that the conditions obtained in 
the mercantile marine have been reproduced as accu- 
rately as is possible on a small scale plant, and, at any 
rate, sufficiently accurately to yield valuable experi- 
mental results. . 

At the end of nine months’ working the plant was 
closed down, and three tubes of each composition were 
removed for examination. They were selected from 
similar positions in each of the four sections of the con- 
denser, and the positions are indicated in Fig. 13, where 
the three blank spaces in the right part of the figure 
indicate the positions from which the tubes were with- 
drawn. After removal, the tubes were cut in half longi- 
tudinally, so that the interior surfaces might be examined. 

Nature of the Scale.—In all cases the tubes were 
covered with a brown layer, which consisted chiefly of 
ferric oxide; it contained also sodium chloride and 
calcium carbonate, as well as traces of sulphate. This 
layer was loose and easily removed from the tube. 
Beneath it a rather more adherent layer was found. This 
was nish in colour, and contained both copper and 
zine in the form of basic chloride and carbonate. In 
places small white spots or particles of zinc oxychloride 
replaced the green layer, and the tube underlying these 
areas was found to dezincified. In the case of the 
Muntz metal tube, the green layer was normally absent 
and was replaced by a very thin grey-white layer of 
zine oxychloride. meath the layer of basic salts, a 
layer of brown or black oxide, strongly adherent to the 
tu Pp ee. ms Fp ag — wee — 

icles o ite found amongst the scale. Evidently 
paws particles as result from the dissolution of the 
cast-iron water-ends are washed away in the stream of 
sea- water. 
RESULTS OF THE EXAMINATION OF THE TUBES. 
Admiralty Tubes, 70 : 29:1. 

Top Tube.—Dezincification in irregularly-shaped spots 
and areas, mainly along the bottom and eides of the 
tube, but extending for about 8 in. on each side of the 
centre. 

Middle Tube.—Dezincification mainly along one side 
of the tube. Extends for about 6 in. from centre. 

Bottom Tube.—No signs of dezincification. 


Special Brass, 70 : 28 : 2. 
Top Tube.—Dezincification at sides only. Not very pro- 
nounced. Mostly near centre oftube. 
Middle Tube.—A_few scattered dezincified spots only. 
Distribution around tube ir: lar. Mostly near middle. 
Bottom Tube.—No signs of dezincification. 


Brass, 70 : 30. 


Top Tube.—Dezincification in spots alon 
sides of tube, extending a considerable 
the centre. 

Middle Tube.—In spots, mainly along bottom of tube. 
Interior surface of tube uneven and dezincification appears 
to take place on the raised portions. 

Bottom Tube.—A large dezincified area ab top of tube, 
near centre. Dezincification extends a few inches from 
centre of tube. 

Muntz Metal, 61 : 39. 


Top Tube.—Severe dezincification in spote. In some 
places dezincification has almost penetrated through the 
tube. Especially noticeable along sides of tube. Moet 
severe near centre. 

Middle Tube.—Numerous dezincified spots. One large 
area, 2 in. from centre. Dezincification has penetrated 
one-third through the tube in one or two places, 

Bottom Tube.—A few small spots at top of tube. 

Note.—The formation of a pit appears to take place in 
the following way. The zinc is removed from certain 
spots in the tube, and leaves behind the copper in a 
loose, spongy, and rotten form. When dezincification 
has pa right through the wube, and the copper 
has lost its backing of unaltered brass, it is quickly worn 
away mechanically. Mechanical, and to a certain extent 
chemical, action also removes some of the copper even 
before dezincification has penetrated right through the 
tube. This is shown by the measurements of the depths 
to which the coppery area is depressed below the general 
level of the surface. 

The most important deductions which the authors 
consider may be drawn from this series of observations 


are :— 

1. The Order in which the Tubes Resist Dezincifica- 
tion.—The most resistant were the 70: 29:1 and the 
70 : 28 : 2tubes. These appear to resist the action to 
about the same extent, and were considerably more re- 


bottom and 
istance from 


h | the highest temperatures at their centres. It 





sistant than the 70 : 30 brass, which came next in order of 
merit. The Muntz metal tubes were decidedly the most 
quickly attacked. 

2. Importance of Temperature in Corrosion Pheno- 
mena.—In all cases the attack appeared to be most 
severe at or near the centres of the tubes. Since the 
steam entered the condensers at the centre and no baffle- 
plates were used, the tubes must have been subjected to 

mes 
evident, therefore, that temperature plays a most impor- 
tant part in determining the distribution of the areas of 
dezincification. 

3. Corrosion is not Confined to the Bottom of the Tubes. 
—It usually occurs in that position, but is by no means 
confined to it. It frequently occurs along the sides, and 
occasionally along the tops of the tubes. 

4. Graphite Particles cannot be regarded as a Cause of 
Dezinctfication.— Dezincification can occur independently 
of the presence of these or any other foreign particles. 
COMPARISON OF THE RESULTS OBTAINED IN THE 

LaBoraToRY WoRK AND IN THE EXPERIMENTAL Con- 

DENSER PLANT. 

The agreement between the two methods of work is 
striking. In both, the order in which the tubes resist 
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of the condenser will show clearly that the top tube must 
have been the most highly heated of each set. On the 
other hand, the bottom tubes of each set must have been 
subjected to a distinctly lower temperature than the 
others, and as a result the bottom tubes in two cases 
have not been attacked at all, and in the other two cases 
the attack is less than that in the case of the higher 
tubes. Both sets of tests bring out the fact that the 
locality in which dezincification occurs is not determined 
by the electro-chemical action of carbon or any other 
foreign particles settling on the tubes. It is due to a 
themical action which becomes the more pronounced as 
the temperature is raised from the ordinary temperature 
to 50 deg. Cent., and probably higher, —~ the Admi- 
ralty tube must possibly be excepted from this statement. 
This action takes place under conditions which exclude 
the possibility of the settling on the tubes of any sub- 
stance not derived directly from the tubes themselves. 
_ Dezincification appears to be a phenomenon inherent 
in alloys of the brass type, and to more pronounced 
the higher the percentage of zinc in the alloy. It starts 
at certain points on the tubes and spreads outwards from 
them, till, in time, the whole tube would become 
dezincified. 

A distinct relation has been found between the pre- 
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dezincification at elevated temperatures has been found 
to be isely the same. It is unfortunate thad no strictly 
quantitative expression can be obtaiftied to represent the 
relative merit of the tubes aa regards resistance to 
dezincification. In the case of the experiment with the 
condenser plant the authors have been obliged to rely 
upon mere inspection of the tubes. Nevertheless, there 
can be no doubt that the 70: 29:1 and 70: 28:2 tubes 
are more resistant than the 70 : 30 brass, and this more 
than the Muntz metal. The | poe ope evidence is afforded 
by the fact that one tube of each of the first two alloys 
completely resisted dezincification, and this indicates 
their superiority independently of the exact determina- 
tion of the areas over which dezincification occurs, 
though, as a matter of fact, the total dezincified areas in 
these two tubes were considerably smaller than in the 
case of the others. That the Muntz metal had suffered 
most severely was amply shown by the fact that dezinci- 
fication had penetrated more three-quarters of the 
way through the topmost tube in several places, and one- 
third of the way through the middle tube, whereas in all 
sees Lo of tube dezincification had penetrated much 
ess deeply. 

The supreme importance of temperature, which had 
been clearly indicated by the laboratory work, was amply 
confirmed by the large scale test. In each of the four 
sets of three tubes the topmost was the most severely 
attacked, and a study of details of the construction 
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sence of firmly adherent oxychloride and the spots or 
areas of dezincification. It has been observed in tubes 
corroded under conditions of practical work, as well as 
in the experimental condenser test. Direct evidence has 
been obtained in the laboratory as to the evil effect of 
this substance. The authors believe it to be both a result 
and an accelerating cause of dezincification. 
SECTION III. 
The Protection of Condenser-Tubes. 

This subject bas been but incompletely studied owing 
to lack of time, yet one or two interesting observations 
have been made which seem to be worthy of record here, 
— to some extent they may serve as a basis for future 
work. 

The methods in use for the protection of condenser 
tubes are electro-chemical in nature ; they depend either 
on the use of some metal, such as zinc, iron, or aluminium 
or its alloys, which is nen to brass, and which 
will consequently set up an electrical current when both 
are connected together and immersed in sea-water ; or on 
the use of a dynamo to pass the current to the brass. In 
principle the two methods are identical—namely, that of 
making brass which itis desired to protect, a cathode at 
which there will be a tendency for the liberation of 
~ gg oe while oxygen will tend to set free at 

e anode. This anode may consist of any of the 
metals mentioned above. The idea is to concentrate 
ro og on the anode, which is sacrificed to protect the 
oa e. 

The metal zinc has been largely Lee for anodes, 
both for the protection of boilers and condensers. In the 
case of the latter, it is a in the water-ends and is 
securely bolted to the tube-plates. At first sight it would 
appear to be a more suitable metal than iron, since it is 
more electro-positive, but in practice this does not prove 
to be the case. appear to be two reasons for this. 
The first is that the zinc gradually becomes covered with 
a fairly adherent layer of oxide, which itself is electro- 
negative to brass, and is a poor conductor of electricity. 














eS eee 








Sgr. 5, 1913] 





ENGINEERING. 


341 








Thus the preatiee ontion sf he zinc —_ ceases, and 
might even be reversed but for the poor conducting pro- 
on of the oxide. The second reason is that the con- 
sumption of zinc is found to be very great—far greater 
than that demanded by the requirements of el 
mical protection. It seems probable that the zinc is sub- 
ject to auto-corrosion due to the action of the zinc- 
oxychloride which adheres to the metal. 
».For the protection of condensers zinc has been largely 
re by iron, which is not only cheaper but more 
efhcacious. The iron is used generally in the form of 
slabs, which are placed in the water-ends of the 
denser, and are attached by bolts to the tube-plates. 
\ If any electro-chemical action is to occur, it is obviously 
to ensure that the connection between the iron 
slabs va | the ogee be thoroughly satisfactory. It 
is, of course, possible that the mere presence of iron 
slabs in the water-ends of a condenser might give rise to 
a certain amount of > by poe gen 4 the ws of 
a ion of its oxygen, which will go to form 
oan bs so, no qpecal care need be taken to 
ensure satisfactory electrical connections. To test this 
point, the following ments were made :— 

Three pieces of 70 : 30 brass tube were taken, together 
with three pieces of wrought iron. On to one tube and 
one piece ot iron lengths of copper-wire were soldered. 
These were weighed separately, and then the owen 
wires were connected together, so as to ensure good elec- 
trical contact, yet they could be separated again for 


Fg.19. APPARATUS FOR 











weighing purposes. The tube and iron were then 
immersed in a beaker containing 14 litres of sea-water. 
One of the other pieces of brass tube was weighed, and 
suspended in another beaker at a depth of 2 in. from the 
po At a distance of 4 in. above it a weighed piece 
of wrought iron was arranged. Thus there was no elec- 
trical connection between the tube and the iron. The 
other |] of tube and iron strip were similarly 
immersed in a third beaker through which a stream of 
air was kept bubbling. The air was introduced at the 
bottom of the beaker. All the beakers were then 
placed in a thermostat at 50 deg. Cent. The object of 
carrying out the experiments at this temperature instead 
of at the laboratory temperature, was to ascertain whether 
electro-chemical protection would prevent selective corro- 
sion, which is particularly active at this temperature. 
At the end of seven and fourteen days all the pieces of 
metal were weighed, and the results are given in Table X. 


TABLE X.—Protectton Experiments in Sea-Water at 
50 Deg. Cent. 


| Immersed in | | 


L-s Not Con- Not Con- 
|! Water and |nected. Non-, nected. 
| Electricall, Aerated. Aerated. 
omnes Inter- | Connected. 
val. | Tet Se poe 
| Brass Iron | | 
and and | Brass.) Iron. Brass | tron. 
| Wire. Wire. | 











Initial weight | 
in mmes| — 24.1859 12.8052/21.1220)11.6890/22.3108/10.0216 
be - t = 7 days|24.1859 12.5200/21.1035|11.5816|22.2740| 9.8760 
4 n 
grammes ..| — — __ | 0.2852) 0.0185) 0.1074) 0.0868) 0.1466 
re ay lédys. |24.1859 12.3040)21.0910 11. 4640/22. 2860, 9.6570 
in | | 
grammes ..| — — 0.5012) 0.0810) 0.2250! 0.0748) 0.3646 








1: will beeen that the tube which was in electrical contact 
iron was com ince i 
lon of weight ie pe YY protected, since it shows no 


uite bright and 
unoxidised, and no si of pitting could be seca, though 
experiments described eleswhere in this paper show that 


it Occurs normally in seven days at this temperature. On 
ep examination the protected brass tube was found to 
covered with a uniform thin transparent layer of some 
Th. which could only be removed by scraping. 
ved ee wae of about the ickness of tissue paper, and 
= Pha Foner ma calcium carbonate. The réle of this 


p imedle sty es deserves careful consideration in any 


mechanism of protection. 








| the anode. These distances were } in., 10 in., and 20 in. 
| respectively. A fourth piece of tu E, was placed in the 


Neither of the other tubes was completely protected by 
Sion, condiemn the slow cits to qonnedily tale Gananan 
‘ore, confirms the view w is 
electrical connection between the oon and brass is 
necessary for the protection of the latter. The tube 
suspended in the aerated beaker showed severe dezincifi- 
cation on the back and sides, while the other tube was 
slightly attacked at the edges and on a few scattered 
—~ on the back. The attack was somewhat less severe 
t’ would have been expected if there had been no iron | 
in a but the protection afforded by the latter | 
was slight. | 

In the experiments just described the iron was arranged | 
close to the brass, so that the conditions were especially | 
favourable for protection. In a enser containing | 
tubes 16 ft. long, on the other hand, the iron slabs, even | 
when used in 





is to be effective in the middle of the tube. It seems, at) 


th water-ends, must exert a protecting | temperature. 
influence over a distance of 8 ft. of tube, if the protection | deposited upon its surface. Evidently the 


after a minute or two, the needle again showed a slight 
kick and returned to zero, and the result could be re- 
peated as often as desired. tar van A isation 
Le nee any current flowing continually round the 
circul 
At the end of three weeks the brass tubes were 
examined. It was found that each of the three tubes 
connected with the iron was covered with a thin trans- 
lucent Jayer of calcium carbonate. This layer showed a 
very slight pinkish tinge, due, a: tly, to the mecha- 
nical entanglement of particles of ferric oxide which per- 
meated the sea-water in the apparatus. Underneath the 
aver the brass was found to be bright and unattacked in 
three cases. The piece of brass used as a blank was 
covered with a layer of brown oxide such as is ordinarily 
met with in experiments carried out at the ordinary 
No layer of calcium carbonate had been 
of a 


current is necessary for its formation. It to be 


first sight, a little difficult to understand how the pro- | formed in the following way :—Immediately the circuit 


tective action of the iron can extend thus far, since, on | is cl 
the electro-c-hemical view, the protection afforded is pro- | cathode. 
passed, and the current passing | carbonate ions in the solution ; conseq 


portional to the current 
round the iron-sea-water-brass circuit must be 
small, owi' 
circuit. 

current would pass through the water to the tube- 
and so back to the iron through the condenser 
only a minute current would pass through the water to 


TECTION CURRENT 





a) tubes, and so back to the iron via the tube-plate and 


The exact amount of current conveyed to any portion 
of the tube can be readily calculated from the resistance 
of the sea-water circuit Eoouh which the current must 
pass to reach it. The resistance of this circuit increases 
rapidly, and at a distance of 8 ft. up the tube the amount 
of current passing to the last few inches of tube must be 
extremely small. UO uently, it is difficult to see how 
se slabs in the water-ends can the middle of 

e " 
The same difficulty is met with in considering the mode 
of protection pea pang Ae pn asin the 
Cumberland process. Of course, in this case a much 
larger current can be and it can be increased at will 
until it is effective, but authors have been informed 
by Mr. Cumber that in normal cases 2 amperes per 
1000 sq. ft. of tube surface is sufficient for protection, and 
where such a small average current is used the amount 
conveyed by the most remote foot of tube will be very 
small, It seems certain that some other factor must 
operate to assist protection. 

To test the matter the following experiment was 
made :—A glass vessel of the shape shown in Fig. 19 was 
obtained and filled with sea-water. In it were placed 
three lengths of 70 : 30 tube B, O, D, soldered to leads of 
copper wire, and three of these were connected to a single 
iron anode, A, and a delicate milliammeter was included 
in the circuit. The arrangement merely amounts to - 
ing three brass cathodes at three different distances from 


apparatus at the point farthest from the iron, that was 
insulated from the other piece D and from the iron, and 
served asa check. It will be noticed that the distance 
of the farthest tube from the iron anode was forty times 
as great as that of nearest. Its area was twice as 
great, hence the average amount of current conveyed by 
- farthest pon anant ximately angen of 
the current conve: y nearest. inary 
, if the -blocks be 
the tube-plate the centres of the tubes be 8 ft. away 
from the tube-plate, the last 3 in. of the tube will convey, 
on an are one twenty-fourth of the total current, or 
approximately the same proportion as in the experiment 
now being described. — 
At the beginning of the experiment the milliammeter 
was introduced into the main circuit, thus the total cur- 
rent ing to and from the iron anode could be mea- 


to the considerable internal resistance of the | bonate ions till equilibrium is 
ver, it seems as if the greater part of the | low ———- Yau, - 
tes, | 10ns cause tation of CaCO, on cathode 

y ;| in the neighbourhood of whieh reactions i 


situated 4 in. from | P®* 


rogen ions will pass out of solution at the 
ions have been in equilibrium with bi- 
uently the bicar- 

bonate ions will break up and yield h 2 


uct of CaCO,, this release of CO, 


are 
| The layer of calcium carbonate thus formed. will 
pase © tage seems into the circuit, and the current 
| will be reduced practically to zero. 
| The manner in which iron anodes can afford protection 
| to the tubes over great distances from the anodes them- 
selves now becomes. evident. The greater part of the 
| protecting current passes at first by the shortest path, 
| and protects only the parts near the iron anodes. 
soon become covered with a layer of calcium carbonate, 
| ees ee See Se ee 
sequently current passes to more remote, but 
= the tube, ot on with ag film. 
, process is repeated, tecti of 
calcium carbonate creeps gradually the tube. 7 
| extreme distance over which ion can be afforded 
|.in this manner is conditioned by the relative resistances 
of the layer of calcium carbonate and the increased resist- 
ance of the path of water through which the current 
must pass to reach the more remote parts of the tube. 


8 
? 


i 


7 


When the latter becomes greater than the former the 
protection will cease. The played by the film of 
calcium carbonate in ical protection must be 


very important. It is effective in venting both the 
cousplets and the selective Genel enamine It even 
prevents, toa great extent, the initial towards cor- 
rosion—viz., oxidation of the metal. The appears to 
be hard, uniform, and adherent, and by no means easily 
broken mechanically. It should be remarked, how- 


carried out in stagnant sea-water—i.e., under conditions 
in which mechanical injury was not likely tooccur. It 
deserves to be repeated in running sea-water. 

| question may fairly be asked, how can corrosion ever 
| occur when iron slabs or an external current are used for 
protection ? The answer is that it can occur apparently 
in several ways :— 

1. By the breakdown in the electrical connections 
between the slabs and the tube-plates, and this may 
occur by the oxidation of the bolts, nuts, &o. 

2. By ~ py ~ injury to the layer of er carbo- 
nate caused by iron cleaning-rods, 
particles through the tube, i“ — ware 

3. By the failure of the calcium carbonate to adhere 
firmly to the tube, especially if the latter has first under- 
gone slight oxidation and corrosion. 

The precise conditions under which this film can be 
formed and maintained deserve further study. 


Generat SumMARY oF Experimenta Work. 

All the conclusions tabulated below are based on ex- 
periments carried out with natural sea-water and ordinary 
condenser-tubes of commerce. 

1, The alloys examined corroded in two distinctly 
different ways, one of which is characteristic of ordinar 
atmospheric tem res—termed ‘‘ complete corrosion ” 
—and the other of temperatures slightly elevated—termed 
‘selective corrosion.” 

2. Selective corrosion, which results in dezincification 


| 


and pitting, and is therefore the cause of the practical 
problem, must be regarded as an inherent y of the 
alloys examined, provided that sea-water and the requisite 


temperature itions are present. 

3. The influences of a number of the d its and 
particles hitherto supposed to be the causes of dezincifi- 
cation have been shown to be unimportant. 

4. The influence of the juxtaposition of two phases in 
the alloys examined was found to be unimportant. 

5. The order in which the resisted complete cor- 
i different from that in which they resisted 
selective corrosion. Hence the resistance to selective 
corrosion cannot be deduced from observations on the 
resistance to complete corrosion at the ordinary tem- 


ture. 
6. The results of the experiments with the model con- 
denser plant confirmed the results obtained in the labora- 
“7 experiments. 


tion has been directed to the deposition of calcium-car- 
bonate scale on protected tubes. 


SomE OBSERVATIONS ON THE PRacTICAL PROBLEM. 





the circuit was first closed the indicator 
needle gave a slight kick and returned to zero and 
remained there. If the circuit were broken and re-made 


i 


It has become clear from the experimental work pre- 
viously described that dezincification followed by pitting 
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is a phenomenon inherent in brass alloys of the type 
discussed. . 

The conditions for its appearance are the presence of 
certain kinds of water, of which natural sea-water was 
one, and of a certain temperature. The physical state 
of the surface of the alloy may have some influence in 
determining the exact points at which the action starts, 
but merely assists a tendency which is characteristic of 


‘tendency to selective corrosion, and if the condenser be 





the alloy. The action once started will spread throughout 
the alloy. Dezincification may be 
postponed, by four different methods :— 

1. By using a suitable water supply. 

2. By using an alloy different from ed 

3. By adjustment of the temperature conditions when 
brass is used. . 

4. By electro-chemical protection. 

In the mercantile marine Method 1 can never be 
employed, and it can rare!y be used even in land installa- 
tion. Moreover, there is as yet no precise information 
as to the kinds of water which will not give rise to 
dezincification. As Method 2, very little infor- 
mation is at present available. An obvious suggestion is 
to lower the amount of zinc present in the alloy, and thus 
to diminish the tendency towards dezincification. As to 
how far, if at all, the elimination of zinc could be usefully 
carried, the authors cannot make any definite statement. 
It is, however, certain that a complete removal of zinc 
would give rise to serious trouble of another kind. 
Possibly there may be some alloy intermediate between 
70: 30 brass and pure copper which would be more resist- 
able to corrosion than either, though whether it could be 
satisfactorily drawn into tubes is another matter. Prob- 
ably manufacturers have a!ready experimented privately 
along these lines, and information on the subject would 
be welcomed. , ’ 

A number of alloys which contain no zinc suggest them- 
selves as suitable for the manufacture of condenser-tubes. | 
Phosphor-bronze has been proposed on a number of occa- | 
sions, It can be drawn into tubes of quality, and | 
at first sight would appear to be an excellent material for 
the purpose. Under certain conditions, however, it 
appears to be subject to a peculiar and deeply penetrating 
form of complete corrosion, the cause of which has not | 
yet been ascertained by the authors, and the phenomenon | 
of ‘‘detinning” has also been observed. More work 
upon this alloy is desirable before it can be recommended 
for use. A copper-nickel alloy produced on a large scale 
in America, and known as ‘‘monel metal,” has been used 
for condenser-tubes. It appears to give satisfactory | 
results as far as resistance to corrosion is concerned, but 
its high price has prevented its extended use. The work 
of Carpenter and Edwards would suggest the use of a 
copper-aluminium alloy if it could be easily and cheaply | 
drawn into tubes, but the authors have never had an | 
opportunity of experimenting with tubes of such material. | 

As regards the immediate future, and pending future 
investigations on different types of alloy, the best means 
at ww isposal of engineers for hindering corrosion appear 
to — 

1. The entire abandonment of the use of plain 70 : 30 
brass and its replacement by either the Admiralty gies, 
70 ; 29; 1 (tin), or Muntz’s special brass, 70 : 28 : 2 (lead). 

2. Careful control of the temperature in condensers. 

8. The extended use of electro-chemical protection. | 

As regards 1, ample evidence will be found in the) 
experimental section of this report, and the matter needs | 
no further emphasis here. As 2, the authors con- | 
sider that the importanca of temperature in determining | 
the nature of the corrosive attack on brass by sea-water 
has not received from engineers the attention it deserves. | 

In practice the most important factor which influences | 
the a in a condenser is the amount of steam | 
admitted to it. This may be conveniently stated as the 
number of etree of steam condensed per hour 
foot of tube area. Inquiries have been le 
authors as to the average amount condensed in ordinary 
practice, but they find that engineers are rarely able to. 
state the amount, though they can usually state the, 
amount of steam the condenser was originally constructed 
to deal with, a somewhat different matter. 

In the authors’ work with the experimental condenser 
the temperature of the outlet water rose to 40 deg. Cent. 
in hot weather, when only 5 lb. of steam were being 
condensed og square foot of tube surface. The tempe- 
rature of the hottest part of the tube rose under the 
same circumstances to 55 deg. i 
weather the temperature of the hottest part of the tube 
approached 40 deg. Cent., which is in the danger z ne. 
The temperature of the outlet water was then almost 
25 deg. Cent. 

The table given o1 page 299 ante shows that the tempe- 
rature of the outlet water of ships trading to the Tropics 
averaged abdéut 42 deg. Cent., and of dine ships about 
36 deg. Cent. It is probable, therefore, that the tempe- 
rature conditions in the capeenentel plant were some- 
what less severe than in the con‘lensers of ships in the 
Atlantic and cross-Channel trades. It is particularly 
noticeable that in case No. 12 of the table, 100 per cent. 
of the tubes failed in four years, and the temperature of 
the outlet wa'er wa; in this case the highest recorded. 

In the tables the of the outlet water vary 
from 68 deg. Fabr. to 130 deg. Fahr. Part of this varia 
tion is, of course, due to variations in the temperature 
of the intake water, but part is due to conditions which 
can be controlled. temperature of water in a 
condenser can be kept down in the following ways: - 

1, By limiting th» amount of steam . 

2 By shortening the path of the water through 
coadens 'r. 

3. By increasing the 


square | 
by the’ 


t. Even in cold 


of the water. 


4. By preventing choking of the tubes, either by fitting 
soreens or filters, or by frequeat 
As regards |, the amount of steam condensed has been 


vented, or at least | 


| temperatures in 


| 18 not necessarily the middle of its 
| almost any part 


| baffle-plates and the velocity of the steam entering the 


| action of particles, more particularly of carbon, but this 





© hurst, Hendon, Willesden, 


considered hitherto from the point of view of engine- 
efficiency pve a ag and not at all from the 
corrosion point. Nevertheless, it is a fact that, 
within the practical limits of temperature,* the o— 
the amount of steam condensed the greater will the 


really overloaded this form of corrosion may be extremely 


rapid. 
} The effect of temperature has been completely masked 
in recent years because of the peculiar distribution of 
ensers arising from the use of baffle- 
plates. When these are used the hottest part of a tube 
b, but may 
tween the middle and the last foot or 
two. Its position will be determined by the size of the 


condenser. 

The explanation of the extremely long life of the tubes 
in a Yarmouth trawler, to which reference has already 
been made, is probably due to the fact that the vessel 
was normally under easy steaming conditions, and conse- 
quently the amount of steam condensed per square foot 
of tube surface was very small, and the temperature in 
the condenser low. ’ 

8 2, the practice of dividing a condenser into 
two “‘ nests” is a distinct aid to corrosion. As the water 
passes through the lower nest it becomes heated, and 
consequently the top nest is supplied with water that 
is already warm and will become still more highly 
heated. From the corrosion point of view it would be 
preferable to introduce a separate water inlet and outlet 
to each nest of the condenser, and to discontinue the 
— of building them in nests (espec‘ally since the con- 

ensing efficiency ofthe tubes in the lower nest is small). 

As regards 3, inquiries have shown that the speeds of 
water through the condensers in the mercantile marine 
vary between 240 ft. and 360 ft. per minute. The average 
for all the figures obtained is about 290 ft. per minute. 
The gs of the water used in the experimental plant 
was about 275 ft. per minute. The faster the speed of 
the water in the condenser the lower the temperature, 
other things being — and the less the liability to the 
choking of tubes. In the authors’ — the speed 
should be kept up at least to the highest figure men- 
tioned above, and it might be worth while to try still 
higher speeds. 

Inquiries made by the authors have shown that choked 
tubes are sometimes severely corroded, and sometimes 
not at all. If a choked tube be found in the bottom 
part of the condenser working normally it will not 
usually be corroded, since its temperature, even in this 
case, is still low; if, however, the condenser is being 
overloaded, as shown by the high temperature of the out- 
let water, it may be severely corroded. If a choked tube 
be found in the top part, however, it will usually show 
severe dezincification, owing to the high temperature to 
which it has been heated. Hitherto the corrosion of 
choked tubes has been attributed to the electro-chemical 


view has now been clearly shown to be untenable. 








Motor Fire-Encing ror Hove.—The committee of 
the Hove ay me has decided to purchase a Merry- | 
weather fire-brigade ee a combination, the design 
selected being the ‘‘ Hatfield” type, to deliver 350 to 400 | 

ions per minute. It will be capable of travelling up | 
to a speed of 40 miles an hour on the level, and will have 
accommodation for men, and a cag a A ear, | 
besides which it will carry a 35-ft. extension-ladder. It | 
may be mentioned that the first petrol-motor pump to be 
put into service in London was of this ype, and the 
‘ Hatfield ” design bas also been adopted by numerous | 
suburban and seaside towns, including Bromley, Chisle- 
Harrow, Merton, Mitcham, 
Penge, Southend-on-Sea, Leigh-on Sea, &c. 


Inp1an Raitways.—Between 1903 and 1912 the length | 
of line in operation upon the railways of British India | 
increased from 26,851 miles to 33,484 miles. While the 
increase in mileage was rather more than 25 por cent., 
the net revenue advanced in the same period as follows :— 





Year. Net Revenue. Year. Net Revenue. 
£ £ 

1903 .. 12.598,200 1908 11,882,933 

1904 .. 13,947,067 1909 18,786,000 

1905 .. 14,497,467 1910 15, 9° 0,000 

1906 .. 14,742,400 Will:. 17,626,666 

1907 .. .. 16,321,383 1912 .. -. 20,943,333 | 
The pi s of net revenue during the decade was, 
accordingly, 7,345,133/ , or 66.32 per cent. This highly 


satisfactory state of things rendered it possible for the 
directors of most of the Indian railway companies to 
increase substantially the dividends distributed upon the 
capital invested. In 1903 the average rate of dividend 
was 5.54 rents in 1904, 6 per cent.; in 1905, 6.07 per 
cent.; in 1906, 5.96 per cent.; in 1907, 5.86 per cent.; in 
1908, 4.33 per cent.; in 1909, 4.81 per cent.; in 1910, 
5.46 per cent.; in 1911, 5.87 per cent.; and in 1912, 
6.77 per cent. The ratio of the working expenses to 
trattic ane increased steadily from 1905 to 1908, and 
it was 

events seopeee by native ighoee, the advance = 

ratio wou permanent. progress 

revenue since 1908 has, however, had the effect of again re- 
ducing the ratio to within comparativel limits. | 
Tn 1909 it stood ay 56.06 per cent., in 1910 at 53.10 per cent., 
in 1911 at 52.17 per cent., and in 1912 at 48 92 per cent. 


* It is probable that at high temperatures the speed of 
selective corres on falls off again, and finally becomes 
sero, but these temperatures are * certainly too 
high for effective steam condensation to take place. 





| taking. 


the | aft and in 
that in consequence of the somewhat higher | by 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below particulars of several colonial and 
fo en ing projects, taken from the Beard of 
T Journal. Further iculars concerning these 
may be obtained from the Commercial Tateltigence 
Branch of the Board of Trade, 73, Basinghall-street, 
London, E.C., where plans, &c., may be seen in come 


cases. 

South Africa: The resident engineer at Table Bay 
Harbour has recently re on the proposed outer 
works at Algoa Bay, and has expressed himself in favour 
of the construction of a south breakwater of solid con- 
crete blockwork, 8000 ft. long, to cost approximately 
1,5.0,000/. 

New Zealand: The local authorities of Parnell, a 
suburb of Auckland, have received permission to raise 
a loan of 25,000/., of which 15,000/. is to be spent on 
street improvements, 4000/. on water-pipes, and 2600/. on 
baths. e Auckland City Council will shortly seek 
power to raise a loan of 100,000/. for drainage work. The 
construction of a new bridge at Mangere, Auckland, has 
been authoris:d. It is to be of reinforced concrete, 
820 ft. long and 50 ft. wide, and is expected to cost 
25,0007. A new reinforced-concrete bridge is to be built 
over the Tamaki River at a cost of 15,000/. Improve- 
mentsare planned by the Auckland Harbour Board which 
will cost about 12,000/. The Devonport (Auckland) Ferry 
Company is about to increase its capital, and to build a 
new ferry steamer. The establishment of a motor- 
omnibus service is also contemplated. The Mount Eden 
Borough Council have adopted a drainage scheme which 
will cost about 27,000/. to carry into effect. 

Brazil: Tenders are invited by the Public Works 
Department pf the State of Rio Grande do Sul for the 
construction of harbour works at Porto Alegre, at an 
estimated cost of 740,200/., and for dredging the navigable 
channels of the Lagoa dos Patos and the Rio Guahyba, at 
an estimated cost of 630,670/. The works include the 
construction of quay w: warehouses, and their equip- 
ment, &c. Tenders will only be received by the Direc- 
toria da Viacgao Fluvial, Secretaria das Obras Publicas, 
Porto Alegre, till October 20. Though the time may be 
short for tendering for the main contracts, it is suggested 
that the works might afford openings for the supply of 
plant. The Diario Official of August 1 publishes a oles 
setting aside, in favour of the Ministry of Justice and 
Home Affairs, a sum of about 82,000/. for the purchase of 
floating aoe required by the Sanitary Service at 
certain Brazilian ports. The Diario of August 2 contains 
a decree approving the plans and estimate of about 
519,750/. for the constiuction of 99 miles of line of the 
Tibagy section of the Sorocabana Railway. 

French Equatorial Africa : The Journal des Transports 
(Paris), of August 16 states that the French Government 
has now agreed to the loan of 175,000,000 francs 
(7,000,000:.) tor works in French Equatorial Africa, and 
the scheme will os be passed at the next session of 
the Chamber of Deputies. Most of the loan will be de 
voted to the construction of railways. These will com- 
prise 583 kiloms. of line from Pointe-Noire to Brazzaville, 
and lines between Bangui and Fort Crampel (348 kiloms.), 
and between Ndjolé and Kandjama (310 kiloms.). The 
surplus, which it is estimated will amount to 13,000,000 
francs (520,000/.), is to be spent on improving the har- 
bours and waterways, and in establishing wireless and 


| ordinary selagaph systems. 


italy: The Sole of August 18 and 19, states that the 
Italian State Railway ~_ ny pro to construct 
a branch railway on the logna to Florence line—viz., 
from Castiglione dei Pepoli to Vernio. The proposed 
line will branch off half way through the ‘*Ca di Serra” 
tunnel. The work will entail the erection of viaducts and 
the boring of a tunnel 114 miles long. It is estimated 
that 74 years will be required to complete the under- 





TENDERS FOR PLANER Wantsep. — The American 
Consul-General, 42-45, New Broad-street, London, E.C., 
writes to say that tenders are desired for one extension 

laner, open side, 96 in. by 132 in. by 24 ft., by the 

sthmian Panama Canal Commission, and that he will 
gladly supply particulars to any interested parties who 
may call at his office. 





Tue O1t-Tank Steamer “* Winamac.”—On August 27, 
the oil-tank steamer Winamac, built by Messrs. Craig, 
Taylor and Co., Limited, Thornaby ag oo | rd, 
Stockton-on-Tees, was taken to sea for her official trial 
trip, which proved satisfactory. The dimensions of the 
vessel are rd ft. by 53 ft. 4 in. by 31 ft. to the upper deck. 
For the carrying of oil in bulk there are nine tanks, with 
centre oil-tight division, forming eighteen compartments 
for oil cargo, each having a large expansion trunk in 
"tween decks. For the carrying of lighter oil in summer 
there are, in addition, five tanks on each side of the 
"tween whilst oil-fuel is carried in the cross-bunker 
od fuel-tank ww fy L are < 

uadruple-ex pansion type ve construct 

North-Eastern hs tg Engineering Company, 

Limited, Sunderland, the cylinders being 24 in., 54 in., 
49 in., and 71 in. in diameter with a 48-in. stroke. The 
three large boilers working at 220 lb. nag ly 
with Howden’s forced dr t. The boilers have been 
arranged to burn either coal or oil. A double set of oil- 
pumps are being fitted in the pump room amidshi 
ca of dealing with 600 tons per hour. Over 
Whitle measured mile the vesel maintained a of 
nearly 12 knots fully loaded. The vessel has been built to 
the order of the Tank Storage and Carriege Company, 
Limited, London. 
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EXPERIMENTS WITH A_ TILTING 
MANOMETER FOR MEASUREMENT 
OF SMALL PRESSURE DIFFERENCES. 


By J. R. Panne. 


THE original form of the pressure-gauge described 
below was designed and used by Dr. A. P. Chattock,* 
late Professor of Physics in Bristol University, and 
was also used by Dr. T. E. Stanton at the National 
Physical Laboratory in his work on air resistance 
in 1904.t As the use of this gauge is likely to 
become extended in aerodynamical laboratories, 
the writer thinks that some notes on its behaviour 


separation surface being noticed just below the 
centre of the microscope. The left limb of the 
U-tube is continued upwards into the central 
vessel, to which the limb on the right is connected. 
The separation surface, which is formed at the 
upper extremity of the left limb, is shown raised in 
the figure. This surface is illuminated by a small 


mirror, and its position observed by the microscope. 

A difference of level in the end cups causes a dis- 
placement of the separation surface, and the accu- 
racy of the gauge depends on the precision with 
which the position of this surface can be observed. 
There are three ground joints to facilitate cleaning, 
and the connection of rubber tubes and the gauge 





extreme cases, would rupture the surface. A thin 
coating of wax on the outside of the tube will 
enable the bubble to stand a large displacement 
before rupture actually occurs. 

When the pressure difference is applied, the 
reading of the hand-wheel, for zero position of the 
bubble, is observed, the head being the difference 
of the two readings. In experiments where the 

ressure difference is applied too rapidly for the 
and-wheel to be adjusted, the tap can be used to 
clamp the surface till the hand-wheel has been set 
approximately at the reading, or, if the value of 
the reading is unknown, the device described by 
Dr. T. E. Stanton* can be used. This was an 








Fic. 1. 


Sensitivity 
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and some improvements which he has been able 
to introduce may be of interest to engineers. The 
gauge is described in the above papers, but it may 
be desirable to repeat this for the sake of com 
pleteness. 

The gauge consists of a glass U-tube of somewhat 
unusual form, mounted on a metal tilting-frame, 
and is shown in Fig. 1.{ The pressure difference 
is measured by tilting the U-tube instead of 
measuring the vertical displacement of the sur- 
‘aces, errors due to capillarity being thus avoided. 

The gauge is filled with oil and water, the oil 
coupying the upper part of the central vessel, the 





* Phil Mag., January, 1901. 
t Proceedings of the Institution of Civil Engineers, 


vol. olvi., 5 78. 
+ The im 9 carrying the glass-work should be bored 
ecventrically to give a small amount of adjustment. 
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is rendered portable by closing the tap in the 
horizontal limb. 

The metal frame is in two s. The upper 

. which carries the glass-work, rests upon three 
rdened-steel points in the lower part, and is 
held in place by a spring at one end and a guide 
at the other. One of these points can be raised or 
lowered by rotating the hand-wheel, causing the 
U-tube to tilt. The whole frame is supported on 
three levelling-screws. 

The method of using the gauge is as follows :—The 
reading of the hand-wheel for zero position of the 
water bubble having been observed, the pressure | 
difference is gubcily applied, the movement of 
the separation surface being corrected by rotating | 
the hand-wheel. It is not desirable to allow an 
very considerable excursion of the bubble, as it| 











| of water, or 0.000002 Ib. per aq. in. 


Fie, 4, 





0 
Height uv Inches 


arrangement by means of which the pressure was 
applied through fine capillaries, which were cut 
out when the readings were actually taken. 

The dimensions of the gauge are such that the 
difference of level in the two cups produced by 
one turn of the hand-wheel is 0.065 in. The 
gauge is sensitive to a movement of one-thousandth 
part of a revolution of the hand-wheel, enabling 
the pressure difference to be observed to 0.00006 in. 
This head 
would represent less than | per cent. on the 
velocity of a current of air at 4 ft. per second as 
calculated from the re in a Pitot tube. 

Althongh the gauge could be made more sensi 
tive, it would be advisable, if greater sensitivity is 


* Proceedings of the Institution of Civil Bagineers, 


| would probably cause a change of zero, and, in | vol. olvi., page 78 
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required, to use the gauge described by Mr. J. D. 


Fry.* 

"The fluids employed in the gauge used by the 
writer were pure castor oil and distilled water, but 
trouble was experienced, due to the clouding of the 
oil. This cloud gradually developed, rendering the 
gauge very unsensitive, and finally making it im- 
possible to observe the position of the separation 
surface. 

After trial of a considerable number of different 
combinations, it was decided that pure castor oil 
and a solution of ordinary bar salt in distilled water 
gave the best results. The high viscosity of castor 
oil is not usually an objection, but in cases where 
it is pure benzine can be substituted, though the 
gauge will be a little less sensitive. Solutions 
with specific gravities varying from 1.001 to 1.07 
were tried, and the 1.07 solution was decided on as 
the most suitable, a gauge in which it was used 
having been in use between three and four hundred 
days, and at the time of writing it shows no sign 
of decay.t A test of the density of the 1.07 specific- 
gravity solution, after 300 days in the gauge, showed 
that if. there was any change it was less than 0.5 per 
cent., which represents the order of accuracy of the 
particular test. 

Some observations have also been made by the 
writer on the change of sensitivity with time and 
with the height of the bubble at the centre tube. 
The time-sensitivity curves in Fig. 2 show that the 
sensitivity of the castor-oil water-gauge (Curve 1) 
falls off very rapidly, while the sensitivity of the 
castor-oil salt-solution ge (Curve 2) is practically 
constant. The initial difference of sensitivity 
between the two curves is due to the fact that the 
two gauges employed were of different dimensions. 

It is interesting to note the sudden increase of sen- 
sitivity shown in Curve 1 at thirty-two days, after the 

uge had been subjected to a low temperature, as 
ow temperatures are found to be favourable to the 
clouding condition which causes loss of sensitivity. 
The observation was taken after the cloud had dis- 
persed with rise of temperature. 

Height-sensitivity curves for three gauges of 
different dimensions are shown in Fig. 3, the 
height being increased till rupture occurred. The 
observations show the gauge to be most sensitive 
with a moderately high bubble. 

This result is confirmed by a mathematical 
examination of the subject, for which the writer is 
indebted to Professor Jones, of Madras, from which 
it ap that if d be the diameter of the tube upon 
which the bubble is formed, and h the height of the 
bubble above the tube, 


a= N84 
2 


for the condition of maximum sensitivity of the 
auge. 

. The observations indicate that the best results 
are obtained with a central tube, having an internal 
diameter of about 0.2 in., enclosed by a vessel 
having a diameter of about 1.4 in. e central 
tube should have thin walls, and may be ground 
flat at the top. 

The maximum pressure difference measurable on 
this gauge is about 0.8 in. of water. The correc- 
tion for angle of tilt of the U-tube is only 0.035 
per cent. for ten turns of the hand-wheel if the 
gauge is level at the mean position between the 

ing and the zero. 

Other forms of the gauge are used in conjunction 
with the standard tilting-frame described above. 
For ure differences beyond the range of the 
standard gauge (whose end-cup centres are 13 
in. apart) a similar gauge is used, having its end- 
cup centres 26 in. apart, thereby giving a maximum 
reading of about 1.5 in. of water. For air ures 
above this value the reading is taken as a head of 
mercury by the gauge described below for measur- 
ing water-pressure differences. The oil is removed 
from the gauge, and a water-air separation surface 
is observed. The sensitivity is only about one- 
eighth the sensitivity of the standard form. 

For approximate determinations, or for unstead 
pressures, a simple (J-tube (Fig. 4) is used, fill 
with either water or mercury. @ position of 
the surface of the liquid is observed by the micro- 
scope, which is moved to the end of the frame for 
ag te 

e gauge used for measurement of water-pres- 
sure differences was the outcome of a suggestion 





* Phil. Mag., vol. 25, 1913, page 494. 
+ The reduction constant given above must, of course, 
be corrected for the specific gravity of the salt solution. 





made by Dr. Chattock, and is shown in the lower 
part of Fig. 4. The end cups (whose centres are 
13 in. apart) are about half. filled with mercury, 
the water occupying the remaining space. The oil 
lock is exactly similar to the standard form, and 
is mounted above one of theend cups. The ground 
joint in this gauge should be made with jelly,* to 
prevent the top blowing out when the gauge is in 
use. It pe be borne in mind that the readings 
are head of mercury in water, and the specific 
gravity consequently 12.56. 

Castor oil is found to decay very rapidly in these 
gauges, as, though distilled water may be used in 

lling the gauge, it soon becomes impure by 
diffusion. The most suitable oil we have found 
for this gauge is a clear mineral oil of Russian 
origin, kindly supplied, among others, by Messrs. 
Edwin Cooper and Co., and designated ‘‘ No. 3 
Lubricating Oil” by them. Except that this oil 
forms a skin at the surface of separation, it appears 
to be practically inert in water. 

A gauge of this type, whose end-cup centres are 
only 3 in. apart, is used when the pressure dif- 
erence is too small to be accurately measured on 
the 13 in. gauge. The writer’s thanks are due to 
Mr. W. ii. Withey, of the National Physical 
Laboratory, for his advice on chemical points which 
have arisen in the course of the investigation. 


— 





THE USE OF VEGETATION FOR 
RECLAIMING TIDAL LANDS. 
By Gerarp O. Case. 
(Concluded from page 265.) 


Foreshore Overflowed by the Sea at Spring Tides— 
Bouche @’ Erquy.—Since 1904 a number of expedi- 
tions, organised by the Botanical Department of 
University College, London, have made a special 
study of the halophytic vegetation on the foreshore 
of the Bouche d’Erquy, on the coast of Brittany, 
west of St. Malo. e author is indebted to 
Professor Oliver, F.R.S., and the University College, 
London (ecological investigations) for valuable infor- 
mation supplied about the vegetation growing on 
the foreshore there,t and for permission to repro- 
duce the accompanying illustrations, Figs. 1 to 9, 

es 345 and 347. 

e Bouche d’Erquy (Fig. 1) is the local name 
for the indentation in the coast-line into which two 
small rivers flow. They discharge very little water, 
however, except during floods, and the amount of 
land material brought down by them is insignificant. 
The area of the foreshore is somewhat less than a 
square mile, and it is only covered by the sea 
about twenty times a month. The rise of the 
tide on this part of the coast is about 38 ft. at 
spring tides. The foreshore is mainly com 
of sand, which, in parts, is black in colour, due to 
the presence of certain species of algze ; there is only 
a little mud mixed with the sand. The foreshore 
is traversed by a main channel, or water-course, 
and a number of lateral channels, which are shown 
in Fig. 1. The incoming spring tides flow up the 
channels first, at a rate of about four miles an hour, 
and then the tidal waters spread over the whole 
foreshore. In the main channel there are a number 
of sand-banks, which at spring tides are covered 
with 4 ft. or 5 ft. of water. At low tide there is a 
mere dribble of land water in the main channel, 
except during floods. 

Considerable erosion is taking place on the neigh- 
bouring coast and sand-dunes, and there is therefore 
an adequate supply of material which is brought 
into the Bouche d’Erquy by the spring tides, and 
then collected and fixed by the vegetation growing 
between the tide limits. 

In dry summers the vegetation on the foreshore 
does not grow nearly so well as it does in wet 
years. Professor Oliver found that in 1906—a 

ear in which prolonged drought and consequent 
high soil-salinities were the rule—the vegetation 
was, on the whole, dwarfed and stunted compared to 
other years. The shoots of Obione portulacoides 
hardly showed at all above the other vegetation, 
and the annual susedas and salicornias were, on the 
average, only half to one-third of their usual 


* A suitable jelly can be made by heating 20 parts - 
tine and 10 parts of glycerine in 70 parts of water till all 
is dissolved, a few or drops of carbolic acid being 
age to keep it. is jelly can be applied by warming 

e glass. 

t vide F. W. Oliver, F.R.S., New Phytologist, 
October, 1906, and November, 1907, and Appendix to the 
Second Report of the Royal Commission on Coast 





Erosion. 





height, though present in much greater numbers 
than in other years. It appears that the sea-water 
which covers the foreshore at spring tides only is 
insufficient for luxuriant growth, and that rainfall 
is required at low tide to reduce the salinity. The 
pioneer vegetation on the bare sandy foreshore of 
the Bouche d’Erquy consists of certain species of 
alge and salicornias. A species of sea-weed called 
rhizoclonium grows in considerable quantities, 
especially during the winter months; it covers 
the sand with a kind of felt-work, and plays an 
important part in the pioneer work in connection 
with the salicornias. Altogether seven species of 
salicornias grow on the shore at Erquy between 
high-water line of ordinary spring tides and high- 
water line of ordi neap tides.* The perennial 
salicornia (S. radicans) is much more effective as a 
sand-collector than the annual species, and con- 
tinues from year to year its work of collecting and 
fixing the sand ; whereas the annual salicornias are 
only effective in accumulating in the summer ; the 
work they do is often obliterated when the plants 
die. It is a noteworthy fact that the perennial 
salicornia in the sand-banks always grows in belts 
rmatirsgs: a the direction of the incoming tidal 
current. is greatly adds to its efficiency as a 
sand-collector. The seeds of the salicornias are 
dispersed by tidal currents, and when deposited on 
the sand-banks or flats, they very quickly germi- 
nate, and when once established, the plants spread 
rapidly and will withstand a good deal of buffeting 
by waves during high spring tides and gales with- 
out being uprooted. When the tidal currents, 
bearing their burden of sand, are flowing over the 
foreshore, their velocity is checked by the belts of 
salicornias, and sand is deposited on the lee side 
of the plants. They also collect quantities of 
— leaves, which have an important manurial 
value. 

Fig. 2 is a plan of a sand-bank in the bed of the 
channel shown on the left-hand side of the general 
plan, Fig. 1. The vegetation on this sand-bank in 
1907 is indicated on the plan. The rhomboidal 
figures are the outlines of sand hummocks formed 
since 1903 by the pioneer salicornias (S. radicans, 
S. herbacea). In 1907 they were from 8 in. to 10 in. in 
height, and from 3 ft. to 5 ft. in length. The thick 
transverse lines show the belts of perennial sali- 
cornias, and the short vertical linesthe places occupied 
by the annual species (S. herbacea). The shading 
shows the part of the hummocks which are further 
colonised by Glyceria maritima and Suceda maritima. 
These two plants do not grow on the bare sand, 
but only where the foreshore has been previously 
raised to a certain level by the salicornias. In 
some places the foreshore level has been raised 10 in. 
in three years by these plants. 

Fig. 3 is a plan of the same sand-bank in 1908. 
A comparison of Figs. 2 and 3 shows the increase 
in the area of the hummocks in one year. In 1908 
many of the hummocks had increased considerably 
in height and area, new oes had been formed, and 
in some cases the hummocks had become joined 
.- “7 and grassed over by glyceria and sueda. 

igs. 4 and 5, page 347, are photographs, taken in 
1903 and 1907 respectively, of the area charted in 
Figs. 2 and 3. In the 1903 photograph the perennial 
salicornias can be seen growing in small belts, and the 
annual species in scattered tufts. The 1907 photo- 
graph shows the accumulation brought eater the 
vegetation, and how the character of the ground has 
been altered. Glyceria maritima is seen growing 
on the hummocks. In 1909 all the hummocks 
were grassed over, as shown in Fig. 6. 

On the foreshore, between the sand-dunes and 
the main channel, where there is a considerable 
stretch of bare sand at low tide, much the same 
process of accretion goes on, as is the case with the 
sand-banks in the channel. In the first place, sali- 
cornias establish themselves and form hummocks, 
which later on become colonised by glycerias and 
other plants, and merge together. As the sand 
hummocks are built up by the salicornias, the 
plants spread laterally, and the area and height of 


the hummock is increased simultaneously. After 
a time the annual salicornia also o— in the 
hollows between the hummocks, and helps to raise 


the surface level. In course of time the hum- 
mocks become united, and to a certain extent 
levelled up. 

When the Glyceria maritima (Fig. 7) establishes 
itself on the hummocks, it plays an important part 
in increasing their size. It collects sand, and as the 


* Fraine, Salisbury and Moss, Journal of Botany, 1911. 

















SEPT. 12, 1913.] 


oo 
ENGIN #ERING., 
yy 





345 








older parts get buried in the sand, the periphery 
expands just like marram grass on a sand-dune, 
and the hummocks thus continuously grow. 

Fig. 6 shows the grassed-over salt marsh. which 
the blended hummocks eventually form. Glyceria 
maritima and Sueda maritima are seen growing 
on the hummocks, and the channels marked by 
flags contain much annual salicornias. 

When the surface level of the channels is raised 
toa certain level, they are invaded by glycerias, 
and in course of time an undulating salt marsh is 
formed, which is turfed over. An inspection of the 
areas of turf-covered salt marsh shows, in Professor 
Oliver’s opinion, that much of it has been formed 
by the blending together of hummocks primarily 
formed by ralicornias and afterwards colonised by 
other plants. In some cases bare sand has been 
converted into turfed-over salt marsh in the course 
of three years, and Professor Oliver estimates that 
the salt marsh advances on the bare sand at a rate 
of about 10 yards per annum. 

After the glyceria-suwda salt marsh has been 
formed, the process of accretion is still carried on, 
and as the surface level is raised other kinds of 
plants establish themselves. Near spring-tide level 
sea-reed (Juncus maritima) commences to grow, 
and extends right up to the level of the highest 
spring tides. When the marsh has been built up to 
the level of high-water mark of ordinary spring 
tides, the accretion proceeds at a very slow rate, as 
the marsh is then only flooded by a few high tides ; 
but it is generally well worth while enclosing such 
marshes, as this can profitably be done by an 
inexpensive embankment. 

In giving evidence before the Royal Commission 
on Coast Erosion, Professor Oliver said that he 
thought it very likely that thirty years after the 
salicornias had established themselves on the bare 
sand, land suitable for cultivation would be formed. 
The colonisation of sands at the Bouche d’Erquy is 
rapidly progressing. In the course of a few years 
several acres of bare sand became overgrown by 
the perennial salicornias, on the part of the fore- 
shore marked A A in Fig. 1; they are doing the 
pioneer work. Although the process of accretion 
is generally brought about by the formation in the 
first place of sandy hummocks by the salicornias, 
this is not always the case. In Fig. 1, on the part 
of the foreshore B B, marked by cross-hatching, 
another species, Sulicornia ramosissima, is doing 
the pioneer work. These erect plants grow so 
closely together as almost to touch one another. 
On this part of the foreshore humus is mixed with 
the sand, and there is no tendency for the surface 
to become hummocky. 

Experiments have been made at the Bouche 
d’Erquy by the University College botanists in 
ome bare sands with salicornias, and these 

ave been quite successful. Fig. 9 shows a planta- 
tion which grew well, and when recently inspected 
the plants were found to have collected sand and 
formed typical sand-hummocks. 

Spartina (Rice or Sea Grass).*—In 
sheltered bays and estuaries these are very 
effective in causing the reclamation of tidal muddy 
foreshores. Altogether there are about eighteen 
known species of spartina, mostly natives of America. 
With a few exceptions they grow on salt marshes 
and muddy foreshores which are covered by spring 
tides. In many places these grasses rapidly over- 
run large areas, hundreds or even thousands of acres 
of foreshore ; their extensive roots fix the shore 
material and prevent it from being washed away. 
The mass of leaves to some extent breaks the force 
of the waves during gales, slows down the current, 
and causes accumulation of material on the shore, 
which is thus gradually raised. The decay of the 
leaves and roots forms a humus, and therefore, 
while the shore level is being slowly raised, a soil 
is being formed which, when the level is raised 
high — will be eminently suitable for the 
other kinds of plants. Numerous shell-fish and 
animals dwell among the grasses, and their remains 
help to raise the shore level. 

Four species of spartina occur in Europe ; 
of these, rice grass (S. Townsendii) is by far the 
‘nost valuable as an active agency in causing accumu- 
lation, and the reclamation of land from the sea, 
and it is of a most vigorous growing nature. The 
native spartina (S. stricta) will not grow far sea- 
ward of the high-water mark, and is often associated 








.* Vide Appendix to Second Re of Royal Commi 
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on both sides of 
ince 1890 it has 
rapidly, and covered enormous areas 
mpshire coast, the Isle of Wight, and 
. Recently it has been observed in 


south-west Kent. In the Isle of Wight it was 
first observed by Linton in 1893, at 


armouth. 


At the present time it covers the mud-banks of 
the River Yare, and the adjoining salt marshes. 
The whole estuary is ov wn up to Freshwater. 
Rice grass will grow well on foreshores where it 
is covered by 3 ft. of water at high tide. At 
Beaulieu in some places it is cov by 4 ft. and 
5 ft. of water at high tide. It does not usually 
grow in pure mud, but on foreshores where there is 
sand mixed with the mud. It will not w, how- 
ever, in pure sand devoid of mud. is 
develops an enormous system of roots and under- 
ground stems; even small tufts cannot easily be 
pulled up. At Beaulieu it successfully withstands 
the considerable waves which occur during gales. 
Dr. Stapf states that he visited Quarr Abbey, Isle 
of Wight, after a heavy gale, and could find no 
trace of uprooted spartina on the beach, although 
there was an extensive bed of it on the foreshore. 
Between Brunstead and Fishbourne the belt of rice 

in places is 380 ft. wide. On the Hampshire 
coast it extends from Hurst Castle to Calshot, and 
from there to Southampton, a distance of 20 miles. 
Lord Montagu of Beaulieu states that it has spread 
very rapidly along his foreshore at Beaulieu, cover- 
ing some or acres in a few years. 
Between Hurst Castle and Beaulieu, for a distance 
of 6 or 7 miles, the mud foreshore became over- 
grown in six or seven years. A single small clump 
was discovered by Mausel-Playdell in 1899 at Poole 
Harbour ; in 1908 it extended beyond Poole into 
Holes Bay. 

In Dr. Stapf’s opinion rice grass mainly spreads 
by seed. The grains fall with the spikelets, which 
float, and are transported by the tides and currents 
to neighbouring shores, where they germinate. He 
suggests that the seeds may possibly lie in the 
water over the winter and germinate in the followin 
spring. The seedlings soon grow into tufts, wi 
plenty of stolens radiating in all directions, and 
anchor themselves to the oe by long thread-like 
roots which descend vertically. There is no diffi- 
culty in transplanting spartinas, but this should be 
done in time to allow them to establish themselves 
before the late autumn. Plants transplanted to 
Kew Gardens have grown well, The best way is 
to take clumps, two or three yards in diameter, and 
cut them up into smaller ones. Being very hardy 
plants, they would no doubt grow on any sheltered 
shore in Great Britain where there was mud mixed 
with the sand, and undoubtedly could be intro- 
duced in the Wash and other parte of the coast, 
where they would be of great value in reclaiming 
land from the sea. 

As previously mentioned, rice grass breaks the 
waves, and the roots and leaves act as a kind of 
groyne, and collect large quantities of mud and 
sand; the vegetation adapting itself to a rising 
shore level. At the same time the decay of the 

lants forms a humus, which enriches the soil. 

hen the surface has been gradually raised to 

about high-water level by the spartinas, other 

and plants commence to grow abundantly, 

and the spartinas gradually die out, They cannot 

exist in competition with brackish and fresh-water 
plants, and are gradually supplanted. 

It would appear to be well worth while to 
obtain from North America es of other species 
of spartina which are not found in this country. 
Very likely they might be most useful for reclama- 
tion pu , and it might be possible to raise 
other hybrids. Spartina grasses can be commer- 
cially utilised. Rice is eaten by cows, and 
horses are particularly fond of it. In North 
America species of spartina grasses are cut into 
thousands and thousands of tons of fodder. One 
species is used for making a coarse fm oe Analyses 
lectin growing in Canada and the United States 
showed that they were a ‘‘ middling” food for 
- and horses. the Hampshire 

eferring to spartina grasses on the m pshi 

coast, the Royal Commission on Coast Erosion, in 
their final report, state that ‘‘their roote and the 
bases of theirdense clumps effectively fix the mud, 
and where the occur in continuous beds 
they form a bank behind them, lessening the erosive 
power of the tides and currents. In time they 
will contribute to the raising of the mud-banks 
occupied, and when high-water mark has been 
jr the ordinary marsh vegetation will step in 
and complete the process of natural land reclama- 
tion. It is very — that, if transplanted, 
these grasses would aid the process of natural 
accretion of muddy flats on other portions of the 
coast of the United Kingdom.” 
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and estuaries, where there is a tendency for accumu- 
lation to take place, certain kinds of seaweed 
(algee) play an important in the reclamation 
of the sandy foreshores from the sea. | assist 
this process of accretion in several ways. Firstly, 
the algal growth slows down the currents and 
causes sand and mud to be deposited and collected ; 
secondly, the carpet-like covering of seaweed 
forms a protection to the shore, and prevents 
erosion during gales; thirdly, the decay of the 
embedded seaweed in the ually rising shore 
surface forms a humus, the sand being thus 
manured, and a soil formed in course of time in 
which the higher forms of vegetation can grow ; 
pure sea-sand is generally unsuitable for such 


plants. 

On the north coast of Brittany, in the estuary 
known as the Bouche d’Erquy, algal growth, 
previously mentioned, plays 4 very im srr, ya 
in reclaiming the sandy foreshore.* all 
over the estuary there are pools of varying size 
called ‘‘ pans.” In these species of seaweed 
grow profusely, the pond elas especially thick 
near the edges of the pans. Sand and mud 
accumulate amongst the seaweed, and the pans 
thus gradually silt up, and a soil is formed on 
which salicornia and, subsequently, suwda will 


grow. 

The seaweeds also cover large areas of the sandy 
shore flats between high-water marks of spring and 
neap tides, growing especially abundant in the 
winter. The seaweed forms a bright green cover- 
ing to the shore. Silt is deposited on the surface 
of the alge until, in course of time, they become 
embedded in the rising shore surface. The buried 

rtions form a humus by decay, and the fresh 

ranches of the algw continue the process of 
accumulation on the surface. The soil thus formed 
is black, and has a nasty smell, owing to the de- 
composed algre substance. i have shown 
that the stratum of black sandy soil is present at 
varying depths below the present shore level, 
indicating that the process of accretion has been 
of the same character for some years past. The 
alge at Erquy thus not only inently play an 
important part in reclaiming land from the sea, 
but as humus-producers they prepare the sandy 
shore for the growth of higher forms of vegeta- 
tion which more quickly complete the process of 
reclamation. 

On the shores of Belfast Lough large quantities 
of sea lettuce (Ulva lattissima) grow. is sea- 
weed has very thin, almost tra 
with a large frond. It is —— that the sewage 
from Belfast City, discharged into the sea there, 
manures the plants and makes them grow so 
abundantly. 

In the summer the smell from the decay of the 
seaweed is such a nuisance that the Joint Sewerage 
Board now cleanse it from the shore. The level of 
the foreshore where the sea lettuce grows is about 
6 ft. below high water of ordinary spring tides, and 
it is effective in collecting sand and mud, and thus 
raising the surface level; the decay of the weeds 
and the remains of the mussels, which are abun- 
dant among them, also adds to the rising surface. 

It seems clear that the growth of the weed is due 
to the sewerage, as it is not found outside the 
sewerage area. On the foreshore, where the weed 
is growing, there is also an immense growth of 
mussels, the decay of which adds to the unpleasant 
smell. The mussels seem to attach themselves to 
the seaweed by their byssus threads, which hold 
them in position. The mussels do not live long, 
and large quantities of nitrogen are given out in 
decomposition, and upon this the seaweed feeds. 


The mussels themselves also convert nitrogen into | grad 


free ammonia, which feeds the seaweed. On the 
sandy foreshores of Northern Europe, communities 
of alge sometimes form a thin film on or under the 
surface of the sand, and give it a distinct celour if 
present in large quantities. 

Tidal Forests.—On sheltered parts of the sea- 
coast, such as bays, estuaries and lagoons, in or 
near the Tropics, certain species of trees are very 
effective in causing accumulation from below low- 
tide to above high-tide level. Unlike most vege- 
tation, the tidal forest trees will grow in moderately 
deep water on the sea-bed, and in South-Eastern 
Florida and elsewhere they successfully resist 
waves which attain to a height of 4 ft. or 5 ft. 
Growth in the Colonisation 

R. Fritsch ; Geographical 








* Vide “The Role of 
of New b sewen thy Dr. E. 
Journal, Novem 


’ 1907, 





The tidal trees w fringe the coast-line on 
sheltered shores in Z's and estuaries form a dark- 
green dense belt of lowirees, which, in addition to 
causing the reclamati of tidal foreshores, also 
effectively protect th from erosion during 
storms. 

The tidal forests of Further India and the Malay 
Archipelago are sometimes two miles in width. 
The trees raise the surface of the sea-bed and fore- 
shore in much the same way as the lesser forms of 
vegetable life—that is, by slowing down the currents 
and causing the deposit of sand and mud which is 
carried in suspension in the water. The roots of 
the trees also accumulate a lot of material which 
moves along the bottom by the action of currents 
and waves. The decay of the large number of 
marine animals which dwell among the foliage and 


as | leaves contributes débris to the rising surface level, 


and a rich black soil is thus formed, which between 
the tide limite is evil-smelling and abounds with 
bacteria. Several species of crustacea burrow in 
the subsoil, bury dead leaves, and play a similar 
part to that of earth worms on land. 

As we have previously noted, most of the grasses 
and plants which grow in salt water die as soon as 
the accumulation has been raised to high-water 
level ; an occasional covering of salt water being 
necessary for their existence. Tidal forest trees, 
however, grow and accumulate detritus from below 
low-water to above high-water mark, thus complet- 
ing the reclamation of the foreshore and sea-bed 
without artificial aid. In Florida, America, some 
hundred thousands acres of land has been naturally 
reclaimed from the sea by trees. Warming, in his 
work on the O6ccology of Plants, states that 
twenty-six species of plants grow in tidal forests. 
Tidal forests are often called ‘‘ Mangrove marshes,” 
as the mangrove trees (species of mere pears are 
the most important trees inhabiting tidal waters in 
the Tropics. The trees arrange themselves zonally 
to a certain extent, the species of rhizophora being 
generally found in the deepest water. The “‘air- 
roots ” or ‘‘ prop-roots” are an interesting feature 
of many of the tidal trees. There are either erect 
or kneed branches of the roots which project above 
the shore surface. They are provided with minute 
openings (stomata or linticles) which allow air to 
pass in and be carried by means of passages in the 
soft spongy tissue to the roots embedded under 
the shore. The ‘‘ prop-roots ” also serve as sup- 
ports to the trees, and securely fix them to the 
sea-bed. The power of resisting bending caused 
by wind or sea is much greater in the case of trees 
having aerial roots than those having a main stem 


only. 

The tidal forest trees multiply by seeding and 
and also by means of runners. In several species 
of rhizophora the embryo plant grows into a more 
or less developed plant while still attached to the 
parent tree. Long radicles emerge from the seed 
and descend rapidly towards the shore surface, 
where the latter may establish itself before falling 
off the parent tree. If the seedlings break loose 
and fall into the water or mud, their club-shaped 
pointed roots enable them to fix themselves into 
the mud ; or if the water is too deep, the seedlings 
are transplanted by the current, and may strike 
root on another part of the coast. Some of the 
seeds of the tidal forest trees are provided with 
devices which enable them to float. Shaler, in 
his book, ‘‘Sea and Land,” states that the seeds 
of the Ameri¢an mangrove (Rhizophora mangle) is 
from 6 in. to 8 in. long, cylindrical, and tapering at 
both ends. To the lower end there are attached 
a number of ‘“‘hooks.” When the seed drops into 
the sea it floats in the water nearly vertically and 

ually sinks, by absorbing water, until the Looks 
catch hold on the bottom and anchor the seed. 
While it is slowly sinking it may be carried by the 
currents some distance from the parent mangrove. 
As soon as anchored on the bottom the mn gt 
mences to send up shoots to the water surface, 
and as the mangroves require air, the plant: has to 
subsist on nutriment contained in the necessarily 
large seed until the shoots have grown above high- 
water level. Then leaves commence to grow, and 
wide-spreading low branches are formed. The 
branches develop runners which grow or 
for some length and then curve downwards throug 
the water and take root on the bottom, in time 
throwing up fresh shoots. The trees spread 
seawards until the depth of water is too great for 
the runners to root on the bottom owing to their 
being swayed prot | the currents. 

The wood of several of the species of trees which 





inhabit tidal shores is used for making wheels, and 
also for building boats. In India the wood from 
tidal foreshore trees is used for piles, posts, planks 
and furniture, and the bark for tanning. In Japan 
a reddish-brown dye is obtained from these trees. 

The Use of Vegetation for Forming Salt Marshes. 
—Natural accretion on foreshores takes place, to a 
great extent, through the agency of’maritime plants 
(halophytes) ; but without the assistance of vegeta- 
tion the rate of accretion is often very slow. There 
is a general tendency for accretion to take place, 
and for the shore level to be raised in sheltered 
bays and indentations in the coast ; but such accu- 
mulations are, in the absence of vegetation, very 
unstable. The result is often very much the same 
as that which takes place in the case of wind-borne 
sand moved inland from the foreshore to form 
sand-dunes and sand-wastes. Such accumulations, 
when unfixed by vegetation, drift hither and thither 
before the wind. By studying the properties of 
sand plants man can fix the barren shifting sand- 
dunes and make them into agricultural land. 
Analogous methods are applicable in the case of 
tidal sand or muddy shores in sheltered bays and 
estuaries. Vegetation organises and controls the 
accretion. The plants themselves act as collectors 
of the sand and mud brought in by the tide ; their 
roots fix the material, and the decaying foliage and 
stems fertilise the ground, and make it capable of 
supporting other kinds of plant when the surface is 
eventually raised above high-tide level. 

Natural accretion is now taking place in many 
places round the coast of Great Britain, among 
which may be mentioned the mouth of the 
Humber, the Wash, Pegwell Bay, Bideford Bay, 
Kilkenny Bay, Severn Estuary, Burry Estuary, 
Estuary of Gwendraeth Fawr River, Ribble Estuary, 
and Morecambe Bay. In such places there are not 
always sufficient suitable plants, just in the same 
way as we often find an inadequate vegetation on 
sand-dunes and sand-wastes. Man has been able 
to build up sand-dune embankments by planting 
vegetation, and he can also transform bare, muddy 
or sandy shores into salt marsh fit for enclosure, by 

lanting suitable vegetation, or, at least, materially 
ten the natural process. 

Planting on the foreshore is a cheap and simple 
process, but it is necessary to obtain expert advice 
as to the kind of plants to use. When the vegeta- 
tion has become firmly established it will spread 
naturally, and go on accomplishing its work of 
raising the shore-level until, in course of time, a 
salt marsh is formed, which is only overflowed by 
exceptionally high tides. When the shore has been 
raised to about the level of. high-water mark of 
ordinary spring tides, further rise in surface-level 
will be very slow, as the sea is no longer able to 
deposit silt except during exceptionally high tides. 
Then, however, the salt marsh can be enclosed by 
the construction of a comparatively inexpensive 
embankment. Unenclosed salt marshes have a con- 
siderable commercial value. It is therefore well 
worth while forming bare tidal foreshores into salt 
marshes, apart from the prospective value. Salt 
marshes are useful for grazing sheep on at certain 
times of the year, and are let at a rent of from 5s. 
to 6s. per acre. The freehold value, however, is 
often greater than the rent obtained would seem to 
warrant. From 181. to 201. per acre may be taken 
as a fair average of the value of unenclosed salt 
marshes in England. Salt marshes in the Wash 
have been let immediately after enclosure for from 
21. to 3l. an acre, and recent enclosures sold for 
601. an acre. It does not pay, as a rule, to enclose 
salt marshes unless the surface is well covered with 
vegetation, and the surface is somewhere about the 
level of ordinary high tides. In the past it has 
been the practice to wait until the shore has 
naturally become covered by vegetation before 
enclosing it; but the author ventures to suggest 
that by planting suitable vegetation, enormous 
areas of bare shores now covered by the tide 
would, at a small cost, be formed into salt 
marsh capable of being profitably enclosed by 
an em ment. The construction of embank- 
ments in front of the salt marshes was syste- 
matically undertaken by the Netherlanders 4 
few centuries after the commencement of the 
Christian era. It has been suggested that the 
causeways built by the Romans across the marshes 
of the Low Countries, at the time of their wars 
against the Germanic tribes, gave the natives the 
first hint of the utility of constructing embank- 
ments to keep out the sea from the salt marshes. 

The total amount of land won from the sea to 
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agriculture in Holland is estimated by Staring at| It appears reasonable to suppose that large areas of | the well-known botanist, stated that he thought a 
over 877,000 acres. Some of the most fertile land in| foreshore in this country might be planted with | good deal could be done to help natural accretion 
England was formerly salt marsh. While much | suitable vegetation, and in course of time reclaimed | by means of planting suitable vegetation. — 

attention has been given to the methods of enclosing | from the sea. A start might be made by experi-| In their final report the Royal Commission on 
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naturally formed salt marshes, the ibility of | mentally planting a few acres in various localities ; | Coast Erosion state that it is very probable that if 
artificially transforming the bare foreshore into salt | this could be done without much expense. spartina grasses were transplanted from the Hamp- 
— clothed with suitable vegetation, appears to| In giving evidence before the Royal Commission oe coast to other foreshores, they would ‘‘ aid 

ave been almost entirely neglected in the past. | on Coast Erosion, Professor F. W. Oliver, F.R.S., | the process of natural accretion of muddy flate on 
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DIESEL ENGINE PUMPING STATION AT THE GLADSTONE DOCK, LIVERPOOL. 
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DIESEL ENGINE PUMPING STATION AT THE GLADSTONE DOCK, LIVERPOOL. 
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other portions of the coast of the United King- 
dom.” As we have seen, there are numerous other 
plants which are of assistance in forming salt 
marshes, and in the author’s opinion spartina 
grasses, although of great value, are only one of 
many species of plants which might with advantage 
be planted on sheltered foreshores where there is 
a natural tendency for accretion to take place. 





ASSOCIATION OF RatLway CompPaNntss’ SIGNAL SupPEr- 
INTENDENTS AND SIGNAL ENGINgEERS.—The forty-seventh 
conference of the above association will be held at 
Newcastle-on- » on Thursday, the 25th inst., in the 
pater ey ilway Central gel Lap and will 
commence at 10a.m. The  wapeeen =a i rivate and 
confidential, and only for the members of the iution. 





pt ages ey I oe a Exarsition.—In 
our @ ie under the above ti on page 147 ante, we 
stated that Messrs. Dennis Brothers’ 3-ton model had 
been approved by the War Office for subvention. The 
builders call our attention to the fact that this is not 
correct. The model in question has not yet been passed 
for —_ but has been permitted to enter the War 
Office t: which are being held in October next. 





Tae Enornegaine Sranparps ComMitrEx.—We have 
received a copy of the British Standard Specification, 
No. 64, for Steel Fish-Bolts and Nuts for Railway Rails. 

his prescribes the quality of the steel used, and the 
a = yo the s' nished 
nuts, but does not deal with the question of d 
The dimensions of the necks of fish-bolte are iven in the 
British Standard Specification for Steel Fish-Plates 
(Report No. 47), as also a suggested design for square 


nuts for use with angle fish-plates, but standard 
dimensions for complete fish-bolts have so far been issued. 
Copies of the be i 

the committee, 


can 
Victoria-street, Westminster, S. W. 
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DIESEL ENGINE PUMPING STATION AT 
THE GLADSTONE DOCK, LIVERPOOL. 


In our article on the Gladstone Dock at Liverpool, 
contained in our issue of July 4 last, we gave 
@ general description of the pumping plant, which 
is remarkable not only for its size, but for the fact 
that the pumps are driven by internal-combustion 
engines, and constitute therefore the most powerful 
installation of Diesel engines yet completed. The 
plant has been built under the direction of Mr. 
Anthony G. Lyster, until recently the engineer-in- 
chief of the Mersey Dock and Harbour Board. In 
view of the importance of the plant, we publish 
general drawings of the station on the present and 
opposite es, Figs. 1 to 4; and elevations and 


- | sectional drawings of the engines and pumps on 


350 and 351, Figs. 5 to 10. As shown, there are five 
units, each composed of a 54-in. Worthi n centrifugal 

— direct connected to a 1000-brake-horse-power 
Care -Diesel engine. Each pump will be provided 
with 54-in. di -branches with two suction- 
branches, each 40 in. in diameter. The mean capacity 
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of each pump is not less than 58,000 gallons per 
minute, and the pumps are — to work against 
a maximum static head of 48 ft. when running at a 
speed of 180 revolutions per minute. The engines and 
pumps are also designed so that they are able to pump 
under exceptional circumstances —— @ maximum 
head of 61 ft. when required for drai purposes. 
The arrangement of each set, with its suction and 
discharge-pipes, is well shown in Figs. 1 to 4. It 
will be seen also that two engines to the right of the 
plan, Fig. 2, can draw from the sea and disco into 
the dock, so as to maintain the water-level inside when 
the tidal level is low. 
The engines are of the vertical, two-cycle, four- 
cylinder Diesel type, supplied by the Consolidated 
iesel Engine Manufacturers, Limited, and built at 
the works of one of the associated firms—MM. Carels 
Fréres, Ghent—to the order of the Worthington Pump 
Company, Limited. Each of these engines is capable of 
developing its normal output of 1000 brake horse-power 
and an overload of 10 per tent. for two hours when 
running at 180 revolutions per minute. Each of the 
cylinders has a diameter of 510 mm., the stroke of the 
istons being 660 mm., and when the engines are 
eveloping 1000 brake horse-power at 180 revolutions 
per minute, the mean effective pressure is 6.75 atmo- 
spheres. These engines mark a distinct departure in 
Diesel engine design, inasmuch as they are fitted 
with marine-type eads, very similar in design to 
those so well to the steam engineer, instead of 
the usual ‘‘trunk”-type piston. ese crossheads 
run in efficiently water-cooled guides, which thus take 
the thrust that formerly came on the side of the engine 
cylinders. This allows much greater clearance to be 
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DIESEL ENGINE PUMPING ENGINES AT THE GLADSTONE DOCK, LIVERPOOL. 
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given to the pistons, and, further, eliminates risk of 
seizure. Two fuel-pumps are employed, each F wm 
having two plungers, one for each cylinder. Distri- 
butors are not used, fuel being delivered direct to each 
fuel-valve. Both pumps are uniformly controlled by 
the governor, which, as will be seen from Figs. 5 
and 6, is placed between the two middle cylinders. 
This governor is of the Hartung type, and is driven 
from the vertical shaft in the usual manner. 

The scavenge-pump, which will be noticed between 
the high-pressure air-compressor and the end cylinder, 
delivers air at about 5 lb. per sq. in. pressure to the 
ecavenge-valves, four of which are situated in each 
eylinder-cover. These valves are driven in an in- 
genious manner, two valves being operated from one 
lever, as described in ENGINEERING in connection with 
the Fordonian’s engines (vol. xciv, page ). 

The high-pressure air-pamps are of the quadruplex 
water-cooled type, delivering air for fuel injection 
and starting purposes. This air is first delivered 
to the injection-vessel, one of which is supplied with 
each engine. The overflow from this injection-vessel 
is sufficient to keep fully charged two steel vessels 
used for starting purposes, the average pressure of 
these receivers being about 65 atwospheres. These 
air-vessels are interconnected with each other, and 
with an auxiliary motor-driven compressor. This 
compressor is capable of charging any of the startin 
air-vessels up to 600 lb. per sq. in. in four hours. It 
will thus be seen that the contingency of any engine 
not being able to start through loss of air has been 
amply provided against, as each engine will have the 
other engine’s supply of air to draw upon, in addition 
to the auxiliary compressor, in the extremely uniikely 
event of the entire supply failing. = to the 
water-level being very near the engine-room level, the 
air-vessels are supported in a special cradle, and do 
not touch the side or bottom of the pit in which they 
stand. This arrangement also allows them to be 
readily withdrawn for periodical ee 

Noise in the engine-room, which might be occasioned 
by the inrush of suction air, has been provided for by 
the use of suction-air silencers. These have been 
arranged on the engine-room wall, and the whole of 
the air supply to each ecavenge-pump passes through 
these silencers before going to the engine. In order 
that the scavenge-air shall not be supplied to the 
cylinders at too high a pressure. blow-off valves are 
arranged in the scavenge-pipe collector ; these valves 
opening at 8 lb. per sq. in. 

The exhaust leaves the engines through ports in the 
side of the cylinders, and is then taken through water- 
cooled down-take pipes to a collector-pipe situated 
underneath the ground. From the collector-pipe the 
exhaust is taken up the engine-room wall to the 
silencers (Fig. 3), which are situated 50 tt. above— 
i.e., on the ground-level. It will thus be seen that 
the exhaust-pipe line is a very long one, and special 


precautions have therefore been taken adequately to | Dock 


provide for expansion and contraction. 

Under each engine-cylinder is a ring for collecting 
the cylinder lubricating oil and to prevent it mixing 
with the oil in the crank-pit. he oil from the 
collecting-ring is then taken away to a separate 
pump, and in this manner the oil consumption can be 
economically adjusted. 

It may be of interest to engineers to know that a 
speed-varying gear is being fitted to each of the 
engines, in order that the speed can be regulated 
between 180 and 198 revolutions per minute; this 
variation is necessary to deal with the varying heads 
the pumps have to operate against. Ample provision 
has been made in the cylinder-jackets and covers for 
cleaning, which is a point that will appeal to the 
practical man. 

For placing the cranks in starting position a small 
hand-barring machine is employed. This machine, 
being chain-driven, is a distinct improvement upon 
the older types of lever-barring gear. The piston- 
cooling pumps are of the ‘‘ plunger-displacement ” 
type, and driven direct from the engine crosshead, 
the water being forced through the centre of the 

udgeon-pin up the piston-rod. These pumps have 

n found to give excellent results in practice. 

Three Worthington motor-driven cooling - water 
pumps are being supplied, two of which are capable 
of dealing with all cooling-water required for the 
jackets, pistons, exhaust-pipes, 2résshead-guides, &c., 
the remaining set acting as a stand-by. The whole 
of the cooling water from the engines runs into a sump 
situated in one corner of the engine-room, from 
which the pumps force it to the top of the cooling- 
tower. The water after ges through the 
cooling-tower flows through the cylinder-jackets under 
a gos | constant head. This method of cooling 
has been found by the makers to be most satis- 
factory. 

The Go Fig. 3, which is being supplied 
by the Midland Engineering eg is of the 


‘* natural-draught” type, and is of the following 


dimensions:—60 ft. high, the base being 36 ft. by 20 ft. 
This cooler has been specially designed to suit the 
requirements of the Mersey Docks and Harbour Board 





as to strength, stability, &c. The climatic conditions 
in Liverpool, as is well known, are at times very 
severe. 

Twc intermediate fuel-tanks, each of 500 gallons 
capacity, are situated in the engine-room, and the oil 
from the main fuel storage flows into them by gravity. 
These two tanks are surrounded by a gallery, Fig. 4, 
so that easy access to the valves, &c., on the tanks 
can be obtained. 

The construction of the main pumps will be seen from 
the general sectional drawings, Figs. 9 and 10. Each 
—_ is ——— in two h er the dischar, _—- 

ing from the upper part of the casing. The desi 
of the pumps coubatlesat the latest oo of aetea 
centrifugal practice, and it is anticipated that the 
results obtained by these pumps in combination with 
the Diesel engines will create a record in dock-pump- 
ing costs. 

The pump impellers are of cast iron, carried on 
Siemens-steel shafts of ample diameter; the pump 
bearings are of the ring-oiled type, and are entirely 
separated from the stuffing-boxes, so that not only 
is continuous lubrication ensured, but the entrance 
of any foreign material from the stuffing-box to the 
bearing is entirely prevented. On the discharge 
side of each pump is provided a 54-in. sluice-valve 
operated by an hydraulic cylinder working at a pres- 
sure of 700 lb. per sq. in., the water under this pres- 
sure being taken from the Dock Board’s hydraulic 
supply station near by. 

a order to ensure the starting of the pumps under 
any eonditions of suction-lift, priming pumps have 
been provided of the duplex single-acting Edwards 
type. These pumps are driven by electric motors of 
such capacity as to evacuate the main pumps quickly 
when required. The control of the priming and 
hydraulic valves is so arranged that the attendant on 
the engine platform can at will manipulate either of 
these systems, and will be able to start any unit with- 
out leaving the engine platform. 

In the engine-house will also be installed a small 
Worthington centrifugal pump for drainage, this pump 
taking its discharge from a sump in the engine-house 
floor and discharging into the main discharge culverts. 
Access to the engine-room is provided by means of a 
spiral staircase (Fig, 2), in addition to which there are 
separate emergency ladders provided at other parts of 
the engine-room. 

The whole of the auxiliary plant is electrically 
driven by motors supplied with current from 440-volt 
direct-current local supply, all the auxiliary pumps 
being arranged in the south-east corner of the engine- 
room, underneath the switchboard platform. 

The switchboard and electrical equipment (Fig. 4) 
will be provided by the British Westinghuuse Com- 
pany to the requirements of the Dock Board. ‘The 
whole of the pump-room will be amply provided with 
electric lights, which work is being carried out by the 
Board. 





THE CHILIAN TORPEDO-BOAT DESTROYER 
‘““ALMIRANTE LYNCH.” 

THE torpedo-boat destroyer Almirante Lynch, 
which we illustrate on Plate XIX., accompanying 
this issue, and on e 358, is the first of six 
similar vessels at present under construction by 
Messrs. J. S. White and Co., Limited, at their works 
at East Cowes, Isle of Wight, for the Chilian Republic. 
Their construction is being supervised by the Uhilian 
Naval Commission in London, to whom Sir Philip 
Watts, K.C.B. (late Chief Constructor to the British 
Navy), is acting as technical adviser. 

The sstnaheel guationtans are as follow :— 


Length over all ee . 830 ft. 10 in. 
Length on water-line she ——_ oa Pe 
Breadth, moulded _... he a a 
Depth, moulded of coe a 6 Re 
Draught, trial... e ue si Se 
Displacement, trial ... a 1560 tons 
lisplacement, complete _... ie EP ws 
Contract speed for 6 hours (with 

coal fuel = es ie se 31 knots 
Armament :—Six 4-in. (101-mm.) 4v- calibre 


quick-firing guns; four Maxim rifle - calibre 
machine-guns ; three 18-in. (45-cm.) single-deck 
torpedo-tubes. 

These particulars show that these veseels are particu- 
larly powerful and well-armed craft, and form a com- 
plete flotilla of the largest turpedo-boat destroyers in 
the world. 

The material used in the construction of the vessel 
throughout is open-hearth steel; the shell, upper 
deck, longitudinal coal-bunker bulkheads, and all 

rtions contributing to the longitudinal strength 

ing of H.H.T. steel, and proportioned so that the 
tensile and compressive stresses on the material under 
the standard conditions of support and load does not 
exceed 8 tons per eq. in. in tension, and 6 tons per 
sq. in. incompression. Steel has been employed in the 
internal fittings wherever ible without being 
detrimental to the health and comfort of the officers 
and crew. 

The transverse framing, Fig. 18, page 358, is spaced 





1 ft. 9 in., and is formed of steel bars of channel 
section, worked continuously from keel to upper and 
forecastle decks. Web-frames and strong beams are 
worked at frequent intervals and where special local 
stiffening is required under guns, &c. 

The rudder, propeller-brackets, and stem are of 
forged steel; and the stern-post, heel-castings, and 
tiller cross-head are of cast steel. The vessel is built 
with a flat keel and a vertical-plate keel, the flat keel 
being doubled over a length of 194 ft. amidships. A 
steel casting is worked in at the cut-up of the keel 
aft, and is connected to the outboard end of the 
centre-line stern-tube. 

The vessels, as shown in Figs. 1 and 3, Plate XIX., are 
divided into fourteen main water-tightcompartments by 
means of thirteen bulkheads extending from the keel to 
the upper deck, and the spaces below the lower deck 
forward and aft are further subdivided into water- 
tight compartments by means of transverse bulkheads 
and by the lower deck, which has been worked water- 
tight throughout its length. The space occupied by 
the propelling machinery and bunkers is, as shown 
by Fig. 3, 166 ft. 3 in. long, which constitutes 52 per 
cent. of the length of the ship, and, in addition, 
auxiliary-machinery rooms are provided forward and 
aft of this space, the coal being arranged in bunkers 
at the sides in order to afford protection for the 
boilers. 

A sunk forecastle (Fig. 6), about 100 ft. long, has been 
built forward, the sides of which are boldly flared to 
throw off the water when steaming in a seaway (Fig. 19, 
page 358). This construction at the same time enables 
four of the vessel’s guns to be simultaneously trained 
on a forward bearing (Figs. 2 and 6). he large 
freeboard provided—viz., over 10 ft. amidships and 
18 ft. forward—ensures a comfortable and thoroughly 
stable boat, one well able to keep the sea under any 
conditions of weather (see Fig. 17, page 358). 

On the forecastle deck (as shown on the plan, Fig. 6) 
there are carried two 4-in. 40-calibre quick-firing 
= abreast. The guns, which are of Armstrong. 

hitworth pattern, each have a training of 45 deg. 
across the bow and 75 deg. abaft the beam, with 
10 deg. depression and 25 deg. elevation, and are 
fitted with shields. Each gun is supported cn a 
strong steel cylinder between the forecastle and upper 
decks, with stiffening under it, consisting of the bulk- 
head and web-plates which connect to the side keel- 
son and shell. On raised platforms just aft of the 
forecastle (Fig. 13) are placed two 4-in. guns abreast, 
being arranged to fire over the forecastle deck, and 
having an arc of training from right ahead to 55 deg. 
abaft the beam. Two torpedo-tubes are placed 
between the funnels, and one aft of the engine-room 
skylight, all on the centre line. Each tube has a 
training of 35 deg. before and abaft the beam. A 
special type of hooded-fan cowl has been introduced 
in way of the forward tubes to enable the tubes to 
revolve over them. Separate davits and deck-winches 
are provided for loading the torpedoes, which are 
carried in the tubes, three spare torpedoes being carried 
in chocks on the deck (Fig. 2). The other two 4-in. 
guns are placed abreast on the upper deck aft, each 
with a training of 45 deg. across the stern and 55 deg. 
forward of the beam.. A raised platform extending 
acroes the ship is built in way of these guns witha 
hinged portion outboard to enable the guns to be 
worked at their extreme angle of training aft. 
Separate electric dredger ammunition-hoists are pro- 
vided for serving each set of guns from the shell-rooms 
forward and aft. Four Maxim machine-guns are placed 
under the boats on the upper deck, and are served 
from both the forward and after magazines. 

The 4-in. magazines are completely insulated by 
means of teak lining with cork packing, and air-cooled 
by the especial air-cooling machines situated imme- 
diately above the magazines. In the shell-room are 
situated the motors for operating the shell-hoistr, 
which may also be worked by hand. The magazines 
and shell-rooms are in separate compartments, and 
separated by water-tight bulkheads (Figs. 1, 7, 11, 
and 15). 

The two bower-anchors, of 36 cwt. and 30 cwt. 
respectively, are of the Lenox stockless pattern, and 
are carried in the hawse-pipes. The cables are stowed 
in the chain-locker forward of the crew spaces, below 
the lower deck-line. Spare anchors of both sizes are 
provided, and a 34 cwt. kedge-anchor is stowed on the 
upper deck. Large mooring-bollards and fairleads are 
fitted forward, aft, and amidships, and two wire ropes, 
with reels, are stowed on the upper deck, one of 4 in. 
and one of 24 in. circumference wire, each 100 
fathoms long, for towing and mooring purposes. Cable- 
stoppers are fitted on the forecastle deck. A steam 
poe hand-capstan, by Messrs. Napier Brothers, 
Glasgow, capable of hauling in the cable at a rate of 
30 ft. per minute, is provided, the engine being 
carried on the upper deck, and conrected by a spindle 
driven through worm-gearing. 

At the after end of the forecastle deck (Figs. 1 and 6) 
are situated the chart-house and wireless telegraphy 
office, above which are placed the navigating-bridge 
and the searchlight and range-finder platforms. e 
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chart-house is fitted for the stowage of charts and|and men is situated on the centre line at the after 
nautical instruments in the usual manner. The wire- | end of this space (Fig. 2). THE ALLOTROPIC TRANSFORMATIONS 
less telegraphy office is just abaft the chart-house, and| A daily-use provisiofi-room is provided forward, and OF IkUN.* 
is larger n is usually fitted on vessels of this | is approached from thé lower crew-s Under the By Aupert Savveur, Harvard University, 
class ; both the Marconi and the Telefunken systems of | lower deck forward (Fig. 7) the space is occupied by Cambridge, U.S.A. 


phy have been installed. The Telefunken system 
main installation, having an effective working 
radius of 500 miles. The Marconi system is to be 
used as an auxiliary set, being worked from storage 
batteries charged from the dynamos. 

The navigating - bridge (Fig. 5) is provided with 
steel corner shelters, having sliding windows, efficient 
folding weather-screens being fitted across the entire 
front of the bridge. The steam steering-pedestal, 
engine-room ee ge and standard compass are 
placed on this bridge, also an engine-room revolution 
control telegraph for station-keeping when steaming 
with the flotilla. A voice-pipe is fitted to the chart- 
house and electric bell communication to the wireless 
office. Above the bridge a light steel platform is con- 
structed to carry the Barr and Stroud range-finder. 
There is access to the searchlight platform, on which 
is mounted a 24-in. diameter Siemens a pro- 
jector fitted with the latest pattern automatic lamp. 

The upper deck (Fig. 2) from the break of the tore- 
castle has a slight sheer, and is flush athwartships, 
except in way of the engine-room, where a raised 
skylight coaming has been built. In the space between 
the first pair of funnels a steel deck-house is built to 
provide an office for the paymaster, which is fitted 
with the usual office furniture. 

The after bridge (Fig. 1) is built over the engine-room 
skylight, and at its forward end there is carried on a 
steel house, which is used as a ventilating-trunk to 
the engine-room. This house is provided with open- 
ings on all sides, each opening having hinged metal 
covers, which may be set open forward or aft to assist 
the intake of fresh air to the engine-room. Light steel 
gratings are fitted inside, carried on the main-deck 
beams. On the after bridge, a steam steering installa- 
tion with engine-room telegraphs and a standard 
compass are steced, with voice-pipe and electric-bell 
connection to the engine-room. Abaft these the after 
24-in. searchlight projector is mounted on a platform in 
« position which ensures for it a complete sweep clear 
of all deck fittings. The bridge is extended aft of the 
searchlight platform to form the after range-finder 
platform. 

The following boats are provided, and each is carried 
in separate sets of davits :—One motor-boat fitted with 
a ‘* Mumford” paraffin motor of 7 brake horse-power, 
giving the boat a speed of 6 knots ; two whalers, 
each 25 ft. long; two gigs, each 24 ft. long; one 
dinghy, 16 ft. long. The positions of the boats are 
shown on the plan of the upper deck. 

The steering-gear is of the screw-gear type, and is 
by Messrs. Hastie and Co., Limited, Greenock. The 
screw-gear is placed in the after compartment (Fig. 8) on 
the iieehiel. and is actuated by means of a shaft 
carried along under the lower deck to the after end of 
the engine-room, where the steering-engine is situated. 
There are two steam steering positions on the bridges, 
forward and aft respectively, with controlling shafting 
connection to the engine. The hand-steering position 
is on the upper deck abaft the after torpedo-tube. The 
two hand-wheels drive direct on to the main steering- 
shaft, the gearing and clutch-gear — placed in the 
gland compartment below the lower deck. The rudder 
is of the totally-submerged balanced type and is of 
“— area (Fig. 1). 

mplete awning arrangements are provided to 
cover the ship all fore and aft, and coaling-screens are 
also provided to exclude dust from the after part of 
the vessel. 

The vessel has two masts stepped where shown on 
the plan, Fig. 2. Each. mast has a striking topmast 
and two signal-yards, and yards to carry the aerials 
for the wireless telegraphy at a height of 100 ft. above 
water (Fig. 17). On the foremast is fitted a crow’s- 
nest for look-out, and to provide an officer’s station 
for fire control, voice-pi from the crow’s-nest being 
fitted to the forward and after guns and bridges. 

_A system of voice-pipe fire control has been installed, 
giving a complete intercommunication between the 
crow’s-nest and bridges, and the guns, torpedo-tubes, 
searchlights and dynamo-rooms, also telephone con- 
nection between bridge and engine-room. 

The total complement of the vessel is 160 officers 
and crew. The crew are berthed on the upper and 
lower decks forward in three separate compartments 
(Figs. 1, 15, and 16). These spaces are well lighted 
with 9-in. side-lights, and ventilation is carried out 
by means of electric fans for supply and exhaust to 
the lower spaces, and natural ventilation in the upper 
crew — On the upper deck forward are store- 
rooms for navigating officers and gunners ; also a paint- 
store in the upper part of the chain-locker. At the 
after end of the upper crew space on the port side 
is the sick bay, with two berths, and on the starboard 
side is the steam bakery (Fig. 14). Abaft these spaces 
are situated the seamen’s head on the port side, and 
the petty officers’ w.c., lamp-room, and seamen’s wash- 
place on the starboard side. The galley for officers 


tele; 
is the 


two naval stores, a canvas-room, oil-fuel tank with a 
capacity of 80 tons, fresh-water tank with a capacity 
of 8 tons, and the 4-in. magazine and shell-rooms. 


AFTER the loudly-heralded funerals of 8 iron held at 
the May meeting of the Institute, I should not venture 
to ask for a post-mortem inquiry were it not for the 





The petty officers are berthed on the lower deck 
aft, separate sleeping and messing accommodation 
being provided fof the mechanicians or engine-room 
artificers and petty officers. A separate engineers’ 
mess-rocm is also provided, in close proximity to which 
is placed a bath-room for their use. The cabin divi- 
sional bulkheads have in several cases been made 
water-tight to increase the safety of the ship. Four 
double-berthed and two single-berthed cabins, with 
accommodation for six officers and four engineers, are 
situated on the lower deck aft (Figs. 3, 9, and 11). 
Each ro‘ m has a clear head-room under the beams of 
10 ft., with direct access through a large lobby to the 
ward-room, engineers’ mess-room, officers’ bath-rooms, 
w.c , and pantry. In the lobby dividing the port and 
starboard cabins, the air-cooler and shell-hoist from 
the after shell-room are conveniently placed, and the 
— swords, and other usual fittings disposed 
(Fig. 11). 

The officers’ ward-room is placed at the after end of 
the officers’ quarters, and is a spacious compartment 
(Figs. 3 and 10). Upholstered settees are placed on 
each side, and an extending dining-table, sideboard, 
book-case, and all the usual furniture and fittings are 
arranged herein. 

The living accommodation for the commander is 


ward-room, bath-room and w.c., and pantry, with 
access by a companion-way from the upper deck (Figs. 
3 and 9). It is entirely separate from the officers’ 
quarters, and has access to a separate canteen for the 
commander’s stores under the ward-room. 

It will thus be seen that the accommodation provided | 
in all parts of the ship is of a specially luxurious and | 
complete character, and far in excess of what is usual | 
in turpedo-boat destroyers. 

The space below the lower deck aft, Fig. 4, is sub- | 
divided by water-tight bulkheads to provide electric 
stores under the dynamo-room on the starboard side, | 
and bread and provision-room on the port side. | 
Abaft these are the gland ret greenest the 4 in. 

azine and shell-room, divided longitudinally by 
@ water-tight bulkhead. The torpedo head room is 
further aft on the port side, wherein stora.e is pro- | 
vided for three practice heads and three war heads. 
On the starboard side is the ward-room store, with a 
separate officers’ canteen immediately abaft it. 

Electricity for lighting and heating the ship, and | 
for working the various motors and searchlights, is 
provided by two separate units. Each unit consists 
of a Siemens generator, having an output of 21 kw. 
normal load, but capable of carrying a 50 per cent. 
overload for a short period. ‘The generators are 
driven by enclosed compound Brotherhood engines, 
and are placed in separate dynamo-roome, forward 
and aft, as shown on the lower-deck plan (Fig. 4). | 
Each generator has a separate switchboard, the switch- 
boards being connected up. The heating of the vessel 
is carried out by means of large electric radiators. A | 
complete installation of lighting for dressing the ship | 
on ceremonial occasions is also provided. 

Two refrigerating machines by Messrs. Seagers, | 
Limited, Dartford, are placed in the auxiliary machine- 
rooms forward and aft. They are steam-driven CO, 
machines of the vertical type, each with its evapo- 
rator, having the capacity of producing 56 Ib. of ice in 
6 hours, while simultaneously cooling the magazines. 
The cooling machines for the magazines have each a 
1-horse-power electric motor-driven fan for circulating 
the air to the magazines, over the brine-pipes. 

A col-bunker capacity of about 450 tons has been 
provided, this capacity giving the vessel a steaming | 
radius of fully 3000 nautical miler, at a rate of not less 
than 15 knots, on the basis of the measured coal 
consumption on the 24 hours’ trial at 15 knots. 

In addition to this, in the oil-fuel tanks, which are | 
built-in forward, a further capacity of 80 tons of 
crude-oil fuel has been provided, the coal and oil fuel 
being sufficient to provide a total steaming radius of 
4000 nautical miles, This is a remarkable result, and 
one which cannot be approached by any other similar 
tyne of vessel at present afloat. 

In a subsequent issue we shall give full details of 
the machinery and the results of the trials. 


(To be continued.) 





| 








Tue Junkers Encine Boat “ ALBaTRoss.”—We are 
informed that a marine research-boat for the Kaiser | 
Wilhelm Society for the Advancement of was 
launched on August 19 from the Havelwerft, Potsdam. 
The boat will be used at the German Scientific Station at | 
Revigno, on the Adriatic. She is 62.5 ft. long, 13 ft. in 
breadth, and has a draught of about 6.5 ft. She will be) 





propelled by a 100-shaft-horse-power Junkers oil-engin:, | 


situated aft, and consists of a private sleeping-cabin, | 





suspicion that through excessive zeal on the part of the 
| mourners the patient might have been baried alive: I 
offer this as my excuse for again bringing before the 
| Institute the much-debated question o' allotropic 
transformations of iron. 

According to Benedicks,+ when absolutely pure iron 
cools to its Ar3 point, the y molecules of which it is 
composed are converted into a molecules. For the 
pur of this note we may disregard the possibility of 
a slight solubility of a iron into 7 1ron above Ar3, and 
of a slight solubility of y into a iron below Ar 2. Bene- 
dicks himself writes that this is negligible. In accordance 
with Benedicks’s theory, there shou'd be no Ar 2 point in 
strictly pure iron. The allotropic transformations of 
pure iron may in t case be represented graphically, 
as shown in Fig. 1, I., page 354, the heavy black lines 
A, B, ©, D indicating a time-temperature cooling curve. 

beu iron contains some carbon or other impurities, 
even if the amount be extremely small, it is argued by 
Benedicks that the y to a allotropic change is not 
complete at Ar3; but, on the contrary, covers a wide 
range of temperature, and that the point Ar 2 marks 
the end of the transformation. [In other words, 
between Ar 3 and Ar 2 the iron is in a metastable 
condition, while at Ar 2 it becomes unstable, the 
remaining molecules of yy iron being here converted 
into a molecules. In Fig. 1, I., an attempt has been 
made to show this graphically. We may assume 
that the iron whose transformations are here repre- 
sented contains 0.01 per cent. carbon and 99.99 per cent. 
|iron. Above its point Ar 3 the metal is composed of 
| molecules of 7 iron holding in solution the minute pro- 
portion of carbon present. On reaching Ar3 the bulk of 
the y molecules represented by the distance B C are con- 
verted intoa molecules. The y molecules represented by 
CH remain untransformed because of the presence of 
carbon. In cooling from Ar3 to Ar2 additional 7 mole- 
cules are ually converted into a molecules, as indi- 
cated by the line CD. Between Ar3and Ar 2, there- 
fore, iron contains both y and a molecules dissolved in 
each other, this solution corresponding to Osmond’s 8 
iron. In this range of peers the metal is in a 
metastable condition, cau by the under-cooling of a 
certain amount of + iron, which under-cooling in turn 
results from the presence of carbon. On reaching Ar 2 
the metal contains M D 4 cent. of a molecules and D E 
per cent. of y molecules. The carbon present is now unable 
to restrain longer the transformation of the remaining + 
molecules which are here converted into a molecules with 
evolution of heat. Herce the occurrence and meaning of 
the point Ar2. In other words, Ar3 marks the allo- 
tropic transformation of stable y iron into a iron, and the 
point Ar 2 the end of the transformation of metastable, 
because under-cooled, y iron into airon. It is evident 
that in Fig. 1, II., the heavy lines ABCDEF may be 
taken as sepeennating a time-temperature cooling-curve 
of the iron considered. 

In the presence of a larger amount of impurities, say 
0.02 per cent. carbon, the proportion of y iron trans- 
formed at Ar3 should be smaller because of the greater 
restraining influence now at work, while the proportion 
of under-cooled 7 iron transformed at Ar2 should be 
larger. This is shown in Fig. 1, III. On reaching the 
Ar 3 point BC per cent. of a iron is formed, while C H 
per cent. of yy iron remains untransformed. On cooling 
from Ar 3 to Ar2 the proportion of metastable y iron is 
reduced through gradual transformation to D E per cent. 
In cooling through Ar2 this ant, i iron is con- 
ve’ intoairon. The line ABCD represents a 
time-temperature cooling-curve of this iron. It is evi- 
dent that if Benedicks’s views are correct the following 
must he true :— 

1. In absolutely pure iron both the Ar 2and Ac 2 points 
should be absent. 

2. In the presence of impurities the point Ar 2 should 


appear. 

2 Even in the presence of impurities, the point Ac 2 
should be absent, as clearly explained by Carpenter, 
because, since Ac 2 is necessarily the reversal of Ar 2, its 
occurrer ce could only imply the formation on heating of 
metastahle—i.e., undercooled ¥ iron, an impossible con- 
ception. 

4. The intensity of the point Ar 2 should increase with 
the amount of impurities present. 

5. The intensity of the point Ar 3 should decrease 
with the amount of impurities t. 

According to Benedicks’s views, theoretical] inverse-rate 
curves of pure and of slightly impure 
iron should have the appearance indicated in Fig. 2. In 
every instance the point Ac 2 is absent, while point 
Ar 2 increases in intensity and the point Ar 3 decreases 
with increasing impurities. The point Ar 2 is absent in 
pure iron. As stated by Carpenter and others, the point 
Ar Z has always been detected in carefully taken curves 
of the purest iron obtainable. To reconcile this with 


i 


heating and cooli 








* Paper read before the Iron and Steel Institute at 
Brussels, September 1, 1913. 

+ **On Allotropy in General and that of Iron in Par- 
ticular;” Journal of the Ironand Steel Inst., 1912, No. IT. 

t “The Oritical Renges of Pure Iron, with Special 
References to the A2 Inversions;” Journal of the Iron 
and Steel Institute, 1913, No. 1, (See ENGINEERING, 
vol. xev., page 651.) 
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Benedicks’s theory, it is suggested that even these irons 
were not absolutely pure, a trace of — being 
sufficient to cause the appearance of Ar2. The point 
Ac 2 also is found in the curves of nearly iron 
published by well-known metallurgists, although even in 
the presence of considerable carbon or other impurities, 
if Ar2 is merely the end of Ar3 it should not occur. 
Carpenter, I think, overlooks this when he confines his 
attention to nearly chemically pure electrolytic iron. 
At first sight the heating and cooling curves of electro- 
_— ag pep by Carpenter, appear to prove con- 
clusively the non-occurrence of the point Ac 2 in the 
absence of impurities. His very interesting work induced 
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point generally known as Ac2. If the ap ce 
of this point in pure iron is to be ascri to the 
presence of atmospheric gases, then, to be consistent, 


should we not infer that whenever Ac2 is detected, | o 


in very impure as well as in slightly impure iron, it must 
be due to the same cause, on the ground that if Ar 2 is 
merely the retarded end of the Ar 3 transformation, then 
Ac 2 should never occur? Would so broad a statement 
be justified? I believe not. , 

f us now consider the cooling and heating of steel 
containing some 0.40 per cent. carbon, an alloy which is 
generally admitted to have two points—namely, A32 
and A 1, and let us again represent its transformations 

on cooling, Fe YS) 
shown in Fig. 6, I. At 
Ar32 BC per cent. of a 





theories that survive are those which can be by 
an intelligent man without excessive stretch of the 
pop me or strain of the mind. Witness the vitality 
f the atomic theory. I imagine that few really believe 
in the existence of atoms, but we all cling to the atomic 
theory as to one of the most useful and most wonderful 
conceptions of the human mind. And is it not to its 
majestic simplicity that the atomic theory owes its im- 
portance and fruitfulness? If it is ever to be abandoned 
it can only be to replace it by another theory at least as 
simple ; and so it must be with Osmond’s theory. 
Professor Benedicks has developed with great skill a 
very attractive theory, which at first sight, especially in 
view of the support given to it by Carpenter, seems quite 
convincing. On closer scrutiny, however, as explained in 
this note, doubts arise as to the pregge ad of explaining 
by its aid the various features of the thermal curves of 



































































































A iron forms, while from C to | t , 1 
| D—that is, between Ar 3 2| iron, as well as the magnetic behaviour of that metal. It 
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L.® to examine some heating and cooling curves of electro- 
lytic iron taken in my laboratory more than a year ago. 
ne of these curves is reproduced in Fig. 3. 
The iron was prepared by Professor Charies F. Burgess, 
of the University of Wisconsin. His analysis and my 


own are shown below :— 

— | ral gy | Authors Anyi 
Carbon ..| Not reported ae 
Silicon ws eel None se 
Phosphorus 0.018 per cent. 0.013 per cent. 
Sulphur 0.003 Trace 
Manganese .. None 


7 Not reported 
| 


It seems fair to assume that this iron contains not less 
than 99.97 per cent. iron, and possibly as much as 99.98 
per cent., and that it is therefore, if anything, purer than 
that used by Carpenter. 

By referring to Fig. 3 it will be seen that both the Ar 2 
and the Ac2 j amy occur sharply in this iron, the former 
atabout 725 deg. Cent., the latter at 769 deg. Cent. The 
curves were taken with a Le Chatelier-Saladin self- 
recording thermo-electric pyrometer, as constructed by 
Pellin of Paris. 

In view of Carpenter’s statement that the metal should 
be heated and cooled repeatedly ia order to be sure of 
the accuracy of the curves, twelve heating and cooling 
curves of the same piece of electrolytic iron were taken 
in succession. Some of these are reproduced in Figs. 4 
and 5. The occurrence of the point Ac 2, apparently 
undiminished in intensity, will be apparent, as well as 
the constancy of its position. Is it i 





point Ac 2. 
stands decidedly in the way of Benedicks’s theory. 





and Ar 1—additional a iron forms. At Ar1 the steel 
contains M D per cent. a iron and D E per cent. of 
untransformed iron holding in solution the carbon 
present. In cooling through Ar1 this 7 iron is con- 
verted into a iron, with rejection of the carbon as Fe,C. 
Following Benedicks’s reasoning, should we not con- 
sider the point Arl as the end point of the Ar32 


transformation? In other words, is not this Ar1l point. 


due to supercooling as well as the Ar2 point of pure 


_|iron? Is not the y iron existing between Ar 32 and Arl 


in a metastable condition? And if this be the meaning 
of the lower point, then it should not occur on heating. 
There should be no Acl point. Again, let us take a 
steel having three distinct critical points on cooling, as 
is generally the case in the presence of some 0.15 or 
0.20 per cent. carbon, and let us represent its cooling as 
shown in Fig. 6, II. Following an identical line of 
reasoning, should not the point Ar1 mark the end of the 
transformation started at Ar3? And if so, what possible 
meaning can we attach to Ar2, and why should we have 
more than one critical point on heating? Certainly if 
me egies Ac2 does not exist in iron, then that metal 
sh retain its magnetism until the point Ac3 is 
reached—that is, until its temperature exceeds 900 deg. 
Cent. I believe, however, that I shall be supported in 
my contention that iron loses the bulk of its magnetism 
between 780 deg. and 800 deg. Cent.—that is, in that 
range of tem ture where we should look for the 
t seems to me that this undeniable fact 


To sum up, the following points at least have not yet 


been satisfactorily reconciled with Benedicks’s theory :— 


_ 1. The absence of the point Ar 2 in absolutely pure 


iron has never been conclusively shown. 


method used by Dr. ter is not sufficiently accurate| 2. The point Ac 2 has not been shown to be absent in 
to detect the slight evolutions of heat occurring a ‘Acd, self- recorded heating curves of pure iron. 
or will it be contended that the presence of the point Ac2| 3. The point Ac2or Ac 32 is generally detected in 


in my electrolytic iron is due to my having heated it in 
air instead of in vacuo? I am far from denying that 
atmospheric have some influence on the critical 
points, but I do not think, Carpenter’ experiments 
notwithstanding, that it has been conclusively shown 
that they may actually cause the gocurrgnce of the 





‘ing less than some 0.60 per cent. carbon. 

4. Tron loses the bulk of its magnetism not at Ac 3, but 
between 780 deg. and 800 deg. Cent. 

Before we me gs | Osmond’s t' , 80 satisfyi 
because so simple and rational, we should not be sati 


with assumptions and speculations, however cleyer. The 


is, of course, possible that I have not correctly ped 
Benedicks’s views, and in that case I trust that on 
set me right. At any rate, I hope that this paper will be 
the means either of disproving the theory if inaccurate, 
or, if correct, of strengthening it through further ex- 
planation and discussion by Professor Benedicks and 
other interested metallurgists. 





THE ORITICAL POINTS Arl, Acl. 


A New Method for the Determination of the Critical 
Points Arl, Acl.* 


By J. E. Sreap, D.Sc., D.Met., F.R.S., Vice-President. 


‘* WHEN a bar of steel! containing carbon is heated to 
800 deg. Cent., or above, at one end only, whilst the 
other end is ata en ig well below 700 deg. Cent., 
and it is then quenched, the portion heated above the 
critical temperature will be hardened, whilst the P= 
heated below that temperature will be soft, and the 
change from the hard to the soft state will be abrupt.” 
This was well known to the pioneer workers, Tschernoff 
and others, and it is upon this law that I have based the 
new method I am about to describe. If the bar, treated 
as above described, is ground down on one side and is 
immersed in a 20 per cent. solution of nitric acid in water, 
the surface of the hardened part will become quite black, 
whilst the soft part will be grey. The plane of abrupt 
change will be the critical point Al. If the bar is 
quenched after <r f raising its temperature from below 
to above the critical point, the point of abrupt os 
will be Acl. If the quenching is performed after slowly 
cooling from temperatures above the critical point, the 
junction between the hard and soft portions will be the 
critical point Arl. Ae: 

In pure carbon steels the Ac point is about 25 deg. 
Cent. above the Ar point. It is obvious that if the tem- 
perature at each part of the bar were known at the time 
of quenching, the critical point could be noted in degrees 
of temperature. At intervals, during many years, more 





* Paper taken as read before the Iron and Stee] 
Institute at Brussels, on September 2, 19}3, 
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or less satisfactory trials have been made to find a simple 


method for the determination of the range temperatures | of 


of the —_ aot sate. mane | = sufficient Fer nde 
justify a description o! method as at present de . 

ae Required. ‘The chief feature in the new 
method is that no expensive pyrometers are necessary. 
The temperatures are fixed at several points along the 
bars by the melting of wires, and of sodium chloride, the 
melting-points of which are known. These are placed in 
contact with the bars for a short time before the bars are 
quenched in water. The apparatus employed is simple 
and available in every laboratory, namely :— 

A moffie-furnace having a _ a side passage, or 
passages. A Griffin gas-fired tube or muffle-furnace 
vided with such passages answers the purpose admirably. 
One of the fireclay stoppers is removed and replaced by 
a tube stopper of such — as to project about 25 mm. 
from the outside of the surface side when the inner end is 
flush with the inside. This passage through the stopper 
is 12 mm. bv 12 mm._ Fig. 1 shows exactly the position 
of the muffle, &c. In addition to this apparatus thin 
wires, 05 mm. in diameter, of silver, aluminium, zinc, 
&c., are required, and also wires of silver coated with a 
layer of fused sodium chloride. The melting-points of 
the reagents are as follows namely :— 

Melting-Point. 


deg. C. 
Silver ss ie 960 
Sodium chloride... 800 
Aluminium ‘ 655 
Zinc 420 


f For the purpose of quenching the bars after heating, an 
iron tube, 50 mm. in diameter by 1.5 metre in len 

closed at one end, must be provided. A piece of iron 
gas-pipe, closed at one end with a cork, answers the 


purpose. 
Fig.1. 






































SECTION THROUGH A.B. 
SHOWING HOW THE TEST BARS ARE PLACED 





" Preparation of the Specimens.—The steels are forged 
down to bars about 10 mm. by 5 mm. in section, and are 
cut to lengths of about 115mm. Itis not imperative to 
have them of these dimensions ; they can be varied con- 
siderably, but it has been found that bars of the sizes 
mentioned are very convenient. The bars are ground or 
filed on all sides to remove the decarburised skin, and two 
of them are placed face to face, but are not allowed to 
come into actual contact. They are kept apart by 

lacing strips of asbestos sheet alo: the top and 

ttom of the juxtaposed faces in such a way that a 
passage 1.5mm. is left midway between the asbestos 
packing and the faces of the bars. To effect this a piece 
of wire is laid along the centre of the face of one of the 
bars. The asbestos string is laid on each side of the wire. 
The other bar is then placed on top, and the two bars are 
kept in position by a lapping of florists’ wire, after which 
the extruding asbestos is flattened down to cause it to 
spread over both the bars, so as to prevent it from falling 
away when the bars are heated. Instead of placing the 
bars parallel, in the manner described, they ma: 
placed with their lower sides touching each other, whilst 
the upper edges are kept apart, making a V-shaped 


passage. Whether wt -¥ the other, 
they are then placed in the ie Wie ens 


more than hot h to it sod by os — 
an hot enoug’ melt ium ide—prefer- 
ably 1000 deg. Cent.—and be kept at a constant tempera- 
ture. As soon as the asbestos has dried and become 
hardened by the heat the central wire is withdrawn, 
and the heating is continued for twenty to thirty 
minutes, until, in fact, the temperature of the bars 
18 stationary at every point from one end to the other, 
but varying from point to point. The wire coated 


with sodium chloride is introduced into the 


be | Stockholm; Professor Howe, New York; Sir Robe 


Kon 1 Tekniska, Matoraiprofninganns M- t, Shockholm, 

passage | Kung]. Teknis! pro’ m, 

by Mr. Axel Huitgren ; that to National Physical 
by Dr. W. Rosenhain ; 


from | to Sir Robert H 


of the unmelted salt, marks the point 800 deg. Cent. Wires 
ver, aluminium, and zinc, 110mm., 75 mm., and 
60 mm. in length tively, having right-angle bends 
at one end, are in uced one after the other, and are 
jerked out after 3 minutes’ rest in the passage, and the 
h hs of the unmelted portions are measured. 

he bars themselves are now removed, and instantly 
dropped into the tube filled with water, and as soon as 
they strike the bottom they are made to traverse the 
liquid a second time by placing the hand on the open end 
and anus Se tube. Complete chilling is in this uey 
effected in about 4 seconds. It is sometimes preferable 
to use ice-cold water, but not necessary if the lower 
critical points alone are to be determined ; indeed, 
these can be readily seen after etching, even if the bars 
are not quenched in water, but are simply cooled in the 
air, for air-cooling leaves the parts which had been 
heated above the critical points as the dark etchin 
sorbite. The bars, after chi , are then roughly groun’ 
on a grinding-wheel so as to remove the decarburised 
skin of steel, and are immersed in dilute nitric acid, by 
which treatment the critical divisions are revealed. The 
bars are then washed in water and alcohol, and dried. 
The lengths of the unfused wires, and the length of the 
unfused salt, are plotted on engineers’ paper divided into 
square millimetres, and a temperature scale is obtai 
from the results by making the co-ordinates, lengths, and 
samen The following example will make this 

ear :-— 
Bar Containing Practically Nothing but Iron and 
0.90 Cent. Carbon. 





per- 
Mm. Deg. 0 
Length of the bar ... 115.0 — 
« unfused salt sie 89.0 =800 
a 0 aluminium wire 67.5 = 655 
“ “ zine wire iain 32.0 = 420 
Distance of critical point fromend 79.0 - 


Fig.2. STANDARD BAR PURE GARBON STEEL 
CRITICAL POINT Ac. I-2-3= 730°C. 





Fig. 2 explains how the curve is plotted and the critical 
int obtained. The range between 800 deg. and 655 deg. 

t. = 145 deg. Cent., and is equivalent toa length of 
21.5 mm. ; millimetre is equal to about 7 deg. Cent. 
As it is easy to measure to within 0.25 mm., it is evident 
that the determinations should be within 3 deg. of the 
truth. The direction of the curve depends upon the 
temperature of the muffle, the distance the bar is in- 
serted into the furnace, and the temperatures of the pro- 
jecting ends of the bars. It must be clearly understood 


that the basis of the method is the melting-points of the 


metals and salts used. Sodium chloride is almost uni- 
versally accepted as melting at 800 deg. Cent., but one 
790 deg. Cent. 


eae ene states that he finds it to 
If the latter figure were taken, then the results would be 
about 5 deg. lower than when 800 deg. Cent. is taken as 
the melting temperature. 

Comparison of Critical Temperatures by Various Autho- 
rities on the same Specimen.—In order to obtain one 
standard of i critical point, Mr. J. M. Parkin, 
steel melter to the firm of Messrs. Hobson, Houghton 
and Co., Limited, Sheffield, kindly made a steel from a 
mixture of pure Swedish bar-iron and Swedish white 
iron. Neither aluminium nor manganese were used in its 
manufacture, and it contained about 0.9 per cent. carbon. 
It was melted in a crucible cast in an iron mould, f 
and rolled respectively into round bars 13 mm. in dia- 
meter, into strips 10 mm. by 5 mm., and into wire rods 
which were drawn down to wire 2 mm. in diameter. 

Samples of the round bars were sent to Professor H. 
Le Chatelier, Paris: Kénigliche Materialpriifungsamt, 
Aachen; Kungl. Tekniska Materialprofningsanstalt, 
rt 
Hadfield, Sheffield; Professor Arnold, Sheffield; Pro- 
fessor Carpenter, Manchester; National ny > ay 
Laboratory, Teddington; Mr. 8. N. + oor fan- 
chester ; Mr. H. Brearley, Sheffield ; Mr. E. H. Saniter, 
Sheffield; Dr. W. H. field, Sheffield; Mr. J. H. 8. 
Dickenson, Sheffield ; Mr. B. Deby, Sheffield ; Dr. J. E. 
Stead, Middlesbrough.* 


* Sample sent to Professor H. Le Chatelier was tested 
by Mr. R. Wallach ; that to Professor Howe, New York, 
by Mr. A. G. 735 oe to the Kénigliche Material- 

Aachen, by ha, 





Laboratory, Teddi . W. in; that 
, by Mr. I. B. Milne; and 


When sending the bars, instructions were given to test 
them in the condition as received, and not subject them 
to preliminary heat treatment, reason for this being 
that if forged steel is heated to a high tem ture 
and cooled, the critical points are usually different 
in the reheated steel to what they were in the forged 

It is most satisfac that prominent experts in so 
many countries have so kindly given assistance, making no 
charge whatever for the work done. In one case only 
the principal of a testing institution abroad regretted he 
could not, without violating the rules of the body he 
represented, test the sample unless a fee were paid 
in advance. 

With the exception of Mr. Brayshaw, of Manchester, 
all the experts employed ‘‘ Arrest method,” using the 
thermo-couple pyrometer for measurement of tempera- 
ture in determining the critical points. Mr. Brayshaw 
used the ‘“‘quenching method.” The specimens were 
heated in a salt bath, which was maintai at the 
required temperature for fifteen minutes. Small sections 
of the standard bar and other specimens were suspended 
by wires, as shown in Fig. 3, and were plunged into the 
heated salt, and after fifteen minutes were removed and 











quenched in iced salt-water at about 0.3 deg. Cent. They 
were then sent to me for examination. e series of 
steels were as follows—namely :— 
| 5 (Stan- 
= ei 1 | 2 8. | 4 dard). 
| 
per cent per cent per cent |per cent per cent 
Carbon --| 086 0.88 O59 | 1.00 0.88 
Manganese .. ..| 0,06 0.60 | O94 | 204 9.06 
Sulphur, phosphorus, Very Very Very | Very Very 
&e. | low low | low low low 








” 

















Fie. 3. 


Aluminium was added to Nos. 1, 2, 3, and 4, but none 
to No. 5. 





| 
|Temperature at which Specimens were Quenched. 











700 | 715 720 | 727-8 | 7380-1 735 

deg. | deg. | deg. deg. deg. deg. 

Standardbar Soft Soft | Soft | Hard | Hard | Hard 
No.1.. ” ” ” eo ” ” 
” 2.. ” ” ! ” | ” ” ” 
— ooh” 96 °° Medium| ,, Pw a 
6 ve -| oo» Hard Hard — ° a 


” | 





It will be seen that the critical points are about :— 








= 727 deg. Cent. 726 to 780 deg. Cent. 

No.1 Just under 727 deg. Cent. | Probable actual 726 deg. Cent. 
” ” ” 727 , , ” 
"8 | 2 above 720}, : , a 
4 ” under 715 ” ” ” 713 ” 





Mr. Brayshaw has, at various times, quenched other 
specimens for me similar to No, 1, and found practically 
the same result every time, indicating that the Ac point 
is near 729 deg. Cent. The results speak volumes for the 
accuracy of Mr. Brayshaw’s work, and the constancy of 
= he uses. Moreover, it must be remem- 
be’ that the heatings were done in a furnace used for 
heating tools which are sent for practical hardening 
treatment. 

é | may be ages | a Mr. Brayshaw, Ney Jonge 
in the practical way oes, managed to t same 
specimen so that the variation from what was aimed at 
d not vary — than 3 deg.—a result ey ~_ 
satisfactory. comparisons are sometimes said to 

oe a ae element is introduced, I have 
classified the ts obtained by the arrest method under 
letters instead of names. The author of each set of 
results will readily recognise his own figures on the next 


ft was a surprise and disappointment to find that 
experts differed to such an extent as 27 deg. Cent. A 
standard with an agreed critical point was expected, but 











d, 
that to Mr. E. H. Saniter, Sheffield, by Mr. T. Baker. 





only widely varying results were obtained. My own 
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result with the thermo-couple was 730 deg. Cent. for Ac 1. 
I do not at this s of the investigation wish to state 
that 730 deg. Cent. is the true critical tem ture, but 
repeated tests by the new simple method yield tically 
the same figure —namely, 727 deg. to 730 deg. Cent. 








-—- Ac 1. Arl. Difference Ac - Ar. 
deg. Cent. deg. Cent. | . Cent. 

A 741 mm | 7 

B 746 721 25 

C 740 719 21 

D 739 714 25 

E 789-742 713-717 25 

¥ 731 711 20 

G 782 708 | 24 

H 725 ~ _ 

I 738 700 38 

J 726 697 | 29 

K 728-781 706-710 21 

L 729 702 27 
719 705 14 

N 782 700 32 

oO 781 708 23 

Pv 741 719 | 22 


The bars already referred to as having been teste 1 by 
Mr. Brayshaw were tested sf the new method and 
were founi to have the following critical points— 


namely :— 
Brayshaw. New Method. 
Deg. OC. 

Standard bar Ac 1 726 727,729,731 
Nai .. ” 725 728,727,730 
n8 725 727,725,729 

ee 722 722,721,724 

o @ 713 715,718,715 


The Critical Point Ar1.—The results of the several 
observers show the Arl point varying between 697 deg. 
and 719 deg. Cent. In determining this point by the 
new method, it is only necessary to heat the bars com- 
pletely in the muffle to 800 deg. Cent., and then place one 
of their ends in the hot muffle, and allow the projecting 
portions to cool down, and then determine the tempera- 
tures before quenching and etching. 

A still more simple method of taking the Ar1 critical 
point is to heat two bars of the same steel together, and 
then, after the heat is constant, to slowly draw out one 
of the bars for about 15 mm., and continue the heating 
for fifteen or more minutes, take the temperature as 
before, quench, and note the critical points after etching. 
The bar drawn out will have marked upon it, after etch- 
ing, the point Ar 1, and the other the Ac 1 point. 

The results obtained by repeated tests of the standard 
bar when working in this way were as follows—namely:— 


Standard Bar. 
Deg. C. 
Acl 728 to 731 
Arl is i RD = 710 ,, 712 
Difference between Ac and Ar is,, Ww 


It is probable that the real critical point of the 
standard is in the region of 729 deg. Cent. It corre- 
sponds most closely with the Ac point found by Pro- 
fessor Arnold on another similar steel. The new method 
must not be compared with the thermo-couple method 
for accuracy when the latter is carefully worked and 
pony standardised. The new, or graduation method, 

owever, even in its present state of development, is 
capable of giving results within 3 deg. of the truth. It 
is proposed to prepare a series of standard nickel-carbon 
steels with critical points well below 700 deg. Cent., and 
other standards with critical temperatures well above 
730 deg. Cent. These steels, in the form of wire, will be 
used instead of the fusible salt and wires. When these 
are available it is hoped that better results will be 
obtained with an expenditure of the least possible time 
and cost. The ordinary charge for the determination of 
the critical points Ac and Ar in steels by the direct 
method varies between 2/. and 4/., which is an indication 
of the time and trouble involved in working with the 
older method. 

In conclusion, it must be confessed, it is difficult to 
explain the somewhat variations obtained by some 
of the experts. Variation between 719 deg. and 746 deg. 
Cent. is more than is desirable. It was expected that 
the extreme variation would not more than 5 deg. 
Cent. with the accurate modern instruments actually 
used. The explanation wiil probably be found in the 


standardisation of the thermo-couples. Those who have | P’ 


the standard bar will find it useful in standardising their 
pyrometers in future. 
It is proposed to present a 


supplementar rat the 
next meeting, when it is hoped t yh me 


that both papers will be 


ise 

I must acknowledge the work done by the authorities 
mentioned above, and for the assistance given me by 
Mr. C. Chappell in making oo preliminary experiment 


with the new method described. 





Tuer Late Dr. Hermann Aron.—Dr. Hermann Aron, 
who died on August 29 at Berlin, in his sixty-eighth year, 
was both a learned man and a successful business man. 
He was the well-known inventor of the Aron electricity 
meter, and the proprietor and manager of the Charlotten- 
burg works for these Elektrizitiits-ziihler. He studied 
oneal medicine, took up physics, e assistant at 
the Berlin Gewerbe Akademie, and then lecturer on 
electric measurements at the University of Berlin, which 
post he occupied till ten years oo. @ was one of the 
first who, uader the style of H. Aron, took up the 
manufacture of electricity meters; his pendulum meters 
have found application all over the globe and have 


contributed not a little to the success of private electric 
lighting. 





THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


THE second plenary meeting of the International 
Electrotechnical Commission was 
1st to the 6th inst. It was attended by about seventy dele- 
gates from twenty-four nations, five of which represented 
Spanish-speaking countries. Amongst several official 
Government delegates were those of Canada, India and 
Great Britain. In the regrettable absence of Professor 
Dr. E. Budde, the President of the Commission, Dr. E. 
Warburg, President of the Physikalische Technische 
Reichsanstalt, presided at the official opening. 
behalf of the German Government an address of welcome 
was given by Dr. Lewald, Director in the Ministry 
of Interior. In conformity with the custom of the 
Commission, a chairman was elected to preside over the 
unofficial meetings at which the work of the various 
special committees, appointed at Turin, was considered 
in detail. Mr. C. O. Mailloux, President of the American 
Institute of Electrical Engineers, was unanimously 
chosen for this post. ‘ . 

Previous to the official opening, each special committee 
had held a very full meeting to discuss the modifications 
to their reports which, for several months past, had been 
before the various National Committees. The special 
committees were presided over by Dr. S. P. Thompson 
nomenclature), Dr. K. Strekker (symbols), Mr. Huber- 

tockar (rating), and Dr. Zoelly (prime movers). As 

3 nomenclature, a list of some eighty words and 
definitions was adopted. This does not appear a ver 
great accomplishment ; it nevertheless represents muc' 
conscientious work on the part of the members, and has 
needed several sittings before being arrived at, two of 
which were held in Cologne, one in Paris, and one in 
Berlin. Further progress towards international nomen- 
clature may be recorded in the fact that the Commission 
has decided to add German and Spanish equivalent 
terms with their definitions to this list of terms. 

Dr. Warburg presented a report on the question of an 
international standard for copper. the recommendations 
in the repoit having been drawn up by Dr. R 
Glazebrook, C.B., in consultation with the national 
laboratories of America, France, and Germany. The 
adoption of this report will have for result that 
all future tables for copper will be calculated on 
an identical basis, a material advantage to all con- 
cerned. A number of definitions dealing with the ter 
minology of water-power plants in conjunction with 
electrical machinery were adopted, and it was stated 
that the origin of this work was due to the initiative 
of the nations. A list of thirty-six symbols was 
adopted, together with a number of guiding rules 
relating to symbuls generally. The name of ‘‘Siemens” 
instead of the ‘‘mho” is to be put before the San 
Francisco Congress, to be held in 1915. The pom | 
of electrical machinery gave rise to a prolonged an 
immensely interesting discussion. It will be remem- 
bered that a special committee, to study the subject, 
was appointed at Turin in 1911, and that the m- 
m.ttee ee met in Paris and in Ziirich. At Ziirich certain 
limiting temperatures for modern insulating materia's 
were put forward, and, broadly speaking, these have been 
adhered to. Much discussion centred round the question 
of the ambient or caging air temperature. e dis- 
tinction between the ideal rating, which is useful for the 
purposes of comparison, and theavailable output, which 
is dependent on the geographical position, came out 
most clearly in the debate. The majority of delegates 
were in favour of 40 deg. Cent. as the limit of the cool 
ing air temperature; three delegates, however, pre- 
ferred 35deg. Cent. As it was not ible to arrive 
at a decision on this important point, involving, as 
it does, the fundamental question as to what tem- 
perature rise should be allowed in first-class modern 
electrical machinery, the Commission, rather than 
force a vote on a subject not yet ripe for decision, 
very wisely referred this particular point back to the 
National Committees for further consideration. It is 
hoped that a definite decision, satisfactory to all, may be 
arrived at in San Francisco in 1915. ah bs 

Reference was made to the p 8s of the organisation 
for the 1915 congress, and the American delegation ex- 

ressed the hope that they would be able to welcome a 
foee and representative gathering of — electricians. 
Mr. Maurice Leb'anc was unanimously elected the new 
resident, and the statutes having been modified accord- 
ingly, he will assume office for two years. Colonel 
Crompton was re-elected honorary secretary. The a 
delegates invited the Special Committees to hold their 
next meeting in Madrid, and the Russian delegate, on 
behalf of his committee, invited the International Elec- 
trotechnical Commission to go to St. Petersburg in 1917. 
A most cordial telegram was received from the Kaiser in 
answer to the emo Saapateheed at the close of the official 
opening. The hospitality and courtesy of the Germans 
is so well known that all that need be said is that every 
care had been taken for the comfort and entertainment 
of the foreign guests. The Berlin meeting will certainly 
rank as & ificant success in the movement towards 
international unification in electrical matters. 





Tur CommercitaL Motor-Usgrs’ Association.—The 
eighth annual parade of commercial motor vehicles and 
tractors, “we by the Commercial Motor - Users’ 
Association (Incorporated), with the object of encouraging 
drivers, by means of money prizes and other awards, to 
take a personal interest in the driving and condition of 
their vehicles, and to run them without accident, will be 
held in London on Whit Monday, June 1, 1914. Entries, 
which are now invited, close on February 1, 1914, but will 
be accepted later on payment o* a fi.e. 


held in Berlin from the | P’ 


NOTES FROM THE NORTH. 

; Giascow, Wednecday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with an easier tone, and no deal- 
ings of any kind were recorded. Closing sellers quoted 
553. 114d. cash, 56s. 24d. one month, and 56s. 10d. three 
months. In the afternoon values showed a hardening ten- 
dency, and 3000 tons of Cleveland warrants were done at 
56s. 14d. and 563. 2d. one month, and at the close sellers 
nameéd 55s. ay Sr epee. ae one month, and 56s. 9d. three 
months. On Friday morning the tone was again easier, 
and the turnover consisted of 3000 tons of Cleveland 
warrants at cash and 55s. 10d. eighteen days. 
Sellers’ cing prem were 55s. 10d. cash, 56s. 1d. one 
month, and 74d. three months. The afternoon 
session was quite idle, and sellers of Cleveland 
warrants quoted 55s. 104d. cash, 56s. 1d. one month, 
and 56s. 7d. three months. On Monday morning the 
tone of the market was the turn easier, and Cleveland 
warrants were dealt in at 55s. 10d. and 65s. 9d. 
cash, with sellers over at the latter figure, and at 56s. one 
month, and 56s. 6d. three months. The turnover was 3000 
tons. In the afternoon a slight decline took place in 
Cleveland warrants, and dealings were limited to 1000 
tons at 55s. 8d. seven days, and 55+. 14d. November 11. 
a quotations were 2d. down frum the morning at 
55s. 7d. cash, 55s. 10d. one month, and 56s. 4d. three 
months sellers. On Tuesday morning the market was 
very weak, and Oleveland warrants fell away to the 
amount of 6d. The turnover was 2000 tons at 55s. 14d. 
cash, and 55s. 3d. and 55s. 24d. fourteen days, and 
at the close sellers quoted 55s. 1d. cash, 55s - one 
month, and 55s. 10d. three months. The afternoon 
session was quiet, and Cleveland warrants marked a 
further fall of about 3d. Business consisted of one lot at 
55s. 04d. twenty days, and closing sellers named 54s. 10d. 
cash, 55s. 1d. one month, and 553. 74d. three months. 
When the market opened to-day (Wednesday) a 
dull tone prevailed, and values of Cleveland warrants 
became easier. No dealings took place, and the closing 
prices were 54s. 9d. cash, 55s. one month, and 55s. 5d. 
three months sellers. In the afternvon there was some 
improvement and Oleveland warrants advanced a little. 
The turnover was 2000 tons at 55s. sixteen days, and at 
553. 6d. and 55s. 7d. three months, and the session closed 
with sellers quoting 54s. 11d. cash, 55s. 3d. one month, 
and 55s. 8d. three months. 


Sulphate of Ammonia.—A steady tone has characterised 
the sulphate of ammonia market during the past week, 
and a fuir amount of business has gone through. The 
price is unchanged at 13/. 7s. 6d. per ton for prompt 
delivery, Glasgow or Leith. 


Scotch Steel Trade.—The past week has not made much 
increase in the order-books of the Scotch steel-makers, as 
new business is coming in very slowly indeed. Work is 
going on steadily, there being a fairish number of specifi- 
cations on hand to keep the mills going, and inquiries are, 
if anything, a trifle better. Prices are without change, 
and it is doubtful if they will ease off any further in the 
meantime ; at least, that seems to be the general idea 
of a number of producers who consider that the industry 
is within sight of an increase in trade. Another factor 
which cannot be lost sight of is that on-cost charges are 
still very high, and that fuel has a firmer tendency at 
present, with the not improbable prospect of an advance 
in price being asked before long. Makers of black 
sheets are not over busy, but they are, nevertheless, 
a little better off for work, and conditions in the gal- 
vanised sheet trade are almost unchanged. Quite a 
good demand exists for structural sections, largely for 
shipment, but the export trade in general is not as 
brilliant a spot of the steel industry at the moment as it 
might be, although one or two of the foreign markets 
are taking up quite a fair quantity of material. 


Malleable-Iron Trade.—There is not very much doing in 
the malleable-iron trade of the West of Scotland, and 
under present conditions there seems little prospect of an 
early restarting of the establishments now closed. In- 
quiries are very limited, and the competition from abroad 
is still keen. 


Scotch Pig-Iron Trade.—The position of affairs in the 
Scotch pig-iron trade is practically unaltered, and de- 
liveries of the ordinary qualities keep fairly satisfactory. 
Prices show no change, and the following are the market 

uotetions for makers’ (No. 1) iron :—Clyde, 74s. ; Calder, 
(all iy = ry — loan, SS Gn 74s. “ 
ip at w) ; Glengarnock (at rossan), 
74s. 6d. ; Shotts (at Leith), 74s. 6d.; and Carron (at 
Grangemouth), 75s. Hematite iron has not been meeting 
with much demand lately, and makers are quoting 
easier. Contracts are accounting for a fair quantity, 
but these and the limited current business are not taking 
up the whole of the present output, with the result that 
open are quoting 71s. per ton, and even a shade less 
‘or a fair inquiry. 








Sarety TuRRET FOR SUBMARINES.—We read in the 
Moniteur de la Flotte that trials have recently been 
carried out at Spezia with a safety turret for submarines, 
designed by Mr. Virginio Cavallini, of the Italian Navy. 
This turret forms a hermetically-sealed chamber, in which 
the whole crew of a submarine can find a refuge, and in 
case of an accident to the submarine it can be detached 
from the submarine and rise to the surface. In the 
course of trials which were carried out this turret was 
immersed, and upon a = message it returned to 
the surface in the space of three seconds with the men it 
; contuined. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The total receipts up to the end of 
August show an increase over the corresponding period 
last year of 910,582 tons. Last month, however, there 
was & decrease of 128,487 tons; 642,771 tons passed 
through Hull, as compared with 771,258 tons for August, 
1912. 
being a decrease of 11,695 tons on the same month last 
year. The eight months’ total of exports was 2,964,665 
tons, an increase of 806,020 tons upon the January to 
August period of 1912. The coastwise exports to London 
and other home ports were 143,247 tons. The month’s 
output of the Denaby and Cadeby collieries, received 
at Hull, amounted to 81,957 tons. 


South Yorkshire Coal Trade.—An improving tendency 
is noticeable about the condition of the local coal trade. 
The steady demand for export, and the placing in South 
Yorkshire of several —_ foreign orders, including one 
of 100,000 tons for South Russian railways, are keeping 
the steam-coal market very strong. Pressure is being 
exerted for supplies for the Baltic trade, buyers there 
having delayed almost too long in their anxiety to obtain 

rice reductions. Home inquiries are still only moderate, 
but are expected to show a marked improvement very 
shortly. Secondary steams are not selling so well, and the 
same applies to steam nuts. In house coal merchants are 
somewhat busier, and the recent activity on the London 
market was reflected locally. At the same time buying 
is below the average, and the mild weather tends to 
keepit so. As this is Doncaster race-week, there will be 
restricted working at the pits, and with the reduced out- 
put that may in consequence be looked for, prices are 
likely to remain firm. Quotations :—Best branch hand- 

icked, 15s. to 163.; Barnsley best Silkstone, 13s. to 14s. ; 

byshire best brights, 123. to 13s. ; Derbyshire house, 
10s. 6d. to 11s. 6d. ; best nuts, 10s. 6d. ; small nuts, 
93. to 10s.; Yorkshire hi 


lls. to 13s.; Derbyshire 
hards, 11s. to 12s.; rough slacks, 7s. to 8s.; seconds, 5s. 9d. 
to 6s. 9d. ; smalls, 4s. 6d. to 6s. 

Iron and Steel.—The policy that has prevailed for 
some weeks amongst buyers of pig iron, of taking 
only small supplies for immediate purposes, still holds, 
and forward buying is almost at a standstill. The fore- 
casted change in the position of the raw - material 
market cannot, however, be far distant. akers are 
still occupied with old contracts. Derbyshire sorts 
remain unaltered, but the demand is better. Some effort 
has been made to relieve the inactivity in Lincolnshi 
irons. The official prices are to remain, but where makers 
wish to sell, they will be allowed to make a reduction of 
33. per ton upon the official minimum. Business in 
billets is steady. Dead softs are unchanged at 5/. 10s., 
and hard basic are about 6/. Swedish billets show no 
cha but the supply is hardly equal to the demand. 
The South Yorkshire Bar Iron Association, at its last 
meeting, decided to make no change in the 8/. 103. quota- 
tion. Apart from the moulders’ dispute, the outlook in 
the local trades is exceedingly satisfactory, and a steady 
run of good trade is confidently expected. Agricultural 
implements and tools are experiencing a good , and the 
output of high-speed steel is fairly good. Armament 
demands will keep local firms busy for a longtime. The 
Midland Railway contracts for a year’s stores relieved the 
railway-material position at an opportune moment, and 
generally the future does not appear to give any cause for 

imism. The next few weeks may see a considerable 
influx of foreign business. The Buenos Aires and Western 
Railway Company have ordered 1151 emery-wheels in the 
city. Orders for Lich epeed tool-steel in large quantities 
have come from Rio de Janeiro, Valparaiso, and South 
Africa. The Staveley Coal and Iron eee gg and the 
Stanton Iron korg me , it is understood, have each 
secured a contract for 6600 
America. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market for the present 
is characterixed by extreme quietness. Values of iron 
are steadily falling, and the general situation is not 
altogether satisfactory, which is quite contrary to expec- 
tations, as it was hoped that the demand would have been 
heavy, as is us the case at this period of the year. 
Makers for some time past have had very small stocks, 
but once more pig iron is accumulating at producers’ 
yards. Of the 89 blast-furnaces in operation in the 

orth of England, 46 are producing Cleveland pig iron, 
and 43 hematite, spiegel, basic, and other special irons. 
No. 3g.m.b. Cleve — is quoted at 3d. f.0.b.; 
whilst No. 1 is 57s. 9d.; No. 4 foundry, 54s. 9d.; No. 4 
forge, 54s. 6d.; and mottled and white iron, each 54s. 3d. 
—all for early delivery. In the absence of forward trans- 
actions, quotations for delivery ahead are difficult to fix. 
A further drop is recorded in values of East Coast hema- 
tite pig, mixed numbers becoming 67s. 6d. for both for- 
ward and early delivery. There is little or no business 
passing in foreign ore, but market rates still remain on 
the basis of 20s. ex-ship Tees for best Rubio. yay an 
Bilbao-Middlesbrough are strong at 5s. 6d. Coke is firm, 
with a heavy local consumption. For delivery at Tees- 
side works average blastfurnace kinds were 18s. 


_ Stocks and Shipments of Pig Iron.—For some con- 
siderable time makers of pig iron have carried little stock 
because their output has been taken up as it has been 

e, but now once more iron is beginning to accumulate 
> producers’ yards, and, in fact, one or two firms have 
now got quite a considerable stock of pig. What quan- 


The quantity sent for export was 414,297 tons, | T, 


tons of iron pipes for South | pack 





tity of iron makers really have in stock is not ascertain- 
able, as nowadays no returns are made revealing the 
state of affairs. Stocks of Cleveland iron in the p.blic 
warrant stores are being reduced. The quantity now 
held stands at 179,749 tons, 179,706 tons of which is No. 3, 
and 43 tons other kinds of iron deliverable as standard. 
So far this month 5036 tons of pig have been taken 
from the warrant stores. Shipments of pig iron from the 
‘ees ports are on a satisfactory scale. To date thismon 
they average3744 tons per working day, the total despatches 
amounting to 33,797 tons, 31,066 tons of which have gone 
from Middlesbrough, and 2731 tons from Skinningrove. 
To the same date, last month, the total loadings of pi 

were returned at 26,014 tons, or a daily average o 
2890 tons, and for the corresponding part of September, a 
year ago, the clearances reached 28,016 tons, or an average 
of 3112 tons per working day. 


Manvfactured Iron and Steel.—Thereis not much new 
to report concerning the various branches of the manu- 
factured iron and steel industries. In some departments 
orders are being well got through, but most producers 
have contracts made that will keep them busy over the 
turn of the year. New work, however, is scarce, and 
further reductions in quotations would cause no surprise. 
Principal market rates stand :—Common iron bars, 81. ; 
best bars, 8/. 7s. 6d. ; best best bars, 81. 15s. ; packing iron, 
61. 15s. ; iron 7. yt 8/.; iron ship-angles, 82. 5s. ; iron 
ship-rivets, 8/. 10s. to 9/.; iron boiler-plates, 8. 17s. 6d. ; 
steel bars, 7/. 5s.; steel ship-plates, 7/. 15s. ; steel ship- 
angles, 7/. 7s. 6d. ; steel boils -plates, 8/. 15s. ; steel hoops 
and steel strip, each 8. ; joists, 62. 17s. 6d. to 71.— 
all less the customary per cent. discount ; cast-iron 
railway chairs, 4/. 15s. ; lightiron rails, 71. to 7/. 5s. ; heavy 
steel rails, 6/. 10s. ; 8 ae Soom, 71. 10s,—all 
net ; and iron and steel galvanised corrugated sheets, 11/. 
f.0.b.—less the usual 4 per cent. 





City or Braprorp TrounicaL CoLtieck.—The calen- 
dar of this college for the thirty-second session, 1913-1914, 
contains plans and views of the interiors of the buildings 
and rooms, and gives in detail the rules of the college and 
the numerous courses of study followed. These cover 
the textile industries, chemistry and dyeing, gas manu- 
facture and metallurgy, civil, mechanical and electrical 
engineering and general science. 





Torpepo-Boat Destroyers.—The Admiralty inform 
us that, in addition to the orders for six torpedo-boat 
destroyers, recently announced, and noted in our issue 
of August 22 last, they have placed orders for seven 
torpedo-boat destroyers with the following firms :— 
Messrs. Yarrow, three v is; Messrs. ornycroft, 
two vessels; Messre. Hawthorn Leslie, two vessels. 
Some of these vessels were commenced by the firms men- 
tioned a few months ago as stock boats. As these 
vessels are P me nny no, ! of the same dimensions as the 
Admiralty ign for 1913-14, and offer in some respects 
certain slight advantages, the Admiralty have decided to 
exercise the option of purchase offered to them. These 
vessels appeared on the list of work arranged for which 
ap on page 261 ante. The issue of orders for the 
remaining three vessels of the 1913-14 mme will be 
decided in due course. The machinery for two cruisers 
ordered from the Dockyards, instead of being given out 
to contract, will be made by the Scotts’ Shipbuilding and 
Engineering py, 4 Limited, Greenock, and Messrs. 
Cammell Laird and Co., Limited, Birkenhead. 





Tue Copper Marxket.—In their monthly report, dated 
the 1st inst., Messrs. James Lewis and state that, 
after advancing from 671. 7s. 6d. to 69/. 17s, 6d. durin, 
the first fortnight of the past month, cash standard f 
to 68. on the 22nd ult., but recovered to 
692. 7s. 6d. on the 25th, and to 71/. 5s. on the 29th, 
71. 7s. 6d. being paid for September dates, and 711. 6s, 3d. 
for three months prompt ; the latter was, however, sub- 

uently sold down to 70/. 17s. 6d., with cash at 
TIL 3s. 9d. On the Ist inst. the closing values were 
71. 7s. 6d. cash and 71/. 6s. 3d. three mon The total 
sales amounted to about 36,000 tons; 1000 tons of Chili 
bars and other standard copper had been shipped from 
Liverpool and from London to the United States. Pre- 
sumably this had taken in order ae | to 
reduce the stocks on this side; 525 tons of American 
wire bars and cathodes had been put into stock at Liver- 
1. The demand from consumers for refined copper 
Rad recently been very limited, their requirements for 
some time to come having fae oe with the large pur- 
chases made at the lower level of prices. American wire 
bars were now held for 16 cents per pound, and 741. per ton 
c.i.f. Advantage had been taken of the strike at the 
Lake Superior mines and the troubles in Mexico to bri 
about an advance of 4/. per ton in values; but the expec 
early cessation of the former and the improved outlook 
in the latter country, with the re-opening of its railways, 
romised to increase the ——— from these sources. 

e decreased output during t, due to the strike 
at the Lake Superior mines—without any strike at the 
smelting works— might be taken to covered by 
the increase in the stock of unrefined copper held by 
refiners, and not yet included in their returns, in con- 
sequence of the previous strike at the works of one of 
their number. An increased production from Montana 
and elsewhere might be <a to take advantage of 
present high prices. In addition to the quantity of 
copper given as afloat from Chili to Europe, there were 
about 3000 tons afloat to the United States—also about 
17,500 tons afloat from the United States to Europe, or, 
including the oer bey by the refiners as “ de- 
liveries for export,” about 23,500 tons. 


th | they have been able 





NOTES FROM THE SOUTH-WEST. 


Card:f.—Business in the steam-coal trade has been 
erally quiet. Tonnage arrivals over the week-end were 
iow the requirements Of shippers, who fear that the 
nt heavy colliery outputs may prove excessive. 
uyers are still pursuing a cautious policy, have 
renewed their efforts to bring down prices; in some cases 
to secure concessions for immediate 
delivery. Colliery owners, however, do not take a 
desponding view of the future, as they believe that as 
tonnage difficulties are overcome the steam-coal tradu 
will show more strength. House-coal has shown little 


& basis of 50 per cent. of i : 
freight, insurance, &c., to i 


South Waks Coal Ezxports.—The quantity of occal 
shipped, foreign and coastwise, from the six principal 
Welsh ports—Curdiff, Newport, Swansea, Port Talbot, 
Neath, and Llanelly—in the first eight months of this 
year was as follows :—Cardiff—foreign, 12,716,329 tons ; 
coastwise, 2,004,817 tons; total, 14,721,146 tons. New- 
port—foreign, 3,125,986 tons; coastwise, 485,498 tons ; 
total, 3,611,484 tons. Swansea—forei 2,283,003 tons ; 
coastwise, 254,611 tons; total, 2,537,614 tons. Port 
Talbot—foreign, 1,287,405 tons ; coastwise, 103,434 tons ; 
total, 1,390,839 i 
coastwise, 90,972 tons ; total, 216,851. tons. Lianell 
foreign, 159,887 tons; coastwise, 40,916 tons; total, 
200,803 tons, ihe caprteate shipments for the eight 
months were, accordingly, 22,678,737 tons. 


The Swansea Valley.—Trade at the ten collieries in the 
Swansea Valley has become quiet. There has been, 
however, a more hopeful feeling with respect to the tin- 
plate trade, and upwards of 100 tin-plate and sheet- 
rolling mills have working. The iron and steel 
trades bave exhibited a quiet tone ; the nickel trade has 
been exceptionally active. 


Locks at Portsmouth.—Satisfactory progress has been 
made with D lock alongside C lock, which was opened at 
Portsmouth a few months ago. The new lock is of the 
same size as the C lock—viz., 900 ft. long by rather more 
than 100 ft. wide at the entrance. With the completion 
of the new lock, Portsmouth will have docking accommo- 
dation for four Dreadnoughts. 


Llanelly.—A contract for an extension of Llanelly 
railway station has been placed by the Great Western 
Railway Company with Mr. G. Mercer, and operations 
are to be commenced immediately. It is understood that 
the total outlay will be about 5000/. The two platforms 
are to be seeaseagee, ane a bay, which now serves as the 
terminus of the lovery branch, is to be covered over. 

y has also decided upon increasing the 
ation at the goods dépdt. 


The com 
accomm 





University or Lonpon.—The University Extension 
Board have arranged for the coming session a number of 
very interesting courses of lectures on history, literature, 
art, architecture, natural science, economics, &c., to be 
delivered in various oe of London and the suburbs. 

y 


Amongst these is a f illustrated course on art and 
craft of architecture, to be given at the Oen School 
of Arts and Crafts, on ursday evenin In the 
Michaelmas term, Mr. 8. OC. Kaines Smith will deal with 


the growth of decorative arts from A.D. 1050 to A.D. 1550. 
These will be followed by twelve lectures on “‘The Art 
and Oraft of English Architecture,” by Mr. Theodore 
Fyfe, in which, from an historical point of view, the 
application of stone-work, wood-work, and brick-work to 
decorative uses in English buildings will be very fully 
dealt with. The subject will be treated in a popular 
and non-technical way, but the course will be equally 
— for the professional as well as the non-professional 
student. 





AUSTRALIAN Paper PuLp.—The manufacture of paper 
pulp has just been commenced in Australia, and is an indi- 
cation of the establishment of a new industry there. At 
the opening ceremony in connection with the Yarraman 
works in Queensland, the Governor of that State (Sir 
William McGregor) said be felt proud at being the one to 
open the industry, which was the first of its kind in 
Australia, and he was sure that it would become a very 
important manufacture. As civilisation increased so did 
the demand for paper. The next move, he trusted, would 
be the erection of paper mills, ogres pecuniary 
advantages in manufacture were mY by ing to export 


v 
the Pulp to the southern mills. is Ex con- 
cluded by stating that he was convinced that Australia 

many 


growths from which paper could be 
manufactured successfully. He mentioned especiall 
the prickly pear, and of which there was an abund- 
ance that was not useful for fodder. He considered that 
the ene ond waste ae ame timber in Sesensiend 
was disgraccful. e trus t experiments wo 

made in the near future in other di: ections. 
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“ALMIRANTE LYNCH.” 
CONSTRUCTED BY MESSRS. J. SAMUEL WHITE AND O0., LTD., SHIPBUILDERS AND ENGINEERS, EAST COWES, ISLE OF WIGHT. 


THE CHILIAN TORPEDO-BOAT DESTROYER 


(For Description, see Page 352.) 











Fig. 17. VeEssex on TRIALS. 





























Fic. 19. VxEsseL BEING LAUNCHED, 


Fie. 18. Vesse. in Frame. 


cruiser, and it was engining two battleships for a foreign 
: Three destroyers—the 
trice, and the Contest—had been completed by the com- 
pany during the past financial year; but the accounts 
relating to the Contest were not included in the 
sheet. The company had further built for the Admiralty 
es of two high-speed torpedo-boat 
Two oil-vessels were being 
by the company at Hebburn, and the company | 
oil-carrying ship. | 
a large insulated | 


Co., Liurrep.—The 
eld on Monday at 
occupying the chair. 


Messrs. HAWTHORN, LESLIE AND 


The ~— - stated wd ow du 
com engi t 

pore The oom any had still the 
at Devonport, the ship being nearly ready for steaming. 


; and it was also con- 
ich was built in Pembroke 


Iborough on hand 
both the hulls and 





The company was also 
would be a more po 
cerned with the Nottingham, whi 

yard. The company had furthcr completed a foreign 





The d‘rectors were 


vessel for the Australian trade, and four large cargo 
vessels for trade in the Extreme East. The company had 
delivered two ships for Liverpool owners, and two large 
ore-carrying ships with a carrying capacity of about 
12,000 tons each. The company’s locomotive works had 
been fully employed during the past twelve months upon 
orders recei from English, Indian, and South-African 
railways; the tank-engine trade had also been well main- 
tained. The total number of locomotives built in the 
past twelve months was 56, with 35 tenders, and there wag 
still a full order-Look. 
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GOVERNMENT DEPARTMENTS 
AND INVENTORS. 


Tue question whether original research work, or 
even ordinary experimental work, should be carried 
on by purchasers, particularly Government depart- 
ments, or by manufacturers, is generally decided 
in favour of the latter alternative. It is seldom 
that an idea in itself has any commercial value, and 
it is not until it has been worked out that it pos- 
sesses any attraction for the — buyer. This 
must be done either by the manufacturer or the 
inventor. In proposing innovations, the former is 
presumably considering his own interests, and it is 
only reasonable that he should be pre to satisfy 
clients, and especially the technical departments of 
governments, as to the efticiency of the new pro- 

But where such developments are the 
conception of inventors not attached to producing 
works, difficulties arise not only in respect of 
expenditure, but in getting the new appliance 
satisfactorily made and searchingly tested. It is 
easier thus to state the case than to discover a 
remedy. Certainly the purchaser cannot be ex- 

to take the risk in commercial work of 
the failure of an untried appliance, even if it 
offer good prospects of better results than those 


be/achieved by known and trusted apparatus. And 


if this be so of private or corporate clients, it is 
still more true of governments. In the case, for 
instance, of apparatus associated with war muni- 
tions, the first essential is reliability ; and there- 
fore inventions must be proved safe before adop- 
tion, otherwise the efficiency of a ship, a fleet, or a 
battery may be jy and the success of war 
operations imperilled. It is often difficult for an 
inventor to obtain the funds necessary to produce 
an example for test which will represent the full 
conception of his idea and leave no dubiety as to 
the accuracy of the results of the tests e; but 
he is, at any rate, able to make to persons to whom 
he is known tempting offers in the shape of a por- 
tion of his potential profits. If the confidence and 
experience of his friends, stimulated by the offer of 
a manifold return, will not afford him the means of 
demonstrating and perfecting his invention, it is 
clear that it is not in a condition to appeal to 
strangers, particularly if they are in the position of 
being trustees of public money. 

A corollary of this duty of the author of new 
mechanical appliances is some obligation on the 
part of purchasers to consider tests and their 
results. This does not necessarily mean that they 
themselves should undertake the tests, even at 
the inventor's expense. Such a condition is seldom 
expected of individual or corporate clients ; but 
there is some disposition to expect a Govern- 
ment department to take all the trouble and 
incur all the expense of such experiments, even 
with the most problematic promise of success. 
Such a concession could not, in the light of 
the importance of reliability, be justified even 
in the interests of scientific p along 
the line of experimental research. Government 
departments, and particularly the Admiralty, are 
always approachable by inventors, and when there 
exists a germ of practical success the officials are 
ready to consider the applicability of the — 
and, as a first preliminary, to attend trials. This 


364| much was clearly brought out by the House of 


Commons Estimates Committee when it was 


364 | investigating the Navy Estimates. Engineer-Rear- 


Admiral Goodwin, C.B., said that novelties and 
fresh inventions were put before the department 


365 | ** frequently—daily,” and that the officials were 


‘* very glad to receive ” and consider such proposals 
without distinction as to their origin. Proof of this 
is found in the immense progress made in our war- 
ships and other fighting implements. In no private 
concern has there been displayed greater progress 
in applied science than that shown for some years 
by the Admiralty. 


The difficulty is to hasten such progress with 
due regard to reliability. Inventors must prove 
their averments. An ideal example is the case 
recently where a firm submitted a new develop- 
375 | ment in auxiliary machinery, to be tried in an old 
ship, on the conditions that they would initially 
bear all the expense, and, if improvement on former 





results were not demonstrated under Admiralty 
test, that the vessel would be restored to the con- 
dition in which it originally was at the expense of 
the inventor. The Admiralty undertook to pay a 
reasonable price in the event of success being estab- 


~| lished. This principle of ‘‘ no cure, no pay,” too, 


wrouialioan “i a ee firm who were 
8 in the construction of the particular 
of machinery put forward, otherwise the = et 
even an old torpedo-boat could not have been justi- 
= in the interests of the eee service. In 
other cases pro on approved lines, which carry 
the promise of success established by preliminary 
trials, may be justifiably accepted under penalties 
satisfactorily Rancorme | Thus at present there 
are being built eight twin-screw sets of Diesel en- 
gines for propelling oil-carrying naval ships ; but here 
again the experimental element is qualified by the 
revious ormances of similar engines, the risk 
ing correspondingly minimised. e tests will 
be educative, and will indicate the details in which 
improvement can be made. The Admiralty, again, 
as Admiral Goodwin stated, ‘‘ often accept alter- 
native designs [of machinery], and a great deal of 
our progress in machinery design and details has 
been obtained in that way.” But this, again, is 
from approved firms adopting well - established 
principles. 

The desire for experimental testing on the part 
of Government departments arises rather in con- 
nection with smaller details, and the cases of the 
German navy and the United States navy are urged 
in favour of the adoption of a special de ent in 
connection with our Admiralty. Of the work of 
the U.S. Naval experimental station an interest- 
ing report has been published in the Journal of the 
American Society of Naval Engineers. As to the 
station itself it may be said to correspond in some 
respects to the National Physical Laboratory and 
to laboratories in some of our educational institu- 
tions. The work done, in part by engineering 
officers, some of them serving post-graduate courses, 
indicates the nature of the apparatus and the scope 
of the scheme. The work done in the five years 
since its organisation is enumerated in the following 
order by Lieut.-Commander E. J. King, who makes 
the report. Gauge-glasses have been thoroughly 
investigated, with the result that a type of gauge- 
glass, having mica to insulate the g frees the 
action of steam, has been found. The tests of packing 
have been long and tedious, but the work done has 
contributed largely to the reduction of the number of 
items on the schedules of contracts for packing to a 
half-dozen classes of packing. Lubricating oils are 
undergoing investigation with a view to developin 
a method of examination before use which will 
indicate performance in service. Oorrosion of 
boiler materials has received a good deal of atten- 
tion. gpa has been taken up in the 
last two years, and has p markedly. 
Tests have been made, and will continue, as to 
the relative evaporative efficiencies of coal stored 
under salt water, under cover, and in the open. 
Apparatus involving heat transmission forms a con- 
siderable of the testing work. A variety of 
makes of boiler-feed pumps of the reciprocating 
type have been tested. Turbo-blowers for instal- 
lation in torpedo-boat destroyers are being investi- 
gated. Tests are undertaken to determine the 
accuracy of water and oil-meter devices for ship 
service, and the effect of continuous service on these 
devices. Investigation of several t; of oil-fuel 
burners, to discover the effect of pressure and 
temperature of oil on the quantity discharged, are 
in progress. Reducing-valves, bottom-blow valves, 
pump-valves, and ordinary valves have been sub- 
jected to performance and endurance tests. Safety- 
valves have been and are being tested. 

Much of such work for the British service is 
undertaken in the ordinary course of duty by 
officers who are deputed for such tests. ese, 
however, are concerned with abstract questions, 
such as the storing of coal. The testing of new 
inventions is left to makers, but wherever desirable 
officers are sent to watch the tests, and when these 
are applied on board ship special observation is 
made and reports made as to efficiency and dura- 
bility. This is a preferable procedure, and it 


‘achieves all that is needed. Invention is to manu- 


facture as is the breath of the nostrils to life. The 
best stimulus is a watchful and progressive policy 
on the part of Government departments and 
purchasers generally. In the case of inventors 
who are not manufacturers there is available for 
tests the resources of the National Physical 
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Laboratory. There have been installed at Bushy 
appliances capable of wide utility, and measure- 
ments of output and efficiency can be made for 
any inventor who has a promising practical appa- 
ratus to submit for test and is willing to pay for 
the work. A certificate giving the result in such 
case would carry much weight with the Admiralty 
as with every ible client. It is true that there 
are tests which cannot be undertaken at Bushy, 
because of limitations of the appliances, extensive as 
these are ; but inventors should utilise the Labora- 
tory more extensively than is now done. 

e conclusion is that there are few instances 
where the large expenditure involved in a Govern- 
ment experimental department would be justified. 
In some cases such might be useful, but greater 
advantages would accrue from the trial of new 
appliances or improvements suggested if conducted 
on board ship in the case of naval requirements. 
There are, moreover, material disadvantages to 
the running of a Government experimental de- 

rtment. The Navy — for instance, 
is maintained for a specific object : the ensurance 
of sea supremacy and the maintenance of Imperial 
defence. Only in a very indirect way does this 
involve the development of mechanical science. 
The control of such an experimental department 
calls for personal and mental qualities which differ 
from those requisite in a warship or at the Ad- 
miralty. This is so obvious that it need not 
be enforced. When manufacturers make pro- 
gress in mechanics a primary and all-absorbing 
function, it is sufficient if every opportunity already 
well provided in private factories or national or 
college laboratories is utilised for testing, by definite 
comparable standards, the relative merits of appli- 
ances proposed for a given function. From the 
financial standpoint it is the function of the pro- 
ducer to establish the efficiency of his manufac- 
tures. Finally, so long as the technical officers at 
the Admiralty are ready to consider all proposals 
which are proved to be conducive to the improve- 
ment of war munitions, and to utilise every oppor- 
tunity of testing in actual service or witnessing 
tests at manufacturers’ works of new competitive 
appliances, there seems little need for a special 
experimental station. 





THE SAFETY OF THE TRAVELLING 
PUBLIC 

Tue Aisgill accident, like many another before 
it, has provided for that section of the public 
which love to sit in judgment upon others, the 
opportunity of in bringing forward their pet 
ideas as to the duty of the railway companies 
to the public. The usual batch of letters has 
appeared in the columns of the daily Press, more 
often than not characterised by little charity and 
less technical knowledge. Very glaring instances 
of the hasty manner in which adverse opinions 
are reached have been in evidence. Especially 
noteworthy was the prompt appearance of letters 
asking why the railway companies were not made 
to provide tools on their trains as is done in other 
countries ; but the wind was taken completely out 
of these critics’ sails when the inquiry opened and 
it was proved that at Aisgill an ample supply of 
tools, extinguishers, &c., was at hand. The prac- 
tice of keeping this equipment in the vans is 
preferable to scattering it through the train, 
exposed in carriages where its appearance is often 
sufticient to alarm nervous passengers. 

There is, in many quarters, an impression that 
the companies are generally callous. If they were, 
they would be not only inhuman, but also fools, 
for as they live by traffic, it is imperative that 
they should not let anything be done which would 
tend to drive it away. What is required, there- 
fore, instead of hasty non-technical opinion, is 
calm and unbiassed judgmant after the most 
complete inquiry. Without in any way detracting 
from the regrettable seriousness of the recent 
disaster, we cannot get away from the fact that the 

vity of the accident is not to be measured solely 

y the loss of life. The magnitude of that loss has 
a relation to the manner in which passengers are 
handled, rather to the combination of circum- 
stances causing the accident. It is really inci- 
dental to carrying passengers by train-loads, and 
not in dadenais inde, as in small motor-cars. A 
lack of perspective in this respect accompanies us 
through life. We go to sea in monster ships, and 
one accident may lead to an appalling loss of life, 
but practically no account is pe i of the perpetual 





toll levied on those whose life is largely spent in 
small craft. Motor-cars are continually meeting 
with misadventures ; the deaths occur one or two 
at a time, and the incidents quickly fade from the 
public mind. Street traffic regularly claims its 
victims, but it is only when peuple are handled, so 
to speak, in bulk that the results, unfortunately for 
the railways and shipping companies, are of a kind 
which impress themselves on the public. In the 
yearly aggregate the Joss may be less than in other 
directions, but the mind is agitated much more 
easily by single accidents of some magnitude than 
by a series of lesser gravity, though equally or more 
destructive in the whole. 

In the year 1910, the last year for which figures 
are available, the number of deaths from small acci- 
dents was many times those from the collisions of 
trains. In that year, among males only, there were 
50 deaths from falls into ships’ holds, 159 from 
falls from ladders and scaffoldings, 43 in connec- 
tion with lifts, 62 from gunshot wounds, 180 from 
clothes catching fire, 65 from chloroform, 25 from 
opium, 15 from coal-gas, 1871 from drowning, 
590 from suffocation in bed, 97 from suffocation by 
food, &c., 296 from falling down stairs, 32 from 
sunstroke, 77 from injuries inflicted by horses, 
11 at football. These are only a few culled 
almost .at random from the list, but they show 
how unconcernedly we endure perils if they claim 
their victims one at a time, while we are greatly 
excited when a dozen people meet their deaths 
simultaneously. On railways in 1912 only 20 deaths 
were involved to ngers due to train accidents, 
although 1294 million were carried, exclusive of 
season-ticket holders. 

A single occurrence may thus be made the pie- 
text for endeavouring to compel the railways to 
adopt every conceivable measure whereby possible 
risk of accident might be reduced. But is this 
reasonable? We do not behave in that way in our 
homes ; why should we then demand from others 
the excessive care that we refuse to take for our- 
selves? Our home life we hedge about with no 
more than what we regard as reasonable precaution. 
We walk up and down stairs, though far more fatal 
accidents ose in that way than in collisions. 
Hardly are we out of bed in the morning when not 
a few of us risk our throats with the old-fashioned 
razor. We employ knives at our meals, and use gas 
and fires, and in a hundred other ways prove that 
with reasonable care we may do things which negli- 
gence would soon show to be dangerous. Have we 
any right to demand more of those into whose 
hands we temporarily entrust ourselves, unless 
prepared to pay exceptionally for it? But, what- 
ever else it may do, the British public will 
not willingly pay more to the railways. The 
improvements demanded are to be made at the 
companies’ cost, not at that of the passengers. The 
whole matter therefore turns upon what may be 
considered to be reasonable in the way of precau- 
tion. Clearly it must bear some relation to the 
actual loss which takes place. Do the remedies 
suggested fulfil this requirement? Let us take the 
Aisgill accident as an example. 

As one outcome of this collision there has been 
a renewed demand for cab and automatic signalling 
and train-stops. Supposing the expense had been 
faced fifteen years ago or so of equipping all our 
lines and engines with automatic stops, how would 
that have affected the accident list’? The latter 
would, perhaps, have been reduced (supposing 
the devices installed to have been infallible), but 
eleven lives would still have been lost in 1897 
in a derailment. In the following year the insti- 
tution of automatic equipment would have had no 
effect on the loss of sixteen lives in three notable 
accidents, and the loss in subsequent years, in the 
more important type of accident, which would have 
been equally unaffected, would have been something 
as follows :—In 1901, six lives; 1902, two lives ; 
1903, twenty-two lives; 1904, ten lives; 1905, 
eleven lives ; 1906, forty-two lives ; 1907, eighteen 
lives ; 1909, six lives; 1910, eight lives; and in 
1911, twenty lives. Clearly, then, even perfect 
automatic stops are not the cure-all for railway 
accidents. 

We may go more closely into the subject if we 
choose, and then we should find that certain other 
accidents would ibly have been eliminated if 
automatic signalling had been in use ; others, if 
track-circuiting had been adopted ; possibly others, 
again, if speed-indicators bad been in vogue ; 
while others would not have happened if there 
had been no connecting rods on the engine, no 








axles or wheels to the stock, and soon. Thus to 
prevent the risk of accidents, at least as serious as 
that at Aisgill, the railways would have to adopt 
other measures ; in fact, a vast number of precau- 
Gooey steps would have to be taken at no incon- 
siderable expense. The matter finally becomes 
reduced to a business proposition. Of this it is 
possible to obtain some concrete idea. 

The amount paid yearly in the way of compen- 
sation to ——- for all injuries by the por ol 
companies may taken as averaging well below 
150,0007. in ordinary years. If we exclude one 
year in which the compensation paid was excep- 
tionally high owing to disaster to a first-class 
special, the average would more nearly be 120,000). 
This, then, is the value to the nation given to this 
loss, by consent, arbitration, or the law courts. 
Last year about 20 per cent. of the whole amount 
was paid by companies on whose systems no 
passenger-trains were in collision, and, of course, 
some portion of that paid by the remaining 
companies was likewise unconnected with collisions. 
A host of trivial matters form subject for compen- 
sation. A passenger may be struck by a door, or 
by a luggage-barrow ata station ; a parcel may be 
dislodged on to a person’s foot, and so on, for all 
of which accidents compensation may be claimed 
and paid. The gross sum, therefore, becomes very 
materially reduced if we eliminate these multi- 
farious causes and confine the amount to accidents 
to passenger-trains possibly preventable by im- 

roved devices. If the remaining sum be capital- 
ised, at, say, 5 per cent., it will be found to be 
quite inadequate, when spread over 40,000 miles of 
running line and 23,000 locomotives in the United 
Kingdom, for the installation of safety apparatus 
for meeting all the possible risks. 

It is very common to hear automatic signalling, 
&c., spoken of as if it were perfected ; but such is 
far from being the case. Likewise train-stops and 
cab-signalling are still in their infancy. We recently 
had the opportunity of inspecting what was really 
a very pretty installation, which proved absolutely 
effective in the tests we witnessed; but the cost of 
installation, working, and upkeep, and the coimpli- 
cated and delicate mechanism involved, appeared 
to us to present serious obstacles to its general 
adoption, while there was also the ultimate risk of 
breakdown of a vital part of the locomotive equip- 
ment. The ordinary automatic systems of signal- 
ling and train-stops are not yet by any means perfect. 
On the basis of railways where they are employed, it 
seems likely that the failures in the United King- 
dom would amount to something like 700 to 800 
per day if they were universally adopted. That 
is not a pleasant condition of affairs to contem- 
plate. Only one system has proved in practice at 
all adequate to the demands of main-line trafic, 
and that has mainly been applied, so far, as a sub- 
stitute for distant signals only. The New York, 
New Haven, and Hartford ilroad advertised 
not long since for an automatic stop. The devices 
submitted numbered no less than 1572, of which 
only two were worthy of trial. This is about the 
ratio of the people among the general public 
who think they know what is wanted to those who 
have some idea of the actual requirements. It 
may be asked why the useless devices were so 
many. The answer, if we knew fuller details, 
would probably be that many of them were 
impracticable, while others only half fulfilled 
the requirements. Probably not a few ignored 
the fact that one of the essential features of any 
automatic system is that any liability to go wrong 
should cause the system to be set at danger, and 
that it should itself reveal the fact that it is out of 
order. It must be proof against all kinds of 
weather, and must not only be fool-proof, but 
secure against wilful interference. Without these 
checks our later state would be worse than our 
present. The accident which happened not long 
since on one of the underground lines in London is 
clear proof that exceptional reliability is essential. 
At present the percentage of signals passed unob- 
served is small, but the introduction of automatic 
checks at once tends to relaxation of vigilance, 
and the combination of fallible mechanism and men 
together may prove more fatal than present methods 
generally are. 

Finally, we may ask, is it reasonable, in view of 
the s risk involved in travelling, that the rail- 
ways should be expected to go to enormous expense 
in such a matter. The passengers in 1911 (1912 
having been an exceptional year, owing to labour 
troubles) numbered probably about 1,276,871,080, 
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excluding journeys of season-ticket holders. Some 
20 mgers were killed last year owing to 
sseldente to trains (14 the oy before), and an 
average of about 18 in the years 1901-1910. 
The risk of death is therefore very small indeed, 
and even that of injury cannot be regarded as 
high, compared with that due to many ordinary 
chances of damage to which we commonly expose 
ourselves. If it is merely heavy loss of life 
we are seeking to save, why not start in a 
more profitable direction? All the passengers 
killed in trains number only about 2 per cent. cf 
the persons killed upon the railways. The vast 
majority are trespassers, and employees not con- 
nected with the movement of vehicles, and it 
would be far more reasonable to embark upon a 
safety campaign, and on efforts to reduce tres- 

ing, than to insist on the wholesale adoption 
of devices of doubtful merit, in the effort to 
prevent an occasional train accident. 





THE BRITISH ASSOCIATION. 

Tue Birmingham meeting of the British Associa- 
tion promises well. By 6 p.m. on Wednesday, the 
day of the opening, 2506 members of various 
classes had inscribed their names, an opening 
number, if we are not mistaken, just equal to the 
final attendance at Dundee last year, which cer- 
tainly was a successful meeting. The reception- 
room in the Town Hall was crowded all day, and 
the Central Hall was quite filled up to its —— 
in the evening, when Sir Oliver Lodge, D.Sc., 
F.R.S., Principal of the University of Birmingham, 
delivered his presidential address. In the absence 
of Sir E. A. Schafer, last year’s President, who is 
at San Francisco, Lord Rayleigh, as senior Past- 
President present, took the chair. After referring 
to the losses which science and the British Associa- 
tion have had to lament this year by the death 
of Sir William White, the President-Elect; Lord 
Avebury (Sir John Lubbock), the President of the 
Jubilee meeting at York, 1881 ; Sir George Darwin, 
President of the Cape meeting of 1905 ; Dr. John 
Milne, the seismologist ; and Henri Poincaré, the 
great French mathematician, Sir Oliver proceeded 
to his real theme. His parenthetical asides were, 
of course, much appreciated. 

The President’s address is a long one, which may 
perhaps be characterised as a critical inquiry into 
the spirit of fundamental scepticism, now prevailing 
in all the domains of science, and as a plea for 
continuity against discontinuity. Such arguments 
would be difficult to abstract, even if we were in 
entire concord with the author; it will be under- 
stood that the continuity of the author's remarks 
cannot always be maintained in our quotations. 

The title chosen by Sir Oliver ge for his 
address, * Continuity,” might well be supple- 
mented by ‘‘Scepticism in Science.” If he were 
asked, Sir Oliver remarked in his introduction, 
what was the characteristic of the promising, 
though perturbing, period in which we live, 
his answer would be: ** Rapid P ss, com- 
bined with fundamental scepticism.’ hy, in the 
next sentence, he qualified this statement by con- 
tinuing that rapid progress was not characteristie 
of the latter half of the nineteenth century, at 
least not in physics, we do not understand ; for the 
discovery of X rays and of radioactivity and the 
isolation of the electron, which he mentioned, not 
to speak of the building up of the science of 
applied electricity, which he did not mention, 
surely marked rapid progress. Apparently, Sir 
Oliver Lodge wished to keep the end of the 
century apart ; but he did not say so. A quota- 
tion from Dr. A. Schuster pointed this way: 
‘‘In many cases the student was led to believe 
that the main facts of Nature were known, that the 
chances of any great discovery being made by 
experiment were exceedingly small.” In speaking 
of scepticism the President lacend to explain he 
did not mean the well-worn and almost antique 
theme of theological scepticism. But fundamental 
controversies ranged in physiology about vitalism 
(with which Professor Schiifer had dealt as Presi- 
dent at Dundee, 1912) ; in chemistry about atomic 
structure (Sir W. Ramsay’s address at Portsmouth, 
1911); in biology about the laws of inheritance 
(with which his successor would probably deal) ; 
in education curricula were generally overhauled ; 
in economic science and sociology practically every- 
thing was under discussion ; and in mathematical 
and physical science, ‘‘slurred over rather than 
summed up as Section A,” scepticism concerned 





what he would express in the one word ‘‘con- 
tinuity.” It was questioned whether the conserva- 
tion of energy was everywhere valid, and whether 
the second law of thermodynamics was not some- 
where disobeyed if the of the universe were to 
be infinite both ways, and whether the Newtonian 
scheme was more than an approximation. Shape 
and mass were regarded as functions of velocity, 
and the laws of Nature, it was argued, were, after 
all, but conventions, not truths. 

Proceeding, Sir Oliver quoted Poincaré : ‘‘ Prin- 
ciples are conventions and definitions in disguise ;” 
and, on the other hand, Arthur Schuster again : 
‘* Vagueness, which used to be ised as our 
great enemy, is now being enshrined as an idol to 
be worshipped,” and Joseph Larmor: ‘‘the best 
method of abating this scepticism was to become 
acquainted with the real scope and modes of appli- 
cation of conceptions which, in the popular language 
of superficial exposition—and even in the unguarded 
and playful paradox of their authors intended only 
for the instructed eye—often look bizarre enough.” 
In most parts of physics, simplicity had sooner 
or later to give p to complexity. This Sir 
Oliver pointed out with regard to the laws of reflec- 
tion, e.g., following Poincaré, who had concluded 
that argument by the words: ‘‘ It would be difficult 
to justify the belief in continuity by apodeictic 
reasoning, but without it all science would be 
impossible.”’ 

Sir Oliver thus came to his own theme, continuity. 
On the surface of Nature, he said, we saw discon- 
tinuity, objects detached and countable. Then we 
realised the air and other media ; we invented the 
ether, and were impressed with continuity again. 
The natural commensurable numbers, 1, 2, 3. . . 
were discontinuous ; there were fractions to fill up 
the interstices, but they did not remove the discon- 
tinuity. This, we think, is manifest. On the other 
hand, it will be accepted that ‘‘ whenever a com- 
mensurable number is really associated with any 
natural phenomenon, it means something definite 
and ultimately ascertainable,” though one may have 
doubts as to the ‘‘ultimately ascertainable.” Every 
continuity detected and counted was an addition to 
knowledge, and everything almost, even electricity, 
magnetism [the magnetons of Pierre Weiss], 
energy (the quanta of Max Planck), and biology 
seemed to be atomic. Thus Nature, so far from 
not making jumps, did not appear to do anything 
else. Yet continuity was undoubtedly the back- 
bone of evolution. 

The apparent discontinuity of light-radiation, 
the best-known link between matter and ether, 
led the lecturer to a discussion of the ether, and 
he stated that he remained an upholder of ultimate 
continuity and a fervent believer in the ether of 
space. ere is so much that is popular—the word 
is not meant im any carping spirit—in the address, 
that Sir O. Lodge might have made his conception 
of ether a little clearer, we think, though he re- 
ferred to his book, ‘‘The Ether of Space,” and to 
his papers of the ‘nineties. The ether was the 
universal connecting medium, he said; matter 
moved, the ether was strained ; the ether had no 
locomotion, though it was —— in a violent 
state of rotational or turbulent motion in its 
smallest parts, to which its exceeding rigidity was 
due. Its density was a million times that of plati- 
num; yet matter moved through it with perfect 
freedom without friction or viscosity. There was 
nothing paradoxical in this; viscosity was not a 
function of density. A solid moving through a fluid 

uired a spurious or apparent extra inertia from 
the fluid it displaced ; but the constitution of matter 
was such that there appeared to be no displace- 
ment in the ordinary sense at all ; the ether itself 
was so modified as to constitute the matter in some 
way. Of course, that portion moved, its inertia 
was what one observed, and its amount depended 
on the potential energy in its associated electric 
field ; but the motion was not like that of a 
foreign body, it was that of some inherent and 
mon, individualised portion of the stuff itself. . . . 
Matter in motion, ether under strain, constituted 
the fundamental concrete things of physics ; the first 
pair represented kinetic energy, the second potential 
energy ; and all the activities of the material universe 
were represented by alternations from one of these 
forms to the other. Whenever this transference and 
transformation of energy occurred, work was done, 
but the energy was never diminished in quantity ; 
it was merely from ether to matter, or vice 
versd—except in the case of radiation, which simu- 
lated mattcr—and from one form to another. 





me far we have quoted almost without omission.) 
e apparently discontinuous emission of radia- 
tion, Sir Oliver believed, was due to features in the 
real discontinuity of matter. Disturbance inside an 
atom was essentially catastrophic ; a portion was 
liable to be ejected. ‘The aan he added later, 
was not matter ; but it was material. 

In a g on these lines, Sir Oliver referred 
to Bohr’s latest contributions to Planck's quantum 
theory, to the arrangement of atoms in molecules, 
as studied by Laue, Friedrich, and Knipping, by 
Bragg and by Tutton; to the exyutallageaphie 
researches of Groth, Fedorow, Barlow and Pope, 
now continued by Moseley, C. G. Darwin and 
Keene ; and to Einstein’s Principle of Relativity, 
according to which no effect of any order of magni- 
tude could ever be observed without the relative 
motion of matter, and which would make time even 
discontinuous. He himself (Sir Oliver) could not 
admit discontinuity in either space or time. He 
thus came back to the relation of light and matter 
and to the Michelson-Morley experiment. That 
we observed nothing was not a proof that there was 
nothing to observe. Every physical action was 
transmitted by the ether, by means of its transverse 
or radiation-like activity—except, perhaps, gravita- 
tion ; gravitation might give us aclue some day ; 
but so far no plan had been devised for measuring 
its speed of transmission. Changes of dimensions 
and mass due to velocity, he urged, were on the 
basis of the electrical theory of matter, not conven- 
tions, but realities. 

Passing to the organic domain and vital force, 
Sir Oliver maintained that the ordinary laws of 
chemistry and physics might be applied in the 
organic domain without hesitation; whether they 
were sufficient was open to question, but as far as 
they went they were necessary. The laws would 
have to be supplemented, not to be superseded. 
Conversion of inorganic into organic was always 
effected by living organisms. It seemed certain, 
on the other hand, that there could be no terres- 
trial manifestation of life without matter. But to 
deny the existence of the psychical, because it 
was impossible to explain it in terms of physics 
and chemistry, was bad metaphysics, and life and 
mind, though excluded from physiology, were not 
excluded from science. lf somebody outside our 
earth had seen the piers of the Forth Bridge 
rise from the water and sprout and spread 
apparently by attracting things from below, had 
noticed insects crawling about on the structure 
for no obvious reason, and were told that the 
whole was the work of an engineer in London, he 
would consider the suggestion preposterous. 
Science had to concede interaction of mind and 
matter, not merely a strained parallelism. After 
criticising those extreme biologists, who seemed 
incapable of seeing anything but physics and 
chemistry everywhere, and reverting to those who 
considered themselves entitled to answer the ques- 
tion, What utilitarian object do beauty, &c., serve ? 
Sir Oliver Lodge came to his conclusion : ‘* Evolution 
is real. We abstiact from living moving Reality a 
certain static aspect, and we call it Matter ; we 
abstract the element of p: iveness, and we call 
it Time. . . . I see the whole of material existence 
as a steady passage from past to future, only the 
single instant, which we call the present, being 
actual. Existence is like the output of a loom. 
The pattern, the design for the weaving, is ‘there’ 
already. But whereas our looms are mero 
machines, the loom of Time is complicated by a 
multitude of free agents. ... Where inorganic 
matter alone is concerned, there everything is deter- 
mined.” This ae we should not omit to 
explain, is tly a string of se te sentences 
cotenthed feces the address. _ 

Alluding finally to psychical research, Sir Oliver 
remarked that the facts examined had convinced 
him that memory and affection were not limited to 
that Association with matter by which alone they 
could manifest themselves here and now, and that 
personality persisted beyond bodily death. Under 
certain conditions discarnate intelligence might 
interact with us on the material side, and gradually 
we might hope to attain some understanding of the 
nature of a larger, perhaps etherical, existence. 

In his own summary of the arguments he had 


|enunciated, Sir Oliver Lodge again contended 


against the tendencies of the present scientific 
era—the discovery of various kinds of atomism, 
losing sight of continuity; the tendency towards 

rehensive negative generalisations; and the 


com ge 
tendency to shrink from closer examination of the 
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obscure, and to deny anything that makes no appeal 
to the organs of sense. 

The vote of thanks for the address was proposed 
by the Lord Mayor of Birmingham, Lieut.-Colonel 
EK. Martineau, MA. (who welcomed the Assucia- 
tion on behalf of the city and of the neighbouring 
horoughs and counties), and was sup) y Sir 
js Larmor, F.R.S., M.P. Both referred to the 
remarkable changes which Birmingham had under- 
gone in the 27 years since the Association last 
met there, and to the services which Sir Oliver 
Lodge has rendered to the city and University. 
The phrase ‘‘ continuity in welcome,” used by the 
Mayor with regard to the former visits, found a 
lively echo. Like Lord Rayleigh, Sir Joseph 
Larmor also dwelt upon the somewhat exceptional 
fact that the Lord iow this time should be able 
to propose a vote of thanks to his fellow citizen as 
President of the British Association. 

Next week we shall commence our reports 
on the sectional proceedings, beginning with the 
Engineering Section G. 





NOTES. 

Wrovueut Iron For Rattway Rowiine-Stock. 

THREE years ago the Engineering Standards 
Committee issued a British Standard Specification 
for ‘‘ Wrought Iron for Use in Railway Rolling- 
Stock.”’* The Committee determined upon the 
abolition of certain trade terms which, though 
common, have ceased to possess their original 
meanings, and classified the wrought irons suitable 
for rolling-stock work as ‘‘ Best Yorkshire,” and 
Grade ‘‘A,” ‘*B” and ‘C” irons. The original 
specification, No. 51, has now been revised, and 
embodies several changes which are worthy of note. 
The original specification, for instance, required 
one tensile test from each ton of material for ‘‘ Best 
Yorkshire” bars. This has now been reduced to 
one test from every 3 tons for material over 1} in. 
in diameter, and two for every 3 tons for material 
1} in. in diameter or under. The same revision 
has been made as to bend tests, in the case of ‘‘ Best 
Yorkshire” bar iron, other than that for stay-bolts, 
rivets and studs. ‘lhe quenching test for ‘‘ Best 
Yorkshire” iron is no longer asked for. The re- 
quirements in connection with plates are consider- 
ably altered. The old —_— gave tests for 
plates under the grade ‘‘C” quality iron only. The 
new specification covers plates classified under both 
grades ‘‘B” and ‘‘C.” The former are required to 
pass tests rather more severe than those originally 
given for the class ‘‘C” plates, while the new class 
**C” tests are not quite so severe as they originally 
were. With regard to contraction of area, myo 
figure is now demanded in the case of round and 
square bars of e ‘*A’’ up to 14 in., and in the 
case of grade ‘‘B” bars up to I} in. The use is 
ea 2c of test specimens either 8 in. or 4 in. 
ong between gauge points for angles, flat bars, &c., 
exceeding 1 in. in thickness. Additional provisions 
have been made to cover the testing of material in 
the form of blooms and billets, both in the way 
of bending and tensile tests, the latter by drawing 
down to the size of a 2}-in. bar, and alterations 
have been made in the requirements for bars above 
4 in. in size, to suit the foregoing change. In the 
case of grade ‘“‘B” iron a quench test is now asked 
for, not previously demanded. It will thus be 
seen that the new edition is much more specific in 
its requirements than the old, which has apparently 
been found in practice to be lacking in certain 
directions. While it is desirable to keep classes 
and grades down to as small a number as possible, 
it is, of course, essential to cover requirements 
properly, so that changes which experience shows 
to be neces-ary are not only justified, but advisable. 


Errect oF THe Panama CaNaL ON Far Eastern 
TRADE. 


The Yokohama Chamber cf Commerce, in view 
of the effect of the opening of the Panama Canal 
on Japan’s trade, and particularly on that part of it 
which is carried on with the United States, has 
prepared an interesting pamphlet, in which the 
subject is discussed. We have on several occasions 
pointed out the effects of the work of the engineer 
in changing the conditions of trade and industry in 
the Pacific area, and that the importance of that 
area, not only from an economic, but also from a 
political point of view is certain to increase. We 
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need only go back to the opening of the Suez Canal 
in 1869. The opening of that canal rendered 
the greater number of the sailing ships hitherto 
in use practically valueless, and an amount of 
tonnage, estimated by some authorities as high as 
two million tons, and representing an immense 
amount of wealth, was virtuallydestroyed. Since the 
opening of the Suez Canal the conditions of Far 
Eastern trade have been profoundly affected by the 
construction of the trans-Siberian and the trans- 
American railways, and the connecting lines of 
steamers, as these have given a great impetus totrade 
on the Pacific Ocean, and have profoundly affected 
economic and political conditions. Those who 
are interested in Far Eastern trade are now begin- 
ning to calculate the changes which will be pro- 
duced by the opening of the Panama Canal. In 
the pamphlet referred to, tables are given showin 

the differences in distances between Yokohama aa 
the more important Eastern ports in the United 
States, and these show a saving of from 4000 to 
5000 miles, so that from New York to Yokohama 
there would-be roughly a saving of about twelve 
days. Other advantages pointed out for the Panama 
route are the lower rate of insurance and cheaper 
coal from Alabama and Pittsburg than could be 
obtained west of Singapore. The pamphlet goes 
on to quote the rates for various articles by the 
Pacific and overland route to New York and by 
the Suez route, which show a very great difference 
in favour of the latter. For high-priced goods, such 
as raw silk, silken woven goods, and tea, it is not a 
matter of great importance when the saving of 
time is considered, but with cheap and bulky goods 
the question is aserious one. Now itis not known 
what sort of rates will be charged by the Panama 
route, but the pamphlet argues that, even if the 
rates are the same as those by Suez (although they 
ought to be cheaper), there will be a considerable 
saving in time to be considered. In any case they 
are sure to be a great deal cheaper than those via 
rail and the Pacific. In view of this it is thought that 
all the cotton, metals, machinery, locomotives, &c., 
will come by the Panama Canal, so that over 70 per 
cent. of America’s export to Japan will use the 
new route; and as in the somewhat extreme case 
of silk and tea it is argued that over 200,000/. can 
be economised in freight alone, it is pointed out 
the trade with America will be greatly benefited 
by the opening of the Canal. Although the further 
the ships go westward from Yokohama the more the 
advantage in distance is lost, it may yet pay regular 
lines to go, say, as far even as Calcutta, so as to be 
sure of getting enough freight for the return journey. 
This would enable rates to be lowered, although 
the saving in time as regards most of the ports on 
the route would cease to be an important factor. 
It is evident that the opening of the Panama Canal 
will make the competition between British and 
American manufacturers keener than it has been. 


Rapium DrsinTeGRATING sNTO LEAD. 


Certain recent researches on radioactivity have 
been interpreted so as to suggest that chemical 
elements might be chemically and spectroscopically 
identical, though differing in their atomic weights 
by a few units. According to Fajans and Soddy 
the explanation for the periodic nature of the pro- 
perties of chemical elements would have to be 
sought in the recurrent character of radioactive 
disintegration. We would refer our readers to page 
346 of our issue of March 14, in which we repro- 
duced one of the diagrams of Fajans, of which Sir 
J. J. Thomson made use in exposing the modern 
views on the structure of the atom. By losing an 
a particle an atom is supposed to go down two 
steps in valency; by losing af particle it gains 
one step in valency. The first loss would mean a 
lowering of the atomic weight by nearly 4 unite, 
the atomic weight of helium being 4; the second 
loss would hardly affect the atomic weight, and be 
indistinguishable by any except radioactive analysis. 
The evidence on which these views are based 
is open to question. Of the 34 radioactive 
bodies assumed to exist, only four, uranium, 
thorium, radium, and niton (radium emanation) 
have been isolated. The properties of the other 
radioactive elements, or intermediate products, 
have been deduced from their behaviour when 
mixed with large amounts of known elements. 
Chemists cannot be expected to accept the 
evidence of radioactive methods when it con- 
flicts with their old-established views, though 
they admire the delicacy of those methods. Quite 
recently Mr. R. Whytlaw Gray, of University Col- 





lege, London, has communicated to Nature some 
observations which seem to afford direct evidence 
that radium does disintegrate into lead, which metal 
has long been thought to be the final product of 
the radium series. Mr. Whytlaw-Gray took three 
of the capi glass tubes which Sir William 
Ramsay had used four years ago to determine the 
vapour pressure of radium emanation. Each tube 
contained about x75 cub. mm. of the gas, lique- 
fied under pressure. After four years the liquid 
appeared to have been transformed into a dark- 
coloured deposit of submetallic lustre, resembling 
a colloidal metal, and into helium gas. When 
pure chlorine gas was admitted into a tube con- 
taining the deposit, after pumping the helium 
off, the deposit changed into a white crystalline 
body, which was slightly soluble in water. This 
and other tests indicated lead, and the exceedingly 
delicate Behrens nitrite test confirmed this opinion. 
Lead forms, together with copper and potassium, a 
triple nitrite ; veaoot® of a milligramme of lead can 


not only be discovered in this way, but the number 
and size of the crystals of this compound allows of 
drawing a conclusion as to the amount of lead 
present. Mr. Whytlaw-Gray is not rash ; he himself 

ints out some of the difficulties we mentioned. 

e also points out that there were two very serious 
sources of possible errors. The glass of his tubes 
contained U.03 per cent. of lead, and the mercury 
used as the seal was not free from lead either. Going 
into the quantitative values, however, he considers 
that the Tead must, after all, have come from the 
emanation. To convince himself that the lead did not 
come from the glass, he extracted 5 grammes of the 
finely powdered glass for some hours with water ; 
he found no lead in the extract. Mr. Whytlaw- 
Gray has the reputation of being a very careful 
experimenter, and the experiments could only be 
undertaken by a man of exceptional skill, of course. 
Without wishing to criticise the statement, we 
may yet notice that the emanation had had time to 
act on the glass—which it certainly did attack to 
a certain extent, because it discoloured it in 
four years, and his check experiment lasted a few 
hours only. The chemical nature of the radio- 
active changes will be discussed at the British 
Association meeting, which Professor Soddy and 
Dr. Fajans will attend. We therefore postpone 
further comments. 





INDUSTRIAL NOTES. 

Tue Trades Union Congress came to a close in 
Manchester last Saturday, the 6th inst. We gave a 
general indication of its proceedings in our last issue ; 
the opinion of the results expressed by three of the 
members will be found of interest. r. T. Shaw, 
Secretary of the Colne and District Weavers’ Associa- 
tion, said that the net result of the Congress was a 
demonstration in favour of political action and trade 
union action as joint facters. The importance of the 
Congress was that it focussed the political demands of 
organised workers ; by its Parliamentary Committee it 
was able to press thosedemands. There was room for 
improv tin the method of conducting the Congress; 
at the commencementthere occurred much waste of time 
on comparatively unimportant topics, whilst at the 
last meetings some important subjects had to be rushed 
through. r. Ben Tillett, Secretary of the Dock, 
Wharf, and Riverside Workers’ Union, stated that 
the ‘‘atrocities” of the police ‘‘in the case of the 
Dublin brutalities ” stung the Congress to fierce resent- 
ment. A feature was the definite note of demand for 
more than & mere advance in wages, for a claim to 
own and share all wealth and food products. The 
Congress loyally white-washed the Labour Party. 
The chief points which came out as a result of the 
deliberations were better international understanding 
and solidarity ; demands for living and wage condi- 
tions to be made compatible with the best of life’s 
needs, and a more vigorous revolutionary tone. Mr. 
Robert Smillie, President of the Miners’ Federation, 
also referred to the action of the police in Dublin and 
in Cornwall. It was clearly a he added, that 
though there might be keen divisions in opinion on 
various matters, there was absolute unanimity on the 
question of the right of free speech and the right to 
combine. The most remarkable feature was the en- 
thusiasm that prevailed from beginning to end on the 
question of international peace. 


According to the latest news from France, the 
“‘ Confédération Générale du Travail,” or ‘‘C.G.T.,” as 
it is styled by abbreviation, appears to be turning 
over a new leaf, or to have become moribund. The 
leaders of this revolutionary syndicalist body have 
decided, we are told, to leave politics alone in the 
future, and to devote all their energies to economic 
questions only. They will no longer foster anti- 
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militarism, and will no longer conduct anti-Govern- 
ment cemonstrations. The Metal-Workers’ Union 
lost 2332 members during the past year. The Build- 
ing Trades’ Union lost 25,000, or nearly half of ite 
members, during the same period. It may be that 
these members will re-enter their unions when these 
cease to carry on revolutionary propaganda. 





From the point of view of internationalism, it is 
interesting to note that last week French and Italian 
labourers employed in building work at Nancy, in the 
east of France, went out on strike to protest against 
the attitude adopted by German labourers employed 
with them on the same work. In order to prevent 4 
serious disturbance, the m r discharged the 
German labourers. Further, the difficulty with 
Italian workmen in Austria still continues, the 
Ministry in Vienna having ordered the Austrian State 
Lowey in the Adriatic provinces to cease engaging 
Italian labourers in the future, either permanently or 
provisionally. 


A conference took place on Monday last, at Shel- 
bourne Hotel, Dublin, between employers and trade- 
union delegates. The sitting was private, but it was 
announced at the close that no decision had been 
arrived at, and that the conference had adjourned for 
a week. The strike at one of the workshops of the 
Midland Great Western Railway Company, Broad- 
stone, when 180 men left work, ended on Monda 
last; satisfactory terms of payment were arranged, 
and the men returned to work. No further disturb- 
ances have taken place in the city; the — traflic 
remains partly disorganised, and various ches of 
trade are in an unsettled state. 


The Sheffield moulders handed in notices to their 
firms on Saturday last, and have struck work to the 
vumber of 1500, of whom 1000 are men and 500 boys. 
We explained the situation in a former issue (see page 
253 ante). The men now state that they are prepared 
to fight to a finish. 


The electricians of the Office of Works, who had 
struck in sympathy with the painters, met at Chandos 
Hall on Saturday last, and decided to resume work 
early this week, on the conditions which formerly 
ruled. They had been handicapped by lack of funds, 
only a few of their number. having received any 
strike-pay. In rd to the painters, their strike 
appears to be collapsing; the trade-union officials 
seem desirous to come to a settlement, and in the 
meanwhile men are returning to work. A conference 
took place on Tuesday between the master builders 
and representatives of the unions ; the master builders 
said they were prepared to confer with leaders of the 
painters, but on condition that the strike ceased, and 
that in future no strike should be declared until the 
subject in dispute had been submitted to the Building 
Trades Conciliation Board. In connection with the 
— strike a case of ‘ ful picketing” came 

fore the Westminster Police Court last Saturday, 
when the picket was severely dealt with by the 
magistrate. 





We are informed that the Scottish coalowners have 
asked for a meeting of the Coal Conciliation Board 
for Scotland to consider a claim for a fall of 18? 
per cent. in miners’ wages, equal to a reduction of 
9d. per day. The w in the Scottish coalfields are 
at the present time 87} per cent. above the basis wage. 
Under the rules of the Conciliation Board the meet- 
ing in question has to take place within the present 
fortnight. 





A joint meeting of the Lancashire coalowners and 
miners’ representatives is announced to be held in 
Manchester on Monday next, the 15th inst., for oon- 
sidering the wages of the surfacemen in the Lanca- 
shire coalfields. Agreements have been entered into 
covering several pits in the county, according to 
which the surfacemen have received substantial 
advances in wages ; at the meeting on Monday next 
the men’s representatives will ask for a general 
advance of 15 per cent. on the wages of the surface- 
nen at work at the pits where no such agreement has 
been made, 


The Revue du Travail, Brussels, August 15, states 
that for a total of 4752 vacancies announced by 
forty-one labour bureaus in July last, there were 
5559 applications, all being men, equal to 117 appli- 
cations for 100 vacancies. The same review, 
dealing with Holland, says that the labour market 
in this latter country, during the second quarter 
of the present year, was most active in regard to 
collieries, quarrying work, iron foundries, engineeri 
works, motor-car and eycle trades, the i 
chemical, and textile trades, potteries, rinting, the 
linen trade and laundries, carriage-building, corn- 
milling, bakeries and distilleries. Painters, paper- 
han s, masons, and carpenters had abundant work 
April, but this ced towards the end of the 





quarter. ‘lhe lock-out in the tobacco trade, which 
commenced on February 15, came to a close on May 20, | 
since when large orders had been received, and work | 
was ensured for a om time tocome. The diamond- | 
cutting trade remained disurganised, work was scarce, 

and wages were falling. 





The labour market in the Rand remains very 
unsettled. Large meetings have taken place since our 
last notes ap on page 322 ante. The arrest of 
agitators for seditious conspiracy has led to clamour 
for free speech—i.e., that liberty be allowed the irre- 
sponsible leaders to utter scurrilous vituperation 

inst the Government authorities and the flag 
hey want free speech for themselves alone, for when 
@ man in the crowd attempts to put in a word of 
protest he is instantly silenced, and very summarily 
dealt with. In the meantime the Minister of Mines, 
Mr. F. 8. Malan, is giving his unremitting attention to 
the situation, and has issued the following statement :— 

The demands of the Transvaal Miners’ Association, 
with a few exceptions to which the mining companies 
state that they are unable to agree, are being given 
effect to in draft regulations now being considered. 
These will finally be considered by the Government 
very shortly after the pomee interested have been 
consulted, and effect will probably be given to them in 
a few weeks, if nothing untoward happens. With 
reference to the demands un behalf of the other unions, 
such as the Shop Assistants, Ladies’ Tailors, and 
Typographical Unions, and those of the building 
trades, including carpenters, joiners, painters, carvers, 
modellers, and plumbers, these have been referred to 
the employers. A good number of replies have been 
received, which in many cases are favourable to the 
demands, and it may be said that in some cases 

ractical effect has already been given to what has 

en asked for. An Economic Commission, to investi- 
gate all points with regard to wages raised by the 
unions in July last, will very shortly be gazetted, and 
will be able, it is hoped, to commence its sittings at 
the beginning of October. 

The following points are touched upon in most of 
the representations by the unious, and are being dealt 
with by the Government :— 

(a) The Factory Bill. This is already in draft, and 
has been submitted confidentially to all parties 
interested. 

(b) Workmen’s Wages Lien Bill. This is in actual 
progress of nee nvm 

(c) Industrial Disputes Prevention. The Bill dealing 
with this subject is in the course of preparation. It 
is hoped that the Bill will provide a ready means for 
dealing efficiently and quickly with all classes of indus- 
trial dispute and disagreement. . 

(d) Recognition of the trade unions. The Govern- 
ment is considering a Trade Union Bill, aud investiga- 
tions are being made on the subject. Negotiations 
regarding the proposed conference of representatives 
of the mining companies and of the Transvaal Miners’ 
Association are proceeding. 

(e) The Mine Benefit Societies Bill. This will be 
proceeded with in due course, There is not yet time 
to do more than make preliminary inquiriee. 

(7) The Workmen’s Compensation Bill. A uniform 
Bill for the whole union is being drafted with certain | 
an.endments, in which experience has shown that) 
present legislation is lacking. 

(g) The Miners’ Phthisis Act Amendment. The | 
question of the necessity of the amendment of this Act | 


is being considered. 








A few days ago grave fears were entertained that 
the shipbuilders on the Clyde would soon declare a 
lock-out. A meeting of ee of the masters 
and men took place at Edinburgh on Wednesday 
with a view to consider the refusal of riveters to 


carry out an agreement to work overtime fre roc the 
ition o' 


contracts, an agreement which was the 
an advance in wages given the men about a month 
The riveters refused to work overtime ; 
they had also frequently ceased, work through dis- 
putes with their holders-up in the matter of the sharing 
of recent advances in wages. At Wednesday’s meet- 
ing an agreement was arrived at concerning the 
question of broken and lost time. . The official com- 
munication issued at the close of the meeting was to 
the following effect :—‘‘ We had the question of work- 
ing overtime and various other matters before us, and, 
after a lengthy sitting, an arrangement was arrived at 
between the parties ; it is now guing to their respec- 
tive constituents.” 


The holders-up and riveters in the Tyne shipyards 
are still at variance. The holders-up employed b 
Messrs. Armstrong, Whitworth and Co., Limited, 
Messrs. Swan, Hunter and Wigham Richardson, 
Limited, and Messrs. Dobson, who have stopped 
work owing to di ent with the riveters con- 








cerning the sharing of the earnings, met on Tuesday, 
when it was announced that the riveters had refused 
to meet a deputation of the holders-up to discuss the 
point under an independent chairman. The holders- 


up still press fur the payment of 17s. 6d. for each 1. 

id to the riveters. On time rates they receive 17s. 
or each 1/. paid to the riveters ; whilst on piece rates 
they receive (irrespective of the 24 per cent. increase) 


| 15s. for each 1/. paid to the riveters. A circular and 


ballot- rs have been issued to the men in the Tyne 
and Blyth districts, who are asked to vote on the 
point at issue. The action of the men in leavin 
work before the vote in question is being considered 
by the men’s officials. 


A meeting of the members of the National Amalga- 
mated Union of Labour was held at Newcastle on 


. | Tuesday, to consider the offer made by the a 
is 


to the Elswick steelworkers who are on strike. 

offer cunsists of an advance of 6d. per week to the 
general foundry labourers and of 24 per cent. to the 
gas-producer men, provided there is confirmation of 
the statements made by the men’s a that 
a general advance to gas-producer men throughout 
the district had been conceded by other firms since 
August, 1912. The men unanimously found these 
concessions to be of a very slight character, and im- 
possible of acceptance, but a definite reply has been 
postponed for the present. 


The shipbuilding strike in Germany may now ‘be 
considered as settled, the men having resumed work 
on the terms of the ‘‘ Arbeitsnachweisbureaux,” the 
Labour Intelligence Offices. 


A ballot was taken on Wednesday in the china-clay 
district of Mid-Cornwall, when there voted inst 
resuming work under the former conditions , and 
for resuming work 568, the majority against thus 
being 1690. But since there are at the present time 
850 men working, who are regarded as having alread 
voted, the actual majority against 1esuming wor 
under the former conditions may be regarded as being 
840. 








Difficulty has arisen with the tugboatmen on the 
Tyne, and the Tyne Tugowners’ Association have 
informed shipowners that they could not guarantee 
any tuwage service on and after to-morrow, the 13th 
inst. ‘The tugboatmen want an advance in wages. 
The tugowners state that whilst the men received 
concessions from the Board uf Trade a year and a half 
ago = to an advance of 25 per cent. wages, they 
were debarred from increasing their tariffs for towing, 
which are fixed by Act of Parliament. In the mean- 
time their expenses, in to coal, for example, 
have steadily increased. For this reason they do not 
see the possibility of meeting the rise in wages asked 
by the men. 





A meeting between rpresentatives of the Km- 
ployers’ Federation and of the Cotton - Spinners’ 
Association was held at Manchester on Tuesday, the 
9th inst. It was presided over by Sir Charles Macara. 
The disputes were not all dealt with ; some, however, 
were considered very fully, and satisfactory progress 
was made. The following temporary agreement was 
arrived at :—‘‘ Pending negotiations between the 
representatives of the Federation of Master Cotton- 
Spinners’ Atrsociations and the Amalgamated Assvo- 
ciation of Operative Cotton-Spim ers, with a view to 
seeing if a full detailed agreement can be come to on 
the procedure to be adopted for dealing with bad- 
spinning complaints, it is hereby agreed :—1. That 
notices shall not be tendered at any mill in connection 
with a bad-spinning vomplaint until the representa- 
tives of the two orgunisations (local and central) have 
jointly inquired into the dispute. 2. That this - 
ment shall remain in operation for three months 
this date.” At the meeting of Tuesday it was made 
clear, both by Mr. John Smethurst (secretary to the 
employers) and Mr. William Marsland (se to 

tives), that the adjourned meeting on Wed- 
nesday, the 10th inst., was to be held simply for deal- 
ing with the present disputes. 





Lonpon County Counc, EpvcatTion DgPaRTMENT. 
—The London Comms Council yo ~ kW three 
hand-bills dealing with 219 trade ips for boys, 
with the nomination of boy artificers in the Royal Navy, 
and with six scholarships in the watch and clock-making 
tirade. Further information can be obtained from Mr. 
R. Blair, Education Officer, London County Council 
Education Offices, Victoria Embankment, , W.C. 


street, . 
—We learn that Messre. W. Bardill and Co., neers 
and i» 


- ae in — poe lents, ste . St. 8 
oti ham, having purchasec ness, plant, 
at ce Phe Eag! 


goodwill, tterns of le Works, rae 
street, also of Nottingham, lately occupied by sere. 
Henry Savage and Sons, millwrights and wood-v orking 


machinists (established 1850), are transferring their offices 
to the new address, and are there concentrating their 
merchant and manufacturing business. Mr. W. ill, 
M.1.M.E, will also continue his practice as consulting 
engineer at the new addregs, 
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TRADE OF HAWAII. 


On a former cecasion (November 24, 1912, page 719) 
we have pointed out the importance of Hawaii in the 
evolution which is going on in the Pacific area, and 
recent events have emphasised that importance, not 
only from the point of view of trade, but also from 
that of politics. When the United States took pos- 
session of the Hawaiian Islands they entered on a 
new policy, which is certain to have most important 
results. The islands lie in mid-ocean, just within the 
tropics, in latitude 20 deg. more or less, on nearly a 
straight line from Cuba to the Philippines, both now 
in the possession of the United States, which have thus 
become an Eastern Power, and therefore involved in all 
the problems which are arising in the Pacific area. 
Honolulu, the capital city of the Hawaiian islands, is 
a flourishing city, constructed largely of one-story 
wooden houses, with government buildings, water 
works, museum, and manufacturing establishments, 
electric lighting and tramwaye. he fa greene 
opening of the Panama Canal has directed renew 
attention to the question of harbour improvement, and 
several plans for necessary extensions are under con- 
sideration. In Honolulu the question of enlarging 
the effective area of the harbour is receiving attention, 
and arrangements are being made which will allow 
vessels of considerable siz2 to be accommodated. The 
present effective area of Honolulu Harbour is 131 acres, 
though about 45 acres more would be easily available. 
The length of wharves, before the contemplated 
alterations commenced, was 16,700 ft. A floating 
dock, capable of lifting 5000.ton vessels of 375 ft. 
length, is being built for the local Inter-Island Steam- 
ship Company. The harbours in the other islands are 
also being improved. There is not much room for 
railways, but where possible they are being con- 
structed, so that the islands are having all the conveni- 
ences for the development of trade. 

During the fiscal year ended June 30, 1912, there 
was a great advance in both imports and exports, 
which attained the largest aggregate in the history 
of, the territory, the increase in the total trade 
being 3,336,740/., or over 23 per cent. above the pre- 
vious year. The great bulk of the trade is with the 
United States, the amount of imports from the States 
for 1912 being 5,087,220/., and from foreign countries 
1,166,340/. The amount of the exports to the United 
States was 11,469,990/., and to foreign countries only 
74,720/., so that over 99 per cent. of the exports went 
to the States; though in the matter of imports the 

osition of the United States was not quite so 
avourable, over 81 per cent. came from America. 
The incidence uf the tariff is mainly responsible for 
this, as Hawaii, being a territory in the United 
States, Hawaiian products enter free and find 
there a safe market, while in turn American goods 
have the advantage of free entry into the territory. 
These facts must be kept in mind by those who wish 
to do business in Hawaii. 

The value of the imports from the United States 
grew from 4,650,450/. to 5,087,220/., an increase of 
436,770/., or over 9 percent. Iron and steel manu- 
factures amounted to 706,940/., machinery to 178,680U., 
and mineral oils to 355,310/., the balance being made 
up of a miscellaneous list of manufactured goods 
and foodstuffs. The slight increase manifested in 
imports from the British Empire during recent 
years was maintained, the figures for the year being 
421,970/., or an increase of 15 per cent. over the 
previous year. The imports consisted mostly of 
sulphate of ammonia, pig iron, liquors, iron and 
steel goods, with coal from Australia and phosphates 
and other fertilisers and foodstuffs from the Pacific 
ports of the British Empire. 





Aneto - American Ex»osition, 1914.—This is an- 
nounced to take place at the White City from May to 
O tober next year. Fall particulars can be obtained 
from the committee, whose offices are at Administration 
Buildings, Shepherd’s Bush, London, W. 





Messrs. Denny’s THousANDTH Suip.—Messrs Wil iam 
Denny and Brothers, of the Leven Shipyard, Dumbarton, 
are to be congratulated upon the completion of their 
one-thousandth ship, which happens to be a vessel for 
the Irrawaddy Flotilla Company, for whom they bave 
built 226 vess: ls, Their ‘‘ No, 1” was laid down in 18 15— 
the steamer Loch Lomond, for service on the Clyde—and 
their average output during the intervening 68 years is 
fifteen. In the first year of the firm’s existence the ton- 
—_ produced was In three years they had reached 
1000 tons, in twenty years 10,000 had been reached, in 
pve fel penee 20, in fifty-one years 30,000. So far 
their year’s tonnage stands to the credit of 1902, 
when they returned 41,979. The value of the work has 
increased at a much greater ratio, as the firm has been in 
the first rank, confining themselves almost exclusively to 
the building of high-speed passenger steamers. ey 
have been active agents in developing the best practice 
alike in ship and engineering work. The interesting 
event in the history of the firm was celebrated by the 
men having a half-day’s holiday on Saturday, receivin 
time-wage for the 24 hours, and a souvenir giving a 
of the firm’s work. 





THE PERFOKMANCE OF THE DIESEL- 
ENGINED SHIP ‘‘ MONTE PENEDO.” 


Tue following is the substance of a report by the 
ineer of - en interested AF > 
velopment of the zer-Diesel engine, ing the 
performance of the Diesel-engined ship Monte Penedo :— 
The Monte Penedo is a oa boat of 4000 tons gross 
register and about 6500 tons dead-weight carrying ca 
city, her length being 350 ft. ; ft. ; depth, 27 ft. 
She has been constructed by the Howaldtswerke, Kiel, 
Germany, and is propelled by two 4-cylinder reversible 
2cycle Diesel-Sulzer engines, built by Messrs. Sulzer 
Brothers, Winterthur, Switzerland. The capacity of each 
of the two engines is 850 shaft horse-power at 160 revolu- 
tions per minute. The vessel was built for the Hamburg- 
South Am-rican Line, and runs now between New York 
and Brazilian ports (Atlas service). She completed her 
trial trips in August, 1912, and left Hamburg on her 
maiden voyage to South America on the last day of 
August, 1912. Since then she has made another round 
trip to Hamburg and visited several ports in South 
America. 

Her last trip was from Victoria, Brazil, to New York, 
a distance of 4510 miles, covered in 17 days 13 hours, 
without a stop. She docked at Pier 26 in Brooklyn, on 
July 11, 1913. Practically no repair work, out of the 
ordinary, had to be done ; and the engineers and helpers 
were free to go on shore on the day of arrival in port. 
The same conditions as prevailed for the main engines 
apply also to the two auxiliary sets. 

PERFORMANCE OF VESSEL AND ENGINES. 

‘Last trip from Hamburg-Lissabon to Rio Grande— 
time, 27 days 11.1 hours ; distance, 6310 miles ; average 
speed of vessel, 9.6 miles per hour; lead of propellers, 
7744 miles = 11.7 miles per hour (slip, 1404 miles = 18.1 
per cent.). 

Trip from Rio Grande- Victoria (Brazil) to New York— 
time, 21 days 15.8 hours; distance, 3552 miles = 10.7 
miles per hour; lead of propellers, 6375 miles = 12.3 
miles per hour (slip, 823 miles = 12.9 per cent. ). 

Hamburg-Lissabon-Rio Grande-Victoria (Brazil) to 
New York—time, 49 days 2.9 hours; distance, 11,892 
miles = 10.1 miles per hour; lead of propellers, 14,119 
ang = 12 miles per hour (slip, 2227 miles = 15.8 per 
cent. ). 

On the previous trip from Montevideo to Hamburg 
the distance was covered in31 days without any stop 
either in harbour or at sea. To date, the ship has 
covered over 30,000 miles on regular voyage. The average 
fusl consumption in 2t hours is 7.08 tons metric ; lubri- 
cating oil consumption in 24 hours, 157 kg., including 
lubrication of all auxiliary engines. Cylinder-oil con- 
sumption in 24 hours, 21.5 kg. The fuel used is a gas-oil 
of specific gravity 0.86 to 0.89. 

In New York one cylinder-head was taken off and 
the piston taken out and dismantled. The wearing sur- 
faces on the piston, piston-rings, and especially in the 
cylinder, were in perfect condition ; the latter as smoot 
as a mirror. The parts of cylinder-cover and piston 
formi the combustion space appeured black, as if 
cove with a thin coat of paint. No unduly large 
carbon deposits were visible. Nor was this the case in 
the exhaust-ports. The fingers did not get blackened 
by reaching into them. No troubles were experienced on 
any of the main bearings, pins, or cross-head guides. 
The parts requiring the most attention are the valves for 
the cooling water and bilge-pumps, and for the air-com- 
pressor. ‘I'he fuel-pump packing seemed to be tight and 
no leakage was visible. 

The engines normally run at 140 revolutions per minute. 
Pure cylinder oil is used for lubricating the cylinders. 
The forced -lubricating system works all right. Sea- 
water is used for cylinder-jacket, piston, and oil-cooling. 
The speed of the engines can be reduced to 70 revolutions 
per minute without cutting out any cylinders, and this is 
sufficient for all practical purposes. Reversing can be 
done in 5 to7 seconds. The temperature in the engine- 
room was never exvessive, and, under the equator, never 
exceeded 30 deg. Uent., according to the second engineer. 





Tue British CHAMBER OF Commerce, Paris.—The 
Briti:h Chamber of Commerce, 9, Rue des Pyramides, 
Paris, notifies that the new arrangement, by which 
cartified invoices of value for parcels of twist-drills, &c., 
of under 100 francs in value can be ‘‘ visé” by French 
Consuls in England free of charge, will not come into 
effect until January 1, 1914. 





Sratistics or Tin.—The August statistics published 
by Messrs. Ricard and Freiwald, of 120, Fenchurch- 
street, E.C., show that the total visible supply of tin, in 
stock and afloat, on August 31 Was 11,860 tons. This 
figure compares with 12,967 tons a month earlier, and 
11,857 tons a year earlier. Oj these totals, the proportions 
for the United Kingdom were 6415 tons on August 31, 
5715 tons on July 31, and 5819 tons on August 31, 
1912. The total monthly —— for the same dates 
were 6381 toas, 7794 tons, and 5746 tons, while the corre- 
sponding monthly deliveries were 7488 tons, 6937 tons, 
and 7799 tons. The supplies from the Straits Settle- 
ments and Australia, which are included in the above 
figures, were 62,062 tons from the Straits between 
September 1, 19°2, and August 31, 1913, and 3405 tons 
in the same time from Australia. Supplies not included 
in the above statistics were 21,169 tons from Bolivia to 
Europe in 1912, and 8644 tons from China to all ports in 

same year, ish production for 1912 is esti- 


The Corn: 
mated at 4900 tons, while the Transvaal production for 
the same period wis 1845 tons. 





THE AISGILL MOOR RAILWAY ACCIDENT. 
To THe Epitor or ENGINEERING. 
Siz,—Someone once remarked in reference to some 
automatic machine-tools, ‘‘that their only eens 
to be their inability to make a mistake,” or that they 
were practically human except for the mistakes and 
failings that must always be associated with mankind. 
It is for just the ability to make a mistake, in the case 


P8-| of the lamentable Aisgill Moor accident, that we are 


having to pay the penalty, and though it is more risky to 
stay at home at one’s own fireside than to travel, yet, 
whilst human nature is what it is, there must sometimes 
be mistakes made that lead to unhappy results. But the 
world will not stand still on. that account, and the travel- 
ling public can console itself that as far as is posaible the 
railways of this country spare no means to render their 
service the best that can be provided, with the all-present 
“safety of the public” as their watchword, which 
accounts for the premier position of our railways in the 
efficient and safe Leper | of a dense amount of traffic 
over a comparatively small area. It would be manifestly 
unfair and unjust to those concerned in the accident to 
draw any definite conclusion at this stage of the inquiry, 
and there is no doubt that Major Pringle had their 
interests in mind when he first opened the inquiry ‘‘in 
secret,” but finding that this was misconstrued by the 
public, or rather by the Press, which sometimes in deal- 
ing with technical questions is liable to error through 
want of the power to understand the technicalities in- 
volved, there seems little doubt that the public inquiry 
now being held will prove that there was not the slightest 
intention to hush the matter up by anyone concerned. 

Thus to consider the facts as at present known will 
tend to allay the public anxiety both as regards the 
accident itself, the contributory causes, and the possi- 
bilities of minimising such disasters in the future ; for it 
must be remembered that our railways and all enterprises 
of the kind are built up on experience, and experience 
alone, and that ‘‘trial and error” enter largely into all 
phases of such experiences ; here we have some “‘errors,” 
and the question will be to guard against them for the 
future. 

Much capital was made in the early stages of the 
inquiry, and by those whose interests are to excite the 
public sympathy against the railway company, that 
the coal supplied was the cause of the accident; this 
can be at once dismissed as being beside the point. 

That the quality of the coal was a contributory cxuse 
cannot be gainsaid, but whilst locomotives depend on 
coal as their fuel, there will always be cases of coal of 
inferior quality being burnt, and it would be idle to infer 
from this that this must necessarily lead to an accident 
such as the one under consideration. 

That a main-line express train should ‘‘ stick for steam” 
is, perhaps, the last thing that could be expected, and 
this on the Midland Railway, whose service is difficult to 
equal in any part of the country. But that even after 
this failure of the first train had occurred—a trivial defect 


h | in itself—that the stationary train should be run into in 


the rear in the manner it was by another train, the driver 
of which has most straightforwardly admitted his error 
in passing the signals that should have protected the 
standing train, is, or would have been up till now, incon- 
ceivable. j 

There is nothing more than this in the whole accident, 
but the reasons that led up to it are of the greatest 
interest ; and whilst it is only right that the responsibility 
should be properly and suitably fixed, yet the other side 
of the matter, the failure of the human element, should 
receive the most careful consideration in forming any 
conclusions on the accident. 

The first train was unable to take its load on account of 
shortness of steam, due, it is stated, to the bad quality of 
coal supplied. This is not in itself a serious matter, and 
although of the nature of an engine failure, it ia one that so 
rarely occurs in main line working as to make it the more 
remarkable. It is not to the Midland or any other rail- 
way company’s interest that their trains should be delayed 
for shortness of steam due to bad coal; in fact, England 
holds such a premier position in respect to the cmemey. 
that locomotive practice here in this respact is proba 
more favourably situated than in any country in the world. 
Nevertheless, occasionally a bad seam of coal is met with 
which causes trouble ; it may be small or clinker easily, 
or in many ways be bad steaming coal. When such is met 
with it is very soon found out, and the drivers are not 
long in compiaining—and with reason—to their superior 
officers, who do their best to overcome the trouble. 

In the present instance the coal consisted of a mixture 
of North of England coal, and it would appear that it was 
not all that onan be desired, and that a small percentage 
of Yorkshire coal used to be mixed with it, which appears 
to have made things easier, and improved the steaming 
qualities of the coal. , , 

Why this practica of mixing Yorkshire coal was dis- 
continued is not within the scope of the present considera- 
tion of the accident ; but it must be remembered that the 
supply of coal, as a rule, is of an extremely high quality, 
and that this of itself is, perhaps, a reason of the partial 
failure of the enginemen to get along with an inferior 


uality. 
. If > ide ison at random were made with any of the 
Continental express trains of a like character, it is almost 
certain that it would be in favour of the “bad” coal 
supplied in the cases under consideration. Anyone who 
has travelled on the French Rapide trains, even as & 
passenger, can to this, and when one has had actual 
experience on foot-plate of one of these trains, it 15 
one of the most noticeable items, and the wonder is that 
the French engines do so well ; it is practically only by 
the supply of briquettes that are generally carried that 
these trains are enabled to maintain steam for their 
exceptionally fast echedules. It is evident from the replies 
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- at the inquiry that although the first train got into 
ifficulties, and stuck for shortness of steam, that this was 
only of the most temporary nature ; in fact, so much so 
that the guards were informed that shor would get away 
in a few minutes, so that they would not be particu- 
larly concerned with the protection of their train by 
detonators and the means which they are fully conver- 
sant with, knowing that in the ordinary course of events 
2 were fully protected by the signals in the rear. 

ad no accident occurred, the original engine failure 
would have resulted in the late running of the train by 
some ten minutes or so, which would be reported by the 
driver in the usual way on finishing the run ; he would 
be called on for his explanation, and the incident fully 
investigated, as being a delay to a main-line train from a 
cause— coal or otherwise—that it was possible to 
avoid, and which, for the company’s reputation’s sake, 
should be avoided in the future. 

But unfortunately the shortness of steam became - 
nified into a disaster through an equally unaccountable 
error of judgment (as would appear from the driver’s 
admissions at the inquiry) on the part of the enginemen of 
the following train. It would appear that the following 
train was in similar difficulties, as regards making steam, 
as the train that had to stop on this account; but there 
seems reason to think that had all gone well, this train 
would have got along without actually sticking, and wit 
a loss of a few minutes only, due to the s falling on 
the gradient. 

Unfortunately, the driver chose to go round to the 
front end of his engine to oil up one of his auxiliary 
driving-boxes, and thereby seems to have missed picking 
up his signal properly, very likely trusting for this, in his 
temporary absence, to the fireman, who would, of course, 
be quite competent to observe the signals ; but the latter 
was hard put to to maintain steam, and seems to have 
paid no attention to the signals ; though, especially in the 
absence of the driver, he may certainly be considered to 
include this in the scope of his duties. 

Trouble was being experienced with the injectors, 
and the driver on his return to the foot-plate took 
over the one injector from the fireman, who then 
went on with his firing. Injectors are sometimes 
rather peculiar in their action, and it must be remem- 
bered that the fireman had no previous experience 
with these particular ones, though, of course, he would 
be well acquainted generally with the working of other 
injectors of the same class. So that it can be well under- 
stood that the driver, seeing the shortness of water, would 
immediately devote his whole attention to this, as it 
would mean the burning of the fire-box roof, and a very 
serious matter for all concerned, enginemen and the 
passengers, as no one can tell exactly what will happen 
in case of the shortnees of water being continued, and the 
probable burning of the fire-box. 

So that, to remedy this evil, the driver appears to bave 
been so engrossed in the saving of the situation on the 
foot-plate that, although he was not quite sure of his 
signals, he did not stop to assure himself of his where- 
abouts, but, as he says, proceeded at a speed that was 
diminishing owing to the reduction in the steam pressure, 
and saw—too late when the fireman called his attention— 
that he was about to collide with some obstruction, of 
which he would know nothing, except as indicated by the 
red lights observed. He did not hear the whistling of the 
front train engine owing to the direction of the wind, but 
acted with commendable promptitude once the danger 
was recognised. 

Two points call for attention. Why wasit necessary to 
go round oiling, and why, when the driver knew he was 
not sure of his signals, did he not stop to verify his 
position? As rds the practice of oiling when the 
engime is in motion, as was explained by Mr. Paget, this 
is entirely a matter that is left to the judgment and dis- 
cretion of the individual drivers; some do it and some do 
not. Taking locomotive practice all round all over the 
world, it can be said to be a regular practice, and one 
that is attended with a minimum of danger, first to the 
driver, and then to the see in his care—the driver 
knows the road asa book. Most men can pick their way 
by the sounds and various landmarks with such a degree 
of accuraty as would surprise the layman. So that, for 
their own safety’s sake alone, they choose the best time 
and place to do any oiling round, or examination, that 
may ba necessary en route. 

In the present instance, if, during his absence on the 
froat end, the fireman had not got into difficulties with 
the feed, the driver on his return would have had more 
attention t> devote to the signals and road, and would 
in all probability have been able to stop short of the 
obstructing front train and avoid a collision. 

As in the case of the bad coal supply. the fact that the 
driver went round his engine to oil has not the least 
element of danger in it, but, taken together with the 
extraordinary sequence of events, may be regarded as in a 
measure a contributory cause to the accident. Similarly to 
the occasional supply of a bad steaming coal, the practice 
of oiling, or going round the front of the engine to 
see to anything that may be necessary, is a practice that 
is as old as railways, and will obtain in spite of the 
improvements made in lubrication—that is to say, it is 
& practice that has nothing but the minimum of risk 
eae ~% wale Ge advantages of being able to give 

» little itional lubrication to some part i i 
tion need not be described. a 
second point, as to why the driver, once he found 

he had signals the geallien of which he was doubt- 
ful, did not proceed with c.ution, {is further a matter of easy 
comprehension. Difficulties had arisen as Ss steam, 
water was getting Cangerously low in the boiler, and the 
driver was not sure of his position or the last lot of 
signals. It would appear that the natural thing to do was 
to stop, make up the fire, fill the boiler, and make sure as 





far as possible of his p»sition and the state of the signals. 
It has not yet been brought out in the evidence, but 
there is one reason that would, in the circumstances, 
induce the driver to proceed; that is, that owing to the 
shortness of water, had he stopped there is every likeli- 
hood that in doing so the very danger they were fighting 
against would have been aggravated, and, in fact, pro- 
duced by such action. For it is a well-known fact that 
when steam is on to the ines, the effect of the open 

lator is to “lift” the water in the glass, and 
this to quite 4 in. or more, depending on the class 
of the boiler, so that on Pay, & regulator the 
water would level itself up in the boiler, and the all- 
important crown of the firebox be bared of water, with 
all its attendant dangers. This fact is well known by 
enginemen, and is provided for by them in cases where 
they are getting short of water by keeping the regulator 
open to keep the water “lifted,” and so have the crown 
of the fire-box covered with water as far as this provision 
will assist them. This then is a very good reason why, 
under the circumstances, the driver did not stop. 

Again, in main-line work the road is kept so clear for 
express trains that almost the last thing the inemen 
would expect would be that the signals they had passed 
were against them; that accounts for them going on to 
pick up their bearings again, with practical confidence 


h | that the next set of signals they came upon would be 


clear, and that they had saved their reputations as engine- 
men, and the company’s, as far as the proper running of 
the trains was concerned. 

It must be remembered that the enginemen did not 
know the signals they had passed were at ‘‘ danger;” all 
that they appear to have known was that they, or rather 
the driver, was not so sure of their position, as he should 
have been for his own assurance. The only thing that 
might have averted the mishap would have been for the 
driver to have gone forward at a very reduced rate, when 
he would have been able to have seen the obstruction in 
time, and —— short of it; in fact, he said that 
another 50 y: and he could have done so at the speed 
he was running at, which is the best possible reason for 
suggesting that the speed was too high—low as it was, 
due to the falling pressure—for safety under the 
circumstances. 

It was indeed nothing but a “chapter of accidents.” 
Had the first train not stuck for steam, due to bad coal, 
the second train would not have collided with it ; had the 
second train not passed signals set at danger, protecting 
the first train, it could not have brought about a collision ; 
the whole is but a series of circumstances, unimportant, 
taken singly (with the exception of running by the 
signals at danger), but, collectively, all leading up to, 
and contributing to, an accident that can only be attri- 
buted to the failure of the human element, the price we 
have to pay for the Dy of making a mistake. 

It must be accorded that things happen very quickly 
at such times, as is said of asea captain who had his 
certificate suspended. After a three days’ hearing of his 
case, he was asked, had he anything to say. The reply 
was, “Simply, gentlemen, that you had to take three 
days to come to your decision ; I had three seconds.” At 
the driver's estimate of another 50 yards, ten seconds 
would have sufficed to avoid the collision and save the 
lives of the passengers and the reputations of the ine- 
men, railway company, and British safe railway working. 

I am, yours truly, 





** REINFORCED PILE FOUNDATIONS FOR 
BLAST-FURN ACES.” 
To THe Enitor or ENGINEERING. 

Srr,—In the course of the discussion which took place 
yesterday, the 2nd inst., at the meeting of the Iron and 
Steel Institute, in Brussels, following the reading by Mr. 
A. Baar of his paper having the above title, Mr. Andrew 
Lamberton, Coatbrid asked a number of questions 
which Mr. Baar fears he did not reply to with suffi- 
cient clearness, owing to the difficulty he has of express- 
ing himself in English, He hae therefore decided to 
write down his explanations, which read as follow :— 

Mr. Lamberton having asked whether it would not be 
more advantageous to simply consolidate the ground by 
an injection of cement, we beg to give the following 
reply :—When the tip consists simply of s!ag blocks from 
blast-furnaces, the space left between the blocks being 
pretty large, the work would require the injection of a 
vast amount of cement, and the operation could not be con- 
ducted easily over a certain height. In most cases, how- 
ever, the tip is fo: med of débris of all kinds, especially clay 





and earth, and in this the injection of cement is attended | 
with bad results. The Franki pile gives full security, | 
because it not only passes through the tip, bub also) 
through the bad soil which lies underneath it, and rests | 
on a strong foundation of clay or gravel. 
Mr. Lamberton asked further whether it would be | 
possible to drive tubes having a diameter of 1 yard into | 
a tip of 10 yards in height; in the affirmative, what was 
the time required for o tion and the cost of the 
re We have driven 180 Franki piles, at the Société 
’Ougrée-Marihaye, into a tip composed re “ss 
blocks to a height of 3) ft. resting on 15 fb. of soil. 
The work therefore was more difficult than the one 
alluded to by Mr. Lamberton, and, neverthless, we - 
larly made one pile a day with each pile-driver. That 
the first tube at the ground level had a diameter of 1 yard 
and a height of 14 yards was due to the necessity of 
first digging a hole of such dimensions as to enable the 
use of tube lengths suitable for the required depth. The 
upper tube had a diameter of 24 in., the mean one & 
diameter of 20 in., and the lower one a diameter of 16 in. 
In a strong ground, free from water, it is not necessary to 





work with tubes of great diameter, the concrete spreading 


easily against the walls of the cavity, and lomerating 
round the stony materials forming the pile, and increasing 
the diameter of the latter. 

As to the price of the Franki piles, it is generally of 
1. per yard, for piles driven into an easy, soft, or marsh 
soil. But in tips of slag blocks, where piling is slow a 
difficult, the price rises up to 2. per yard. From the 
economical point of view, the following may be regarded 
as a typical instance :— 

One thousand Franki piles are now being driven on 
account of the Vilvorde Coke-Ovens Company. Each 
pile contains 34 cubic metres of concrete. The total 
volume of the concrete thus poured in a relatively small 
area is 3500 cubic metres, or 7000 tons or 700 ns, 
If reinforced.concrete piles made in advance ball Seon 
used, the cost of the foundations would have been three 
times as high as that paid by the Vilvorde Uoke-Ovens 
Company to the Frankignoul Company, supposing that, in 
order to obtain the same compression of the soil, an equal 
volume of concrete had been driven in the shape of such 
ready-made piles. 

Yours truly, 
ComPaGNIg INTERNATIONALE DES Prevx 
ArMES FRANKIGNOUL. 
Liege, September 3, 1913. 





‘““ARTIFICIAL DIAMONDS,” 
To Tue Eprror or ENGINEERING. 

_ Stz,—I read with pleasure the article given in your 
issue of August 15, page 231 ante, on my experiments for 
the synthetic a of diamonds, carried out in 1908. 
The crystals I obtained were analysed by M. Lacroix, 
mineralogist, professor at the Paris Museum, and by 
M. Maquenne, Professor of Chemistry at the Collége de 
France, both of whom are members of the Académie des 
Sciences. The latter burned twenty of the crystals in 
oxygen and two in air. Both these scientists found 
and duly stated that the product so obtained was pure, 
transparent, crystallised carbon—in other words, real 
diamonds. 

There could be no doubt as to this, since the specific 
gravity of my crys‘als was close upon 3,5—the specific 





gravity of diamonds—there being, — from diamonds, 
no other trarsparent crystal in Nature having this 
specific gravity. 

The French scientific bodies who have knowledge of 
my experiments feel absolutely confident that these have 
met with success, but in order not to disturb the jewel 
market, I did not give any publicity to speak of to my 
researches; in fact, I have simply prepared a small 
weet, issued by scientific publishers, describing my 
work. 

I am sending you an engraving illustrating a few of 
the diamonds I have obtained. These show the diamonds 
magnified ten times. They will enable you to judge of the 
importance of the results given by 9 synthetic method. 

I am, Sir, yours faithfully, 
Vrs. E. pe BoismEnv. 

68, Rue Lauriston, Paris, September 6, 1913. 
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| in the central-battery ship Hydra, built at Blackwall ;| He was also ely instrumental in the fi j 
THE LATE MR. JOHN G. DUNLOP. | and in the following year (1872) he took charge of | of cold tomas Shee on ship, ~ me sell, 
Tue death of Mr. John G. Dunlop, which it was our similar work in the sister-ship Cyclops, built at Fairfield. |Coleman and Oo. fitting refrigerators and insulated 
regrettable duty to record briefly in last week’s issue,| These operations proved his capability and sound | holds in one of the Orient liners. He gave Messrs. 
removes one more from the list of the few remaining | engineering knowledge, and in 1872 he was advanced | Haslam their first order. { 
early workers in marine engineering. He began his| to a position of greater responsibility—to be engine-| Early in 1888 Mr. Dunlop was appointed engineeri 
association with ry eg ling engines practically | works manager at Fairfield, under the late Dr. |manager of the Clydebank works in succession to Me 


fifty years ago, having irk ; John Elder had died in 1869, Parker, whose last work was the building of the engines 

of the Oity of New York and City of Paris. From 
this time forward for twenty-one years Mr. Dunlop 
played a prominent part in the history of this historic 
establishment, first when Messrs. James and George 
Thomson were the proprietors and active chiefs, later 
under the Clydebank Shipbuilding and Engineering 
Company, Limited, of which Mr. Dunlop was a 


of compound engines (of less than 2000 horse-power), 
which propelled a ship across the Atlantic, and on one 
of the earliest of the type (2030 horse-power) fitted in 
awarship. He completed his active work with the 
Lusitania, with turbine engines of 80,000 horse-power, 
and the battle-cruiser Indefatigable, with turbine 
machinery of 45,000 pt ng These figures indi- | 
cate the great progress made i 
in the power and — of ships, and show also that 
Mr. Danlop had advanced to a foremost position in | 
his profession. For twenty-one 
years he had been at the Clyde- 
bank Shipbuilding and angi 
neering Works, rising to the 
ition of managing director, 
and during his régime the credit 
of the establishment, already 
high, was greatly enhanced. He 
had the qualities which inspire 
confidence in clients; his con- 
servatism in later years, and his 
outspoken criticism at all periods 
of his life, were of themselves 
guarantees that whatever he 
proposed or acceded to in respect 
of innovations might be adopted 
with safety. He was shrewd in 
a high degree, and a good judge 
of p ato ony and the appoint- 
ments he made invariably proved 
satisfactory. He required the 
members of his staff to take full 
responsibilities in connection 
with their work, and in this way 
he afforded them the most useful 
of all experiences, while doubly 
ensuring @ successful issue. A 
consequence is that Clydebank- 
trained men are to be found at 
the head of many works, while 
those who took over the control 
at Clydebank when Mr. Dunlop 
resigned the managing director- 
ship four years have con- 
tinued the progress identified 
with his régime. Of this there 
is proof in the fact that there 
is in course of construction the 
most powerful and fastest battle- 
ship and battle - cruiser yet 
ordered, and the largest of mer- 
chant ships yet floated in this 
country ; thus are the traditions 
of a great establishment handed 
on and enriched by successive 
generations. 

Mr. Dunlop had a splendid 
training for the great work he 
did for Clydebank. Born sixty- 
nine years ago, a descendant of 
a long line of farmers in the 
carse of Stirling, he was edu- 
cated, first at Polmadie, and 
later in the old Mechanics’ 
Institute, which has since, in 
successive steps, men into 
the Royal Glasgow Technical 
College. He entered upon his 
apprenticeship as an ineer 
in the Centre Street Works, 
Glasgow, the first establishment 
of Messrs. Randolph, Elder and 
Co., in 1864, the year when the 
Fairfield aor was inaugu- 
rated. Twelve years earlier 
John Elder had joined the 
firm, which then added marine 
engineering to their original millwright work, while | 
ship construction in the Govan shipyard was com- 
menced in 1860. For fifteen years Mr. Salen continued 
with the firm, moving to the new engine works at Fair- 
field in 1871. His first responsible work was the erec- 
tion of the engines, of 1300 horse-power, for the Aber- 
deen liner Ban-Righ, and those of 1500 horse-power, | 
for the Pacific liners Tampico and Vera Cruz—the latter 
the first compound-engined- ship to cross the Atlantic. 
Later, in 1870, he was in charge of the fitting of the 
engines, of 2030 horse-power, into the 12.90-knot 
wooden corvette Tenedos built at Devonport Dockyard. 
These — were of the compound type—the first to 
be ordered as a consequence of the success of those fitted 
in the Constance, and to have their efficiency established 
by the historic race from Madeira home against two | 





m engaged on the first set | Alexander 


and Sir William Pearce had joined the concern soon 


|after. The early ‘seventies were years of great pro- 
| gress alike in design and manufacture. It was then 
|that Kirk designed the triple-expansion engines 


for the Propontis, and although boiler difficulties 
intervened, the success of triple-compounding was 
realised, and thus Mr. Dunlup became responsible for 


| 


in the intervening years the construction of the earlier engines of this type. | director, and, finally, after it became the property, in 


The + merchant-ship engines built at Fairfield | 1899, of Messrs. John Brown and Co., Limited, with 
r. 


when 


Photograph by Lafayette. 





Dunlop was there were those of 6300 horse- | whom he was a managing director until 1909, when 


he resigned. Any attempt to 
review the work of these years 
of great activity would involve 
@ survey of the advance in mer- 
chant and naval shipbuilding. 
Four battleships were built and 
six were engined, eight large 
cruisers, culminating in the 26- 
knot battle-cruiser Inflexible, 
were built and ten engined; of 
lighter cruisers and fast torpedo 
craft quite a fleet was completed. 
As regards merchant ships, every 
type was constructed, but espe- 
cially high-speed mail liners, the 
Cunard liners Saxonia, Caronia, 
Carmania, and Lusitania, and 
the Orient liners Orsova and 
Orama standing out prominently 
in the list, while ps high-speed 
Channel steamers a t number 
of successful vessels were com- 
pleted. The turbine was taken 
up vigorously, and probably no 
firm has turned out a greater 
volume of marine turbine work 
as measured by horse - power. 
Under Mr. Dunlop’s directorship 
the works were extended almost 
in every department, and an 
experimental tank was added. 
There was no doubt, therefore, 
that when he resigned the post 
of managing director, and, much 
to the regret of all his col- 
leagues, ceased all connection 
with the company, he left the 
impress of his twenty-one years’ 
work deeply marked on the 
establishment, in which he had 
won high recognition not only as 
a practical and prosperous en- 

ineer, but also as a safe and 

5 organiser. 

r. Dunlop, in 1907, received 
the Imperial Japanese Order of 
the Rising Sun. He was a 
member of the Institution of 
Naval Architects, and for many 
years was a regularly-attending 
and useful member of council. 
Of the Institution of Engineers 
and Shipbuilders in Scotland he 
was also a mewber, but not an 
active one. He took no part in 
public proceedings ; he even 
shrank from those appearances 
which were an essential part of 
his duties in connection with the 
social functions at the works. 
Since his retirement he has cul- 
tivated some of the pastimes 
which he had to neglect when 
leading a life of strenuous work, 
his cy association with ship- 
building being attendance at the 
meetings of the Institution of 


wer for the Arizona, which gave that vessel—the | Naval Architects. Even as long ago as the last.spring 


Bret of the ‘‘ greyhounds of the Atlantic ”—a sea speed | meeting, it was evident to his 
here were also built at this time | was failing, and this continued throughout the summer. 


of 17 knots. 


riends that his health 


engines for several notable warships, the largest being | His death took place at his residence in Glasgow on the 
those of 6640 horse-power for H.M.S. Nelson, built at | 3rd inst., and his widow, son, and daughters have the 


Portsmouth, while work was being commenced on the | sympathy of a very large 


Mon, ar of 8000 horse-power of the Inflexible, before 
he left Fairfield, in 1879. 

In that year Mr. Dunlop became superintendent 
engineer for the Orient Line, the ships for which were 
built mostly at the Fairfield Works. For about nine 
years he continued in this position, and there were built 
during those years the Orient, Austral, and Ormuz, 
each —— notable developments. When with the 
Orient Line he introduced incandescent electric lam 
in place of the arc lights then used ; but if we mistake 


| 
| 


| 


| 





sister-ships with non-compounding engines. He was not, it was a condition that the electrical contractors | 


next responsible for the fitting of the 3480-h.-p. engines had to maintain the lamps over a considerable period. | and in 1909 to 


number of colleagues in the 
— as well as of his wide circle of personal 
riends. 





CanapIAN Inon anD Sree Propvction.—Taking all 
kinds of steel ingots and castings, the Dominion’s pro- 
duction in 1912 amounted to 031 tons, as against 
509,957 tons in 1908, and only 148,784 tons in 1904. In 
1912 finished rolled iron and steel was turned out to the 
extent of 861,224 tons, of which 423,885 tons were in rails, 
and 373,257 tons in plates and sheets, merchant bars, &c. 
In 1911 the output under this head came to 781,924 tong 


741 tons, 
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OIL-MOTOR CRANE. 
CONSTRUCTED BY MESSRS. SMART AND BROWN, ENGINEERS, ERITH, KENT. 











WE illustrate above a crane that has recently 
been constructed by Messrs. Smart and Brown, of 
Erith, Kent, and supplied to Messrs. Clarke and Co., 
coal merchants, of Erith. Its chief feature is that it 
is driven by an oil motor instead of by steam power, 
the arrangement of the motor being clearly shown in 
our illustration, which is a es ng from a photo- 
graph, taken before the cabin was built over the 
machinery. 

The crane is of standard make, designed to lift 
25 cwt. at a speed of 150 ft. per minute at a radius of 
16 ft., and all the motions—lifting, slewing, derrick- 
ing, and travelling—are worked by eo The 
motor has four cylinders capable of developing 
20 brake horse-power, the cylinders being each 4 in. 
in diameter, with a stroke of 6 in. The motor runs 
at from 800 to 900 revolutions per minute, and is fitted 
with a vertical governor that controls the throttle. 
Bosch dual ignition is fitted, and the lubrication is 
by means of a pump, the oil being fed to the main 
bearings and the big ends through the crank-shaft, 
which is drilled for the purpose. The motor is coupled 
direct to a reversing gear, one lever controlling all the 
motions. The gear is entirely enclosed in cast-iron 
casings, the working parts running in oil. The reverse 
is driven through special steel machine-cut gear, 
proportioned to give ample wearing surfaces. 

The method of engaging is by means of a double- 
floating friction cone attached to the gear-box. When 
the crane is lifting, this cone engages with another 
cone keyed to the driven shaft, inte rotating the 
gear-box with this shaft. When reversing, the float- 
ing cone engages with a cone which is rigidly con- 
nected with the frame, thereby holding the gear-box, 
the drive then taking place through the gear. The 
engagement is gradual and without shock, as the fric- 
tion cones are first brought into contact, and then 
the leverage of the spring thrust is gradually in- 
creased. The neutral position is definite, and being 
perfectly free from end thrust or collar friction, there 
is practically no resistance against the starting of the 
motor. In both itions the gear-box acts as an 
additional tyabel. 

The driving-shaft is of steel, and is centred into 
the driven shaft with a long spigot extending into the 
ne thus preventing any sagging of the 
gear-box, and ensuring perfect pF ry The spring 
thrust is at all times self-contained, and as it is 
exerted through rollers moving on a parallel path, 
there is not much resistance against the operator. 
The springs can be renewed or adjusted, and the 
cones can adjusted for wear without lifting the 
shafts ; but under ave’ conditions the gear will run 
for many months without readjustment becoming 
necessary. It is not possible for the clutch nominally 
“‘ out of gear” to form a break by grinding, a defect 
of gears pee go oe @ pair of friction-clutches for both 
drives ; it is also claimed that it is impossible for 








any wear on the lifting-cone to affect the adjustment 
or driving power of the other cone, or vice versd. 
The drive from the gear-box to the drum-shaft of the 
crane is by Renold’s silent chain. 





ENGINEERING SECTION OF THE BRITISH 
ASSOCIATION. 


Address by Professor GisBeRT Karp, D. Eng., President 
of the Section. 


ENGINEERING, the subject with which Section G is con- 
cerned, covers so wide a field that it has been found 
convenient to introduce a rough subdivision into the three 
branches of civil, mechanical, and electrical engineering. 
By applying any such term to a particular piece of engi- 
neering work we do not necessarily exclude the others ; 
we merely characterise a predominant feature. There is 
often a considerable amount of ates aye | between the 
three branches, and that is especially the case with 
mechanical and electrical engineering. Sometimes the 
boundary line even becomes indistinct, and then it is 
difficult to say which branch of our science is the pre- 
dominant feature. Is the equipment of a works with 
electric power mechanical or electrical engineering? It 
is both, but not necessarily to the same degree. The 
mere replacement of a steam-engine by an electric motor 
to drive the main shafting of a works can hardly be 
called a piece of electrical engineering ; but if special 
electric appliances are introduced to pe orm duties which 
cannot be done, or not done as well, by purely mechanical 
machinery, then we have electrical engineering in the 
true sense of the term. 

Electricity has invaded almost every branch of our 
industrial activity, sometimes as a rival to older methods, 
but often also as a helpmate, sti mamygh . 
round. Electricity is a ‘‘great source of power in 
Nature,” and the “art of directing it for the use and 
convenience of man” belongs to our generation. Yet, 
like all new things, it has had to fight its way in the face 
of strenuous opposition—generally an absolutely honest 
opposition, not in any way traceable to self-interest, but 
simply to inability to see things in the right perspective. 
Let me illustrate my meaning by an example. Shortly 
after Charles Brown had established the first electric- 

wer transmission between Kriegstetten and Solothurn 
¢ happened to visit a well-known mechanical engineer 
in Zupich, who had, in his time, been essionally (not 
finan: y) interested in led teledynamic transmis- 
sion of. power by wire rope, first introduced into Alsatia 
by the celebrated Professor Hirn, of thermodynamic fam 
abouk,the middle of last century, and then also import 
into Switzerland. To my old friend these transmission 
systems appeared to be the acme of perfection; and on 
my pointing out that the range was necessarily very 
limited, he replied that transmission to longer distances 
would be useless, since there would be no market for 
the power. My friend was not able to look at the 
subject in the right perspective ; he failed completely 
in appreciating the fundamental itions of the 

tom, and although it is easy for us now, forti- 
preciate electric 





Fed as we are by experience, to ap 


| transmission of power correctly, and to feel contempt 





for the old gentleman’s narrow-mindedness, yet we 
should be careful not to fall into the same error about 
electrical developments which are new to us, as the 
transmission of power was new to my Swiss friend. 
It is not so very long ago that mechanical engineers 
thought there was no advantage in electrifying textile 
mills ; and I do not feel quite certain whether a good 
many, and very capable, engineers are not still of the same 
opinion. A commission has been investigating this sub- 
ject, and its first report was by no means ceomnee Se 
the electrical engineer. Yet at the very time when that 
report was issued, hundreds of motors were being in- 
stalled in Continental mills. The spinners there had 
found out that by using a motor with very delicate speed 
regulation they could speed up their frames and increase 
the output considerably. In the re | run a good thing 
must win through, and the electrification of English 
textile mills is no exception to this economic law ; but in 
some cases it would almost seem that the way is made 
longer by the narrowness of the mental horizun of op- 
posing ex This process of ually overcoming 
the opposing expert had to be gone ae in all apphi- 
cations of electricity, but, the opposition being generally 
honest, once it is overcome, the very men who opposed 
become strong friends. There is no question now that 
electricity can do some things better t could be done 
formerly. The ge of magnetic from non-magnetic 
material; the lifting of hot pigs, ingots, plates, and 
— by electro-magnets ; the production of high-grade 
steel in the electric furnace; the sinking of halts by 
electrically-driven pumps ; in mines, the use underground 
of electro-motors ; in shipyards, the use of magnetically- 
fixed and electrically-driven tools; the electric driving of 
rolling-mills and the use of electric traction on tube and 
other underground railways, are familiar examples of the 
ae of electricity in which unanimity as to its 
van has been reached between the electrical engi- 
neer and what, without any intention of being disrespect- 
ful, we may call the old school of mechanical engineers. 

There are, however, other applications of electricity 
where the old and new school of engages have either 
not at all, or only partially, reac unanimity of 
opinion, and it is with one of these applications— 
namely, the electrification of railways — that I pro- 
pose to deal in this address. As mequede urban and 
suburban lines, not only the ibility of electric 
traction, but its immense superiority over steam traction, 
is fairly generally admitted. Where we get on debatable 

und is when we begin to discuss main-line traffic. 

ere the process of overcoming opposition, of which I 
ame a@ moment ago in connection with other applications 
of electricity now generally approved, has only just 
begun. Will it lead to the same result, or will the elec- 
tricran have to confess himself beaten by the steam 
locomotive? The answer each one of us would give to 
this question must necessarily be biassed by our early 
training. Most engineers love their profession, and are 
enthusiasts; being enthusiasts, they are necessarily 
biassed. This applies as well to the electrical engineer as 
to the mechanical engineer—perhaps to the electrical 
engineer most. In many cases he is so biassed that 
he will not admit any virtue in any other but his 
own pet scheme of electric traction. A modern steam 
locomotive is a beautiful and efficient engine, and one 
can well understand its designer looking at it with the 
yy of a father whose son has turned out a good man. 

e can also understand that this engineer will not 
readily admit the superiority of an electric locomotive. 
The mental horizon of each of us must necessarily be 
narrowed by previous training and professional enthu- 
siasm ; let us, then, try to forget for a moment that we 
are engineers, and let us put out of our minds all ques- 
tions of mechanical or electrical detail, focussing our 
thoughts merely on what we see going on all around us as 
regards electrification of railways. 

We see year by year more lines being electrified. 
Some are failures; but the very fact that "the process of 
electrification is going on shows that the failures are 
remediable. In some cases it is easier to understand why 
a line should be electrified. If fuel is dear, if the trains 
must be heavy and frequent, if there are steep grades and 
long tunnels, then, obviously, steam is at a disadvan 
and electricity can beat it easily. But the electrification 
is not limited to cases where there are such obvious 
advantages. We see a military State like Prussia 


all | electrifying a fairly long line, where the traffic is not 


extremely vy, where there are very gentle grades, 
and only few and short tunnels. Moreover, one of the 
stock arguments ~ electrification is that, in case 
of war, the whole system may be broken down 
by the enemy cutting #he wires; yet this considera- 
tion, if it has any weight—a matter on which I 
cannot pronounce an opinion—does not deter a military 
State from at least experimenting with electric traction 
on a large scale. We see suburban lines growing longer 
and longer, until they might almost be classed as short 
main lines, and we see the Swiss Government buying up 
water-powers with the object of utilising powers in 
the electrification of its most important main lines. We 
see in America the electrification of systems taking 
place, not only for passenger service, but also for the 
goods service, com ng trains of 2000 and more tons 
weight, and of —— to the complete exclusion of 
steam. One need not.be an engineer to a) iate the 
significance of such a general development. No govern- 
ment department, and certainly no board of railway 
directors, will spend money merely for the sake of an 
interesting scientific experiment, and, although it is con- 
ceivable that in an isolated case such an experiment may 
be undertaken under a miscalculation as to its possible 
success, it is not conceivable that such a miscalculation 
should be the general rule. When we see that in all 
countries a vast amount of labour is devoted to, and 
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capital is spent on, the electrification of main li we 
cannot but come to the conclusion that this new applica- 
tion of electricity is bound to progress, and that the 
persons who tell you that electric traction is all right for 
tramways and ur railways, but will never be able to 
com: oy ped ey traction on main lines, are very 
much in the position of my old Swiss friend, whose con- 
ception of power transmission was entirely limited to the 
use of ropes and pulleys. — p : 

It is just thirty years since the first electric railway 
was opened for public use. That was a small line in 
Ireland known as the Portrush-Bushmills Railway. In 
those days only the conti current motor was avail- 
able, and that only at a very moderate pressure and 
power. These restrictions were from the first felt to be 
a serious drawback, and inventors tried to overcome them 
in various ways. Of these, two may be here noted in 
passing. Ward Leonard in 1891 made the su tion of 
carrying on the train a converting station. © argued, 
= correctly, that for the of power to long 

istances the alternating current was eminently suitable, 
and that, consequently, the power should be sent to the 
train in the shape of re alternating current. 
On the other hand, such a current was, in those days, 
quite unsuitable for motors; hence the necessity of its 
conversion into continuous current, with which the then 
available motors could alone deal. Ward Leonard sug- 
gested to put on the first vehicle of the train a syn- 
chronous motor, to drive an exciter and continuons- 
current generator. The current obtained from this gene- 
rator was to be used to drive the train-motors, which 
might be distributed in a number of motor coaches. The 
regulation of speed and tractive force was to be effected 
entirely by suitable adjustment of excitation, and there- 
fore without rheostatic loss. It will be admitted that 
this proposal has some attractive features. It is essen- 
tially a long-distance system, and at the same time it 
offers the possibility of great and uniform acceleration, a 
matter of great importance in urban traffic, so that it is 
equally suitable for both kinds of service. Moreover, the 
current can be taken with unity power factor. Unfor- 
tunately, the extra whight whieh has to be carried in 
the shape of converting machinery isa serious drawback ; 
and for this reason the Ward Leonard system (excellent 
as it has = in other applications of electric power) 
has, in the domain of traction, never got beyond the 
experimental stage. 
he experiment has been made on a fairly large scale, 
but with this difference, that the traction-motors were 
placed not into motor-coaches, but on the first vehicle 
itself, which thus became an electromotive; also, in 
order to save the weight and cost of starting and syu- 
chronising gear, the asynchronous type of single-phase 
motor was adopted, thus sacrificing the advantage of 
unity power factor. The electromotive developed at the 
hour-rating 200 horse-power and weighed 46 tons. This 
is not a very brilliant achievement, and ib was beaten 
by a sister engine of the same power, but using alternat- 
ing-current motors. The electromotive weighed only 
40 tons. 

It is probable that a better weight efficiency could be 
obtained nowadays with this system if carried out ona 
larger scale, and if the a were replaced by 
a converter, in which case the step-down transformer 
would have tappings on its secondary side for starting 
and regulation. It is, however, doubtful whether even 
then it could compete with electromotives using the 
alternating current in the motors directly. Motors of 
this type have recently been so much improved that the 
margin of weight that could be saved by the use of con- 
tinuous-current motors is probably less than the excess 
weight of the converting machine. 

The other attempt to combine high tveliey voltage with 
low motor-voltage has shared the same fate. is con- 
sisted in the application of the three-wire principle of 
eontinuous-current supply to electric traction. It is in suc- 
cessful o tion at a moderate vol on a London tube 
railway, but as far as main-line working is concerned it 
has not got beyend an application on two small lines in 
Bohemia. The principle adopted is to make the trolley- 
wire of the up line the positive, and that of the down line 
the negative side of the system, whilst the rails take the 

lace of the zero-wire. Each electromotive is fitted with 

‘our motors, of which at least two are in series, taking 
1500 volts. Thus, whilst the voltage of one motor is = 
within the yy limit of 750 volts, the pressure of 
whole system is ¢ volts. The objection to this arrange- 
ment is that its fundamental supposition of a fairly close 
balance between the two halves of the three-wire system 
must in actual railway working be rather the excep- 
tion than the rule, and that the obvious remedy of 
combining both halves of the system in one and 
the same train would involve the use of two overhead 
trolley-wires, and thus introduce the very feature which 
the advocates of the continuous-current system find 
so objectionable in three-phase ‘raction. Moreover, the 
recent improvements made in continuous-current motors 
have reduced the importance of the three-wire prin- 
ciple. Continental makers are prepared to build motors 
for 1200 volts, and one English maker is actually build- 
ing motors for 1750 volts, so that with two motors 
in series a trolley pressure of 2400 and 3500 volts respec- 
tively can be used. ; 

The present tendency in electric traction is in the 
direction of simplicity, in the sense that mixing up of 
different types of current and dependence of one train on 
another is avoided. Only three types of current are used 
—namely, continuous, three-phase, and single-phase. The 
two first-named are used direct ; terdymnsirmeney ty | wm 
vention of a transformer. Ina large measure the different 
systems have already become standardised. As regards the 
continuous-current system, up to 750 volts the process 
of standardisation has been completed long ago. It is 








almost generally adopted for urban and suburban lines of 
moderate length, unless there are local difficulties as 
the third rail, or it is desired to work the sub- 
ur and the main-line service on the same m. 
The three-phase system has also been fairly well stan- 
dardised, but the le- system is still ina 
of development—a development which, however, takes 
on @ fairly large scale. In France the Compagnie 
u Midi is electrifying on the single-phase system nearly 
400 miles of track; the German Government have 
already electrified the Dessau-Bitterfeld section of the 
Leipzig-Magdeburg line, and are electrifying the line 
Lauban-Koeni t in Silesia, to say nothing of smaller 
ivate lines in the South of rmany, which have 
oo in operation for some years. In Switzerland the 
Berne-Loetschberg-Simplon Railway, already in opera- 
tion, and the Rhetian Alp Railway, nearing completion, 
also employ single-phase electromotives. Both in France 
and Germany the type of electromotive to be finall 
adopted has not yet n settled, but half-a-dozen dif- 
ferent types, supplied by as many different makers, are 
being tried, and it is in this respect that one may look 
on single-phase traction as still in the process of develop- 
ment. As regards the Loetschberg line the period of trial 
is over. Three years ago the railway any oe ordered a 
2000-horse-power electromotive, and have had it at work 
ever since with such satisfactory results that they have 
decided to adopt this _ definitely, and have ordered 
thirteen more engines, but of the htly a B tary 
of 2500 horse-power on the 14-hour rating. Of these I 
shall have to say something more presently ; but before 
entering into the details of single-phase traction it is 
expedient to glance briefly at the present position of the 
rival system of three-phase traction. 

The first pe eey of this method of working dates 
back to the end of last century, and took place on a small 
Swiss line ; then followed thé well-known Valtellina line, 
and, later still, when the Italian Government took over 
the railways, the Government engineers decided to extend 
the application of three-phase traction to some other lines 
—a decision which practical experience has shown to 
have been perfectly justified. total power re 
sented by three-phase electromotives, either at work or 
on order, in Italy to-day ex 200,000 horse-power 
me horse-power in service and 120,000 horse-power 

uilding). Ten years ago the three-phase system was the 
only possible one for main-line working ; but later on 
there came on the scene the single-phase, and, later still, 
the high-pressure continuous-current systems, and I need 
hardly mention that between the advocates of the three 
systems there has been waged a fierce battle, each ae me | 
t his is the best, and the others very inferior. Iam afrai 
that battle is still raging ; but it is a futile war, for there 
is no such thing as a best system generally. One system is 
the best for one set of conditions, and another for another 
set. Thus the German railway engineers found that the 
single-phase system would serve them best, and they 
adopted it. There is in this matter no question of personal 
feeling or national prejudice. I have no intention to 
enter the lists as an advocate for any one of the three 
possible systems for main-line traction; each has its 
ae features and special merits, and all I can do is to 
P before you some of these. As the three-phase 
system is the oldest, it will be convenient to take it first. 

It is curious to note that the three most obvious objec- 
tions which have been raised against three-phase electro- 
motives by theorists have been found to have but little 
weight in practical work. These objections were :—The 
complication of a double overhead wire, the danger that 
the motors would not share the load fairly, and the 
inability to run without rheostatic waste at intermediate 
speeds, or to run at a higher than synchronous speed to 
make up for lost time. 

That an overhead wire is inconvenient must be readily 
admitted, but the inconvenience applies to all methods 
of main-line working, for the so-called third rail is not 
a — to high pressure, and, even if it were, the con- 
sideration of the safety of the pen pe would ude 
its use. The question then is, two wires as objection- 
able as one? Possibly; but the most objectionable 
feature is not the wire itself, but the posts or gantries on 
which it is carried, and the number of posts is the same 
whether we use three-phase, cea, or continuous 
current. There is a little more complication at the cross- 
over pomts and at the switches ; but this is not a serious 
matter, if one may judge from the perfectly smooth work- 
ing of so extended a yard as that at Busalla, where there 
are 5 miles of track, connected by thirty-seven switches 
and crossin The other objection—as to the motors 
not sharing the load equally—is theoretically sound. The 
torque developed by the motor is proportional to the slip, 
and in order that the two motors on an electromotive 
shall share the load equally, their slips, and consequently 
also their speeds, must be the same. Now it is conceiv- 
able that, owing to a slight difference in the size of the 
drivers, that motor which is geared to the larger drivers 
will, by reason of its lower speed and See greater 
slip, take more than its fairshareof theload. In practice 
this difficulty does, however, not arise. With reasonably 
good workmanship there should be no sensible difference in 
the size of the wheels ; but even if we admit the possibility 
of there being a difference of Aer cent. in the diameter 
of the wheels, this would, with the slip of 3 per 
cent., only mean that the motor geared to the larger 
wheels develops 8 per cent. more, and the other 8 per 
cent. less, than its normal power. The larger wheels will 
develop 16 per cent. more tractive effort than the smaller 
wheels, having thus a greater wear, the difference 
originally existing will diminish in service. For the same 
reason, any tendency to wear unequally, say, in con- 
sequence yg ma material, is counteracted by the slip- 
adjustment of motors. This point has been tes' 
practically by the makers of the Simplon three-phase 





electromotives. It was found that if, originally, a slight 
difference in diameter of the drivers been permitted 
to exist, after a short time this had vanished—that is, as 
regards the condition on one electromotive; but if we 
come to the case of a train being hauled by two engines, 
then a sensible difference in the size of their wheels may 
exist. In this case itis necessary artificially to adjust the 
slip, so as to make each motor take half the load. This 
problem has been solved by Mr. v. Kando in the electro- 
motives which he designed for the Italian State Railways. 
In these engines only liquid resistances are used in the 


rotor circuit for and — regulation. The 
liquid is raised or oui the rheostat chambers so as 
to cover more or less of the contact-plates, and the level 
of the liquid is controlled by a solenoid under the in- 
fluence of the working current. The working current, 
and therefore also the tractive effort exer by each 
motor, is vengr| automatically kept eonstant, netwith- 
standing any difference that may exist in the size of the 
drivers on the twoelectromotives. Incidentally, it may be 
mentioned that this method of liquid rheostat control has 
also the advan of a perfectly constant acceleration 
during the starting period—a point which makes for 
comfort of travel in a three-phase train. 

The third objection advanced by theorists against 
three-phase traction is against the waste of energy con- 
sequent on rheostatic a control and the inability 
to run at more than s nous §) » 80 a8 to make u 
for lost time. The obvious remedy for the lest-nemedl 
difficulty is to fix the time-table so that the synchronous 
speed should be high enough for making up lost time, 
and to employ motors which can run economically at less 
than synchronous speed. As a matter of practical ex- 
perience, three-phase trains are not more unpunctual than 
any other kind, steam not excluded. A train pulled by a 
series-motor (continuous current or alternating current) 
runs slower on an up- le or if abnormally heavy ; this is 
one of the characteristics of the series motor, and it is 
valuable, because it limits the excess load thrown on to 
the source of power; but it is clearly net a condition 

for good time-keeping. With aseries motor time 
lost cannot be recovered on an up-grade, whilst with a 
three-phase motor the speed on an up-grade may be kept 
practically the same as on the level or on down-grades, so 
that the process of gaining time is not restricted to the 
easy parts of the line. 
he problem of speed control without rheostatic waste 
has been solved in various ways. One of the simplest 
and generally adopted solutions is that of cascade and 
single working. If the two motors are put into cascade 
connection, the speed is halved. The eis used in 
starting and on heavy grades (unless time has to be made 
up), and on the easy grades or on down grades the motors 
work singly—that is to say, in simple parallel connec- 
tions. Intermediate speeds may be obtained by some 
le- ing device. Ordinarily such devices have to 
applied to stator and rotor, but in some of the Simplon 
electromotives only the stator is arranged for pole- 
changing, the rotor being a squirrel-cage. In this 
arrangement the advantage of cascade-working has to 
be given up, but the system has the merit of great sim- 
plicity. number of poles may be changed from 
twelve at starting to eight, six, and four at top speed. 
Thus four different when 9 all without rheostatic waste, 
are possible. The single bars in the squirrel-cage rotor 
are connected at their ends by resistance-connectors made 
of an ag | having a high temperature coefficient. At 
starting the rotor current is large, and heats up these 
strips, thus automatically providing what is technically 
termed a “starting resistance.” When the motor is 
running the current is less, and by reason of the fanning 
action of the connecting-strips these get cooled so as to 
bring their resistance down to a permissible amount. 
Thus the efficiency of the motor when running under 
load is only a few per cent. less than that of a motor with 
a wound rotor. A valuable feature of the three- 
phase system is the automatic recuperation of cur- 
rent whenever the # exceeds synchronous speed 
by a few per cent. ; and connected with this property is 

e further advantage that it is impossible for a train to 
race on a down-grade. Obviously, recuperation can only 
pee if power is given to the motor. This is pro- 
vided partly by the electromotive itself and partly by the 
train pushing it on a down-grade. This means that the 
train is braked in front only, and railway engineers have 
raised the objections that such a method is vane ney” Big 
the accepted rules for safe working, which require that, 
even on a down-grade, all the couplings should remain in 
tension, which means that each coach must be inde- 
pendently braked. Here we have again a case where the 
theorists’ objections have been proved to be without 
foundation in actual tice. It is no doubt objection- 
able to brake a train in front only, if the as action 
is jerky; but with the automatically-controlled liquid 
rheostat the braking comes in quite gradually, and is 
throughout so even that it has been found possible to 
permit a higher down-grade speed with recuperation than 
with ordinary braking. On the Italian State Railways 
the regulation permits on heavy down-grades a speed of 
30 km. per hour for steam-trains, but the electric goods 
trains are itted to run at 45 km. per hour. This 
concession is not extended to passenger trains. Never- 
theless, the economic effect is considerable. Recupera- 
tion saves 17 per cent. on the coal bill, and this amount 1s 
sufficient to provide for interest and sinking fund on the 
electrical plant at the generating station. 

One advan’ of three-phase traction over steam 
traction is the weight of the locomotive in com- 
parison with its tractive force and power. Asan example, 
we may take the Giovi line in Italy, where steam-trains, 
consisting of 310 tons of rolling-stock and 202 tons of 


ted | locomotive (one in front and the other at the back), have 


by three-phase trains, consisting of 380 tons 
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of rolling-stock and two electromotives, each weighing 
60 tons (also placed front and rear). Thus there has been 
a saving in total weight of 12 tons, and at the same time 
an increase in useful weight hauled of 70 tons. 
average grade of this line, over which the whole 
traffic between the Port of Genoa and the Plain of Lom- 
bardy, is 27 per mille, and the maximum is 35 per mille. 
This traffic is now worked with forty electromotives, each 
of 60 tons weight. These engines have five driving-wheels 
connected to two eight-pole ee gear-wheels and 
rods. The pressure on each driving-axle is 12 tons. Each 
electromotive develops 2000 horse-power at the hour 
rating; thus 1 horse-power is obtained for each 30 kg. 
“= tof engine. 
number of patented designs for single-phase trac- 

tion motors is very large; but, notwithstanding consider- 
able difference in matters of detail, all motors which have 
been successfully applied in practice may be ranged under 
three great groups—namely, the so-called repulsion type, 
the repulsion type with additional excitation of the rotor, 
and the see tforward series motor. The present 
tendency israther in favour of the series motor, and the 
practical results obtained with it are certainly very 

romising. The latest design made by Dr. Behn-Eschen- 
i shows a remarkable weight efficiency. His 2500- 
horse-power electromotives(the power being at a one-and- 
a-half-hour rating) weigh only 108 tons, so that at this 
rating 1 horse-power is obtained with a total weight of 
43 kg. This compares favourably with the high-pressure 
continuous-current system, where 50 kg. to 70 kg. per 
horse-power may be taken as normal values. 

The so-called ‘‘repulsion motor” invented by Professor 
Elihu Thomson has been applied to railway work in the 
slightly modified form due to Mr. Deri, where, instead 
of there being only two brushes per pair of poles, double 
the number is provided, and the adjustment for speed 
and torque is made more accurate, whilst, at the same 
time, the commutation, being split up into two steps, 
becomes easier. In the matter of simplicity, an electro- 
motive fitted with Deri motors cannot be surpassed by 
any other arrangement. There are no rheostats, con- 
tactors, control-switches, or other gear; all the regulation 
is effected by mechanical transmission of the movement 
of a hand-wheel placed in the driver’s cab to the brushes 
of the motors. At one time it was ho that this system 
would win its way toa general application ; but, unfor- 
tunately, the motor must run somewhere near synchronous 
speed, and becomes therefore rather heavy with the low 
frequencies alone ible in traction. Moreover, as the 
power factor obtainable is only about 0.80—that is, con- 
siderably below the value obtainable with other motors— 
there does not seem to be any great future for this system 
for heavy work, although its great simplicity may still 
a. the balance in its favour on lines with a light 
traffic. 

For heavy lines the choice now lies between the 
induction motor with direct rotor excitation and the 
straightforward conduction motor, where rotor and 
stator are traversed in series * the same current. The 
former type of motor—also called the Latour-Winter- 
Eichberg motor—depends for its working current in the 
rotor on electro-magnetic induction, which produces the 
working current in the rotor much in the same way as 
the current in the secondary circuit of a transformer is 
produced by induction. Since the motor has in part the 
character of a transformer, its weight would, as is the 
case with any transformer, be unduly ——— by too 
great a reduction in the frequency. ence has 
shown that a frequency of twenty-five periods per second 
is high enough to render the transformer action effective, 
and at the same time not so high as to introduce serious 
difficulties as regards electromotive force of self-induction 
and commutation. This frequency has been adopted in 
most cases where electrification of main lines been 
carried out by motors of this class. One valuable feature 
of this motor is that at a speed slightly exceeding 
synchronism the power factor may be brought up to unity. 

At this speed the commutation takes place under condi- 
tions which may be described as theoretically perfect. A 
fair number of Continental lines have been electrified b 
using these motors, and they have also been ad ‘ 
with very satisfactory results, in the electrification of the 
London, Brighton, and South - Coast lines between 
Victoria and London Bri and to some distance 
south of London. On this line no locomotives are used, 
but only motor-coaches. It is therefore not possible to 
make a direct oy reg as to weight efficiency with a 
locomotive. The latter has only to carry the propelling 
machinery, whilst the former has to provide accommoda- 
tion for rs as well. The 600-horse-power motor- 
coaches on the Brighton line —— tons, or at the rate 
of 83 kg. per horse-power. A 1000-horse-power continuous- 
current electromotive taking current at 1200 volts weighs 
74 tons.* By making a suitable reduction for the extra 
weight of the passenger accommodation in the alternating- 
current coach, its weight per horse-power comes out at 
something like 60 kg., against 62 kg. in the continuous- 
current e 

Series motors are employed on the electrified lines 
of the Midland Company between Heysham, More- 
cambe, and Lancaster. in this case motor-coaches, 
and not electromotives, are used. At the hour-rating a 
motor-coach develops 420 horse-power, and as its total 
weight is about35 tons, we have here the same weight 
efficiency as on the Brighton lines—namely, 83 kg. per 
horse-power for the whole coach. 

Of high-pressure ti current lines there are 
many examples, both in Europe and America. The 
term “high-pressure” does, of course, not imply the same 

* See Gratzemueller’s paper read at the Paris meeting 
of the Institution of Electrical Engineers and 8. Intern. 
des Electr. (Paris, May, 1913). 








order of magnitude as in single-phase alternating-current 
lines. There high-pressure may mean anything up to 
15,000 volts, the pressure which is likely to become a 
s' in future electrifications; but in continuous- 
Sab valle on ligh-geomase, tee qenel sce in tocugieg 

ts as high-pressure. le is toemploy 
motor-coaches, and not electromotives; but there : a 
private line belonging to a steel works in Lorraine where 
two electromotives, each of 600 horse-power (four con- 
tinuous.current motors of 150 horse-power), are working 
the mineral trains under a pressure of 2000 volts. The 
Southern Pacific Railway also employs continuous-current 
electromotives of 1000 horse-power each. Each engine 
weighs 74 tons, and hauls a train of 270 tons on grades of 
40 per mille. This is a remarkable performance, rendered 
possible by the fact that with the even torque exerted by 
the electric motor a much coefficient of friction 
than is possible in steam traction may safely be permitted. 
Electrical engineers generally base their calculation of 
the ible tractive effort on a coefficient of 0.17 without 
sand, and as high as 0.25, or even 0.28, if sand is used. 
The vol in the case of the Southern Pacific engines, 
is only 1200 volts, taken by two motors in series, and 
there is provision made dunes over from the overhead 


Bird rail, with 60 
wire to third rail, with 600 volts, when the motors are all | has, 





in parallel. On European ti current lines the 
voltage is high merally 2000 volts, as on the Chur- 
Arosa and some other Swiss lines—and the tendency is 
still in the direction of higher pressures. Continental 
makers are now prepared to go as far as 1200 volts per 
motor, so that with the usual system of series-parallel 
control a line-pressure of 2400 volts becomes possible. 

The greatest step in advance in this direction has, how- 
ever, been made in England, where Messrs. Dick, Kerr 
Limited, have adopted a line-pressure of 3500 volts as 
their standard, involving the use of motors constructed 
for 1750 volte. After having experimented with this 
gh see system for two years, they have undertaken 
the electrification of a short section of the Lancashire 
and Yorkshire Railway with continuous current at 3500 
volts. Iam indebted to the firm for the following parti- 
culars. The current is collected by pan ph an 
overhead wire with catenary suspension. e train con- 
sists of a motor-coach and two trailers. The motor-coach 
is equipped with four 300-horse-power motors, and weighs 
62 tons; the trailers weigh each 26 tons. From these 
figures it will be seen that the weight of the motor-coach 
per horse-power is — 52 kg., thus consider- 
ably below what the weight of an equivalent single-phase 
motor-coach would be. It is especially the saving in 
weight and the avoidance of any telephonic disturbance 
which renders the continuous-current system so attractive 
that, in spite of a natural reluctance against the use of 
high pressure on & commutator, designers are giving 
increased attention to the use of continuous current for 
electric traction. The difficulties which some engineers 
—_ with yee -_ brushes — —a_ 
rather imaginary than if we may j rom the 
experience with the 3500-volt astepeu. © makers 
inform me that they estimate the mil for a set 
of carbon brushes at 50,000 miles. @ motors 
drive the ‘car-axles by single reduction gear, and are 
controlled by contactors operated from a master- 
controller. e current for operating the contactors, 
driving the a. motor, and for the general service 
of lighting and heating, is obtained from a small motor- 
qegcates, fed on the primary side at 3500 volts, and 

elivering continuous current at 210 volts. All motors 
have commutating poles—a practice which has become 
universal in continuous-current traction work. 

From the figures quoted above it will be seen that 
where motor-coaches are employed the continuous-current 
system has an advantage in point of ight over the 
single-phase alternating-current system. ut main-line 
traction, including goods trains, is not going to be done 
by motor es, and if we come to large tromoti ves 
of some 2000 to 3000 horse-power, then this advantage is 
likely to vanish. No high-pressure continuous-current 
electromotive has, as yet, ion built for so large a power, 
and it is therefore not possible to make a direct compari- 
son ; but, if we may judge from the largest engines yet 
built for moderate- re continuous current, there is 
little probability that the continuous-current system for 
high pressure can beat the single-phase system, and none 
whatever that it can beat the three-phase system. 

In the early days of single-phase traction some trouble 
was experienced in the matter of telephonic disturb- 
ance. A systematic investigation carried on for over a 
year on the Seebach-Wettingen line, chiefly by means 
of the oscillograph, showed that this trouble was due not, 
as had originally been , to the commutator, but 
to the employment of open slots in the rotor, and the 
trouble nearly ceased when new rotors with semi-closed 
and spiral slots were used. To further improve the 
telephonic service, the usual remedy of metallic return 
and drilling the telephone-lines was employed. Although 
by these means it is possible to render telephonic speech 
over @ line alongside a single-phase railway nearly, and 
perhaps quite, as clear as it is along a continuous-current 
railway, there still remains the danger that the telephone 
lines — a —— acquire Te A high 
poten remedy against danger, appli 
on some Swedish imental lines, is to short teenie 
the two wires of each circuit by a choking coil of very 
high inductance, the centre of which is earthed. e 
static charge is thus carried off to earth, whilst the tele- 
phonic currents are only inappreciably weakened. 

One of the advantages possessed by the al over 
the continuous current is the simplicity of tion. 

are no contactors and no rheostats used 





and speed of the motors being a by the use of 
tappings on the secondary side of transformers. As 


transformers are necessary in any case in order to work | 


with a high voltage on the trolley, the introduction of 
tappings does not materially increase the weight, whi 
at the same time it effects a great reduction in the primary 
starting current. The only difficulty that still remains is 
that of sparkless commutation, and inventors have evolved 
many, and sometimes very complicated, arrangements for 
oom & As so often happens with i i 
blems, the most simple solution i after all found to 
be the best in practice ; and of all the ingenious inven- 
tions patented during the last ten years very little use is 
made by the designer of traction motors. Broadly 
epecking, only two methods are in use: the one is the 
method first madeknown by Messrs. Winter and Eichberg, 
where the working field is produced by direct excitation 
of the rotor, and the transformer electromotive force in the 
coils short-circuited by the main is by 
an electromotive force of rotation due toa transverse field ; 
and the other method applicable to the straightforward 
— —— S ar & non-inductive shunt is connected by 

e termi the compensating or commutating wind- 
ing. The effect of a non-inductive shunt is to make the 
armature field slightly aang yd the field produced by 
the compensating winding. resultant of these two 
fields is in position coincident with the brush axis, but 

in point of time, a phase di of a quarter 
period over the working current, thus balancing the 
electromotive force of self-induction, which lags by a 
quarter period. Obviously this balancing effect can only 
take place when the motor is running, since it d 
on the balance between an electromotive force of self- 
induction inde t of speed, and an electromotive force 
of rotation which is pro ional to speed. At starting, 
when there is no speed is no compensation. 

Thus there would to be a new difficulty 
in the way of the use of single-phase current ; but, also, 
this has been overcome in quite a sim manner. 
Experience has shown that a potential difference of 
7 volts between heel and toe brush, &@ current 
density of 15 eanpunen pee sq. cm., is permissible. If, then, 
we use narrow es, covering at any time not more 
than three segments, use coils of only one turn to each 
segment, and work at a reasonably low frequoncy, and 
not too high a total flux, it is possible to keep the 
transformer voltage and current density well within the 
above limits. This is not a severe limitation, for it enables 
the designer to use a flux out of one of 2.4 megalines 
if the ye pe is 26, and 3.6 megalines if itis 15. The 
number of poles has then to be selected in accordance 
with the power desired. Obviously, the lower periodicity 
is to be preferred, the motor may be built with a 
lesser number of poles, and will then occupy less room— 
a matter of considerable importance, considering the 
limited space which is available in an electromotive. 
The > po 15 has also some other advantages over 
that of 26. ol Mage tive force of a is 

roportionately in consequence, e wer 
actor is about 5 per cent. better. The skin effect S the 
rails is much reduced, and also disturbances on neigh- 
bouring circuits, which may be due to inductive or 
capacity effects. On the o hand, the generators 
become a little more ex ive, and the transformers on 
the electromotives a little heavier. But notwithstanding 
these drawbacks, the balance of advantage is with the 
lower frequency, and that is the reason why the Commis- 
sion of Experts, called together in 1904 by the Swiss 
Government to establish standards for ification 
of the Swiss railways has decided that 15 shall be the 
standard frequency, with a tolerance down to 14, and up 
to 16%. Since then other States have fallen into line, so 
that 15 is now the standard frequency nearly all over the 
continent of ~~ The standard pressure is likely to 
be 15,000 volts. For three-phase traction the antend 
pressure is 3000 to 3300 volts. 

The subject of electric main-line traction is so vast that 
in the limited time at my disposal I have only been able to 
mention a few of the important features of this interesting 
problem. A detailed account of all that has been done in 
electrification would take far more time than we can 
spare ; but, by way of example, I give below two tables 
referring to the Italian State Railways. Iam indebted 
for the information to Mr. v. Kando, who may justly be 
described as the father of three-phase traction. 


Italian State Railways E’ectrified on the Three-Phase 
System. 
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Three-Phase Electromotives on the Italian State Railways. 
Type ..  ..| 034 | 036 | 088 050 030 
Maker... { Ganz | Ganz Ganz — nes: 
Number in service 2 S..] a 40 — 
Number building) — —- j — 45 16 
Total weight, tons| 45 62 | «62 60 66 
Weight on drivers} 45 43.6 | 43.5 60 48 
Numberof driving | 

axles .. > 4 | e.4 5 
Total number of 

axles .. wo 4 5 | 5 5 5 
Weight on drivers | 

tons} 11.3 | 145 | 14.5 12 16 

Diameter of driv-| | 

ers .. mm.| 1396 | 1600 | 1600 | 1070 1630 
Frequency (cycles! } | 

persecond) ..| 15 15 16 | 15 164 


Method of trans-| Quill & | ) 


mitting torque} flexible 
of motor to| coupl- f Cranks and connecting-rods 





driving-axles ..| ing 
Speed in kilo- 
metres perhour| 30 32-64 | 22-45-63) 22.5-45 87.5-50- 
76-100 
Method ed} | . : 
et of spe aoe |} & pole- 
regulation ..| J Cascade Cascade Cascade | ohane- 
| ing 








The most recent example of single-phase electrification 
is that of the Loetschberg line establishing direct com- 
munication between Berne and the Simplon Jine. I am 
indebted to Dr. Behn-Eschenburg, the designer of the 
electromotives for the following information :—The power 
at the one-and-a-half hour rating is 2500 horse-power, and 
the total weight of the engine is 108 tons, which 85 
tons is taken by the five driving-axles. At the normal 
speed of 50 kilometres per hour the tractive. effort is 10 
tons. This can be increased at starting to 18 tons. On 
the heaviest grade (27 per mille) the tractive-effort is 13.5 
tons, which suffices for a train of 310 tons. The maxi- 
mum speed is 75 kilometres per hour. There are two 
1250-horse-power motors. on each engine. Each has its 
own transformer and controller, the principle of duplica- 
tion being carried out in all the details, so that in the 
event of a defect to any one part, the other remains ser- 
viceable. The potential difference between tappings is 
45 volts, and the last step gives, with 15,000 volts on the 
trolley, 520 volts. This is in excess of what is required 
by the motor, and thus provides for the event that the 
trolley-voltage should for some reason fall below the 
standard pressure. The normal voltage of the motors is 
420, and the full-load current 2700 amperes. At starting 
on the level the line-current is about one-third of the 
full load-current, and the power 10 per cent. of the 
full power. When starting on an up-grade of 27 per 
mille with a train of 310 tons the current taken from the 
trolley is 40 per cent. of the normal full-power value, and 
thie acceleration 0.05 metre per second second. The 
current is taken from the overhead trolley by two panto- 
graphs, the pressure being 15,000 volts and the frequency 
15. The controller drums are each worked by an electro- 
motor and rocking pawls under the electric control of a 
master-controller, so that the driver is relieved of any phy- 
sical exertion in attending to the regulation of. the motors. 
These have 16 poles, a compensating winding to increase 
the power-factor, and commutating poles shunted by a 
non-inductive resistance to ensure sparkless collection. 
The power-factor is about?.95 over a wide range of load. 
The motor is bom by double helical wheels (ratio 1 : 
2.23) to a blind axle, from which the turning moment is 
transmitted to the drivers by cranks and connecting-rods. 
The weights are as follow :—Motor, 11.8 tons; gear, 
2 tons; transformer, 7.5 tons; and controller, 1 ton; 
total, 22.3 tons; or at the rate of 17.8kg. per horse-power 
on the one-and-a-half-hour rating. he total weight 
of the electromotive is at the rate of 43 kg. av the same 
rating. This is a remarkably high weight efficiency. 
which has up to the present not been reached by any con- 
ti urrent elect tive, and has only been su 
by the three-phase 2000-horse-power electromotives (taken 
at the one-hour —? of the Italian State Railways, 
which works out at 30 kg. per horse-power. . 

In conclusion, let us briefly glance at what is being done 
in the electrification of the Gothard line—that main link 
of commerce between Germany and Italy. I am indebted 
for the following notes on the subject to Mr. Huber- 
Stocker, the scientific adviser to the Swiss Government 
in the matter of railway electrification: The part to be 
electrified first is that between Erstfeld and Bellinzona, a 
total length of 110 km., of which about 29 per cent. is in 
tunnel. This part also contains the longest and heaviest 
grades, so that the limitations of steam, as compared with 
electric traction, are here most prominent and a relief 
most urgent. On this section the average daily train 
movement, taking both direction: together, was, in 1911, 
not less than 1,680,000 km.-tons, and the maximum on 
any day 2,282,000 km.-tons. It is estimated that in 1918 
the average train movement will have increased by 35 per 
cent. over 1911, and in 1928 by a further 30 percent. In 
the 45 km. on the north side of the tunnel the train climbs 
569 metres, and in the 65 km. on the south it descends to 
Bellinzona 900 metres, with a steepest grade of 27 per 
mille. The section Erstfeld-Airolo is to be opened for 
electric traction in four years from now, and the southern 
section one year later. The present ments are 





made with the intention of extending the electric service 
on the north to Lucerne (60 km.), and on the south to 
Chiasso (55 km.) at some future date not yet fixed. There 
will be two large power-stations, one at Amsteg, where at 
firat 32,000 horse-power will be available on the turbine- 
shafta, and 56,000 to 60,000 when the station is com- 





pleted ; and the other at Piotta, where at first 40,000, and 
finally 50,000 horse-power will be available. The head of 
water in the northern power-house is 267 metres down to 
the Reuss, and an accumulation of one million cubic 


metres is provided for to com) te for diurnal varia- | d 


tions. In the southern power-house the head of water is 
900 metres, and there the Ritom Lake offers a natural 
reservoir, with 19 million cubic metres, to compensate for 
annual variation in the water supply. The power-cur- 
rent will be sent along the line by two independent 
cables, each capable of carrying the tull power at twice 
30,000 volts, with earthed neutral. The current will be 
transformed down to 7500 volts at first, and 15,000 volts 
later on, if the experience gained with the lower pressure 
should warrant the increase to double pressure. This 
will not involve any additional plant, since the secondary 
winding of transformers both along the line and on the 
locomotives can from the first be arranged with this 
alteration in view. It is also contemplated to establish 
sub-stations in Biasca, Goeschenen, Lavorgo, and Bellin- 
zona. The trolley wires will be suspended from gantries, 
each wire independently insulated. The section varies 
according to the ient from 100 to 160 square milli- 
metres. The feeders are separate for the up and down 
line, and are 100 square millimetres in section. At all 
railway stations there are change-over switches for 
trolley wire and feeders. In the tunnels the wires are 
carried by brackets fastened to the crown of the 
tunnel. The rails will be bonded, and, in addi- 
tion, there will be a bare return conductor either 
laid in the und or placed between the trolley 
wires. A variation in the supply of voltage of from plus 
10 to minus 15 per cent. is allowed for. There will be 
no motor-coaches used, only electromotives. It is in- 
tended to haul express trains weighing 420 tons with a 
speed of 50 km. per hour on grades of 26 per mille, for 
which service the electromotive will have to develop 3000 
horse-power on the rails. Goods trains weighing up to 
670 tons will run with a pone of from 27 km. te 28 km. 
per hour, and have two electromotives, one in front and 
one in the rear, each rated at 2800 horse-power. Pas- 
senger trains will be heated by steam, the boiler being 
carried in a special heating coach. Except for the stipu- 
lation that the traction must be single-phase at 15 fre- 
quency and a voltage of 7500, which may eventually be 
raised to 15,000, no definite type of electromotive has as 
yet been selected, but there can be nu doubt that several 
of the already existing types of mono-phase electromotive 
o- be adapted to the special requirements of the Gothard 
ne. 





THE INTERCRYSTALLINE COHESION OF 
METALS.* 
(Szconp Paper.) 

By Watrer Rosennatn, B.A., D.Sc., F.R.S. (Member 
of Council), and Donatp Ewen, M.Sc. (both of the 
National Physical Laboratory). 

In their first paper on this subject (') the present authors 

have put forward what they believe to be important 

evidence in favour of an hypothesis relating to the 
mechanism of intercrystalline cohesion in metals. This 
hypothesis, which may be briefly termed the ‘‘ amorphous 
cement” theory, indicates that the crystals of which 
metals are built up are held or ‘‘ cemented” together by 
an extremely thin layer of amorphous or non-crystalline 
material chemically identical with the substance of the 
metal or alloy in question, but in a widely different 
physical state. The amorphous condition of this inter- 
crystalline layer is regarded as being identical with, or at 
least closely analogous to, the condition of a very greatly 
undercooled liquid which has remained in that condition 
in the minute interstices which occur where adjacent 

“a meet one another in various orientations. 
he theory as put forward m4 the authors, and even 

the experimental evidence which they adduced in sup- 
port of their view, has subjected to a considerable 
and very welcome amount of criticism, and this has led 
the authors to carry their eggs tee study of the whole 
question considerably further, following, however, en- 
tirely different lines of reasoning and experiment from 
those _— in their previous work. In considering the 
value of the evidence contained both in the previous and 
in the present paper in regard to the support which it 
affords to the we! in question, it must be borne in 
mind that such a theory cannot, in the nature of the 
case, be subjected to direct experimental demonstration. 
Indeed, it is difficult to find any one line of experimental 
evidence which cannot be to some extent weakened by 
criticism which seeks to explain the observed phenomena 
in some other way which each critic for the time being 
regards as more plausible. Many of these separate 
explanations are in themselves difficult to sustain in the 
face of general knowledge, and this difficulty becomes 
enormously increased when, in order to meet the easy 
and —- explanation offered by the amorphous cement 
theory for a whole series of phenomena, it is suggested 
that we should accept separate and different explana- 
tions for each set. It then mes & question of proba- 
bility whether the one simple explanation is not more 
rational and more hkely to be true than a number of ways 
of by oem 2 away facts which deductive reasoning from 
the theory has brought to light. As the series of such 
facts is growing steadily, the case for the theory becomes 
correspondingly stronger. 


Since the publication of the authors’ previous paper | graduall 


the case for the amorphous cement has received 
considerable support from the results of a research upon 
the behaviour of iron and mild steel at high temperatures 


* Paper read before the Institute of Metals at Ghent, 
August 28, 1913. 








which has been carried out by one of the present authors 
in conjunction with Mr. J. C. W. Humfrey, and an 
account of which has been published in the Journal of 
the Iron and Steel Institute (?). Although that research 
deals principally with iron, its results are of such 
importance for the amorphous cement theory that they 
must be briefly considered here. 

The research in ae dealt, among other matters, 
with the mode of deformation and the mechanical pro- 
perties of very soft steel at high temperatures, and both 
the mechanical tests and the microscopic observations 
gave results which it would be exceedingly difficult to 
understand without the aid of the amorphous cement 
theory. In regard to microscopic observations, the 
results may be summarised by saying that while at 
the lower temperatures of the range investigated by 
Rosenhain and Humfrey—that is, from 500 deg. Cent. 
to 900 deg. Cent.—the strained specimens of iron 
exhibited much the same features as iron strained in the 
cold, a very different mode of deformation became 
apparent at temperatures above 900 deg. Cent. Here 
the development of slip-bands, which had been profuse 
at the lower temperatures, was very slight, and the 
crystals of the strained specimens showed little sign of 
deformation or stretching even when the test-piece as a 
whole had undergone large extension. On the other 
hand, the displacement of the intercrystal boundaries, 
which is comparatively slight at lower temperatures, 
was seen to become very large indeed above 900 deg. 
Cent., thus leading to the conclusion that while the 
mv of iron at those high temperatures had them- 
selves undergone very little distortion, the extension of 
the piece as a whole had largely taken place by means of 
movements in the intercrystal boundaries. When such 
strain was carried to the point of fracture a correspond- 
ingly striking difference was observed ; where slip-bands 
were freely developed, and the crystals were themselves 
elongated, the fracture showed the usual “fibrous ” 
form, and considerable local contraction took place. Above 
900 deg. Cent., however, there was no local contraction, 
and it was clearly seen that the type of fracture was inter- 
crystalline. Another very important factor was, how- 
ever, found to enter into these phenomena, and this was 
the rate at which the strain was applied. The descrip- 
tion just given relates to what occurs when the rate of 
straining 1s. very slow or moderately slow. When rapid 
rates of strain are employed, however, the special features 
of deformation and fracture above 900 deg. Cent. largely 
or entirely disappear—there is again marked elongation 
of the crystals with slip-band development, no large dis- 
| meron. occurs at the intercrystal boundaries, and the 

racture is again of the “fibrous” type, with some reduc- 
tion of area. The mechanical data confirm these differ- 
ences, since it is found that rapid rates of straining lead 
to very much higher values for ultimate stress, the varia- 
tions due to this cause amounting in some cases to several 
hundreds per cent. The relation between ultimate stress 
and rate of straining has been quantitatively deter- 
mined, with the result that a parabolic law of the form 
R = S* has been found to connect the two factors, a law 
whose very form suggests the intervention of a viscous 
liquid in the phenomena. : 

The explanation of the phenomena briefly outlined 
above, and more fully described in the paper of Rosen- 
hain and Humfrey, is exceedingly simple on the amor- 
= cement theory. Since this same explanation also 
ies at the base of the experimental facts to be described 
in the present paper, detailed consideration may be given 
to t. 

_ According to the amorphous cement theory we have 
in pure, or nearly pure, metals an aggregate of crystals 
between which there is present a very thin layer of 
amorphous metal. In the case of a pure metal this layer 
will consist entirely of the pure metal itself, but in alloys 
its composition will be somewhat different—always, how- 
ever, the amorphous layer must be regarded asa residuum 
of the mother substance, whether liquid or solid, in which 
the existing crystals have been formed. Now as this 
cementing substance is assumed by the theory to be of 
the nature of greatly undercooled liquid, it must possess 
the properties of such a substance. What those properties 
are we may judge from those cases in which greatly under- 
cooled liquidsare known to us. AsTammann has shown (°), 
the great majority of ordinarily crystalline substances can 
be obtained in the form of metastable undercooled 
liquid—that is, in the vitreous condition—by sufficiently 
rapid cooling through the freezing temperature, and he 
has further shown why, at temperatures very far below 
their freezing-point, such substances show pontieny no 
tendency to undergo crystallisation. Perhaps the most 
familiar examples of such amorphous substances are glass 
and vitreous silica, and their mechanical properties at 
temperatures some 900 deg. to 1000 deg. Cent. below their 
normal freezing or crystallising point are of interest in 
the present connection. Such substances are very much 
harder and more brittle, but also much stronger, n the 
same substance in the stable crystalline form. A glass is 
much harder than a felspar or a Wollastonite of the same 
chemical composition. Further, although they are essen- 
tially of the nature of liquids, these substances do not 
possess the mobility which is ordinarily associated with 
the term “liquid ”—that is, their viscosity is very great 
at the ordinary temperature, but, on the other hand, 
there is still evidence that they possess the power of 
flowing. Thus it is well known to chemists that glass 
tubing, if allowed to lean against a wall at an angle, will 
ly bend under its own weight, while vitreous 

silica, although still harder and more viscous than glase, 
et undergoes some slight amount of flow, as has been 

‘ound in the course of the attempts which have been made 
at the National Physical Laboratory to construct a stan- 
dard meter of this material (4). With rising tem ture, 
however, the viscosity diminishes, slowly at first, but 
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with increasing rapidity as the temperature rises, until at 
the melting-point of the crystalline phase the amorphous 
substance reaches the same degree of fluidity as the 
molten material. 

Bearing in mind the properties of the undercooled 
amorphous class of materials which have just heen indi- 
cated, we may consider the effect of the presence of such 
a material in the intercrystalline boundaries of a crystal- 
line aggregate. At temperatures far removed from the 
melting-point of the crystals, the amorphous cementing 
layer will be harder and stronger than the material of 
the crystals; the intercrystal boundaries will thus be 
materially strengthened and stiffened by its presence, 
and we find, in accordance with this anticipation, that 
when such an aggregate is strained, deformation takes 
place largely within the mass of the crystals, and 
only comparatively slight displacement occurs at the 
boundaries. The relation of slip-bands to crystal boun- 
daries at the ordinary temperature has been specially 
studied by Humfrey (), who has found that the 
crystals are stiffened or supported in a very marked 
manner. But as the temperature is raised, the relative 
hardness and stiffness of the amorphous material will 
diminish, slowly at first, and very rapidly as the melting- 


Fig. 1. 
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Fig, 4a. Fic. 48. Fig. 4c. 


point is approached. On the other hand, there is reason 
to believe that the resistance of crystals to deformation 
by slip does not fall off very materially with rise of tem- 
perature. Diagrammatically the relative behaviour of 
crystals and of amorphous cement may be represented b 

Fig. 1, where the full curve represents the stable liquid, 
and, at lower temperatures, the crystalline material, 
while the dotted curve represents the undercooled liquid. 
The curve AB represents the ‘‘strength” of the stable 
liquid phase above the melting-point ; the ‘‘ strength” in 
the case of a liquid is, of course, a somewhat vague 
expression, since, in a viscous fluid, it will depend 
entirely upon the rate of extension. For a suffi- 
ciently slow rate of extension the “strength ”—that 
is, the power of resisting the applied forees—must be 
zero, but for a definite rate of extension the liquid must 
possess a definite power of resistance, and in the case 
of such very viscous liquids as glass or silica such 
‘* strength ” is readily measured in the ordinary way. 
The exact shape of the curve A B and of the dotted 
curve B E F G will thus depend upon the rate of exten- 
sion employed when the “ s ” js determined—so 
that the term “‘ strength” must be taken in a somewhat 
special sense. On the other hand, since the liquid, if 
undercooled, through no critical o—- at the 
freezing point (B in the diagram), the curve B E F G must 
be continuous with A B, and its parabolic shape is in 
accordance with the known (*) relationship of temperature 
and viscosity in many liquids. On the other hand, the 
crystalline phase a @ critical change at B, and 
we have therefore the discontinuity represented by B C 








in the strength. The line C D, which has been drawn 
straight for simplicity, —_ ts the resista 
extension of a single isolated crystal—all that is required 
for the present pu’ is that the line C D crosses the 
curve B E F G—and the known relation between such sub- 
stances as vitreous and crystalline silicates justifies the 
shape of the two curves as drawn in Fig. 1. This dia- 
gram, although admittedly largely of a qualitative nature, 
is yet sufficient toexplain the phenomena found by Rosen- 
hain and Humfrey and the new data presented below. 

At temperatures materially below the point F, where, 
therefore, the intercrystalline boundaries will still be 
stronger than the y of the crystal, deformation will 
be of the ordinary or ‘‘ low temperature” type, but at 
temperatures immediately above the point F the cement- 
ing yer in the boundaries will be weaker than the crys- 

ine material, and there will be a strong tendency lor 
the deformation to take place in the boundaries, while 
the crystals themselves remain practically free from slip. 
In the case of iron, investigated by Rosenhain and 
Humfrey, this change is particularly marked, because at 
a temperature which is somewhere in the neighbourhood 
of the point F for ordinary rates of straining the crystal- 
lised iron undergoes an allotropic transformation by which 








tity will recrystallise as soon as the metal comes to rest. 


to | At the end of the straining process, therefore, we should 


expect to find signs of great disturbance at and near the 
boundaries, and the crystals should show no signs of 
elongation, but their boundaries will not—and indeed 
cannot—be the same as they were before deformation. 
But not only does the diagram of Fig. 1 account for the 
observed results when very hot metal is slowly strained ; 
the effects of rapid 7 are equally well accounted 
for. The dependence of the shape and ition of the 
curve A B E F G upon the rate of straining has already 
been emphasised. If a higher rate of straining is em- 
ployed, the curve will be moved to the right into some 
Saab position as that indicated by the dotted line X Y 
crossing the line CD at Z. For temperatures between 
F and Z, therefore, rapid straining will result in defor- 
mation and ture of the ‘‘low-temperature type,” 
while slow straining will result in intercrystalline defor- 
mation and fracture. 

The diagram of Fig. 1 has been employed thus far to 
indicate the-manner in which the amorphous-cement 
theory explains the observations of Rosenhain and Hum- 
frey on strained y-iron. The indications of the curve 


| may, however, be extended in another direction, and this 
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the crystals themselves become harder and stronger. 
The cementing material, being amorphous, does not 
undergo any allotropie, changes, and is thus left suddenly 
much softer and weaker than the crystals. For this 
reason the transition from one type of deformation and 
fracture to the other is very marked and sudden at 
900 deg. Cent. in iron or soft steel: in metals free from 
allotropic changes the transition would be much more 
sanded F 

The amorphous cement ei and its consequences, 
as indicated in the diagram of Fig. 1, thus account for 
the mode of deformation and fracture observed in the 
case of iron at temperatures above 900 deg. Cent. With 
regard to this explanation, however, it should be added 
that it ie not supposed that the on te of intercrystalline 
cement is thick enough to allow the more or less irregu- 
larly-shaped crystals to slide past one another freely ; the 
softness of the cement merely removes the boundary 
support from the crystals, and deformation consequently 
occurs almost entirely at or neer the boundaries. As a 
result of this deformation, fresh quantities of amorphous 
material will be formed in consequence of molecular dis- 
turbance, and from the thickened amorphous Jayer thus 
temporarily formed during deformation the excess quan- 
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leads to the experimental work which forms the basis of 
the present paper. 

The “low-temperature type” and the “ high-tem- 

rature type” of fractures, as well as of deformation, 

as already been referred to in reference to iron, but it 
has occurred to the authors that, in to the type of 
fracture at all events, the indications of the curves might 
readily be subjected to experimental verification in poet 
to a whole series of other metals. For it obviously follows 
from the diagram of Fig. 1 and the explanations already 
given that, at temperatures above the point F (for slow 
straining), fracture of the intercrystalline type should 
result, and if the fracture is brought about at a point far 
enough above the point F to make the difference in 
power of resistance between the amorphous cement 
and the crystalline material large enough, not only should 
the fracture be of the intercrystalline type, but it should 
occur without any material deformation of the crystals 
themselves, even if the crystals are those of extremely 
—_ oe The ae — —_— at —_ such a 
result might be anticipa will, of course, depend wu 
the exact shape and position of the two curves AB E FG 
and C Din the diagram of Fig. 1, but so long as the point 
F does not lie excessively close to the point O, the result 
indicated should be obtainable in the vicinity of the 
melting-point. It may be said at once that the results 
thus anticipated from the amorphous-cement theory have 
been obtained in a striking and satisfactory manner in 
the case of such typical metals as lead, tin, aluminium, 
and bismuth, using metal of a high degree of purity. 
Owing to the somewhat considerable quantities of metal 
required for the experiments, the more costly metala, 
such as pure silver and gold, bave not yet been employed, 
while other metals, such as copper, have been avoided, 
owing to the uneertainties due to oxidation at high tem- 
peratures. Some confirmatory results have also been 
obtained with a specially-prepared pure eutectic alloy of 
lead and tin. 

The method of experiment which has been adopted has 
consisted in preparing a bar or test-piece of the metal 
by melting it and casting it in a suitably-shaped mould 
made of pure graphite. By previously warming the 
mould, and by regulating its rate of cooling, specimens 
of the desired shape could be obtained with a crystal 
structure whose scale could be varied to almost any de- 
sired extent, from the minute structure resulting from 
chilling the mould in water to test-bars consisting of one 
or two large crystals. The bars thus prepared were then 
suspended in a vertical position from a suitable support, 
pom | held by means of brass clips, and a small weight 
could be hung from their lower ends in order to exert a 
slight and constant load. The actual weight employed 
was about a Ib. oe =e cross-sectional area was 
approximately 0.125 sq. in., stress employed being 
thus about 72 pk gs <= % This load wen adapted be- 
cause several with lead in particular showed that 
a heavier load produced fracture which, while still of the 
intercrystalline type. was accompanied by some deforma. 
tion of the crys 


8. 
The method of heating employed in the experiments 
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consisted in raising the temperature to a point about 
50 deg. Cent. below the melting-point of the 
question, and holding this tem ture for one hour. The 
loading weight was then attac and the temperature 
slowly and steadily raised at a rate of about 3 deg. Cent. 
per minute. In some of the later es however, 
the rate of heating was considerably reduced in the 
jem 4 of the temperature of fracture. The central por- 
tion of each of the test-bars, which were usually cast 
about 7 in. long, was enclosed by a silica tube, leaving 
an air-space of approximately 4 :n. all around bar, 
and by means of a suitable winding this tube could be 
electrically heated to any desired temperature. Two dis- 
tinct series of experiments were made, one with flat-sided 
bars, from which the type of fracture could be most con- 
veniently observed and photographed, and the other with 
round bars, in which a protected thermo-couple was em- 
bedded for the purpose of determining the exact tempera- 
ture at which fracture took place under the load em- 
ployed. Each metal (that is, lead, tin, bismuth, and 
aluminium) was tried both in the condition of fine and of 
coarae — structure, fractures being obtained of each, 
both in the cold and near the melting-point. 


The appearances of the fractures are shown in the 
eng Figs. 2 to 11 inclusive. These photographs 
ave been taken in most cases from the flat sides of the 


test-bars, measuring 7 in. in length by 0.5 in. in width 
and 0.25 in in thickness. The were cast with as 
smooth a surface as possible, and were then etched with- 
out previous polishing. In the case of the metals with 
the coarser types of structure the stals can be dis- 
tinctly seen on the etched surfaces both before and after 
fracture, and there is no difficulty in identifying the 
crystals in the vicinity of the fracture. In addition, 
trates of the fracture-surfaces themselves are also 
given. It should perhaps be mentioned that there can 
be no question as to the etching process having influenced 
the results of these experiments, since at high tem- 
peratures unetched specimens have given the same types 
of fracture as those previously etched, while at the ordi- 
nary temperature previously-etched specimens have given 
the same ductile fractures as unetched test-pieces. 

ep oe sie = ee ape ek lead 
was employed. e exact degree of purity of this mate- 
rial has not been determined, but it is of the same 
standard as that habitually employed for the standardisa- 
tion of thermo-couples, and has been found, on careful 
observation, to yield a sharp and definite freezing-point, 
thus indicating a high d of purity. 

Fig. 2 shows, side by side, full-size photographs of two 
fractures of Le amy circular test-bars of this lead, the 
upper one broken at the ordinary temperature, and 
showing the usual high degree of ductility, with the 
section redu almost to zero at the point of fracture. 
The lower gees ya of Fig. 2, however, shows the 
fracture of the same material when loaded as described 
above, and gradually heated until fracture took place. 
The total absence of elongation and reduction of area is 
very evident, while the Jagged edge of the fracture sug- 
gests its intercrystalline c ter. Fig. 3 shows the 
squsenene of a fracture similar to that of the lower 
photograph in Fig. 2, but taken from a bar of square 
cross-section having a fairly small crystal structure. The 
photograph shows the fractured surface under a magni- 

cation of three diameters, and the individual crystals 
radiating inwards from the outside surfaces of the bar 
are very clearly shown. This fracture recalls that of a 
piece of cast steel or other hard metal rather than that of 
pure lead. A coarsely-crystalline bar of the same lead 
gave a striking intercrystalline fracture, but owing to 
the pees with which etched lead tarnishes, it has not 
been p ssibie to take a satisfactory photograph showing 
the relation of the fracture to the crystalline structure as 
existing before fracture. The specimens th ves, how- 
ever, are entirely a 

Experiments with Tin.—The material employed was 
Kahlbaum a tin, —» be "ro e ae = 
regard to the purity of the lea apply to this 
material. As even ‘‘commercially pure” i is @ par- 
ticularly pure material, the metal employed in the 
ot we experiments is probably very pure indeed. The 

aviour of this material when broken at a high tem- 
ay ees =% - ay  - bars of sootangaber ae 
is illustra y otogte of Fig. 4, page 371, 
which show the structure o’ the bar before straining, 
and after it been broken, magnified two diameters. 
The lighting of the specimen in the two cases is very 
slightly different, and this makes the relative brightness 
of some of the crystals somewhat different in 
amgueme taken before and after fracture, but the same 
crystals can readily be identified in both. 

aro | aaa manner in which the oy oy follows the 
crys undaries is very clearly seen in specimen ; 
in the photograph, Fig. 4B, the true of the frac- 
ture is somewhat obscured by the slightly out-of-focus 
inage of the sloping surfaces of the fracture itself which 
lie ind the plane of the etched surface of the 
In order to overcome this difficul’y a second photograph 
of the fractured specimen is given in Fig. 4c, and in 
this the true edge of the fracture has been made 
obvious by carefully and accuratel Meshing 
interfering indistinct images. The ing-ou 
controlled by ‘ul comparison with the i 
itself. Similar ble -oub i the sake of 
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by these Fig. 5 shows a porti 


photogra 
fracture of tin at a temperature 
but the higher magnificati 


1 
in this case (10 


metal in | bou: 





makes the pulling apart of the crystals along their 

ndaries very plain. It may be mentioned that Fig. 5 
is the — photograph in the present taken under 
vertical illumination. Finally, Fig. page 373, shows 
two fractures of rectangular of tin, the upper one 
broken while hot and the other broken in the cold, both 
magnified 14 diameters. The crystal size of both speci- 
mens is equally large, but the piece broken in the cold 
shows the elongation of the crystals, the local contraction 
at the fracture and the cleavage-fracture running across 
the —— and not along their boundaries, these being 
typical of normal fractures. 

Experiments with Aluminiwm.—These were conducted 
on the same lines as those described in the case of tin, 
but the material in this case was rather less pure, being 
simply the purest form of aluminium obtainable commer- 
e y and — ing yy 99.7 per — of 
aluminium. in y one photograph is given, Fig. 7, 
page 373, which shows the in stalline fracture, un- 
accompanied by distortion, whieh is obtained when 
this metal is broken under a low load near its melting- 
point, 

Experiments with Bismuth.—Bismuth was chosen as a 
pa brittle metal in contrast to the very soft and 

uctile ones previously dealt with. In this case the frac- 
ture in the cold could not, of course, show any elongation 
of the crystals or reduction of area, but it did show very 
clearly that the brittle fracture in the cold takes place 
along the cleavages of the crystals and not along the 
ana ma boundaries. The fracture at a temperature 
near the —eeres however, exhibits the same 
features as have ly been described for the other 
metals, except that—owing to the great brittleness of 
the crystals themselves—a few fragments have become 
detached at the moment of fracture. Fig. 8 shows the 
same bar of bismuth before and after fracture at a high 
temperature, and it will be seen that the pho p 
illustrate the same features as in the case of tin and 
aluminium. The contrast between the two types of frac- 
ture, as obtained at the ordinary temperature and near the 
melting-point, is best illustrated Ane examination of the 
fractu surfaces themselves. ese are seen side by 
side in the two pho! phs of Fig. 9, magnified two 
diameters. The right-hand photograph illustrates the 
typical cleavage fracture obtained at the ordinary tem- 
perature—the flat cleavage faces of the broken crystals 
are plainly seen in the figure. On the left-hand side is 
shown the typical high-temperature fracture of a portion 


but with the other metals this was not the case, and the 
mere fact that the fractures shown in the photographs 
have been obtained at all serves to prove that the pheno- 
menon occurs at a temperature below that at which the 
metal begins to melt, otherwise sharp-edged fractures 
could not have been obtained. 


Temperature of Brittle Intercrystalline Fracture. 








Position of Tempera-| Freezing- 
Metal. | Condition. | prermo-couple. | ture. Point 
deg. Cent. |deg. Cent. 
Lead ~aes crys-|Insilicatube  .. S593 eso 
Lead ‘ — erys-|Tubular ingot 824 327 
8 
Tin .. on — Couple jin. from 223 232 
fracture | 
Bismuth ..|Small crys-|Couple } in. from 261 268 
tals fracture 
Aluminium |Small crys-|Couple § in. from 637 657 
tals | fracture 














Although the phenomena of intercrystalline brittleness 
at temperatures just below the —_~ | int were first 
sought for because their existence h nm predicted 
from the amorphous cement theory, and the authors 
therefore regard their observations as strongly supporting 
that theory, it is yet necessary to consider whether any 
other explanation of these phenomena can be given. At 
least one such alternative explanation suggests itself at 
once, and deserves careful consideration ; this is the view 
that the phenomena may be due to the presence of fusible 
impurities or eutectics in the intercrystal boundaries even 
of a ‘‘pure” metal. There are, however, difficulties in 
the way of that explanation which the authors regard as 
conclusive. 

In the first place, the metals cmgtapet by the authors 
for their experiments are of a high degree of purity—so 
high, ind that it would probably have been necessary 
to develop special methods of analysis in order to deter- 
mine the true quantities of the ‘‘ traces” of impurities 
which are poe in these materials. Admitting that 
there may be very small but appreciable quantities of 
impurity present even in the purest metals obtainable, 
the question arises, in what form or condition such im- 
purities will exist. If they are capable of dissolving in 
the metal when the latter is fluid, we may expect to find 
them present either in solid solution, or, it may be sug- 


of the same of bismuth, This fracture is a particu- | gested, in the form of very thin films of “‘eutectic ” in the 
larly difficult subject to photograph, and the picture, | in stalline boundaries. If they are present in the form 
while it serves to show the marked difference between | of solid solution, then they will not be very greatly concen- 


the two types of fracture, does not make the intercrystal- 
line nature of the hot fracture nearly so evident as does 
an inspection of the specimen itself ; the absence of the 
fiat cleavage surfaces and of the typical lines and mark- 
ings of such faces in bismuth is, however, evident even on 
the poteneee. 

@ experiments already described show definitely that 
at some temperature below the melting-point of the metal, 
bars of certain pure metals undergo fracture under a very 
moderate stress by the separation of the crystals from 
one another along their boundaries, and without any 
appreciable distortion of the crystals themselves. Inci- 
dentally it may be remarked that the eral fact that 
all metals become extremely weak and brittle at tempe- 
ratures near their melting-points has long been known, 
and is utilised in certain industrial processes ; so far as 
the authors are aware, however, the nature or mechanism 
of this brittleness was not known, and it has remained 
for the amorphous cement theory to lead to the predic- 
tion that at temperatures near their melting-points 
metals would exhibit brittleness of an intercrystalline 
character. 

In order to determine the exact temperature at which 
these brittle interorystalline fractures occur, a speci 
series of experiments was undertaken. A first attempt 
to determine the temperature of the test-bars in these 
experiments by lashing a thermo-couple against their 
surface was soon found to give unsatisfactory resulte, 
probably because the thermo-couple in such circumstances 
is always somewhat hotter than the mass of the metal. 
An attempt was next made to prepare test-bars or rather 
ingots, of a tubular form, so that thermo-couple could 
be introduced into the centre of the bar. It was, however, 
found very difficult to make such castings, and only in one 
case, working with lead, was the attempt successful. The 
method ultimately adopted was to insert into one end of 
the mould a very thin tube of vitreous silica closed at one 
end. The metal was allowed to solidify around this tube, 
and a thermo-couple was then i into this central 
tube in such a way as to measure the temperature of that 

of the bar which was placed in the hottest part of the 

ting-tube during the experiment. Unfortunately, frac- 
ture did not always take place exactly at the of 
silica-tube where the thermo-couple was situated, and the 
temperatures given by that means are therefore rather 


bar. | maximum values—the actual fractures ay “y"} — 
or 4) lower 


at points in the metal a few d —— 
than the temperature imttionted. ith thie reservation 
the temperatures at which fracture of the brittle inter- 
crystaliine type took iam, peters lend rey was not large 
enough to cause material elongation 
Se See = Seen eae. , aie ia 
‘or comparison, the freezing-poin e 
same nvotels as determined with the same thermo-couples 
are given in the last column of the table. It will be seen 
that although in the case of lead the brittle fracture is 
obtained at a temperature only 3 deg. Cent. below the 
freezing-point, A the differences between the observed 
temperatures 


an apparen 
the |had heen melted by” heat. In the case 





trated (if at all) in or near the crystal boundaries, and 
therefore cannot play any part in the phenomena under dis- 
cussion. Now itis admitted that there must be some small 
degree of mutual solubility in the solid state between any 
two substances, and it therefore follows that in very pure 
metals all the impurities present must be held in the state 
of solid solution. But even if we suppose that the solu- 
bility of one of these impurities is so small that even the 
minute quantity present in the metal cannot be retained 
in solid solution, it does not follow that the foreign sub- 
stance in question can be present as a eutectic at all, and 
still less as a continuous intercrystalline film. In the 
first place, only a few even of the metallic impurities 
likely to be t in thece metals are capable of form- 
ing a eutectic. Taking the case of lead, the impurities 
likely to be found are antimony, copper, iron, silver, zinc, 
and, very rarely even in commercial lead, nickel and 
bismuth. Of these, only four-—antimony, zinc, silver, 
and bismuth—form eutectic alloys, and before these 
could form a film which could affect the phenomena, they 
would have to be t in a sufficient quantity. hat 
is this quantity ? e answer may be sought by studying 
the structure of known alloys of lead with other metals, 
and of these the lead-tin system has been most carefully 
studied (*). Reference to the photomicrographs illus- 
trating the paper of Rosenhain and Tucker on this serics 
will pe Bows that when the eutectic alloy first makes its 
a at the thin end of the series, the proportion 
re) jead present is of the order of 1 per cent., and at that 
concentration the eutectic does not form continuous cell- 
walls, but lies in short streaks and patches; a concen- 
tration of 2 per cent. of lead is required before a sufficient 
eutectic network is formed to affect the mode of fracture. 
At the lead end of this series a concentration of over 16 per 
cent. of tin is required before eutectic appears, and it is 
most probable that the solubility of many other metals 
in solid lead is of the same order of magnitude. Still, 
even in the total absence of solid solubility, it would seem 
that a concentration of about 2 per cent. of the eutectic- 
forming body would be required to yield a network 
approaching sufficiently near to continuity to produce 
tly intercrystalline fracture when the eutectic 
bod uld “th a °° 
in, the ‘‘ eutectic-forming ly” would, in the case o' 
cane every metallic Sagacity, be the foreign metal as 
such, but where inter-metallic compounds exist and 
act as eutectic-forming bodies, the concentration re- 
quired might be only of the order of 2 per cent. of the 
compound, and this might reduce the necessary concen- 
tration of the foreign metal to the order of 0.2 per cent. 
Even this quantity, however, is certainly not preeent in 
the pure —— of mae see tin — pase Sete em- 
loyed b authors in the present experimen E 
6 tt mi ted that although micro- 
scopicaly visible, eutectic films do not appear until a 
fairly high concentration of impurity is present; ultra- 
microscopic films may exist even when no eutectic at all 
is visible. This is, of course, at best a theoretical asseump- 
tion of the same ae #0 a > thesis of = 
amorphous cement, can ju d upon 1 
merits as regards ility. From this point of view 
its position is, however, very weak, sinee it is well known 


t, of course, be sug, 
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that such bodies as eutectics tend to segregate or “ ball 
up” under suitable conditions; when eutectic is present 
in minute traces only it is never seen—in slowly-cooled or 
well-annealed alloys—in the form of thin films or layers, 
but always in rounded masses. Indeed, the forms 
assumed by eutectics are of such a character as to 
indicate that surface-tension forces have been powerful 
factors in determining the resulting shapes, and the 
existence of extremely attenuated films cannot be recon- 
ciled with such actions of surface-tension, which would 
cause these films to draw together into minute globules. 
In the authors’ experiments with coarsely - crystalline 
metals the rate of solidification was extremely slow, so 
that any eutectics present would have had ample time 
to coalesce into globules ; in such very slowly-cooled metal 
the existence of thin eutectic films is hardly possible, and 
yet their behaviour in regard to intercrystalline brittle- 
ness at high temperatures is quite as striking as that of 
chilled metal. 

Finally, however, the ‘eutectic film” explanation 
meets with another objection which can hardly be sur- 





Fic. 6. Try, Cotp anp Hor Fractures. 
14 DiaMETERS. 


Guertler (7), that eutectic alloys, like pure metals, consist 
of crystal grains, but that each crystal grain of such a 
eutectic is really a skeleton crystal of one of the two 
constituents, which may be termed the ‘‘ predominant 


er” in the eutectic—the interstices of this skeleton 
crystal being filled in by lamellar crystals of the other 
metal. In a eutectic alloy, therefore, there are two types 
of ‘‘crystal boundaries ”—viz., the larger boundaries sur- 
rounding the grains and the boundaries between the 
Now in the case of the lead- 


lamellz within each grain. 
tin eutectic, even at 
the ordinary tem- 
perature, we are not 
very far removed 
from the melting- 
point, and it is pos- 
sible that we are 
above the point 
corresponding to F 
in the diagram of 
Fig. 1. In that case 





MAGNIFIED 


manner as the bars of pure metal—that is, by ie 
heating under a small load—brittle fracture results, and 
in favourable circumstances examples of intergranular 
fracture have been obtained. 

These fractures are illustrated in Fi 10 and 11, 
below. In the former the short j fracture of a 
bar of the lead-tin eutectic is shown a little larger than 
full size. The spherulitic crystal grains of the eutectic 
structure are only faintly shown, but the detailed micro- 
scopic examination of the specimen reveals that this 











Fic. 8. Srrip or Bismots, Berore anp AFTER FRACTURE. 
SLIGHTLY MAGNIFIED. 








Fic. 7. Atumintum, Hor Fracture. 
13 DraMeTeRs. 





Fic. 9. Bismurn, Hor anp Cop Fractures. 
Maeniriep 2 DIAMETERS. 


mounted. All the known eutectic alloys into which lead 
and tin can enter have a melting-point which is not 
10 deg. or 20 deg. lower than that of the pure metal, 
but of the order of at least 100 deg. lower. If, there- 
fore, the fusion of thin intercystalline eutectic films 
were at the root of the intercrystal brittleness observed 
by the authors, that brittleness should be met at the 
tern peratures at which these eutectics become fluid—that 
1s, 100 deg. or more below the melting-point of the metal, 
and not only a few degrees below that melting-point. 

_ On this last ground alone the authors feel satisfied that 
the “‘ eutectic film” explanation must be dismissed as 
untenable, but in order to dispose of this view still more 
effectually they have tried to extend their experiments 
on intercrystal brittleness near the melting-point to an 
actual eutectic alloy, choosing for their experiment one 
with which they are specially familiar—viz., the eutectic 
alloy of lead and tin. Before describing this experiment 
1t will be well to consider what the amorphous-cement 
theory would lead one to anticipate in dealing with a 
eutectic alloy. It has been shown by Rosenhain and 





Tucker (°), and the view has since been amplified by 
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Fic. 10. Leap-Trx Eutectic Attoy, Berorne anp Arrer BREAKING. 


SuicHtty MacGniriep. 





Fie. 11. 
Fracture. Maaeniriep 3 DIAMETERS. 


Leap-Tin Eutectic Attoy, Hor 


we should expect to find that when Pr ye specimen 
of this eutectic is strained, movement should occur chiefly 
along the crystal boundaries of both types mentioned 
above. That this is actually the case has shown by 
Ewing and Rosenhain in 1899(8); but the reason for this 
phenomenon has remained unrecognised until the advent 
of the amorphous-cement theory, which now offers a 
simple and satisfac explanation. Pads) igre 
ith this form of behaviour under strain in mind, it 
will be clear that “‘intercrystal” fracture in accordance 
with the amorphous-cement theory might occur in a 
eutectic in two ways—either between the larger grains, 
or between the fine lamelle within the grains. The only 
really characteristic feature to be looked for with cer- 
tainty, therefore, is a very brittle fracture without elon- 
gation of the grains. On the other hand, fracture will 
usually follow the shortest available path, and for that 
reason we should expect that in favourable circumstances 
a bar of eutectic alloy might be caused to break by sepa- 
ration of the comparatively large grains. The authors 
experiments with the lead-tin eutectic have — con- 





firmed these expectations; when treated in same 


brittle fracture shows both types indicated above, the 
fracture being partly intergranular and partly inter- 
lamellar. The photographs of the fractured surface in 
Fig. 11 (magnified three diameters) show these two types 
more clearly ; the two photographs show the two halves 
of the fracture. In the upper portion of each is seen 
the interlamellar fracture of one large grain, where the 
—— arrangement of the lamelle is distinctly seen ; 
the lower portions, on the other hand, show the typical 
features o ae fracture. 

The only real difference between the behaviour of the 
eutectic and of the pure metals lies in the tem ture at 
which fracture occurs. In the pure mvtals the interval 
between the tem ture of fracture and the melting- 
point was never found to be less than 3 deg. Cent.; but 
with the lead-tin eutectic the corresponding interval— 
carefully determined with a specially sensitive thermo- 
= and instrument—was found to be only 0.5 deg. 

nt. 

The object of the experiment with the eutectic alloy— 
a from its intrinsic interest—was to show that when 
the intervention of a eutectic is to a extent elimi- 
nated, the same type of phenomena still exists. Of course, 
it still remains possible to suggest that there are yet more 
fusible films due to other impurities between the eutectic 
grains; but beyond the serious objections to such an 
explanation which have already been indicated, there is 
the added fact that in order to lower the freezing-point 
of these films below that of the eutectic, impurities of a 
very special nature would be required, since only a few 
special elements enter into the formation of highly-fusible 
ternary and quaternary eutectics. The probability of 
the ex tion on these grounds is therefore enormous! 
diminished in the case of the experiment conducted with 
the eutectic alloy. 

In the present paper the authors have endeavoured to 
bring forward some additional evidence in su of the 
amorphous-cement theory.} The fact that the brittle- 
ness of metals at high temperatures is due to inter- 
crystalline weakness has been clearly demonstrated, and 
it has been shown how this experimental fact has been 
arrived at as a result of iction from the theory in 
question. As the power of predicting and guiding to the 
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discovery of new facts is generally regarded as the best 
test of the truth and value of any theory, the authors 
feel that the case for the ‘‘ amorphous cement” theory has 
now been materially strengthened. There, are however, 
a number of other directions in which that theory 
suggested, and is suggesting new lines of experimental 
inquiry which the authors hope to follow up. Mean- 
while they will welcome the most critical discussion of 
a views. PORES RM 3 

© experiments described.in the present paper have 
been cmied out in the Metallurgical Department of the 
National Physical Laboratory, and the authors desire 
to expréss their indebtedness to Dr. R. T. Glazebrook, 
C.B., F.R.S., director of the Laboratory. 
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ON THE USE OF OXYGEN IN BLAST- 
FURNACE PRACTICE.* 


By Gustave TRrasensTeR (Ougrée-Marihaye, Belgium). 


For some time past the Ougrée-Marihaye Company 
has been carrying out experiments on the use of oxygen 
in metallurgy, with special reference to blast-furnace 
practy n-order fo obtain the oxygen required the 
compémy has had recourse to the air-liquefaction process, 
deeming that, in the t state of the science, this was 
the only process which could be regarded as capable of 
yielding in commercial quantities and sufficiently cheaply, 
the large amounts of oxygen which it was necessary to 
employ. The oem adopted at Ougrée for the lique- 
faction of air its separation into its elements, is that 
of Georges Claude, of Paris. Without entering into a 
detailed description of the process, a description which 
those interested in the subject can easily obtain else- 
where, a few brief explanations relating thereto will be 

iven here. Asis well known, the liquefaction of air by 
the Georges Claude process is obtained by means of great 
cold resulting from expansion on doing work outside. 
This expansion, incomparably more efficacious than any 
other, is obtained with the greatest ease by driving, by 
means of com air, an expansion v: ; simply a 
piston working in a cylinder, very much like an ordinary 
steam piston. At Ougrée the pressure required for the 
compressed air is 15 atmospheres. This method of ex- 
pansion, in spite of its efficaciousness, is incapable of 
refrigerating the air in a temperature sufficiently low for 
its liquefaction in a single stroke ; and it is by means of 
what may be described as a temperature ormer that 
the air, escaping from the expansion cylinder by a tube 
concentric to that by which it is admitted, is able rapidly 
to attain the temperature of liquefaction. 

The liquid air having been obtained, advantage is taken 
ed . = process meer y of the eeenee becwese the 

iling points of liquid oxygen and liquid nitrogen to 
separate the two elements. The boiling point of 7 
is —180 deg. Cent., and that of nitrogen —195 deg. t. 
This se tion, however, necessitates boiling the mix- 
ture, and this is effected very easily in a vaporiser; the 
gases resulting from the ebullition rise in a receiver, the 
sides of which are sprayed by intensely cold liquids— 
mixtures of more or less liquid oxygen and ni a 
which effect condensation and, as a result, the almost 
complete omens of the oxygen in the ascending 
Thanks to this arrangement, apparatus allows of pure 

us oxygen being obt on the one hand, and, on 
the other, equally pure ni containing, at most, a 
hundredths of oxygen. apparatus which has 
so briefly described has been supplied by the Liquid»Ai 
Company, Paris, and works continuously and almost 
automatically. 

The Oxyoen Plant at Ougrée.—This plant is capable 
of making 600 cubie metres of oxygen per hour. It is com- 
posed of three absolutely, similar liquid-air units, each 
uait yielding 200 cubic metres o: oxygen hourly. 

A unit consists of— 

1.°A compressor, capable of drawing in 1200 cubic 
metres of air per hour, and of compressing it at a pres- 
sure of 15 atmospheres. This compressor is belt-driven 
from an electric motor, 

2. A liquid-air machine and tower, containing all the 
fittings and hp aypoga necessary for the liquefaction and 
separation of the air into oxygen and nitrogen. 

3. Two decarbonising towers. _ It is, as a matter of 
fact, of prime necessity that the air drawn in by the com- 
pressors and sent into the liquid-air machine should have 
every trace of carbon dioxide it contains removed. With 
this object the air is made to pass through two towers 





* Paper read before the Iron and Steel Institute at 
Seunde. September 2, 1913, 





containing brick chequer work, which is sprinkled witha 
solution ——w | soda. ; 

4. A battery desiccators intended to remove any 
moisture contained in the air. This battery is interpo- 


has | lated between the compressors and the liquid-air machine, 


and therefore receives the air under pressure. The 
desiccation is effected by means of calcium chloride. 

The operations are of the simplest description, and the 
staff is very The manufacture of oxygen from 
liquid-air has become a thoroughly practical and business 
operation; and thanks tc certain improvements with 
which the Ougrée machinery is equipped, it has been 
possible to secure continuous working. _ 

The energy required is only very slightly over one 
horse-power for every cubic metre of oxygen per hour. It 
is not possible, however, to base calculations on this 
figure, which, if anything, is rather too high, as, for a 
permanent installation, machines of larger capacity than 
200 cubic metres of oxy, per hour would be used. The 
power absorbed by a cubic metre of oxygen would be les 
the larger the machines, and the Liquid-Air Company are 
at present engaged in making machines to produce 1000 
cubic metres of oxygen per hour. In these circumstances, 
and with the further improvements which will be made, it 
may even now be prophesied that with such machines of 
1000 cubic metres capacity of oxygen per hour, the power 
consumption per cubic metre will fall to two-t of a 
horse-power. 

iments of the Ougrée Company.— Unfortunately no 
definite results can as yet he given as to the experiments 
it is intended to make. Certainly some months ago a 
preliminary trial was carried out, but its duration was too 
short to justify conclusions ory J drawn. Owing to a set 
of circumstances quite distinct from the ultimate object 
of the experiments, this preliminary trial had to be dis- 
caine, but it will shortly be resumed. The experi- 
ments which it is proposed to carry out relate to two dis- 
tinct problems :— 

1. The first series of experiments will relate simply 
and solely to enriching the blast delivered to one of the 
company’s existing blast-furnaces, by oxygen—that is to 
say, mixing with the blast for this blast-furnace the 600 
cub. m. of oxygen available. The percentage of oxygen 
in the blast will be raised by these means from 20.8 to 
about 23 per cent. The problem to be solved is whether 
this degree of enrichment is sufficient to cause the 
anticipated phenomena to manifest themselves sufficiently 
distinctly. 

2. Other experiments will be carried out in a small 
blast-furnace which has been built, and in which working 
will be carried out with very high percentages of oxygen, 
and even with pure oxygen. In the latter instance, 
should the need of so doing be felt, recourse will be had 
to the Oscar Loiseau process, and the intense heat will 
be reduced by introducing some of the waste gases at the 
hearth, so that, in any case, the reducing atmosphere in 
the furnace will be entirely free from nitrogen. 

With regard to the results that may be expected, but 
without too rigidly anticipating effects or entering into 
theoretical speculations, it may be said that a reduced 
consumption of fuel, greater speed in the working of the 
furnace, and increased purity in the products, may be 
looked for. So far as the power consumption in the 
manufacture of oxygen is concerned, the more highly the 
blast is super-oxygenised the smaller will be the volume 
it will be necessary to heat. On the other hand, although 
only actual experiment can decide the point, it ma: 
er to heat the blast to a lesser degree. re 
would, therefore, be a certain amount of waste gas avail- 
able. If it be found possible to work with pure oxygen, 
it will not be necessary to heat the blast, in which case 
the gases available wi supply considerably more motive- 
power than will be required for the production of the 
oxygen. To this must be added that enormous quanti- 
ties of nitrogen will be available, the utilisation of which 
will more than defray the expenses involved in the manu- 
facture of the oxygen. 





TRADE WITH Soutu Arrica.—The London Chamber of 
Commerce is informed that in view of Sections 102 and 
108 of the Regulations under the South African Union 
Customs M t Act of 1913, invoices for goods 
shipped to South Africa must contain, in addition to the 
invoice value, a statement of the ‘‘ current value for home 
— in the market for similar goods at the 
place of purchase.” It bas been suggested by the Durban 

ber of Cc ce that the form of invoice in use in 
connection with shipments to Canada would meet the 
requirements of the South African Customs. 











INTERNATIONAL ELECTROTECHNICAL COMMISSION.—The 
fourth annual report of the International Electrotechnical 
Commission, covering the year 1912, has just been issued 
by the General Secretary of the International Electro- 
technica] Commisssion, Mr. C. Le Maistre, from the 
Central Offices at 28, Victoria-street, Westminster. The 
report, the 24th publication of the Commission, does not 
contain much novel matter. The International Commis- 
sion is now deliberating at Berlin, under the Ps lency 
of Professor E. Budde. A penny meeting of the Com- 
mission is again to be held at San Francisco in 1915. 
The Berlin meeting—which follows the International 
Conference of Illuminating Engineers at Berlin—will 
discuss the reports of the various national committees and 
special committees, and the work on the acceptance of the 
kilowatt as unit of m ical power, on nomenclature, 
and on the rating of electrical machinery, is sufficiently 
advanced to justify resolutions. There are now twenty- 
one national committees, whose brief annual reports are 
reproduced in this general.annual publication, which, as 
— is printed in English and in French, in parallel 

umns, 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
fo engineering projects, taken from the Board of 
T Journal. Further particulars concerni these 
a arg may be obtained from the Commercial Intelligence 
— Board of Trade, 73, Basinghall-street, London, 
New Zealand : With reference to the proposed loan of 
175,000. by the Corporation of Dunedin for street 
improvements, the Imperial Trade Correspondent at 
that city reports that the loan has been sanctioned by the 
ratepayers, but that it is not intended to take immediate 
steps to float it. The borough of St. Kilda, a suburb of 
Dunedin, pro: to borrow 25,000. for road formation, 
and the sanction of the ratepayers will shortly be asked. 

Portugal: With reference to the call for tenders for the 
construction and working of a railway from Tomar to 
Nazaré, H.M. Consul at Lisbon reports that the Portu- 
guese Government has signed a contract with Senhor 
Joao Pedro Vierling for the construction of the lime and 
its working for 95 years, the Government reserving the 
right to purchase the line after 15 years. All the fixed 
plant and rolling-stock required for the line may be 
imported free of duty, vided it is proved that the 
articles cannot be satisfactorily produced in Portugal. 
Before any articles can be purchased from abroad the 
Portuguese authorities must be consulted, and their pro- 
ducts accepted if they are equal in quality and price to 
those of foreign make. 

Italy : The Gazzetta Ufficiale contains notices inviting 
tenders for the construction of aqueducts for the supply 
of drinking-water in the under-mentioned places :—1.. In 
the Commune of Scigliano. Tenders will be received up 
to September 18, at the —— Offices. The upset 
price is fixed at 170,292 lire (about 6810/.). 2. In the 
Commune of Paduli, tenders will be received up to 
September 18, at the Casa Comunale, the upset price 
being put at 145,501 lire (about 5,820/.). 3. In the asso- 
ciated Communes of Squillace and Vallefiorita, tenders 
will be received, up to September 20, at the Palazzo 
Municipale, Squillace. The upset price is put at 180,827 
lire (about 7230/.). Notices in regard to port construc- 
tional works in Naples and Bisceglie are also contained 
in the Gazzetta as follows:—1. Tenders are invited for 
work in connection with the renovation of piers and 
breakwaters at Naples, which takes place every six years. 
Tenders are to be sent to the Ministero dei Lavori 
Pubblici, Naples, and will be received up to October 3. 
The price is estimated at 644,000 lire (about 25,760/.). 2. 
Tenders are invited for the construction of a dyke on the 
west side of the harbour at Bisceglie and for the restora- 
tiun of a pier on the east side. Tenders will be received 
at the Municipal Chambers, Bisceglie, up to Septem- 
ber 29. The upset price is put at 452,545 lire (about 
18,1007.). Although the foregoing five contracts will 
doubtless be awarded to Italian firms, nevertheless the 
carrying out of the works may involve the purchase of 
materials outside Italy. , 

Austria-Hungary: The Lieferungs-Anzeiger, Vienna, 
states that tenders will be received at the office of the Har- 
bour Master (Hafen- und Seesanitiitskapitanat), | 
up to 10am. on September 9, for the construction of a 
landing jetty at Sovra di Meleda. A deposit of 2100kr. 
(about 87/.) is required to qualify any tender. Although 
the foregoing contract will in ali probability be awarded 
to an Austrian or Hungarian firm, nevertheless the carry- 
ing out of the work may involve the purchase of some 
materials outside Austria-Hungary. 

Russia: H.M. Embassy at St. Petersburg reports the 
mage of a law authorising the Russian Minister 
or Ways of Communication to order during the current 
year 400 steam-engi ata cost not exceeding 2,243, 385/. 
A further law authorises the Minister for Ways of Com- 
munication to order during the current year railway 
material and rolling-stock, at a total cost not to exceed 
4,137,000/.. distributed as follows:—Rails, 1,146,350. ; 
ties, 726,075/.; points, beggar poy a, orga 
carri: goods wagons of special types, and not more 
than 3000 ordinary goods ns and trucks, 2.095, 250/. 
H.M. Consul at Riga reports that the Council of Ministers 
has sanctioned the raising of a loan of 10,500,000 roubles 
by the Riga Municipality ; the Imperial assent, however, 
has still to be obtained. The following items may be 
noted amongst the works to be undertaken with the pro- 
ceeds of the loan: Extension of electricity works, 1,500,000 
roubles; extension of water works, 500,000 roubles ; ex- 
tension of gas system, 380,000 roubles ; market improve- 
ments, 370,000 roubles; cold storage, 75,000 roubles ; 
improvements in fire a tus, 100,000 roubles ; hospitals, 
900, 000 roubles; military buildings, 490,000 roubles; 
school buildings, 700,000 roubles; sanatorium for con- 
sumptives, 300,000 roubles ; and development of drainage 
system, 1,475,000 roubles. (Rouble = 2s. 14d.) 

Mexico: With reference to the contract between the 
Mexican Government and Mr. William Ellis, of New 
York, for the establishment of a factory for extractin 
rubber from the palo amarillo and amate trees, H.M. 
Minister of Mexico now reports the publication of a 
supplementary contract between the same parties, pro- 
longing up to February 28, 1914, the period within which 
the construction of the factory must be commenced. A 
period of three years is allowed for building the factory, 
so that it would seem unlikely that any rubber obtained 
from this source will be placed on the market before 
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Tue Dutox Inpigs.—An exhibition under the auspices 
of the a ay of nag eoery — is Se be — at 
Samarang, Java, from August to November next year. 
Western Australia will be represented at the exhibition. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case ; none is mentioned the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, £c., 
Cod Mestadiions wnag he htataed of the Potent Oftes, Sale 
Copies i ‘ions may ‘ined at t latent ‘ 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform a of 8d. 
The date of advertisement of the peeione ef a Complete 
ifieation is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months the date of 
the advertisement ance of a Com Specification, 
ive notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


pany, Limited, Londen, and W dls, Hockley. 
> * . 
oint Boxes for Electrical Cables. [11 Figs.) Decem- 
ber 5, 1912.—This invention relates to joint-boxes for electrical 
cables, and particularly to joint-boxes of the kind described in 
Specification No. 24,155, of 1897, and has for its object to reduce 
the stock of joint-hoxes adapted for use with different kinds of 
cables which hitherto it has been necessary to hold in order to 
supply the requirement of users. The objection is overcome, 
according to the present invention, by casting the body of the box 
asa separate unit, and by casting as separate units a number of 
two-part glands forming double:walled ends of the various kinds 
required, so that each of such glands may be fitted in the required 
position in the separate body unit of the joint-box. The joint- 
box shown ted for use, for instance, where a distributing 
cable branches from the main cable, and for the sake of 
example it is assumed that the main cable consists of a wire- 
armoured cable led in at the left-hand end of the box, a metal 
tape-armoured cable led in at the right-hand end of the box 


Fig.i. o 
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(Fig. 1), and the distributing-cable is a lead-covered cable led in 
at one side of the box (Fig. 2). The body of the box is cast as a 
separate (J-section unit a, the ends and side of which are formed 
to receive the three glands. Each gland comprises two parts b and c 
provided with flanges d and e and united by cross-webs f to consti- 
tute the double-walled ends. of each gland are adapted 
to be held ther by screws, and are provided with lateral = 
jections h, which, when the parts are assembled, constitute lugs 
whereby the gland may be secured to the body a of the box by 
Jugs on said body and bolts and nuts. Each of the gland is 
formed with a half-round recess to accommodate wooden bushes, 
and the flanges d and e enclose between them end chambers n in 
a known manner. The cover o of the box is dome-shaped, and is 
provided at the thereof with a screwed aperture p, and has 
on its underside and close to the edge thereof a depending rib or 
flange adapted to fit in a ve which extends 
around the upper edge of the body @ and across the flange ¢ of 
each gland, and said cover o is secured to the body a by bolts and 
clamping-lugs. (Sealed July 10, 1918.) 


17,391/12. M. A. McLean, Manchester. pyname 
Electric Machines. [7 Figs.) July 26, 1912.—This invention 
relates to rotary field-magnets for dynamo-electric machines, 
especially those provided with a winding of the concentric type 
enclosed in slots in the core and adapted to be driven at a high 

, Such, for instance, as the field-magnets of turbo-generators. 

he object of the invention is to provide an improved construc- 

tion of field-magnet of the above kind, which is rn yA 
Strong, simple and cheap to make, and in which the winding 
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enclosed so asto be protected from dust and dirt and liability to 
damage, and the heat generated in the end portions of the 
pgp may be readily According to this invention, 
the several end portions the successive coils of which the 
winding is composed which project beyond the core are 
Y § series of end-plates or rings located at each end of the core 
= mounted concentric with shaft, these end-plates or rings 
ing, in some cases, recessed into each other. The field-magnet 
core 1 is built up in the usual manner, either of laminations or 
plates, or of solid forging or casting, whichever may be desired, 


the peri of the core being provided with slots 2 in the ordi- 
nary way. The winding comprises groups of concentric coils. Said 


end portions of the respective coils are received in 
a ate segmental recesses in a series of end- 
be Ts which are yy - on ode gh, moaith se 
of the magnet-core 1 as the coils are placed ion. 
be understood that each plate vided 


18, 14, 15, 
at each end 





positi 
Sosel call &f exsh pier soeue ts then phased 
second coil of e grow 
in the core and in the end- au adtee 
forced into ition to receive and enclose 


such as shrink-rings, or nuts, or bolts 
ates into the core. If desired, 


pg apne pte ll agents ae phage mg A4, in 
shape. - 


from the plane of the mixture-pipe, branch 
being such as to give a ready and natu’ re, 
which has entered the tu branch 
4, anand Soetenst Seams down- 
wards from the tu member A, in a rela- 
tion to the flow of the mixture, and of 
the ey | the downward curvature being shown 
by Fig. 1, the backward curvature may be indi- 








tween adjacent end- to permit the passage of 
them. (Sealed Magus 1 10) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
9927, Vick: Limited, Westminster, and G. 
- _ Internal-Combustion 


Bow 

(3 ' Figs.) April 26, 1912.—This invention relates to the valve 
mechanism of internal-combus:ion engines, more particularly 
thoss used for the —- of ae’ craft, wherein an even 
number of working cylinders are arran; radially in two rows 
around the engine crank shaft, arid in w the valve mechanism 
is actuated by means ofa cath having three pheral bosses or 
tuberances dieposed in the same plane at an angle of 120 deg. 
apart. According to this invention, the operating surface of the 
cam between the bosses or protuberances thereof is so shaped 
that by driving the cam in the reverse direction to and at a speed 
of one-sixth that of the engine crank-shaft it can be used to ly 
operate the inlet and exhaust-valves of an engine com 
fourteen cylinders in two rows of seven, or by inverting 
the cam Ces turning it over so that the back then becomes the 
front) and driving it in the same as that of the crank- 
shaft, and at the same as before, it can be used to rly 
operate the inlet and ust-valves of an e com) 


on ite 


ten 
linders ——— in two rows of five withou' oy alter 
he cam-operating surface. The cam A 


e contour of 





operating surface three bosses or protuberances a situated in the 
same plane at 120 deg. apart, and the intervening surfaces 
between these bosses or protuberances are made in the form 
shown. When the cam is to be used with a fourteen-cylinder 
engine, it is driven from the crank-shaft B by toothed wheels 
bi, b2 (Fig. 1), of which the latter meshes with internal teeth on 
the cam, which is in the form of a ring detachably connected to 
the portion that revolves on the anti-friction balls of its bearin, 
ed by a partition forming of the engine casing, in whi 
pee the ball-bearing for the adjacent end of the crank-shaft 
also mounted. The arrangement and ratio of the gearing is 
such that the cam revolves in the ite direction to that of 
the crank-shaft, and at one-sixth of its speed. When the cam is 
to be used with a ten-cylinder e: e it is turned over so that the 
back becomes the front and is driven from the crank-shaft 
toothed wheels b!, b2, 6° (Fig. 2), of which the latter meshes wit! 
the internal teeth of the cam. @ arrangement and ratio of the 
gearing are such that the cam revolves in the same direction as 
that of the crank-shaft, and at one-sixth of ite speed. In any of 
the above-stated pee of the cam the tappet-rods will be 
disposed radially with respect to the cam, and equidistantly with 
respect to each other ; they will also all lie in the same plane. 
(Sealed August 14, 1918.) 
, Limited, and 


117/12. The Austin Motor 
ns -Combustion En- 


gines. [2 Figs.) October 10, 1912.—This invention relates to 
the distribution of combustible mixture to the cylinders of multi- 
cylinder internal-combustion engines, and particularly to four- 
cylinder engines, in which, as is usual, the explosions follow one 
another in the following order of the cylinders—viz., cylinder 
No. 1, cylinder No. 8, cylinder No. 4, and cylinder No, 2, and has 
for its object to avoid, or largely so, -flow of the mixture in 
any portion of the induction-pipe as the supply is changed from 
one cylinder to another, to utilise, or largely so, the 
momentum of flow which results from supplying one cylinder in 
facilitating the supply to the next, 80 on continuously, 
Describing the invention in somewhat general terms, the a 
portion of the induction-pipe is formed as a continuous passage, 
through which it would be possible, apart from friction, for a 
= in motion to circulate continuously, and witha branch which 
leads the combustible mixture into the Pipe in a manner tending 
to circulate it therethrough in a given direction, and branches 
from the main way, suitably curved out therefrom, to 
lead mixture to the several cylinders in a manner which will give 
ready leads for combustible mixture to the cylinders in the order 
required, and offers no obstruction to the flow of mixture con- 
tinueusly through the main “way. D - 
way is constituted by an upper Tongitudinal tubular member A, a 
lower longitudinal tubular member A!, and semi-circular tubular 
members A” and A%, which join into one another the ends of the 
tubular members A and A!, thus providing a continuous passage- 
way. An inlet branch AA, which is connected with the car- 
burettor, leads tangentially into the curved tubular member A2, 
and the mixture supply through this branch tends to circulate 
through the \. A2, A, A’, Al in the direction indicated 
by the arrows db. pipes 1, $, 9, and 6 ave formed out from 
the tubular members A, A!, A, and A® respectively, for connec- 
tion with the inlet branches of the cylinders. e branch 1 
curves out upwards from the tubular member A2, and baekwards 





is 

however, 

The 

branch in formation to out 
upwards from the tubular member A! in a in 
on to the flow of the mixture, and also backwards from the 


re 
plane of the mixture-pipe. (Accepted June 11, 1918.) 


000/12. Firm Gebruder Sulzer, Winterthur and 
ae oe yi D: 
Engines. (2 Figs.) oy 1912.—This invention has relation 
toa com vesse) 


r Diesel engines, and has for its ob 
to provide such vessels with an opening pend he Lo a 
be to the interior of the vessel for i the inner walls 
thereof, and, if necessary, for coating these walls in the known 
manner with some substance to prevent \e 

this invention, an inspection aperture, of such a size as to 

the interior of the vessel to be or coated with some anti- 
corrosive substance, is formed in the base of the vessel, or in its 
lower wall, provided with a cover of such a nature that the vessel 


Figt. Fig. 2. 
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U 
we See So Ganep Se under varying pressures without the 
=? joint between the cover and the vessel being disturbed. 
e wings show in vertical section and plan vely 
a ble cover ding to this invention. In con- 
ay omy by apna an pasture = oy centrally within 
base o! compressed-air vessel a. aperture bein 
vided with a os b, which is mounted in such a manner that 


seating. Brackets c bearing upon the outer surface of the base of 
the vessel have bolts them connected to the 
cover b, and provided at their outer ends with nuts d, whereby 
the cover i 4 be firmly drawn against its seating to ensure a 
gas-tight joint. ( August 21, 1913.) 





18,491/12. E. Schneider, Le Creusot, France. 
Guns. (7 Figs.) August 12, 1912.—This invention relates to 
means for utilising the powder gases of guns for reducing the 
recoil thereof. Various devices have been experimented with for 
effecting this, these devices consisting in aan of causing the 
gases to act upon obstructions arranged in their path in such a 
manner as to exert an effort on the gun in the reverse direction 
to its recoil movement. Such obstructions have been composed 
of a number of annular discs of various formations which have 
been suitably connected to the gun. According to the present 
invention, the annular discs are retained at an a te 

istance apart by means of distance-pieces RMS. 

them, or projections cast thereon in such 

— tween them, through which the gases escape freely and 
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(Serr. 12, 1913. 








central orifice a),holes are provided in the discs and the distance- 
pieces for receiving supporting-rods d, by means of which the 
discs and the distance-pieces as a whole are fixed to the gun or 


to the cradle. It the example shown in Figs. 1 and 3, the rods d | pis' 


th h a ta sleeve ¢, which is clamped upon a tapered 
Snowe J, @ ich jay in two halves, so that it can be placed 
on the gung. The rods d have collars that bear against the 
rearmost disc, which rests upon the front face of the barrel and 
carries a centring projection fitting in a recessed portion in the 
front of the sleeve /. e distance-pieces c are formed in such a 
manner that they obturate a greater or less extent of the lower 
portion of the annular exhaust-passages provided between the 
consecutive discs. 8 arrangement prevents any escape of 
gases in a downward direction, and presents the double advantage 
of avoiding any lifting of the gun-carriage as a result of the 
reaction, and any forcible disturbance of stones or earth resulting 
from the impact of the gases with the ground. (Sealed August 21, 
1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


3200/13. P. Brown and F. J. Bostock, Hudders- 
field. Dividing Mechanism for Chucks. (2 Figs.) 
November 27, 1912.—This invention has reference to chucks for 
centring and gripping the work-spindle in machines—such, for 
instance, as grinding-machines—wherein the work not only re- 
quires to be rotated whilst being operated upon, but also requires 
to be periodically divided or indexed to present a fresh portion 
of its surface opposite the tool or cutter. e invention comprises 
the combinationwith a chuck having a rotatably-mounted spindle, 
to which motion is transmitted from a driven shaft, through- 
indexing mechanism, of the means whereby a rotary adjustment 
of the chuck can be obtained independently of the indexing 
mechanism. The hollow rotatably ted chuck-spindle 1 has 
fast upon it a worm-wheel 2, with which meshes a worm 3 in- 
tegral with or fast on a sleeve 4. Extending within the sleeve 4 
is a shaft or spindle 5, whose lower end carries a worm-wheel 6 
meshing with and driven by a worm 7 fast on a suitable driven 
shaft 8. The upper end of the shaft 5 has fast upon it a = 
pherally-notched indexing disc 9, and a finger carried in a boss 
on @ revolving bracket or support 12 en, in one of the notches 
in the disc 9 and revolubly connects the support 12 thereto. 
Mounted in bearings in the support 12 is a worm 13 which meshes 
with a worm-wheel 14, fast to or integral with a sleeve which is 
keyed to the upper end of the sleeve 4. Mo-ion from the shaft 5 
is thus transmitted through the disc 9, the finger, support 12, 





Fig. 











19 





worm 18, worm-wheel 14, and sleeve 4, to the worm 8, to cause 
the chuck to be rotated. To index the work, the finger is re- 
moved from en; ent with the disc, and the support is rotated 
by means of the handle to bring the finger opposite the required 
notch in the disc in the usual way. The rotation of the support 
carries round with it the worm 13, and the latter, by its engage- 
ment with the worm-wheel 14, causes the sleeve 4 to rotate the 
worm 3 and turn the worm-wheel 2 and the chuck through the 
desired portion of a revolution, By rotating the worm 13 by 
means of a knob 17, Fig. 1, fast on its spindle, the worm-wheel 14 
can be rotated independently of the support and index-disc, and 
this enables an independent fine or intermediate adjustment to 
be given to the work. In order to provide a check on the index- 
ing or dividing of the work so that unskilled labour may be em- 

loyed, the applicants attach to the worm-wheel 2 a disc 18 
| a em a flange 19, the periphery of which is suitably divided and 
marked with numbers corresponding to the parts of a circle into 
which the work may require to be divided. ration of the index 
mechanism, to move the work through a portion of a revolution, 
will cause the disc 18 to be moved to present the yom ay 
number te a fixed indicating mark on part of the housing, 
thus enabling the operator te see at a glance if the index finger 
has been moved past the proper number of notches in the index- 
disc 9, or the worm 18 rotated to the predetermined extent. 
(Accepted June 4, 1913.) 


5292/13. W. E. Deutsche Maschinen- 
fabrik A.-G., Dui N ny.) - Air 
Machines. (2 Figs.| March 1, 1913.—In machines and tools 


operated by compressed air and the like, in which two valves, 
which each control one side of a cylinder, are mounted in a 
common chamber connecting the supply channels for pres- 
sure medium, the operation of the valve-body is effected by 





ported by the compression produced in the front cylinder space 
passes to the valve b! and ns it. The working piston then 
moves rearwards in the direction of the arrow ; when the working 
ton in its movement has only just slightly opened the exhaust 
port cl a slight, reduced pressure is li nen | in the front cylinder 
space, whereby the opened valve is closed by the spring d. The 
working piston now moves, in consequence of its inertia, further, 
passes the exhaust-port c, and compresses the air in the rear 
cylinder space until the spring pressure acting on the valve b is 
overcome, and the valve ) is opened. The pressure medium now 
flows to the rear side of the working piston a, and drives this 
forward. At the moment when the piston a the exhaust- 
port c the valve is again closed. On the further forward movement 
of the piston there is again compression in front of the piston, 
er the valve b! is again opened and the operation repeated. 
According to the second constructional form, the operation is as 
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(S222) C7 
fellows :—The working piston a in Fig. 2 of the drawing is 
assumed to be in its forward movement, and has just passed the 
port f. Through this port /, and the ports g and h, the com- 
pressed air flows between the two valve-bodies b and bl. The 
air pressure, together with the spring pressure, are stronger than 
the air pressure exerted on the valve b!, and valve b! is closed 
before the piston passes the exhaust-port. As soon as the piston 
opens the exhaust-port c, the compressed air between the 
valve bodies —— so that it is only necessary to overcome the 
spring pressure in order to reverse the valve b1, By the com- 
Pp on produced in front of the piston a, the valve b! is opened ; 
compressed air then flows to the front surface of the piston and 
drives it back. As soon as the port /1 has been passed on the rear- 
ward stroke compressed air flows through this port and the 
—— g and h between the valves } and |, whereby the valve b! 

closed before, also in this case, the piston a has passed the 
exhaust cl. (Sealed August 14, 1913.) 


PUMPS. 

13,450/12. K. Baumann, Chorlton-cum- Hardy, 
Rotary Blowers. (2 Figs.) June 7, 1912.—This invention 
relates to centrifugal pumps, blowers, and compressors driven by 
steam-turbines, and for its object to provide an improved 
arrangement for operating the valve or valves for preventing 
surging, provided in the outlet or inlet-pipes. According to the 
present invention, the surging-valve or air-throttling valves are 
operated by means of a P ton working in a cylinder against a 
spring, the part of the cylinder on the side of the piston opposite 
to that on which the spring exerts pressure being connected 
with the steam-chest or some other part of the turbine cylinder 
where the steam pressure is proportional to the load. The 
outlet or delivery pipe of a rotary blower is indicated at 1, 
being provided with an opening to the atmosphere 2, which is 
opened and closed by a valve 3, called onan. This valve 
is mounted on a rod 4 carried by a piston 5 adapted to move in a 
cylinder 6, and provided with a spring which tends to maintain 
the surging-valve open. The part 8 of the cylinder on the side of 











0.3950) 

the piston 5 opposite to that occupied wy the spring is connected 
by a pipe 9 to a part of the turbine cylinder where the steam pres- 
sure a to the load—for example, the space immediately 
before 1 The operation of the apparatus is as follows :— 
As the output of the blower increases, the pressure in the space 
before the turbine nozzles correspondingly increases, and thereby 
increases pressure in the space 8, which tends to move the 
ger 5 —— the force of the spring. When the pressure of 

air delivered by the blower reaches a point on the pressure 
curve beyond the point of maximum pressure, and the output 








the pressure medium itself in sich a manner that the valves 
are ned by the com: ion pressure existing in front of the 
working piston, and by a fresh pressure medium which 
is conducted between the two valve-bodies. According to 
this invention, it is possible in compressed-air machines and 
tools of the hereinbefore - described type to employ cylin- 
drical valve-bodies of the same diameter throughout, whereby 
the production of the valve-bodies in comparison with those 
known is considerably cheapened and simplified. Further, a 
spring in tension is provided between the two valve-bodies which 
spring forms the necessary source of energy for closing the valves. 

ig. 1 shows a constructional form of the —— of invention 
in which the closing of the open valve is only effected ged 
pressure. Fig. 2 shows a constructional form, in whi the 
closing is effected by a spring and compressed air. In both figures, 


the normal quantity, the nm 5 will be moved to 
-valve against the pressure of the spring. It, 
while working, the pressure of the steam in the space before the 
turbine nozzles decreases below a certain predetermined limit, 
owing to a reduction in the quantity of air delivered by the 
blower and consequent diminution of the load upon the turbine, 
the pressure of the spring will overcome the diminished steam 
pressure in the 8, and cause the valve 3 to open. (Sealed 
August 21, 1918.) 


RAILWAYS AND TRAMWAYS. 

12,1 A.8. Nelson, Motherwell. Mechanically- 
Propelled Tramears. (6 Figs.) May 23, 1912.—This 
invention relates to driving gear for transmitting power and 
— from a petrol or other engine to the driving bogie-wheels 
oO 





ais the working rr and b, b) the two valve-bodies b 


which the spring d is provided. The exhaust are indicated 
by cand cl, in Fig. 2 there are also provided the ports /, /', 
3 A, thro w the of fresh medium 

ween the ve-bodies b and 0! is effected. os of 
the valve-gear, to Fig. 1, is as follows :—If working 
piston is at the front end of the stroke, the compressed air sup- 





or like vehicles intended to travel in either direction 
at a which may be varied as uired, and it consists 
pri: ly of an improved construction of -speed 
mission gear ada) specially for this purpose. In accordance 
with this invention, the dri -shaft is provided with a dog- 
clutch to dog-clutch on a 


be by a 
spur-wheel on the shaft, the said driving-shaft being 


| also provided with a gear-wheel in mesh with a gear-wheel on an 
| intermediate shaft, the last-mentioned gear-wheel being also in 
mesh with a pinion on « sleeve freely mounted on the second- 
motion shaft and provided with a second gear-wheel adapted to 
be engaged by the dog-clutch spur- wheel on the first-motion shaft. 
The petrol or other engine carried by the vehicle is arranged to 
transmit its power through a longitudinal Oardan shaft A, pro- 
vided with the usual universal joint B heey it to a short exten- 
sion C entering a gear-box Dandrunning in bearings therein. The 
gear-box D carries a first-motion mong utch shaft E in line with 
the Cardan shaft A, a reve - F, Fig. 2, and a second- 
motion shaft G connected through a second longitudinal 
— = H and a oate I 4 y= — of a bevel- 
geat drive in a gear-box on the ie. e dog-clutch shaft E is 
provided with the usual sliding pinions, such as N, O and P, 
adapted, when slid, to mesh with corresponding pinions Q, R and 
Son the second-motion shaft G, to transmit varying speeds, and 
a sliding pinion T on the shaft E has a dog-clutch Uon one face 
to engage a corresponding dog-clutch V on the extension C of 


* Fig.t. = - . 


£ 


























2184 





the driving Cardan shaft A, and by the engagement of the dog- 
clutches U and V, and one of the speed pinions N, 0 and P, with 
its corresponding pinion on the shaft G, a forward drive at the 
desired speed is transmitted through the intermediary of the shaft 
H to the bevel gear-wheels, and thence by means of a transverse 
shaft and sprocket-wheels and chains to the driving-wheels of the 
vehicle. For reversing the drive at any of the speeds provided 
for by the en g pinions on the two shafts E, G, a reversing 
pinion Y on the intermediate or reversing shaft F, Fig. 2, is fitted 
to mesh with a pinion Z on the extension C of the Cardan shaft 
and with a pinion a on a loose sleeve b on the second-motion shaft 
G, the said sleeve b, which is thus continuously rotated, being 
provided with a second pinion c, which, by sliding the dog-clutch 
pinion T on the first-motion shaft E, is brought into mesh with the 
said pinion to drive the first-motion shaft in the reverse direction. 
Thus, by bringing any of the pairs of the change-speed pinions on 
the shafts F, G into mesh, the reverse motion is transmitted 
through the second-motion shaft G to the driving-wheels of the 
og - speeds being as in the forward drive. (Sealed August 
14, 191. 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


10,007/12. Heenan and Froude, Limited, and J. 

. Superheaters. (6 Figs.) April 27, 

1912.—This invention relates to improvements in superheaters, 
more particularly for use with locomotive and marine boilers, or 
with other boilers of a similar type. The invention consists 
essentially of a superheater for use with locomotive, marine, or 
similar boilers, comprising two concentric tubes inserted in some 
or all of the fire-tubes, the outer tube being closed at one end and 
covered with rings of cast iron or other material shrunk thereon, 
and both tubes being connected to suitable headers at the outer 
end. Fig. 1 shows the connection of a superheater-tube to a 
header, and Fig. 2 shows the closed end of the superheater-tube. 
A superheater-tube A is inserted in some or all of the fire-tubes B, 
which may be enlarged to receive them. The superheater-tube 
A is composed of two concentric tubes A, Al, the inner tube A! 
being maintained in position by the rings or supports a. The 














19007. 


4 Fig.2. 
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outer tube A is closed at one end, and opens at the other end 
into the chamber C! of the header connected with the saturated- 
steam space at the top of the boiler. The inner tube A! is open 
at both ends, the inner end opening into the outer tube A, and 
the outer end into the chamber C2 of the header leading to the 
cylinder-pipe. Or the outer tube A may — into the chamber 
C2, and the inner tube A! into the chamber Cl, A separate header 
is preferably —— for each vertical row of superheater tubes 
A ° 


we at the cop of the boiler. and toa pipe leading to the cylinder. 
gs H of cast iron, steel, or other material are shrunk into the 
outer surface of the tubes A to protect them and toserve to absorb 
een nen = vering ont Nabe. A is rotheey on 
that a com co ° > a 
iron rings H are erabl; vided with ribs or gills arranged 
either longitudi: a pel. The tube A is supported in the 
tube B by the supports b. (Accepted June 4, 1913.) 























SEPT. 19, 1913.] 


ENGINEERING. 


377 








LITERATURE. 


ee 
Robert Engineer and Artist, His Life and Works. 
By H. W. Dickinson, A.M.I.Mech.E. With numerous 
Plates. London: John Lane; New York : John Lane 
Company. [Price 10s. 6d. net. ] 
Tis biography of Robert Fulton is the most 
effective and complete that has yet ap Not 
only is the man vividly portrayed and his work cor- 
rectly estimated, but the background is well 
arranged to thrust him into prominence and do 
justice to his varied ability. Hitherto, we doubt 
if justice has been done to him, because of the 
versatility he exhibited. The world is very un- 
willing to recognise genius that does not adhere to 
a single subject. Whena man develops talent as 
an engineer, withcut being trained to that pro- 
fession, his success is usually attributed to accident, 
and his science regarded as charlatanism. Fulton 
had no special training for the work of his life. 
He was a portrait painter, and had acquired some 
reputation. If he had continued, he might have 
rivalled his relative, Benjamin West, and the 
world’s prejudices would have received no shock. 
But he forsook painting, and the world mistrusts 
such variation from ordinary rule. At the best, it 
rather grudgingly admits that he owed his fame to 
the lucky accident that he selected for the exer- 
cise of his ingenuity the problem of steam propul- 
sion as a means of locomotion: he was connected 
with a branch of engineering that has made giant 
strides, and he reaps the prestige of being a pioneer 
in a direction where development has been abnor- 
mally rapid. After reading Mr. Dickinson’s book 
we are inclined to place Fulton’s original work very 
high, and to consider that he has not been treated 
very generously. There are other circumstances in 
Fulton’s career which have been quoted to his dis- 
advantage. In early life, when interested in the 
construction of canals, he was a partner with the 
Socialist leader, Richard Owen, and, owing to want 
of success, he got rather deeply into Owen’s debt. 
But Owen has put on record his opinion of Fulton, 
which Mr. Dickinson rightly quotes. It is to the 
credit of both men. ‘I consider,” wrote Owen, 
‘‘the little aid and assistance which I gave to 
enable him to bestow so great advantages on his 
country and the world, as money most fortunately 
expended.” Fulton has been represented as a 
needy adventurer, preying upon Owen and on 
others ; but this view is apparently unjust. 
Another circumstance which has caused Fulton 
to be regarded rather coldly arises from the fact 
that for many years he resided in France, as a 
citizen of the United States, and occupied himself 
with the construction of submarines and torpedoes 
designed for the destruction of the English Fleet, 
the two countries being at war. He was quite 
entitled to offer his services to the French Govern- 
ment, but some years after, when assistance or 
support from France was lacking, he entered into 
an agreement with Pitt to transfer his allegiance 
to the English Government and to construct similar 
engines for the destruction of the French Navy, 
especially the Boulogne fleet, whose collection was 
so great a cause of alarm to the English nation. 
The terms offered by Pitt were so generous that 
they might very well be represented as a purchase 
on one side and a sale on the other. Fulton’s con- 
duct can certainly be made to wear the appearance 
of treachery to France, or underhand dealing, and 
has probably tended to lower his reputation as 
a man of integrity. The author undertakes to 
defend him. More than a year, he says, had 
elapsed since Fulton had offered warlike inventions 
tothe French Government. His proposals had been 
definitely rejected, and he had never been in the 
pay of, nor was he under the slightest obligation 
to, the French Government. He had certainly 
enjoyed the hospitality of France, but we are not 
concerned either to blame or defend him. We are 
simply inquiring why Fulton did not win a’higher 
place in the world’s esteem, and it is enough to 
say that the knowledge of such circumstances has 
tended to injure his fair fame. In dismissing this 
subject we may say that practically it was of very 
little consequence whether the engines were con- 
structed for France or England, for they were of 
no service to either. Pitt displayed unusual 
pusillanimity in the matter of these submarine 
explosions, and the remark of the Earl of St. 
Vincent showed very considerable acuteness. 
‘Pitt was the greatest fool that ever existed to 
encourage a mode of war which they who com- 





manded the seas did not want, and which, if suc- 
cessful, would deprive them of it.” 

Let us now look at the other side, and ask what 
were Fulton’s merits, and what his achievements. 
We may pass over his canal work as possessing 
little originality, and being of an amateurish 
character. He neither knew what had been accom- 
plished, what were the conditions to be overcome, 
or how they might most effectively be encountered. 
It is, however, worth while noticing that he pro- 

a digging-machine for their more rapid con- 
struction. The apparatus that he designed was 
crude and impracticable. It could not but be a 
failure, but it was an early indication of his appre- 
ciation of the necessity of displacing pure muscular 
labour by more effective energy. We doubt if 
before his time any proposal for substituting 
mechanical appliances for hand labour in excava- 
tion hed been suggested. His attack on the pro- 
blem was premature. A successful solution was 
not forthcoming for many years, but its full 
development has made the Panama Canal prac- 
ticable. 

Training in workshops and the influence of 
tradition and routine may cramp effort and limit 
ingenuity. Fulton, never having passed through 
such an orderly course, was not deterred by the 
knowledge of difficulties that would have been 
og to the mechanically disciplined mind. 

hen he set to work on the construction of a sub- 
marine he was not ridiculed by companions of less 
imagination, or depressed by the criticism of those 
to whom the Bm must have appeared visionary 


and futile. The description of his apparatus is too 
long to quote, but the essential feature was the 
accommodation of such a quantity of water ballast 


as would make the difference between the weight 
of the whole submarine boat and the weight of the 
water displaced by it not more than 4 or 5 kilos, so 
that the introduction or removal of this small quan- 
tity of water would be all that was necessary to make 
the submarine sink or rise to the surface. This dis- 
placement was to be accomplished by a suction 
and force pump of a simple character. The pro- 
pulsion, which after all was the most important 
point, was to be effected by means of screws, called 
by Fulton ‘a fly,” actuated by cranks and gearing 
turned by hand-power. Three men were to suftlice 
for the working of the vessel, and the quantity of 
air carried below was supposed to be sufficient to 
enable the three or four men, lighted by a single 
candle, to remain under water for six hours. Asa 
matter of fact, the crew could not remain below 
more than half this period, but that they made 
several descents, more or less successfully, was no 
inconsiderable feat at the time it was attempted, 
and says much for their pluck and confidence in 
their leader. The attacking apparatus was a sub- 
marine mine or torpedo, which was merely a 
copper barrel holding gunpowder furnished with a 

un-lock, the trigger of which could be pulled by a 

nyard. As a practical matter it was on hy mine 
that was ever used with any effect. y its aid 
Fulton succeeded in blowing up a hulk off Walmer, 
as an experiment, to prove the value of his inven- 
tion. When used against an enemy it seemed quite 
as likely to injure the attacking party as the at- 
tacked. Whatever claims Fulton can urge as a 
pioneer in the construction of submarines, his float- 
ing mines only resembled the modern torpedo in 
name. Of course, the germ of the idea was present 
—that of launching a missile against an enemy’s 
vessel, which would explode on reaching it and 
inflict injury. He had not the vital thought of 
placing the motive power in the projectile iteelf, 
the essential principle of the torpedo. 

Finally, we have to consider the crowning 
achievement of Fulton’s life—the successful solu- 
tion on a commercial scale of the problem of the 
employment of steam to effect locomotion on 
water. It is important to bear in mind that this 
was no chance success, but the culmination of a 
plan long deliberated and confidently pursued. He 
saw clearly that another agent was n 
propel ships, and that steam could do the work. 
When he tried to move his submarines he was 
aware that the cranks must be turned by somethi 
more powerful than human labour if the vesse 
was to acquire sufficient way to make it steer 
und become really formidable. Further, he per- 
ceived the necessity for careful experiment, and 
can claim to have been among the first to adopt 
the model tanks that have proved so instructive to 
naval architects. His description is worth quoting. 
‘¢ A small rivulet was stopped so as to form a stag- 


to | Reynolds, who, Lord Kelvin 


nant pond, 66 fc. long, 9 ft. or LO ft. wile, aud 
from 2 ft. to 3 ft. deep at the upper end ; thus 
prepared, with a watch which beat the seconds, the 
experiments commenced. They were directed to 
finding whether paddles, sculls, endless chains, or 
water-wheels were the best mode of taking a pur- 
chase on the water.” But Fulton did not trust 
entirely to his own experiments. He availed him- 
self of the results of Colonel Mark Beaufoy, carried 
out at Rotherhithe, on the resistance to propulsion 
through water of variously-shaped solids. He was 
well acquainted with the theoretical work of Bossut, 
he had studied closely the success and failures of 
previous inventors, and analysed them so far as he 
could to find out to what their failure or their 
partial success was due. He did what every 
engineer would do in like circumstances, he turned 
to account all practical information bearing on the 
subject. He was the first to test the elementary 
facts in steamship design, dimensions, form, horse- 
power, and speed, in a scientific spirit. He may 
claim the credit of coupling the body and the 
engine together as a working unit. His tness 
did not lie in his success, but in the means he took 
to ensure it. 

The Fulton celebrations on the Hudson, so re- 
cently, have brought his claims before the public, 
while the construction of a replica of the Clermont, 
and the description given of it, have provided 
plenty of opportunities for studying the me- 
chanism he adopted. It is not necessary to enter 
into details here, but Mr. Dickinson has given 
illustrated specifications, plans and designs, &c., 
which will be found of great interest and value. 
Fulton’s life deserved to be written, and the author 
of the volume under notice has accomplished this 
service in an admirable and judicious manner. 





Technische Hydrodynamik. By Dr. Franz Prasit, 
Professor at the Technical High School in Ziirich. 
Berlin : Julius Springer. [Price 9 marks. ] 

Everyone who had read the numerous articles on 
hydrokinetic and other problems by Professor 
Prasil, most of which appeared in the Schweiz. Bau 
Zeitung, would be interested by the announce- 
ment, some time ago, of this his latest production. 
With us the notice created great expectations, most 
of which have been realised. Scientific authors, 
according to the best theory we have heen able to 
form of them, belong to three main classes: the 
greater, the great, and the not great. To the first 
class belong those original intellects to whom we 
are indebted for the advance of science; to the 
second, those whose orderly modes of thought and 
powers of lucid expression make possible the wide 
dissemination of clear views and sound know- 
ledge. These two classes very often overlap. Our 
third-class, of the not great, is a great . Ale and 
includes those who excel neither in creating nor 
expounding. Professor Prasil, judged on the book 
before us, would certainly be p’ in the first two 
classes, and mostly in the first of these. He has 
obviously not merely tried to make a book. His 
aim throughout seems to be the setting out of his 
own views; for the standard work of the past, 
and the views of others, the reader is almost entirely 
referred to the writings of Lamb, Wien, Reynolds, 
and H. A. Lorentz, of Leyden. 

The volume contains 270 page~, and is divided into 
four parts. The first of these is a general discus- 
sion of the fundamentals, and will be appreciated 
by al number of engineers. The remainder of 
the book is much more advanced, and far beyond 
the majority of educated engineers, even on the 
Continent. The second part deals with ‘* Hydro- 
statics” in a very rigorous and powerful manner, 
including some very interesting problems of abso- 
lute and relative rest. The third part, entitled 
‘* Hydrodynamics,” is the principal portion, and 
contains nearly 200 pages. Here a wide field is 
covered in very terse style. The portion most 
obviously useful to the general engineer is that 
dealing with tlow in straight pipes. The work of 
ought, made his 








discussion of the subject unnecessarily difficult. is, 
of course, the basis of Prasil’s treatment. The 
well-known and important paper on ‘‘ Turbulence,” 
by H. A. Lorentz, a paper supplementary to the 
work of Reynolds, is also followed. The subject 
is necessarily abstruse, and no one could fairly 
blame Professor Prasil for having produced a thesis 
difficult to read; it must have been still more 
difficult to write. Nevertheless, the suspicion 
occurs that our author is unfortunately powerful 





with the methods of the mathematicians ; so much 
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so, in fact, that he will not come home to the 
business and bosoms of many engineers. He makes 
use of function theory and transformations which, 
though fascinating to the exceptional engineer who 
ought to have been a mathematician, will, we fear, 

rove a heavy trial to many who attempt the book. 

t must, in fairness, be added that the author ter- 
minates all his important investigations with lucid 
summaries of his conclusions. These will, no 
doubt, help the mathematical student to grasp and 
co-ordinate his results. They might also give the 
non-mathematical man an inkling of what all 
the ‘‘ loose letters” have been about and they will 
show incidentally that Dr. Prasil is something more 
than a mere symbolist. The remaining fourth part 
is an interesting extract from an article in the 
Schweiz. Bau Zeitung, by Dr. Prasil, on ‘* The Geo- 
metry of the Conformal Representation of Turbine 
Blade Profiles.” 

In German books on mathematical physics it is 
quite customary to read of the Navier-Poisson 
oe Thus, some writers, lacking in biogra- 
P ical interest, seem to have come to regard Navier- 

oisson as one individual. We can scarcely imagine 
that Professor Prasil does so, though his syntax 
would justify such a hypothesis. Other points of 
heterodoxy must be mentioned. The function Vv? u, 
which has been variously known at various times 
as Nabla or Del —_— u, a8 Lap or Lap squared u 
— Laplace, of course), is called by Professor 

rasil ‘‘ the second difference meter of uw,” a 
usage not original with him, yet both cumbrous and 
unnecessary, and demonstrative, we think, of his 
mathematical leanings. There is also the term 
‘*space dilatation,” instead of the more usual 
‘** divergence.” In dealing with the flow of water 
in a rectangular channel, reference is made to the 
experiments of Kaplan. To this we raise no cavil, 
but we cannot e with our author in recom- 
mending his ers to spend time on Kaplan’s 
theory. This so perfectly with its author’s 
experiments, and is set out with such art and skill, 
that most people who read it would be carried 
beyond the arguments to an implicit faith in the 
conclusions. And that would be a pity, for though 
the conclusions may be right, they cannot legiti- 
mately follow from the arguments, because these 
are unsound and do not conform to the usual 
dynamical principles. Yet the handling is such 
that many a student, unable to follow or confute 
the reasoning given, might, for want of indivi- 
duality, easily lose faith in his own mental processes 
or come to regard himself as obtuse. 

Altogether the book before us compels admira- 
tion. In type, illustrations, and binding, a 
remarkably high standard is attained, and in 
sincerity of treatment yet a higher. It is rare that 
an author in German, with so much of his own to 
offer, is content to include so little of others. 
Mathematicians with a technical bias and a few 
engineers will welcome the book and enjoy it, not 
least because of the elegance and power of the 
methods employed. Yet regarding the ultimate 
object of the author, most students of method will, 
we think, feel doubtful. This object is explained 
in the preface. The author admits that the great 
developments in hydro-technology have been made 
as a result of the practical and empirical science of 
hydraulics. The energy of flowing and elevated 
water, he asserts, and, in fact, asserted two years 
ago, is now utilised to a d which leaves little 
improvement to be hoped for. All this has been 
achieved with little or no help from classical hydro- 
dynamics, whose methods, he continues, are too 
complex and unhandy for technical problems, 
where viscosity and turbulence play so large a 
part. Yet as experiments are made and investi- 
gation continues, statistical co-ordination of phe- 
nomena will, he thinks, not be _ sufficient. 
Analysis of the internal interdependencies will be 
necessary, so that ‘‘the conclusions may serve to 
judge of the advisability of the forms and dimen- 
sions of hydrotechnical objects.” For this refined 
analysis Professor Prasil believes hydrodynamics to 
be peculiarly suited, and gives in his book, ‘* firstly, 
those portions of classical hydrodynamics which 
are of value in hydrotechnology ; and, secondly, 
graphical methods, based on analytical geometry, 
descriptive geometry, and conformal representation, 
which will serve to treat problems of flow even 
when influenced by vicosity and turbulence.” It 
is probably true that the final improvements in 


any type of machine will be smal! matters of shape 
and size; but that hydrodynamics—which, with 
its illusively exact operations, must almost in- 





evitably remain, from the physical point of view, 
an approximate science—will direct these subtle 
modifications, is more than we can at present admit. 
The screw-propeller is an eloquent example of the 
facts of the case. Common-sense without mathe- 
matics will do a t deal, common-sense with 
mathematics will usually do more ; but mathematics 
without common-sense, what can or need be said ? 





A Treatise on the Design and Construction of Roofs. By 
N. Cuirrorp Ricker, B.S., M. Arch., D. Arch., 
Professor of Architecture, gg ag 2 of Illinois, &c. 
First Edition. New York: John Wiley and Sons; 

a Chapman and Hall, Limited. [Price 21s. 
net. 


Tus is essentially a book of worked examples. | p;, 


There is but little of explanatory theory given, but 
what there is is well stated. The opening chapter 
presents, indeed, an excellent summary rendering 
of the principles of graphics, upon which the author 
largely relies in his treatment of roof structures. 

A general description of the parts of a roof 
follows, with iotloaieats as to loads. With respect 
to wind, it is to be remarked that the author favours 
a simple formula to express the pressures normal 
to surfaces not at right angles to the wind, as being 
sufficiently accurate for practical purposes. 

A great variety of roof forms are examined in 
detail, including domes, and the principal stresses 
determined, generally by diagram, though the 
method of moments is in a few instances resorted 
to by way of example. 

Roofs of the usual straight -lined types are 
chiefly dealt with, but those of crescent-shaped 
figure, cantilever roofs, and three-hinged arched 
forms are also treated. Other forms, some of them 
a trifle quaint, though representing actual struc- 
tures, have been collected by the author from 
European as well as American practice. 

Much detailed information is supplied with 
respect to the estimation of the true length of 
roof members when corrected for stress, and in 
some cases for temperature. The author insists 
upon the need of working to the nearest thirty- 
second of an inch. When it is considered that this 
means an error in no case exceeding one sixty- 
fourth part of an inch on the length of a member, 
one is tempted to ask if in American shop roofs 
such dimensions are really worked to, if, indeed, 
this refinement is necessary. 

Much attention is given to the stability of walls, 
and framed buildings under wind pressure. From 
an inspection of the author’s results it becomes 
evident that no such wind pressures as those 
assumed for the greater values need be feared in 
this country ; or it is clear but few buildings with- 
out cross-walls would stand for long. 

A chapter is devoted to the consideration of 
strength in members and in details, a number of 
simplified formulz being presented for practical 
application. Many tables are furnished and recom- 
mended by the author, who appears to have com. 
piled them for his own use originally ; some of 
these are new, but generally they are of a kind 
which may be found in hand-books issued by makers 
of structural steelwork. The detailed design of 
connections at the apex points of trusses receives 
considerable attention with respect to steel and 
timber roofs both. The deformation of roof trusses, 
the detailed display of weight computations, and a 
complete study of a particular case of roof design 
complete the book. 

There is in this work much useful information, 
but perhaps too much detailed figuring of a routine 
nature is given. It is not to be supposed that 
anyone will read these figures or ps them. 
One or possibly two examples of such completeness 
would, one may venture to say, have been sufficient. 
The diagrams, of which there are a great number, 
though generally good, are in some cases too small 
to be intelligible. There isa good table of contents 
and a fair index. 
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Tue MANCHESTER MunicipaL ScHoot OF TECHNO- 
Locy.—We have received from this school prospectuses 
of part-time courses in mechanical and electrical engi- 
neering, and in municipal and sanitary engineering, 
architecture and building trades, for the session 1913-1914. 
ee students are being enrolled during the present 
week. 
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THE GAEDE MOLECULAR AIR-PUMP. 


Last summer Dr. W. Gaede, of the University 
of Freiburg, in Baden, to whom scientists owe a 
very remarkable rotary mercury pump, described 


by other known means, the difference in ure 
| produced by the pump between m and n will remain 
the same, as the gas friction is independent of the 
pressure. Let the difference of pressure be equal 
to10 mm. of mercury. Aslong as the casing com- 





to the German Physical Society another invention, | municates with the atmosphere, the pressure at m 
the molecular air-pump, which is based on a/ is 760 mm. (normal barometer), and at » 750 mm. 
new principle. For the first time the principle On rarefying the air we find, e.g., 200 mm. at m and 
of Otto von Guericke, which was common to all | 190 mm. at n, or 50 mm. at mand 40 mm. at x. 
iston and rotary air-pumps, has been abandoned. For m = 10 mm., we should then get n = 0, and 
a the usual air-pumps.a moving piston, made of a| we should apparently be able to produce an abso- 
solid or a liquid (mercury or oil) material, separates | lute vacuum. This is not so, of course, fur the 
a certain volume of rarefied gas from the gas in | above-mentioned law, that the pressure difference 
the atmosphere or in the preliminary vacuum remains constant, does not hold for high evacuation. 
produced. With an arrangement of this kind | At high evacuation the ratio of the pressures at 
the contact between the piston and the chamber |m and n—not their difference— becomes constant. 
in which it moves must be as perfect as possible, To understand these relations we have to con- 
as otherwise any difference of pressure established | sider the ‘‘ slip” of highly-rarefied gases. Accord- 
would immediately be equalised at the next stroke. | ing to Kundt and Warburg (1875), highly-rarefied 
The novel rotary pump we are about to describe | gases slip on the walls of the vessels containing 


they would be more closely packed at the one end 
than at the other. The swarm of molecules coming 
from the one end of the tube would then impinge 
on the inequalities facing that end, and would 
chiefly be reflected back in the vertical direction, 
owing to the action of the gas film. The swarm of 
molecules would mainly be projected backwards, 
therefore, towards the spot from which it came, 
and a small number only would be projected 
towards the other end. The equalisation of the 
pressure would hence be slower than it would be in 
the absence of the gas film, when the reflection 
would be irregular and independent of the in- 
cidence. But the gas film Renggeess when the 
pressure is reduced below 0.001 mm., and then 
only Knudsen’s assumption holds. In that case 
the molecules, according to Gaede, would be re- 
flected from the cylinder, as if they were dis- 
charged from guns pointing in all directions. If the 



































Fig. 5. 


does not comprise any kind of piston, and the 
communication between the vessel to be evacuated 
and the atmosphere—or rather the partial vacuum 
prepared by an auxiliary pump, for the new —_ 
is only intended to complete the evacuation effec 

by other means—is at no time closed, not even 
partially. The two parts are always connected by 
grooves provided between the rotor and the casing 
of the pump. The movement of the rotor acts on 
the molecules of the gas contained in the grooves 
of the rotor, and produces a difference in gas pres- 
sure between the entrance and exit passages of each 
groove. In ordinary mercury and oil-pumps the 
vapours of these substances cannot be suppressed ; 
in the new pump such vapours are removed as 
quickly as the gases. In acertain sense the new air- 
pump is based upon gas friction between moving 
surfaces ; the operation is not simple, however. 

Fig. 1 will explain the principle of the pump. 
Ais a cylindrical 
about its axis a within the casin 
clearance h'. A groove of depth h is cut in 
the casing, extending from n to m. When A is 
turned clockwise, friction carries the air in the 
groove from n to m, and if a pressure - gauge 


| Shem, and the external friction of gases against a 
glass surface becomes less with increasing rare- 
|faction. Knudsen calculated, in 1909, the absolute 


value of the external friction from data furnished 
by the kinetic theory of gases; he found that the 
value for the friction of gases flowing through glass 
tubes agreed with the results of his experiments. 
He supposed with Maxwell that the molecules of 
gas are reflected irregularly from the surface they 
impinge upon, independently of the angle of inci- 
dence. This assumption, Dr. Gaede points out, did 
not take into account the gas film adhering to the 
walls of the tubes. Repeating Knudsen’s experi- 
ments, Dr. Gaede found that at pressures above 
0.001 mm. a film of gas was formed or remained 
on the glass, with the result that the molecules 
were mainly projected backwards in the direction 
of their pectdoete. The film of gas seemed to act 
in the following manner. The irregularities on the 


drum revolving at a high speed | surface of the glass may be regarded as being mecha- 
B, leaving a| 


nicalor molecular. At pressures above 0.001 mm. 
the molecular inequalities are covered by a film 





of gas, the density of which diminishes towards 
the interior of the vessel. To bereflected from the 
glass wall, the molecules have to penetrate the 





be inserted between m and n, a difference of gas film, and the reflection would preferentially 
pressure will be observed which is proportional to be vertically backward, as the film thickness to be 
tue speed and the internal friction of the air. This traversed would be a minimum in this direction. 
depression would, however, be of little use if the | Suppose a difference of pressure to exist between 
operation were conducted in air at ordinary pressure. | the two ends of an evacuated tube. There would 
Supposing, now, that the casing is already evacuated yet be plenty of molecules left in the tube, and 


rotor moves with a velocity greater than the 


Fig.4. 
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velocity of the molecules, the molecules projected 
tangentially to the cylinder will be hurled towards 
m with more than double the molecular velocity, 
while no molecules will find their way back to n ; 
hence a vacuum will be established at n. 

For practical reasons the speed of rotation is not 
raised so high in the pump, and in place of a groove 
being cutin the casing between two points n and m, 
as in Fig. 1, a series of grooves of depth b and 
width ¢ are cut in the rotor, as shown in Figs. 2 
and 3, these grooves being joined in series by the 
diagonal ges in the casing shown dotted in 
Fig. 3. The casing also is provided with blades 
Cc a into the grooves in the rotor, as shown 
in Fig. 3. e is, as before, condensed at m 
and rarefied at when the cylinder turns clockwise; 
m is connected to n,, m, to m, andso on. The 
casing is closed on all sides, and there are two 
ports, the one leading to the vessel to be evacuated, 
the other to the connection with the preliminary 
pump. 

The arrangement of the grooves adopted in the 
actual pump is shown in Fig 4. A is the rotating 
cylinder, B the casing ; the grooves are marked D, 
C are the blades, and E are the plates forming the 
front and back of the air-tight casing. The shafta 
runs in the oil-chamber F, and its position is 
adjusted by the aid of the collar G, so as to prevent 
grazing of the cylinder against the blades C. The 

ighest rarefaction is produced in the central 
groove, which is connected with the vessel to be 
evacuated ; in the grooves to both sides the pres- 
sure is less reduced, and the two outer grooves are 
at the pressure of the easing—that is to say, at the 
reduced pressure which the auxiliary pump has 
produced in the casing. In order fully to utilise 
the suction effect, the air-passages should be wide ; 
in the ee illustrated in Fig. 5 the suction- 
ipe, with its ground and slightly tapering nozzle 
marked S in Fig. 4), has a diameter of mm, 

e other nozzle is much smaller. 

The pump is driven by an electric motor of 
4 horse-power at about 8000 revolutions per 
minute. In the first type of this pump, which is 
made by Messrs. E. Leybold’s Nachfolger, of 
Cologne, a countershaft and a yielding couplin 
were inte in the drive ; as now construct 
the motor-belt is driven directly on to the pulley H 
(Figs. 4and 5). The so-called dynamic oil-bearing 





is a special feature. Spiral grooves N are cut in 
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the two ends of the shaft a in the way indicated 
in Fig. 4; when the cylinder is rotating, the oil is 
urged outwards against the pressure of the external 
air. In order to ensure that the lubricating device, 
which, of course, acts only at fairly high speeds, 
shall operate correctly, the rotor should always 
be started before the auxiliary pump is con- 
nected with it ; in stopping, the auxiliary pump has 
again first to be arrested. An automatic switch, 
which is supplied with the pump, prevents these 
manipulations being made in the wrong sequence. 
The simple dynamic lubricating device is said to 
be absolutely safe at all speeds, and is considered 
superior to other types of stuffing - boxes in 
keeping all oil out of the casing. A screen of wire 
netting is placed in the suction-tube, lest dust gain 
access to the pump. 

As regards the efticiency of the new pump, 
Dr. Gaede stated in the German Physical Society 
that he had evacuated a Réntgen bulb of 1 litre 
capacity so completely in 10 seconds, starting from 
a pressure of 5 mm., that sparks crossed a gap 
of 15 cm. parallel to the tube. With the former 
rotating mercury pump of Gaede this could not 
have been accomplished in less than 100 seconds. Dr. 
Gaede also accentuated the fact that the new pump 
removed vapours as well as gases, since its action 
depended on molecular movements. For this reason 
the just-mentioned experiment with a Réntgen bulb 
had been made without the aid of phosphoric an- 
hydride or any other drying agent. A more sensitive 
test was supplied by the study of canal rays by 
v. Dechend and Hammer. nless the greatest 
care is taken to remove all vapours by the use of 
drying agents or of liquid air, canal rays will con- 
tinue to produce luminosity and ionisation even at 
the highest rarefaction, and in spite of the presence 
of phosphoric anhydride. Repeating their experi- 
ments—which are of the same kind as those of Sir 
J. J. Thomson on positive rays, which we have 
noticed on various occasions—with the new Gaede 
pump, Dechend and Hammer found that a vacuum 
such as is required for the determination of the 
velocity of the canal rays could be obtained in 
10 minutes without the use of any drying agent. 
The rays traversed a distance of 70 cm.; but they 
were perfectly invisible; they gave a sharply-defined 
image on the fluorescent screen, and the phenomena 
of charging and discharging molecules within the 
= deflected by magnetic and electric fields 
(W. Wien) were hardly observable. 

The following table shows the relations between 
the speed of the pump (revolutions n per minute) 
and the initial pressure p, and the final pressure p, 
iv millimetres of mercury as measured or estimated 
by a McLeod gauge :— 


n P Pe 
12,000 0.05 0.0000002 
12,000 1 0.000005 
12,000 10 0.00003 
12,000 20 0.0003 
6,000 0.05 0.00002 
2,500 0.05 0. 


There is some uncertainty about the determina- 
tion of really high vacua, of course; but the 
figures certainly prove that the vacuum reached 
will be the higher the lower the initial pressure 
and the greater the speed. This result is in accord- 
ance with the theoretical consideration above out- 
lined, as the number of molecules which on reflec- 
tion from the cylinder will find their way back to 
the suction-nozzle will be the larger the lower the 
peripheral speed is in relation to the molecular 
velocity. hen the number of revolutions is kept 
constant, the vacua should therefore be the lower 
the higher the molecular velocity of the gas in 

uestion. This was demonstrated by connecting a 

ischarge bulb to the pump, and filling the casing 
alternately with air, whose average molecular velocity 
is 0.6 km. per second, and with hydrogen, molecular 
velocity 1.8 km. per second, the two gases being at 
the same pressure in tho wg # When the 
successive discharge phenomena altogether 
ceased in the bulb, they were observed again in 
the inverse order when the air was replaced by 
hydrogen, while the original high vacuum was once 
more reachéd when air was again substituted for 


the hydrogen. 
Tn oy | pumps supplied by Messrs. Leybold, 
0 


Dr. Gaede found the following values for n, p,, 
and pi. :— 
n. . 
8200 on 0.00000 
8200 1 0.00002 
8200 10 0.0005 





n. Pr- Po 
8200 20 0.005 
6200 0.1 0.00001 
6200 1 0.00005 
6200 10 0.002 
6200 20 0.8 
4000 0.1 0.00003 
4000 1 0.0003 
4000 10 0.08 
4000 20 3.0 


The ground joints were sealed with Ramsay’s 
rubber grease, in which, however, bubbles were 
seen to form and to break ; at the same time the 
indeterminably high vacua would fall within measur- 
able reach. These irregularities disappeared when 
sealing-wax was used for making the connec- 
tions. Dr. Gaede also made experiments on the 
pump output, the volume of air or gas actually 
removed by his new and his older pumps, supplied 
by Messrs. Leybold, within a given time, and on 
the suitable width of its connections. For calcula- 
tions to determine whether a tubular connection will 
be sufficiently wide to sustain a certain flow, the 
resistance offered by a tube to the passage of a gas 


may be expressed by the equation W = 2 , in 


which 1 is the length of the tube in metres, andr 
its radius in millimetres. The conducting capacity 
of a tube, the reciprocal of W, will then express 
the number of cubic centimetres of air that will 
enter the one end of a tube, the other end of which 
is in connection with a vacuum of unlimited 
capacity. When there are several branch connec- 
tions of different diameters, their joint resistance 
to the e of air may be calculated after Ohm’s 
law. The conducting capacity of a tube, 1 metre 


3 
long, 12 mm. in diameter, will be ° = 216 cub. cm. 


mg second ; that is to say, 216 cub. cm. of air can 
e drawn through that tube under a pressure of 
1 atmosphere. To use the pump to its best 
advantage the conducting capacity of the tube 
should be larger than the output of the pump. At 
a pressure of 0.001 mm. the output of the new 
pump was found to be 1330 cub. cm. per second, 
whilst the output of the mercury-pump was 80 
cub. cm.; the connecting-tube of the new pump 
has therefore been given a diameter of 22 mm. 
(nearly lin.), whilst a diameter of 12mm. was 
sufficient for the rotary mercury-pump. 

Some confirmation of the correctness of the 
view that the action of the pump depends upon 
molecular movements is afforded by temperature 
measurements conducted by Dr. Gaede. As the 
temperature of a gas depends upon the velocity 
of the molecules, a thermal kinetic effect should be 
observable in the molecular pump corresponding 
to its hydrodynamic effect, even if no temporary 
variations of pressure occur. When the cylinder 
in Fig. 2 rotates clockwise, the gas molecules 
should strike the upper surface of C with increased 
velocity, and the lower surface with diminished 
velocity, and the upper surface should become 
warmer than the lower surface. By the aid 
of a thermo-couple these kinetic heat differences 
were actually proved to exist as soon as the 
pressure was sufficiently low to allow the free 
paths of the moving molecules, to become 
larger than the dimensions of the groove ; this takes 
place when the pressure sinks below 0.001 mm. 
At this pressure the number of cubic centimetres 
of air removed per second has its maximum value 
of 1330 cub. cm., as already mentioned. This 
kinetic heat effect, Dr. Gaede points out, is meteo- 
rologically interesting. A meteorite passing through 
the upper atmosphere is under the reversed con- 
ditions of the blade C, because the meteorite rushes 
at — speed through the relatively stationary air 
molecules, whilst in the pump the blade is at rest 
and the molecules are being rushed. Accepting 
the meteorological data of Wegener, Gaede calcu- 
lates that temperatures between 5000 and 3000 deg. 
Cent. would be attained by meteorites at altitudes 
— km. to 200 km., owing to the kinetic heat 

ect. 





Units oF MEasurEMENT.—The Decimal Association | - 


have communicated to us an extract from a letter the 
have received from an engineer in the Transvaal, in whi 
he states that there are in the country three Government 
departments each using a different unit of measurement 
on the same ground—viz., the Railway Department, using 
the “‘Gunter’s” chain and acres; the Lands Department, 
using the Cape foot and morgen ; and the Mines Depart- 
ment, using the English foot. (1033 Cape feet = 1000 
English feet.) 





THE BRITISH ASSOCIATION. 
SECTION @.— ENGINEERING. 


In our last issue we gave an account of the 
address of the President of the Association, Sir 
Oliver Lodge, D.Sc., F.R.S., delivered on the 
evening of Wednesday, September 10. The meet- 
ings of the sections commenced the following 
morning (the 11th) and, according to our custom, we 
deal first with the Engineering Section. The Presi- 
dent of the Section (Dr. G. Kapp) delivered an 
address dealing chiefly with the characteristics of 
the different systems available for electric traction on 
railways. This address we reprinted in extenso in our 
issue of last week, and we need not therefore refer 
to it now at length. At its close Mr. G. G. Stoney 
pesnees a vote of thanks to the President, this 

ing seconded by Professor S. P. Thompson, who 
said that the address formed a valuable survey of 
a development which had not been without diffi- 
culties and conflicts. We in this country should be 
proud that Dr. Kapp had greatly assisted in this 
development while among us. He had also en- 
oe friends in Germany, and had applied in 
all the progress for which he had been responsible 
the knowledge which came to him here in his prac- 
tical work. Usually they had had to be satisfied 
with the advocacy of one or the other of the 
systems by interested parties. The President had 
given them the reasoned arguments on conflicting 
problems, setting them out in an unbiassed manner, 
which would be found valuable to engineers. He 
would only touch on two points of the address. 
One point was that Nature assisted electrical engi- 
neers in regard to traction problems, because the 
turning moment they obtained with their machines 
was so uniform that they could provide a lighter 
locomotive to do a given amount of work. The 
other point to which he would draw attention was 
the beautiful and automatic manner in which the 
size of wheels was equalised, as mentioned in the 
address. 

The vote of thanks having been passed by accla- 
mation, it was very briefly acknowledged by Dr. 
Kapp, who then called upon Professor E. G. Coker, 
as Secretary of the Section, to read the short interim 
report on gaseous explosions. This report simply 
chronicled the facts that during the year steps had 
been taken for providing Professor W. E. Dalby, 
Secretary of the Uommittee on Gaseous Explosions, 
with a permanent research assistant, and for fitting 
up one bay of the new laboratories of the Imperial 
College of Science and Technology with internal- 
combustion engines. Three meetings had been held, 
at which six notes had been presented and dis- 
cussed. One of these was presented by Professor 
G. Asakawa and Professor J. E. Petavel. 


Errect oF ComprEssION Ratio on Gas-ENGINE 
EFFICIENCY. 


This note by Professors Asakawa and Petavel 
formed the next subject to be considered by the 
Section. The full title of the paper was ‘The 
Effect of Compression Ratio on the Efficiency of a 
Gas-Engine.” We purpose reprinting this in a 
future issue, and in the meantime give a short 
summary of it, touching on the chief conclusions 
to which Professor Petavel drew attention. The 
experiments described were carried out on a 25- 
horse-power ‘‘ National” gas-engine working at 
normal speed. The load, speed, and number of 
missed explosions were kept constant, while the 
ratio of the compression was varied by altering the 
length of the connecting-rod. Coal-gas was used, 
its calorific value being determined by analysis and 
by direct measurement. The heat carried away by 
the jackets and by the exhaust was carefully mea- 
sured and a heat balance established. 

It was found that at full powers the brake horse- 
power increased in the same proportion as the 
theoretical air efficiency. The ratio of the actual 
efficiency to the theoretical air efficiency therefore 
remained constant, and the relative efficiency was 
about 55 per cent. Under light loads, however, 
the increased frictional losses with the higher 
compression ratios about counterbalanced the gain 
in Gesunde efficiency. Under these condi- 
tions, therefore, while the actual efficiency remained 
constant relatively to the air standard a decrease 
was shown. At all loads the mechanical efficiency 
was higher for low-compression ratios. At full 
loads it fell from 79 per cent. to 74 per cent. 
as the compression ratio rose from 3.7 to 5.6. 
At one-quarter load it fell from 54 per cent, to 
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50 per cent. for a similar change of the compression 
ratio. j 

The indicated power at full load actually increased 
at a higher rate than would be indicated by the air 
standard ; at light loads it increased at the same 
rate. Hence the relative indicated efficiency 
increased at full loads, but at light loads remained 
constant. Using gas of a low calorific value of 
520 B.Th.U. per cub. ft. at 32 deg. Fahr., the 
consumption at full power was 21 cub. ft. per 
brake-horse-power hour with the lowest compres- 
sion, and 19 cub. ft. with the highest. 

There was no discussion on this paper. 


Sotip, Liqum, anp Gasgous Fugts. 


The next paper to be taken was by Professor 
F. W. Burstall, and was entitled *‘ Solid, Liquid, 
and Gaseous Fuels.” In this paper the author 
discussed the various characteristics of fuels in 
different forms, and the available means for their 
utilisation. He pointed out that the fuel of the 
world consisted of liquid or solid compounds of 
carbon and hydrogen, with small percentages of 
nitrogen, &c. In addition to its value for the pro- 
duction of heat, a wide range of valuable products 
could be extracted from coal. It was often assumed 
that the oil-engine was the prime-mover of the 
future, and thermodynamically the oil fuel was 
superior to solid or gaseous fuel, because of its high 
heating value and the ease with which it could 
be introduced into the working fluid, it being more 
practicable to heat the working air by directly con- 
suming fuel in it than by conduction. After re- 
ferring to inherent disadvantages of the gas-engine 
and gas-turbine, the speaker passed on to the ques- 
tion of fuel supply, and pointed out that 1200 mil- 
lion tons of coal were raised yearly, while only 
50 million tons of oil were produced. The oil 
supply, therefore, was inadequate to present 
demands, and coal would have to be relied on. 
It was possible, instead of gasifying coal with the 
one object of obtaining a high yield of to 
alter the conditions so as to obtain a high yield 
of fuel oils and other compounds of value, of 
which an important one is sulphate of ammonia. 
This was a valuable manure, wasted by the ordi- 
nary methods of using coal, though the nitrogen 
returned to the earth as nitric acid, but not neces- 
sarily where it was wanted. Gas power could be 
obtained from town gas, producer gas, or coke-oven 
gas. If the quantity, quality, and purity of gas 
produced were asecondary matter, it would be pos- 
sible to adopt other systems than those now used 
for the production of gas from coal. Instead of 
26 Ib. to 30 lb. of sulphate of ammonia per ton of 
coal, it would be possible to secure 120 lb., and 
valuable oils might be derived from the tars. He 
would propose the following scheme :—A coal-field 
yielding a good coking coal, and capable of furnish- 
ing a supply for some twenty-five or thirty years, 
should be selected. Carbonisation plant would be 
arranged at the pit-head, the tubs discharging into 
the bunkers of the retort.charging machines. The 
size of each plant would be for about 2000 tons per 
day. The coke and sulphate of ammonia might be 
shipped direct from the pit-head. The tar and gas 
would be piped to suitable points for further treat- 
ment, the tar being through automatic 
stills and the best oils extracted. The gas not 
required for firing the stills would be used in gas- 
engines for the generation of electricity at high 
voltage, to be distributed to towns, railways, &c. 
The gas-engine, though of small size compared with 
the steam-turbines now built, could, the speaker 
continued, compete with them from the point of 
view of thermal efficiency. The gas-engine could 
produce electrical power more cheaply than the 
turbine. The price of gas of 550 B.T.U. per cub. ft. 
would have to be about 4d. per 1000, if coal were 
taken at 20s. per ton. That would give for such 
fuel 125,000 B.T.U. per 1d., taking the gas-engine 
as 2} times as efficient as the turbine. The exhaust 
gases would be washed to extract the sulphuric 
acid, which would be returned to the pit-head. 
He wished to point out that gas and electricity were 
not rivals. Each was capable of performing work 
of which the other was incapable, and engineers 
should combine the two to the best advantage. 

The first ae was Mr. W. M. Mordey, who 
said he thought there was one possible development 
to which Professor Burstall had not refe , and 
that was a combination suggested by Mr. Hum- 
phrey of his type.of a pump with a water- 
turbine and dynamo. his memory were correct, 
Dr. Unwin had given the Humphrey pump an 





efficiency, measured on water horse-power, of 30 per 
cent. of the calorific value of the fuel. If a water- 
turbine were added, the combination would still 
have an efficiency of 25 per cent. That arrange- 
ment would provide a simple and straightforward 
means of driving a dynamo, and it avoided the difii- 
culties met with in large engines. 

Dr. J. S. Owens referred to the author's mention 
of coke as domestic fuel. He understood the 
author to advocate carbonisation at high tempera- 
ture. That presented a difficulty, for then the 
coke was unsuitable for domestic fuel. It was 
difficult to ignite and gave an uncomfortable fire. 
He had found that certain of the so-called smoke- 
less fuels gave from 17 to 18 per cent. more radiant 
heat than bituminous coal. With regard to the 
amount of soot falling in London, there was 
deposited in London about six times as much 
sulphate of ammonia (500 tons per square mile 
pet annum) as was deposited a short distance out- 
side, in Surrey. All that large amount was 
deposited in the wrong place. It os plants 
from growing in the ks, and the stones of 
buildings were salphated snd destroyed. 

Professor T. Hudson Beare said that there were, 
to his knowledge, people already working on the 
pump-turbine problem mentioned by a former 
speaker. He thought the combination one which 
offered considerable gains. There was only a small 
amount of oil in the Empire, and their future de- 
pended upon the use to which their coal was put. 
The Diesel motor might be all very well, but ship- 
owners rather wanted some means of employing the 
coal which was at their doors. 

Mr. W. M. Mordey added to his previous re- 
marks that he thought perhaps there might be 
possible in connection with ship-propulsion some. 
system embodying the explosion pump. The com- 
bination of an engine and water-turbine had already 
been used in that field and was still employed in 
certain lifeboats, but he thought direct ejection 
might be possible. 

Professor Burstall said he had not included any 
reference to the Humphrey pump in his paper, 
because it had not yet been demonstrated that it 
could be made in sufficiently large sizes. At 
present Parliament im all sorts of restrictions 
on gas companies, @ was proposing a system 
quite different from that at present followed, 
whereby the products might be varied over a wide 
range, so that it became a question of what hap- 
pened to be the best product at the moment. 

After a vote of thanks the meeting adjourned till 
Friday morning. 


Tue InTeERNAL-ComBUSTION ENGINE APPLIED TO 
Raitway Locomorion. 


The first paper to be taken on Friday morning 
was one b Mr F. W. Lanchester, entitled ‘‘ The 
Internal- Combustion Engine Applied to Rail- 
way Locomotion.” This paper stated that the 
position of the steam locomotive was being assailed, 
on the one hand, by electric traction, and, on the 
other, by self-propelled units fitted with internal- 
combustion engines. The author discussed one or 
two forms of motor-coach equipment, finally de- 
scribing that of a 60-ft. bogie-coach, which was the 
joint production of the Metropolitan Wagon Com- 
ny and the Daimler ane The vehicle was 
uilt by the former, while the latter company 
equipped it with its power installation. The engine 
equipment was in duplicate, each unit comprisin 
a six-cylinder Daimler sleeve-valve engine, wit 
cylinders of 6-in. bore and 6-in. stroke. Between 
the engine and the transmission-shaft was placed a 
triple-tandem epicyclic gear-box, giving six changes 
of speed, the speeds being grouped as three low- 
gear ratios for starting and for giving high 
acceleration, and three high-gear ratios used ex- 
clusively in running. The low-gear ratios used 
made it possible to start upon the load instead 
of having to clutch in as in the ordinary 
motor-car. The gears were actuated by mag- 
netic clutches. The transmission to the driving- 
axle was of the right-angled type arranged on a 
rolongation of one of the bogie-axles. It wasa 
oe rive, the pinion on the tail-shaft gearing 
simultaneously with two crown wheels on the axle, 
one or the ie being oe into play by means 
of a dog-clutch. This allowed for reversing the car. 
There were two such engine units, each gearing on to 
the inboard axle of one of the two bogies. The 
units were disposed symmetrically on opposite sides 
of the vehicle, and drove to opposite ends. There 
were, therefore, two driven axles and two free axles 


to the car. Each unit was of from 100 to 110 
horse-power, so that the car was practically a 200- 
horse-power car. The units were hung under the 
longitudinals, with short-period springs between 
the engine and the car-frame. Coupled direct to 
the tail end of each engine crank-shaft there was a 
dynamo. A battery was carried and served both 
for lighting and for starting the engines and for 
driving the electric air-brake compressor. The 
car in question, on the Coventry-Nuneaton branch, 
at a speed of 48 miles per hour, showed a 
fuel rate of 1 gallon per 170 ton-miles; that 


was about equal to 5 miles to the getlon. It 
had run at 70 miles an hour, and easily main- 
tained 60 miles hour for long distances. The 


economy nat fell off at the higher rates. It 
was quite feasible to maintain the London to 
Birmingham two hours’ service with such a car 
and to carry 60 F ng woh at the present contract 
prices for petrol the cost of fuel for such a journey 
would work out at 12s., from which it would be 
evident that the cheaper oil fuels had no very great 
advantage. The author considered the petrol-coach 
a substitute for the present train system. 

Dr. H. S. Hele-Shaw referred to the fact that 
Mr. Lanchester evinced a preference for applying 
motor-car practice to the problem of the internal- 
combustion locomotive. Br. Kapp had discussed 
electric traction. The whole question was of 
great importance to that section of the Associa- 
tion. The motor-coach was superior to the petrol 
locomotive. He differed from the author as 
regards transmission. When electricity was used 
for traction purposes there were immense forces 
available for acceleration, but in the petrol-coach 
they had not those to draw upon. The manner of 
acceleration was an important factor in the life of 
gears, the cars, &c. at was well-known in elec- 
tric traction work. The system which he advocated 
had a continuous gear. Electric transmission, 
as they all knew, was a step-by-step gear. There 
was with electricity no suc ing as continuous 
variation, so that the mechanical gear-box and 
electric transmission were akin in that matter. 
Mr. Lanchester had been working in the direction 
of shortening the steps. There were five trans- 
mission systems, of which two had been men- 
tioned—viz., mechanical-gear changes and electric 
transmission. Friction provided another means, 
but it was out of the question. Compressed air 
furnished the fourth. That was used in the large 
engines built by Messrs. Sulzer and other firms on 
the Continent. The most serious criticism offered 
against these engines had been concerned with the 
compressed - air starting srrangements. Finally, 
there was the hydraulic system, which he had 
fitted recently to a coach, and which had so far 
proved to be an excellently running system. His 
coach had an internal-combustion engine of about 
80 to 100 horse-power, driving a pump supplying 
oil under pressure to an hydraulic motor g to 
one of the axles. He considered that if the step- 
by-step gear was going to succeed, it would do so 
in Mr. Lanchester’s hands. As to his own system, 
he was not yet prepared to state over-all efficiencies, 
before the conclusion of long trials ; the promise, 
however, was good. He had a cooler cn his car, 
but it was part of the engine and not of the pump. 
The pump efficiency taken separately was per 
cent.; that of the motor 95 per cent., taken sepa- 
rately in truck trials. There was ery! no loss 
of heat in the transmission, and the oil in the pipe 
between the pump and motor needed no cooling. 

S Lea said one of the advantages of 
electric traction was the constant torque on the 
driving-wheels. He supposed that Mr. Lanchester 
would probably make the same claim for his system. 
It certainly was an advantage. With regard toa 
head-wind velocity of 36 miles per hour, used by 
Mr. Lanchester in his calculations, his experience 
on the North Wales coast was that a side wind was 
more important than a head wind. He would like 
to know whether the author suggested that his 
system would do for main-line traffic. If main- 
line traffic had to be handled in short trains a 
number of railway economic questions would be 
introduced. The signal system would become much 
more complicated. 

In reply, Mr. Lanchester stated that if the 
hydraulic gear could be built so as to nearly equal 
the mechanical , it would have great advan- 
tages, and all that he had said in favour of the 
mechanical gear would be in favour also of the 
other. But if the hydraulic gear came in for 





the rail-coach, it would come in for the motor- 





382 


ENGINEERING. 


(Sept. 19, 1913. 








AUTOMATIC SLEEPER-ADZING AND BORING MACHINE WITH CENTRING APPARATUS. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED. ENGINEERS, NEWARK-ON-TRENT. 





car. He thought that if there were right lines 
to work on in that matter, Dr. Hele-Shaw was 


working along them. The combined efficiency of | 
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smaller cylinder would supply that needed in the 
larger. After some time the oil would be exhausted 
from both, and the recording gauge cease to act. All 


Dr. Hele-Shaw’s gear would be about 86 per cent. | that then had to be done was to take the load off and 
His own mechanical gears ow over 90 per cent. | promptly pick it up again, and the machine was 


Time would show whether that odd 5 per cent. was 
material. The method of engagement was by mag- 
netic clutches. The fact that a side wind was more 
troublesome on a train than a head wind was largely 
due to the air ing between the coaches. That 
mass of air had to be set in motion, and that added 
te the resistance. Nothing of that kind occurred 
with single-coach trains. Ifthe railways required 
a two-hour service from’ London to Birmingham, 
he was convinced that it could be effected without 
faltering. They might, however, say that though 
suited to suburban and branch traffic, that type 
of car was not suited to main-line trafic. If that 
should prove to be the attitude adopted, the car 
would be developed for suburban work first, but 
perhaps, when the companies had been educated 
up to the new method, they would come to adopt 
it on the main line also. 


A New Type or WeicHinc-Macuine. 


Dr. Hele-Shaw next described to the meeting a 
new type of weighing-machine on the hydraulic 
rinciple. He said the most serious objections to 
Ledvaulie machines were raised in connection with 
the use of packing, or of diaphragms, and also of a 
recording gauge. In his new machine the first 
difficulty was overcome by grinding, which could 
now be done so accurately tha: when oil was used as 
the fluid cylinders and plungers could be employed 
together under very great pressures with compara- 
tively little leakage and no appreciable friction. 
The chief feature of the device was the means 
by which this small amount of leakage was dealt 
with. There were two vertical cylinders working on 
two plungers joined co-axially together, the upper 
being somewhat smaller than the lower, so that the 
pressure per square inch in the upper cylinder was 
greater than that in the lower. e oil contained 
in the cylinders would very slowly leak away into a 
surrounding reservoir, but the two were put into com- 
munication at one point, and then the oil from the 





again in order for weighing. There was a spring 
between the end of the small cylinder and its 

lunger, and a small inlet valve communicating 

tween this cylinder and the reservoir. As soon 
as the load was removed, the spring forced out the 
cylinder, which was thus refilled, and on taking up 
the load again, the plunger travelled to its limiting 
position in the large cylinder. The spring did 
not enter into the weighing at all. A steelyard 
might be used with the machine or an indicator 
spring. The inertia of the system was very small, 
and tests had shown it to be very accurate. 

Professor E. G. Coker said the application of the 
idea appeared to be capable of extension in con- 
nection with machines for testing materials. Dr. 
Hele-Shaw had pointed out that the accuracy 
depended on the Bourdon gauge, which, as those 
who worked with them well knew, was not great. 
He wished to know if the author had considered 
the use of a small diaphragm device as employed in 
the Avery testing-machines. 

Professor J. E. Petavel said the Bourdon gauge 
gave trouble, because it altered its zero in course of 
time. The system otherwise appeared to be accu- 
rate and applicable to precise work. He thought 
an arrangement might be adopted whereby the 
main system might be duplicated at a distance on a 
reduced scale, so that 1 ton on the machine would 
be balanced by, say, 1 lb. at a distance. That 
would allow the gauge to be abolished. 

Mr. ©. Wicksteed remarked that the weak point 
of the system was the Bourdon gauge. Without 
alteration in that respect the machine would be 
of little value. They might possibly be improved 
in the future, but at present such gauges could not 
be relied on. The next speaker was Mr. Dobson, 
of Messrs. H. Pooley and Son, Limited, who said 
that Dr. Hele-Shaw seemed to have hit upon a good 
thing in the ground plunger. If such plungers 
could be made tically frictionless, they would 
be valuable. He had had some experience with 
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diaphragms, but had found a difficulty in carrying 
the fluid, which tended to drain away under the 
expansion due to the load. Machines were now 
built so that a 50-ton-load steelyard would respond 
to 1 lb. or less. That was extreme delicacy, and 
he could not conceive that the ground plunger 
would be equally sensitive. It required practically 
frictionless conditions. The gauge was unsatisfac- 
tory. There were difficulties in transmitting read- 
ings to a distance, say, to the crane-cab. He had 
tried both electrical and hydraulic transmission, but 
without success. 

Mr. W. P. Durtnall remarked that it would be 
interesting to know whether the idea had been 
applied for draw-bar dynamometer purposes on 
railways. He was interested in obtaining the draw- 
bar pull under severe conditions on a mountain 
railway. The Bourdon gauge could be tested for 
error and corrected. 

Dr. Hele-Shaw, in reply, said that as regards 
accuracy the system was all right. It came well 
within the 7-lb. per 20-ton limit required by the 
Board of Trade. The machine did not depend on 
the gauge, though the class of gauge he used was 
guaranteed by the makers. Bourdon gauges were 
accurate within themselves. He employed one of a 
special quality. The question of reading at a dis- 
tance did not really enter into the matter, but it 
could be effected by the use of a smaller correspond- 
ing machine with a steelyard or spring gauge. The 
chief advantage was that the load on centres was 
abolished. The idea had been applied to a capstan. 
It was necessary, if the machine were used horizon- 
tally, for the reservoir-valve to be submerged. That 
was arranged for by placing the gauge on the other 
side, so that the latter would be uppermost in 
order to be easily read. 


ARIAL PROPULSION OF BarGEs ON CANALS, 
AND A NoTE ON AERONAUTICS. 


The next two papers taken were by Mr. L. B. 
Desbleds and by Mr. F. W. Lanchester. The 
former read a paper on ‘‘ Aerial Propulsion of 
Barges on Ca ” in which he stated that the 
restoration of cheap canal traffic would add greatly 
to the prosperity of the country. With an 80-horse- 
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power motor the Count de Lambert had achieved a 
speed of 55.8 miles per hour, using an aerial pro- 
peller, while with submerged propellers 500 horse- 
power were required to drive a boat at about 
47 miles per hour. The system of aerial propellers 
was adaptable to low speeds. The principles of 
propulsion remained the same, and improvements 
in aerial Fae apne would doubtless come in the 
future. Submerged propellers were troublesome 
in shallow waters, and also where weeds were 
plentiful. The system was ——— for conditions 
in which the submerged propeller was impossible. 
It was possible to obtain a thrust of 250 Ib. at a 
speed of 4 miles per hour with a 16-horse-power 
motor. That would give an efficiency of 16.7 per 
cent. The advantages would include the total 
suppression of horse towage, less erosion of the 
canal bottom and banks, reduced cost of canal 
maintenance and of plant maintenance, and the 
benefits of being able to use the same system of 
propulsion in passing from one waterway to 
another. The installation of the machinery on 
deck was a gain in that it did not occupy hold 
8 , but provision had to be made for lowering 
the propellers for passing under bridges, &c. 

Mr. Lanchester’s paper dealt with what he termed 
‘catastrophic instability” in aeroplanes, which 
had not been previously investigated. The author 
showed that the ballasted-plane type of glider had 
& certain ambiguity in its flight-path, its whole 
— pressure system being liable to reversal 
as the result of aerial disturbances of quite minor 
degree. It was pointed out that types of gliding 
models having this property were unsuited to the 
purposes of aerial navigation, since, in the event of 
reversal taking place, an immediate and accelerated 
descent occurs. The conclusions arrived at were 
that although in the absence of knowledge 
the design of a machine might easily be such 
that this form of instability would show itself, the 
avoidance of any danger was not difficult. The 
following points required consideration :—The tail 
should be mainly directive, and not a weight-carry- 





(For Description, see Page 388.) 


Fre. 2. 


ing organ; the aspect ratio of the tail-plane 
should be high; the influence of ‘‘ wash,” as 
affecting the angle and behaviour of the tail- 
lane, should receive proper consideration. Mr. 
nchester further pointed out that any machine 
which, with a single setting of its directive organs, 
was capable of flying either way up, was liable to 
exhibit this catastrophic instability, and was 
dangerous. The author illustrated his remarks 
with models. 

The discussion on these two papers was taken 
together, the first speaker being Mr. T. Reid, who 
said he could not see any justification for attempt- 
ing aerial propulsion on canals. A good screw- 
propeller gave an efficiency of 60 per cent., while 
the author’s arrangement gave 16 per cent. only. 
The ditliculty of maintaining the canal banks de- 

ded the wave-making properties of the 
rge. There was no difficulty in providing suit- 
able propellers for shallow water, and they might 
be used in tunnels, as had often been done. 
Housing reduced the free wash. The erosion ques- 
tion should be attacked from the point of view of 
what was the best form of hull to be employed. 
He had tried to do away with the wave-formin 
features of the hull by making a boat with paralle 
sides, cut away underneath to form an arch or 
tunnel extending the whole length of the hull. The 
roof of the arch was brought low down at one part, 
to form a constricted passage, and at this point the 
propeller was inserted. The water which would 
ordinarily tend to pile up in front of the boat was 
then drawn down underneath it by the propeller. 
He thought the prevention of erosion lay in some 
such direction, 

Mr. Lanchester, speaking on Mr. Desbleds’ 
r, said the density of water was roughly 
times that of air, and if the air-propeller were 

limited to 8 ft. in diameter, the same amount of 
work would be got out of a water-propeller 3 in. in 
diameter. That, he thought, ed the question. 

Professor Petavel remarked that the new form 
of instability to which Mr. Lanchester drew atten- 





tion was important in the case of machines approxi- 
mately identical on the two sides. It was a practical 
matter rather than one of mathematical importance, 
as pilots did not want to fly upside down. It should 
be studied, however, so that designs could be 
evolved which would avoid such risks. 

Mr. J. J. Guest said that if canal-boats had to 
have fans, there might be difficulty in two boats 

sing. Was the vertical gust . Lanchester 
referred to to be considered spread over the whole 
plane or as affecting the leading edge only ? 

Dr. G. Kapp remarked that some years ago the 
Prussian Ministry of Works appointed a Commis- 
sion to consider the best way of working a canal 
round the outskirts of Berlin. The advantages of 
aerial propulsion had been laid before them, but 
did not warrant its adoption. A sort of electric 
horse had been adop The motor locomotive 
was fitted with a. winding-drum, and as the rope 
advanced at both ends equally when pulled, they 
had an efficiency not of 16.7 per cent., but of 100 
per cent. 

Mr. Desbleds replied that the object of his paper 
was not to compare water with aerial propulsion, 
but to put forward a method for use where sub- 
merged propellers were impossible. Under some 
circumstances mechanical propulsion was at present 
impossible. In such cases aerial propulsion might 
be tried. Every system which might offer the 
chance of reviving the use of canals should at least 
be attempted. 

Mr. Lanchester remarked in connection with his 
peper that if part of the weight. were carried by the 
tail, they were nearing the point at which risk 
develo A model could be made with the tail 
set, and if it would fly upside down it would bea 
dangerous design. e action of the gust was con- 
sidered to be spread out, but local disturbances 
would probably be sufficient to initiate the change. 


Domestic Execrric Cookina. 





Professor J. T. Morris was the author of the 
next paper, which was on ‘‘ Domestic Electric 
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Cooking and Heating —Results of One Year’s Work- 
ing.” This paper described the results obtained in 
a flat in London in which the cooking apparatus 
included a Jackson (Marylebone) electric cooker 
having three hot plates, one grill, and a fair-sized 
oven. Hot water was obtained by meaus of a coke 
boiler which required lighting in the morning and 
stoking twice a day orso. ‘The daily consumption 
of Board of Trade units ranged from 5 to 15. The 
annual expenditure was as follows: — Annual 
‘* telephone ” charge, 61. 10s. 8d. ; hire of cooker, 
15s. per quarter, 31. ; cooking, 2934 units at 4d., 
61. 2s. 3d. ; heating, 2068 units at $d., 41. 6s. 2d. ; 
lighting, 200 units at4d., 8s. 4d.; total, 201. 7s. 5d. 
Added to that was coke and wood for the boiler, 
41. 11s., making a total of 241. 183.54. The so- 
called ‘‘ telephone ” charge was really a first pay- 
ment of a lump sum, with an addition of so much 
per unit after a certain amount. It was difficult to 

ive a direct comparison for Birmingham figures, 
Coenete in Birmingham it was not possible to 
hire acooker. Cookers could be obtained by pur- 
chase or on the hire-purchase systems only. The 
hire purchase was a three years’ system, and on 
that basis the annual costs would be as follows for 
Birmingham :—Cooker, 61. ; cooking, 121. 4s. 6d. ; 
heating, 8/. 12s. 4d. ; lighting, 21. 7s. 6d. That 
made a total of 291. 4s. 4a., or, including coke and 
wood, as before, 33/. 153. 4d. 

Dr. Kapp said the author had pointed out the 
saving in wages due to being able to replace one of 
two servants by an occasional charwoman, but had 
not mentioned the reduction in the butcher’s bill 
due to the less skrinkage of meat with electrical 
cooking. 

Dr. J. A. Fleming spoke about the variable life 
of the heaters made and the troubles arising when 
faults developed. It should not be necessary, as 
was now the case, to send the heater back to the 
manufacturer when things went wrong. They 
should be so made that parts liable to go wrong 
could be easily replaced by the user. If the heater 
hot-plate could be easily attached or detached when 
it failed while a dinner was in course of preparation, 
it would be replaceable. Everythin hegtaheh on 
the $d. rate taken by the author. here he lived 
the rate was 14d. That put the heating of water 
by electricity out of the question at once. If elec- 
tricity could be obtained for $d., no one would go 
back to coal-cooking. At 1d. per unit it was about 
comparable with gas-cooking. The consumption 
was about 1 unit per person per diem. 

Mr. Guest said the 31. for hire put down on one 
side of the author's costs did not agree with the 
proportion placed in the set of figures for Birming- 
ham as the hire-purchase charge. He did not see 
where the reduction of wages came in. Mr. OC. 
Wicksteed also did not see how the author managed 
to make a comparison between the hire in London 
and the hire-purchase in Birmingham. Why were 
not comparative figures given for gas-cooking ? 

In reply. Professor Morris said that he agreed 
with Dr. Fleming as to the desirability of bein 
able to put right anything that went wrong with 
the cooker. The 3l. higher charge for London 
included both maintenance and hire. If anything 
went wrong, the borough people were telephoned, 
and it was set right in a couple of hours. The 61. 
for Birmingham was a different matter. The stove 
was the user’s own after three years, but that 
had disadvantages. If he moved, he might find 
that it was designed for a voltage which did not 
exist in the district he was going to. Hire was 
therefore the best policy. The paper dealt with 
one year's results of electric cooking, and had 
nothing to do with gas. Wages were saved, because 
there were originally two maids, of whom one was 
dispensed with, a charwoman coming in once or 
twice a week instead. 


Bank-Note Eno 2avVing. 


The next paper was entitled ‘‘ Bank - Note | 
t was read by Mr. A. E. Bawtree, | materials. They were classed now as ductile or 


Engraving.” 





sections produced by the pentagraph and transfer 
engraving processes; also that it must be un- 
mistakable. The new system had been adopted in 
Newfoundland and by bankers, and embodied the 
following features :—-While the engravers’ stock of 
sections was repeatedly used, sometimes upon 
photographically protected work, and at others for 
ornamental purposes, where the forger could easily 
photograph it, in the new system security and 
ornamental stock were kept apart. Bond coupons 


could not be adequately protected through the | 


limitations of existing machinery, while the new 
system specially lent itself to the engraving of 
those notes. A hidden desi 
rated in the work, and rendered visible to the 
anker only by means of a — screen. It also 
produced very much more utiful results than 
any of the older processes. 


Fricrionat Losses 1n SteAM-Pipes. 


Mr. ©. H. Lauder then read a paper entitled 
‘*Note on the Frictional Loss in Steam-Pipes.” 
This paper considered the formula of Osborne 
Reynolds fur the drop in pressure, from which the 
following formula was deducible :— 

Al 
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5 (1- 
where \ was the actual weight of steam condensed 
per second per lineal foot of the pipe; w the 
weight of moisture flowing through the pipe in 
unit time; S a constant; » the viscosity, and 
d the diameter of the pipe. In the case of a 
series of experiments carried out with a ?-in. steel 
tube, 75 ft. long, and velocities ranging between 
30 ft. to 200 ft. per second, and initial pressures 
of from 9 lb. to 215 lb. absolute, the results could 
be represented by 
pi — pol = 77.4 wl, 


There was no discussion on this paper, at the con- 
clusion of which the meeting adjourned till Monday 
morning, the 15th inst. 


pi — po) = 


Comp.Lex Stress Distrievution. 


On the morning of Monday, the 15th inst., 
Sections A and G met together to discuss the report 
of the Committee on Complex Stress Distribution 
in Engineering Materials. ‘This was a report of some 
57 es, of which the more interesting portions 
will be reproduced in a future issue of ENGINEERING. 
It was divided into a number of sections, which 
dealt respectively with combined stress, alternating 
stress, collapse of tubes, &c. Each section was 
accompanied by bibliographical records of the more 
important work. The subject was introduced by 
Professor J. Perry, chairman of the committee, who 
said that, in addition to the ordinary subjects, the 
report went into the questions of fatigue, alter- 
nating stress, &c. One point on which some de- 
cision was necessary was evidently on the question 
whether one should speak of the failure of material 
occurring at the yield-point, the limit of elasticity, 
or the point of fracture. Probably in the future 
experimenters would take all three into account. 
He wished to point out that the friction theory 
was altogether different from the theory of elas- 
ticity. It was quite another thing. The fric- 
tion theory assumed a force passing through the 
interface, but it did not always require stresses in 
three directions. If there were three compression 
stresses p,, p. and p;, under certain conditions p, 
would be eliminated, and then a general law was 
arrived at similar to that referred to in the report 
—viz., p, —a p, = b for all materials, a being a con- 
stant. If there was an extreme compressive stress 
and a tensile stress f, the form would +af=b. 

Mr. W. A. Scoble, who was quate for the 
compilation of the part of the report dealing with 
aabend stress, said that they were confronted 
with two distinct points of view—viz., that of the 
engineer and that of the elastician. Another point 
they had to deal with was the classification of 


and was illustrated by a number of lantern-slides. | brittle; that was not quite satisfactory. Brittle 


The author showed examples 
number of bank-notes of different kinds, pointing 
out the different features designed to prevent 
forgery. At the same time he related the manner 
in which this protection was frequently circum- 
vented, and finally drew attention to a system 
designed to prevent the known systems of forging 
roving effective. This system, which was not 
} nee he claimed fulfilled the condition that 


‘* security printing” should be metrical in 


character, but free from characteristic repetition of 





on the screen of a/ materials failed according to the nature of the 


stress. They had different limits according to the 
stress to which they were subjected, and the sub- 
ject was epee by that fact. He thought 
the research of the past would guide them in future 
work, but it was necessary to start afresh with 
ductile steels, for instance, with sufficient material 
to ensure the tests being made complete in every 
sense. It was no use carrying out odd tests on 
little bits of steel, which settled only one point or 
another. 








Mr. W. Mason, who had been connected with 
the section of the report dealing with alternating 
stress, said that their first step had been with 
regard to the compilation of bibliography on the 
subject. Their report had been limited to alternating 
stress applied without shock, or intended to be so 
applied. He was aware that in Germany a large 
amount of work had been done on alternating-stress 
questions recently, but as no published records 
were as yet available of it, no reference to it had 
been ible in their report. The recovery of 
elasticity after over-strain in static tests was quite 
a familiar matter, but its physical mechanism was 


could be incor-| not understood. He thought, but did not wish to 


make any definite assertion on the point, that after 
alternating stress the same recovery applied; but 
that question wasa very obscure one. Ifa bar was 
over-strained, and then allowed to rest for a con- 
siderable time, its elasticity was recovered. If 
instead the piece was boiled or kept at 100 deg. 
Cent. for about fifteen minutes, elasticity was 
also restored. Suppose a case of alternating 
stress, with cycles of stress of one per hour with 
the material kept at 100 deg. Cent., which con- 
ditions, according to their knowledge, should 
give a chance of recovery, what would be the 
effect? That was not yet known. The range, 
pn would not be affected, but probably the 

ysteresis would. He thought the elastic hysteresis 
was of the same nature as the hysteresis of the 
ordinary fatigue experiments. The fatigue of elas- 
ticity, he thought, did not exist. The effect of bend- 
ing on a specimen under test was considerable. If 
complication arose from this in ordinary static 
experiments, what happened in alternating-stress 
tests ? He considered that all results of alternating- 
stress experiments should be checked by static 
tests. 

Mr. G. Cook summarised that section of the 
report dealing with the resistance of tubes to col- 
lapse, with which he had been associated, pointing 
out that collapse occurred at points lower than theory 
suggested. The next speaker was Mr. J. J. Guest, 
who, as he was on the committee responsible for 
the report, said he would not criticise it. The 
object, he thought, was to criticise and, if possible, 
arrive at some points of view common to the elas- 
tician and the engineer. He hoped they would 
be helped in that by the physicist, who was really 
in sympathy with both parties. Unless the field 
was cleared there might, he thought, be waste of 
time in discussing points on which engineers held 
very definite opinions. On the question of failure 
there were three points to consider—viz., elastic 
limit, the yield-point, and the actual fracture. He 
thought the latter out of the question as a criterion, 
and with that he considered mathematicians would 
agree. A stress-strain curve was not quite straight 
right up to the yield-point. If a specimen were 
carefully loaded, there was a slight departure at a 
certain point from the elastic line. It was a ques- 
tion why there was that change. The elastic limit 
might be defined as the first point at which that 
departure from the straight occurred, or the first 

oint where the time effect came into the question. 

he two went together. The cause of that might 
be either due to some phenomenon which should 
not be taken into account, or due to incorrect load- 
ing (correct loading was a very difficult matter), or, 
again, to local defects in the material. Mathema- 
ticians considered materials to be perfect. Engi- 
neers knew them to be otherwise. If the stress 
was run right up to the yield-point and then re- 
movedandacurve plotted forreduction of loads, there 
was a small area between the two which denoted the 
hysteresis of the material. Materials varied. The 
curve for hard cast steel went up in a straight line 
to the breaking point. Other materials gave 
curves. To engineers who dealt largely with costs 
an approximation was sufficient; physicists and 
mathematicians wanted to get something rather 
closer. It was important that we should carry our 
knowledge as far as possible. In the report some 
of the information given was accepted ; some of 
it was doubtful. 

Proceeding, Mr. Guest referred to experiments 
by Professor Dixon, at Birmingham University, 
in which it was proposed to put specimens under 
simple tensile compression and torsional stresses, 
and under hydraulic pressure. The hydraulic 
oan ee consisted of a casting containing a 
hole ugh which the specimen wasinserted. By 
employing grinding the leakage was very slight. 
The specimen had a reduced central portion, and 
the position of this was opposite a vertical hole, in 
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which a loaded ram worked. By that means a 
torsion specimen could be put under hydraulic 
pressure, by which a tensile stress would be imposed 
on it, and as the specimens were hollow, it would be 
also under compression. The apparatus used for 
torsion was one which enabled them to attain a high 
degree of accuracy. The width of the hysteresis 
loop was from one to two ten-thousandths of an 


inch ; they would have to read to ;,, in. It was 


00,000 
possible to arrange for that. The apparatus was 
so made that the stress could be applied and a 
reading recorded, and then it could be reversed to 
give decreasing loads. After that it would be run 
automatically to see what the effect was at different 
intervals. When a specimen was loaded the first 
time the line was not straight ; at the next appli- 
cation the curve followed the straight direction 
more closely than it did the first time. If other 
kinds of tests were applied to the - prep and 
then a return was made to the original kind of test, 
it would be found that the material had depreciated. 
That depreciation was going to be the subject of 
the work Professor Dixon and he hoped to carry out. 

Mr. G. Stoney was the next speaker. He said 
the subject was a most important one to engineers. 
In practice it happened that certain parts might be 
strained beyond the elastic limit, but the ductility 
of the material took care of that. Ductility also 
took care of their errors of calculation, and also of 
the errors on which their caleulations were based. 
In many cases it was essential to make models and 
to test them. All structures where the stresses 
were complicated should have actual tests applied 
to them. That was necessary until the complicated 
stress theories had been more closely established. 
A special case where static and alternating stresses 
were combined occurred, for instance, in a turbine 
shaft. There large factors of safety had to be 
allowed at present. It was important to arrive at 
knowledge which would enable these to be reduced. 
With regard to stresses in rotating discs, he was 
inclined to doubt the ordinary theory. It was 
found that discs would run safely at speeds higher 
than those given by the ordinary theory, but the 
hole would become enlarged. If the hole were 
trued out and bushed, no further enlargement 
would occur. He knew of a case of a 27-in. disc 
having a 4-in. centre hole, intended to run at 
5000 revolutions per minute, having been acci- 
dentally speeded up to 8000 revolutions per minute. 
It stretched evenly. The outside diameter became 
27} in., and the hole was enlarged to4}in. He 
would like the mathematicians to give him an idea 
of the stresses in a disc under those circumstances. 

Mr. J. S. Wilson described the india-rubber- 
model method of measuring stress distribution used 
by himself and Mr. Gore. Mr. Wilson’s work in 
this direction has been referred to several times in 
Encinegrine. His remarks at the meeting on 
Monday were illustrated by lantern-slides, photo- 
graphs, and diagrams, while he also exhibited the 
measuring-bench used in the work, and a table with 
a model of a perforated plate under strain. The 
model used consists of grey rubber. In the perfo- 
rated-plate experiments the thickness was #in., the 
slab being 18 in. long by 9 in. wide. The holes 
are cut, and the surface is marked off with circles 
in Indian ink. In the experiments the plate is laid 
on a table with a horizontal plate-glass top, there 
being a large number of steel balls between the 
glass and the model. Uniform loading is obtained 
by attaching nine equal weights to the edge of the 
model at each end, these weights being suspended 
over pulleys. Above the tees is a vertical inverted 
13-in. by 8-in. camera, by which photographs are 
taken of the model before and after loading. The 
apparatus is shown in Fig. 1 herewith. e lines 
on the negative are clear white lines on a dark 
ground, and the strain shown can be measured 
with t accuracy by means of a measuring- 
bench. In the latter there is a lamp, a two-wire 
micrometer, and a lens. The negative is placed 
film downwards on the top of the table above the 
lens, and the shadows a the two wires attached 
to the micrometer gauge are projected upwards 
and focussed by means of the lens on the film 
of the negative. The latter is adjusted so that 
the fixed wire of the micrometer ves the circle, 
and the micrometer is adjusted until the other 
wire halves the circle on the opposite side. The 
accuracy with which the dark projected lines can 
be adjusted to occupy the centres of the clear 
circle lines is remarkable. The micrometer is 


graduated to read to ten-thousandths of an inch 


(0.0001 in.). In making the adjustment, a low- 
power microscope is used. The stresses are 
calculated in the following manner, the ratio of 
lateral contraction to longitudinal extension, 
measured before the perforations are cut in the 
1 
model, being > :—Calling e¢, and e, the principal 
strains measured on any circle, the principal 
stresses are proportional to e, + : : and e, + =< 
Thus, if 
¢, = 7.0 per cent. and ¢,= — 4.0 per cent. and 2 
then 


P =7 - (0.4 x 4)= 
Q = - 4+ (0.4 x 7) 


5.4. 
= - 1,2. 
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Combining the strains and plotting the results, 
curves might be obtained representing stress dis- 
tribution. Mr. Wilson showed lantern-slides of 
several examples of models, including plates and 
sections of | we &c., and also illustrated the 
methods of plotting the results. The diagram, 
Fig. 2, herewith, showed the stresses in a plate 
nape ae by two long rectangular openings. The 

of the Assouan Dam was perforated by open- 
ings such as these, in some cases the sluices having 
the relative positions shown in the di . The 
stresses at the corners of such perforations would 
be seen to be severe. 


(#628) 











Professor E. G. Coker remarked that there were 
many points of contact between Mr. Wilson’s ex- 
iments and hisown. Before referring to them, 
owever, he wished to make reference to the pro- 
posed expression p, + a = constant. He 
thought further light would be thrown on the 
matter if different materials covering a wide range 
were examined optically. It might be possible in 
time to find suitable materials to re nt 
materials of construction, so that a large range of 
optical tests could be carried out. Plate-glass very 
closely resembled tool steel, and other materials 
might be found to represent others. The optical 
method had some advantage over the rubber-model 
method, in that it gave a generalised effect of the 
stresses. It was an examination of the mass instead 
of the surface only. The principal stresses were 
also wanted, however. Theirsum could be obtained 
by the extensometer method, using a gauge-plate, 
and their direction was also deducible. Professor 
Coker illustrated on the screen images shown by 
several models when strained. The first was of a 
U-shaped model ; the next a U with square corners 
which showed a concentration of stress at the sharp 
corners, such as Mr. Wilson had previously drawn 
attention to. Other cases were shown of lami- 
nated and spiral springs. The problem of the 
stresses in rotating discs could be attacked by that 
method, and, with the help of Mr. Stoney, they 
hoped to be able to do some successful work in that 
direction, though at present they had not got very 
far with it. 

Professor J. E. Petavel asked members for sug- 
gestions and criticisms which would be valuable in 
furthering the work of the Committee. He 
thought there was great need for conducting 
further tests, employing standard materials of 
which a supply could be kept for future reference. 
That was especially n in the case of alter- 
nating stress tests in which the results given by 
different machines varied. 

Dr. G. Kapp said, with reference to alternating 
stress, he had lately been discussing the question 
of shortening the time of such tests. His machines 
gave 100 loads per second; others were in use 
working at a much slower rate, so that over four 
years might be needed to complete atest. Professor 
Hopkinson had introduced a machine making use 
of magnetic attraction, and there were others all 
working towards making the time of test shorter. 
The question ought to be examined whether the 
results were equally reliable in the quick and slow 
methods. The slow systems were comparable to 
earlier conditions when slow-speed engines were 
used. Now with high-speed engines the conditions 
were different, and they ought to investigate the 
reliability of these methods of arriving at results 
quickly. 

OpticaL TxsTINne. 

The joint meeting of Sections A and’G was con- 
tinued on Monday, the 15th inst., when Professor 
E. G. Coker read two short papers, one dealing with 
the ‘‘ Construction of Large Polarising Apparatus 
for Use in Lantern Projection Work.” and the other 
with ‘‘The Stress Distribution in Thick Cylinders 
and Rings.” In the former paper Professor Coker 
stated that for quantitative work, in connection 
with the examination of models under test by 
“— methods, it was convenient to pass a beam 
of light from an arc lamp through a lens and 
through a series of clear-glass plates, producing a 
diverging beam of polarised light. A converging 
lens was intwetucel | between the object and the 
analyser. It was essential that the converging lens 
should be absolutely free from internal stress in 
order to avoid distortion of the optical effect. He 
had examined scores of pieces in the endeavour to 
find one suitable for the purpose. Port-hole glass 
supplied him with what he wanted, but a satisfac- 
tory piece was only found with great difficulty. 
Professor Coker exhibited some coloured slides, of 
which one showed a hook under stress. This hook 
was virtually a ring cut through at one point, 
and the photograph showed clearly the absence of 
stress on the open ends, and the distribution on 
the horizontal section in the bend. It was pointed 
out that as the stress was increased the neutral 
axis tended to move to the outer edge of the 
section. Another illustration was of a plug forced 
inside a hole in a disc. The apparatus used for 
producing internal pressure inside models of thick 
cylinders consisted of two discs, placed one on either 
side of the model, inside which was a flexible 
f\-shaped ring. The two discs were held together 
with a bolt, and oil was forced under pressure into 
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the space between them. As oil was forced in, the 
flexible ring expanded, and at once made a tight 
joint, and exerted a radial outward pressure on 
the thick model. A similar arrangement, but 
reversed, could be used for exerting a radially 
inward pressure on models, the discs being replaced 
by two rings bolted together and holding the cup- 
ring and model between them. Several models 
were shown stressed to varying amounts. The 
stress differences shown with those sug- 
gested by theory, but the work had not advanced 
far enough to show whether there was actual agree- 
ment. Atcertain points they were lower than calcu- 
lation suggested. As yet he had no quantitative 
results for a ring with holes in it, of which a model 
was shown ; but the effect of the holes could be 
seen to be considerable. Another model was shown 
of a ring with a series of internal projections or 
ribs, which might be taken as comparable to the 
tunnel linings used on railways. He had got 
results by this method which were accurate to 
within + 2 per cent. 

Mr. G. Stoney asked if it would be possible by 
this means to determine the stresses of as, 
for instance, of turbine-cases. The stresses at the 
corner of the joint were very complicated. The 
flanges had to be made thick to prevent leakage. 
No two turbine engineers agreed as to what the 
flange thickness should be. 

Mr. J. 8. Wilson remarked that in tunnel linin 
the longitudinal joints were often made with ol 
strips. The com ibility of the wood would 
have a considerable influence on the actual stresses 
in the flanges. Further, the segments were rough 
castings and varied considerably in thickness, so 
that he did not think the case would be fairly repre- 
sented by Professor Coker’s model. With regard 
to turbine-casing flanges, he thought the flange was 
made thick for the pu of obtaining soundness 
of material at a point where blow-holes were likely 
to occur, and where the metal would be liable to 
draw away. 

In reply, Professor Coker said the case of turbine- 
casings could be with his models without 
much difficulty. His experience showed that the 
results on the trans t models and on metals 

with each other. With to Mr. 

ilson’s point, the experiment could be carried 
out so as to re t the case with the inserted 
wood strip. Of course, he referred to the examina- 
tion of models only. Some time ago he had taken 


the case of a model representing a ship’s deck. If 
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models could be cut out and examined, valuable 
results might be obtained. 


SrreaM-LinE Fiow or Soups. 


The next paper was entitled ‘‘Stream-Line Flow 
of Solids.” 5 om by Mr. T. Reid, who first 
described Mr. Tresca’s experiments in forcing lead 
through an orifice. In those experiments lead, in 
the form of a cylinder in superposed discs, when 
forced through an orifice under pressure from an 
hydraulic press took a shape in which the metal 
flowed radially towards the orifice and displaced a 
core which took the form of a jet. The cleavage planes 
in this experiment produced discontinuity in the 
material, and Mr. Reid had performed a series of 
experiments to avoid this and secure, as far as 





possible, solid metal. In these experiments the 
die-blocks were made in two halves, carefully 
registered, and strongly bolted together. The 
blocks were fitted with pistons, the sections of the 
die-blocks being parallel to the direction of flow. 
The lead cylinders used were formed in halves, and 
the face of one of the two halves was grooved, and 
tin wires i in the grooves. The pairs of 
half-cylinders were then compressed in the die- 
blocks, first with the orifice plugged, in order to fix 
the wires, and then with the plug removed. The 
lead was then forced out of the orifice, the extension 
being carried out under the compression heads of a 
50-ton testing-machine. On the die-blocks being 
removed from the machine after the experiment 
was finished, they could be unbolted, and the 
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deformed plug of lead withdrawn and separated 
into its two halves. The tin wires retained their 
position in the lead, and showed clearly the direc- 
tion and general conditions of flow. Some examples 
were exhibited at the meeting. The flow was shown 
to be steady until the stream changed its course 
towards the converging orifice. There was no 
radial flow or concentric contraction, as had been 
assumed as the result of tests carried out by the 
disc method. When a certain rate of flow was 
exceeded, a certain turbulence manifested itself, 
and the temperature of the metal extruded rose. The 
flow of 1 with a concentric enlargement in the 
direction of flow was examined in the same way, 
and also flow past a solid, and the effect of punching. 
The paper was illustrated by a number of lantern 
slides, showing the true stream-line positions 
adopted by the inserted tin wires. The subject, 
Mr. Reid said, was of importance in connection 
with mechanisms. The simplest matter on which 
it had a bearing was, perhaps, the ordinary test- 
piece. If the metal tended to flow in true stream- 
line form, the effective metal would be reduced by 
the first thread inside which the stream-line would 
have to pass. If the contraction near the thread 
was considerable, the effective area might be 
brought down to something less than the reduced 
area between the shoulders, and the specimen 
would break in the thread. 

Mr. Oberlin Smith gave a lengthy account of the 
pressing of discs of metal into deep cups, and the 
steps taken to ensure flow of the metal instead of 
puckering or wrinkling at the edges, the method 
adopted being a top blank held down on the plate 
as the punch carried the centre of the disc down- 
wards in the die. He also explained that the 
metal was a little thicker at the top of the finished 
cup, as a result of the circumferential flow. The 
shapes suitable for pressing, and those which had 
to be spun, were also discussed by the speaker. 


STRENGTH OF FREE-ENDED Struts. 


_A paper on the “Strength of Free-Ended 
Struts” was summarised by the author, Mr. A. 
Robertson. The paper dealt with the strength of 
mild-steel struts, the object being to ascertain the 
law of variation of strength with length when pre- 
cautions were taken to secure axial loading, 
straightness, and freedom of the ends from con- 
straint. Asaresult of his work it was concluded 
that Euler’s law was followed down to a length, for 
which the load per square inch given by that law 





was equal to the stress at yield. Below that limit, 
collapse occurred when the load was equal to the 
yield stress. For round struts of a length of less 
than five diameters, there was no definite ultimate 
load. The transition from the elastic to the plastic 
state was marked merely by a sudden deformation, 
not by the collapse of the strut. In cases in which 
the collapsing load per square inch was equal to the 
yield stress, the specimens were bent. On relieving 
the load and retesting, they failed under a smaller 
load than that under which they first collapsed. 
There was no discussion on this paper. 


MeTALS FOR STRUCTURES. 


The last paper to be taken on Monday os 
was by Mr. A. T. Walmisley, and was entitl 
‘* Metals for Structures.” In this paper the author 
reviewed the characteristics of various metals and 
alloys used in engineering work, describing the 
uses to which they were conveniently put, con- 
ditions which affected their life, &e. The condi- 
tions for which steel or wrought iron and cast iron 
were best suited were discussed, and then a réswmé 
was given covering the copper and other alloys. 
Mr. J. S. Wilson quoted his experience of a very 
old wooden-roofed building which had been covered 
with zinc. The wood had been exceptionally well 
preserved under the zinc sheeting. It had on it a 
crystalline coating of some salt, presumably formed 
by the corrosion of the zinc. The corrosion of the 
latter had therefore, it appeared, provided a pre- 
servative for the wood. In reply to this, Mr. 
Walmisley said that the zinc must have been well 
laid, and that plenty of air probably circulated 
under it. The meeting then adjourned till Tuesday 
morning. 


An ENGINEERING THEORY OF THE GYROSCOPE. 


The first paper to be taken on Tuesday morning 
was entitled ‘‘ Notes on an Engineering Theory of 
the Gyroscope.” It was by Mr. J. W. Gordon, 
who, instead of reading the paper, drew attention 
to its chief features in the form of a short lecture. 
The time allotted to the paper being very short, 
this summary was consequently rather condensed. 
It dealt largely with phenomena discussed by the 
author in a recent issue of ENGINEERING*-—namely, 
free, forced, and constrained precession. In free 
precession the gyroscope tended to set itself in 
& position so that the axis of spin of the gyro- 








* See page 276 ante, 


Fig 7. 






scope and the axis of the applied couple were 
coincident. In free precession the gyroscope was 
an absorber of power. In forced precession it was 
a transmitter of power, forced precession being an 
angular movement of the axis of spin in a plane 
at right angles to the axis of the applied couple. 
If the gyroscope was constrained to move in a par- 
ticular manner, it would absorb power in propor- 
tion to its free precession, and transmit power in 
proportion to its forced precession. The author 
exhibited apparatus designed to illustrate the 
phenomena of constrained precession. One such 
piece of apparatus was described in the article 
above referred to; unfortunately, a slight 
mishap prevented it being put to work at ‘the 
meeting. In another form the force of gravity 
utilised in the mechanism, described in our columns 
three weeks ago, was replaced by a second gyro- 
scope, which was employed to load the free preces- 
sion axis of the first gyroscope. This mechanism 
was thus self-contained. Two precession frames were 
mounted upon one pivot axis, the one having three 
degrees of freedom, and the other only one. The 
two shafts of these two frames were united through a 
Hooke’s joint, so that while one could oscillate and 
rotate, and the other could rotate only, they were 
both compelled, as far as rotation was concerned, 
to move together. An external force was applied 
by a suspended weight, so as to set up fo pre- 
cession in the free gyroscope, which acted as the 
transmitter, about the tranverse axis of the frame. 
This tended to produce forced precession in the 
second gyroscope about its pivot axis, and free 
precession about its transverse axis. This gyro- 
scope was unloaded, and free precession took place 
and prevented any rotation of the pivot axis from 
occurring. 

In reply to a question by Dr. Kapp on the 
application of the gyroscope for damping oscilla- 
tions on board ship, Mr. Gordon said that the 
gyroscope acted on the instant. Before the shi 
rolled the stress that would tend Dn make it = 
would act upon the gyroscope. roscopes wi 
free netreealh -g could b ay to oscillate a 
small amount, and for that reason the gyroscopic 
apparatus had to be inconveniently large. In 
gyroscopes with constrained precession they could 
be very much smaller; theoretically, very small 
indeed. A gyroscope with constrained precession 
might be ml to steer a ship, and he hoped before 
long to have the chance of applying the principle 
to the prevention of pitching of aeroplanes. 


Exposure Tests or Copper, ALUMINIUM AND 
DoRaLuMIN. 


The next paper was a contribution by Professor 
E. Wilson, consisting of a report on an extension 
of exposure tests made in London on certain 
materials. The most important point to which 
Professor Wilson drew attention was that the alloy 
of copper-manganese-magnesium, known as dur- 
alumin, ex to the London atmosphere, suffered 
considerably. The electrical resistance of a 0.126-in. 
wire 70ft. long had increased 8.2 per cent. after 
two years’ exposure, and the material had become 
distinctly more brittle. From what he could see 
it was not reliable; it was not stable. That was 








important in view of the uses to which that alloy 
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had been put, such as airship construction. Under 
exactly comparable conditions commercial alumi- 
nium had increased in resistance 4.4 per cent., 
while high conductivity copper increased 2 per cent. 
The duralumin changed more than the aluminium 
and more than the copper. 
any previous attempts made to record the effect of 
exposure on copper. It was difficult to say why 
its resistance increased. It might be a skin effect 
or a molecular effect. In the case of duralumin, 
he thought it might be due to a molecular effect, 
there being evidently some considerable change in 
that material in the time over which the test 
extended. In electrical work, such, for instance, 
as wireless telegraphy, it was important that the 
material should not fail on exposure. Antenne 
must not fall down. 

Professor G. Howe said he had never put up 
wires for the purpose of testing them for exposure, 
but for actual use as antennw. The tests would 
have been more valuable if they had been made 
simultaneously in London and near the sea. He 
had found that copper wires very rapidly got 
brittle, and silicon bronze wire was therefore used 
as standing better. It was possible that, in the 
case of the test on copper wire, the increase in 
resistance was due to a reduction in cross-section. 

Mr. J. J. Guest asked if the wires tested were 
in tension, and, if so, what the tension amounted 
to. He also inquired whether check experiments 
had been conducted indoors. Another speaker 
asked if the copper wire was annealed or hard- 
drawn, and if an alteration in the initial strain put 
on the wire in drawing would account for the 
change in resistance. 

Professor E. Wilson, in reply, stated that he had 
purposely avoided tension in his wires. They were 
supported on a rope hung between two chimneys, 
over which they were loosely coiled, so as to hang 
in free loops. The object of that method had been 
to avoid subjecting them to strain. He had made 
check experiments on aluminium, but not on 
duralumin, not having sufficient of the latter mate- 
rial to make them possible. The tests on alumi- 
nium showed deterioration. The copper wire had 
been annealed. 

(To be continued.) 








AUTOMATIC SLEEPER-ADZING AND 
BORING MACHINE. 

Tue automatic sleeper-adzing and boring machine 
with a apparatus, which we illustrate on pages 
382, 383, 386, and 387, was specially designed and 
constructed by Messrs. A. Ransome and Co., Limited, 
of Newark-on-Trent, to euit particular requirements 
for Canada, under which the slee are roughly 
hewn only, and are very irregular in shape, in some 
cases tapering from 7 in. at one end to 14 in. at the 
other end. It was required, however, that the sleeper 
should be adzed at right angles to a line down the 
centre, and that the holes for the spikes for fixing the 
chairs should be bored also at equal distances from 
the centreline. It was therefore necessary to centre the 
sleeper before it reached the adzing-block and boring- 
spindle, and at the same time the output of the 
machine was not to be materially reduced. 

The machine when under test at the makers’ works 
on Baltic sleepers, which had been selected of irre- 
gular and rough shape, was able to adze and bore six 
sleepers per minute in a perfectly satisfactory manner. 
These were 9 ft. long, 5 in. thick, and of various 
widths between 7 in. and 14 in. for 4-in. 84-in. gauge. 

The machine, the opposite sides of which are shown 
in Figs. 1 and 2, Pages 382 and 383, while the details 
are illustrated in Figs. 3 to 8, pages 386 and 387, is 
self-contained, and the various parts are mounted on a 
strong cast-iron bed-plate 8 in. deep and well ribbed. 
The side frames (Fig. 3) are of strong box-section, and 
are connected at the top by a cast-iron transome, also 
of box section. There is a pair of cutter-blocks for 
adzing the seatings to the required width. The 
cutter-blocks are mounted on a steel shaft running in 
long adjustable gun-metal ring-oiling bearings at 1500 
revolutions per minute. 

There are “pressures” (Fig. 4) for holding the 
sleepers down when under the action of the cutters and 
a The pressures consist of strong cast-steel 
bars hinged and weighed so as to allow of sleepers of 
various depths following each other. The sleepers 
when placed on the machine are fed forward by 
wrought-iron dogs attached to self-acting reciprocating 
rams, fitted to long slides in the framing of the 
machine. The ap oye motion is obtained by 
means of a crank disc through a rocking shaft and 
levers. Each ey, ram is provided with two 
sets of dogs; the first, A (Fig. 6), pushes the sleeper 
forward from the position in which it is placed on the 
machine, until it is almost up to the adzing-block, 


He was not aware of | 





when the centring-dogs B centre the sleeper, carry it 
over the adzing-blocks, and automatically leave it in 
the correct central position over the boring-spindles, 
requiring no further adjustments before boring. The 
centring apparatus consists of two strong steel dogs 
ae as shown, and provided with steel quadrants 
©, C, with machine-cut teeth gearing with each other 
in such a manner that any movement on one causes 
the other to move the same amount. 

When the reciprocating ram is in its back position 
with the centring-dogs under the sleeper, the cam D 
causes the bell-crank lever E, by means of the lever F, 
to push against the rod G, closing the dogs B until 
the sleeper is centred. The dogs are then pressed 
tightly on the sides of the sleeper, in which position 
they are automatically locked by the pawl H, the 
spring J giving way to allow the lever E to finish its 
movement, when the dogs are tight on the sleeper. 
With the dogs locked so as to push the sleeper 
centrally along the bed, the stroke of the rams being 
adjusted so that the sleeper is taken to the exact 
required position for boring, the locking-pawl H is 
automatically released, and a spring pulls the dogs 
below the table level, where they remain until another 
sleeper has been brought up by the dog A, when the 
operations are repeated. 

The feed motion is driven from the countershaft of 
the machine, and is provided with fast and loose 
pulleys, and belt-shifting gear for quickly starting or 
stopping the feed as required. The feed-shaft is fitted 
at one end with a crank disc having an adjustable 
stroke with connecting-rods actuating a rocking shaft, 
to which are fitted levers to actuate the sliding ram, 
to which the feed-dogs are fixed. 

The sleepers rest on two steel bars as they pass 
along the machine, and these bars have a rising and 
falling motion to regulate the depth of the adze. 
This motion is obtained by means of bevel gearing, 
actuated by the hand-wheel at either side of the 
machine (Fig. 1, page 382), which causes the bed to rise 
and fall on taper slides. 

There are eight boring-spindles—viz., four at each 
end of the sleeper. The spindles are adjustable for 
slightly different centres of spike-holes. Immediately 
the sleeper is left in place by the dogs, the spindles are 
raised automatically by means of strong connecting- 
rods and suitable counterbalanced weights, and a 
quick return motion is given to the spindles by means 
of elliptical gear-wheels. The four front spindles are 
driven from the countershaft by means of quarter- 
twist belts, and the four back spindles by means of 
steel gearing with machine-cut teeth. 

The machine is provided with a countershaft fitted 
with fast and loose pulleys, 14 in. diameter by 64 in. 
wide, and running at 500 revolutions per minute. 
The countershaft carries pulleys for driving the 
adzing-blocks and boring-spindles, and also the feed- 

ear, 

The following are the leading dimensions :— 

Diameter of adzing-block spindle be- 

tween bearings set ed nas 3 in. 
Length and diameter of bearings ... 74 in. by 24 in. 
Diameter of adzing-block cutter 


tract ... sol sie on 16 in. 
Width of adzing-block = of 10} in. 
Revolutions of adzing-blocks, per m. 1500 
Number of boring-spindles ... a 8 
Revolutions of boring-spindles, per m. 2000 
Diameter of feed rocking-shaft ; 3} in. 
Diameter of;rocking-shaft for rais- 

ing and lowering the boring- 

spindles a a ad sas 24 in. 
Diameter of countershaft : yas 24 in. 
Distance between the side frames... 9 ft. 8 in. 
Depth of bed-plate i 3 8 in. 





InpIAN Raitway Prorits.—It is satisfactory to find 
that 1912 was a record year as regards Indian railway 
profits—that is, the net return obtained upon the capital 
employed upon Indian railways was higher last year 
than in any previous twelve months. The return in each 
— ten years ending with 1912, inclusive, was as 
ollow :— 


Year. Per Cent. Year. Per Cent. 
1% 3 os . 5.54 1908 ee ve 4.33 
1904 “6 +a 6.00 1909 Se on 4.81 
1905 oe os 6.07 1910 o +o 5.46 
1906 na v 5.96 1911 a on 5.87 
1907 ie 5.86 1912 _ i 6.77 


It had been feared that the increased remuneration 
secured by Indian native labour would seriously reduce 
poe but ong working expenses were considerably 


larger last year, the net revenue experien a material 
expansion. The growth of Indian railway income has 
inly been exceedingly satisfactory. The gross re- 


,0002.; in 1912 they had grown 
to 41,100,000/. The working ex increased from 
11,407,0002. in 1903 to 20,106, . in 1912, and it is, 
accordingly, not surprising that the net earnings ex- 
panded from 12,598,00W@. to 20,994,0002. The outlook 
appeared rather threatening in 1907 and 1908, the working 
expenses having grown from 14,681,000/. in 1906 to 


ceipts in 1903 were 24, 


16,216,000/. in 1907, and 18,002,000/. in 1908. In 1909, 
however, there was a reduction to 17,590,000/. In 1910 
the opening of new sections carried the outgoings to 
18,105,000/., and in 1911 they grew further to 19,226,000/. 





INDUSTRIAL NOTES. 


AccorpDiInG to the Board of Trade Labour Gazette, 
which appeared on the 16th inst., employment in the 
month of August continued very good on the whole. 

There was an improvement in the tinplate, build- 
ing, brickmaking, and furnishing trades. On the 
other hand, there was some falling off in the iron and 
steel, textile, boot and shoe, pottery and glass trades, 
while the printing trades showed a seasonal decline. 
Employment in the engineering, shipbuilding, and 
coal-mining industries remained very good. It is 
reported by the Labour Exchanges that during the 
month there was a continuance of the demand for 
workmen in the shipbuilding and engineering trades, 
and in the building trades in some districts. A 
deficiency in the supply of women was reported in the 
cotton, linen, jute, and clothing trades, and in laundry 
work. The upward movement in wages continued. 

Compared with the good conditions of August, 
1912, there was little general change. Employment, 
however, was not so good in the iron and steel and 
tinplate trades. On the other hand, it was better in 
the shipbuilding, building, brickmaking, and printing 
trades. 

Trade unions with a net membership of 938,318 re- 
ported 18,664 (or 2 per cent.) of their members as 
unemployed at the end of August, 1913, compared 
with 1.9 per cent. at the end of July, 1913, and 2.2 per 
cent. at the end of August, 1912. These figures were 
based on 3148 returns. 

One thousand nine hundred and thirty-four returns 
from firms employing 424,837 workpeople in the week 
ended August 23, 1913, showed a decrease of 0.2 per 
cent. in the number of workpeople employed and of 
1 per cent. in the amount of wages paid compared 
with a month ago. Compared with a year ago there 
was @ decrease of 0.6 per cent. in the number of work- 
people _ and an increase of 1.4 per cent. in 
wages paid. 

The changes in the rates of wages taking effect in 
August resulted in a net increase of 10,600/. per week 
in the wages of 257,600 workpeople. With the ex- 
ception of a decrease affecting 3500 blastfurnace- 
men, &c., in Scotland, all the changes were increases, 
the most important affecting 175,000 coal-miners in 
Northumberland and Durham, 54,700 workpeople in 
the federated shipyards in England and Scotland, and 
5800 iron and steel moulders in Scotland. 

The number of disputes beginning in August was 
102, and the total number of workpeople involved in 
all disputes in progress during the month was 80,626, 
as compared with 126,912 in the previous month, and 
54,961 in August, 1912. The estimated total aggre- 
gate duration of disputes during the month was 
801,600 working days, as compared with 1,184,500 in 
the previous month, and 363,900 in the corresponding 
month of last year. 

Cases dealt with during the month include plasterers 
in London; slaters at Sheffield ; dock workers at 
Leith ; engineering workers at Leeds ; boot and shoe 
finishers in Hinckley and district ; net workers at 
Kilbirnie; and pottery workers at Parkstone. The 
chairman of the North British Railway Conciliation 
Boards issued his decision on matters referred to him, 
and the Chief Industrial Commissioner issued an 
award as umpire for Government boot and shoe work. 

The weekly number of vacancies notified to the 385 
Labour Exchanges which were open at the beginning 
of August, 1912, for the four weeks ended August 15, 
1913, was 20,393, compared with 24,370 in July, and 
21,593 in August, 1912. The weekly number of 
vacancies filled was 15,508, compared with 18,319 in 
June, and 17,442 in July, 1912. 





The monthly report of the Associated Blacksmiths 
and Ironworkers’ Society for the four weeks ended 
August 26 shows that there was during that time an 
increase of 100 in the membership, the total number 
of men eg ag the Society at the end of August 
being 7530. The income during the month was 
returned at 1057/. 15s. 1d., which was 88/. 7s. 11d. 
less than that for the corresponding month of last 
year, while the membership at present is greater by 
1515. The expenditure is returned at 957/. 13s. 94d., 
as compared with 745/. 7s. 54d. for the corresponding 
month of last year, or an increase of 212/. 6s. 4d. 
The present expenditure includes the State, sick 
benefit, and administration expenses, by which 
220/. 15s. is absorbed, which will in time be recovered. 


The monthly report of the United Patternmakers’ 
Association for August shows that there has not been 
much alteration in the state of trade since the pre- 
ceding monthly report. Not including men on strike, 
there were at the end of the month 277 members out 
of work wey slackness, as compared with 281 un- 
employed at the end of July. ‘The North-East Coast 
appears to have enjoyed the best trade, although 
there are not many branches even in that district 
that show clear vacant - books. There has been 
a falling-off of trade in the Clyde district, though, on 
the other hand, reports from Barrow and Belfast show 
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good returns, with a prospect of continued activity. 
Favourable reports also come from the Mersey, and 
at Manchester there is little unemployment. Trade 
at the end of August was fair in the Midland district, 
but there was a falling off in the Yorkshire districts, 
especially in Sheffield and Leeds. Dundee and Aber- 
deen are enjoying moderate prosperity, and trade is 
fair on the East Coast of Scotland. 





The Steam-Engine Makers’ Society has, according 
to its monthly report for August, been favoured with 
continued a the figures brought forward 
showing a women good record so far as unemploy- 
ment is concerned, there being, out of a total of 159 
branches, no less than 69 which show clear vacant- 
books. This is regarded as a record in the history 
of the society, the actual percentage of unemployed 
being as low as 0.63 out of a membership of 16,173. 
The total capital of the society is now 122,325/., or 
71. 11s. 3d. per member. 





The quarterly accounts of the United Society of 
Boiler-Makers and Iron and Steel Shipbuilders show 
that for the quarter age July 12 last the total 
income was 25,733/. 19s. 6d., including a balance of 
16,3897. 16s. 2d. on April 12. The expenditure during 
the same time was 10,069/. 5s. 7d. The monthly 
returns in August, for which month there were five 
weeks, show that the total expenses for the month 
were 10,009/. Os. 5d., as against 8179/. 12s. 8d. for 
July, an increase for August of 1829/. 7s. 9d. In 
August 500 members were admitted, and 235 ran out 
or died, the increase being 265. The total member- 
ship is now over 64,000. 





The trouble among the Irish transport workers has 
spread to Liverpool, where on Monday last some 1600 
men became involved. On the London and North- 
Western Railway three men refused to handle Irish 
traffic, in consequence of which more than 1000 men 
struck work in order to supportthem. Their action 
was followed by some employees of the Lancashire 
and Yorkshire Railway, because certain goods they 
were asked to handle had, they said, come through 
the London and North-Western Railway system. Up 
to the present time there does not appear to have been 
any disorder, but the trouble is spreading. The 
labourers in the building trades in Dublin have re- 
fused to give an undertaking required — masters, 
and have joined the strikers. Soom labourers in the 
County of Dublin have also cavght the strike 
epidemic. 

It appears that the reason why the London and 
North - Western Railway Company is involved in 
trouble is because their men in Liverpool think that 
the company locked out about 200 men in Dublin, 
which the company denies. Some time ago, according 
to the company, the men in Dublin struck work with- 
out notice, but were reinstated, each man promisin 
faithfully before being reinstated that he woul 
handle all goods in future and obey orders. In 
spite of this, however, during the recent labour 
troubles, the men broke the promise they had made. 
and the position in Dublin soon became intolerable. 
Great efforts were made by the company’s officials to 
induce the men not to refuse to handle traffic that 
the company were bound, under penalty, to accept, 
but without avail. Those men only who absolutely 
refused to obey orders were dispensed with, and no 
man was locked out, though many left work out of 
sympathy with those on strike. 

An attempt was made in Liverpool to follow the 
policy of the Dublin men, regardless of the disastrous 
results that had followed the men’s action in Dublin. 
No question of wages, hours of duty, &c., has arisen 
in Dublin ; it is simply that the men have refused to 
obey instructions. At Waterloo Station, Liverpool, 
three men declined to carry out orders, and were, of 
course, suspended ; all the men at the station left 
work out of sympathy. It appears that the National 
Union of Railwaymen has given no authority for these 
strikes ; in fact, the men have been gravely warned 
against taking part in them. The men’s union may, 
however, find itself compelled to follow the extremists, 
as was the case in the railway strike of 1911. The 
trouble later spread to Birmingham, where sb out 
4000 men have come out. A most regrettable feature 
of the whole thing is that the employers’ action is 
being entirely misrepresented by the men, and many 
false reports are being spread abroad. On Tuesday a 
deputation from the National Union of Railwaymen 
was sent to Liverpool. From the latest information 
we have receiv it appears that the strike is 
spreading in Birmingham, but that in Liverpool there 
are signs that things have taken a turn for the better. 
In Birmingham the Great Western Railway men have 
now joined fcrces with those in the employ of the 
London and North-Western and the Midland Railway 
Companies, and about 7000 men are said to be out. 
On Wednesday a ballot was taken at Crewe for and 
against the handling of traffic from Liverpool and 


Birmingham, and the men decided in favour of an 


_—- conciliation secretary and the secretary of the 
ational Union of Railwaymen, it was agreed to defer | 
action. | 


| 
| 





The question of wearing union badges has caused 
trouble to arise among the men in the omnibus trade 
in London. A dispute recently took place between 
Messrs. Tilling aud their men on account of trade 
union badges, the wearing of them being forbidden by 
the employers. This restriction was not accep 
ty some of the men, who, refusing to obey. it, 
were dismissed. Meetings of the men then took 
place, and resolutions were adopted pledging those 
present to withhold their labour if the workers 
who had been suspended were not at once reinstated. 
The outlook appears to be serious, for it is stated that 
all the drivers and conductors on Messrs. Tilling’s 
services, the ‘‘ General,” and, in fact, all the omni. | 
buses of the London Traffic Combine will be called out | 
if an agreement is not reached. Support has also, it | 
is said, been promised by the taxi-cab drivere, and | 
these men say they will support the strike fund of | 
the omnibus men. The ‘‘tube ” men do not all belon | 
to the Licensed Vehicle Workers’ Union, some o 
them being members of the National Union of Rail- 
waymen. 

At the time of going to press Messrs. Tilling show 
no disposition to withdraw their order concerning 
badges, which was issued with a view of preventing 
bickering among the men and the molestation of non- 
union men, who, if they did not wear the badge, would 
be continually asked why they do not by the men 
who do. Messrs. Tilling state that they do not seek 
to know whether their ——- belong to the 
union or not. The men who do not, however, have a 
right to protection. 








On Saturday last two processions of masked sand- 
wichmen marched through the streets to Hyde Park, 
where they held a demonstration. Curiosity was | 
aroused, and it was found that the London clerks 
were adopting this method of advertising their 
union and their grievances. The demonstration 
was organised by the London District Council of 
the National Union of Clerks, the London branch | 
of which includes 3000 members. About 70 of) 
these promised to march as sandwichmen, but only | 
about 30 fulfilled this promise. Several lady 
clerks were in the procession, but they did not wear | 
masks, being content with carrying sandwich-boards. 
Several hundred people listened to the grievances of 
the clerks when Hyde Park had been senched. Among | 
the demands made were the following :—Compulsory 
inspection of offices by Government inspectors to ensure 
healthy and sanitary working conditions, a minimum 
Wy of 35s. a week and payment for overtime, reform 
of the secret reference system, and day classes for young 
clerks to supersede the present night classes. It was 
stated that there are 600,000 men and women clerks all 
over the country, and the average wage is only 25s. a 
week. One of the evils of the present system appears 
to be the situation of clerks’ offices two storeys under- 
ground, consumption being attributed to it. 








On Sunday last, the 14th inst., the coal-trimmers of 
Cardiff held a meeting, and rejected the modified 

terms offered by the employers, with a view to a 

continuance of work after mid-day on Saturdays. The 

trimmers and tippers ask for absolute cessation of work 

from 1 o’clock on Saturdays till 6 o’clock on Monday 

morning. This demand was recently given a national 

character at Birmingham, but at the Tyne, the Scottish, 

and other coal-exporting districts the workmen have 

rejected the national idea, and have agreed to con- | 
tinue work after noon if trade exigencies require it. 

At mid-day on Saturday last the Cardiff men ceased 

work, causing several vessels to be held up and 

detained over the week-end. 





At Sheffield on Monday last the moulders went out 
on strike, the notices of about 1500 workers, includin 
boys, having expired on Saturday, and it is expec 
that a long ——— between the masters and men may 
result. Should the strike continue any length of time | 
it is expected that something like 10,000 men in trades 
outside that of the moulders will be thrown out of | 
employment. The situetion is much to be regretted 

use extensive contracts, in which moulding work | 
is required, are said to have recently come to Sheffield 
on behalf of South America, Australia, and India, The 
cause of the trouble is the non-union question, which | 
has lately been answerable for much tyranny on the | 
part of trade unions. | 





In South Wales the crusade against non-unionists 
continues, the South Wales iners’ Federation 
being busy conducting ‘show card” operations 
against the free men. At the Maritime Colliery, | 
Pontypridd, forty non-unionists were the cause of a 
stoppage of over 1000 men on Monday last, the 15th 
inst., and at Tumble Colliery rather over 5 per cent. 
of non-unionists was the cause of trouble, and 1000 





immediate strike ; but, on the suggestion of the com- 





men ceased work, while 800 men gave notice at the 


Cross Hands Colliery, Carmarthen, to come out on 
Saturday next, the 20th inst., if the non-unionists did 
not join the Federation. Similar notices have been 
given by 300 men employed at Morfa Colliery, South 
Glamorgan. 





The men who struck work at the Great Northern 
Railway foundry at Peterborough have gained a m 
by their action. It appears that a labourer ha 


ted | thrown a cartridge into a heated ladle, and was dis- 


charged. His reinstatement was demanded, but 
refused, and the men struck. The general manager 
gave the strikers an opportunity to go back, which 
was not taken a men, and the works were there- 
fore closed on Monday night, some 150 men being 
paid off. It is probable that the opportunity may be 
taken to remove the foundry on account of the neces- 
sity for widening the line and building a new station. 





Owing to the ballot taken by the painters on Satur- 
day last, the 13th inst., it was resolved to accept the 
masters’ terms which were offered some two weeks 
we The terms now accepted were, when originally 
offered, rejected by a majority of 20 to 1, but a fort- 
night’s reflection has brought the men to view the 
matter more reasonably, and on Saturday the majority 
in favour of acceptance was 3 tol. The terms that have 
been accepted are ld. an hour increase, the extra 4d. 
and the code of working rules asked for being left to 
arbitration. Itis Sane however, that the trouble may 
not yet be over, as the painters have still to deal with the 
master builders. The master builders state that the 
offer of the master decorators, on which the painters 
have balloted, was made without their sanction, and 
they will object to arbitration through the Board of 
Trade, on the ground that they are the dominant body 
of employers, and have not been parties to the settle- 
ment. 





The strike at the Manchester Ship Canal docks is 
extending. The men do not seem to be in a humour 
to return to work until what they consider a satisfac- 
tory settlement is reached. 

There does not a to be any immediate prospect 
of a settlement a ee dispute tn the London book- 
binding trade; steps have been taken to arrange a 
settlement, but nothing definite has as yet been agreed 
upon. 


The strike situation at the Rio Tinto mines, in 
Spain, appears to be growing worse, and over 7000 
men are now said to be idle. 











Inp1AN Rarttway Workine Exprnsts.—The course of 
Indian railway working in 1912 was extremely satisfac- 
tory, there having been an —— reduction in the 
ratio of expenses to receipts. he course taken by this 
ratio in the ten years ending with 1912 inclusive was as 
annexed :— 


Year. Per Cent. Year. Per Cent. 
1908s oe 47.52 a 2 - 60.24 
1904S. ; 47.36 1909 - 56.06 
1905 ‘ ia 47.85 1910S. de 53.10 
1906S. : 49.89 t) } en 62.17 
1907 os os 51.42 1912 os 48.92 


Indian working expenses compared very favourably with 
those in Britain. Thus the average Indian ratio of 
48.92 per cent. current Jast year con with a corre- 
sponding ratio of 65 per cent. upon the Great Central, 
the Great Northern, and the London and South-Western 
Railways. 65 per cent. upon the London and North- 
Western Railway, 64 per cent. upon the Great Western, 
the Lancashire and Yorkshire, and the North-Eastern 
Railways, and 63 per cent. upon the Midland Railway. 





Our Rats ABpRoap.—There is now little doubt that 
1913 will prove a good year for our export rail trade. 
The shipments in July amounted to 53,570 tons, as com- 

red with 39,718 tons in July, 1912, and 30,945 tons in 
July, 1911. The agg te exports in the seven months 
ending July 31 were 185 tons, as compared with 
230,720 tons, and 216,033 tons in the corresponding 
periods of 1912 and 1911 respectively. Argentina 
imported British rails to the extent of 32,602 tons in the 
first seven months of this year, as compared with 27,122 
tons and 41,848 tons in the corresponding months in 1912 
and 1911. The colonial demand moved on as follows in 
the first seven months of the last three years :— 


. 1918. 1912. 1911. 
Colonial Group. tons tons tone 
British South Africa.. 38,838 27,024 9.129 
British India .. e” 83,377 64,190 £2,036 
Australia - - 77.202 66,334 31.798 
New Zealand .. - 25,871 12,721 7,738 
Canada 300 346 1,008 


These figures for four groups are satisfactory. There 
appears to be more activity in railway maintenance 
and extension in India, and there has been an especially 
gratifying increase in our rail deliveries to the Anti- 
podes. At one time it was feared that American iron- 
masters would invade the Australian market, but this 
has happily not been the case to any important extend. 
The value of the rails exported to July 31, this vear, was 
2,106,690/., as compared with 1,374,516/. in the first seven 
months of 1912, and 1,290,578/. in the first seven months 
of 1911. 
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THE PREPARATION OF STEEL SECTIONS. 
On a Method of Preparing Sections of Fractures of 
Steel for Microscopic Examination.* 

By Atrrep Campion, F.I.C. (Professor of Metallurgy 
in the Royal Technical College, Glasgow), and JoHN 

* M. Ferouson, A.R.T.C. (Glasgow). 
In investigations relating to the breakdown of metals 
under stresses, however they may be applied, it is now 
recognised that the examination of the fracture, or of a 








or iron, and they were led to consider the possibility 
of other methods. It occu to one of them that it 
might be possible to cast an easily fusible alloy around 
the fractured end of the test-bar and then section and 


polish. 

The conditions to be satisfied appeared to be— 

1. The alloy must be of such a nature that it would 
readily penetrate into and fill up the minute fissures in 
the fracture. 

2. The alloy must be sufficiently hard and strong to 
support the edges of the fracture during polishing. 











Fie, 1, 
steel and alloy. Magnified 150 diameters. 








Fia. 4,—Section through fracture of repeated impact (Stanton) 
test-piece. Magnified 150 diameters. 


section through the fracture, is often of the greatest im- 
portance. In many cases it is necessary to examine a 
sectaon cut through the fracture of the material, in order 
to determine the manner in which rupture has taken 
place, before deciding upon the suitability or otherwise 
of material for a particular pu \ 

As is well known, steel that has shown excellent results 
as —— tenacity and ductility in an ordinary static 
test, frequently fails under a load much below the maxi- 
mum st or indeed the yield stress of the metal 
as shown by the usual tensile test; such material 
under impact or dynamic stress, breaks suddenly, and 
appears to be very brittle. In such cases an examination 
of a section through the fracture often reveals the reason 
for such apparently extraordinary behaviour of the 
material. 

Rosenhaint has shown the importance of a knowledge 
of the manner in which fracture takes place, in metals 
and alloys, and its bearing upon engineering and other 
problems. He has also demonstrated how differently the 
same material may behave when submitted to variously 
applied stresses. The preparation of sections of fractures 
for microscopical examination, especially of soft and duc- 
tile materials, presents considerable difficulty, as during 
the polishing operations the edges of the fracture become 
more or less rounded or worn away, and the true nature 
of the fracture is not discernible. In order to overcome 
this difficulty, Rosenhain employed an ingenious method 
of embedding the fracture in copper, and then cutting 
through the copper and steel in the desired direction, 
much in the same way that the biologist embeds his 
specimens in wax before sectioning. This method of de- 
positing copper (or iron) electrolytically gives excellent 
results, and is quite satisfactory where comparatively few 
specimens have to be examined, cr where no great hurry 
is necessary. I requires, however, strict attention to 
detaile, and it takes a considerabie time to obtain a de- 
posit one-eighth of an inch in thickness. There are many 
occasions when an examination of a section through a 
fractured test-piece would be of immense value, provided 
that it could be made — and quickly. 

The authors recently occasion to examine a very 
large number of fractures of static and impact tensile and 
other test-pieces. The time at their disposal how- 
ever, too short to allow of their being prepared by the 
Rosenhain method of electrolytically depositing copper 





* Paper submitted to the Iron and Steel Institute at 
Brussels, September 2, 1913. 

+ Journal of the Iron and Steel Institute, 1904 ; Enar- 
NEERING, September 9 and 16, 1904. 


Polished but unetched. Showing junctions between 





Fic. 2.—Section through tensile fracture of steel plate test- 
piece. Magnified 150 diameters. 





Fie, 5,—Section through fracture of repeated bending (Sankey) 
test-piece. Magnified 150 diameters. 


3. The alloy must melt at alow temperature, so that 
no alteration of the structure of the material would be 


produced. 

4. The alloy must adhere closely and strongly to the 
specimen, and not be torn away from it during the opera- 
tions of grinding and polishing. 

5. The alloy must exert no chemical or other action on 
the edges of the specimen. 

6. The alloy must be of such a nature that the edges of 
the fracture would show up sharply and clearly even 
after fairly strong etching. 

Experiments were carried out with a number of alloys, 
and eventually two were found that fulfilled the above 
conditions in a marked degree. The composition of the 
alloys was as follows :— 


Alloy A. Alloy B. 
Bismuth 50 parts 50 parts 
Lead ... ve on CO 30. 
les mS as | ~~ » 
Zinc... na Re > = 
Cadmium — wm 


Both alloys melt at temperatures below the boiling 
point of water, the melting point of B being about 
25 deg. Cent. less than that of A. As a result of a large 
number of trials the alloy A was found to be the better 
for general work. The method adopted in preparing the 
sections was as follows :— 

The fractured test-piece was dipped momentarily in 
hydrochloric acid of 1.1 specific gravity, and then ina 
solution of chloride of zinc (the ordinary ‘‘ killed spirits ” 
of the tinman) prepared by adding zinc to strong bydro- 
chloric acid until no further action takes place, and then 
diluting with an equal volume of water. The end of the 
specimen was then plunged into a quantity of the alloy 
at such a temperature as just to keep it molten, and 
contained in a small, deep, narrow mould or crucible. 
The cold specimen usually somewhat chilled the alloy 
and caused partial solidification. It was therefore found 
advisable to remelt the alloy by gently warming the 
mould or crucible so as to allow of the escape of any air 
which might have been trapped, and also to ensure - 
fect adherence between the alloy and the steel. The 
latter being lighter than the alloy, the specimen must be 
weighted or held down in the molten alloy to the necessary 
depth until solidification takes When cold, sec- 
tions may be cut in any desi direction by means of 
a fine saw. Polishing can than be carried out in the usual 
manner. 

A few micrographs of fractures prepared by this method 
are given above in order to show the results obtained. 


‘of 





Fig. 1 shows a section of a tensile impact fracture 

soft steel embedded in the alloy, polished, but 
unetched. It shows the junction of steel and alloy. 
Figs. 2, 3, 4, and 5 are micrographs of etched sections of 
static tensile, impact tensile, repeated transverse impact 
(Stanton), and repeated bending (Sankey) test-pieces 
respectively. The magnification is 150 diameters in all 
cases. 


The authors claim no advantage for this method over 
the Rosenhain method of deposition, except that itis very 
much quicker. A section may be prepared and a photo- 








Fia. 3.—Section through fracture of tensile impact test- 
piece. Magnified 150 diameters. 


graph obtained in about thirty minutes. The authors 
hope that the method may be of interest to those who, 
like themselves, may wish to examine large numbers of 
specimens, but whose time is limited. 








METALLOGRAPHICAL RESEARCHES ON 
EGYPTIAN METAL ANTIQUITIES.* 
By H. Garanp, F.C.S. 


Ir occurred to the author some time ago, in connection 
with the study of the physical changes in metals and 
alloys due only to atmospheric temperatures, that the 
microscopic examination of metal objects made by the 
ancient Egyptians in the earliest times should be of con- 
siderable value. These metal objects may be divided into 
two classes—i.e., those of a useful character, such as tools, 
and those of a purely ornamental nature. The latter 
class includes statues and symbolic articles, but these 
being, almost without exception, extremely impure, were 
useless for the purpose of this investigation. Tools, how- 
ever, were much more carefully made, and the Egyptians 
were fairly successful in am | the deleterious im- 
purities within low limits, though the analyses appear- 
ing in this paper will show that their alloys and metals 
will not bear comparison with our present-day stan- 


dards. 

A little difficulty was experienced at first in obtaining 
suitable specimens, the general opinion being that it is 
almost sacrilegious to cut up these antiquities, but the 
author eventually meatal in obtaining a sufficient 
number for his ow , and his thanks are especially 
due to Captains R. ¢. and T. G. Anderson, both of whom 
are keen and experienced collectors. He is also indebted 
to Sir Gaston Maspero, Director of the Egyptian Antiqui- 
ties Department, for some specimens. 

As to the authenticity of the articles it can be safely 
said there is no doubt, and though the actual period of 
origin cannot be assigned to several of them, they are all, 
with the exception of the Roman coin, certainly more 
than 2000 years old. 

There has not been overlooked the possibility of 
articles of this nature having been at some time previous 
to their discovery subjected to heat by such means as 
conflagrations of cities and so on, and the author therefore 
has rejected all specimens that showed any evidence, 
external or inte’ (such as coarse crystallisation, &c.), 
of having undergone any process of this nature. On the 
other hand, it was quite easy to detect a piece of cast or 
cold worked metal which had never been through any 
serious heat treatment, accidentally or otherwise, since its 
manufacture. ; 

The metals and alloys dealt with in this paper are 
bronzes and impure copper, a] of which may be regarded 
as solid solutions. The author would ask his readers to 
keep in mind the following changes which have been sug- 
gested at different times by several writers as taking 
place in metals and alloys at atmospheric temperatures, 
provided a sufficient length of time is allowed :— 

1. Recrystallisation after cold work. 

2. Diffusion. 

3. Growth of the crystal grains. 

From the photographic evidence produced the expert 
metallurgists of this Institute will be able to draw their 
own conclusions as to how far the above. three theories 
have foundation in fact and how far they are interdepen- 
dent, and they will not be influenced by any of the 
author’s deductions. 

The first specimen is an old copper knife attributed to 
the X VIIth dynasty, and therefore about 3500 years old. 
It was of quite an ordinary shape, as will be seen from 
the photograph, Fig. 1, and was in a splendid state of 





* Paper taken as read before the Institute of Metals, 
on August 29, 1913, at Ghent, 
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preservation. Mr. W. B. Pollard, B.A., kindly analysed | ing ; there are no ‘‘cores,” and the grains have grown in | Per Cent. 
it, with the following result :— a normal manner. | J vii de i ie a 

Per Cent. There seems to be no doubt whatever that the knife en... Ws si i s ry 0.65 

a A 2 by 0.68 had never been through any heat treatment at a tem ra. | Nickel ... “ae ae ll a ... 0.65 

ice... we = ‘ “ 1.18 ture high enough thoroughly to anneal it, though, of | Arsenic am! a he is . 0,09 

Bismuth S ed ; ss 0.44 course, we cannot say that the recrystallisation was not Silver ... i von kat a ae 1.71 

pene ; 0,08 due to work being done on it at a slightly elevated tem- Traces of gold, zinc, cobalt, lead, and bismuth 

: perature. : . P 
ae -- 0.26 No appreciable diffusion or crystal growth has taken| A perfectly homogeneous structure on annealing was 
Arsenic a = : = a 0.81 place during its lifetime. | not to be expected from such an alloy, but the “‘cores” 


The oxygen, as shown by the presence of globules of 
oxide seen under the microscope, was rather considerable, 
but it was not estimated. oe i 

Neglecting the bismuth, the composition of this knife 
was regarded as an a solid solution. Photomicrographs 
of its structure have already appeared in the Journal,* 
but Fig. 2 is a view of the cores at a higher magnifica- 
tion. oy 
the theory of the 
ture, as enuncia 


rsistence of the ‘‘cast cored 





Fis. 2.—Structure of copper knife showing 





cores. Vertical illumination. Etched with annealing. Vertical illumination. Etched Vertical illumination. Etched with 10 per 
100 per cent. persulphat with 10 [ cent. ammonium persulphate. cent. ammonium persulphate. Magnified 
Magnified 75 diameters. Magnified{75 diameters. 120 diameters. 





Fie. 6.—Structure of Roman coin. Vertical 


illumination. Etched with 10 per cent. 
ammonium persulphate. Magnified 120 
diameters. 


ammonium 
diameters. 


paper on ‘‘ The Microstructure of German Silver,” read 
at the 1913 spring meeting. These particular cores have 
endured 3500 years, and appear therefore to be perfectly 
stable at atmospheric temperatures. 

A close microscopic examination of this knife showed 
that there was a difference in hardness between the cores 
and the matrix, but it was not readily perceptible before 
etching. At one time the author ag reason to doubt 
whether the structure was really a ‘‘cored” one, or 
whether the more or less parallel light and dark markings 
were furrows produced by the emery and eventually 
revealed by the etching reagent. That they really were 
“cores” was, of course, proved indisputably by their 
disappearance on annealing, and also by the chemical 
analysis made subsequently. 

The author, therefore, holds that the knife was 
hammered into shape cold from a cast rod of impure 
copper having a structure something similar to that 
shown in Fig. 1, Plate IX., of the paper by Mr. F. 
Johnson, M.Sc.,¢ on ‘‘The Effect of Silver, Bismuth, 
and Aluminium upon the Mechanical Properties of 
Tough-Pitch Copper containing Arsenic.” Further cir- 
cumstantial evidence that the knife would be hammered 
cold is afforded by the fact that by this means would the 
best cutting edge be obtained. 

On examining the structure at a higher magnification it 
was found that the whole surface was covered by small 
crystals, barely perceptible at a magnification of 150. In 
the Journal§ is a micrograph of the structure at 270 
magnifications. The grains are very small, and would 
appear to have suffered no growth in spite of the ages 
they have had for the process. 

On heating the metal the ‘‘cores” disappeared. The 
micrograph in Fig. 3 was taken after thoroughly anneal- 


* Journal of the Institute of Metals, No. 1, 1913, 
vol. ix., page 118. 

+ Ibid., es 109 to 112. ENGINREERING, March 14, 1913. 

+ Ibid., No. 2, 1910, vol. iv., page 192. 


hey are very distinct, and add further proof to | 
” struc: | 
by Mr. O. F. Hudson, M.Sc.,+ in his | 


Fic. 3.—Structure of copper knife after 





Fie. 7.—Structure of bronze spatula. Vertical 


illumination. 


The next specimen examined was a small bronze chisel, 
about 3 in. long, of a normal shape, such as possibly a 
jeweller would use in those days. It cannot be dated 


 — 


Fie. 1.—Photograph of early Egyptian copper knife. 









Etched with 10 per cent. 


Fie. 4.—Structure of old bronze chisel. 





Fic. 8.—Structure of bronze spatula after 
annealing. Vertical illumination. Etched 


jum per 
P 


| Gingpeneed and the surface became crystalline with twin 
| markings and a slight amount of eutectic m places. 
_ In considering a slightly different aspect of ing, it 
is well known that when a metal or solid solution is 
hammered cold the crystal grains are distorted and 
broken up, and a section of such a metal shows a multi- 
tude of lines. Fig. 7 demonstrates the stability of this 
structure at ordinary temperatures. 

The author was fortunate enough to obtain an ancient 
Egyptian spatula made from a bronze rod which had 
been annealed prior to being hammered into shape in the 








Fie. 5.—Structure of copper arrow tip. 
Vertical illumination. Etched with 10 per 
i Iphate. Magnified 
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cent. 
36 diameters. 


cold state, and had not been subjected to 
any heat treatment subsequently. It was 
shaped in the form of acircular rod 0.1 in. 
in diameter, about 34 in. long, flattened 
out at one end. A transverse section was 
cut through the rod, and Fig. 7 shows the 
confused structure due to the original 
hammering. The metal had not recrystal- 
lised after the cold work, but was ap 
rently in the same state as when it left 
the maker’s hands. It would seem that 
after being partially worked, the spatula 
was annealed, and that after further 
severe cold working it was not subjected 
to a second heat treatment. It is rather 
remarkable that the flow lines have been 
preserved to the present day, and that if 
the internal strains have been relieved b: 
an ageing effect (which seems doubtful) 
these lines did not disappear at the same 
time. 

On annealing at a low temperature the 
alloy recrystallised into a fine type of 





with 10 per cent. 


Magnified 120 
Magnified 120 diameters. 


persulphate. 


exactly, but there is no doubt as to its antiquity, and its 
age was at least 2000 years. f 

The ‘‘ cores” showed especially well because the chisel 
was only hammered at the cutting edge, and the original 
structure had not been seriously da in the section 
taken for the micrograph given in Fig. 4. On examina- 
tion with a higher power it was found that the dark cores 
had recrystallised, and a close inspection of the micro- 
graph will show indications of it. The tin-rich matrix 
had, however, undergone no structural change. On 
thoroughly annealing the specimen, the cores disappeared 
and the surface became wholly orystalline, with some 
twinning. 

Further examples of the persistence of the ‘ cast 
cored” structure in antique alloys are chown in the suc- 
ceeding photographs. Fig. 5 is a section of an impure 
copper arrow-tip. In this case the cores have n 
flattened out by the cold hammering during manufacture. 
This specimen was also entirely crystalline when examined 
under a higher power. Upon annealing the ‘‘cores” 
disappeared, and the surface became very similar to that 
of the copper knife in Fig. 3. : ‘ 

In Dr. ’s paperon ‘‘The Annealing of Coinage 
Alloys,”* he stated that he thought old coins were struck 
hot, and that therefore they were useless for the study of 
any recrystallisation or crystal growth, which might be 
due to age alone. In Fig. 6 is reproduced a photograph 
showing the structure of a Roman coin belonging to the 
reign of Constantine, and which is therefore about 1600 

ears old. This coin may have been struck hot, but not 
hot enough to promote diffusion, as the cores are still in 
evidence. In the dark parts of the structure some re- 
crystallisation was found to have taken place, and there 
were a few twins ; but the matrix had not broken up into 
grains. This, it will be observed, is the same effect as 
was found in the bronze chisel pao mentioned. 

Mr. Pollard’s analysis is as follows :— 


* Journal of the Institute of Metals, No. 2, 1912 





§ Ibid., No. 1, 1913, vol. ix., page 118. 


vol. viii., pages 86 to 114. 


P 


crystal grains, which, on increasing the 
temperature, grew in the usual manner. 
The mi ph in Fig. 8 was taken after thorough 
annealing in order to get as ae a photograph at a 
medium magnification as ible and within the limits 
of hotography as practised in the tropics. 

t would, of course, not be safe to say that such re- 
crystallisation as was found to have occurred in the speci- 
mens mentioned in this paper was due solely to age; but 
of mp Ke pee ys examined by the author not one has 
been noted which had not recrystallised in some part of 
its structure, usually in the copper-rich part. Further, 
in the majority of samples the size of the crystal grains 
was of a very fine order. 

From the results of these investigations the author con- 
siders that the structural chan that take place in 
metals and alloys at atmospheric temperatures—in the 
absence of mechanical effects, such as vibration and so on 
—are trifling. It seems that to promote diffusion in a 
solid solution, or to increase the size of the crystal 
grains, a more or less elevated temperature isa sine qua 
non. 








Toe New Wetanp Sure Canat.—The works on a 
new ship canal between Lake Erie and Ontario have been 
begun this year. The new canal commences at Port 
Colborne and follows the line of the existing canal as far 
as Thorold, at which point its route deviates, and it 
will end in a new bour to be constructed at the 
Ontario end, some three miles east of the present 
Port Dalhousie outlet. The total | h of the water- 
way will be 25 miles, and the total difference of level 
to overcome is 3254 ft. The new canal will have 
seven locks of 424 ft. lift, sufficiently long to accommo- 
date vessels 800 ft. in length. The minimum depth of 
the locks over the sills is to be 30 ft. The bottom width 
of the canal is to be 200 ft., and the depth will ulti- 
mately be made 30 ft., but for the present wi'l be 25 ft. 
only. The existing canal has twenty-five locks, and the 
reduction in the number, which is a characteristic 
feature of the new water-way, is expected to result in 
an average saving in the time of transit of 3 hours, 
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THE CHILIAN TORPEDO-BOAT DESTROYER 
** ALMIRANTE LYNCH.” 
(Concluded from page 353.) 

WE supplement the illustrations of the six Chilian 
torpedo-boat destroyers being built by Messrs. J. 
Samuel White and Co.. Limited, East Cowes, Isle of 
Wight, given in our issue of the 12th inst., with 
drawings and engravings of the propelling machinery, 
given on Plates XX. to XXIII., and on this page and 
pige 394. It has already been explained that these de- 
stroyers are the largest yet built to fulfil solely the 


functions of the class, and that they have been con- | for _work under service conditions. ‘ 
structed under the supervision of a Chilian Naval | engine and gear was made by Messrs. J. Hastie and 


Commission, of which Admiral Munos Hurtado is the 
chief and Sir Philip Watts, K.C.B., the technical head. 
The boiler installation is clearly shown in the longi- 


tudinal section and plan on Plate XX., and on the, 
age 394, Figs. 39 and 40, while one | 


cross-sections on 
of the boilers is shown in perspective on Plate XXLI., 


Fig. 22 showing the boiler without casing, and Fig. 23 | 


when complete. There are six boilers, arranged in 
pairs in three separate boiler-rooms. They are of the 


White-Forster type, as made by Messrs. White, and | 
theic success is generally proved by the fact that those | 
so far made for the British and foreign Governments | 
constitute an aggregate of over 925,000 horse- | 

iler in the Chilian destroyers has | is 9 in. in diameter and of 7-in. stroke. 


power. Each bo 
a grate surface of 125 sq. ft., and the grate in each is 
divided into two parts to enable it to be more 
easily fired under full-power conditions. The fire- 
bars are of the Chilian standard, of heavy section, 
for torpedo-boat destroyer work. The heating, or 
tube, surface of each boiler is 7500 sq. ft. The tubes 
are all 14 in. in external diameter, excepting the two 
rows nearest the fire, which are 1} in. in diameter. 
The boilers were designed in all their details with 
special regard to the fact that coal fuel only was to 
be used at full power. Each boiler is also arranged 
for burning oil in conjunction with coal under certain 
conditions of working. Oaly coal, however, was 
used on the six hours’ quate trial ; the results are 
the more remarkable as four hours has been the limit 
period previously laid down for the full-power trials 
of coal-fired boilers in destroyers. 

As regards coal consumption, maintenance of steam 
and ease of working, highly satisfactory results were 
got. The consumption worked out to 1.224 1b. per 
sq. ft. of heating surface per hour, or 1.85 lb. per shaft 
horse-power for all purposes—a | good result. The 
boilers are the largest single-ended coal-fired boilers 
yet made by the firm; they are, if we mistake not, 
the largest yet made by any firm. To give some 
idea of their size it is worth noting that the top drums 
are 5 ft. in diameter, and the width across the boiler 
in way of the bottom drums is 20 ft. 9 in. The weight 
of one boiler complete as a unit is 364 tons, without 
water. 

The general arrangement of the main porneing 
machinery is shown on Plate XXIII., while on Plates 
XXI. and XXII. there are perspective views of the 
turbines in various stages of construction. The 
turbines are of the Parsons impulse and reaction 
type, and were made by Messrs, White. There is 
one high-pressure turbine on the centre shaft, exhaust- 
ing into two low-pressure ahead turbines in parallel 
on the two wing shafts; each turbine drives a 
separate shaft and propeller, which is of patent 
bronze, made by Messrs. J. Stone and Co., Deptford. 








The turbines are designed so that the power on each 
shaft is approximately the same. Astern turbines 
are incorporated in the exhaust end of each low- 
pressure turbine. These also are of the combined 
impulse and reaction type. The high-pressure ahead 
turbine is shown in perspective in Figs. 24 to 27. At 
the forward end is an impulse-wheel to deal with the 
highest-pressure steam. Steam is admitted to the, 
impulse-wheel through nozzles arranged in groups of 
from six to twelve nozzles, each group having a control- 
ling-valve (Figs. 25 and 36). Special nozzles maintain 
the efficiency when cruising, the number of nozzles 
open to steam at any time being regulated to suit the 
conditions under which the machinery is working. The 
low-pressure ahead and astern turbines, incorporated 
in one casing, are shown in Figs. 28 and 29, the former 
showing the rotor completely bladed, and the latter a 


view of the after end, showing the valves for con- | ~ 


trolling the inlet of steam to the impulse-wheel in 
order to regulate the supply to suit the speed of the 
ship astern. These valves are also shown in Fig. 37. 
The arrangement of the main steam and manceuvring 
valves is shown in Figs. 30 to 32, on Plate XXIII. 

All turbine-rotors and wheels are of forged steel. | 
The high-pressure impulse-rotor is 76 in. mean dia- | 
meter, the reaction rotor 58 in. diameter, the low- 
pressure ahead rotors 65 in. diameter, and the astern 
impulse rotor 76 in. mean diameter. The reaction 
blading in the high-pressure turbine varies in height 
from 2} in. to 3§ in., and in the low-pressure turbines | 
from 1} in. to 8? in. in height. The collective shaft | 
horse-power developed on the full-speed and power | 
trials was nearly 30,000, with 612 revolutions per 
minute. | 


The plans and longitudinal sections, and parti- 
cularly the various sectional drawings through the 
machinery space given on Plate XXIIJ., and page 394 
(Figs. 33 to 40), show the arrangement of the auxi- 
liary machinery, which is of considerable importance 
in torpedo-boat destroyers of this high power. This 
auxiliary machinery gave entire satisfaction during 
the trials. There are two sets of evaporating plants 
by Messrs. Caird and Rayner, with distilling con- 
densers, combined circulating fresh water and brine- 

umps (Fig. 35), having a total capacity of 46 tons of 
resh water per 24 hours, with a substantial margin 
The steering- 


Co., and is of the twin-cylinder type, each cylinder 
being 84 in. in diameter and 8-in. stroke, and capable 
of putting the rudder from hard-a-port to hard-a- 
starboard in 20 seconds when the vessel is proceeding 
at full speed. The air-compressor and gear is by 
Messrs. Peter Brotherhood, Limited, as are also the 
condenser circulating engines and pumps and the fan- 
engines and fans. The circulating engines have 
cylinders 12 in. in diameter and 8-in. stroke, with 
pump-impeller 26 in. in diameter and branches 26 in. 
in diameter. The fans and engines were specially 
constructed for the duty required, and each fan is 
7 ft. 6 in. in diameter, and the steam-engine cylinder 
During the 
full-power trials the fans did not exceed 385 revolutions 
per minute, and the air pressure 2} in. The condensers 
are of the ‘‘ Uniflux ” type, of ample cooling surface, 














Fie, 41, Tae ConvEnser. 

and of special design, and were made by Messrs. J. 8. 
White and Co., Limited. Their position is shown in 
Figs. 31, 37, and 38, and a perspective view is given 
in Fig. 41. The two dual air-pumps, six main and 
auxiliary feed-pumps, two forced-lubricating pumps, 
two oil-fuel pumps, and the feed-heaters, were all 
made by Messrs. G. and J. Weir, Limited, and are all 
of British Admiralty type. The two fire and bilge 

umps, of large capacity, were made by Messrs. A. G. 

umford, Limited. 

The full-power and speed trials of the Almirante 
Lynch were carried out on the Skelmorlie mile on 
the Clyde on July 11 last. The required speed of 
31 knots over a six hours’ trial, burning coal only, was 





exceeded, the actual speed being 31.85 knots. The 
details are tabulated. 


| Oficial Six Hours’ Full-Speed Trial of the ‘‘ Almirante | 


Lynch” at Skelmorlic, July 11, 1913. Trial Results | 

















on the Mile. 
_ : | 
Number of . Mean 8.H.P. 
Run. Time. Speed. Revolutions. Mean. 
— — | 
= & knots | 
1 1 53 31.86 | 615.1 30,300 
2 1 51 82.43 | 611.7 80,740 
3 1 57 30.77 605.7 29,525 
4 1 bl $2.43 | 603.3 29,685 
5 1 56 {| 3121.03 621.7 31,036 
6 1 80 | 327 | 623 4 31,135 
Admiralty mean of | “ , 
means j 31.683 609.2 





Mean over Six Hours’ Trial. 





Speed .. — ee ve od oe 31.85 knots 
Revolutions .. ee “s oa os 612.5 
Shaft horse-power .. i - . 29.792 
Mean coal per shaft horse-power per hour 1.85 Ib. 


At the time of the trial the displacement of the 
vessel corresponded to that of her complete sea- 
going condition, with all armament, officers and crew, 
and stores, spare gear, and 200 tons of coal on 
board. 

The twenty-four hours’ economical speed trial, under 
the same displacement conditions, was carried out on 
July 16 and 17, when the s of 15.154 knots was 
maintained with 1790 shaft horse-power at 236 revolu- 
tions per minute. The radius of action, according to 
— from this trial, is over 3000 knots with coal 
uel. 

A further trial of eight hours’ duration was carried 
out on July 25 last, at a speed of 29 knots, with oil 
fuel burning in conjunction with coal, for the purpose 
of testing the oil-burning gear. The results gave 
every satisfaction. The oil-sprayers in use were made 
by Messrs. J. S. White and Co., Limited, under com- 
bined patents of Messrs. Babcock and Wilcox, Limited, 
and Messrs. White. 

The gun trials, steering and circle trials, torpedo 
trials, and also the stopping, starting, and reversing 
trials, have all been completed in a satisfactory manner, 
and the machinery is now being opened up for 
examination, previous to the handing -over trials, 
which will take place very shortly. 

There were present at the trial Admiral Muno; 
Hurtado and Captains Dublé and Wright, of the 
Chilian Naval Commission, Sir Pailip Watts, the 
technical adviser, was represented by Sir William 
Smith, formerly of the Admiralty, and by Captain 
Maudling, while Messrs. White, of Cowes, were 
represented by Mr. Edward C. Carnt and Mr. John 
Smith, directors of the firm. 





THe Municipat Scuoor or TECHNOLOGY, MANCHESTER. 
—We have recently received from this institution a 
prospectus of part-time day and evening classes in 
mechanical and electrical engineering and other subjects 
that have been arranged for the coming session, which 
commences on the 22ad instant. Special attention is 
called to the apprentices’ day course, which involves 
attendance for one whole day a week throughout two 
sessions of about forty weeks each. It is pointed out 
that students attending during the d:ytim> are in a much 
better condition to profit by the instruction received 
than those only able to attend evening classes after their 
day’s work. Several engineering and other firms in the 
locality have decided to allow their apprentices to attend 
these day classes, but further co-operation in this direc- 
tion is invited by the school authorities. Full pirticulars 
are given in the prospectus, copies of which may be 
obtained from the Registrar. 





INSTRUCTION IN ACETYLENE Wewtpinc —The Bri:ish 
Acetylene and Welding Association hive issued a bo»k- 
let giving hints for the guidance of welding committees 
formed for the inspection of welding classes in technical 
schools. The committees, which consist of three or four 
members of the Association, act in an advisory capacity 
to technical schools in which instruction is given in oxy- 
acetylene welding, pay visits to the classes, examine the 
students’ work, and issue certificates to students reaching 
a sufficiently high standard of workmanship. ‘The boklet 
deals with the duties of the committees, describes the test- 
pieces and samples required of students’ work, explains 
the conditions under which certificates are issued, and 
also gives a number of practical questions to be set at an 
examination, which would be additional to the examina- 
tion in the theoretical part of the subject. Unless re- 

uested to do so, the committees du not supervise the 
theoretical instruction of students, and, in granting their 
certificates, they accept the lecturer’s report on the 
students’ theoretical knowledge. We have also received 
from the Association a copy of their regulations relating 
to the construction of and use of generators, pi and 
fittings ; the quality and methods of storing carbide ; and 
the nature and use of purifying materials and purifiers 
for acetylene gas. 





InpIAN Rattway Expenpiturg. — The expenditure 
made for the construction and equipment of railways in 
India during the ten years ended with 1911-12 was as 
annexed :— 


Year. India. England. 
£ £ 
1902-3 ; ; .. 8,532,047 6,538,723 
1908-4 .. .. 8,722,795 6,590, 102 
1904-5 on os 3,943,187 6,669,194 
1905-6 .. 4,139,167 6,773,958 
1906-7 .. 2,676,113 8,000,037 
1907-8 .. °F. ee “ 2,834,192 8,192,137 
1908-9 .. ae zs = 2,950,445 8,249,846 
1909-10 .. a i” ee 3,039,493 8,580,963 
1910-11... 3,123,806 8,740,159 
1911-12 .. 3,299,245 8,804,710 


The expenditure in India was made, of course, almost 
entirely upon construction account, while that in England 
related to rails, locomotives, and other rolling-stock, The 
value of the Indian railway trade to England appears to 
be larger than is probably generally supposed. The total 
outlay of capital for the ten years under review will be 
seen to have been as follows :—1902-3, 10,070,770U. ; 
1903-4, 10,312,897. ; 1904-5, 10,612, 3817. ; 1905-6, 10,913,125. 
1906 7, 10,676, 150/. ; 1907-8, 10,936,329. ; 1908-9, 11,200, 2914. ; 
1909-10, 11,620,456/.; 1910-11, 11,863,965/.; 1911-12, 
12,103,955/. The ag; te expenditure for the ten years 
was accordingly 110,310,419/. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 3. 

Very heavy wane in pig iron for steel has been 
going on during the past week. Basic iron sales have 
dominated. Lots have been changing hands, rangin 
from 10,000 tons to 40,000 tons... There is a genera 
inquiry for basic and Bessemer pig, and large transac- 
tions are now pending. The entire industry has 
suddenly shown a decided improvement. The Steel 
Corporation’s unfilled tonnage was lowered 250,000 
tons in August, and 400,000 tons in July. Production 
has shown only a slight increase on account of the 
summer heat. The sharpest improvement is in plates 
and shapes, and recent prices are maintained. Rumours 
that shadings have been made are without foundation. 
Fabricating shops are placing good orders. Several 
important enterprises, which have been held back on 
account of the difficulty of asening them, are now to 
the fore, and orders are being placed for the necessary 
material. 

The St. Paul, the Pennsylvania, the New York 
Central, Burlington, Northern Pacific, and several 
large systems, have placed large orders for steel rails 
for 1914 delivery. The railroads are also preparing 
to place large car and equipment orders for rolling- 
stock and other material before the close of the month. 
Scarcely any car orders were placed during August, 
and but few locomotive orders. Nearly all important 
systems will soon be in the market for material, and 
the steel business is in sight of reviving activities. 
During August structural business was about 10 per 
cent. greater than during July. The sudden change 
for the better was scarcely expected. Reports from 
various inferior points are favourable, and the entire 
iron and steel outlook has assumed brighter aspects. 





Atr-FricTion IN Etspows AND BeEnps.—In a paper 
read before the American Society of Heating and Ven- 
tilating Engineers, Mr. F. L. Busey gives some results 
obtained in a comprehensive series of experiments on air- 
flow round bends and elbows made by the Buffalo Forge 
Company. Several varieties of bends and elbows were 
tested, varying from sharp right-angle bends to others in 


which the mean radius of the bend was five times the | sh 


diameter of the pipe. The loss was found to increase 
very rapidly with the sharpness of the curvature. With 
a duct of round section the loss was 70 per cent. more 
when the mean radius was one diameter than when it 
was two diameters. Very little advantage was found in 
@ mean radius ter than two diameters. The loss ina 
dead-square elbow was about equivalent to the loss in 
45 to 60 diameters of straight duct ; but with right-angle 
bends having a mean radius of about two diameters the 
loss may, for purposes of calculation, be taken as 
equivalent to the loss in 10 diameters of straight pipe. 





Water Suprty or Doncaster.—The Waterworks 
Committee of the Leeds City Council has, subject to 
the ~ oy of the Council, undertaken to deliver water 
in bulk to supplement the present available supply of 
Doncaster. The water, which will be filtered for domestic 
use, is to be delivered to a place known as the Bodles, 
on the boundary of the Corporation’s water area, and a 
a is to be laid to a service reservoir capable of 

olding five days’ supply. The trunk water-main is to be 
large enough to deliver at least 2,000,000 gallons daily. 
The Leeds City Council is to contribute 2000/. towards 
the cost of extending the intended water-main from the 
Bodles in such a direction within the Doncaster water 
area as the Doncaster Council may desire ; and the latter 
agrees to take a minimum of 500,000 gallons per day, 
which may be extended up to 2,000,000 gallons per day. 
If, at any time, Doncaster desires to go beyond this 
quantity, Leeds undertakes to give an aggregate supply 
up to 4,000,000 gallons per day, after seven years’ notice 
has been given. The price fixed for the first half million 
gallons is 8d. per 1000 gallons ; for the second half million 
gallons, 74d. per 1000; for the third half million gallons, 
74d. per 1000; and for the fourth half million gallons, 
7d. per 1000. If, in the future, an additional supply is 
called for, the price is to be 64d. per 1000 gallons. 





Tue German Founprymen’s Association. — The 
twentieth meeting of the Ge-man Foundrymen’s Asso- 
ciation was held at Eisenach on the 11th inst., under the 
chairmanship of Dr. Siegfried Werner, of Diisseldorf. 
Three papers were read. The first paper was by the late 
Mr. Alexander Zenzes ; it dealt with the use in the 
cupola of low-carbon pig iron with a view to improving 
the quality of cast iron. This yielded a high-grade cast 
iron, having a very compact texture. Two German iron- 
works, it was stated, were now supplying this special pig 
iron, which was gradually replacing in the market the 
special grades of English iron hitherto used. Mr. 

rbreich gave a brief description of the Royal Iron- 
works College of Duisburg, in which he dealt more 
especially with the courses followed by the pupils who 
wished to gain proficiency in foundry practice. The 
studies er two years, and cover physics, chemistry, 
ing 'yses of gas, &c., since one of the — 
tions for admittance to the school is that the pupils must 
have undergone several years’ practice in factories, they 
are able to derive great benefit from the, lessons given 


them. The last paper was by Dr. von Emperger. Vienna, 
who gave an account, illustrated by diagrams and lantern- 
views, of his researches on the strength of cast - iron- 
concrete columns and structural parts. 








THE AISGILL ACCIDENT. 
To tHE Emtor or ENGINEERING. 

Stn,— No experience is so dearly bought as that result- 
ing in the loss of lives from an accident of any description, 
but it is some—though poor—consolation to think that by 
this means unknown weaknesses of organisation, of over- 
looked bilities of disaster, are brought prominently 
into notice, and in such a way that those most concerned 
cannot fail to profit from the knowledge gained, and do 
what is within their power to avert or minimise such 
disasters in the future. 

The Aisgill accident presents several features of in- 
terest, and some that have not previously been considered 
of such importance as to be in any way contributory to 
an accident. In the first place there is the protection 
of a standing train in a section whereby it blocks that 
section, and a certain period of time must elapse before it 
is cleared. 

The Rule-Book, and the Appendix thereto, used by 
all railway companies has up to the present been con- 
sidered as amply providing for an occurrence such as the 
temporary failure of a train in a section through a cause 
which will block that section for some short time, but of 
not sufficient gravity to necessitate single-line working 
being put into force. 

But these rules require some discretion in carrying 
them out by the train staff and men concerned, and, in 
the accident at Aisgill, the first failure of the engine to 
make sufficient steam, and consequent stoppage of the 
train to make up the fire, fill the boiler, and make a fresh 
start, just shows how difficult it is to act so as to comply 
with the Rule-Book, and at the same time pay due con- 
sideration to the tiain-working and minimising of what 
was, in this case, an already serious delay. 

When a train comes to a stand from some cause not 
apparent, and at a place other than at a proper stopping 
place, the first thing the guard would do, after properly 
securing his hand-brakes, &c., would be to walk up to 
the engine to ascertain frum the driver what was the 
reason of the stoppage, the probable time they would be 
delayed, and discuss the measures to take for the pro- 
tection of the train, advice to the nearest si man or 
stationmaster of such delay, and the other details that 
are usual in such circumstances. 

In the Aisgill case the guard was informed by the 
driver of the nature of the temporary failure, and that 
all would be well in a comparatively short time; he would 
probably stay a few minutes to hear the reason of the 
ortness of steam, and then walk back to his van—say, 
in all, from the time of — his van to his return, at 
least six or seven minutes would pass. 

Railway guards have a fair knowledge of the locomo- 
tive, and in such a case, coupled with the driver’s assu- 
rance of the engine being ready to get away quite soon, 
the guard would not have any misgivings respecting the 
safety of his train, it pay goes in the ordinary way 
by the fixed signals in the rear. He would therefore 
return to his van, and be ready to give the ‘‘right away” 
oo to my? driver as oe as pe + saagetne { —_ t’ rf 

atter—say by an agreed-on whistling si , or han 
light—that the engine was ready to proceed 

In cases of engines sticking on a k for steam, as in 
the present instance, the driver would also be quite right 
in his confidence in being able to soon put things right 
and get away. Locomotive boilers make steam rapidly, 
and in such cases, when they are being fired to as much 
as they can stand, there only remains the filling up of the 
boiler with a good quantity of water, raking over the fire 
and making it up, and getting a good head of steam 
before all would be right and ready for po 
Two enginemen, good on their merits, such as they would 
be in the case under consideration, could without doubt 
put things in good shape in 10 minutes, or perhaps less. 

It would be an interesting experiment for Major 
Pringle to reproduce the state of affairs on the first 
engine on the night of the accident. The fire could 
worked specially into approaching the same condition, 
the water level the same, and the same class of coal be 
used. It is a practical certainty that the enginemen 
would be able to demonstrate that they could put things 
right in the time mentioned, or a minute or two more or 
less, certainly within a quarter of an hour. If the train 
were attached and worked forward on its proper timing, 
so much better would the experiment demonstrate the 
capability of the locomotive rapidly to recover its steam- 
ing capacity, a fact that the driver knew so well when he 
informed the guard that he would be able to get away 
with only a trifling = 

To return to the : to protect the train by means 
of detonators would mean t, say, the front guard 
would have to be told to do so, the latter get back a 
proper distance to the rear of the train, place the detonators 
on the rail, and remain there, using his signal-lamp also 
to indicate the presence of the obstruction. It must 
remembered that this would take some time ; in fact, to 
be of any use at all, it would take at least seven or eight 
minutes to get out the detonators, light lamps, and run 
back to a suitable distance, and this without taking into 
account the fact of the guard having to remove the 
detonators, and return as soon as the engine was ready 
again. This is just the reason why it must be conceded, 
in favour of the ’s inaction in not protecting 
the train more efficiently, that the delay due to the 
engine failure was of such a temporary nature that had 
the precautions of placing detonators on the rails in the 
rear been followed out, there would have been in all 
probability more delay caused by the guards in doing so 
than the original delay due to the locomotive, and it is 
natural that under the circumstances the extreme possi- 
bilities of a following train running by all the signals at 
“Di ” in the rear, would never enter into the minds 
of the train staff as being 


the a reasonable possibility to 
anticipate or to guard against. 


Neither is it. Engine- 











men do not run t signals; it is an extremely rare 
thing to do, and Driver Caudell’s record is of itself an 
example of this: he had 29 years’ experience as a driver, 
and only on one occasion had he been known to pass a 
signal at ‘‘ Danger,” so that there is every justification 
for the action, or inaction, on the part of the guards 
in respect to the protection of their train in the rear. 

The information, therefore, to be gained lies in the fact 
that the means of affording additional protection to trains 
when they make an involuntary stop, either of long or 
short duration, should be perfected, and be such that to 
do so will only take a fraction of the time consumed 
at present. Especially is this necessary at night, when 
everything is 100 per cent. more difficult ; even to walk, 
let alone run, along a sleepered railway track is a difficult 
job on a dark night, by the light of a hand-lamp, and a 
red light at that. 

What seems to be indicated is the provision of a good 
light—say an acetylene lamp and red lens-—such as is 
carried on motor vehicles, preferably with its carbide 
in a cake form, kept handy and always ready. In the 
event of an irregular stoppage, let this lamp be imme- 
diately lighted by the rear guard before he leaves bis van 
to inquire the reason of the delay, the position of the 
lamp being on the top of the van, thus transforming the 
**monkey’s face” (the three red lights carried in the rear 
of all trains) into a diamond-shaped group of lamps, the 
uppermost being a specially brilliant one, and capable of 
being seen at a distance far in excess of the ordinary red 
lights of railway practice. 

It would be quite simple and comparatively inexpen- 
sive to do this; the generator could be carried in any 
convenient place im the brake-van itself, whilst its opera- 
tion is simple, certain, and safe, all features essential to 
anything used in railway service. As a further safeguard, 
if the brake-vans were fitted with an electric hooter 
similar to those used on motor-cars, worked with an 
intermittent blast, this would give audible warning of 
quite a distinctive kind. ; 

Both these schemes are practical and inexpensive ; 
such lamps and horns as are suggested have been long 
enough in extensive use in motor work for any pre- 
liminary defects to be overcome. It would be the work 
of an instant for the guard to switch on the warning 
horn, two or three minutes would suffice for the lamp, 
and he could then leave his van, knowing that he 
taken adequate precautions temporarily to protect his 
train ; if on inquiry he found that the delay was likely to 
be serious, the usual precautions of placing detonators in 
the rear, advising signalmen, , could be carried out. 

It is pro to use these as adjuncts only to the rules 
and practice at present in use, and asa quick means of 
providing safeguards for a train temporarily delayed or 
disabled. These fittings would, in fact, convert the 
stationary train into a miniature lighthouse, and would 
be applicable in the case of fog, ons of the most difficult 
cases to be met on railways. 

It is logical to suppose that what is sufficiently good for 
the protection of the world’s shipping would be of the 
greatest service when applied to our railways, especially 
when the means are to hand in well-tried and inexpensive 
appliances. 

'o sum up the proposal, it wouid mean thatthe guards 
of astationary train would be able, in less than the time 
it takes to write it, toswitch ona powerful horn, giving out 
an intermittent note widely different from anything in 
general use on railways, to warn approaching trains of the 
obstruction ; in three minutes or so a powerful tail-light 
could be lighted, sending out a longer than any- 
thing in common use, and converting at closer distances 
the usual a into an unmistakable danger signal. 

There would be no need for delay in getting away when 
things had been put right on the engine, or whatever was 
causing the stoppage, no men to call back to the train, 
and no interference in cases of more extended delay with 


be | the rules and regulations at present in force. The plan 


would be applicable during foggy weather, and in day- 
light the horn could still be brought into use. 

e proposal is taken in its most difficult case—viz., on 
a gas-lighted vehicle; but, of course, where electricity is 
installed, as in so many cases, the application is even 
easier, and the time practically instantaneous. 


T am, Sir, yours truly, 
September 15, 1913. Zese. 





OssoteTe War Crarr.—The obsolete war vessels 
~—— Sovereign, Ramillies, Melpomene, and Pandora, 
and other craft, will shortly be disposed of by auction at 
Portsmouth Dockyard. 





Tar Trapve or Lreps.—We have recently received 
from the Leeds Chamber of Commerce a copy of = 


be | second edition of their Commercial Year - k, 


object of which is to make known the trade resources of 
the ame, sae supply information as to the capability of 
its merchants and manufacturers to meet the require- 
ments of the home and foreign markets. The book, which 
has been en and broug Loe eam 
issue in 1910, contains over bound in grey 
cloth-covered boards, measuring 7 in, wide by 10 in. 
dee} Its contents include a bref history of the town, 
with particulars of its municipal development, educa- 
tional institutions, railways, and other rt facilities. 
Some ~ ay - given of the es and —, 
tries of Leeds, but perhaps the most important part 

the work is a list of the members of the Chamber classified 
according to their trades. trade-mark section is also 
included, and doubtless this will also be found useful. 
The publication would appear to be most serviceable to 
foreign and colonial traders, and, in order to increase its 
utility to the former, the matter has been printed in the 
French and Spanish languages, as well as in English. 
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NOTICES OF MEETINGS. 


Tue INSTITUTION OF MininG ENGINEERS.—Wednesday to Friday, 
September 24 to 26, twenty-fourth annual general meeting, at 
Manchester. Wednesday, September 24, at 10.30a.m., in the 
Lord Mayor's Parlour, Town Hall, Albert-square, Manchester. 
The Lord Mayor of Manchester (Sir S. W. Royse) will welcome 
the members to the city. The following papers will be read, 
or taken as read :—l. ‘‘A Method of Measuring Goaf Tempera- 
tures,” by Mr. T. F. Winmill, B.A. (Oxon.), B.Sc. (Lond.). 2. 
“The Absorption of _ iy by Coal,” by Mr. T. F. Winmill, 
B.A. (Oxon.), B.Sc. (Lond.). 3. *‘ Dust Problems in Mines and 
their Solution,” by Mr. Hermann Belger, M.A., and Mr. A. Owen 
Jones. 4. ‘‘Further Researches in the Microscopical Examina- 
tion of Coal, especially in Relation to Spontaneous Combustion,” 
by Mr. James Lomax. The following papers, which have already 
cones in the Transactions, will be open for discussion :—(a) 
“Recent Methods of the Application of Stone-Dust in Mines,” 
by Mr. W. E. Garforth, LL.D., M. Inst.O.E. () ‘‘ The Reopening 
of Norton Colliery with Self-Contained Breathing Ap: tus 
after an Explosion,” by Mr. J. R. L. Allott. (c) ‘‘The Slow Oxidation 
of Coal-Dust and its Thermal Value,” by Mr. F. E. E. Lamplough, 
M.A, and Mr. A. Muriel Hill, B.Sc. (d) “Insulatea and Bare 
Copper and Aluminium Cables for the Transmission of Electrical 
Energy, with Special Reference to Mining Work,” by Mr. B. Wel- 
bourn. In the afternoon there will be visits to Messrs. Mather and 
Platt’s 2 Newton Heath; and to the Pilkington’s 
Tile and Pottery Company’s Works, Clifton Junction. At7 p.m. 
the annual dinner will be held at the Midland Hotel. Thursday, 
September 25, at 10a.m., there will be excursions to Messrs. 
W. T. Glover and Company’s Electric Cable Works and the 
Manchester Ship Canal, Docks, &c., and to the National Gas- 
Engine Company’s Works, Ashton-under-Lyne, and the Brushes 
and Ashway Gap Reservoirs of the Ashton-under-Lyne, Staly- 
bridge, and Dukinfield (District) Water Works. In the evening, 
at 8 p.m., there will be a lecture by Professor H. B. Dixon, M.A., 
Ph.D., F.R.S., on ‘* Explosion Experiments at Eskmeals,” and a 
reception at Manchester University. Friday, September 26, at 
9.40 a.m., there will be an excursion to the Astley Green Colliery, 
belonging to the Clifton and Kersley Coal Company, Limited. 

ENGLISH ASSOCIATION OF MEMBERS OF THE VEREINES DEUTSCHER 
INGENIEURE.—Thursday, September 25, at § p.m., at Frascati’s 
Restaurant, Oxford-street, London, W., Mr. F. Curt Schmidt will 
read a paper on ‘ Air-Cleaning Plant with Special Reference to 
Electrical Machinery.” 
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LABOUR UNREST. 

Tue prevailing epidemic in labour disputes is 
serious, more, perhaps, because of the evidence it 
affords of the attitude of mind of the workers 


‘|generally than of the immediate causes of the 


stoppages of work. These causes are in themselves 
more or less trivial, and the immediate circum- 
stances attending the disputes might be regarded 
with some degree of complacence ; but, because of 
their cumulative effect on industry, their correla- 
tion to each other, and the underlying principles 
involved, they demand the attention of all inte- 
rested in the industrial future of the country. 
We are not disposed to be pessimistic, because time 
brings a certain degree of reflection, and, it may be, 
also a clearer conception of the responsibilities rest- 
ing alike on the employer and employee. Formerly 
the organisation of labour in trade unions was con- 
fined to skilled artisans. The members, by reason 
of their education, and particularly of their contact 
with mechanical appliances, realised the direct rela- 
tion of cause and effect, and, through a process of 
reasoning, came to the conclusion that strikes were 
in all cases injurious to the worker, perhaps more 
than to the nation, and, consequently, were only 
to be entered upon as a last resort. In other words, 
strikes were utilised with an increasing degree 
of caution as instruments for the enforcement of 
collective bargaining. There was, too, a satisfactory 
measure of discipline in the ranks, and an accept- 
ance of the guidance of responsible executive 
officers. The only check in this line of progress 
towards increased strength and power has been 
the introduction of the political element ; but that 
need not here be dealt with, as this influence was 
considered in a recent article (see page 325 ante). 
Lately there has been a strong accession to 
the ranks of trade-unionism from what may be 
termed, without any intention of disparagement, 
the lower grade of workers. These men are not 
educated to the same standard as the artisan, 
nor have they come under the same discip- 
linary training. Moreover, they are more widely 
distributed, and in most cases their work is less 
continuous in one district or in one factory. The 
difficulties of organisation and of control by the 
executive officers is thus greatly increased. Many 
of the recent strikes have arisen in connection 
with these younger unions, and they are trace- 


‘4 | able as much to the impatience of the enthusiastic 
1| organiser, or unionist, as to discontent with the 


conditions of labour and remuneration. Thus there 
has been a growing tendency to strike against the 
employment of men who refuse to join the societies. 
The trouble in Dublin is traceable practically alone 





to this cause and to the syndicalistic tendencies of 
the organisers. The difficulties in connection with 
the busmen and others concerned with the travelling 
facilities in London are also due to this state of 
affairs, because the intention in wearing the badge 
of union is not so much to display pride in the 
workers’ organisation as by its absence to mark out 
the non-unionist who is without it. The presump- 
tion is that this singling out of the non-unionist is 
to facilitate little acts of coercion which render the 
life of the victim somewhat intolerable. 

Most employers have come definitely to recognise 
that trade-unionism must be accepted; that it 
belongs, with all its difticulties and Seedveunane, 
to the things that must be reckoned with. On 
the other hand, absolute freedom on the part of 
the individual worker pertains to the rights of 
citizenship, and this must be conceded, even by 
the most enthusiastic of unionists. A _ strike, 
therefore, against the employment of non-union 
workers is a contravention of a right of citizenship, 
and cannot be tolerated either by the employer or 
by the State. This fact must be enforced at all 
hazards. The newer unions will secure fuller 
acceptance of their aim to represent the working 
classes in a given trade by displaying more tolera- 
tion and in exercising persuasion only in inducing 
all workers to join their ranks. To this end, too, 
they could not do better than follow the example 
of the older and prosperous unions, in which, in 
addition to collective support in all labour difficul- 
ties, there are conceded many benefits, covered by 
the principles of ‘‘ brotherhood,” which are not 
at present available for those classes of workers 
generally embraced in the more recently - formed 
unions. We admit that it is in a way exasperating 
to unionists who have gained, as the result of self- 
denial, some concession in connection with the 
conditions of employment or wages, to find that 
the same advantages accrue to the non-unionist in 
the same trade or employment. This exasperation 
is the greater, too, when some of the leaders think 
they have been ‘‘ victimised ” for their parts in the 
dispute. But the advantage gained by unionism, 
if rightly proclaimed, may do much to persuade 
non-unionists to join the ranks. 

At the same time there must be, on the part of 
all unionists, adherence to the terms of their 
contracts as working men. This, again, is acknow- 
ledged more readily by the older anions than those 
of recent origin, largely because the latter embrace 
men employed oftener by the day than under a 
contract of any duration. Moral obligation, unfor- 
tunately, has not, in many cases, come within the 
range of the training of such men, and we fear, 
too, that it is not always fully accepted even by 
some of the employers, or rather by their foremen 
or other representatives. Thereis, however, hope 
for the future. We are glad, therefore, to note 
that the secretary of the National Union of Rail- 
waymen, in a speech on Sunday last, firmly 
enforced the view that sectional and sympathetic 
strikes were not to be entered into without the 
authority of the executive. He said that ‘‘if 
the leaders had not the confidence of the men, the 
men had the power to remove them ; but having 
been entrusted with the responsibility of matters 
affecting their every-day life, their leaders had 
the right to demand that they should, at least, 
have their support.” It is illustrative of the 
difficulties of the present situation that, within 
forty-eight hours of this pronouncement, several 
thousand railway men struck work at Liverpool 
and Birmingham in sympathy with those out of 
work at Dublin, and without the sanction of the 
executive. Nothing could possibly justify such 
action, and the quotation we have made from the 
speech by Mr. J. H. Thomas, M.P., suggests that 
the sympathetic strikers are little likely to receive 
the support of the unions. Mr. J. E. Williams, 
in a circular to the members, also pointed out that 
‘‘ railway companies are governed by statute, and 
are responsible, as common carriers, to take any 
goods tendered to them. A refusal to do so carries 
with it a heavy ei which can be enforced in 
a courtoflaw. It will therefore be realised that, 
whatever may be the views of a icular company, 
they are compelled, unlike other employers, to 
accept traflic offered them.” If the railway com- 
panies are thus compelled by law to fulfil such con- 
tracts, surely the men necessary to the fulfilment of 
them should be required to abide by their contracts 
and observe agreements, a point which Mr. Williams 
tried to enforce. The men involved in these strikes 
do not belong to the higher grade of railway 
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servants ; and now that all railway workers have 
amalgamated into one union, one finds within this 
one organisation the sharp difference existing 
betwecn the older and more recently-formed unions. 

So far we have dealt with the method of attack ; 
but of equal importance in estimating the signifi- 
cance of the existing labour unrest is the wide- 
spread and ever-growing demand for increased 
remuneration and greater leisure by the working 
classes. This demand has been quickened by data 
as to the cost of living being more widely dis- 
cussed. Recently the Government issued a com- 
prehensive report on the subject. As with all statis- 
tics, there is here material for proving arguments 
diametrically opposed to each other. It is shown, 
for instance, that in the past seven years rents in 
88 towns increased by 1.8 per cent., retail prices 
of food and coal by 13.7 per cent., and of both 
combined by 11.3 per cent. ; clothing has also 
advanced. When comparison is made with 1896 
the increase is 25 per cent.; but the level now 
reached is no higher than in the early eighties, and 
much below that of the ’seventies, when prices 
were exceptionally high. The figures for each of 
the 88 towns of the United Kingdom extend to 400 
pages. The argument is that since in the past 
17 years the average cost of living has gone up 25 
per cent., wages should have advanced in the same 
proportion ; in other words, that the value of money 
as a medium of exchange has been lessened to such 
an extent. 

The figures, however, ought to be accepted with 
a considerable degree of caution. The cost of living 
may be higher or lower in any one district, and 
averages cannot be accepted for definite deduction. 
Tt is pointed out, for instance, that in 58 of the 
88 towns tho increase in seven years amounted to 
between 10 per cent. and 13 per cent.; in 16 towns 
it was less than 10 per cent.; and in 14 towns it 
was more than 13 percent ; the highest ascertained 
figure being for Waterford, 17 per cent. The 
greatest ‘‘mean” per cent. increase occurred in 
Lancashire and Cheshire, and the minimum 
increases are in London and the eouthern counties. 
These refer to retail prices, but one would 
require to know almost at what time of the 
day the prices were collected from the mer- 
chants. In other words, as was pointed out 
by Dr. Bowley, at the Economic Section of 
the British Association on Monday, ‘‘ until the 
changes in the retail prices, say, of butcher's 
meat at 10 o’clock on Saturday night are known, it 
is not possible to say what the increase in the cost 
of living of the working classes is.” The same, too, 
applies to other distinctions. There can be no 
doubt that the prices in the West End of London 
differ materially from those in the East End ; an 
average, therefore, is of little value. Moreover, 
there must be considered the question of the quality 
of goods for a given price at the two periods. 
Beyond all this, however, the cost of living is as 
much influenced by discrimination in purchases on 
the part of the housewife as by the actual cost of 
goods. There is no doubt that 16s. in one woman’s 
hands will go as far as 20s. in another woman’s 
control. 

The Government report attempts to set out, 
also, the time rates of wages in the building, 
engineering, and printing trades during the same 
period and in the same towns. It is shown that 
there was a distinct upward movement during the 

t seven years in each of the three trades named. 

he group with the greatest rise in wages is that 
of skilled men in the engineering trade, fifty-four 
out of fifty-seven towns, for which information is 
available, having had increases of from 2 to 10 
cent. There was rather less advance in the rates 
for engineering labourers. The rise was least marked 


in the building trade, in which only twenty-six of | p' 


the eighty-eight towns showed increases exceedi 
2 per cent. for skilled men, avd forty-five show 
no change, or a slight decrease, for labourers. For 
compositors in the printing trade, twenty-four towns 





showed no change in wages, and the remaining 
fifty-four towns, for which particulars are avail- | 
able, had advances ranging from 3 to 15 per cent. | 
The mean percentage increases in rates of wages | 
in all the towns are : Skilled men in the building 
trade, 1.9; labourers, 2.6: skilled men in the 
engineering trade, 5.5; labourers, 3.9: and 4.1 
for compositors. It is further shown that while 


the cost of living in the provinces is from 6 to 15 
per cent. less than in London, the wages of skilled 
men in the engin 

cent. less, and for 


ing trade are from 8 to 16} per 
illed men in the building 





trades from 12.5 to 27.7 per cent. less. The 
London artisan or labourer therefore seems to have 
bettered his position relative to the same class of 
workers in the provinces, if these figures are repre- 
sentative; but it must be confessed that these figures 
are most inadequate. There is no doubt, for instance, 
that in the engineering trade time wages have in- 


| 


creased in very many cases much more than the | 
5} per cent. indicated by the average result given | 


in the Government return, and that piece or bonus 
work has won much higher remuneration, partly 
through improvement in mechanical appliances. 

If the present labour unrest is based, as is be- 
lieved, on the assumption that the cost of living is 
increasing in greater proportion than the rate of 
wage, advance in wage will not in itself mitigate the 
evil. Wages enter so largely into the cost of pro- 
duction and distribution of the necessaries of 
life that any advance in them must in the aggregate 
increase the cost of living. It is well known that 
not only the artisans and the labourers in fac- 
tories, but all transport workers, including even 
the London street wagoner, have had increases in 
their wage, without any corresponding addition to 
the volume or value of the production. Obviously, 
such must be added to the selling price. There 
have been many attempts to attribute this advance 
in selling price also to increased production of gold, 
tending to the depreciation of its value as a medium 
of exchange. But this is not supported by the facts, 
as in the ’seventies there was no excess of gold pro- 
duction in association with the very high cost of 
living, as has recently been the case. Moreover, in 
the fluctuations in both items since then there is no 
regularity or seeming relation. However much one 
may theorise, there is difficulty in getting away from 
the one dominant and undoubted fact—that the 
appreciation in values of commodities is due to 
the demand, alike for commodities and labour, 
exceeding the supply. Until the supply overtakes 
the demand there can be little relief. This, 
again, can only be achieved by the efficiency 
of production improving, either as a consequence 
vf more effective mechanical assistance to the 
manual worker, or by more continuous utilisa- 
tion of these appliances by the men working full 
time. If wages are to be maintained, as all hope, 
and if the cost of living is to be reduced or kept 
stationary without the standard of living being 
affected, or if the justifiable desire for little luxuries 
is to be gratified, then the efficiency of production, 
and consequently its economy, must be improved. 
Therein lies the sole remedy for such measure of 
labour unrest as is founded on the direct aim of the 
worker to improve his economical conditions. 





THE CORROSION OF CONDENSER 
TUBES. 

Tue report of the Committee on Corrosion, 
appointed by the Institute of Metals, is unques- 
tionably the most important contribution to the 
subject of condenser-tube failures which has yet 
been published. A most interesting feature of 
the report is the way in which certain highly- 
plausible and widely-accepted theories as to the 
causes of corrosion have been completely dis- 
credited by actual experiment. Among these 
theories was one which attributed local corrosion, 
which is the main difficulty met with, to the lodg- 
ment of particles of carbon and the like on the tubes. 
It was asserted that such a particle formed a galvanic 
couple with the metal of the tube, thus producing 
severe local corrosion. The doctrine in question 
was so specious that it readily found very general 
acceptation, but actual test has shown that the 
lodgment of particles of this kind is the very 
reverse of deleterious, having, in fact, a certain 
rotective effect. Another seductive theory was 
that the local corrosion originated in local defects 
in the tubes ; but this again has failed to stand the 
test of experiment. On the other hand, the theory 
that tubes fail because the material was bad, very 
largely held by marine superintendents, has pos- 
sibly a modicum of truth if for the word ‘‘ bad” 
the word ‘‘unsuitable” is substituted. As a 
matter of fact, the metal now supplied is really 
purer then it used to be, but if is quite possible 
that this improvement in the quality from the 
chemical standpoint has been a factor in the greater 
frequency with which serious corrosion of con- 
denser-tubes is now met with. In this connec- 
tion, however, it has to be remembered that there 
is always a tendency to idealise the past, forget- 





merely its favourable features. That the com- 

ition of the tubes is a very important factor 
in their endurance is very firmly established by 
Dr. Bengough’s experiments, and the evidence 
he adduces of the high resisting qualities of the 
alloy composed of 70 parts copper, 28 zinc, and 
2 lead, will certainly lead to its extended trial. 
Perhaps, however, the most interesting part of 
his research is that in which he shows the im- 
portant pait played by temperature. With cold 
sea-water as the active reagent, tubes of every com- 
position seemed to resist nearly equally well. What 
corrosion there was was general and not local, but 
by raising the temperature very different results 
were obtained. 

When warm sea-water was used as the corrosive 
agent, Muntz metal and the ordinary 70 : 30 alloy 
both proved liable to local attack, the zinc being 
dissolved and the copper left, so that although the 
total loss of weight was not great, the fact that this 
loss was localised soon destroyed the usefulness of 
the tubes. In these conditions Admiralty metal 
and the lead alloy proved far superior to the others. 
This hitherto unsuspected effect of temperature 
may go far to explain the anomalous results some- 
times recorded in which condenser-tubes from the 
same batch and placed in similar ships running in 
identical services are found to give very different 
results in practice. Chief engineers differ much as to 
the care they take of their condensers. A clean tube 
may transmit 500 B.Th.U. per sq. ft. per hour 
wd degree of (nominal) temperature difference 

tween the steam and the cooling water, but with 
dirty tubes this figure would fall to 300 or even 250. 
Since the total weight of steam condensed is the 
same, it follows that the tube temperature will be 
higher when the tubes are dirty, and in view of 
Dr. Bengough’s result, this may well affect the 
rate of corrosion. Dr. Bengough attempted to 
measure the actual temperature of his tubes by 
placing thermometers with their bulbs in actual 
contact with the tubes. We are, however, strongly 
of the opinion that the results thus recorded are 
wholly fallacious, and that what was actually 
measured was the temperature of the mixture of 
steam and air in the immediate neighbourhood of 
the tube. At first sight this would appear to be 
negatived by the fact that whilst the vacuum 
was generally about 20 in., corresponding to a 
steam temperature of 1614 deg. Fahr., the highest 
tube temperature observed was never as much as 
140 deg. Fahr., and was generally very much 
lower. It has, however, to be remembered that 
though it is quite true that the temperature of the 
steam as it entered the condenser was 1614 deg. 
Fahr., the fact that the steam always contains air 
makes it certain that the temperature of the steam 
in the immediate vicinity of a tube was very sub- 
stantially less, The condensation produced by the 
tube causes a radial current towards the tube. On 
reaching the tube surface the steam is condensed, 
and for all practical purposes disappears. The 
air swept in with the steam remains, however. 
since it can only get away by the slow process 
of diffusion. A blanket of air therefore collects 
round each tube, until the excess of air pressure 
at the tube surface is such that as much air 
escapes away each second by diffusion as is swept 
in by the current of steam. In other words, the 
‘* partial pressure ” of the air at the tube surface 
is much higher than the average throughout the 
condenser. Since the total pressure at the tube is, 
however, the same as elsewhere, it follows that the 
steam pressure at the tube surface must be less 
than the average, and consequently its temperature 
is lower than that corresponding to the actual 
vacuum recorded by the gauge. The view that 
what Dr. Bengough measured was the steam tem- 

rature, and not the tube temperature, is confirmed 
y the fact that the temperature observed was found 
to be substantially more near the centre of the tube 
than near the ends. The steam was, in fact, 
admitted to the condenser near the centre and blew 
directly on to the tubes. This blast of incoming 
steam would tend to sweep away the air round the 
tubes, and this air-blanket would thus be much 
thinner at the middle of the tubes than near the 
ends of the condenser, where the steam was more 
quiescent. Hence, if we are right in supposing that 
what Dr. Bengough measured was the steam tem- 
perature, and not the tube temperature, the tem- 
tures observed would necessarily be lower near 

the ends of the condenser than in the middle. 

Another interesting point brought out in the 


ting its troubles and difficulties, and remembering | report is the fact that protection afforded the tubes 
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by slabs of iron in good electrical connection there- 
with is largely indirect. In such conditions Dr. 
Bengough finds that there is a tendency for the 
tubes to become coated with a thin and very 
adhesive layer of carbonate of lime, which thus 
serves as a protective coating. 








PATHOGENIC MICROBES IN RIVER 
WATER. 

In the ninth research report to the Metropolitan 
Water Board, lately published, Dr. A. C. Houston 
summarises the results of a prolonged series of 
experiments directed to the detection of pathogenic 
microbes in river water. Some previous researches 
had entirely failed to isolate typhoid bacteria 
from raw Thames water, and had led to the 
suggestion that such investigations were prac- 
tically useless, being cquivalent, it was declared, 
to searching for a needle in a haystack. With 
a view to forming some estimate of the delicacy 
of the methods employed, Dr. Houston, in his 
more recent experiments, has divided samples 
of river water into two, infecting one-half with 
bacilli of known diseases, the two ty chosen 
being the typhoid bacillus and Gaertner’s bacillus. 
In the course of one set of investigations no 
fewer than 5451 colonies were subcultured, and 
it was found that the typhoid bacillus could be 
isolated even when the census showed but one 
bacillus to 64 cub. cm. of water, whilst the Gaertner 
bacillus was isolated when there was one in 18 
cub. cm. of water. In some further experiments 
on the same lines, in which 7991 colonies were eub- 
cultured, the typhoid bacillus was isolated when 
there was but one in 17.7 cub cm. of the infected 
water. ‘The raw but uninfected water, in spite of 
the enormous number of experiments made, gave 
no certain positive result, though in two cases out 
of the thousands of subcultures made one typhoid- 
like bacillus was detected. Ina still more recent 
research, which included 8699 subcultures, not a 
single typhoid bacillus was found. As a general 
result he concludes that the tests now available 
would be capable of detecting the typhoid bacillus, 
if present, to the extent of 1 in 74 cub. cm. 

In another series of experiments, the rate at 
which typhoid bacilli died off in water simply sub- 
jected to storage was determined. The beneficial 
effects of storage were very marked, and it is 
of interest to note that the ‘‘natural” typhoid 
bacilli proved less resistant than ‘‘ cultivated ” 
specimens. Starting with an infection of 7,700,000 
per cubic centimetre, the whole had apparently 
died off at the end of two weeks’ storage. This 
result was generally confirmed by other experi- 
ments, though in one series the typhoid bacillus was 
detected during the third week of storage. 

The results are exceedingly interesting, but we 
very much question whether all the reporter’s 
propositions will prove acceptable to water-works 
engineers. The author appears to make the 
claim that it is only by prolonged researches 
of this kind that the suitability of a water supply 
for potable purposes can be established. After 
all, however, the real test is not the number 
of bacteria present in a supply, but the typhoid 
death-rate of the community served. Polluted 
waters were, as a matter of fact, purified with 
very great success long before the very modern 
science of bacteriology was Ceveloped. Again, as 
one result of his researches, Dr. Houston contends 
that the part played by water in causing endemic 
typhoid fever is apt to be exaggerated, and is 
incompatible with the facts he has established 
with respect to the scarcity of the typhoid bacilli 
in waters known to be polluted. It appears to 
us, however, that this opinion is wholly untenable, 
in view of the results which have followed the 
introduction of sand filtration for treating the water 
supply of certain towns. One very well-known 
instance is that of the city of Lawrence, Mass., 
U.S.A., where the introduction of sand filtration 
reduced by 79 per cent. the typhoid fever death 
rate, and this is by no means an isolated instance. 
Bacterial investigations are undoubtedly of the 
greatest interest and importance, but the supreme 
test is, after all, we think, the actual typhoid 
death rate. One interesting suggestion is made 
by Dr. Houston, and affords, perhaps, some ex- 
planation of the difficulty which arises in reconcil- 
ing the proved efficiency of sand filtration with the 
difficulty of detecting the typhoid bacillus in the 
untreated water. It is quite possible, he suggests, 


that a stream may be only locally infected, and if 








the water is sent without treatment into the mains, 
individual users may get extremely strong doses of 
the bacillus, although the total number averaged 
over the whole supply may be too few for detection. 
By storage and filtration not’ only are the total 
number of the pathogenic microbes enormously 
diminished, but a certain averaging process is 
effected, making it very improbable that a dose of 
poisonous strength reaches any individual consumer. 





CRITICISM OF THE NATIONAL 
SYSTEM OF EDUCATION. 

Dr. Grirritus, the President of the Education 
Section of the British Association, set himself in 
his inaugural address the important task of deter- 
mining whether Sir John Gorst’s Act of 1902 has 
been working well and economically ; whether in 
return for 30,000,000. spent on elementary educa- 
tion each year out of rates and taxes we are getting 
good value. There was a certain appropriateness 
in this review, for when, in the year 1900, the 
British Association organised a distinctively Educa- 
tion Section, it had as its first President the Right 
Hon. Sir John E. Gorst, who, at the first meeting 
of the new section, held in Glasgow in 1901, dealt 
with the functions of a national authority for educa- 
tion, the limits of its obligations, and the dangers 
attending its work. In 1902 the Education Bill, 
introduced by Sir John Gorst, became law. This 
measure, which was designed to provide in every 
part of England and Wales an education authority 
with very inclusive control of all phases of education, 
provided, inter alia, that the local authority could 
arrange for the continuance of the rate-aided edu- 
cation work beyond the primary stages, a system 
which, to the consternation of the larger school 
boards. the Cockerton judgment had threatened to 
strangle. 

Without staying to guess what are the ‘‘ different 
standards of valuation” which Principal Griffiths 
associates with ‘‘the man in the street, the man in 
the counting-house, and the man in the school- 
room,” or the kind of *‘ sacrifices” they respectively 
have made, we accept his statement that ‘‘it 
appears difficult to find distinct evidence of im- 
provement (in knowledge, intelligence, character, 
cr manners) in any way commensurate with the 
sacrifices which have been made.” This verdict is 
alarming, if not very novel; but with the Presi- 
dent’s apodeictic reasoning we are disappointed. 
His playful apology for tackling the subject, and 
his apt, if long, quotation from Mr. Godley relative 
to discussions on education, where ‘‘ all can expa- 
tiate and all be dull,” give the agroeable holiday 
flavour one finds at British Association meetings. 
But when Principal Griffiths is serious, our appre- 
ciation now and again tails off. He narrates that 
he has had occasion to employ in his motor-garage 
in the course of nine years six or seven boys who 
came straight from elementary schools. ‘‘ None of 
them could spell correctly, keep simple accounts, or 
appear to derive enjoyment from reading. Neverthe- 
less, two of them, at all events, gave evidence of a real 
liking for mechanics, and within a year or so could 
be trusted to take the engines to pieces, clean them, 
and replace them with but little supervision;” and, 
he adds, ‘‘ if such an example isin any way typical, 
it is time to consider what the country is obtaining 
in return for the 30,000,000/. annually expended on 
elementary education alone.” 

Not satisfied with his own experiences, the Presi- 
dent has recourse to the findings of other investiga- 
tors. Thus he takes from Mr. Dixon, President of 
the West of Scotland Iron and Steel Institute, the 
following :—‘‘ I (Mr. Dixon) have, over a somewhat 
extended period and a wide area, made inquiries 
amongst those who have the control of about 200,000 
men in our allied industries,” and ‘‘ it is the unani- 
mous opinion that any book-learning outside the 
rudiments of the three R’s is considered a matter 
outside the requirements of the education of more 
than 90 per cent. of the usual manual workers. 
In other words, the work that these men are 
called upon to do, the labour which they have to 
perform in their daily avocation, would be as 
efficient, as successful, and as expeditiously per- 
formed if the men had no school education outside 
the three R’s.” On this a, remarkable 
in many ways, Principal Griffiths makes the com- 
ment :—‘‘ If there is any truth in this severe 
indictment, there is small cause for wonder if a 
general sense of uneasiness exists amongst those 
who consider that the future prosperity and safety 
of this country are dependent on the manner in 








which we train the rising generation.” It looks as 
if the President desired to point out that Mr 
Dixon had framed an indictment against our modern 
industrialism. On the other hand, as primary educa- 
tion alone is under review, his remark is, at this 
stage of the argument, merely an inconsequence. 
Surely there are few who want our youths launched 
into wage-earning before fourteen years of age, and 
surely there are few who advocate illiteracy for 
labour. It may be remarked that the acquisition of 
anything like a mastery of the three R’s is, in many 
cases, not an easy matter, and to describe as 
mechanical the process by which this command 
comes is rather misleading. During the education 
which is going on, a vast flow of things securing 
interest and affording stimulus reaches, hour after 
hour, to the child in the class-room of a present- 
day school. Perfection as regards environment and 
method has not yet been reached, and although 
those who ‘‘sit in the seats of authority” cannot 
deny this, nevertheless we feel that the President’s 
window-breaking impulse should be discouraged. 

Thirty millions a year seems an enormous sum 
to spend on pri education, but it refers to 
some five million children, and works out to about 
half a crown a week each. When one thinks of 
what the middle-class father in England spends on 
education, and in how many cases his children at 
the age of fourteen cannot ‘‘ spell correctly, keep 
simple accounts, or appear to derive enjoyment 
from reading,” unless it be of a very crude order, 
it is not very surprising that the boy from the 
Board School is so often a failure. 

Twoof Dr. Griftiths’ boys developed a taste for 
mechanics, and did their work well, but it is 
probable that their education had nothing to do 
with that. Everyone who is acquainted with 
workmen knows that the present generation are 
not the superiors of their fathers in handicraft. 
Indeed, we doubt if it would be possible to 
find men now ia engineering shops equal to the 
body of millwrights of forty years ago. But there 
has been a great improvement in conduct, at least 
in the matter of drinking, and the recurrent 
‘*sprees”’ which used to keep a man away from 
work for a week at a time, and leave him a wreck 
for a fortnight afterwards, seldom occur now, and 
are not so readily forgiven. But while the work- 
man can attain skill in his craft without educa- 
tion, it is scarcely possible for the foreman to 
carry out the duties of the present day without 
some culture. The number of foremen, assistant 
managers, and draughtsmen in a works is now 
several times as great as it used to be, and it 
is the boys who learn at school to read and think 
that fill these situations. That there are many 
such boys, and also girls, is seen from the crowds 
that throng the polytechnics and institutes in the 
evening. They are not a great proportion of those 
who through the primary schools, but they 
constitute a large number in the aggregate, and do 
something to justify the expenditure of this thirty 
millions. Some, of course, would learn under any 
circumstances ; but the bulk of them owe their 
awakening to the compulsory schooling, and their 
success should be credited to it. 

The plea which the President makes for the 
better status and emoluments of those who are 
engaged in primary schools seems to us entirely 
reasonable, and the wider view of the meaning 
of education disclosed in his suggestions as to 
the variety of discipline and encouragement which 
the developing child should receive in his three 
R's period has our complete sympathy. This is 
apart, however, from the evidence of dissatis- 
faction which he adduces from the replies sub- 
mitted by 121 directors of education in England 
and Wales to the series of twelve questions issued 
by him. To our mind the questions have little to 
do with education, and the answers prove little 
more than that conflicting views prevail on matters 
of administration. Thus, while 31 per cent. 
consider that the centralisation of authority has 
caused a decay of interest in education, 44 per 
cent. are sure that it has not, and 25 per cent. 
hesitate to reply definitely. As — ad hoc 
election, 51 per cent. are for and per cent. 
against it, with 13 per cent. indifferent; in the 
boroughs and urban districts, however, 72 per cent. 
declare in its favour. Opinion is fairly divided as 
to whether or not there is overcrowding in the 
curricula, and as to the need for vocational schools. 

Passing from the somewhat nondescript and 
inconclusive statements and statistics in which, 
curiously enough, Principal Griffiths finds confi:ma- 
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tion of his pessimistic estimate, let us look at one 
or two points of real consequence. Like his pre- 
decessor, Sir John Gorst, the President is alive to 
the importance of character development. He 
quotes with enthusiasm the motto of the head of 
an agricultural school in Australia, ‘‘ Character first, 
then Agriculture.” But the trouble is that, although 
the phrase is far-fetched, it does not go far. Accord- 
ingly, he would appoint ‘* Baden-Powell as Minister 
of Education, with plenary powers for the next 
ten years.” Sir John Gorst twenty-two years ago 
looked for improvement of character—a slow 
process at the best—in improved conditions of life 
of the parents, and in improved habits and atti- 
tude of mind in the homes. The school, even with 
its large classes, could do its share in fostering 
good taste and promoting mental and physical 
growth; but the most potent influences on character 
were outside the school-room. The considera- 
tions which, to Mr. Dixon, made it seem unwise to 
have in his district more than 20,000 out of the 
200,000 workers in iron and steel with education 
beyond the three R’s should be displaced by a 
recognition of the importance of character and of 
the effect that knowledge exercises on outlook in 
life and on ways of living. 

Sir James Yoxall’s striking suggestion that ‘‘ they 
must develop the idea that the educated plough- 
man or bricklayer could remain a ploughman or 
bricklayer at a ploughman’s or bricklayer’s pay, 
but with the added comfort of a good education,” 
is well worth thinking about in this connection. 
It would indeed be a great thing if this idea 
could be popularised, but unfortunately the middle 
classes do their best to prevent it spreading. The 
idea that is preached in novels, in plays, and in 
daily life, is that money is happiness and that 
poverty is misery; and he must be a superior 

loughman or bricklayer who can see through the 
fallacy of it. We know that there are hundreds of 
educated men working at bricklayer’s, if not at 
ploughman’s, wage, as teachers, ministers, and 
writers, whose toil is lightened by their culture 
and their learning, but it will be long before that 
form of career will be accepted as an ideal in this 
country. 

Secondary and higher education receive at the 
hands of Dr. Griffiths no detailed treatment. Still 
there is the pregnant phrase ‘‘ State-aid” in the 
higher branches ‘‘should be restricted to those 
who are able to profit thereby.” Sir John Gorst 
is even more definite with his dictum that ‘‘ secon- 
dary instruction should be available for those fitted 
to profit by it.” The State must use means of 
selection and elimination. Whatever is of service 
in finding and fostering capacity associated with 
sound character is of the highest consequence to 
the nation, and improvements in our national 
system of education must be sought with that aim 
as their determining condition. 





MINE-GAS AND COAL-DUST IGNITION. 

WuHEn the proceedings of scientific and technical 
societies are scanned it is clear that the dangers 
threatened by mine-gases and coal-dust are being 
investigated all over the world. Yet the miner 
complains that scientists fail to provide what he 
wants. Old experiments are repeated and extended ; 
the fact is confirmed that coal-dust is in itself explo- 
sive, without the presence of fire-damp, and that 
improperly damped shot-holes, sparking electric 
machinery, temporary arcs between wires accident- 
ally brought into contact, and broken glow-lamps, 
constitute serious sources of danger. But all this, 
or most of it, was known, and, if not sufficiently 
appreciated years ago, has been quite understood 
for some time. The man who has to work under- 
ground is more anxious to hear of real remedies 
and perfectly safe processes than to listen to 
discussions of the special conditions under which 
apparatus and practices, which must be considered 
dangerous in general, become fairly safe. He 
naturally distrusts elaborate regulations, which he 
feels may not be observed more conscientiously by 
his superiors than he observes them himself when 
they are irksome, or seem superfluous under the 
particular conditions. The experienced miner recog- 
nises, of course, that a reliable cure can scarcely be 
found before the problem has been fully studied. 


Yet he may fairly object that what has been done so 
far has more interest for the chemist and physicist 
than for himself. We have kept our readers au fait 
as to researches on mine explosions, and the just- 
mentioned objection might be raised against at least 





two investigations which have been recently made 
and published. 

Last year Professor W. M. Thornton read 
before the Institution of Mining Engineers a paper 
on ‘** The Ignition of Coal-Gas and Methane by 
Momentary Arcs.” The research was undertaken 
because the Coal Mines Act of 1911 prohibits the 
use of electricity in mines where more than 1} 

r cent. of fire-damp may be present, and because 
it limits the pressure of electric signalling circuits 
to 20 volts in places where bare wires might cause 
momentary arcs by accidental contact. The experi- 
ments were made with electrodes of several metals 
crossing at right angles within glass vessels, which 
were filled with the respective gas mixtures and 
closed by cotton-wool plugs, which gave way in case 
of an explosion. A continuation of these experi- 
ments dealing with the ‘‘ Comparative Inflamma- 
bility of Mixtures of Pit-Gasand Air by Momentary 
Electric Arcs” was recently communicated to the 
same body. Professor Thornton had two sources of 
pit-gases at his disposal ; the one contained 87.4 per 
cent. and the other 93.3 per cent. of methane, in 
addition to about 1 per cent. of other hydrocarbons 
and 12.2 or 6.5 per cent. respectively of nitrogen. 
In comparative tests he made use of a very pure 
methane prepared by distilling Trinidad pitch. 
The nitrogen present in the natural pit-gases acted 
as a diluent ; its effect was marked in poor mix- 
tures of the gas and air, but scarcely so in mixtures 
rich in gas, as might be expected. 

The pit-gas proved clearly less inflammable than 
the pure methane. The minimum current intensity 
required for ensuring ignition decreased rapidly at 
first and then slowly, as the voltage was raised from 
50 to 500; thus with copper electrodes 4 amperes 
were required at 50 volts, and 0.15 ampere only 
at 500 volts; for iron electrodes higher values 
were found—7.3 and 0.15 amperes respectively. 
When keeping the volts constant, it was observed 
that gas mixtures of about 6 or 7 per cent. were most 
inflammable, the current-gas concentration or 
ampere-per cent. curves being of the VY type. For 
instance, no ignition could be obtained with 4.5 per 
cent. of gas (methane). The inflammability then 
increased very rapidly to its maximum, as the con- 
centration rose to 6 or 7 per cent., and fell off again 
quickly when the concentration exceeded 12 per 
cent. These figures apply to continuous currents 
of 50 volts; with 100 volts the maximum inflam- 
mability was near 8 per cent. The curves for the 
two pit-gases, for pure methane and coal-gas, were 
very similar to one another. With alternating 
current the curves assumed a perfectly symmetrical 
U shape, the point of minimum ignition current 
occurring at 9 per cent. methane concentration for 
currents of 200 volts at 36 periods. When the 
pressure of the alternating current was raised to 
800 volts, the ignition currents decreased from 
40 amperes at 50 volts to 8 amperes at 200 volts, 
to 6 amperes at 600 volts, and to 3 amperes at 
800 volts—all at 36 periods; at 100 periods the 
fall was more gradual, from 40 amperes at 100 volts 
to 20 amperes at 300 volts, and 8 amperes at 800 
volts. The curves, it must be understood, have 
nothing to do with the violence of the explosion. 
As regards the mechanism of explosive ignition, 
Professor Thornton considers that explosive, and 
chemical combination in general, is due to the 
collision of ions, thrown off by electric arcs, 
Réntgen rays, light, &. 

The second paper which we wish to notice is 
an account of experiments on ‘‘ Conditions A ffect- 
ing Explosions of Coal-Gas and Air,” conducted 
by Messrs. E. L. Sellars, M.Sc., and Colin 
Campbell, M.Sc., in the laboratory of Professor 
H. B. Dixon, at Manchester, and brought before 
the Manchester Section of the Society of Chemical 
Industry.* The authors studied the rate of propaga- 
tion of the flame in coal-gas mixtures of 12.3 
per cent.; the explosive wave was never set up, 
and the flames travelled sufticiently slowly to be 
watched by the eye in glass tubes up to 18 metres 
in length. The tubes were built up of shorter 
sections of tubes, joined by rubber bands and 
provided with metre divisions. When the flame 
was seen to pass a division, a key was depressed 
by the experimenter, and a record was electric- 
ally produced on a revolving drum covered with 
smoked paper. One rather distrusts records thus 
obtained ; but automatic records would have re- 
quired elaborate arrangements, and the curves 





reproduced in the publication are so concordant 
that the arrangement seems to have answered. 
Ignition was produced by sparking near the one 
end of the tube; the ends were open or closed to 
start with ; sometimes the end near which ignition 
was effected was closed immediately after sparking. 
These features, and also the length and the width of 
thetube(internal diameter up to 44mm. ), had decided 
effects upon the phenomena. It was shown that 
the flame would travel the full tube-length towards 
a closed end, but not towards an open end, from 
which gas would probably escape, so that the mix- 
ture became impoverished. ith closed ends the 
inflammation would assume a more violent charac- 
ter. When the flame travelled from an open to a 
closed end there was an initial period of quiet 
advance of the flame; then followed a period of 
oscillation, of more rapid travel and greater violence, 
and finally the flame velocity would slow down 
again. In tubes open at both ends the oscillations 
increased till the flame died out ; by reducing the 
diameter of the tube the second period of greater 
violence could be eliminated. 

These researches form a link in the chain of 
experiments on explosions conducted on a small 
scale by Berthelot, Mallard and Le Chatelier, 
Dixon, and others, in laboratories, and on a larger 
scale in galleries. The third research to which we 
pass, on the ‘‘ Effect of Incombustible Dusts on 
the Explosion of Gases,”’ by Professor H. B. Dixon 
and Mr. Colin Campbell,* touches the miner more 
directly. We have several times referred to the 
successful attempts made at Altofts by Mr. Gar- 
forth, in Westphalia, at Liévin, and elsewhere, 
to stifle explosive waves by spreading powdered 
stone over the underground roads ; the explosion 
stirs up the incombustible dust of a ‘‘stone-dust 
zone” and becomes quenched. Two objections 
have been raised against this remedy. Dust is no 
doubt injurious to the human lungs; but it is 
hoped that soft shale dust will be tolerable, whilst 
gritty dust and cinders will certainly have to be ex- 
cluded. The second objection is based upon some 
experiments made by the late Sir Frederick Abel 
after the Seaham disaster of 1880, according to 
which the incandescent dust would ‘‘carry the 
flame alorg” into regions of unburnt gas, and 
henee constitute an additional source of danger. 
Abel also suggested that the dust might act 
catalytically, cause gas would be condensed 
upon the dust particles. The experiments of 
Dixon and Campbell disprove these statements. 
Under ordinary pressure and temperature condi- 
tions gas mixtures are not explosive, unless they 
contain at least 5.7 per cent. of methane. Abel 
had experimented with 3 or 4 per cent. mixtures, 
which, in themselves inexplosive, had been rendered 
explosive, he thought, by the dust particles. Dixon 
and Campbell find that a poor mixture cannot be 
made explosive by these means, and that, on 
the contrary, a mixture, which was just rich 
enough to explode, would not explode when mag- 
nesia dust was stirred into it. They also made 
some experiments on the supposed catalytic effects. 
For these they took some fine coiled platinum wire. 
It was electrically heated, until chemical com- 
bination began on the surface; the current was 
then turned off; the glow continued for some 
time, but a poor mixture could not be rendered 
explosive in this way. 

t is satisfactory that Dixon and Campbell were 
also able to ascertain how Abel came to make this 
erroneous statement. Dr. W. Kellner, who had 
assisted Abel, informed them that Abel introduced 
his methane through a hole in the bottom of a 
gallery, 28 ft. long and 1 ft. square, without in any 
way mixing the gas and air. Imitating this 
arrangement, Dixon and Campbell observed that 
long threads of flame would form and that minor 
explosions could be set up in locally rich gas mix- 
tures. It is thus proved that explosions can be 
stifled by stone-dust, and that this stone-dust does 
not introduce a new source of explosion danger. 
Dr. W. E. Garforth mentioned, during the discus- 
sion of the paper, thata stagnant atmosphere might 
be rendered safe by creating a stone cloud in it ; he 
had done this by cutting stone with a circular saw ; 
the cloud then produced quenched an explosive 
blast. 

The other objection, that of damaging the lungs 
with stone-dust, remains, and it must not 
underrated, though some experiments made at 





* See Journal of the Society of Chemical Industry,| * Journal of the Society uf Chemical Industry, 1913, 
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Eskmeals—which we noticed on a previous occa- 
sion —seemed to show that the danger is notserious. 
Professor Dixon also pointed out that fresh coal- 
dust, settling on the stone-dust, spread over the 
underground roads, and on the old coal-dust, might 
be stirred up by an explosion and produce a licking 
flame. It is pretty clear from the various trials 
made in mines that large quantities of stone-dust 
must be applied and frequently renewed in order 
to stifle explosions. In how far that can be done 
without exposing the miner to constant unhealthy 
conditions remains to be seen. Water zones, which 
have been tried before stone-dust zones, are objec- 
tionable, because working in a humid atmosphere, 
and in a mud too, is neither pleasant nor healthy, 
and Dr. Harger’s suggested remedy, reduction of the 
oxygen percentage in the mine air below its per- 
centage at which it will sustain combustion, will 
not be welcomed by the miner either, even though 
the oxygen is not to be taken away, but only to - 
diluted by the admission of inert gas. It cannot 
be said that the suggested remedies look tempting. 
We have two enemies to face—gas and dust ; the 
latter is as bad almost as the former. We cannot 
mine coal without raising dust, any more than we 
can travel on our roads, or move about in our 
houses, without raising dust. Dust is a nuisance 
in general, and a danger in mines. 





NOTES. 
Lient Raiiways IN Japan. 

WE have from time to time given particulars of 
the development of the railway system of Japan, 
the latest reports of which show that there were 
open to trattic 5044 miles of State and 562 miles 
of private railways, or a total of 5606 miles. In 
recent years, however, in addition to the ordinary 
railways there has been a great increase of 
light railways of different kinds, and the Rail- 
way Board has just published a report giving 
the results of an investigation into recent develop- 
ments. According tothe returns, since the enforce- 
ment of the light railway regulations the establish- 
ment of new private steam railways has ceased, 
and those which had been established in accordance 
with the regulations for control of private railways 
have, many of them, converted their system so as 
to adapt themselves to the provisions of the light 
railway regulations. The number of private rail- 
ways established according to the light railway 
regulations has greatly increased, due to the 
encouragement of the Government, and the simpler 
procedure for opening business, which have given 
an impetus to this kind of railway enterprise. The 
light railway companies doing business at present 
throughout the country are 38, with a mileage of 
574. Besides these there are 44 light railways with 
a total mileage of 800 under construction or ready to 
start construction. In addition to these there are 
126 light railways, with an aggregate mileage of 
1953, which have obtained charters up to date. 
How many of these will actually be constructed it 
is, of course, impossible to say, as no doubt 
some of them are speculative; but that the 
Japanese have determined to develop the sub- 
sidiary means of communication in the country 
is evident from the fact that the total number 
of companies extant and going to open busi- 
ness, is 208, their lines extending to 3328 miles, 
not including those waiting for charter. In addi- 
tion to these, the number of companies which have 
been established in accordance with the ‘‘ Kido- 
zorel,” or electric tramway regulations, have also 
remarkably increased recently, with the gradual 
development of cities and towns. The number of 
lines belonging to this category throughout the 
country is 124, with a total running mileage of 
1082. Adding to these the newly-projected lines, 
for which charters have not yet been granted, 
the total number of the electric tramways reaches 
182, with a mileage aggregating 1897. With the 
rapid increase of ats «4 and traflic in the com- 
mercial cities and towns, the methods of transport 
in Japan will soon attain greater development. 
The country is peculiarly fortunate in having 
abundance of water-power, which is being applied 
with much skill and energy for driving the ma- 
chinery required for railways, tramways, and 
industrial purposes generally, and in recent years 
this has been so much taken advantage of that it 
is said that the amount of fuel used in Japan has 
been considerably reduced. These facts are men- 
tioned to illustrate the keenness with which the 
Japanese take advantage of every opportunity to 





reduce cost and increase efficiency, and their suc- | 


cess in these matters will give them a very strong 
position in the industrial competition, not only in 
the Far East, but also, for some of their products, 
in the open markets of the world. 


PREPARATION OF ARGON. 


A new method of preparing argon is described 
by Professor J. Stark, of Aachen. The method is 
based upon an accidental observation. He was 
experimenting with oxygen, made by the Linde 
process and supplied in steel cylinders under pres- 
sure, in a discharge-tube which contained mercury, 
and he noticed that the oxygen lines of the spectrum 
disappeared, while the argon lines became promi- 
nent, and that a yellow-red film settled on the inner 
wall of the glass. This film seemed to consist of 
mercury oxide and nitride, and the explanation 
suggested itself to Stark that, under the conditions 
of the electric discharge, both the nitrogen and 
oxygen, originally present in the gas, had become 
active and had united with the mercury vapour, 
leaving almost pure argon. The oxygen of the 
steel cylinder originally contained 6 per cent. of 
nitrogen and 4 per cent. of argon. It was thus 
very rich in argon, which is not surprising, con- 
sidering that the boiling-point of the three gases 
are: Nitrogen, — 194 deg. Cent.; argon, — 187 deg. 
Cent.; and oxygen, — 183 deg. Cent.; so that argon 
would still remain liquid after most of the nitrogen 
would have boiled away. The apparatus for the isola- 
tion of argon which Stark describes in the Physikal- 
ische Zeitschrift of June 1, consists of a horizontal 
discharge or reaction bulb provided with tubular gas 
inlets and outlets at right angles to the bulb. The 
gas enters the reaction bulb through a tube pro- 
vided with two stop-cocks, which we may designate 
H, and H,, and leaves through another tube 

rovided with one stop-cock H,. The bulb has a 
ength of 30 cm. and a diameter of 4 cm., and it is 
fitted with two electrodes, aluminium discs 3 cm. 
in diameter facing one another. Near the cathode 
about a cubic centimetre of mercury is placed in the 
bulb. The discharge is started and the mercury 
heated from outside with the aid of a Bunsen 
burner. The dark cathode space is then seen to 
widen, and the red-yellow film begins to deposit ; 
a fresh supply of gas may then be admitted by open- 
ing stop-cuck H, and afterwards be withdrawn by 
opening the stop-cock H,. The tubular space 
between stop-cocks H, and Hy serves as a chamber 
from which a measured supply of gas can he 
admitted. Currents of 3000 or 4000 volts, from a 
battery or dynamo, are recommended. The result- 
ing argon is very pure, free of nitrogen and oxygen, 
but it may contain some hydrocarbon if grease has 
been used in the stop-cocks. To get rid of this 
impurity, Stark draws, in the first instance, a 
current of air through the apparatus and turns each 
stop-cock, one after the other, beginning with H,, 
slowly by hand while gently heating it with the 
Bunsen burner ; when the stop-cock becomes hard 
to turn, it will be free of gas. The electric dis- 
charge, according to Stark, activates both the 
oxygen and nitrogen—that is to say, it dissociates 
the sluggish molecules O, and N, into active atoms 
20 and 2N ; these atoms then combine with the 
mercury vapour to oxide and nitride. The activa- 
tion of inert gases, nitrogen in the first instance, 
has particularly been studied by R. J. Strutt, 
whose researches we have several times noticed, 
and there has been some controversy as to whether 
certain of the phenomena observed were not due 
to activated oxygen (or ozone) rather than to acti- 
vated nitrogen, whose activation is now almost 
generally conceded. In support of a direct activa- 
tion of oxygen Stark points out that when his bulb 
is charged with pure oxygen, the anode becomes 
red hot even with very weak currents, apparently 
because it combines with the active oxygen, whose 

as pressure in the bulb is noticed to diminish. 

tark has also activated hydrogen and iodine vapours 
in this apparatus. 


TEMPERATURES IN A SrILicon-CaRBIDE FURNACE. 


The temperatures actually prevailing in furnaces 
are difficult to determine, and are more likely to 
be over-rated perhaps than to be under-rated. | 
Acheson estimated that silicon carbide was 
formed at 3870 deg. Cent., and Moissan gave the 
decomposition temperature as 3400 deg. The ex- 
periments made by Lampen and Tucker lowered 
these values considerably. The very careful ex- 
periments which H. W. Gillett conducted in 1910 


| bridges. 





were in substantial agreement with those of 


Lampen and Tucker, to some of whose figures 
he applied certain corrections. Last year L. E. 
Saunders brought before the American Electro- 
Chemical Society the results of some further ex- 
periments, made on the lines of Gillett, but on a 
much larger scale, in the Chippawa plant of the 
Norton Company, Ontario. Tucker had used a 
12-kw. furnace, Gillett a 50-kw. furnace, and 
Saunders apparently worked with a 750-kw. furnace; 
he gave the dimensions and charges (68 kg.) of 
the Gillett furnace, but omitted to explain the 
furnace dimensions and charges which he himself 
used, and we take the 750-kw. figure from a 
remark passed by A. D. Bancroft, on whose instiga- 
tion the renewed determination was made. e 
furnace of Saunders was built up of brick and 
charged with a core of granular carbon surrounded 
by the carbide mixture. Communication with the 
outside was established by a double tube of carbon, 
extending from the core through the charge and 
brickwork ontside. This tube had a length of 
1 metre; it consisted of two concentric tubes, 
separated by cement, the outer tube of graphite 
having external and internal diameters of 150 mm. 
and 114 mm., and the inner tube of 102 mm. and 
76mm. The inner end of the tube was closed by 
a disc of graphite ; a smaller disc, attached to a 
carbon rod, was pushed into the tube to take tem- 
perature measurements at various spots. The 
tube was surrounded by a coiled water-pipe of iron 
to prevent its being burned. The tube cracked 
frequently while being heated up, and fumes would 
then collect in the tube, which was subsequently 
found to be filled with crystals of silicon carbide. 
This observation would support the opinion of 
J. W. Richards and others that silicon carbide 
is formed by the interaction of vapours of carbon 
and of silicon. Temperature sialiia were taken 
with a total - radiation pyrometer of Thwing. 
It was noticed that the light ray from the 
tube became more and more green when the 
temperature exceeded 1940 deg., and that it 
irritated the skin in a peculiar manner, not like 
burning. Owing to the fumes mentioned the 
experiments were, as a rule, carried out under 
suction, which kept the tube clear of fumes, 
The temperature of the core was noticed to rise 
steadily and then to keep steady for many hours ; the 
runs lasted forty hours. At the end of a run the 
carbon core was found partly turned into graphite 
on its outside, and surrounded by a layer of silicon 
carbide (or crystolon, as the Norton Company calls 
it), which was again surrounded by fire-sand, a 
more or less impure carbide. The temperatures 
are, according to Saunders: formation point of 
fire-sand 1600 + 50 deg.; formation point of 
crystalline silicon carbide 1840 + 30 deg. ; decom- 
position point of crystalline silicon carbide 2240 + 
5 deg., all on the Centigrade scale. There is 
some uncertainty as to the black-body conditions 
of the carbon discs serving for the temperature 
measurements ; but the agreement between the 
observers, working with furnaces of very unequal 
dimensions, proves that the conditions are at any 
rate reproducible. 





Nava Arrorart Base in Scortanp.— At a confer- 
ence on the 17th inst. between representatives of the 
Admiralty and the Dundee Harbour Trust, provisional 
arrangements were made for a seven years’ lease of a site 
on the Tay, within half a mile of the submarine base, for 
the establishment of a naval seaplane station, with accom- 
modation for twelve machines and the laying down of 
launching-ways. It is probable that this base will be the 
headquarters in Scotland of the naval uircraft, and that 
a repair factory will also be erected. 





Tue New Motuem-Rvuur Canau.—The new Miilheim 
Canal, which has been approved by the authorities, con- 
cerns Miilheim on the Ruhr, one of the several towns of 
that name, and not to be confounded with Miilheim on the 
Rhine, close to e. The new canal is to branch off 
from the Rhine - Herne Canal, now approaching com- 
pletion, which joins the Rhine at the combined junction 
of the Rhine with the bour basins of Rubrort and 
Duisburg, the largest inland harbour in existence. The 
object of the new canal is to cut off some of the sharp 
curves of the Ruhr River and to avoid some railway 

Thus the new canal proper will only have a 
length of 4 km. (24 miles about) ; but the bed of the river 
is to be widened to a depth of 4 m. (13 ft.), a bottom width 
of 28 m. (92 ft.), and a water-level width of 45 m. (148 ft.), 
so that the river can carry boats of 1700 tons burthen. A 
new lock is to have a | bh of 120 m. (394 ft.) and a 
width of 12 m. (394 ft.). e total cost for the canal, 
river regularisation, and a harbour basin at Miilheim is 
estimated at 13,000,000 marks (650,000/.) and will be 
opened, it is hoped, early in 1916, 
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SCREW-THREADS ON WAR OFFICE 
MOTOR-LORRIES. 


Tue Secretary of the War Office desires to bring to the 
notice of manufacturers of motor-lorries, and to manu- 
facturers of screwing tackle, the accompa ving memo- 
randum regarding the screw-threads which should be 
used on motor-lorries constructed to meet the require- 
ments of the War Department subsidy scheme :— 


Screw-THREADS 
Memorandum to Monvfucturers of Motor-Lorries in 
Connection uith War Department Subsidy Scheme. 
Vide ee ~ 28 of Additions to Technical Appendix A. 
pecification for Petrol-Lorries. 

This reads as under :— 

28. Sercw-Threads.—These should be British standard 
fine threads wherever possible, vide Publicaticn No. 54 
of the Engineering Standards Committee. 

As there appears to be some doubt in the minds of 
manufacturers, not only of motor-lorries, but also of 
screwing tackle, as to the screw-threads which can be 
used in automobile work, it is pro to embody in the 
form of a memorandum the wishes of the Mechanical 
Transport Committee in this connection. 

The Engineering Standards Committee have issued 
details of various screw-threads in different reports, and 
these #:e us follow :— 





Reference 
for Pur- 2 ; 
poses of . No, 0 
F this Title of Thread. Report. 
Memo- 
randum, 
A. British standa’d Whitworth ecrew-thread 20 
B. “ fine screw-thread a oe 20 
0. » threads for use in automobik | 
construction ie a ea . a 
D. British standard pipe-threads (gas threads)..| 21 
E. British Association screw-threads a oe, 
F. British standard specification for screw-| 
threads for copper tubes (primarily for 
domestic work) .. * ae a a. a 
G. Report on nuts and bolt-heads .. 28 
H. Threads of sparking-plugs.. 45 


The standard fine threads were introduced at the 
request of manufacturers, because the Whitworth threads, 
especially in the smaller sizes, were too ccarse and unduly 
weakened the section of the bolt. 

The only standards to which the Mechanical Transport 
Committee desire at present to draw attention are as 
follow :— 

A. British Standard screw-threads (Whitworth). 

B. British Standard fine screw-threads ; and 

E. British Aseociation screw-threads 

Of these, it is desired that B, ‘‘ British Standard fine 
screw-threads,” with the additions and reservations given 
below, should be employed wherever possible. 

The tables shown in Report No. 20 and Report No. 21 
are combined in Report No. 34, which latter can 
obtained free of charge from the Secretary, Mechanical 
Transport Committee. These were made out without 
having in view all the needs of automobile manufacturers, 
and C threads for automobile construction were drawn up 
later. (In some of the earlier editions these differed in 
the number of threads for the }-in. and ,*,-in. sizes, but 
the threads of these two sizes are now the same as the 
British Standard fine ya 26 threads per inch.) 

C.—The Automobile thread will, it is hoped, be ver 
shortly abolished as a separate thread, and will be amal- 
gamated with B, British Standard fine threads, with a 
title that will embrace both, and one report will deal with 
both. There are, however, and will still remain, the 
following important additions to, and differences from, 
the British Standard fine threads, as tabulated in Reports 
No. 20 and 34, to enable the automobile constructor to 
meet certain features in the design of road vehicles. These 
variations are as follow :— 

(a)C.—The Automobile thread only dealt with bolts of 
lin. and under, as it was underst by the Engineering 
Standards Committee that it would not be necessary to 
deal with any sizes larger than this. If, however, it is 
the generally expressed desire of manufacturers that 
increased sizes should be dealt with, the Engineering 
Standards Committee would doubtless take up the 
matter on these lines. Meanwhile, however, if bolts of 
over 1 in. are ee the corresponding British Stan- 
dard fine size can be used. 

(b) For automobile work where it was anticipated that 
material of a higher quality would be used, and where it 
was desired in many instances to save space, smaller bolt- 
heads and nuts are specified than is the case with the 
ordinary Whitworth bolts. 

Table II. of Report No. 54 givss the dimensions of the 
standard automobile nuts and bolt-heads, and if this is 
compared with Table I. of ‘‘G” Report No. 28, it will 
be seen that the yidth across the flats and the thick- 
ness of the bolt-heads or nuts in the automobile sizes 
have, in general, the same dimensions as the next size 
smaller in the Whitworth or British Standard thread. 
The automobile nuts are lighter than British Standard 
Whitworth and British Standard fine nuts, but the same 
set of spanners will fit all sizes, with the exception of the 
}-in. diameter size. 

Doubtless, if the wish is expressed, Table II. of 
Report No. 54 could be extended by the Engineering 
Standards Committee to include larger sizes of bolta 
and nuts. 

(c) For automobile work a special automobile thread 
has been standardised, so that in cases where a 


ment has to be made there need be no necessity for being 
at pains to discover what thread has been used previously, 
pot having to reproduce one which is | ow only an 
approximation to the one originally used. The n for 
such a thread and the uses to which it should be put are 
best described by quoting from Report No. 54. 

“Special Automobile Thread.—From the investigations 
carriid out by the Committee, and the information re- 
ceived from various sources, it is clear that in addition 
to the standards required for threads on bolts and nuts 
used in automobile construction, there are many cases in 
which a special thread is required, as in the case of axle- 
caps, engine-shafts, and hollow cylindrical component 
parts. For this class of work the Committee recommend 
the adoption of the Whitworth form of thread, a uniform 
pitch of 0.0625 in. (16 threads per inch) and full diameters 
advancing by even tenths of an inch from 4 in. to 3 in. 
inclusive.” 

This thread, it should be noted, is very similar to one 
adopted on the Continent for the same class of work, 
with a universal pitch of 14mm. 

D. British Standard Pipe-Threads.—It is hoped that 
these will not be employed at all in the manufacture of 
vehicles built under the War Department snbsidy scheme. 
If reference is made to Report No. 21, or to Table ITI. of 
Report No. 34, it will be seen that, generally speaking, 
the outside diameter of the part screwed is not an aliquot 

rt of aninch in the sizes dealt with in automobile work. 
The screw sizes were, in fact, made to suit the approxi- 
mate outside diameters of the standard black tubes avail- 
able. As there is not much likelihood of this class of 
material being used in automobile construction, it would 
appear that makers would have to go out of their way 
to use diameters which would correspond with the stan- 
dards under this heading. 

The threads on the pipes are intended to bg taper, 
which renders the screwing tackle still less suitable for 
use for War Department work. 

The steps in diameter between adjacent sizes too are 
irregular and not of convenient dimensions. 

E.—British Association Threads.—These are intended 
for use in magnetos, electrical fittings, carburettors, &c., 
where small screws are required. The largest size, de- 
signated 0, is only ;445 smaller in diameter than = 
British Standard fine, and should not be used for War 
Department work, as the latter could be employed in 
nearly all cases. 

The next size, designated 1, is not recommended for 
use by the Engineering Standards Committee, ride foot- 
note to Table III. of Report No. 54. 

F.—This thread has only recently been standardised 
and is not for automobile work. It has, however, been 
mentioned, as copper pi may be used in automobile 
construction, and it is desired to make it clear that this 
report refers to other than automobile work. 

.—Report on nuts and bolt-heads has already been 
dealt with. 

H.—Sparking-Plug Thread.—This is given in Report 
No. 45. Some of the figures are about to be revised. 

Summary.—To sum up. it is the desire of the Mechani- 
cal Transport Committee that in War Department sub- 
sidy vehicles the following should be the practice to be 


be | adopted by manufacturers as regards the screw-threads :— 


Wherever possible, from } in. to 1 in. inclusive, use 
British standard fine screw-threads, Engineering Stan- 
dards Committee Report No. 20, Table II., revised 
February, 1913, or Report No. 54, Table I. Should cases 
arise where the above are too fine, use British standard 
Whitworth screw-threads. For all sizes below 0.2 in. 
use British Association threads. 

For all cases such as clutch-shafts, axle-arms, &c., from 
4 in. upwards, use the special automobile thread of sixteen 
threads to the inch. 

For holts of over 1 in. the above thread or the British 
standard fine thread may be used, as is found most suit- 
able under the circumstances. 

Bolt-heads and nuts to be of one of the sizes laid down 
in Report No. 28. Where possible, Table II., of Report 
No. 54, should be employed. 

Before finishing with the subject the Mechanical Trans- 
port Committee would like to draw attention to the fact 
that the Engineering Standards Committee has formed a 
sectional committee to deal with the standardi-ation of 
automobile parts. One of the sub-committees (D) is deal- 
ing with screw-threads among other matters, and the 
Mechanical Transport Committee have agreed, as far as 
——, to specify these standards when they have been 

xed. The various sub-committees have several members 
of the Society of Motor Manufacturers and ers in 
their composition, so that the manufacturers’ interests 
shall be well safeguarded. It is very unlikely that any 
alterations in screw-threads will now made by the 
sub-committees, with the exception of the figures for the 
sparking-p!ug thread already referred to. 
Norr.—When referring to the various reports named 
above, be careful to see that it is the latest revised copy. 

A. E. Davipson, 

Secretary of the Mechanic1l Transport Committee. 

War Office, August 8, 1913. 





Tue Use or Peat on Locomorives.—It has been de- 
termined on the Swedish railways that 14 tons of peat is 
uivalent to about 1 ton of coal. Peat powder mixed 
with about 5 per cent. of coal-dust is said to work satis- 
factorily. 





203,383,539 cubic yards, and 
total required would be 232,353,000 cubic yards. This is 
an estimate of 20,000,000 more than was anticipated a 








year ago, and about 29,000,000 remain to be removed. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market exhibited a slightly easier tone, and 
dealings were confined to one lot of Cleveland warrants 
at 54s. 10d. one month. The closing quotations were 
54s, 94d. cash, 553, one month, and 55s. 6d. three months 
sellers. The afternoon session was also easier, and the 
business was again limited to one lot of Cleveland war- 
rants at 54s. . twelve days. At the close sellers quoted 
54s. 9d. cash, 54s. 114d. one month, and 55s. 6d. three 
months. On Friday morning the market was quite idle, 
and Cleveland warrants were much weaker, sellers quoting 
54s. 6d. cash, 54s. 9d. one month, and 55s. 3d. three 
months, while buyers’ quotations were 3d. less in each case. 
In the afternoon Cleveland warrants were almost steady, 
and 1000 tons changed hands at 54s. 6d. eighteen days 
and 54s. 84d. one month. Closing sellers named 54s. 5d. 
cash, 54s. 9d. one month, and 55s. 2d. three months, with 
buyers at 54s. 4d., 54s. 7}d., and 55s. 04d. respectively. 
On Monday morning Cleveland warrants did not show 
any improvement and continued rather dull. The 
turnover amounted to 6500 tons at 54s. 3d. cash, 54s. 7d. 
one mcnth, and 55s. 14d. three months, with sellers over 
at 54s. 4d. cash, §4s. 74d. one month, and 55s. 2d. three 
months. In the afternoon the prices of Cleveland war- 
rants were steady, except for the three months’ position, 
which was a little easier. The business consisted of 
3000 tons at 54s. 5d. fifteen days, 54s. 11d. December 1, 
and 55s. three months, with closing sellers naming 54s. 4d. 
cash, 54s. 7d. one month, and 55s. 04d. three months. On 
Tuesday morning there was nothing doing, but sellers of 
Cleveland warrants quoted the turn firmer at 54s. 6d. cash, 
54s. 9d. one month, and 55s. 2d. three months. Theafternoon 
session was quiet, and the dealings amounted to 2000 tons 
of Cleveland warrants at 54s. 5d. cash, 54s. 74d. thirteen 
days, 54s. 64d. sixteen days, and 55s. 04d. three months. 
At the close there were sellers at 54s. . cash, 54s. 84d. 
one month, and 55s. 1d. three months. hen the market 
opened to day (Wednesday) the prevailing tone was 
somewhat dull, and business was again limited to 2000 
tons of Cleveland warrants, which changed hands at 
54s. 4d. casb, 54s. 5d. eight days, 54s. 8d. one month, and 
55s. 04d. three months. Closing sellers quoted 54s. 44d. 
cash, 54s. 8d. one month, and 55s. 1d. three months. 
The afternoon session was quiet but steady, and 500 tons 
of Cleveland warrants were done at 54s. 5d. sixdays. The 
market closed with sellers quoting 54s. 5d. cash, 54s. 8d. 
one month, and 55s. 14d. three months. 


Sulphate of Ammonia.—The improvement in sulphate 
of ammonia which set in recently has been well main- 
tained, and a fairly good amount of dealing has been 
recorded. Witha steady demand the price has firmed up, 
and the quotation to-day is from 13/. 7s. 6d. to 13/. 10s. per 
ton for prompt business, Glasgow or Leith. 


Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade shows little change, and specifications, par- 
ticularly for shipbuilding material, are exceedingly scarce. 
An improvement in the conditions has been promised 
before long, but in the meantime producers are anxiously 
awaiting its arrival. The home demand is poor, and so 
also is the foreign demand, except for one or two places. 
Structural-steel makers are fairly well employed this week, 
and with Australia inquiring for a large tonnage the 


prospects are quite satisfactory for the present. The 
producers of black and galvanised sheets report that 
things have improved considerably, especially in the 


export demand, and that they are, on the whole, better 
employed, and prices have a hardening tendency. The 
official list of quotations has not been pom | by the 
associated makers. 


Mailleable Iron Trade.—In the West of Scotland malle- 
able-iron trade the position bas not materially altered, 
and makers are very short of specifications. Buying is 
cf a hand-to-mouth character, and the large importation 
of the foreign article during the past month or two has 
militated against the local works. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
continues to move along on fairly good lines, and makers 
are owe | kept well employed, with a moderately active 
demand for the ordinary qualities of iron. Contracts are 
taking up considerable quantities, and the daily demand 
is tolerably good, so that the general output is quite 
satisfactory. Hematite, on the other hand, is rather 
flat, with a very limited inquiry and is still easy in price. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 74s. ; Calder, Gartsherrie, Summer- 
lee, Langloan, and Coltness, 74s. 6d. (all shipped at Glas- 
For) ; Glengarnock (at Ardrossan), 74s. 6d 3 Shotts (at 

ith), 74s. 6d. ; and Carron (at Grangemouth), 74s. 6d. 





InpIAN IRRIGATION.—The Anglo-Indian Government 
is pursuing with commendable perseverance a sustained 
irrigation policy. The outlay made under this head in 
the ten years ended with 1911-12 was as follows :— 


Years. om Years. Expenditure. 
1902-3 2,569,240 1207-8 2,725,773 
1903-4 2,674,302 1908-9 me 2,840,190 
1904-5 2,781,339 1909-10. 2.945,392 
1905-6 i. 2,876,613 1910-11 2,997,500 
1906-7... 2,629,963 1911-12 3,057,448 


The revenue derived from major irrigation works in 
1911-12 was 3,701,413/., and from minor irrigation works 


Tur PanaMA CanaL.—The total excavation accom- | 293,0641. The working expenses of the major irrigation 
plished by July 1 on the Panama Canal had amounted to | works were 1,308,969/., and of the minor irrigation works 
it was estimated that the | 96,0307. As i 
of 7.52 per cent. was accordingly obtained for the year 


regards the major irrigation works, a return 
the capital outlay, while the return secured upon 


u 
be minor irrigation works was 7.78 per cent. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Moulders’ Strike.—The strike notices handed in by 
Sheffield moulders took effect on S .turday last, with the 
result that there are now some 1500 of them, including 
boys, out of work, and many other grades of workmea 
are likely to be thrown idle in cousequence. Upon each 
moulder, it has been estimated, depends the work of, 
roughly, five skilled men. These are the pattern-makers, 
planers, slotters, turners, and fitters. Already a number 
of labourers have been thrown out of work, and the total 
will grow with every day’s prolongation of the strike. 
The members of some four or five trade unions are 
involved as well as the Ironfounders’ Society, to which 
the moulders belong, and the dispute is one of the utmost 
seriousness for the engineering trades of Sheffield, parti- 
cularly in view of the big foreign contracts which are at 
present in hand. At the moment of writing there is 
nothing reassuring about the outlook, and the organised 
engineers have a resolution refusing to deal with 
** blackleg ” castings. 


South Yorkshire Coal Trade.—All round the position is 
considerably stronger, and the market shows many more 
signs of activity. The demand for house coal is brisker. 
The dépdts are consequently much busier, and it is expected 
will remain so for some time tocome. House- prices 
have a decidedly firmer apis 4 and various pits in the 
district have issued new price-lists showing advances of 
about Is. perton. This is upon Jast winter’s figures, as there 
has been no substantial change since then. The altera- 
tions, however, are not yet general. London inquiries 
remain on the light side, and this is giving merchants a 


better opportunity to deal with the localdemand. Steam | P 


coal isalsoin an improved position. All the pits are busy, 
and outputs are being taken as fast as they can be pro- 
duced. There are practically no stocks at collieries. 
Small coal is a little more difficult to obtain, but prices 
are not altered. Quotations :—Best branch a 
15s. to 163.; Barnsley best Silkstone, 13s. to 14s. ; by 
shire best brights, 12s. to 13s. ; Derbyshire house, 10s. 6d. 
to 11s. fd. ; best large nuts, 10s. 6d.; small nuts, 93. to 
103.; Yorkshire hards, 11s. to 13s.; Derbyshire hards, 
lls. to 12s.; rough slacks, 7s. to 8s.; secon 53. 9d. to 
6s. 9d. ; smalls, 45. 6d. to 6s. 


Tron and Stcel.—Although prices in the raw material 
market are distinctly easier, the expected recovery in 
business has not yet taken place. Hematite is being 
quoted at 6d. reduction, and the local makers of common 
iron, particularly forge qualities, have difficulty in com- 

ting with the underselling prices offered elsewhere. 
Dioet senting irons are in good demand locally. Billets 
are not being taken nearly so well as three months ago, 
and buying is mostly for the purpose of immediate 
consumption. The position of manufactured iron is 
far from satisfactory. Bar works in the city are 
stated to be working short time. The scarcity of 
contracts is still pronounced, and wrought iron busi- 
ness is suffering from the reduced railway wagon 
construction. The influx of foreign contracts con- 
tinues to keep the local steel branches well supplied 
with work, but the pressure is considerably less in com- 
parison with the early part of the year. Recent Admiralty 
requiremen's include a 42-ton stern for a warship build- 
ing at Portsmouth. The general armament branches are 
in no immediate danger of any falling-off in work. 
Amongst the orders from ab; are :—Helical springs 
and saws for the Kast India Railway ; large tonnages of 
steel for South Africa, Montreal, and Beira; 10 tons of 
files for Rosario; engine-bearing springs, shovels, and 
steel screws for the Manila Railway, &c. Sheffield is 
keeping in the van of industrial progress by manufac- 
turing quantities of aeroplane —_ and there is great 
activity in the making of small steel cranks and other 
machine sections. Minc r engineering firms have benefited 
by the Admiralty distribution of large orders for steel 
tools. The increasing flow of work from abroad in con- 
nection with railway steel atones for the lack of business 
on home account. 





Crieanine Borer Gauce-GiassEs.—According to the 
Scientific American, a good way to clean stains and 
deposits from gauge-glas:es is to soak them in the follow- 
ing solution :—Water, 6 oz.; common salt, 1 0z.; acetic 
acid, 1 oz. When the glass is thoroughly moistened 
some baking-powder is placed inside, and the glass is put 
9 in roe _—. The tube can deereusils be wiped 
with a cloth. 





Tusk Rattway Construction In New Yorkx.—The 
method adopted of constructing the double-track tunnel 
under the Detroit River, of floating out sections of the 
tunnel and sinking them at the site, has been adopted for 
four parallel tunnels at New York, between Lexington- 
avenue Subway and Harlem. The first sections have 
—- been sunk. They were 220 ft. long and 19 ft. in 

lameter. 





Mawacine Drrecror or Messrs. CAMMELL Larrp’s 
SHEFFIELD Works.—It is officially announced that Mr. 
J. M. Allan, managing director of Messrs. Hawthorn, 
Leslie and Co.’s engineering works at St. Peter’s, New- 
castle-on-Tyne, has been appointed to the ition of 
managing director of Messrs. Cammell Laird and Co.’s 
works at Sheffield and Penistone. Mr. Allan is a well- 
known engineer, having — >> connected with Messrs. 
Hawthorn, Leslie and Co. In 1900 he was appointed to the 
a. of general manager, and subsequently succeeded 

. Frank Marshall as managing director. In both 
these capacities he was res| ible for ing ou 
numerous contracts for the British Admiralty, as well as 
for foreign governments and private owners. 


t | torpedo-launching tubes. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Clercland Iron Trade.—Production of pig iron has 
been somewhat curtailed by the ores out of a furnace 
on Cleveland pig at the Redcar Iron Works of Messrs. 
Walker, Ma: and Co., and « hematite furnace at the 
works of Messrs. Bolckow, Vaughan and Co. The new 
additional blast-furnace at the Cargo Fleet Iron and Steel 
Works is practically completed, and almost ready to be 
put into operation. The pig iron trade is still charac- 
terised by quietness, but buyers are coming forward 
rather better, and fairly heavy sales to meet autumn re- 
quirements that have nut yet been provided for are anti- 
cipated. No. 3g.m.b Cleveland pig is 54s. 9d. to 55s. f.o.b., 
and some sales have this week been recorded at 54s. 104d. ; 
whilst No. 1 is 57s. 6d. ; No. 4 foundry, 54s. 44d. ; No. 4 
forge, 54s. ; and mottled and white iron, each 53s. 9d.—all 
for early delivery, but probably contracts could ba made 
round about these figures for delivery to the end of the 
shipping season. East Coast hematite pig has been 
further reduced. Buyers are now nob dis to pay 
more than 66s. for either early or forw: delivery of 
Nos. 1, 2, and 3, and makers have sold at that figure, 
but many sellers hold out for 66s. 6d. Foreign ore is a 
little easier, but merchants are very reluctant to quote 
below the rates that have ruled for some time past, 
pointing out that the mine-owners abroad show no dis- 
position to give way. Market rates are based on 19s. 6d. 
to 20s. ex-ship Tees for Rubio of 50 per cent. a. 
Coke is in good request for local consumption, and fairly 
large contracts have been made this week at varying 
rices. Average blast-furnace coke ranges from 17s. 6d. 
to 18s , delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—Stocks of pig iron at 
makers’ yards are now accumulating somewhat, but the 
Cleveland stock in the —_ warrant stores here is still 
being drawn upon. e quantity held in the public 


- | stores now stands at 179,112 tons, 5630 tons having been 


withdrawn so far this month. Shipments of pig iron 
from the Tees ports are up to expectations. To date this 
month they average 3884 tons per working day, the total 
despatches reaching 58,263 tons. To the same date last 
month the total loadings were returned at 50,922 tons, or 
a daily average of 3394 tons, and for the corresponding 
part of September last year the clearances amounted to 
57,281 tons, or an average of 3818 tons per working day. 


Manufactured Iron and Stecl.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel industries. Producers generally are 
still well ~~ on running contracts, but new orders 
are scarce. Further reductions in quotations of several 
descriptions would cause no surprise. Manufacturers, 
however, are of the opinion that the lowering of prices 
would not bring in buyers. The following are the 

rincipal market quotations:—Common iron bars, 8. ; 

t bars, 82. 7s. 6d. ; best best bars, 8/. 15s. ; packing iron, 
61. 15s. ; iron ship-plates, 8/.; iron ship-angles, 8/. 5s. ; 
iron ship-rivets, 9/.; iron boiler-plates, 17s. 6d.; 
steel bars, 7/. 5s.; steel wheel 7l. 15s. ; steel ship- 
angles, 7/. 7s. 6d. ; steel boiler-plates, 8. 15s. ; steel hoops 
and steel strip, each 8/.; steel joists, 6/. 17s. 6d. to 7/.— 
all less the customary 24 per cent. discount; cast-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 15s. ; 
light iron rails, 7/. to 7/. 5s. ; ae ee rails, 61. 103. ; 
steel railway sleepers, 7/. 10s. net; and iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
112. f.0.b.—less the usual 4 per cent. 








CANADA AND BritisH WaRrsHIP Buitpgers.—Mr. H. 
B. Ames, Member of Parliament for the St. Antoine 
Division of Montreal, has been visiting the various naval 
shipbuilding yards throughout Great Britain on behalf 
of the Dominion Government. 





Tue Loncrst Direct-TRANSMISSION Lingk.— According 
to the Engineering Record, the longest direct-transmission 
line in the world is a part of the hydro-electric develop- 
ment operations of the Southern Sierras Power Company 
in California. This line will transmit ene: from 
Bishop, Cal., to San Bernardino, a distance of miles, 
and will be operated at 150,000 volts. 


H.M.S. ‘‘Sarpepon.”—H.M.S. ion, an ocean- 

ing torpedo-boat destroyer, built by Messrs. Swan, 

unter and Wigham Richardson, Limited, at their 
Wallsend Shipyard, has just completed a most successful 
series of trials at sea. The Admiralty placed the order 
for H.M.S. Sarpedon and Ulysses with these builders 
under the naval p: me of 1912-13, and it is interesting 
to note that she is the first of her class to run her trials 
atsea. It is most likely that she will be handed over, to 
the Admiralty long before the contract date. The sister 
ship, H.M.S. Ulysses, is now being fitted out at Wallsend, 
and will be ready for her trials in afew weeks. Both these 
vessels are similar to H.M.S. Shark, Sparrowhawk, and 
Spitfire, which Messrs. Swan, Hunter and Wigham 
Richardson delivered to the Admiralty a few months ago, 
and which were illustrated in ENGINEERING, vol. xcv., 
page 775. The Wallsend Slipway aud Engineerin 
Company, Limited, have built the turbines and boilers o' 
all these vessels. Impulse-reaction turbines of Parsons’ 
design, driving two propellers, are used. The ahead and 
astern turbines are both enclosed in the same casing. 
The trials included an 8 hours’ run at full speed, a 
24 hours’ trial at hamrw = J speed, a trial running astern, 
steering and turning trials, gun trials under service con- 
ditions, and tests of all the deck machinery and the 
The engines are now being 


opened out for inspection, after which the ship will be 
made ready for acceptance by the Admiralty. 4 





NOTES FROM THE SOUTH-WEST. 


Card: f.—The steam-coal trade has, upon the whole, 
shown steadiness for prompt shipments. Some of the 
lower qualities of large were freely offered, but most of 
the principal collieries, especially those with best and 
secondary Admiralties, easily maintained prices, as their 
production has been well sold in advance. Tonnage did 
not arrive so freely over the week-end as had been antici- 
pated, in consequence of rough weather ; but most ship- 
pers had sufficient steamers offering to meet their 
immediate “7, House-coal has shown scarcely 
any —- best Admiralty large steam has made 
20s. to 6d. ; best qualities, 18s. 9d. to 
19s. 3c. ; other secondary qualities, 17s. 9d. to 18s. 6d. ; 
best bunker smalls, 10s. to 10s. 6d.; and smalls, 

The best household has been 
and good households at 17s. to 18s. ; 
16s. 6d. to 17s. ; and emallsat 12s. 
o, 2 Rhondda has reali d 


Special foundry coke has been quoted at 28. to 30s ; 
foundry coke at 23s. to 26s.; and furnace coke at 19s. 
to 2ls. per ton. As regards iron ore, Rubio has made 
18s. 9d. to 193. 3d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &Xc., 
to Cardiff or Newport. 


Extensions at Avonmouth.—A proposal to spend 25,0002. 
at Avonmouth in order to provide additional facilities 
for the oil trade is a sign of the times. The new berthing 
accommodation is mainly intended for the Mexican Eagle 
Oil Company, who are establishing a large dépdo at 
Bri-tol. The city council has undertaken to provide the 
pew berths within 18 months, and, in the meantime, 
accommodation will be provided for the Mexican Eagle 
Suey at the north wall, the pipes being carried 
round. 


More Welsh Coal.—On Thursday, at the Pentwyn 
Black Vein Colliery, Machen, the Bi Rock seam was 
struck at a depth of 265 yards. The seam is about 
4 ft. 9in. thick, and is of first-class quality. Messrs. 
Beckett and Chamberr, the contractors, who Save carried 
out the sinking, will continue operations to lower depths. 
The further development of the old Machen colliery, 
adjoining the Pentwyn colliery. has been successful. All 
the steam-coal seams in the old Machen pit have been 
proved, and they are of excellent quality. 


Mumbles Railway.— The chairman of the Swansea 
Tramways yy Fag its allied concerns, the Mumbles 
Railway and Pier (Mr. Tegetmeier) has visited Swansea, 
in company with Mr. A. M. Little, consulting engineer, 
for the purpose of inquiring into the possibility of install- 
ing electric traction upon the Swansea and Mumbles 
Railway. The proposal is now under the serious con- 
sideration of the company, and if it is carried out it will 


+] probably render possible the provision of a ten-minute 


service of trains, capable of carrying between 400 and 
500 es The line, in order to effect this change, 
would have to be doubled, or passing-places would have 
to be provided at certain points where it is now single, 
and an expenditure of 40,0001. to 50,000/. would be 
necessary. 





Tur Panama CaNAL.—As one of the results of the 
filling of the Gatun Lake on the Panama Canal, it has 
been necessary to remove the large engineering shops at 
Gorgona, as the site will ultimately be submerged. The 
Gorgona shops covered 21 acres, and had a floor space of 
322,370 ft., and the total number of men employed was 
nearly 3500 at one time. A large amount of general 
work tas been done at the shops, and in addition they 
have been used for the repair of the rolling-stock used in 
construction. Last year 517 heavy locomotive repairs 
were put through, and 22,620 cars were repaired, besides 
light locomotives. The Lid ood cars have all been 
rebuilt, some of them no less than five times during 
- past few years. The new shops at Balboa wil] cover 

acres. 





InpDIAN PassenceR Trarric.—In the course of the 
decade ended with 1912 inclusive, the number of - 
sengers carried upon Indian railways nearly doubled. 
This is shown by the following table, illustrating the con- 
tinuous expansion of this department of Indian railway 
business year by year :— 


Year. TB. Year. Passeng ers. 
1903 210,231,000 1908 821,169,000 
1904 ,097, 1909 329,380,000 
1905 .. 248,157,000 1910 -. 871,574,000 
1906 -. 271,063,000 1911 +» 889,863,000 
1907 305,865,000 1912 417,229 000 


The prodigious increase observable is due no doubt in part 
to the opening of additional sections, which have carried 
the locomotive into comparatively remote ions. It is 
also due, however, to the vast growth of Indian la- 
tion and the ane poy of the natives of India. 
= the — Indian railway undertakings ve shared in 
e y-increased passenger movement, the Bengal 
and Korth: Western having carried 23,619,000 persons in 
1912, as compared with 12,077,000 in 1903. The Bombay, 
Baroda, and Central India carried 62,061,000, as compared 
with 19,654,000; the Kast Indian, 39,231,000, as compared 
with 24,282,000 ; the Eastern Bengal, 32,975,000, as com- 
with 14,579,000; the Great Indian Peninsula, 
,491,000, as compared with 20,221,000; the Madras 
and Southern Mahratta, 32,143,000, as compared with 
20,409,000 ; the North-Western, 54,048,000, as compared 
with 22,784,000; the Oude and Rohilkund, 19,619,000, as 


com with 8,901,000; and the South Indian, 
oo 91 000, ns compared with 18,573,000. - 
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HARBOUR PROJECTIONS AND THEIR 
EFFECT UPON THE TRAVEL OF SAND 
AND SHINGLE.* 


By Ernest R. Marruews, F.R.S. (Ed.), F.G.S., 
F.R.G.S., A.M. Inst. C.E., Borough Engineer of 
Bridlington. + 

A PROJECTION seaward on a coast, whether it be in the 

form of a groyne extending merely to low water of 

ordinary tides or low water of ordinary spring tides, 

a breakwater, a harbour-arm projecting 1000 ft. or more, 

or @ promontory such as Flamborough Head or Spurn, 

extending seaward some miles, has the effect of arrest 
ing more or less, according to the magnitude of th~ 
obstruction, the travel of the sand and shingle on such 
coast, the result being that, on the side of the pro- 
jection which faces the direction from which the mate- 
rial naturally travels, which on the East Coast is from 
north to south and coincides with the direction of 
the flood tide and the direction of the heaviest seas 
(for wave force is the most important factor in the travel 
of sand and shingle), and on the South Coast the side 
which faces the direction of the heaviest seas, which 
occur during south-westerly gales, sand or shingle accu- 
mulates. In the case of a harbour or headland this 
accretion is considerable, and to the detriment of the 
coast on the lee side, where erosion usually takes place, 

sometimes to an alarming extent, and the shore on such a 

coast will always, in spite of the huge outlays by the 

local authority or landowner in the erection of groynes or 
other defences, be more or less depleted ; not only so, but 

where this occurs in consequence of the construction of a 

harbour or the lengthening of harbour piers, the land 

becomes of less value, and these conditions are brought 
about not through any lack of duty by the local authority 
or landowners in failing to protect their land, but by the 
travelling material, which would have assisted in forming 

a natural protection to the land, being impounded by the 

projecting pier of the harbour, and as the harbour pier is 

further extended the trouble becomes worse. The rate 
of the accretion will depend on the quantity of material 


We will also refer to three on the South Coast—namely, 
the Shoreham, Newhaven, and Hastings harbours, the 
latter being only partially constructed, and will discuss 
the Anna striking example afforded us by the Madras 
harbour. 
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littoral drift from the Yorkshire coast crosses the Humber 

| from Spurn and reappears on the Lincolnshire coast 
|south of Grimsby at Clee Ness; practically none of it 
deposits at Grimsby or Immingham. 

Forno Harbour.—This is a good example of the 
way in which sand is trap) and impounded by the sea- 
ward projection of a harbour pier, and the coast on the 
lee side of the harbour is consequently suffering from 
erosion. The Yarmouth Harbour was laid out in its 
present form between 1660 and 1700, at which time the 
coast-line immediately north of the harbour was much 
further landward than at present. During the past half 
century the town may be said to have extended seaward 
| an average of 300 ft., and millions of tons of sand have 
been impounded by the projection of the barbour. Acres 
of public gardens are now laid out on what was formerly 
part of the foreshore, and there are many acres of sand 
which the tide never covers, and which might be laid out 
as further public gardens, About 1870 the harbour pier 
was extended some 300 ft., and millions of tons of sand 
have been impounded since then. 

Not only so, but a few years ago a spur breakwater 
was run out from the north pier in a northerly direction, 
or parallel with the coast, and this has naturally resulted 
in securing the impounded sand, for any such obstruction 
on ashore is bound to hold up the travelling material. 
A very interesting example of this occurred at Atlantic 
City, N.J., a few years ago, where Mr. Lewis M. Haupt 
put down several short-curved jetties with a view of im- 
pounding the sand and shingle. These jetties consist of 
| two rows of light piling, filled in between with cedar 
| brushwood loaded with stone. In plan the jetties are 
| curved at the sea end, so as to be practically parallel with 
the shore, and the object is to prevent —s material 
from escaping around the end of the jetty. The result 
has been that a large area has been filled up, upon which 
the Grand Hotel has been erected. 

The trapping of the sand at Yarmouth has meant that 
the coast for several miles to the south of the town—in 
fact, to within half a mile of Lowestoft Harbour—has 
suffered severely, for it has been deprived of the natural 
protection which it would otherwise have had. No better 

















(N. A. Spashett, Photographer, Lowestoft.) 
Erosion oF Cuirrs AT PAKEFIELD. 


Fie. 2. 


Fie. 3. 








Erosion or Ciirrs aT PAKEFIELD (SoutH oF LOWESTOFT). 























iu motion along the particular coast. It is proposed to 
diecuss in this paper the effect upon a coast-line of har- 
bour ao and to deal chiefly with those on sand 
coasts. We could not do better than consider the at 
lent examples afforded us of the littoral forces being dis- 
turbed by projections, by the Yarmouth, Lowestoft, 
Whitby, and Bridlington harbours on the East Coast. 


* Pa er read before Section G of the British Association 
at the Birmingham meeting, on September 17, 1913. 
+ Author of ‘‘Coast Erosion and Protection,” 


(N. A. Spashett, Photographer, 
Fie. 4. Spur Breakwater orr Sout Prer or Lowestorr Harpour. 


Lowestoft.) 


Fig. 5. 


Let us now consider these. Before dealing with the 
East Coast examples referred to it should be stated that 
Grimsby Harbour and Immingham Docks, being situated 
well within the estuary of the Humber, do not afford good 
illustrations of the influence on sand travel of harbour 
projections, and little, if any, sand is being held up by 
these. On the eastern side of the Grimsby Harbour there is 
very little sand, and on the western side practically none. 
There is a little at Cleethorpes, which the local authority 

| carefully conserve by means of groynes, but a north- 
easterly storm frequently removes this. Much of the 











(Boots, Photographer.) 





Sanp ACCUMULATION ON SHORE Sipe oF Spur BREAKWATER AT 


LOwESTOFT. 


example of the altered configuration of a coast-line. 
owing to the projection of harbours, can be afforded 
than in the 15 miles of coast between the north end of 
Yarmouth and the south end of Lowestoft; part of the 
north beach at Lowestoft has suffered most severely. 
At Gunton, for example, between Yarmouth and 
Lowestoft, the depletion of the beach has resulted in a 
= property owner abandoning the protection worke 
laid down by him to a house, as these proved quite ineffec- 
tive in keeping back the sea. Twenty yearsago consider- 
able erosion occurred at Gorleston, just to the south of 
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Yarmouth, due sutinets to the extension of the north 


jer at the harbour’s mouti 


five years before ; but a spur | to 
reakwater was put out from the south pier in a southerly | the south shore then jf 
direction, with a view of causing the beach to accumulate | since, necessitating huge expenditures by the local 


shown on Fi 


= . 1 ; & groyne was also run out immediately | of about a mile in length. The present harbour is « 
e no 


of this extension. The great trouble on| parallelogram of 11 acres, enclosed on two sides by stone 
began, and has continued ever piers knownas the North and South Pier poapertively ; Cee 
ett was constructed in 1818, and in 1865 was lengthened 


on the shore side of this, and this has had a beneficial | authority from time to time in preventing the inroads of | 110 ft., soas to overlap the latter; it is now 690 ft. in length 


effect for a mile south of the harbour. 
Lowestoft Harbour.—This was constructed about 1844, | 
and has had a very similar effect upon the coast to the | 
north and south of it. Previous to its construction no | 
trouble from erosion was experienced on the south beach 


the sea. The erosion at Paketield* (see Figs. 2 and 3) (see Figs. 9 and 10), while the South Pier, constructed in 
is alarming, houses having been washed away by the sea. | 1844, is 1525 ft. long; the south shore receding considerably 

A spur breakwater has been put out from the south | accounts for this difference in length between the two 
pier, and this has held up a 
certain quantity of sand for 
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(Gwyn, Photographer, Lowestoft. 
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DamaGE BY Sea To Sea Derence Souts or Lowgstorr 
Harsour. 














(FP. Jenkins, Photographer, Southwold.) 
Dunwicu CuurcH In 1907. 








(F. Jenkins, Photographer, South 
Fre. 8. Dunwicn CaurcH 1n 1908. 




















wold.) 


Fic. 9. 
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Fic. 10. 


at Lowestoft, but since it was put down incessant trouble 
and expense have resulted, the Town Council having to 
spend thousands of pounds on protection works. A vast 
accumulation of sand occurred immediately north of 
the harbour (see Fig. 1), covering an area of about 
60 acres, and representing some millions of tons of sand. 
Large quantities of this are sold annually as ballast and 
removed in barges. This impounded material extends 
as far north as Ness Point—about half a mile—beyond 
which alarming erosion has occurred—that is, in front of 
the Denes, the coast-line here in 1844 being 300 yards 
further seawards than at present. Low water of ordinary 
spring tides immediately to the north of the harbour is 
0 atte fenther conward than on the euth chore. 

The harbour pier was some years ago extended as 








(Edmond Garland, Photographer, Bridlington.) 
Nortru Pier or Bripiincton Harsour. 


, about 500 yards. The author understands that the har- | piers. 














Fic. 11. Toe Nort Prer or Barptincton Harspour anv Nortu Forrsnore, 


This recession in the coast-line was not so mi- 
bour authority intend in the near future to shorten the | nent before the old harbour was put down in the time of 
Poy groyne, immediately north of the harbour, by about | James I. (1624). The old north pier, constructed of 
134 ft.; this will doubtless be an advantage to the south | timber with block chalk filling, was 460 ft. in | h, and 
shore (see Figs. 4, 5, and 6). the old harbour enclosed an area of 5 acres 2 Ss. 
Southwold Harbowr.—This has had asimilar effect upon| The travel of material on the East Coast is from north 
the coast as Yarmouth and Lowestoft Harbours. At|tosouth. Little erosion is occurring north of Bridlington 
Walberswick and Dunwich the erosion is terrible, while | beyond Filey, the bulk of it taking place on the Holder- 
on the north of the harbour there is a huge accumulation | ness coast of Yorkshire, and on the Norfolk and Suffolk 
of sand and shingle, thousands of tons being sold | coasts; this being so, no large accumulation of sand 
annually (see —_. and travels as far north as Bridlington. The sands opposite 
Bridlington Harbowr.—The sea front at Bridlington is | the town are flat, having @ gradient towards the sea of 
divided by the harbour into two almost equal parts, each | about 1 in 60 ; they vary in thickness from 2 ft. to 5 fo., 
and rest on boulder clay ; high-water of ordinary tides 
covers them at each tide. The distance to low watr 





* About 2 miles south of Lowestoft. 
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of ordinary spring tides is about 500 ft. on the south side, | 
while north of the harbour it is 350 ft. Owing to the | 
projection of the barbour piers there is more than) 
double the sand per acre on the foreshore for the mile 
of coast north of the harbour (see Fig. 11) than what there 
is on the mile of coast to the south. The lengthening of 
the North Pier in 1865 caused greatly increased erosion 
to occur on the mile of coast immediately to the south 
of the harbour, and on the quarter of a mile of coast 
adjoining the harbour acres of land were washed away. 
Sea-defences were put down by Colonel Rhodes and 
others to keep back the sea, but this endeavour proved of 
little use, and it was not until Whitaker Brot pur- 
chased the estate and constructed a permanent sea- 
wall, known now locally as the New Spa Sea-Wall, that 
the sea was kept back. The shore on this side of the 
harbour is, more or less, permanently depleted in spite of 
the fact that Whitaker Brothers, when they constructed 
the wall referred to, put down a system of low timber 


nes. 
— (To be continued.) 








Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
new session will commence on October 8, when Mr. J. 8. 
Critchley, M.I. Mech. E., will give his presidential 
address, dealing broadly with the whole subject of fuel 
for internal-combustion engines. 





TRANSACTIONS OF THE INSTITUTION OF NAVAL ARCHI- 
TKOTS.—There has just been issued the first part of the 
fifty-fifth volume of the Transactions of the Institution 
of Naval Architects, which includes the proceedings at 
the spring meeting held in London on rch 12 to 14 
last. Asa frontispiece there is given a beautiful photo- 
gravure of a happy lifelike three-quarter-length portrait 
of the late Sir William White. It is from a photo- 
graph by Mendelssohn, and shows Sir William in a most 
characteristic attitude. It adds appreciably to the 
value of the volume, as does also the biographical 
sketch, which, — a plain tale, sets off the more 
significantly the brilliance of the work recorded. There 
is also appropriately enough a portrait and sketch in this 
volume of the late Dr. Otto Schlick, one of Sir William’s 
great friends. We have already reported and com- 
mented upon the spring meeti' of which this volume 
isa renal gp when there were and discussed a great 
variety of papers, all having important bearing on naval 
construction problems, so that we need here only con- 
gratulate Mr. Dana on his editorial work, and the Insti- 
tution on this evidence of its vitality and utility, sup- 
ported as it is to be by a second volume this year, 
recording the proccedings at the summer meeting in 
Glasgow in June last. 





Tue Canapian Paciric Ratway.—At the cl.se of 
June, this year, the expenditure made for the construction 
and equipment of the Canadian Pacific Railway stood at 
452,320,780 dols. The cost of the ocean, lake, and river 
steamers owned by the company amounted at the same 
date to 23,049,283 dols. The — was largely aided 
by land-grants made in its favour by the Canadian Legis- 
lature; it was granted 26,710,400 acres to assist the 
original Canadian Pacific undertaking, and it received 
further large land-grant aid in British Columbia. At the 
close of June, this year, it had still 7,985,244 acres un- 
disposed of. ‘The traffic and accessory revenue of the com- 
pany from all sources in 1912-13 was 139,395,700 dols ; of 
this amount, 35,545,062 dols. was derived from passengers, 
89,653,223 dols. from goods, 921,683 dols. from mails, and 
18,273,232 dols. from —— passenger, telegraph, 
and miscellaneous sources. t the close of June the 
company owned 2052 locomotives, 2583 Popes. and 
other cars, 79,085 freight and cattle-cars, 1274 conductors’ 
vans, and 5514 Seaclinn, tool, and auxiliary cars and 
steam-shovels. At the same date the company owned 
the following ocean, lake, and river steamers :—Atlantic 
service, 16; Pacific service, 4; Pacific Coast service, 25; 
Upper Lake service, 5; British Columbia lake and river 
service, 22; and ferry service, 2. The quantity of in 
which passed over the system in 1912-13 was 171,952,738 
bushels, as compared with 151,731,601 bushels in 1911-12, 
and 111,109,982 bushels in 1910-11. The quantity of 
timber carried in 1912-13 was 3,210, 090 ft., as com- 
pared with 2,806,735, 006 ft. in 1911-12, and 2,441,007, 107 ft. 
in 1910-11. As already stated, the traffic receipts 
from all sources in 1912-13 were 139,395,700 dols. It may 
be added that the working expenses of the year were 
93,149,826 dols., leaving the net earnings for the twelve 
months at 46,245,874 dols. The ratio of the working 
expenses to the traffic receipts stood in 1912-13 at 66.82 

er cent., as compared with 64.89 per cent. in 1911-12. 

he compsny has now in course of development 29 miles 
of second track between Islington and Guelph Junction 
on the Oatario division, at an estimated cost of 750,000 
dols.; 133 miles of second track between Sudbury and 
Port Arthur, on the Lake Super‘or division, at an esti- 
mated cost of 5,300,000 dols.; 178 miles of second track 
between Brandon and Calgary, a: an estimated cost of 
5,000,000 dols.; 18 miles of second track and grade 
improvements, eyo | a double-track tunnel, 5 miles 
in length, between Six Mile Creek and the Loop near the 
summit of the Selkirk Mountains, at an estimated cost of 
8,000,000 dols.; and 139 miles of second track between 
Revelstoke and Vancouver, in stretches where the most 
immediate relief will be afforded, at an estimated cost of 
— dols. When this double-tracking is completed, 

will be 200 miles of double line between Sudbury | 
and Port Arthur, leaving 352 miles still to be provided ; | 
1095 a of double line ba sng ge ay — 
Calgary, leaving gaps aggregating miles; an 
miles of double Rm between Calgary and Vancouver, 


leaving 488 miles to be built later on. 


THE UTILISATION OF BLAST-FURNACE 
AND CUOKE-OVEN GASES IN METAL- 
LURGY.* 


By E. Hovsasr, Seraing, Belgium. 


Introduction.—The utilisation of blast-furnace 8 ig 
a problem which has for some time past been solved, so 
far, that is, as their employment for the development of 
motive power is concerned, so that one may well say that 
at the present moment there is not a single works 
possessing blast-furnaces which does not utilise the waste 
gases, or at any rate some of them, either under boilers 
or directly in explosion engines. The application of this 
prolific source of energy, which, to n with, had been 
confined to the immediate uses of the blast-furnaces and 
of the central power station built in proximity thereto, 
has little by little spread to the neighbouring service of 
the steel works and — mills to such an extent that it 
bids fair to insinuate itself into every branch of metal- 
lurgy. It is, however, only within a few years that the 
utilisation of its calorific power for heating industrial 
furnaces has been taken into serious consideration. 

With regard to the gases from coke-ovens, the recovery 
of the by-products first attracted and monopolised atten- 
tion, and the utilisation of the small percentage of excess 
gas was therefore limited. However, since attempts 
have been made to utilise the energy available in this 
by - product, recognition of its enormous value has 
promptly followed, and the considerable degree «f suc- 
cess achieved by heating regenerative furnaces with the 
excess gas available has given definite direction to its 
employment. At the present time, although the first 
attempts to employ coke-oven gases on a Jarge scale in 
metallurgy date but a few years back, they may be 
classed amongst the most valuable of commercial fuels. 

It is the practical applications of these two gases to 
metallurgy that the author desires to pass in review, con- 
fining himself more especially to their employment for 
the heating of metal-mixers, open-hearth furnaces, and 
re-heating furnaces. All metallurgists have by now 
acquired the conviction that their utilisation has defi- 
nitely passed tke experimental stage, and entered into 
the practical stage, and only a few instances of this need 
here be recalled. The author will deal in particular with 
what he is best acquainted with—that which has n 
done at the Cockerill Works in this direction—while 
pointing out that whilst his company has been amongst 
the very earliest to investigate the possibilities of the 
utilisation both of blast-furnace and of coke-oven gases, 
others, by applying on a large scale the results of the 
first pioneers, have followed and developed their lead. 

The Combustion of Gases.—Before commencing this 
description the author wishes to direct attention to a few 
rules relating to the combustion of gases, and to the too 
marked tendency which currently obtains to form an 
erroneous estimate of the value of the gases themselves. 
The conception of the ‘‘ calorific power” of gases has no 
importance from the point of view of their value in use ; 
it is, obviously, the sole absolute factor of these fuels, 
calculable either theoretically, having regaid to their 
chemical composition, or, practically, by calorimetrical 
methods. But their true value depends solely on the 
temperature of combustion, a factor impossible to deter- 
mine definitely, inasmuch as it depends essentially upon 
the conditions under which that combustion occurs, and 
it is precisely those variable conditions which it is neces- 
sary to determine in order to obtain the greatest possible 
yield from the fuel employed. 

With the object of affording concrete examples and of 
being able to base his arguments on such — the 
author has ascertained them (by Mr. Le Chatelier’s 
method) and under the variable conditions which may be 
met with in practice, for three types of (1) blast-furnace, 
(2) gas-producer, and (3) coke-oven gases, the chemical 
compositions of which are given below. The figures in 
the analyses show the average composition of the gases 
available at the Cockerill Works. The factors have been 
calculated, in each instance, not on the assumption that 
the undergo neutral combustion, but with the 
admission of 25 per cent. of air in excess. 


Composition of the Gases. 











. . 
Constituents. a sy ~~ ag | oe 
| percent. | per cent. per cent. 
Hydrogen... = 57.00 12.00 3.00 
Carbon monoxide 6.00 19.00 26.00 
Oarbon dioxide .. 2.00 8.00 11.00 
Methane .. 23.00 2.00 _ 
Nitrogen .. 12.00 59.00 60.00 
Total +} 100.00 100.00 100.00 
Coke-Oven Gas. 
Minimum calorific | re si 3761 calories 
power 
. Ditto ‘ with Maer steam 4212 —,, 
emperature of com- gas unheated 
bustion { air heated - _— deg. } 2165 deg. 
/ gas unheatec 
Ditto \ air — a ‘g. } 190 
unhea' i] 
Ditto { air ee to 400deg. f 185 
. gas unheated 
Ditto { air unheated } 1000» 


Volume of air of combustion corresponding to one 
volume of gas(including the 25 per cent. 


excess) 4.88 volumes 
Volume of smoke » ” ” 5.48, 








* Pa read before the Iron and Steel Institute at 
Brussels, § September 1, 1913. Energy 


Blast-Furnace Gas. 
Minimum calorific 


power _ _ 873 calories 
- Ditto ; with cpa Yaa Te .« 
emperature of com- unhea 
ustion air ated to 200 deg. } 1825 deg. 
unheate 
Ditto air heated to 600 deg, 1465, 
. gas unheate 
Ditto oir heated to 800 deg. 1540 ,, 
. gas hea’ to 600 deg. 
Ditto air heated to 600 deg. } 1605», 
Ditto gas heated to 900 deg. 1920 ,, 


air heated to 900deg. 
Volume of air of combustion corresponding to one 
volume of gas (including the 25 per cent. excess) 


0.91 volume 
Volume of smoke es 9» ” 1.76 4, 


Minimum calorific — i 
— i _ 1068 calories. 
ee. of com- gas heated 10000 deg. ae " 
bustion air unheated *6 
Ditto fr Saath oe 1680, 
Ditto {it heated to c00 des. 2780 
Dito {ap Rete EE) ao 


Volume of air of combustion corresponding to 

one volume of gas (including the 25 per cent. 
excess) .. Bre ie oe a ae .. 1,22 volume. 
Volume of smoke (including the 25 per cent. 

excess) .. oe oe oe oe ee oe 

This puts us in possession of the factors necessary 
for the comparison of these fuels. 

In order to throw into relief the valuelessness of the 
conception of the calorific power, the temperature of 
combustion of the prcducer-gas with 1068 calories may 
be instanced, when the gas and air are heated to 900 deg., 
that is to say, 1980 deg. as compared with the tempera- 
ture of combustion of the coke-oven gas with 3761 calories, 
which is only 1940 deg. when this is employed cold and 
the air of combustion is heated to 600 deg. It is, 
however, unnecessary further to emphasise this point ; 
the figures given above speak for themselves. If, there- 
fore, it be desired to ascertain the value of a gas, it will 
differ according to the mode of its utilisation and the use 
to which it is to be put. An absolute value does not, 
therefore, exist. The only point of interest in a given 
case is its relative value as compared with another fuel, 
and, in particular, in ——— with the fuel, and, 
generally speaking. the method of heating employed in 
any given case; it is this conception that enables one to 
ascertain whether or no there is any economy in sub- 
stituting such and such a fuel for another hitherto em- 
ployed; or such and such a method of heating (heat 
regeneration by air, &c.) for another. For «xample, is it 
an economy to substitute, in an existing open-hearth 
furnace, a cold coke-oven gas, using, as a combustible, air 
heated to 1000 deg., for producer-gas heated to 900 deg. 
and burned with air similarly heated to 900 deg.? Such 
an example possesses reality, and this is why it has been 
sought to express it in figures, and thus to show the ccn- 
clusions to be drawn from the factors given above. Let 
V f be the calorific value of 1 cubic metre (or, generally 
speaking, a unit of volume) of coke oven gas, and V g the 
tame value of a producer-gas. It must be thoroughly 
understood that it is assumed that these two gases are 
applied to the same existing furnaces without any altera- 
tions being made, so that, no matter which fuel may 
be used, the volume of smoke capable of passing away in 
& unit of time will necessarily be the same in both cases. 

The calorific effect of a fuel is better in proportion as 
the difference between the temperature of combustion 
under predetermined conditions and the temperature of 
the working of the furnace is greater; the values V 
and Vg are therefore functions of this difference in the 
temperatures. But this comparison of the temperatures 
of combustion will not by itself allow of the respective 
value of the two gases being ascertained. A metal- 
lurgical operation requires, for its successful achieve- 
ment, the aid of a certain number of calories, so that if, 
for the same volume of smoke issuing from the furnace, 
or, in other words, if, in a unit of time, a larger number 
of calories be furnished in one or two cases than in the 
other, it is reasonable to allow that a saving will be 
effected by thereduction in the time taken in the operation. 
This saving will not, it is true, be strictly proportional 
to the ratio of the number of calories supplied in a given 
time. It may, however, be taken as a general approxi- 
mate result that— T/-T o 

Vf=Vgxtf-Tr, OF 

f= Og Fe "Gy 
when T equals the tem ture of combustion of coke- 
oven gas, T g that of producer-gas, T r the temperature of 
working, Cf the number of calories introduced by the 
coke-oven gas per unit of time, and Cg the number of 
calories introduced by the producer-gas per unit of time. 
Assume that Tr = 1650 deg. in the case of an open- 
hearth furnace. In the tables given above will be found 
the different values of T f and The values C f and 
C g are obtained as the result of the direct calculation of 
the latent heat and of the sensible heat introduced by the 
combustion of the different constituents composing the 
gas, the unit chosen being the molecular volume (that is 
to say, the volume corresponding to that occupied by a 
molecular volume of Hy», or 22.32 litres).* 

It has been seen that the number of calories introduced 
by the combustion in air at 1000 deg., of one volume of 
cold coke-oven gas, is 11,602 calories, whereas the corre- 
sponding number of calories for producer-gas heated to 





* Damour, Carnot, Rengard ; ‘The Sources of Calorific 
-”. Paris: Beranger. 
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900 deg., and burned with air heated to 900 deg., is 3901. 
Whence it may be deduced :— 





Cold Coke-Oven| Producer-Gas 
ee Gas + Air at at 900 Deg. + 
1000 Deg. Air at 900 Deg. 





Numter of calories introduced 
by the combustion of one 





volume of fs i .- 116.02 calories | 39.01 calories 
Volume of smoke corresponding } 

thereto .. * - .. 65.48 volumes 2.06 volumes 
Number of calories per unit of 

time Bre ~ a ... 21.17 calories 18.¢3 calories 
Temperature of combustion .. 2165 deg. 19 0 deg. 
Whence 

Vf = Vg x 2165 — 1650 , 21-17 _ 1 75 vo, 


1980 - 1650 18.93 


If now, in the example that has been taken, we wish to 
arrive at an approximate idea of this same value V f in 
centimes, we may rapidly calculate Vg in the following 


way :— 

Sus ton of producer-coal delivered at Seraing, costing, 
for example, 25 francs, will cost, after gasification, 
30 francs, allowing 5 francs for the expenses per ton. If 
a yield of 4.5 cubic metres of gas per kg. of coal be assumed, 
the price of a cubic metre of producer-gas will be 


Vg= a = 0.7 centime, 


and V f= 1.2 centime. 


By the value, per cubic metre, of the coke-oven gas is 
to be underst the price at which it could be bought in 
comparison with producer-gas, in predetermined condi- 
tions, with an equal expenditure of fuel. A further 
example will be given later. 

Let us ascertain the value of a cubic metre of coke- 
oven gas which is to be used with air heated to 400 deg. 
in a regenerator for the heating of a mill reheating 
furnace, at present using coal simply burned over a grate. 
Let us allow, for the combustion of the 25 per cent. 
excess of air as usual, and for that of the coal an excess 
of 100 per cent. Let washed coal, containing 75 per cent. 
of carbon and having a calorific power of 7200 calories, 
be assumed at 20 francs per ton. Allowing 10 per cent. 
of the carbon to be unavailable, and to remain in the 
form of clinker amongst the ash, we may reckon the 
calorific 4 syed of a molecule (12 grammes) of carbon 


consum 
7200 x 12 
675 

these 128 calories representing the calorific power of a 
molecule of coal, oan being derived as much from the 
carbon as from the hydrogen contained. The tempera- 
ture of this carbon burning in the conditions described 
—that is to say, with 100 per cent. of air in excess—is 
1525 deg., and the amount of smoke produced is ten 
molecular volumes. We shall, in this case, have :— 


= 128 calories, 





Coal with Cold Coke-Oven 


mee 100 per Cent. Gas with Air 
Air in Excess. | 4 400 Deg. 





Calories introduced by a 
gramme molecule of carbon! 
or, respectively, a molecular 
volume of gas .. és .. 128.08 calories 93.52 calories 

Corresponding volumes of 
smoke .. es Pe .-| 10.00volumes 5.48 volumes 

Calories introduced per unit of 
time ee “ 0 --;| 12.8 calories 17.06 calories 

Temperature of combustion ..| 1525 deg. 1825 deg. 





Whence, taking our instance of Tr = 1300 deg., 
Value of 1 molecular volume of gas = value of 
525 _ 17.06 
1 molecule of coal x 995 * 12.80" 
eee | that we have taken as units a molecular 
we = 22.32 litres, and a molecule = 12 grammes, we 
obtain :— 


Value of 1 cubic metre of coke-oven gas = 1.67 
x value of 1 kg. of eoal = 3.34 centimes. 


Let it once again be recalled that these figures cannot 
be interpreted as absolute values of a cubic metre of 
gas, A that they are entirely relative values having 


regard to— 
1. The method of using the gas (cold gas + air at 


400 deg. ). 
2. The fuel which Ge oe is intended to supersede 
(coal + 100 per cent. of air in excess). 

General Considerations.—No illusion should be enter- 
tained; blast-furnace gases and coke-oven gases are 
nothing more or less than by-products. First and fore- 
most it is necessary to manufacture good commercial 
coke and good pig iron, and the metallurgist must make 
the best of the fuel given him, and use it with all its 
chances. Variations in the chemical composition and 
in the pressure of the gases will make themselves felt. 
An injury or an accident to the mains, or to the apparatus, 
may diminish the output or even stop it entirely 3 every 
eventuality must be foreseen and provided for in such a 
manner that no inconvenience need be experienced at 
any given moment. It is needless, however, to over- 
state the case. It is obvious that the application of gas 
in metallu: must be effected in a reasonable manner 
without seeking to exhaust the maximum amount that 
may be available at periods of intensive production at the 
blast-furnaces and the coke ovens. It is precisely in 


knowing the utilisable percentage that lies the key to the 





continuous application of metallurgical gases ; the stop-| peratures. In this paper the use of coke-oven gases in 

page of a furnace, or the irregular working of a battery | engines is not advocated. Such engines work very satis- 

of coke ovens, may lead to enormous fluctuations in the | factorily, but the quantity of calories corresponding to 

output, according to the oe Fs" of the production | one effective horse-power appears slightly higher then 
na 


affected by such accidents. large ironworks com- 
—= several blast-furnaces and sufficient coke-oven 
tteri 


es to feed them, the influence of such a momentary | engine supplied to the 


the corresponding figure in the case of blast-furnace gas. 


Trials undertaken , a Cockerill Company on an 
ssaix colliesies, gave the same 


stoppage will be reduced to a minimum, and the quantity | value of 2300 calories, but allowing in tice three- 
of gasalmost certainly available in any eventuality repre- fourths of the power, co’ ding with 2500 calories 


sentsa high percentage of the amount available during in- | 
tensive working. No regard can naturally be had here to | 


the case of a deliberate diminution in the output which 
would, in any case, apply tothe number of auxiliary appli- 
ances supplied with gas. In small works circumspection 
would be required, and it would almost always be neces- 
sary to provide for, at least in regard to certain applica- 
tions, two methods of heating, so arranged that it would 
be possible to change over rapidly from one fuel to the 
other. These remarks cannot, however, in any case be 
ed as constituting an objection to the use of waste 
; they will always come to the aid of those who 
now how to use them, and their existence will, in any 
case, allow of an appreciable saving in coal. 

The employment of gas in metallurgical purposes is 
not only a possibility, it actually occurs in practice. Its 
application takes place, to an increasing extent, every 
day, to hos of the most varied description, so that 
it may well be said that the problem has indeed been 
solved. No longer are flames to seen crowning the 
tops of blast-furnaces, and coke-ovens of the most modern 
wee tend to be installed everywhere. 

he most important point for the metallurgist, how- 
ever, is the rational employment of the source of heat 
placed at his disposition, so as te obtain the maximum 
useful effect from it. This is the reason why each mode 
of ee should Le examined separately, » h. * 
ing the factors of the gases as has been done above, and 
it is only a comparative investigation of the fuel in any 
particular instance which can allow of a decision being 
arrived at in its favour rather than in favour of some 
other fuel. 

Blast-Furniace Gas.— Numerous and Jengthy arguments 
have been brought forward in connection with the direct 
utilisation of blast-furnace gas in the engines cf the 
central electrical ——_ compared with its com- 
bustion beneath boilers supplying steam to ups of 
turbo-generators. Without entering into this discussion, 
it will suffice to instance the introduction of engines 
using poor gases in most of the large metallurgical works 
as the best proof of the enormous advantages which may 
be obtained from gases employed in this way. 

Trials carried out with the most minute care by the 
Cockerill ee have shown that the consumption in 
engines actually using blast-furnace gas was 2300 calories 

r effective horse-power. A calorific power averaging 

75 calories per cubic metre of gas is assumed. If it be 
desired to calculate the value in coal of a cubic metre of 
gas used in the central station, it will be found that the 

. «2300 ‘ 
consumption is 875 = 88 cubic metres of gas per effective 
horse-power. On the other hand, assuming that a good 
boiler produces 8 kg. of steam per kilogramme of coal, at 
20 francs per ton, and that this steam supplies a good 
turbine at the rate of 5 kg. per effective horse-power, we 
find the equivalent to be :— 

One effective horse-power = 1.2 centime of coal = 
2.63 cubic metres of gas, from which the price one could 
afford to pay for a cubic metre of cleaned gas will be 
found to be 0.46 centime. It is therefore reasonable to 
suppiy the needs of the works for motive power (electric 
generator groups, blowing-engines, rolling-mill engines, 
pumps, compressors, &c.) by means of engines ~ 
with blast-furnace gas whenever the employment of such 
engines is ible. The surplus, if it existseven momen- 
tarily, will be used either under boilers, or, still better, 
in regenerative heating furnaces or in metal-mixers. 
Mention may be made in passing of the use of blast- 
furnace in the foundry for drying moulds and cores, 
and to the multifarious applications of a similar nature 
to which a burner so ~~ installed may be put,* and 
to note that it is necessary, in order to avoid one 
of poisoning, to render escapes of gas appreciable to the 
sense of smell. 

In regard to the utilisation of the waste gases in cen 
tral power-stations, it is not uninteresting to note some 
recent experiments made by the Cockeri penpeng on 
boilers of the type studied by Mr. Léon Greiner, and in 
tended for the recovery of the heat carried off by the motor 
escaping gases.+ It was found that this recovery yielded 
a reserve of 13 per cent. of the power of the motors, under 
the form of steam, at a pressure of 8 atmospheres, 
—— for example, in stand-by turbo- tors. 
A further example of the resources available in the case 
of a diminution in the amount of available gases is sup- 
plied by the utilisation in Diesel engines of the tarry 
oils recovered in the works itself. A point which it is 
important to emphasise is the preliminary cleaning of 
the waste gases previous to any application not only in 
engines, but in reheating furnaces. To the diminished 
yield in heat from regenerative chambers choked with 
dust must be added the pernicious effect which a gas 

with dust cannot fail to have on the refractory 
linings of the furnaces, with which it forms a dangerous 
flux. Cleaning to ad ey possible extent will greatly 
increase the useful value of the 

Coke-Oven Gas.—The whole of this gas would be avail- 
able if the blast-furnace gases alone were employed in 
engines. It could be made to supply all sorts of appli- 
ances, from a simple stove to furnaces of very high tem- 


' * R. Biick ; Stahl wnd Eisen, 1911, vol. xxxi., 1172. 
+ ~ emai Revue Universelle des Mines, 1913, vol. ii., 
page 51. 








per effective horse-power, and an average calorific power 
of the equal to 3600 calories, the value, in terms of 
coal, of a cubic metre of gas used in the engines will be 
given by the equation :— 

One effective horse-power = 1.2 centime in coal = 0.70 
cubic metre of gas. Onecubic metre of gas = 1.7 centime. 
We know that, in comparison with the value of producer- 
gas, an open-hearth furnace can afford to pay at a rate of 
1.2 centime per cubic metre, but practice has shown that in 
this application the calorific yield of the coke-oven gas 
was greatly above that of the producer-gas.* In short, 
it is obvious that in such a case, where high tem tures 
of working are necessary, it is better to employ a gas 
capable of giving very high temperatures of combustion. 
Its ae for drying moulds in the foundry is not 
possible, owing to the presence of water formed by the 
combustion of the hydrogen it contains. Finally, there 
is a simple means, although, unfortunately, a somewhat 
costly one, for obtaining a reserve in the event of stoppage 
or of accidents—that is, the employment of a gasometer. 

For the utilisation of this coke-oven gas, which is to 
valuable, and, at the same time so rich, and the 
true value of whic! has probably not even yet been 
fully appreciated, such a solution possesses great advan- 
tages, and is almost a necessity. The chief advan- 
tages are:—(1) The possibility of recovering at least a 

rtion of the gases produced on Sundays and holidays. 
i) Equalisation of the pressure and composition of the 
gas. (3) A reserve in the case of stop or of tem- 
porary slowing down in the output from the coke-ovens. 

For certain rap there may also be included amongst 
the number of the advantages the absence of sulphur, 
resulting from the necessary purification previous to 
passing the gases under the gas-bell. Nothing short of 
the evaluation in monetary cost of the first - named 
advantage suffices to show that the installation of such a 
gasometer is not so costly as it might be supposed. A 
—_ of 50,000 metres capacity costs about 500,000 

rancs, or, say, 35,000 francs per annum, allowing for 
reasonable interest and redemption charges. On the other 
hand, the recovery of 50,000 cubic metres of additional 
gas weekly will realise, taking the value of the gas at 1.2 
centime per cubic metre, an annual profit of 52 x 50,000 x 
1.2 = 31,200 francs, which will cover almost the expenses 
of installing the gasometer. It is necessary to provide a 
pressure-regulator in any case, as the variations in the rate 
of output lead to exaggerated consumption and needless 
waste. The following is, in a few words, a description 
of the utilisation of blast-furnace and coke-oven gases 
as practised at the present time by the Cockerill Com. 


pany :— 

a Gas.—The company possesses seven blast- 
furnaces of a total daily productive capacity of 1000 tons 
of pig iron. The amount of gas thus evaliaie, reckoning 
60 per cent. to be absorbed in the t-furnace service 
and in leakages, is, daily, at the rate of 4500 cubic metres 
per ton of pig iron, 

4500 x 1000 x 0.4 = 1,800,000 cubic metres, 


or 75,000 cubic metres per hour, or, allowing an average 
calorific power of 875 calories per cubic metre of gas, 
65.625,000 calories per hour. 

The motive energy available in this gas is therefore 


65,625,000 
2300 
The utilisation of this reserve is distributed as follows :— 


6 central power-station motors of 1250 horse- 
power each = 
2 central power-station motors of 900 horse- 
power eac = 
2 central power-station motors of 200 horse- 
power each = 
1 central power-station motor of 6500+ horse- 


= about 28,500 electric horse-power hours. 


power = 
1 steelworks blowing-engine of 2400 horse- 
power = 24 


Total 18,600 
+ This unit is in course of construction. 


The surplus is at present used in the batteries of 
boilers fitted either for heating or coal-firing, which 
serve as a stand-by in the event of the stoppage of a 
furnace. A portion of the reserve is also earmarked for 
the future heating of a metal-mixer. 

Coke-Oven Gas. —The coal treated at the Cockerill 
works contains on an average 23 per cent. of volatile 
matters, and 5 per cent. to 6 per cent. of moisture. Its 
yield of coke is 75 per cent. 


Tons of Tons of 
Coal. Coke. 
Batteries I. and Il. treat about 225 and produce about 170 
» ULedtIvV. , 480 2 » 860 
” Vv. ” 360 ” ” 
Total ee ee 1065 800 


A sixth battery of the same capacity as Bat V. is 
me a pe in the any, Steen, POnly — iat batiory 
employs regeneration. others are sim - uct 
ovens. The amount of gas available may be pS wre 


*C. Wigny; Revue Universelle des Mines, 1910, vol. 
xxxi., p. 194. 
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by assuming an evolution of 280 cubic metres of gas per ton 
of coal, and 10, 25, and 50 per cent. excess for the three 
typesof oven. This quantity is equal to about 90,000 cubic 
metres por diem, or about 3740 cubic metres per hour. The 
utilisation is actually distributed as follow :— 





Averaging 
per Hour. 
oub, m. 
Oae 9-ton open-hearth furnace én .. 520 
One 12-13-ton open-hearth furnace ... 600 
Two stoves ‘el a “a we 90 
Two reheating furnaces a i 450 
Two 500 horse-power electric motors 750 
One 1000 horse-power electric motor to le 
Two motors (extractors) 50 horse-power ... 100 
One motor (compressor) 600 horse-power ... 440 
Total 3700 


The gisometer, which is 50 metres in diameter, com- 
prises three telescopic sections which raise the height to 
about 40 metres. Its weight is adjusted so as to maintain 
@ minimum pressure of 175 mm. of water, the pres- 
sure rises to 275 mm. when the three sections are in 
operation. It is situated in proximity with the coke-oven 
plant and to the coke-oven central power-station, but 
at a distance of about 1200 metres from the rest of the 
works, with which it is connected by a main 300 mm. in 
diameter. The diagram, Fig. 1, shows the arrangement 
of the accessory-apparatus house and the cleaning- 
tanks. The gas arrives from the by-product recovery 
works by the main ¢, through the exhausters 
A, and then through the system of pipes e¢ F, ¢’ F’, 
e” f’, and is taken to the naphthalene washers D 


This washing consists in making the gas bubble th: h 





anthracene oil, which frees it from the naphthalene by 
dissolving the latter. 


From thence the gas passes 








sure of the latter, more or less throttles the passage 
across the equalising-valve. This type of equaliser is 
made by the B.A.M.A.G. Company. @ purification of 
the gas is effected to reduce the sulphur, which amounts 
to 8 or 10 grammes of hydrogen sulphide per cubic metre, 
to traces only, so that lead acetate paper rema ns entirely 
unaffected. The installation comprises two boxes of 
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That is to say, commerciall a 


the whole of the 
gas reserve is fully utilised. ttery , which will give 
about 2000 cubic metres of additional i 
allow of supplying two open-hearth furnaces of 20 tons 
each, ora certain number of reheating-furnaces. 
_ Gasometer.—The following particulars relate to the 
installation of a 50,000-cubic-metre gasometer and its 
accessories, the building of which, at the Cockerill 
Company, is in progress, 


Axis OF ROTATION 
___ OF MIXER. 






either to the cleaners by following the course g, h, i, 
and then to the gasometer by the conduit m, n, 0, p, 
or else to the pressure-equali by g, #, and and 
thence direct to the works main by following the course 
W, X,Y. gas emerging from the gasometer returns 
to the equalisers E by the pipes q, y, 8, ¢, u, v, and thence 
to the distributing pipes to the power-station in the 
works. The exhausters, of the Bryan Donkin type, are 
designed for an output of 75,000 cubic metres of gas per 
24 hours. Two are in operation and one is held in reserve. 
They are driven by 18-horse-power electric motors. Pres- 
sure equalisers are arranged in series along the exhausters 
so as to prevent the pressure in the exhaust column of the 
latter falling below the allowable minimum—that is to 
say, 150 mm. A safety regulator is likewise provided 
in this eventuality to make a portion of a from 
the gasometer pass through the aforementi: exhaust 
column. Another (Hahn) equaliser is provided with 
the object of varying the speed of the exhauster in 
direct rtion to the suction pressure. If for any 
reason re in the exhausters exceeded the 
maximum provided for—that is to say, 600 mm. —a maxi- 
mum-pressure regulator would supply air to the exhaust; 
a second (Rabas) regulator has also installed, in this 
eventuality, to stop the exhauster automatically. 

To facilitate the employment of the gas, either at the 
power-station or on the works, it is desirable that its 
pressure should remain constant. Thus it is to 
traverse a battery of three équalisers—-one for the power- 
station, one for the works, and a third held in reserve. 
These maintain a pressure equal to 150 mm. of water. By 
the engraving shown in Figs. 2 and 3 the working of the 





apparatus may readily be understood. The bell is in com- 
munication with the gas outlet, and, according to the pres- 
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Per Cent. 
Iron peroxide 72 40 
Alumina 8.00 
Silica ... 2.60 
Lime q 1.40 
Sodium peroxide 2.90 
Sodium carbonate ... 5.00 
Waiter ... = == 8.13 
Total ... 100.00 
Fig. 2. 
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about 5 metres in width, 8 metres in length, and 2 metres 
high, packed with a mixture of two-thirds ore and one- 
third of the —— purifying substance “Lux.” The 
substance ‘‘ Lux,” which is used with the greatest 
success, has the composition given above. 
Metal-Mizxers.—The application of any form of heating 
to the old form of metal-mixer has hardly been con- 
sidered, as these vessels are intended to be emptied 
each time the steel works stops working. Since, how- 
ever, an endeavour is being made now to avoid the 
losses resulting from the remelting of the Sunday make 
of pig iron, owing to the installation of metal-mixers 
of large dimensions emptied on the occasion of the 
last weekly —— in the steel works, and refilled on 
Sunday with f pig iron to their full capacity, it has 
become nevessary to provide efficacious means for heating 
them. The recent introduction of preliminary refining 
mixers in basic open-hearth plants has strengthened this 
necessity for heating, owing to the need of meeting cold 
additions and of maintaining a working temperature 
distinctly higher than is required in ordinary metal- 
mixers. If, to begin with, this latest application be 
taken into consideration, a working temperature of 
1400 deg. may be allowed for ; this temperature will 
necessarily vary according to the amount of scrap and 
slag that it — be desired to melt, and with the degree 
- refining whi . is a to effect. — modes ~ 
eating are possible : ucer-gas, with the gas an 
air heated as in an open-hearth furnace ; blast-furnace 
and air, both heated; or cold coke-oven gas with 
Feated air. If the temperatures of the chambers be equal 
to 900 deg. in the case of blast-furnace gas and producer- 
gas, and 1000 deg. for the air of combustion for the coke- 
oven gas, it will be found that, operating as before and by 
keeping up the temperature of working to Tr=1400 deg., 





Coke-oven Gas— Replaces © Producer-Gas. 
1 cub. m. ip 1,26 cub. m, 
Blast-furnace Gas— 
1 cub. m. m 0.89 4, 
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These calculations have no other object than to serve as 
examples. In practice it would Sendily be reasonable to 
employ the temperature of combustion of which 
reached 5165 deg. such a temperature being of a nature 
to reduce appreciably the life of the vessel. — 

Assuming, in general that it be indispensable to 
the satisfactory working of the operation to provide a 
temperature of combustion 20 per cent. higher than the 
temperature of working (or 1680 deg.), a more useful 
comparison may of these three gases in the case 
of the chambers being heated to 600 deg. — 

At least one example of this mode of heating, by means 
of blast-farnace gas, exists (at the gel hiitte, 
described by Dr. O. Petersen).* It comprises one 150-ton 
metal-mixer, with provision for a second of 250 tons 
capacity. In these vessels the pig iron receives an addi- 
tion of 10 to 15 per cent. of ore, and 4 to 5 per cent. of 
lime. ‘The author does not possess any information as to 
the results obtained with this plant. : 

With regard to mixers not intended to have a refining 
action, —— has shown that with the a 
running perly it is quite unnecessary to: apply any 
sort of heating; while, on the other hand, such an 
arrangement would necessitate an ture in fuel 





which amounts, in the case of gas-coal into producers, 


Fie. 7. 





oven gases. The temperature of working that may be 
allowed for will not exceed 1200 deg. to 1250 deg., so that 
a ae gas can be used o-: and the — 
tion require, in any case, a single regenerating cham- 
ber —- each side of the mixer. 

Ano highly ingenious solution, which applies 
equally well both to blast-furnace gas and coke-oven gas, 
is not to provide any regenerative chamber, but to use 
for the combustion, when local conditions admit of so 
doing, the hot air from the Cowper stoves. Allowing for 
this air of combustion a temperature of 800 deg., the 
theoretical temperature of the flame will be 1540 deg. 
when using blast-furnace gar, and will reach as high as 
2045 deg. in the case of ocke-oven Proximity of the 
blast-furnace would favour the choice of the latter solu- 
tion as the simplest and cheapest; it will only be neces- 
sary to provide a simple burner on one side and a flue to 
the chimney on the other. Further, the burner may be 
so arranged as to avoid any leakage of air about the 
trunnions, and allow of heating being continued, even 
during the period of tilting. 

Most varied types have been adopted for the arrange- 
ment of the burners and the regenerative chambers in 
heated metal-mixers, and it is not the author’s intention 
here to describe them. 
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to a weight equal to about 4 per cent. of the weight of 
ig iron withdrawn from the mixer. It would, however, 
wise to provide against the eventualities of less regular 
working, a stoppage of any kind, or any other circum- 


Blast-Furnace! 





Cold Coke- | Producer-Gas 
— | Srna aires” Ses eotbes 
5 
| 
Number of units in- | 
troduced per unit 
volume of gas... 100.76 27.95 33.65 
Volume of corre- 
sponding smoke .. 5.48 1.76 } 2.06 
Number of calories 
per unit of time .. 18.40 15.90 16.36 
Temperature of com- | 
bustion . 1940 deg. 1695 deg. | 1760 deg. 


P | 
lcubic metre of coke-oven gas = 1.67 cubic metres of producer- 
a8. 


1 cubic metre of blast-furnace gas= 0.50 cubic metre of 
producer-gas. 


stance, such as lack of fluidity in the slag, which might 
necessitate the presence of a source of heat. The appli- 
cations of this nature areas numerous as they are varied ; 
gas-product ra, originally vided, tend more and: more 
in recent plants to give p’ to blast-furnace and .coke- 
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* Stahl wnd. Kisen, 1910, vol, xxx., page 1. 
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Figs. 4, 5 and 6, show the arrangement decided upon 
for the heating by cold blast-furnace gas, and by air from 
the Cowper stoves, of a 600-ton metal-mixer which 
the Cockerill Company is at present building for its 
own use. The supply of gas by a. pipe centred in 
the axis of rotation, and the special form of air-inlet 
will, if necessary, allow of the mixer being heated even 
while it is being handled. Asa matter of fact, the burner 
has only been provided as an aid, particularly in case it 
becomes necessary to impart greater fluidity to the slag. 
The air and gas are intimately mixed by their concentric 
— in — —— —— by helical ym 
of o ite r simi ting arrangement has 
toon til ted at the Deutscher Kener Steelworks to 
heat the three 1200-ton metal-mixers there installed with 
a single burner capable of taking either blast-furnace gas, 
coke-oven gas, ora mixture of both, with air from the 
Cowper stoves. The two mixers of 1000 tons at 
Hoesch Works are also provided with’a single burner for 
cold gas and hot air. , ; 

Open-Hearth Furnaces.—It is not intended here to 
trace the bistury of the use of coke-oven gases in ating 
open-hearth furnaces, and the author will confine himsel 
to pointing out that the first successful trials were made 
in 1907 at Giubertnsbiitte, * and were swiftly followed by 
the application of this mode of heating in 1909 at the 
Cockerill Company’s works and at Friedrich-Wilhelm- 


* Dr. O. Petersen ; Stahl wnd Eisen, 1910, vol. xxx,, 
page 1. 





shiitte. It should be noticed in passing that the ica- 
tion of coke-oven gas to the me | of open- 
furnaces was unknown to the Cockerill Company until 
the appearanve of Dr. Petersen’s article in January, 1910. 
The results obtained by the Cockerill heen eer | on the 
first furnace (one of 4 tuns) have Leen publ *; since 
then the same fuel has been employed in a 7-ton to 9-ton 
furnace and in another of 12 tons.+ The figures relat- 
ty the practice in other works have likewise been 
published.t Since these first attempts the utilisation of 
coke-oven gases for the heating of open- furnaces 
has developed to an extraordinary extent, so much so 
that examples can be found in large works in all the 
manufacturing countries in Euro In the United 
ee at een a phe gas and the special 
knowledge acquired as to the type of construction neces- 
— | for the proper combustion of a gas rich in hydrogen 
and in methane bave not failed to aid in the peculiarly 
rapid development of this practice. As an example, the 
Bethlehem Steel Works may be mentioned. Here, if the 
author’s information is correct, this fuel is applied to the 
heating of a new battery of six 75-ton furnaces specially 
built with this object, and to an existing series of thirteen 
60-ton furnaces. After such fi it would be idle to 
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say that the question was still in its infancy, and it is 
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not too venturesome to prophery, in the near future, the 
general use of this mode of heating, which but yesterday 
was a novelty. > 

The presumptions against the utilisation of this gas 
have fallen one after the other, and metallurgists are 
tow unanimous in recognising the distinct saving which 
results from its application, even without effecting any 
change in existing furnaces. Nevertheless, it is evident 
that appliances constructed for the utilisation of the 
maximum calorific power contained in producer-gas 
cannot aim at the complete utilisation of coke-oven gas. 
It is simply necessary to remember that in the condi- 
tions of combustion imposed, 1.22 volumes of air is re- 
quired to burn one volume of producer-gas, whereas 4.88 
volumes of air are requi for 1 volume of coke-oven 

The latter requires more perfect contact and more 
intimate admixture with the air of combustion, otherwise 
it loses a portion of its calorificenergy. (This amount can, 
it is true, be partly recovered by the combustion in the 
chambers of the residual combustible elements.) The 
capacity of the chambers requires to be calculated with 
an eye to the volume of the smoke, which is much more 
considerable per unit of gas burnt. The burnera should 
be arranged so as to reduce to a minimum the wear of 
the roof, and so as to impart to the flame its maximum 
useful effect. It may therefore be foreseen, and is, 
indeed, more than probable, that the saving already 
effected at present will appreciably increase when we 
have learnt to extract from this new fuel the greatest 
possible benefit. 

With to its method of utilisation, it is almost 
unanimously allowed that it is preferable to admit it cold 
to the burner rather than to pass it through regenerative 
chambers. Apart from all questions of facilitating the 
working (and avoiding es ie explosions), the saving 
which results from a preliminary heating of the gas is of 
little consequence.§ Besides this, even if, theoretically 
speaking, it were possible for the gases to traverse 
chambers heated to high temperatures without the disso- 
ciation of hydro-carbides, it would appear impossible to 
effect this in practice,|| and the increased insensible heat 
would be more than balanced by the loss in latent heat 
resulting from the dissociation. Asa matter of fact, the 
simplification, both in the construction of the furnace 
and in its maintenance, as well as in its behaviour duri 


wong, is sufficient reason to adopt the utilisation o' 
the cold gas, which indeed gives a fully sufficient 
temperature of combustion. 


ere is a question to be taken into consideration 


the | which is more pressing in the case of open-hearth furnaces 


than in the other applications of coke-oven gases— 








. Ch. wow 4 Rerue “Univerrelle des Mines, 1910, 
vol. xxx1, page 194. 

Be a 3 er of the Iron and Steel Institute, 
191 o. 2., page 102. 

t 0, Simimersbach ; Stahl und Eisen, 1911, vol. xxxi., 
" E. Trasenster Revue Universelle des Mines, 1910, 
vol. xxxii., page 213. 

| O. Simmersbach ; Stahl und Hisen, 1911, vol. xxxi., 
| page 1993 ; ibid, 1913, vol. xxxiii, page 239. 
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that is, what should be done in the case of a diminution, 
or even of a cessation, in the supply of As has 
already been pointed out, sudden variations in the output 
would seldom occur in large coking i tions, but it is 
otherwise when only one or two batteries of coke-ovens 
are concerned. There can be no question of retaining 
gas-producers as aids; and that would be a troublesome 
and, indeed, unreasonable solution, having regard to the 
difference in the construction of furnaces according to the 
mode of heating. The only two possible solutions are :— 

1. Double heating carried out by means of burners using 
tar, tar-oils, or any other liquid fuels. This solution is 
simple, and presents little difficulty owing to the ease with 
which a reservoir might be established in proximity with 
the furnace for the reserve fuel. On the other hand, the 
compressed air or steam n for its pulverisation 
can always be obtained in the vicinity. 

2. The construction of a gasometer ; the latter solution 
would be preferable in most cases. 

Without attempting to make a study here of the open- 
hearth furnace heated by cold coke-oven gas, some of the 
principal advantages of this application may be briefly 
indicated :— 

1. Increase in the production. 

2. Simplification in construction. 

3. Diminution in the repairs, particularly as regards 
the ports and the chambers. 

The possibility of using a cheaper charge. 

5. The ease with which the operation can be conducted. 

It may be of interest to communicate a few supple- 
mentary figures as to the working of a 12-ton furnace at 
the Cockerill Steel Works, ne ied by Mr. Bourgy, the 
engineer in charge of the open-hearth department. The 
engravings, Figs. 7 and 8, page 407, represent the furnace, 
oder the arrangement of the burners, the chambers, 
the branching of the parafiame in the gas main, &. The 
roof, which originally rested on the walls, is now inde- 
pendent of the latter, and is supported on the iron 
shell of the furnace. The fourth campaign was brought 
to an end after 308 heats, owing to circumstances inde- 
pendent of the working of the furnace (a general strike), 
while the latter was still in good order. The total _. 
duction of 3516 tons would undoubtedly have reached 
4000 had it been possible to bring the campaign to a 
natural -_ ie daily ae was =e On com- 

aring these figures with the average results of campaigns 
fa the same furnace heated by producer-gas—that is to 
say, 2624 tons total production and a daily production of 
39 tons, an increase of 34 per cent. is established on the 
first count and of 23 per cent. on the second. The 
average consumption of gas rose to about 280 cubic metres 
per ton of steel. This figure allows of the value of a cubic 
metre of coke-oven gas being ascertained as compared 
with coal, taking as a basis the results obtained in 
practice. Ignoring capital charges, working charges, 
and the upkeep of the producers, we will compare 
with this consumption the price of 250 kg. of coal-gas at 
25 francs per ton, or 6 francs 25 centimes, from which we 
may deduce the price we can afford to pay for a cubic 











centimetre of gas which will be —-- = 2.3 centimes. The 
aver temperatures attained in different localities are 
given below :— 
Upper | Outlet 
| Chimney 
Time. Eeocse “ a of Stacks. 
deg. deg. deg. 
On completing charge... 1040, 400 300 
On completion of melting 1150 430 320 
Tapping a ey 440 | 330 


It should be recalled that the regenerative chambers 
have a cubical capacity of 32 cubic metres, of which 
13 25 eubic metres are occupied by the brickwork. It 
may also be pointed out that the chequer-work of the 
chambers has not, as yet, been touched since the fur- 
nace underwent transformation, and that they have 
lasted up to the present for over 1000 casts. It might 
be objected that such results, obtained with a furnace 
of relatively small capacity, could not be reproduced 
in existing modern furnaces, where capacities of 30 tons 
and even 60 tons are common. The author believes, on 
the contrary, that the construction of longer hearths 
could only improve the yield with coke-gas, besides which 
the different alterations which the 12-ton furnace has 
already had to undergo, in order to attain the excellent 
results ere above, have furnished most valuable lessons, 
which the Cockerill Society has taken into consideration 
in the construction of the new furnaces which it is plan- 
ning at present. 

Reheating-Furnaces.—It is in this application that it 


would appear to be most advantageous to utilise that | be 


excess blast-furnace or coke-oven which is not em- 
ployed, either in the production of motive power, or in 
open-hearth furnaces or preliminary refining metal-mixers. 

If the reheating-furnaces are supplied by producers, 
the saving that could be effectea can easily be calculated, 
as has already been done in the case of open-hearth fur- 
naces, by ompens the factors of the gases under the 
conditions of heating imposed by the construction of the 
furnace. pe te continuous reheating furnaces are 
built connected with producers, in which the consumption 
of fuel is reduced to a small a of the charge 
(9 or 10 per cent. of the cold charge). It might be asked 
whether there was any real interest attaching to the 
utilisation of t-furnace or coke-oven gases ins' of 
coal in such cases. It will be seen, as a matter of fact, 
that the tem ture of combustion of the gases issuing 
from the producer (at a temperature which may be taken 
as equal to 600 deg. with air heated under the hearth, 
and reaching, for example, a temperature of 400 deg.) is 





equal to 1680 deg. Toattain an equal temperature, if blast- | parative figures calculated for reheating furnaces with a 


furnace gas were used, it would be necessary to heat it 
——— — ae say, » provide a : : 
capable of raisi © temperature of the gas to at least 
600 deg. If it 4 decided not to alter the construc- 
tion of the furnace, there is only coke-oven gas 
left, which could be utilised in burners at which it 
would arrive cold, and where it would be burnt by air 
heated to 400 deg. In this latter instance the relative 
value of a cubic metre of coke-oven gas compared with a 
cubic metre of gas made in a producer can be deduced 
from the following figures, assuming a temperature of 
working of 1300 deg. :— 











Producer Gasat | Unheated Coke- 
- 600 + Airat | Oven Gas + Air at 
Deg. 400 Deg. 

Calories introduced by 

one volume of gas .. 31.84 93.52 
Volume ¢ — 

correspondin ere- 

wit és = ° 2.06 5.48 
Calories per unit of 

time .. ee 15.47 17.06 
Temperature of com-; 

bustion a 1680 deg. 1825 deg. 
ae Vf =152V 9; 


that is, Vf = 1.10 centime, assuming V g = 0.7 centime. 


It is necessary to draw attention to the figures result- 
ing from the theoretical calculation which serves to obtain 


merative chamber j 





iven fuel, either gaseous or solid, will therefore always 

. in practice, the maxima to which an approximation 
should be made according to the greater or less i 
bility that exists of completely utilising the 
elements of the fuel. 

We see that, if it be desired to utilise blast-furnace gas 
in reheating - furnaces, it must necessarily be raised, 
together with the air, toa given temperature, in a regenera- 
tive chamber. If it were a question of su pee furnace, 
the working temperature of which should not be too high 
—say, for example, 1100 deg.—it would be possible to use 
unheated blast-furnace gas, with air heated to 600 deg. 
Indeed, in these conditions the temperature of combus- 
tion becomes 1465 deg., and experience shows that in 
order that the exchange of heat may take place under 
favourable conditions—or, in other words, that the heat- 
ing shall be a practical possibility—the temperature of 
combustion should exceed the temperature of working 
by at least 15 to 20 per cert. If it be desired to 
ascertain, in these circumstances, the value of a cubic 
metre of gas, compared with coal, burned simply in 
a grate with 100 per cent. of air—that is to say, the 
price at which this cubic metre of gas, burned under 
most favourable conditions, if substituted for coal burned 
under most unfavourable conditions, could be purchased 
—it will be found, by proceeding as in the example 
described above, that 1 cubic metre of blast-furnace gas 
is equivalent in value to 0.41 kg. of coal, or 0.66 centime. 

Another application of blast-furnace gas is in the firing 
of soaking-pits. It would be perfectly easy, as a matter 
of fact, to provide, within the masonry, channels in which 
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the relative values of these fuels. Asa matter of fact the 
conditions in this particular case are quite different from 
those of an open-hearth furnace. The production of a 
reheating furnace is frequently limited by the capacity of 
the forge or rolling-mill, besides which it is not always 
desirable to increase the temperature of the furnace. If, 
indeed, this increase es the ingots, blooms, or 
slabs to be reheated more rapidly attain the desired 
temperature, but will not necessarily be drawn any 
quicker on this account ; it is the running of the mill or 
forge which decides the time for drawing. The furnace 
would therefore a all day at a higher temperature, 
which would thus | to larger heat losses by radiation, 
without increasing the useful effect—that is to say, the 
number of tons of products which may have passed 
through the furnace. Owing to this, the value, in prac- 
tice, of a cubic metre of richer gas, as compared with a 
poorer gas for which it has been substituted, will neces- 
sarily be lower than that yielded by theoretical calcula- 
tions, owing to the increase in the calorific power being 
only partially taken advantage of. If, now, it be 
impossible to raise the temperature above a certain 
limit, either less air must be heated, or the gas must 
allowed incomplete combustion. In other words, 
the temperature of combustion must be lowered, and the 
practical value of a cubic metre of the gas will be affected 
to the same extent. 

All the evidence goes to show that less gas can always 
be ~ a and the temperature reduced with a saving 
in fuel. But it must be remembered that, in investi- 
gating the relative values of the fuels, it was assumed 
that, in a unit of time, the same volume of fumes would 

through the furnace in either case. If this volume 
diminished, the required conditions for the application 
of our calculations no longer obtain. 

In the open-hearth furnace, on the contrary, the tem- 
perature of combustion being higher, the more rapid 
in of heat leads to the diminution, to an equal 
extent, of the oa of working the charge, and a higher 
output is the direct result of the increase in the number 
of calories passing through in a unit of time. In such a 
case it is possible, and indeed proper, to take advantage 
of the maximum useful effect of the rich gas. The com- 


oe 








idscnaieseiansialaldll 


‘Fic. 12, 


the air of combustion should attain a temperature suffi- 
cient for obtaining a suitable flame. If, on the other 
hand, it be desired to use coke-oven gas under favourable 
conditions, it is necessary to provide for the recovery of 
the waste heat in order to heat the air of combustion. 
This leads to the necessity, both in the case of using 
blast-furnace gas and coke-oven gas, of building special 
forms of reheating furnaces, provided with regenerative 
chambers. A certain number of types of furnaces of this 
nature already exist, supplied either with attached or 
separate gas-producers. Many such furnaces are in use, 
and give excellent results ; several of them are heated by 
blast-furnace gas. 

What form of regeneration should be employed—a 
continuous system or a reversing system? This raises a 
delicate question, which it is not within the author’s 
competence to decide. Furnaces exist and work satisfac- 
torily with both systems of regeneration. Continuous 
regenerators necessitate, however, very minute care 
regarding their construction, and their regular working 
is at the mercy of any cracks in the brickwork, even of 
the porosity of refractory materials, which set up short- 
circuits between the fumes and the air, to the detriment 
of the satisfactory working of the plant. It is true, how- 
ever, that a very simple remedy—the luting-up of the 
air-ways by means of liquid coment—allows of these cracks 
being repaired when the uptakes are “oe vertically, 
and may even be employed as a means of obviating their 
occurrence. However, there is, at least in regard to 
coke-oven gas, a clearly-marked point of comparison. _ 

The earliest of all the methods of utilising such gas in 
the heating of a furnace is, as a matter of fact, un- 
doubtedly its utilisation in the coke-oven itself. In this 
instance, too, regeneration is employed successfully, and 

mes more and more commonly adopted, and here 
again, both continuous and reversing regenerators are 
employed under favourable conditions. It would there- 
fore appear unnecessary and inopportune to pronounce 
adversely on either of these two systems. Nevertheless, 
the reversing system, with its simple, strong chequer- 
work, commended itself as the most convenient in con- 
struction, and the least complicated in upkeep, to one 
of the chiefs of the staff of the Cockerill Company 
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Mr. Wigny, who has applied, with the greatest suc- 
cess, coke-oven gas-heating to two furnaces, one serv- 
ing an axle-forging press, and the other a wheel-mill. 
The single regenerator consists of two chambers of 
15 cubic metres reputed capacity with 7 cubic metres 
of chequers. Changing the chambers, without revers- 
ing the direction of the current of the gases supply- 
ing the furnice, is effected by means of a simple an 
ingenious arrangement, both practical and air-tight, 
which has, up to the present, yielded its inventor nothing 
but the happiest results. The installation is of too recent 
date to allow of definite figures being given. A few data 
may be instanced, however, which show taat while not 
all the ible saving has been derived from the system, 
it has oui shown itself extremely advantageous. The 
axle furnace consumes 3000 kg. of washed coal, at 20 francs 
per ton, per twelve hours—that is, 250 kg. per hour—with 
an output of 15 tons of blooms charged cold ; the average 
consumption of gas is 190 cubic metres for the same pro- 
duction. The value of a cubic metre of gas—that is to 
say, the price that could be paid for it as compared with 
the price of an equivalent fuel—is :— 


250 


1 cubic metre of gas = 136 x 2= 2.64 centimes. 


Theoretical calculations, assuming the air to be heated 
to 400 deg., give V f = 3.34 centimes. 

There are given on pages 407, 408, and 409 the designs 
of several furnaces, so far as their builders have favoured 
the author with details. 

Figs. 9 and 10 represent a continuous furnace built by 
Messrs. Ch. M. Stein and Co., of Paris, arran 
supplied by means of coke-oven gas and by air heated 
alone. The regenerator is of the continuous type, with 
vertical air-ways for the passage of the secondary air. 

Figs. 11 and 12 show the arrangement of a similar 
furnace, built by the firm of Poetter, Diisseldorf, fur- 
nished with two chequer-work chambers acting alter- 
natively. The shutting off of one of these chambers and 
the opening of the other is made by means of flue-ends, 
mounted on a trolley, as shown in the drawing. 

Figs. 18 to 17 show the application of regenerative 
heating of the air and gas, made by the same builder 
The heat recovery due to this double heating leads, as 
may be seen, to complications in construction, which are 
nevertheless necessary if it is desired to utilise, for 
example, blast-furnace gas for the supply of a furnace 
working at high temperature. 

Figs. 18 and 19 show the arrangement of a soaking-pit 


with 24 holes, to which the builders, Messrs. Huth and | panying 


Roettger, of Dortmund, have applied blast-furnace gas- 
peeling with double regeneration of the air and gas. 
These diagrams are only intended to show the arrangement 
of the holes, the details of the chambers being lacking. 
The production of such a furnace, supplied with hot ingots 
from the steel works, is 600 to 700 tons per shift, with a 
consumption of 60 to 80 cubic metres of gas per ton of 
ingots dealt with. It is obvious that when the pit has 
attained a proper temperature, the supply of can be 
shut off if the ingots are sufficiently hot on arrival. 

The reheating furnace illustrated in Figs. 20 and 21, 
built by Huth and Roebttger, refers to a special mode of 
construction for the heating of the air and gas previous to 
combustion. The fumes, for which two adjustable outlets 
are provided, enter the regenerative chambers by two flat 
valves, and go away through inversion valves. The gas and 
air enter by the latter and emerge by the valves to reach 
the burner. If it be desired to use an existing furnace, it 
is possible to adapt it as shown in Fig. 22 (an arrangement 
by the same builders), by adding a continuous regenerator 
beneath the hearth for the heating of the air only. The 
blast-furnace gas is supplied by a system of pipes above 
the furnace. The grate area of the producer is much re- 
duced. The consumption of fuel in the case of combined 
heating by coal and blast-furnace gas will, aceording to 
the builder’s details, be from 25 kg. to 30 kg. of coal, and 
200 to 250 cubic metres of gas per ton of ingots charged 
cold. If coke-oven gas be used, the producer is entirely 
dispensed with. 

On the other hand, Mr. F. Siemens has applied heating, 
by blast-furnace gas alone, to eight furnaces built on the 
well-known plan of which he is the inventor. These fur- 
naces, arra to heat an output of 40 to 180 tons per 
shift of 10 to 12 hours, are now working in several im- 
portant German steel works. The temperatures reached 
in one of these furnaces are as follows :— 


Temperature of air and gas... 1150 to 1250 deg. 
Temperature of furnace at 
hearth : as 1500 deg. 


Temperature at chimney 


Measurements of the incoming carried out in a 
furnace 15 metres in length and capable of heating in ten 
hours 100 tons of ingota, charged cold, have shown a con- 
sumption of 50,000 cubic metres of gas per shift, which 
amounts to 500 cubic metres per ton of ingots. In these 
conditions, and compared with an equivalent fuel, assum- | 
ing this furnace to be supplied with coal, and to consume 
10 kg. of coal, at 25 frances, per ton of ingots c , a | 


cubic metre of gas would be worth a x 25 = 0.5 


centime. Generally speaking, it may be seen that not 
only is the utilisation of metallurgical gases economically 
ible in reheating furnaces, but that their application 

as already been applied, and accompanied with complete 


success, 

While dealing with this subject it ought, however, to 
be pointed out that in making the comparisons as to the 
value of these fuels relatively with that of coal, nothing 
has been said about the recovery, in boilers, of the waste 


heat which serves to reduce the expenses in many apoli- 
cations of this latter method of heating. On the other 





hand, regeneration involves more complicated and more 
costly forms of furnace. The practical economy attend- 
ing the substitution of one fuel for another is therefore 
exceedingly variable, according to circumstances; bub in 
every instance the utilisation of amounts of gas still avail- 
able after supplying ape and open-hearth furnaces 
can be more economically carried out in reheating fur- 


d | naces than under boilers. It must not be forgotten either 


that a common-sense design of the furnace, and the use of 
appropriate burners, cannot fail to increase the calorific 
yield of the gases, and in particular of coke-oven gases. 
The first result which emerges from the several examples 
discussed is, above all, the necessity of not being too 
lavish with coke-oven gas, and of reserving it for uses 
where a high temperature is required, and of utilising its 
calorific ensrgy to the best possible extent. To in 
with, the possibility of increasmg the quantity of gas 
available—that is to say, of reducing the percentage 
necessary for the actual working of the coke-ovens them- 
selves, must be considered. If a new installation is under 
consideration, the regenerative oven should be selected. 
Further, it might be of interest to investigate the employ- 
ment of a foreign gas for the heating of the furnace 
bottoms in order to save, for metallurgical purposes, the 
total output of gas evolved during the transformation of 
coal into coke. : 
Regenerative coke-ovens have been constructed with 
two separate chambers, one for the gas and the other for 
the air, with the object of using in the channels of the 
furnaces either blast-furnace or producer gases. In cases 
where it is desired to use the gas from the furnace itself, 
the _ —— will —_ to heat the air. _ a solu- 
tion should not be rejected on @ priori grounds, particu- 
larly if the coke sleas be direetly connected with a 
colliery. In such a case there will be reserves of fuel of 
secondary quality, coal-dust, ashes, and coke cinders, the 
disposal of which may be difficult, but of which the 
employment in a producer (which is quite possible under 
favourable conditions) might become an advantage. For 
example, the builders of producers on the Hilger and 
Kerpely system quote results of trials where, startin 
with coke or coal-dust, gas with a calorific power of 11 
to 1200 calories has been obtained. The output is at the 
rate of 3 cubic metres per kilogramme of fuel. Assuming 
that the latter possesses a value of 15 francs per ton + 
5 francs to cover the expenses of gasification, the value per 


cubic metre of gas will equal L8 = 0.6 centime. Such a 


gas outs, before being used, be freed from its accom- 
ust. 

It would thus be possible to recover the maximum of 
the gas; it remains to utilise it in the most economi 
way. It has been seen that its high temperature of com- 
bustion favours its employment in the open-hearth fur- 
nace, and the author has even described the alterations 
to be made to the usual construction of such furnaces. 
But, first and foremost, in order to obtain complete com- 
bustion, an arrangement of burners must be provided 
which will render the admixture of the fuel and the air 
as intimate as possible. With this object it would be an 
advantage to subdivide the flow by means of regular 
piping, which would lead the gas to different points in 
the section of the hot-air channels. The manufacture of 
pipes of highly refractory materials such as carborundum 
renders such an application ible. Burners of this 
type could, indeed, be cooled by means of a flow of 
water. 

There is a fuel, a by-product of metallurgical works, 
which is worthy of attracting the attention of business 
men—tar. Its use in Diesel engines may furnish an 
instance, for central station use, when blast-furnace gas 
is lacking. On the other hand, its high calorific power 
(8000 calories at a minimum) permits of its use, with the 
most valuable results, when pulverised, in special burners, 
by means of steam and compressed air, for heating indus- 
trial furnaces of all kinds, and even open-hearth furnaces. 
It may be used either in the state of pitch, or in the form 
of a heavy oil derived from the distillation of the raw 
product. Comparing the calorific powers of pitch and of 
unrefined petroleum, A. P. Scott estimates the consump- 
tion of pitch in an open-hearth furnace at about 200 kg. 
per ton of steel.* Now, assuming the production of pite 
at 22 kg. per ton of coal treated in a coke-oven, the 
quantity recovered by, for example, the Cockerill Uom- 
y would allow of the entire supply of two 15-ton open- 
earth furnaces. Even now an addition of tar is em- 
ployed in current practice at the open-hearth furnaces 
whenever it is required, in certain cases, to increase the 
temperature of combustion, and its use alone has been 
achieved, in which connection it suffices to refer to the Gary 
works,+ where two 60-ton furnaces are supplied by these 
means. 

In connection with furnaces of every description, in- 
tended for metallurgical uses, the employment of pitch 
as fuel is making enormous head way, and its applications 





tend to invade every domain of industry. It would 
therefore be proper for all manufacturing works to seek 
for all possible uses for this by-product, and consume it 
on the spot. To sum up—in oo advantages to 
be derived from metallurgical by-products, the author 
may instance the case of a works producing on the one 
hand 1000 tons of pig iron, and, on the other, 1000 tons 
of coke in nerative heating-ovens. 

The blast-furnace gases will supply motive-power equal 
to 28,500 horse- o—. The daily quantity of coke-oven gas 
available would allow of the production either of 625 tons 
of steel in open- furnaces, or the raising to the 
proper temperature of 1150 tons of ingots or semi- 
manufactured products in reheating furnaces. On the 








* Iron Age. 1911, vol. lxxxviii., page 538. 
t Jron Trade Review, 1912, vol. li., page 887. 


other hand, the pitch recovered would be capable of pro- 
ducing 150 tons of steel in an open-hearth furnace. 

In conclusion, the tendency of metallurgical works 
producing coke and pig iron, and converting the latter 
into steel, and rolling it in their own mills, should be to 
cover their fuel requirements solely by the coal neces- 
sary for the supply of their coke-oven t. This is 
obviously the ideal to which a greater or lesser degree of 
approximation is being made according to the varied 
circumstances which intervene in the most economical 
running of the t. It is neverthelessa certainty that 
in nearly all works useless waste of fuel occurs, which the 
careful examination of every possible application would 
serve to avert. 

The author cannot conclude this paper without thanking 
the builders of the reheating furnaces who have kindly 
put particulars at his disposal, as well as the engineers of 
the Cockerill Company, who have supplied him with 
extremely valuable particulars. 





Buitpers’ Cranes.—The use of long-reach cranes by 
builders is rapidly increasing, and there are now several 
such cranes which are prominent objects on the south 
bank of the Thames opposite the Victoria Embankment, 
where the new County Council Hall is being built. 
Messrs. Butters Brothers and Co., of Kinning Park, 
Glasgow, are erecting there eight 5-ton cranes with 95-ft. 
jibs on stagings 120 ft. high, and have in their own yard 
ready for delivering a crane with a jib 135 ft. long, capable 
of lifting 10 tons at a radius of 110 ft., and 5 tons at a 
radius of 125 ft. is is to be erected on a staging 76 ft. 
high, near the south end of Westminster Bridge. Messrs. 
Butters are also supplying two electrical locomotive cranes, 
lifting 8 tons at 40 ft. radius. 





Scraping AND CLEANING SewaceE-Risinc Mains.— 
Owing to an injunction which had been obtained against 
them for the pollution of a stream adjoining their works 
at Mosspits, and an applicatien by the Earps trustees for a 
writ of sequestration on the ground that the Brownhills 
Urban District Council had failed to comply with an 
order of the Court to stop the Gu of the stream, 
Mr. bert Green, M. Inst. C.E., Birmingham, was 
retained by the Council to advise them upon the neces- 
sary works. Amongst other things, Mr. Green recom- 
mended that the 5 in. in diameter rising main (about 
3300 yards in length) should be cleaned and scraped. 
The work was entrusted to the Eric Water-Main Scraper 
Company, of Chepstow, and has just been completed. 
The main was laid in the year 1898-99, and in the course 
of the scraping, &c , a shunter’s in. in diameter, 


14 
cal| with hook attached, and 5 ft. 10 in. long, was found 


across one of the bends in the main; this bore evidence 
that it had been in the main since it was first laid. After 
the removal of this obstruction and the accumulations on 
the sides of a Fem, &c., the main was proved to be 
discharging its calculated quantity per twenty-four hours 
(over 200,000 gallons), whereas at the time Mr. Green 
advised it to be cleaned it was only discharging at the 
rate of about 70,000 gallons under the same conditions. 
Had the scraping proved unsuccessful, a new main would 
have been necessary at an estimated cost of over 1500/., 
whilst the cleaning was effected at a few pounds over 





ARTESIAN WELLS IN LOoNDON.—Two artesian wells 
have been bored at the site of the building for the large 
Hong Kong and Shanghai Bank, Gracechurch-street, 
E.C., to ensure an independent water suppiy. ‘The 
strata passed through in the boring operations are as 


follow :— 
Thickness. Total Depth. 
Ft. Ft. 


Blue clay 12 12 
Blue clay i 123 135 
Mottledclay .. oe on aa 21 156 
Petrified shell .. es _ ne 7 163 
Pebbles . om - = ‘3 13 176 
Green sand and pebbles... re 7 183 
Hard grey sand és . 42 225 
Chalk and flints 225 450 


The plant has been fixed in duplicate in order to ensure 
a perfectly safe and reliable supply. The two artesian 
wells are lined down to the chalk with 84-in. internal 
diameter steel tubes, protected with an outer casing of a 
larger diameter, the space between the two 9 being 
filled in with cement. The boring in the chalk is unlined 
in order to allow of the water percolating freely through 
the fissures. Electrically-driven pumps of a capacity of 
1500 gallons per hour deliver the water from the wells to 
a tank, of a capacity of 10,000 gallons, situated in the 
basement. The pumps are specially designed to run 
noiselessly. They are fitted with a worm-reduction gear 
running in an oil bath, coupled direct to a Newton motor. 
The connecting-rods. counterbalance-rods and air vessel of 
the pump cad ng in a —- 12 ft. deep, lined with 
cast-iron cylinders. The water is forced from the basement 
tank tothe roof by means of duplicate three-throw pumps 
actuated by worm gearing and coupled direct to Newton 
motors. pumps are also perfectly silent, and run at 
26 strokes per minute. The four motors are controlled by 
switches, which are actuated from the roof-tanks by an 
overflow pipe, enemy pan | with a bucket fixed on to a 
lever connecting to the switches, which stop the motors 
as soon as the tanks arefull. The current for driving this 
| is from two different supply companies—the City of 

don Electric Company and the Charing Cross and 
West End Supply auany- The boring of the two wells 
was done electrically. The work was carried on day and 
night, including oe from start to finish, by Measrs. 
Alfred Williams and ., Bow, E., who also designed 
and manufactured the pumping machinery, for Messrs. 
Albion T. Snell and Partners, who are acting as consulting 





engineers for the whole of the machinery in the building. 
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FOREIGN ENGINEERING PROJECTS. 
We give below a few data on several a engi- 
neering projects, taken from the Board of Trade Journal 
Further iculars en 5 | these projects may be 
obtained from the Commercial In ence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 


on page 415 of the Board of Trade Journal of August 14 


last, relative to proposed pier construction in connection | por 


with the harbour improvements at Chi , the Acting 
British Consul-General at that city (Mr. H. H. Cassells) 
reports that tenders are now invited for the construction 
of the substructure of Pier No. 2 in Harbour District 
No. 1. Sealed tenders were to be received up to 11 a.m. on 
September 15, by the Harbour and Subway Commission, 
Room 2001, City Hall Square Building, 139, North Clark- 
street, Chicago. (Although the omens contract will 
in all probability be awarded to a United States firm, 
nevertheless the carrying out of the work may involve 
the purchase of some materials outside the United States. ) 
—H.M. Consul at Seattle (Mr. B. Pelly) reports that 
tenders are invited by the United States War Depart 
ment for the construction and erection of lock-gates 
required for the Lake Washington Canal improvement 
scheme. Thelocks are situated on the north bank of the 
narrows of Salmon Bay, at Ballard, a suburb of Seattle. 
Tenders, made out in triplicate, should be enclosed in 
two envelopes, the inner marked ‘‘ Proposal for Lock 
Gates, to be opened on Panes 29, 1913,” and the outer 
addressed to Major J. B. Cav. gh, United Stat ae ~ 
of Engineers, Burke Building, Seattle, Washington, by 
whom they will be received up to noon on the date men- 
tioned. representation is necessary. may 
be consulted at the United States Engineer Offices at 
Seattle, Chicago, or Pittsburg ; — of the plans may 
be purchased upon payment of 10 dols. (about 2/. 1s.), 
which will be returned upon receipt of a bond-fide tender. 
A copy of the specification and form of tender may be 
seen by United Kingdom contractors at the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, E.C. 

Panama: The British Vice-Consul at Bocas del Toro 
(Mr. W. H. Ponton), in his report on the trade of that 
district in 1912, which will shortly be issued, states 
that the Government have placed a contract with the 
United Fruit Company for a water supply to the town 
of Bocas del Toro, and work will be commenced in the 
near future. ‘ 

Uruguay: The Diario Oficial of August 9 contains a 
law empowering Sejior Francisco Piria to carry out an 
extension of the Eastern Uruguay Railway as far as the 
Station Pan de Azucar. Provision is made for the im- 
portation, free of duty, of the materials necessary to 
effect this extension. ‘ 

Argentina : The Boletin Oficial of August 6 contains a 
decree confirming grants for railway construction as 
follows :—1. A grant of 250,000 (53,100/.) for the 
extension of the railway between Sreche and Santa Rosa 
de Leales. 2. A grant of 400,000 (85,000/.) for the 
extension of the railway from Talapampa to Rodeo de 
las Latas. . 

Spain: The Gaceta de Madrid of August 27 contains a 
decree authorising D. Frederico Locatelli to occupy the 
public land necessary for the construction of a mineral 
railway frora the Madrid-Vallecas Canteras tramway to 
the Canteras de las Cumbres. 








Hutt Docxs.—Water was let in at the new Hull joint 
dock on Sunday, the 31st ult., and the dock will shortly 
be opened for shipping. Constructed at the joint 
expense of the North-Eastern and the Hull and Barnsle 
Railway Companies, the dock, with its equipment, wi 
cost 2,000,000. in round figures. It has a water area of 
nearly 54 acres. The total quay length is 8162 lineal feet ; 
a network of coal sidings has practically completed, 
and good progress is being made with the erection of a 
grain silo, which will provide storage for 60,000 tons of 
wheat. The dock will have the benefit of six coal-con- 
veyors as well as cranes and other machinery. The lock- 
pit has a length of 750 ft., and a minimum depth at —_ 
water of ordinary spring tides of 39 ft. of water on the 
inner sill. The contractors for the dock were Messrs. 8S. 
Pearson and Son, Limited. 





THe STERILISATION OF WATER BY ULTRA- VIOLET Rays. 
In a recent issue of neering News, Mr. M. von 
Recklinghausen, of the Westinghouse Cooper Hewitt 
Company, states that the proportion of ultra-violet 
radiation emitted by quartz lamps increases with the 
temperature, the limit of which is fixed by the point at 
which the quartz envelope begins to suffer, which is 1200 
deg. Cent. The necessity of maintaining this high tem- 
rature makes it advisable to avoid undue cooling of the 
lamps by the water being sterilised. Before being sub- 
jected to the ultra-violet rays, the water must be filtered 
clear, or the bacteria sheltered by the suspended — 
will escape destruction. Efficient filtration for this pur 
pose can, however, be effected with sand filters operated 
at 3 to 10 times the ordinary rate. In order to ensure 
that ‘no bacteria will escape, the waterfis passed close to 
the light several times in succession. 1n a plant fitted at 
Rouen sterilisation was effected at the rate of 100,000 
gallons a day, the lamp used absorbing only 1 horse-power. 
Previous to the light treatment the water was — 
through sand at the rate of 50 ft. per day of 24 hours. 
Larger sterilising units have since been constructed, one 
of which, operated with 12 lamps taking 2 horse-power 
each, is, he states, sterilising the water supply for a fairly 
a town, the ameunt dealt with being 1,700,000 gallons 
r y. 
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_ | manufactured b 
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CATALOGUES. 


Pneumatic Tools and Appliances.—We have received 
m | i y, of Fisher 
Building, Chicago, U.S.A., a series of bulletins giving 
particulars of the various pneumatic tools and appliances 
them. These include “Little Giant” 
i -boring machines, Boyer drills, Chicago 
drills, Keller drills, accessories for pneumatic dri 
table pneumatic grinders, pneumatic motors, 
and cylinder hoists, and lifting-jacks. One of the bul- 
letins contains a great deal of general information for 
users of comp! air, igieme age | in the form of tables, 
which show, among other things, the power required for 
air compression at different altitudes, the effects of pipe 
friction, the amount of air required by air-lift pumps, &c. 
This bulletin also illustrates a few examples of air-com- 
pressors built by the mena, and concludes with an 
abbreviated telegraph code. London address of the 
firm is the Consolidated Pneumatic Tool Oompany, 
Limited, 9, Bridge-street, Westminster, S.W. 


Turbo-Pwmps.—We have received from Messrs. Boving 


~jand Co., Limited, 94, Union-court, Old Broad-street, 


E.C., a publication they have issued to show the Pe 
that has been made in the manufacture of their ‘‘ Vic 
toria ” fem A few notes on the general design 
and testing of these pumps are first given, and these are 
followed by numerous examples of low-lift, medium-lift, 
and high-pressure pumps designed and built by the firm 
for a great variety of duties. Brief particulars of each 
installation are given, and in some cases diagrams illus- 
trating the results of tests are included. Among the 
examples we noticed pumps for irrigation, dock-pumping, 
mine drainage, shaft-sinking, water supply, boiler-feed- 
ing, and many other pu Two very large low-lift 
pumps for the new dry dock at Alexandra Docks, New- 
port, Mon., are included among the illustrations. Each 
of these pum 
made, is capable of delivering 100,000 gallons per minute 
against a head of 20 ft. 


Oxygen and Hydrogen Generating Plants.—We have 
received from Messrs. Arthur Lyon and Co., 608, Caxton 
ry > ans S.W., a booklet ory the 
*T.0.C.” system of generating oxygen an rogen 
for industrial purposes. The gases are produced by the 
electrolysis of water in cells, each of which is capable of 
producing 3 cub. ft. of oxygen and 6 cub. ft. of hydrogen 
per hour. The current required of each cell is 400 amperes 
at 2.2 volts, or 1.18 electrical horse-power. The oxygen 
is claimed to be over 98.5 percent. pure, and the hydrogen 
over 99.5 - cent. pure. ‘The cells are said to be practi- 
cally everlasting, and to require no attention, so that the 
total working cost is the cost of the electric energy 
utilised. It is suggested that, as the ~Y- will wor 
quite well intermittently, they might employed as 
resistances in connection with large motors and other 
apparatus, the being used for cutting and welding 
and other metallurgical processes. We understand that 
several large plants are at work in the United States. 


Electric Lifts.—Messrs. Etchel!s, Congdon and Muir, 
Limited, of 15, Cannel-street, Ancoats, nchester, have 
sent us a booklet relating to their ‘‘ Eureka” electric lifts 
for passengers and goods. These lifts are operated b 
electric motors, which drive the lifting sheave throug 
worm-gearing, and they can be supplied with full auto- 
matic control on the push-button or car-switch systems, 
with semi-automatic control operated by a hand-rope, or 
with a simplified form of full-automatic control adapted 
for use on goods or service lifts. The booklet illustrates 
and describes the mechanism of the lifts and the control 
systems, and also points out their special features, laying 
particular stress upon their absolute security. Various 
safety devices, which can be applied to any make of lift, 
are also dealt with. Among them is a centrifugal governor 
arranged to stop the lift should it descend at too ba 
speed from any cause whatever ; closing and locking de- 
vices for collapsible gates and doors are also illustrated. 
We have also received from this firm a booklet giving a 
list of users of their lifts and safety devices. 


Floor Construction.—From the Fawcett Construction 
Company, Limited, 47, Victoria-street, Westminster, 
S.W., we have received copies of tables showing the spac- 
ing of their ‘‘ Mon’lithcrete” girders, and also the total 
— of girders required for floors with various loads 
and spans ; prices are also stated. The girders, it will 
be remembered, are ordinary rolled steel joists, in the 
webs of which diamond-shaped openings have been 
punched, so that the girders are similar to lattice 

ers wi nsion only. loors are constru 
och hua gedem aati plecal, @ non 
with these girders suitably , the intervening space 
being filled in with concrete. The concrete is reinforced 
in the direction at right angles to the girders by means 
of twisted steel strips which are threaded through the 
openings in the webs of the girders before the concrete 
is laid. The method of construction is claimed to make 
mua, rigid, and fire-resisting floors, and also to te 
useful for roofs, brid lintels, grillage foundati 
&c. A sheet illustrating — of floors constru 
also reached us. 


Motor-Cars.—A booklet entitled ‘‘ The Doctor and the 
Car,” and published by Messrs. De Dion Bouton (1907), 
Limited, 10, Great Marlborough-street, W., has come to 
hand. The booklet first compares motor-cars and horse- 
drawn vehicles in a short prefatory note, making out a 
strong case for the former on the scores of time-saving, 
comfort, economy. This is backed up by independent 
testimony from numerous medical motorists, who give com- 
parative figures relating to costs of upk ke., for the two 
means of conveyance. In conclusion, a list of nearly 1000 
doctors usi Dion Bouton cars in this country is 
given, and other members of the profession contemplating 


ic- | of the 


which are thought to be the largest ever | wash 





investing in a motor-car are invited to apply to owners in 
their districts for a statement on the merits of this par- 
ticular car. Obviously much of the information in the 
booklet will prove 7 interesting and useful to 
rsons outside the medical —— Any other pro- 
essional or business man whose occupation calls for a 
fair amount of a ng my find it to his advan 
to peruse the booklet. He would probably learn, if he 
had not previously dene so, that motoring is not now 
simply a pastime for the “* idle rich.” 


Air - Filters.—Messrs. Balcke and Co., Limited, of 
Broadway-court, Broadway, Westminster, S.W., have 
sent us a small phlet ing come particulars of their 
wet-air filters for cleansing air supplied for the 
ventilation of large buildings, and also for cooling turbo- 

erators and other electrical machinery. The filters, 
in which no cloth is used, each consist of a rectangular 
chamber constructed of galvanised sheet-steel, the lower 
part of the chamber being used as a water-tank and the 
upper forming the filter r. Air admitted at 
one end of the chamber passes almost immediately th h 
a series of water sprays, which are directed towards 
outlet end. The impurities in the air, which are thus 
thoroughly wetted, either fall into the tank at the bottom 

ber, or else are carried forward towards the 

outlet end, near which are several vertical rows of = 
vanised metal strips, or baffle-plates, fixed close together 
with their es inclined at an angle of 45 deg. to the 
direction of travel of the air. Alternate rows of baffles 
are inclined in opposite directions, and at the outlet end 
of each of the strips is a narrow channel, the object of 
which is to allow the water and dirt deposited on the 
baffles to run down them without being blown from one 
row to the next. It should also be mentioned that some 
of the nozzles of the spraying system are arranged to throw 
water on to the upper part of the baffles to assist in wash- 
ing down the dirt collected on them into the water-tank ; 
-out connections are provided so that the dirb 
collected can be removed from time to time. Ib is stated 
that, after this treatment, the air leaves the apparatus 
practically dry and free from impurities. The sprays are 
supplied by a small centrifugal pump which draws from 
the tank at the bottom of the filter-chamber, but the 
suction connection is so that no particles of dirt 
sufficiently large to obstruct the nozzles can be drawn in 
with the water. : ap - same water is a ee and 
over again, any loss due to evaporation being le up 
automatically by a ball-cock connected to the water supply 
of oh = ee filters are claimed to aaae <——e 
speci Yoon more important among them bein 
efficiency, reliability, and accessibility, combined wi 
very slight resistance to the passage of the air. 





Tue Lonpon Scuoot or Economics AND POLITICAL 
Scrence.—The lectures on railway and cognate subjects 
will commence on Monday, October 6. There will be an 
inaugural lecture on ‘“‘ Railway Work in India,” by Mr. 
Godfrey, on Wednesday, October 15, at 8 p.m., open to 
the public without fee. ‘‘ Railway isation ” will be 
dealt with in a course of ten lectures, by Mr. Stevens, on 
Tuesdays, at 6.15 p.m., in Michaelmas term, beginning 
October 7; fee, 1/. 1s. ‘The Geography of European 
Railways” will be the subject of a course of ten lectures, 
A Professor Sargent, on Wednesdays, at 6.15 p.m., in 

ichaelmas term, beginning October 15; fee, 1/. 1s. 
‘Railway Rates and Fares” will be discussed in a course 
of ten lectures, by Mr. Stephenson, on Tuesdays, at 
6.15 p.m., in Lent term, beginning January 20; fee, 1/. 1s. 
‘The History of English Railways” will be the subject 
of a course of ten lectures, by Mr. Stevens, on Thursdays, 
at 6.15 p.m., in Lent term, beginning Janu y 15; fee, 
ll. ls. ‘‘ Railway Economics—Operating” will be dealt 
with in a course of twenty lectures, by Mr. Stephenson, 
on Wednesdays, at 6.15 p.m., in Michaelmas and Lent 
terms, beginning Michaelmas term, October 8, Lent term, 
January 21; fee, 2/.28. ‘‘ Railway Economics—Com- 
mercial” will form the subject of a course of twenty 
lectures, by Mr. Stephenson, on Thursdays, at 6.15 p.m., 
in Michaelmas and t terms, i — | Michaelmas 
term, October 9, Lent term, January 15; fee, 2J. 2s. 
**Economics of Railway Construction and Locomotive 
Operation” will be explained in a course of twenty leo- 
cen by Mr. Stephenson, on Mondays, at 6.15 p.m., in 
Michaelmas and Lent terms, ing Mi mas 
term, October 6, Lent term, January 19; fee, 2/. 2s. 
There will be a seminar for advanced students, ~ a 
Stephenson, at 8 p.m., on Mondays, beginning Octo 
admission to the seminar will be exclusively by permis- 
sion of Mr. Stephenson. ‘‘The Law of Carriage by Rail- 
way” will form the subject of a course of twenty lectures; 
by Mr. Disney, on Fridays, at 6.15 p.m., in Michaelmas 
and Lent terms, beginning Michaelmas term, October 10, 
Lent term, January 16; fee, 2/. 2s. ‘*The Law of the 
Traffic Relations of Railways to other Railways and the 
Public” will be considered in a course of twenty lectures, 
by Mr. Moon, on Wednesdays, at 6.15 p.m., in Michael- 
mas and Lent terms, beginning Michaelmas term, Octo- 
ber 15, Lent term, January 21; fee, 2/. 2s. There will 
also be other courses on subjects useful to railway students, 
and specially recommended to their attention by the 
advi committee on railway subjects. The calendar 
of the don School of Economics and Political Science 
for the session 1913-14, giving detailed syllabuses of the 
courses of lectures, information as to the prizes and 
scholarships offered by the school and the university, the 
examination papers set year, the regulations of 
the University of London for pages in the faculty of 
economics onl politieal science, ineluding commerce and 
industry, can be obtained for 1s. 5d. from the Seoretary, 
the London School of Economics, Olare Market, Portugal- 
street, Kingsway, London, W.C. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are iven in italics. 

Specifications may be obtained at the Patent Office, Sales 

a 26, Southam: wa Buildings, Chancery-lane, W.C., at 


The. parse of ‘Of the ad tt SD of the a a Complete 
a is, in each case, given p AA unless the 
atent has been sealed, when the date af sealing is given. 
* person may, at any time within ye py soe oy from the date of 
advertisement of the ification, 
ive notice at the Patent Oflec of Of opposition to the grant of a 
r vatent on any of the grounds mentioned in the Act. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


4026/12. Henry Munro, Reigate. Boring and the 
Like Machines. (7 Figs.) February 17, 1912.—Tms invention 

has reference to machine-tools for boring, facing, recessing, and 
pe like operations. The invention is specially —— to the 

ype of ng-machine having a plurality of tool spindles 
laterally a relatively to each other, and an automatically 
feed-carriage provided with a rotatable 
work-table. According to this invention, each spindle headstock 
of a boring or the like machine is provided with a metal strip 
or key of greater len than the width of the headstock to 
ensure its rigidity, while enabling the , awe to be closed 
together to a pitch, or centre-to-centre distance, only slightly 
rreater than the bore of the cylinders to be machined, — 
being also provided for clamping the —- rigidly ws A 
bottom, and eac adjusted individually 
relatively to the others. The tool ae 1, 1 are carried in 
headstocks 2, 2 at one end of the machine frame 10. Each tool 
spindle 1, 1 of the machine is mounted in a bearing or bearings la 
in one of the se; te headstocks 2, 2, the latter being morahle 
along guideways 11 in the machine frame 10. The spindle 1 of 
each headstock is driven by a worm-wheel 4 from a worm 5 on 

a common driving-shaft 6. The worms 5 on the driving-shaft 6 
are slidable along feathers on the shaft and synchron with 
the movements of the headstocks 2,2. According to this inven- 
tion, each headstock 2 is furnished at ite point of contact with the 
bed with astrip 7 made fast to the headstock and having a greater 
length than the width of the headstock, the object of “thes ererip 7 
being to psren ang twisting movement of the headstock 














strips are loca ves in the frame 10, moving to ond fro 
thereon as the | hes tocks 2 are moved. The strips 7, 7 on 
Lig.l. 4 “alls iS, - 
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acent headstocks 2, 2 are located out of alignment and in 
= oa grooves 7a, 7 in the frame 1, so that when the head- 
2 are moved close together the strip on each headstock 

2 2 wil Mates the strip 7on the next one. One or more clamping: 
bolts 8,9 and/or c! ern in each headstock 2 may be 
th a part of the frame to secure the head- 

justment. In order that 


means for moving 
vely to the others, or for movi 
mechanism which thi 


arranged by prefe to pass through them. The 
24d is sorew-thrended at 20, and is a “y= combination with 
a fixed nut, whereby upon being rotated by the handle 26a it 
Pas mya tudinally. The part of the spindle 24) which 
- a 2,2 ea ferential grooves 
Bia ig each headstock se an being furnished 
ing-pin "et, ae at ite inner end a series pide 24 
pa a to ot the pln #7 of the grooves Hard in the spi 
- A movi scindle 248 27 of a headstock 


ee traen tive apindiio 260 
stock 2 pin 27 may be. 


head- 
= the bed by arotation 





ouch headstock may Bape tn yap spindle 


spring. hand is ubvious that ouber connecting means Levwecn the 
ks 2,2 and the spindle 24) may be used. (Sealed June 5, 


1913.) 
MOTOR ROAD VEHICLES. 


ena. H. J. Marshall, Gainsborough. Change- 
Gear. [6 Figs.) October 5, 1912.—This invention re- 
ope to the mechunism employed for moving sliding gear- -wheels 
in and out of engagement with other fixed gear-wheels on the 
crank-shaft of an engine or other power-:ransmitting shaft. The 
invention consiste in the arrangement and combination of two 
Se 0p sliding racks operated by one movable pinion, the pinion 
ing mounted on a bracket sliding transversely over the racks, 
and controlled by one hand-wheel, together with guard-plates, or 
their equivale:t, provided on the s iding racks to prevent the 
pinion being moved transversely A one rack to the other 
except when both racks are in a given position, and fixed teech or 
stops on the underside of the transverse sliding bracket for lock- 
ing the gears when out of engagement, and for guarding against 
more than one gear —o into engagement at the same time. 
@ is the crank-shaft which is driven from the cylinder. b, c, and 
d are three gear-wheels of different diameters, keyed, or otherwise 
securely fixed to the crank-shaft. ¢ is a second-motion shaft. 
g, h, and j are gear-wheels mounted on the second-motion shaft n 
such @ manner that they can slide to and fro within certain 
limits. In operating a ee gear of this description, it is 
urual to employ one or more levers, but according to this inven- 
tion, the three gears are covtrolled from one hand-wheel, and an 
interlocking arrangement is provided wh‘ch renders it impossible 
for more than one set of gears to be in engagement at the same 
time. The gear-wheelsg and h, which transmit the slow and middle 
speed, are made in one casting oF secured together, and provided 
on one side with a boss, on ich is formed a grooved ocliar k, 
which receives a forked lever 1. The fork lever / is attached 
to one end of a sliding -_ m. This rack is provided with teeth 
on i-s upper surface and is carried in a bracket n attached to the 
front plate of the engine. By the side of the sliding-rack m is 
another similar sliding or twin rack 0 connected to a grooved 
collar on the sliding gear-wheel j, by means of a suitable bridle- 
rod p attached to a forked lever q. engaging in the grooved 
collar or boss on the gear-wheel j. On the bracket » a second 
ket r is ted, arranged to slide transversely over the 
racks m and 0, the bracket r ha ing bosses formed on its upper 
portion arranged to carry a to.thed pinion s operated by a sp ndle 
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The toothed 
in the racks o or m, and by turn 
move to and fro and the gear wheels are pushed into or out 


and hand-wheel t. i 8 engages with the teeth 


ng the hand-wheel ¢ the racks 


of engagement as may be desired. All the gear- -wheels are 
shown out of engagement. If it is desired to put the fast speed 
into gear—that is to say, the wheel j into engagement with 
the wheel d—the hand-wheel ¢ is turned clockwise. This 
motion causes the rack o to move towards the gear-wheels, 
and the wheel j is pushed into en ment with the wheel d. 
When it is ui to change this speed for either the slow 
or the intermediate, the wheel j is first brought back to the 
out - of - gear position by turning the hand-wheel ¢ in the 
opposite direction to clockwise; the parts then assume the 
tion shown. To put one of the other gears into engagement, 
the bracket r, carrying the hand-wheel aa: pinion s, is moved in 
a transverse direction by pushing against the hand-wheel ¢ until 
the pinion « engages with the twin rack m. Either of the gear- 
wheels g or 4 can then be put into engagement with the wheels 
b orc, as may be desired, by turning the hand-wheel ¢ either to 
the right or to the left. The arrangement for locking the gears 
when out of engagement, and for guarding against more than 
one gear being put into engagement at the same time, is as 
follows :— On the underside of the sliding bracket r fixed teeth 
or stops u and w! (Fig. 2) are formed. These tecth are the same 
pitch as the teeth on the twin racks, and are arranged at a suit- 
able distance from each other, so ‘hat when the wreeth of the 
pinion ¢ cnesge — one of the twin racks, the fixed teeth u or 
ul tages ne the —. 80 as to prevent any movement of this 
fore chan q. pinion 8 from one rack to the other, 
the gear must first t to the out of engagement position 
shown. This is averted or by guard-plates v aid v! (Fig. 2) 
fixed on the tunes of edges of the sling re a a These guard-p! ates 
have a radius portion cut away to allow the teeth of the pinion 
to pass over from one rack to the other. It will be seen from this 
explanation that the pinion cannot be moved from one rack to 
the other except when the racks are brought into the position 
in which the radius portions of the guard-plates coincide, and 
when in this position all the gear-wheels are out of engagement. 
(Accepted June 18, 1913.) 
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18,77512. David Auld and Limited, J. Auld 
and G Redu Valves, (3 Figs.) 
August, 16, 1912.—This invention has reference to and com- 
prises improvements in, andre ie fluid ne pang regulating 
or reducing valves, more particular ada for delivering gas 


or airat a steady pressure, of the class in which the 
opening and closing of the valve is regulated by a weighted 
d over a ber in connection with the low 


re 

outlet of the valve. The invention consists in the combination 
comprisicg a flexible valve, a perforated wall surrounding the 
weighted faphrac mach "to the valve elute, 'a Gahan 
we e valve le, a dia m 
high and lower-pressure chembe bers, and a duct 





ale low-pressure chamber to the ou'let. The weighted 
} ae ee 1 is fitted within a chamber 2, which it divides hori- 
zontally, havir.g a casing open to the atmosphere above through 
the h 3, and one below open tothe roy —- 13 from 
the valve by means of the duct 18. A le 5 re 
the centre of the wfeintea and is jointed “one end tC) 
beam lever 6 which is jointed by its other end to the top of 
7 of the valve 8, which a eege a flexible p Bd 
9 dividing the low from the high-pressure 
inlet 10, valve spindle 7 is continued downwards and passes 
ipto the guide 11. e valve-seat is formed between the inlet 10 
and the outlet 13, and in order to produce a perfectly gas-tight 
fit, the face of the valve 8, which is of the nature of a disc valve, 
is le than the valve-seat, and has an 
annular ve 14 formed around its face. A flexible leather, 


india-rubber, or like diaphi 15, is secured over the groove in 
the face of the valve the being secured at the centre 





and at the outer edge by any suitable means, such as & flanged 
ring 20, screwed on to the valve disc, as illustrated by Figs. 1 
and 2, sothat when the valve is closed ‘the diaphragm presses on 
the valve-seat of ridge form and makes a gas-tight joint with 
same, the groove above the diaphragm permitting it to yield 
sufficiently. In order to obviate the disturbing effect of the 
inrush of the gas or other pressure fluid on the valve, this is 
caused to reach the valve in a steady flow by fitting an annular 
wall or Mop on shield 17 around the valve 8, which wall is 
perforated all round its =o part to admit the pressure fluid, 
which is thus caused to reach all parts of the valve in a steady 

flow. The action is as follows :—The pressure fluid flows tress 
the inlet 10 through the perforations in the shield 17 around 
the valve 8, and the weighted diaphragm 1, acting on the beam 
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lever 6, causes the valve 8 to open and allows pressure fluid to 
flow to the outlet 13. When the pressure in the outlet side 
rises higher than is desired, it presses back through the duct 18, 
and overcoming the weight or load 21 on the diaphragm 1, lifts 
it to close down the valve 8. The rush of the pressure fluid past 
the duct 18 also tends to induce a suction which acts on the dia- 
phragm 1 to assist in lowering it to open the valve 8 when the 
pressure tends to fall below that desired. In some cases initial 
pressure, or it may be the reduced pressure, may be led into the 
groove 14 in the valve-face,\between the valve-face and the flexible 
diaphragm 15 to wholly or partially equalise the pressure on both 
sides of the diaphragm, through a hole 22 in the valve disc, or 
through the vaive spindle, or it may be an eyelet in the dia- 
oa in the case of the reduced pressure. (Sealed August 21, 
191 


ae. S. E. Alley and R. McGregor, Glasgow. 
ting Engines. [3 Figs.) May 30, 1912.—This in- 

vention ot for its object to provide for vertical enclosed recipro- 
cating engines, compressors, pumps, and the like, a single-piece 
crank-case forming a base, receiving thecrank-shaft bearings, and 
forming also an entablature to receive the oy or distance- 
piece trunks, the structure being of much better continuity of 
stren than hitherto usual, and permitting of easy assembly and 
withdrawal of the crank, and of the provision of unusually large 
inspection-doors. As illustrated in- longitudinal secticn, in sec- 
tional end elevation, and in plan, in Figs. 1, 2, and 3 respectively, 
a crank-case made according to the invention is, as a whole, of 
prismatic form ; that is to say, it is rectangular in plan, with sub- 
stantially vertical ends A, and with sides B sloping inwardly 
upwards. It is formed with a gap C centrally along the flat top 
and the ends to about the level of the beari of the crank-shaft 


D, thus allowing the crank-shaft to be iitted vertically from its 
pd 





pay and through the crown of the crank-case. The seatings 
E for the lower halves of the crank-shaft end-bearings are formed 
upon the end-plates contiguously to the gaps ; the upper halves 
F are secured in usual manner upon them. The seatings G for 
the lower halves of the intermediate bearings are supported upon 
deep webs H, extending up from the base and extending out 7 
the sides and top ; in fact, webs somewhat similar in contour to 
the end-plates. These vertical webs are reinforced at convenient 
intervals by webs J at right angles to them, and the outermost of 
which extend to and reinforce the end- -plates A. A bearer-plate 
K, having transverse webs L contiguous to the connecting-rod 
and other us, is applied to the top oor to receive the 
cylinders or any Sa 2 The mee & | in the ends of the case 

are closed by cover-plates applied to seatings M on the ama 
Large inspection apertures N, fitted with a door or doors (not 
shown), are provided along the sides between the crank-bearing 
webs. ( August 21, 1913.) 
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THE NEW LONDON COUNTY COUNCIL 
REGULATIONS. FOR REINFORCED 
CONCRETE. 


By Percy J. Watpram, F.S.I. 


Tue Errect upon Design 1x Retyrorcen Con- 
CRETE OF ALTERATIONS IN THE MopvuLaR 
Ratio. 


Tue effect of the criticism evoked by the proposed 
regulations for reinforced-concrete buildings drawn 
up by the London County Council in 1911 is to be 
seen in the revised code which the Council have 
recently sealed and published, and for which they 
are now seeking the sanction of the Local Govern- 
ment Board. The methods of publishing the new 
proposals are a distinct improvement upon those 
adopted in 1911, copies being obtainable from the 
Council’s publishers (Messrs. P. S. King and Co., 
Great Smith-street. Westminster) at a cost of 4d., 
immediately after they were sealed. Although it is 


of the large buildings now being erected or com- 
pleted for Government or public authorities would 
come even within a reasonable distance of comply- 
ing with the proposed code. 

It will be found that mixtures richer than the 
stereotyped 1:2:4 are so severely discredited 
that in all work carried out under the code they 


will of necessity be penalised out of existence. The | 


risk of making concretes too rich in cement would 
scarcely explain such drastic treatment, and one 
can only conclude that the Council feared the con- 
tingency of District Surveyors being imposed upon 
by approving calculations for rich, strong concretes 
in situations where ordin 1:2:4 mixtures 
would subsequently be substituted in the District 
Surveyor’s enforced absence. There may be more 
cogent objections to stronger mixtures ; but con- 
sidering the great economies in weight and cost 
which can often be effected by their use, and the 
importance of eliminating unnecessary dead weight, 
it is at least open to question whether they should 


when in double harness in a beam. The observer 
must be prepared to find that it will vary at 
different stresses, and that direct compression and 
| tension tests on different specimens are uo criterion 
_of what will happen when the materials are subjected 
‘to the varying intensity of stress which is imposed 
upon the fibres of a beam section under flexure. 
The modular ratio at different stresses can be 
obtained by measuring the relative extension and 
compression of the concrete fibres and the steel, 
and thus locating the neutral axis, as in Fig. 1. 
Then for any given position of the neutral axis in 
any beam of given proportions there must be 
/one modular ratio consistent with that position, 
and also with the formule used. Thus in a rect- 
‘angular section reinforced with a pent r of 
|tensile rods, if the distance n of the neutral axis 


from the top of the beam were determined by the 
ordinary formula (in which n,= " 


n, = Jn? P+ 2mr—-mr 


tifying to note that the majority of the sugges-| be prohibited for no better reason than that Dis- 
titi — aad trict Surveyors have not been given adequate | “hen the value of m would -” 
n, 


discretion to insist upon the necessary supervision 








Fig.7. 
DETERMINA TION OF POSITION OF NEUTRAL 
AXIS BY EXTENSOMETER MEASUREMENTS. 
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tions made in the technical Press* have been 
adopted, unfortunately the full significance of the 
alterations made does not always appear to have 
been grasped, and some would appear to make the 
clauses still more difficult to administer. 

Also no attempt appears to have been made to 
meet the grave and frequently-expressed objections 
to incorporating complex and incomplete theory 
into by-laws which will practically form part of an 
Act of Parliament. No elasticity is permitted in 
the obligatory use of the purely theoretical formule 
specified, which are well known to be upon 
inadequate data and upon hypotheses which are 
patently incorrect, even though the error may be 
negligible. 

This renders still more unfortunate the fact that 
no machinery is provided for the automatic revision 
of the code at stated periods, in order that advan- 
tage may be taken of our rapidly-increasing know- 
ledge of a new and intricate subject. These matters 
will doubtless be fully considered by the four insti- 
tutions to whom is entrusted the statutory duty of 
criticising the code. With regard, however, to 
the extensive alterations which are made in the 
vermissible stresses and the modular ratio, there 
is no small danger of full consideration being ham- 
pered by lack of data upon which calculations show- 
ing their effect can be worked out readily. 

In the following article an attempt is therefore 
made to supply such necessary machinery without 
im any way attempting to anticipate any conclu- 
sions which the institutions may arrive at with 
regard to the desirability or otherwise of the altera- 
tions of stresses and modular ratios now suggested 
by the Council. These alterations appear at first 
sight to be merely prudent, even if somewhat ex- 
cessive, concessions to a not unnatural distrust of a 
method of construction based upon intricate theory 
and comparatively new to many designers. But 
when carefully examined it will be found that their 
cumulative effect upon the design of actual mem- 
bers would be very severe, and, in fact, almost 
revolutionary. The new material would by them 
almost certainly be barred physically by excessive 
weight, as well as economically by excessive cost, 
from undertaking many tasks which are well within 
its ordinary field of employment; and it would 
appear to be no exaggeration to say that very few 


on ise Encinreninc, Merch 28, and June 13, 20, and 
4, 1913. 











of mixing. 


Not only are the permissible stresses on rich 
concretes severely cut down, but the modular ratio 
is also lowered in respect of them ; the net result 
being, as will be seen later, a virtual permissible 
stress actually lower than that of the poorer 1:2: 4 
mixture, thus preventing a designer even from 





_— 2r(l- ny) 
If the beam experimented upon were a T-section 
of which the proportion of depth of slab to depth 


|of beam were s,, then the value of m, which would 


| 


have to be inserted in the ordinary formula 
s2 +2mr 


™=9 (6, + mr) 



























calculating for 1 : 2 : 4 concrete, and subsequently | would be 
Fig.Z 
i" Bottom of Beam L 
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carrying out the work in a stronger and more 
expensive material. The tasks which are imposed 
upon the concrete of a reinforced member, in 
addition to that of resisting the bending moments, 
are sO numerous, so complex, and so important, 
that many prudent designers might still desire to 
enrich their mixtures, in spite of the incyease of 
dead weight and cost which would be incurred by 
doing so under the proposed code. Any such desire 
to strengthen a constituent whose relative weakness 
is universally admitted would in the vast majority 
of cases be promptly checked by the stipulation 
that new values of the fundamental modular ratios 
must be used whenever rich concretes are em- 
ployed. To comply with this regulation the 
user of rich concretes must either calculate at 
interminable length, or else recompile, at least 
twice, the whole of the tables, ta, or dia- 
grams which he ordinarily uses ; and the District 
Surveyor who checks his calculations must do 
the same. No one who has attempted, even in 
part, the enormous labour involved by such a 
task would care to undertake it unless he were 
assured that something like reasonable finality had 
been reached with regard to the values specified. 
But we have no means of knowing whether these 
are based upon reliable data, compiled by scientists 
of standing, upon observations of the behaviour of 
actual beams under load, or are merely deduced 
from the results obtained by subjecting plain speci- 
mens of rich concretes to evenly-distributed com- 
pression. Such specimens would certainly act quite 
differently under flexural stress in a beam, and 
probably still more so if the beam were reinforced. 

Members under Flexural Stress.—In any member 
of reinforced concrete the proportion of the total 
work done which is borne by the concrete and 
by the steel reinforcement respectively is de- 
termined not by the relative ultimate strength, 
but by the relative stiffness of the two materials. 
In other words, it is governed by the ratio existing 
between the modulus of elasticity of the steel E, 
and that of the concrete E., and known as the 


modular ratio E, or m. 


The calculations of the designer in reinforced 
concrete depend absolutely upon the accuracy of 
his forecast of the relative stiffness of his materials 
at working loads. Such a forecast can only be 


obtained by noting the behaviour of his materials 


8, (2m, — 8,) 
2r(t—n,)° 

If the section were rectangular and reinforced in 
tension and compression, the ratio of compression 


m= 


ee 
to tensile reinforcement A being r., and the depth 


of the former below the top of the beam were 
d./d, or d, ,, then the value of m would be 

n2 
2r(l —n) — 2rre(n, — de,) 

The modular ratio for different classes of concrete 
can therefore be determined without much diffi- 
culty by testing a number of beams under different 
loads and noting the position of the neutral axis 
shown by extensometer readings of the extended 
and compressed fibres. 

The French Government Commission, which sat 
from 1900 to 1906, tested a large number of beams 
and recorded the extensometer readings. Fig. 2 
reproduced from M. Nivet’s Calcul de Beton 
Armé, by the courtesy of that gentleman and 
of the publishers, MM. H. Dunod and E. Pinat, of 
Paris, show the arrangements adopted for a typical 
beam. The details of these tests are available, 
but, unfortunately, they did not include beams of 
richer concretes. 

Until sufficient exact data have been collated of 
extensometer tests upon beams of rich concretes, 
T-sections, and of sections reinforced in compres- 
sion, any value attributed to m for such sections 
must be at best only conjectural. 

In view of the importance of fixing a correct 
modular ratio for different classes of concrete, and 
of the fact that expenditure upon experimental 
research was specifically authorised under the 
London County Council General Powers Act of 
1909, it is certainly a matter for regret that the 
Council have not taken advantage of the facilities 
which thus lay ready to their hand, before attempt- 
ing to fix new modular ratios in their proposed 
code of 1913. The ratios specified (11 for 1 : 14:3 
and 8 for 1:1: 2 concrete) may = eventually to 
be correct at working stresses, but engineers will 
need to be authoritatively assured of this before 
undertaking the huge task of recompiling their 
data to with them. In fact, to permanently 
fix them by any means other than carefully-digested 
research ought to be out of the question. 

In the National Physical Laboratory at Tedding- 


n= 
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ton, the Royal College of Science, University | stresses which demand double reinforcement, it is| value of d., or depth of centre of compressive 


College, and the City Guilds Colleges at Finsbury 
and South Kensington, London has _ technical 
laboratories of well-deserved renown, all of which 
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are probably already equipped with the exact 
apparatus necessary to determine such an im- 
portant point, and which certainly ess the 
necessary technical ability and professional stand- 
ing to commend any canto which they may obtain 
to practitioners throughout the world. 

the value attributed to m enters into every 
one of the calculations required for reinforced 
concrete. So numerous and intricate are these 
that practical designers are forced to condense 
the essential factors into tables and diagrams, the 
compilation of which represents thousands of 
tedious calculations. The slightest alteration in 
the value of m renders the whole of that labour 
useless for any purpose for which the altered 
value of m is to be used. Such alterations can 
materially affect the calculated strength of beam 
sections, as is shown by comparing Figs. 3 to 
9, in which are plotted the moments of resistance 
of some typical single reinforced rectangular and 
T-beams, and of rectangular sections reinforced 
both in compression and tension. 

No examples of double-reinforced T-sections are 
included, on the ground that under the heavy 





unwise to consider the material of a relatively thin 
slab to be a fully efficient working partner in the 


reinforcement from top of beam selected, is . 


compression flange ; and only such part of it should | Other values could, of course, be added, but allow- 
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be taken into account as is consistent with the 


—— of a vertically rectangular section (foot- : 
NGINEERING, June 20, 1913, page 838). The 


note, 
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ing for 4 in. of cover in slabs and 1 in. in beams, 
this value will be found to be a fair average for 
double reinforced sections. All the types shown 
are calculated for a permissible tensile stress of 
16,000 Ib. per sq. in. on the steel, and for a com- 
pressive stress of m times the stress on the con- 
crete immediately surrounding the steel. 

Figs. 3, 4, and 5 show the unit safe working 
moment of resistance of beam-sections, calculated 
with a modular ratio of 15 at the concrete stresses 
recommended in the Reports of the Joint Com- 
mittee on Reinforced Concrete of the Royal Insti- 
tute of British Architects, which stresses are also 
one-fourth of the ultimate test loads at 90 days, 
stipulated in the new London County Council code 
for concretes of the proportions stated. 

Figs. 6 and 7 show the same sections calculated 
with modular ratios reduced to 11 and 8 respectively 
for the richer mixtures. It will be seen that the 
effect is a reduction in the theoretical strength, 
which is more severe on beams with double rein- 
forcement than on those reinforced in tension 
only. The reason of this is that any reduction of 
the modular ratio postulates that the stiffness 
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of concrete more nearly approaches that of steel. 
It, therefore, picks up more readily that pro- 
portion of the load which taxes its strength to 
the full permissible limit, and the capacity of 
the combination is thus more quickly reached ; 
in double reinforced beams the same excessive 
zeal of the concrete to overwork itself not only 
causes it to reach more rapidly the limit of 
its strength, and calls for more assistance from 
the compressive reinforcement which is harnessed 
tandem with it, but also reduces the efficiency of 
that compressive reinforcement by causing it to 
work in conformity with a more easily exhausted 
partner. _ 

Figs. 8 and 9 show the joint effect of applying 
to the same sections the reduced modular ratios 
and also the reduced concrete stresses stipulated 
in the proposed London County Council code. 

It wil be seen from these figures that, in order 
to comply with the code, the designer must con- 
sider his beams to be much weaker if he uses rich 
concretes than if he uses poorer mixtures. This 
result is so extraordinary that it would ag to 
be doubtful whether the compilers of the code 


Fig. 70. REINFORCED CONCRETE BEAM SECTIONS. 
EFFECT OF REDUCING THE MODULAR RATIO 





reinforcement. If one type—say, a T-beam in 
which s, = 0.3—would require a proportion of re- 
inforcement greater than the economic ratio, then 
it is cheaper to make the rib wider until it will 
contain the full triangular area forming the virtual 
compression flange of a rectangular section. If 
this is still insufficient, the designer can most 
economically increase the deficient compressive 
strength by going to a still more efficient class, 
and selecting some suitable double reinforced sec- 
tion. It pays better to use the section properly 
adapted to any task rather than to over-reinforce an 
unsuitable one ; and the most important result of 
reducing the modular ratio is therefore the effect 
which it has upon the position of the economic 
ratio, which, as the limit of the economical capacity 
of any type of section is also the practical limit of 
its employment. 

Strictly speaking, any formula or tabular state- 
ment se to express Figs. 10 and 11 should 
allow for the fact that the reduction of the permis- 
sible strength necessitated by reducing the modular 
ratio grows less severe on sections reinforced in 
tension above the economic ratio, as shown by the 





&FFECT 


FROM m=/5 TO m=! 


1:14#:3 CONCRETE C-7O0OLBS. PER SQ. INCH. 


reinforced considerably beyond the economic ratio 
can be calculated specially. The economic ratio 
could be easily defined as that proportion of tensile 
reinforcement at which R. = k. A 

The table, like the diagrams, is intended to be 
illustrative only. Additional percentages would 
be required for intermediate values of s, in single 
reinforced T-beams, and, in double reinforced 


rectangular sections, for values of A, greater or 


less than 1, and possibly for values of d, greater 
d 
10 

Columns under Axial Load.—The methods of 
calculating columns under axial loads lend them- 
selves very readily to standardisation in straight- 
line graphs easily calculated and easily drawn for 
any given modular ratio and stresses. An alterna- 
tive method of calculation, whereby a percentage 
reduction may be made from the Royal Institute of 
British Architects’ diagrams, is therefore not so 
much needed as is the case with sections designed 
to meet flexural stresses under bending moments. 


or less than 


Fig.11. REINFORCED CONCRETE BEAM SECTIONS. 


OF REDUCING THE MODULAR RATIO 
FROMM™=15 TOM-8. 
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really intended to bring it about. The high shear- 
ing stresses still permitted by the code make any 
unnecessary dead-weight more than usually unde- 
sirable ; and unless very excellent reasons can 

shown for the extremely low stresses, and, there- 
fore, very bulky sections involved, it would appear to 
be reasonable to consider a revision of the present 
proposals so as to conform with the results shown 
in Figs. 6 and 7, giving designers the option of 


either working to reduced modular ratios, or of 


suitably reducing their working stresses to give 
the same result. 

The effect of altering the modular ratio only, 
leaving the Royal Institute of British Architects’ 
stresses unchanged, is shown in Figs. 10 and 11 in 
the shape of a percentage reduction in the strength 
as calculated by the Royal Institute of British Archi- 
tects’ rules, upon which the tables and diagrams 
generally found in text-books and drawing-offices 
are 

At proportions of reinforcement below the eco- 
nomic ratio the stress on the concrete becomes of 
no importance, and the effect of any alteration of 
the modular ratio is practically negligible, the 
slight reduction of tensile stress (or the corre- 
sponding increase of nominal tensile strength) 
obtained by it being too small to take into account. 
It is necessary, however, to carefully note that the 
reduction in compressive strength commences at 
the economic ratio fixed by the lower modular 
value, and not that fixed by the higher value. The 
former is indicated by the point on the base-line of 
the — from which each graph starts, and the 
latter by the point at which the graph abruptly 
changes direction. Fortunately it is possible to 
x with but little labour the economic ratios of any 
class of beam section for any given values attri- 
buted to t,c, and m. If, therefore, Figs. 10 and 11 
could be expressed in tabular form, the labour 
involved by altering m could be very sensibly 
reduced for the t majority of cases arising in 


actual design. e object of the designer is, or 
should be, to select the section which will do the 
work required of it without unnecessary cost in 





Tible 1.—Showing the Reduction, Caused by Reducing 
Modular Ratio below m = 15, of Permissible Moment of 
Resistance of Beam Sections Culculated at the Royal 
Institute of British Architects’ Stresses. 
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Proportionate reductions to be made at ratios of tensile rein- 
forcements between the economic ratios stated. 
dip ing curves. But when it is considered how 
se lon this obtains in good design, bably no 
t injustice would be done by stipulating, at 
east as an alternative method of calculation, that 
the effect of the reduced modular ratios upon the 
Royal Institute of British Architects’ issible 
stresses on beams may be taken by calculating as 
for m = 15 and deducting the percentages shown 


010 O15 "020 025 030 


(se) Ratioof Tense Reinforcement - $y-r 


It is, however, very important to note that the 
effect upon column stresses of reducing the modular 
ratios does not necessarily tend towards increased 
safety. In a section subjected to bending moment, 
the limiting stress on the concrete is almost invari- 
ably the vital criterion. In columns, however, it 
is much more frequently the stress on the steel. 
The large extent to which the use in columns of 
hard, stiff steels with high tet ag is advo- 
cated serves to show how frequently the designer 
finds that a given column can only be adequatel 
reinforced by steel which is harder or more will- 
ing than the British standard mild structural 
steel. The effect of reducing the modular ratio 
is in effect to assume that the concrete will take 
a greater proportion of the joint load, so that 
the steel must necessarily take a smaller share. 
For any given loading, less stress will be debited 
to the steel than would be the case if the con- 
crete were credited with a relatively lesser degree 
of ess to pick up work. If the modular 
ratio be fixed without due care, or upon considera- 
tions which do not apply to the actual behaviour of 
fibres under joint stress, there is obvious danger of 
iving it too low a value. Whether such unduly 
ow value would be liable to overtax the steel 
depends upon the limiting stress on the concrete. 
In the proposed London County Council regulations 
this is reduced so drastically that even if a modular 
ratio of 15 actually obtained in place of 11 or 8, as 
stipulated, the permissible stress on the steel would 
still be greater than m times the greatest per- 
missible stress on the concrete. But the London 
County Council concrete stresses on columns are 
only one-half to one-third of those recommended in 
the Royal Institute of British Architects’ report, 
which was drawn up by well-known men selected 
to represent t institutions. As the Committee’s 
report attached to the London County Council’s 
code carefully throws upon the Local Government 
Board the responsibility of these reductions, it is 
scarcely probable that in any case outside the 





in Table I. The somewhat rare cases of beams 


small legal scope of the new code engineers and 
designers will Sound the considered recommen- 
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dations of the Royal Institute of British Archi- 
tects’ Committee until they know how the new 
stresses were arrived at. e suggestion that the 
modular ratio should be reduced for richer, stronger 
concretes is not 3 new one and will probably find 
many adherents. But if this be done, it must be 
recollected that it is equivalent to relieving the 
steel of part of its responsibility. For instance, if 
a prudent designer, using the Royal Institute of 
British Architects’ stresses on 1 : 14 : 3 concrete for 
a column 100 sq. in. area, with 3 per cent. of ver- 
tical reinforcement, adopted a ratio of 11 instead 
of 15, he could load his concrete up _ to 
1456 Ib. per sq. in. (or 0.52 U), under which con- 
ditions his steel would be stressed to mc, or 
16,016 lb., if m =11. The equivalent section 
would be 100 + {3 x (m—1)} = 130 sq. in., and 
the permissible load would be 130 x 1456 = 
189,280 lb., or, say, 84 tons. Butif at working 
stresses the proper value of m were really 15, then 


the equivalent area would be 100 + {3 x (m — 1)} 
= 142 sq. in., and the stress on the steel would be 
x 15, or 20,000 lb. per sq. in., instead of 
16,000. 

The correct practical value to be attributed to 
the modular ratio is therefore at least worthy of 
exact and authoritative determination, not only in 
justice to the capabilities of the material, but also 
on the score of safety. 








THE FRIED. KRUPP WORKS, FRIED- 
RICH - ALFRED - HOTTE, RHEIN- 
HAUSEN. 

(Concluded from page 310.) 


THE open-hearth plant is illustrated in Fig. 15, 
on page 311 ante, and in Figs. 16 and 17, on Plate 
XXIV. It adjoins the basic-Bessemer plant, and 
contains three 35-ton and three 45-ton basic 
furnaces. They are charged with liquid metal, 
or with a cold pig and scrap charge, for which 
latter purpose there is available a 12-ton charging- 
crane. They are also occasionally charged with 
blown metal, which is poured into the furnace on 
the tapping side. The furnaces are teemed into 
ladles, there being two overhead electric travelling- 
cranes of 60 and 80 tons for this purpose. The 
ingots for sale to outside works are cleaned of their 
scabs by means of pneumatic tools, the compressed 
air for this purpose being supplied by two electri- 
cally-driven compressors. The open-hearth fur- 
naces are heated by a mixture of coke-oven, blast- 
furnace, and producer gas. The producer gas is 
obtained in an adjoining plant, which consists of 
ten producers. ‘The annual output of the open- 
hearth furnaces amounts to 120,000 tons ; the plant 
has a total annual capacity of 140,000 tons. 

The basic-Bessemer and open-hearth ingots, 
weighing each from 4 to 5 tons, are conveyed hot, 
in narrow-gauge trucks hauled by a steam loco- 
motive, from the casting-pits to the soaking-pits 
provided under the floor of the rolling-mill depart- 
ment (see Fig. 18, Plate XXV.). ‘lhe soaking- 
pits are served by two 7.5-ton overhead electric 
ingot cranes. When an ingot has been reheated 
to the required temperature, it is removed from 
the soaking-pit by one of the cranes and placed 
in an automatic tipping apparatus provided in 
front of the live-roller sets, which convey it to 
the blooming-mill. There are two blooming- 
mills having rolls 115) mm. (3 ft. 9} in.) in 
diameter and 2800 mm. (9 ft. 2 in.) in length, 
driven by a 7000-horse-power twin-tandem com- 
pound reversing steam-engine. The rolled blooms 
are made to pass automatically under an hydraulic 
shearing-machine, which cuts them to length ; part 
of each is carried by live rollers to the bloom 
dépot, whence they are delivered to outside buyers, 
the other part tiles taken by crane to the 
reheating furnaces which serve the small-section 
mills, or conveyed by live rollers to the three-high 
850 mm. (334 in.) mill for relling down into ~ 
channels, and other sections, or, again, to an 850 mm. 
(33 in.) reversing-mill, in which they are rolled 
down into billets. The two 850-mm. rolling-mills 
are each driven by a twin-tandem compound steam- 
engine, the one for the billet mill being of the 
reversing type. The 850 mm. three-high mill con- 
sists of a pinion-housing and three roll-housings ; 
the 850-mm. reversing-mill has one pinion-housing 
and one roll-housing. A 700-mm. (7h in.) three- 
high mill adjoins the billet-mill, and consists of a 
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Fic. 28. Sream-Driven BLow1ne-ENGINES. 


pinion-housing and three roll-housings, driven by 
a 7000-horse-power twin-tandem compound con- 
densing steam-engine, and supplied by rough-rolled 
blooms, which are rolled at the same heat into 
sections, light rails, fish-plate bars, or sleepers. 
In the case of sleepers, the bars are carried by live- 
rollers to the shears, which cut the bars to length, 
each length being then placed on a press which 
gives to each sleeper the rounded-off end shape, and 
punches the holes for fixing the rails. The rolling- 
mills, roll-stores, roll-turning shop, shop for struc- 
tural work and rolling-mill engines are illustrated 
in Figs. 19 to 27, on Plates XXV. to XXVII. 

Besides these heavy mills, there are five smaller 
ones, driven by gas-engines, for rolling out lighter 
sections, especially merchant bars. A wire-rod 
mill has been put down; this is designed for an 
output of 300 tons per twenty-four hours.* 

he straightening and machining shop adjoins 
the rolling-mill shop. 

The cogging-mills and finishing-rolls are for the 
most part supplied mechanically; the taking of 
the various passes is governed by levers operating 
tilters located on both sides of the mill in the live- 
roller sets. The ingots and the rough-rolled bars 
follow a straight line in the various processes of 
manufacture right down to the delivery dépét. 
The rolling-mill shops are clean, roomy buildings, 
perfectly lighted and ventilated. Their output 








* It is interesting in this connection to note that 
Messrs. a have concluded an agreement with the 
Westfiilische Drahtindustrie, Hamm, Westphalia, with 
a view to ensure a ready and constant market for their 
Rheinhausen establishments. The Westphalian Wire 
Company in question was formed in 1872; it employs 
about 2800 men, and its production in the year 1909-1910 
amounted to 260,000 tons of wire of all kinds, rivets, pins, 
chains, screws, springs, wire goods, &c. 





averages 600,000 tons of rolled material per year ; 
they have, however, an annual capacity of about 
720,000 tons. 

The Friedrich-Alfred-Hiitte manufacture their 
own cast-iron rolls, which are turned in two turning 
shops. Another smaller roll-turning shop also forms 
part of the installation. The cast-iron foundry covers 
an area of 1800 sq. m. (19,000 sq. ft.) ; it consists 
of three bays. The central bay, served by a 25-ton 
overhead travelling-crane and by three 5-ton slew- 
ing-cranes, is provided with two casting-pits, which 
are used mostly for the casting of rolls and ingot 
moulds. One side bay covers the core-making 
plant, the core ovens, two cupolas, each of 6 tons 
capacity per hour, a 15-ton reverberatory furnace, 
and a brass foundry having two crucible furnaces. 
Two fans supply the blast to the cupolas ; a third 
fan supplies that for a number of portable drying- 
stoves. The other side bay covers four drying- 
stoves, and the sand and loam-mixing machinery. 
The pattern-shop is located over this side bay. The 
25-ton traveller, which serves the central bay, can 
run out of the foundry, and serve also, at one end, 
the casting-box dépét, and at the other end a 
second dépot and the adjoining repair-shop. The 
patterns are stored in a three-floor building close 
by, provided with a 1.5-ton electric lift. ; 

e steam required throughout the works is 
raised in the following boiler sets :—Three sets, 
each of ten boilers, having 87 sq. m. (935 sq. ft.) 
of heating surface near the blast-furnaces, and 
heated by blast-furnace gas ; two sets, each of ten 
boilers, having 90 sq. m. (968 sq. ft.) of heating 
surface near the coke-ovens, and heated by the 
waste heat from the coke-ovens; and two sets, 
cach of twelve boilers, in the rolling-mills, and heated 
by the waste heat from the reheating furnaces. 
The boilers raise steam at 9.5 atmospheres (139 1b, 
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Fic. 29. Watrer-Works Pumpinc-ENGInEs. 


per sq. in.) above the atmosphere, and supply a 
common system of steam mains, from which the 
various steam-engines are supplied by branch-pipes. 
The steam-driven engines are the basic-Bessemer 
blowing-engines ; the reversing-engines driving the 
blooming-mills and larger finishing-mills ; the spare 
blast-furnace blowing-engines ; the spare dynamo 
sets ; the condensing-engines ; and the water-pres- 
sure, drinking-water, and boiler-feed pumps. A 
view in the steam-engine blowing-room is repro- 
duced in Fig. 28, on the opposite page. 

The electric station sup _ continuous current 
at 525 volts pressure, which is distributed through- 
out the whole works for power and lighting ; current 
for lighting is also supplied to the staff and work- 
men’s dwellings. The station contains two dynamos, 
each of 205 kw., six of 680 kw., and two of 750kw., 
all direct coupled to engines driven by blast-furnace 
gas. The station is served by a 15-ton overhead 
electric travelling-crane. There are, further, two 
dynamos, each of 187 kw., direct coupled to 250- 
horse-power steam-engines as a stand-by. 

_The works are supplied with potable water from 
35 wells, which have been sunk at a distance of 
from 60 m. to 90 m. (195 ft. to 295 ft.) from the 
left bank of the Rhine. The water is pumped 
up toa height of about 55 m. (180 ft.) by seven 
different pumping sets (see Fig. 29, above). 
There are two water - towers, one carrying a 
500 cub. m. (17,650 cub. ft.) reservoir, the other 
being fitted with a reservoir containing 1000 
cub. m. (35,300 cub. ft.). Two other centrifugal- 
pump sets, having a capacity of 6 cub. m. and 
12 cub. m. (210 cub. ft. and 420 cub ft.) per 
minute, draw directly from the Rhine the necessary 
condensing water. 

Among the other shops we may mention a com- 


paratively small one for structural work, coverin 
an area of 3168 sq. m. (34,000 sq. ft.), and contanel 
with the necessary pneumatic riveting plant and 
machine-tools. The repair-shop is in a line with 
the iron-foundry ; it contains about thirty machine- 
tools. 

All the buyers’ physical tests are carried out in 
a two-storey building, adjoining which is a shed for 
the impact tests provided with a 1-ton tup, falling 
from a maximum height of 12 m. (39 ft.). The 
testing-machines are of the usual class, including a 
100-ton one for tensile, compression, and bending 
tests, and a 50-ton Brinell testing-machine. These 
machines are worked with oil under a pressure of 
150 atmospheres (2200 Ib. per sq. in.) supplied by 
pumps and accumulators. The same building con- 
tains the offices for the rolling-mill department. 

A number of other secondary shops, dépét for 
raw material and rolled bars and sections (Fig. 30, 
page 420), physical and chemical laboratories, and 
offices are distributed among the main shops above 
described. 

Messrs. Krupp have also provided at Rhein- 
hausen dwellings for their men. The workmen’s 
| restaurant, built in 1904, and increased in 1908, 
| has sitting accommodation for 444 persons. There 
are also dwellings and a club provided for the staff. 
Three workmen’s lodgings, having 722 beds, are 

rovided for unmarried workmen. The charge for 
rd and lodging is about 1s. 3d. per diem. 








ReinrorceD ConcreTs.—Reinforced concrete has been 
added to the syllabus of the South-Western Polytechnic. 
A course of special lectures will be given by Mr. R. 
Graham Keevill, A.M.I.M.E., M.C.L, lecturer for this 
subject at the Northern Polytechnic and the London 
County Council School of Building. 
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(Continued from page 388.) 
Wrrecess TELEGRAPHY. 


THE next three papers, read on the morning of 
Tuesday, the 16th inst., were taken together. They 
were the following :—‘‘The Nature of Electric- 
Magnetic Waves Employed in Radiotelegraphy, 
and the Mode of their Propagation,” by Professor 
G. Howe; ‘‘ Atmospheric Refraction in Wireless 
Telegraphy,” by Dr. W. H. Eccles ; ‘‘ The Effect of 
Atmospheric Conditions on the Strength oi Signals,” 
by Professor E. W. Marchant. These pa) ers were 
read by the authors in the order named. 

Professor Howe’s paper stated that a good con- 
ception of the nature of the electro-magnetic waves 
employed in wireless telegraphy might be obtained 
by considering those waves which existed in the 
space between two conductors of a single-phase 
transmission line. If the conductors were flat, parallel 
strips, close together, coupled at the transmitting 
end by an alternator, there was a certain value of 
the non-inductive load at the receiving end which 
would absorb the arriving energy without reflec- 
tion. The current and voltage would then be in 
phase all along the line, even if the latter were 
of infinite length ; leakage and line resistance were 
assumed to be negligible. It followed that the 
electric and magnetic fields at any point had their 
maximum values at the same moment. The two 
parallel strips could next be imagined to be 
replaced by two discs cf infinite extent, with the 
alternating potential difference applied at their 
centres. Energy would then transmitted 
radially in all directions in the plane between the 
two discs. The lower discs could be taken as the 
earth ; the upper onea conducting horizuntal plane 
some distance above it. The upper disc again might 
be considered to be replaced bya cone, inverted, its 
apex almost in contact with the earth and the 
alternate, or connected between it and the earth. 

The electro-magnetic waves would then be almost 
identical with those employed in radiotelegraphy, 
and would vary in the same way with the Tess 
from the sending station. This multi-directional 
transmission line lent itself to simple calculation. 
It had constant inductance and capacity per mile. 
It could be shown that if the angle between 
the cone and the earth was 35 dég., the relations 
between the magnetic and electric fields near the 
earth’s surface and the total energy were identical 
with those existing in the ordinary radiotele- 
graphic wave. The current and potential differ- 
ence would be in phase at every point, and the 
horizontal magnetic field and the vertical electric 
field, due to a sending antenna, were not 90 deg. out 
of phase, but were approximately in phase, except 
in the immediate neighbourhood of the antenna. 
To show how prevalent at one time was the 
erroneous belief that these two were out of 
phase instead of ope omg | in phase, Pro- 
fessor Howe referred to the fourth chapter of 
the first edition of Fleming’s ‘‘ Elementary Manual 
of Radiotelegraphy,”’ where the author devoted much 
space to this fallacy, supporting the contention 
by mathematical reasoning. This error had been 
corrected in the second edition of that manual. 

Dr. W. H. Eccles summarised his paper, point- 
ing out in the first place that it was accepted among 
mathematicians that wireless telegraphic signals 
could not be transmitted a quarter of the way 
round the globe with diffraction alone. The horse- 

wer required under those circumstances would 
Be enormous. It had been suggested that trans- 
mission was successful either becaurc the earth was 
not a perfect conductor, or because the air was not 
a perfect dielectric. It had been pointed out that, 


| if strong ionisation of the atmosphere set in sud- 


denly at a high level, that layer would act as a 
reflector, and the rays would be reflected back to 
earth in a curved path, then out again, to return 
further away, and so on repeatedly. At night 
signals travelled remarkable distances whatever 


| their wave-length, which suggested reflection rather 


than refraction. In the daytime signals of great 
wave-length travelled best ; that suggested refrac- 
tion. The author assumed that the sun’s rays 
ionised the atmosphere in such a way that the 
concentration of ions increased with the height 
in the atmosphere. Then, if a ray 8 


| say, horizontally, it would pursue a curved th, 


with its concavity towards the earth. If the 
ionisation were great enough, the ray might follow 
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and overtake the curvature of the earth. The case 
of reflection was very difficult to treat mathemati- 
cally, but the case of refraction, assuming certain 
conditions, could be more easily dealt with. 
Professor E. W. Marchant’s paper described work 
done at Liverpool in connection with three wireless 
stations, of which one was at Clifton, another at 
Paris, and the third at Norddeich. The investiga- 
tion had been concerned chiefly with recording the 
variation in strength of signals received from Paris, 
the work having been done by arrangement with 
Comm. Ferrié. They had no data on the numerical 
strength of the current received, but the variation 
in strength alone was recorded. Their aerial at 
Liverpool was surrounded by buildings, and the 
actual value of the current received was not there- 
fore of much interest. The measurements ex- 
tended over a considerable time, but the chief 
records were made in July. At first a ‘‘ Perikon” 
crystal detector, in series with galvanometer and 
telephones, had been used, but later an Einthoven 
String galvanometer had been employed by which 
the strength of signal of each individual spark at 
Paris could be observed to within + 5 percent. No 
certain relationship had been established between 
the strength of the signal and the weather condi- 
tions, but observations had shown that rain in Paris 
always corresponded with a diminution of strength 
of the signal. Strong winds also appeared to have 
an effect. The most favourable conditions were 
cloudy sky at both the sending and receiving 
stations. Rain at the receiving station seemed to 
have little effect. The drop in strength with rain 
at Paris was possibly, he thought, due to a slight 
reduction in the effectiveness of the insulation of 
the aerial at Paris. On the screen Professor Mar- 
chant showed some slides illustrating the records 
of signals received. In one case there was asudden 


increase in the strength of the signal received of | passed 


about 70 per cent., which occurred about half an 
hour after sunset at Liverpool. There was no per- 
ceptible subsequent increase, but, on the other 
hand, a very small redu.tion when normal night 
conditions were reached a little later. 

Professor J. A. Fleming said that in spite of all 
the work that had been done there was still a vast 
field open for investigation. Their most funda- 
mental ideas on radiation were now being called in 
question, if not actually thrown into the melting- 

t. He did not altogether agree with Professor 

owe’s conceptions, some parts of which he con- 
sidered rather artificial. He thought it hardly 

ible to improve on Hertz’s methods. Professor 

hant had brought forward some interesting 
facts, but his records showed no nick at sunset. 
He thought records usually showed that at sunset 
the strength of currents received first dropped 
slightly and then increased. With regard to Bio 
fessor Eccles’ remarks on ionic refraction, that 
theory did not explain everything. He suggested 
that the transmission might sometimes be through 
the earth. It was well known that signals had been 
received in wires and small zinc cylinders, only 
slightly insulated, and standing practically on the 
ground. The waves therefore travelled, in his 
opinion, through the earth. Points like those 
raised in the papers suggested the importance of a 
committee to organise and take charge of combined 
work between the different stations. He thought 
all large stations should have a self - recording 
ammeter to record the cflects on the sending 
antennie. 

Professor Nicholson said, with regard to the 

ro tion of waves through the earth, that no 
oubt for some distances perhaps the most im- 
portant part of the effect was something in the 
nature of a surface wave. For short distances 
the earth was virtually flat, but the limit of trans- 
mission through the earth would possibly be about 
100 miles. Beyond that he did not think the sur- 
face-wave effect possible. The fact that there was 
a day and a night effect appeared to prove that the 
atmosphere pla ed an importunt part in the ques- 
tion. Dr. Hecles had considered in his case of 
reflection an exceedingly rapid change of conduc- 
tivity of the atmosphere, so that a ray going up 
was returned quickly and was then reflected up 
in, and so on, It was, as he had said, extremely 
difficult to calculate its intensity where it came 
down. He was considering the question on the 
assumption that round the earth there was a space 
containing a medium of no = conduc- 
tivity, surrounded by a layer of appreciable con- 


ductivity, outside which, again, was an area of no 
appreciable conductivity. 


If such conditions 





were assumed, it was possible to explain the 
phenomenon. 

Mr. Rivers Moore said his experience had been 
confined to short ranges, but he would like to 
a on the desirability of co-operation between 
the different bodies. By collating data collected 
by the large number of amateurs interested in 
wireless telegraphy, who could probably be very 
easily suseamtiel to send in observations on atmo- 
spherics, &c., most valuable information would be 

ot together. They had tried to do that in the 

‘ost Office, but had encountered some difliculties. 
Possibly, just when an observation had to be made, 
a ship would call up and require attention. That 
matter of interesting all able to help was one which 
the British Association might very well take up. 
He considered the Wilson coil very suitable for 
quantitative experiments. For small work of 
about 4 kw. it was very steady. He did not con- 
sider crystal detectors reliable. 

Professor E. Wilson said he was in complete 
sympathy with the remarks just made on the sub- 
ject of collecting data, of which there was great 

k, especially on the effect of the atmosphere. 
Experiments had been made with the object of 
investigating the effect, if any, of ultra-violet light 
on the conductivity of air. In some cases the 
result had been a purely negative one. He had 
recently conducted experiments which tended to 
show that the conductivity of air ionised by ultra- 
violet rays increased. He had a tube, in which he 
maintained a vacuum, in one side of which was a 
quartz window, through which was passed a beam 
of light from an arc-lamp. The rest of the tube 
was shielded from the light. A current was 

through the inside of the tube, and it was 
ound that the conductivity of the space increased 
when the light was on and the ultra-violet rays 
across the tube. He was not yet certain 
as to the precise reason for that. There might 
be some photo-electric effect not yet understood, 
and it might not be a true change in the con- 
ductivity of the space itself, but he was inclined 
to the opinion that the conductivity did increase 
when an exhausted atmosphere was affected by 
ultra-violet light. If the British Association could 
assist in getting data together on these points, the 
work would be most valuable. 

In reply to Professor Fleming, Professor Howe 
admitted that the conceptions in his paper were 
artificial, but they were purposely adopted to 
familiarise people with phenomena not easily ex- 
plained. He thought Professor Marchant’s expla- 
nation, that the varying strength of currents 
received from Paris was due to variation in the 
effectiveness of the insulation, might be true. 
That aerial was worked at very high potential. 
Even a quarter of a mile away, when in the street, 
one could hear the hissing when the key was put 
down, and it was quite possible to take down the 
weather report at that distance. 

Dr. Eccles said that every one would be pleased 
that Professor Nicholson was interesting himself 
in the effect of the refracting medium surrounding 
the globe, and something was sure to come of his 
work in that direction. 

Professor Marchant stated with regard to crystal 
detectors that they were reliable providing one 
got a good one. They had tried many before 
selecting the one they actually used, and that one 
they calibrated both before starting the records 
and after. He did not use a battery in the tele- 
phone circuit ; the effect, he thought, was thermo- 
electric. A battery was not required. Before 
the next paper was taken, Dr. Eccles stated that, 
as suggestions had been made with regard to the 
Association organising amateur workers on this 
matter, he would like to announce that a radio- 
telegraphic committee was already at work and 
was drawing up a scheme, which they hoped would 
be put in operation within the next six months. 


Ssort Heat Tests or Erecrrica, MacuHInes. 
Mr. W. R. Cooper next read a paper entitled 
**Short Heat Tests of Electrical Machines.” In 


this the author pointed out that suggestions had 
been made that the usual 6-hour test might be con- 





siderably shortened if the temperature-rise curve 
were assumed to be logarithmic. He had conducted | 
a number of tests on a5-kw. motor-driven dynamo, | 
and the curves of temperature rise were found to be | 
fairly logarithmic. The usual method was to run the | 
machine on test at constant output with constant | 
voltage, which necessitated increasing the input, as | 
the resistance of the field coils rose with the tem- | 


rature. A true logarithmic curve could only 

expected if the input of heat was constant, and 
better results would be anticipated if a machine 
were tested with constant input to the field coils, 
the output of the machine being constant, but at 
varying pny This method, however, was not 
found to give better results. Only certain portions 
of the temperature-rise curve should be used. 
Formule dependent _ the initial rate of the 
temperature rise should be avoided. Graphical 
methods depended upon the correct drawing of 
tangents in which error was liable. The cooling 
curve seemed to give the simplest and best means 
of obtaining the thermal time-constant by the tem- 
perature drop. It was unlikely that the usual 
six-hour test would be abandoned, as it afforded a 

arantee of the general fitness of the machine. 
oo more likely that short tests would be useful 
in providing data from which the behaviour of a 
machine on intermittent load could be deduced. 

A communication from Mr. P. Kemp was read, 
detailing the results of tests with field-coils sur- 
rounded (1) by still air, (2) by a mass of iron, and (3) 
by a current of air produced by a fan. In no case 
was the logarithmic line maintained. If formule 
given in the paper were applied, values would be 
obtained for the still-air conditions of between 
39.5 deg. and 42.9deg. Actually the maximum 
observed temperature had been 46.3 deg., and that 
was still rising after 18 hours. For the moving-air 
conditions the formul:e gave values of between 
75.3 deg. and 83.2 deg., while the maximum tem- 
perature observed was 78 deg. 

Professor Marchant asked how the temperature 
rise was measured. He nearly always found a 
small reverse bend at the beginning of the curve. 
If, however, that were smoothed out, the results 
given by Thompson’s rule were satisfactory. An- 
other speaker said that there was a reaction between 
the armature and the field coil, and these each had 
a different time-constant. Results would be more 
valuable if they took that into account instead of 
being confined to field-coil conditions only. 

Mr. W. M. Mordey thought that though 
the paper was a careful study of the subject, it 
did not convey any great sense of the value of 
short tests. There were in practice other things 
beside the temperature rise to consider—more 
practical points, such, for instance, as balance, 
freedom from vibration, condition of bearings, Xc. 
All those, he thought, were of greater importance 
than a test for temperature rise, for the tempera- 
ture seldom now exceeded the usual figures worked 
to by good makers. For measurement purposes he 
considered resistance and thermometer records 
useless conventions. What was wanted was the 
temperature of the hottest part of the machine. 
The mean temperature was no use. He thought 
manufacturers might make a practice of putting 
into every important machine a little platinum 
couple, inserted at the place where the machine 
was most likely to fail, in order that tests might 
be made at intervals. He had had that done 
himself with excellent results. The cost involved 
was a mere trifle, and the couple was always there, 
so that the life of the insulation could be tested. 
He thought in practice tests under running condi- 
tions would be adhered to, for reasons apart from 
the actual temperature rise. 

After Mr. Cooper had stated that the tempera- 
ture of the field was the predominant factor in such 
tests, the meeting was adjourned till Wednesday 
morning. 


Stipes ACCOMPANIED BY UPHEAVAL IN THE 
Panama CANAL. 


On the meeting being opened on Wednesday, the 
17th inst., the first paper to be taken wrs by Dr. 
Vaughan Cornish, the subject being ‘‘ Landslides 
Accompanied by Upheaval in the Culebra Cut 
of the Panama Canal.” This paper we reprint 
elsewhere in this issue, and need only state here, 
therefore, that at Cucuracha, where there existed 
one of the most troublesome slides, the geological 
strata tilted towards the canal, but that north of 
Gold Hill the strata were horizontal, and geologists 
had assured the engineers that at that place there 
would be nosliding. Sliding had occurred, however, 
accompanied by obdabe up of the canal bottom. 
The bulges were sometimes 20 ft. to 30 ft. high, 


| and the rate of rise was sometimes 9 ft. in an after- 


noon. In one case 10 ft. in 10 minutes had been 
recorded. He accounted for this by the presence 
of thin layers of lignite, which stood well so long 
as it was dry, but failed as soon as moisture got 
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to it. The construction operations admitted water 
toit. The trouble was due to rotting, a chemical 
action, and the initial strength was not maintained. 
What was happening now was the result of mis- 
chief done some time ago. It would probably 
continue for some time, but would ultimately be 
got over. 

Mr. W. Whittaker said the paper showed that 
no science could stand by itself. Here they had 
the case in which even engineers and geologists 
together had not succeeded without the further 
assistance of the chemist. Generally speaking, 
engineers were addicted to taking an optimistic 
view of things. Nearly always the conditions 
turned out worse than they had anticipated ; 
enough was not allowed for eventualities. In 
spite of all that engineers did, or of what geo- 
logists could tell them, slips constantly occurred. 
At Panama many of the rocks were firm, but they 
were notallfirm. Lignite had been mentioned by 
the author, and that was a most treacherous 
material. He had known of one very interesting 
instance in which a thin bed of lignite, 6 in. thick, 
squeezed along instead of faulting, as the other 
strata did. Lignite absorbed water very readily. 

Ifa deep cutting were made, a free margin was at 
once provided, and the pressure of the ae mate- 
rial was bound to affect the bottom. at always 
happened where natural conditions were disturbed. 
The engineers and geologists were not to blame for 
this case. He knew of a case in London where, 
as a result of making a free margin, the whole of a 
hill was in motion. The hill in question was One 
Tree Hill, or Honor Oak Hill. At the north end 
of that hill there was a railway, and every now and 
then the line had to be moved. It was not hoisted 
in that case, but was deflected sideways. Railway 
lines were very sensitive in that respect. It was 
not only loose earth that tended to slide; solid 
earth was also addicted to moving. Where there 
was clay motion was facilitated. He considered 
that at Panama conditions of stability should soon 
be reached, because of the rapid growth of vegeta- 
tion in that district. Thus they had the conflictin 
facts that the rainfall, which was heavy, ad 
assisted in the destructive work, but by way of 
compensation greatly assisted the growth of vegeta- 
tion. The manner in which vegetation helped was 
extraordinary. He knew of one case in which a 
slide had stopped at a simple hedge, and had been 
delayed there ben enough to become covered with 
growth. He hoped the paper would lead to the 
closer study of landslides, which had not received 
hitherto sufficient attention. 

Mr. Arnold Lupton said that it was the common 
experience of those working in deep places to find 
the pressure per square inch exceeding the strength 
of the material. It was often impossible at con- 
siderable depths to keep a e- way open 
owing to the bulging of the floor, and frequently it 
became necessary to construct another higher up 
in harder material. From the accounts given in 
the paper it appeared to him that an hourly sur- 
vey of the canal would be necessary. The water- 
way would be used by vessels allowing very little 
clearance between the ship’s bottom and that of the 
canal, and, with the rates of rise recorded for these 
humps, ships would be in danger of grounding unless 
there was accurate knowledge of the state of the 
bottom at all times. 

Dr. J. S. Owens, the next speaker, remarked 
that Dr. Cornish had drawn attention to the effect 
of rainfall in rotting rocks. The presence of water 
in porous rocks had a remarkable effect in reducing 
their strength both in tension and compression, 
not gradually, but immediately water was brought 
in contact with them. He had made a large number 
of experiments on the weathering of Portland stone, 
and had been forced finally to the conclusion that 
the erratic results recorded had a relation to the 
date of saturation. He had subsequently taken 
dry stone and compared the results with stone 
which had been simply dipped in water, and had 
found an immediate reduction of strength of from 
30 to 40 per cent. If they considered a cliff of 
chalk after a shower, there might be a small 
depression in which water had collected. On the 
Sun coming out the water would be dried up, and 
slight cracks would form. Rain-water would next 
enter the cracks, and with the strength of the rock 
80 greatly reduced as a consequence, the shear 
stress could not be resisted, and a slide would 
follow. Conditions practically entered upon a 
vicious circle, and were difficult to contend with. 

Two or three speakers asked questions of the 





author. One had reference to the report in the 
papers that the workmen on the canal had been 
seriously alarmed by outbreaks of hot sulphurous 
gases. Was that so? Another speaker asked what 
was the depth of the layers of lignite, while a third 
also asked for information regarding the manifesta- 
tions of heat, of which a good deal had been heard. 
Dr. Kapp also put a question with regard to the 
effect of filling the canal. Would the water intro- 
duced have a beneficial effect on these slides or 
otherwise ? 

Dr. Cornish, in reply, said that with regard to 
the filling of the canal, the effect was difficult to 
predict. The gravitational effect of the water 
would certainly have a good influence, but the 
effect might be adverse in other directions, and it 
was oe to tell yet whether the effect would 
be good on the whole, or destructive. No volcanic 
heat had developed on the line of the Canal, but 
considerable quantities of an oxidisable sulphide of 
iron had been encountered. When that material 
oxidised, heat developed and steam was given off, 
causing some trouble. There were also in the line 
of the Canal quantities of minerals which had clay 
inclusions. en water had access to material of 
that kind, the material crumbled and disintegrated. 
As a matter of fact, the presence of such material 
should have been known, though apparently it had 
escaped notice. The Americans had all the French 
records available, and among them were records of 
microscopic examinations of the materials of these 
districts. The French found that their specimens 
could not be prepared with water, but had to be 
prepared with oil, showing that clay was present. 

He was not concerned with landslides in the 
ordinary sense, and did not propose to follow the 
broad discussion of that subject, being interested 
in slides accompanied by upheaval. Such slides 
were of wave form. They were often associated 
with peculiar conditions of stratification. Strata 
took the form of large relatively thin slabs of 
material, and if there was a thin and weak seam 
and something happened to produce a difference in 
pressure, a flow was bound to result. That flow 
would jam against its abutment in front, and there 
would then be a bulging up of material. If the 
weak materials were uniformly disseminated 
throughout the whole depth, then the side of the 
cut would push out at the foot. Wherever the 
weak material was concentrated in one layer the 
bulging trouble was met with. 


Tue RECONSTRUCTION OF THE SNow HILL 
Station, BrrMincHamM. 


The following paper, by Messrs. F. Gleadow and 
C. E. Shackle, was entitled ‘‘ The Reconstruction 
of the Great Western Railway Company’s Snow 
Hill Station, Birmingham.” This paper commenced 
with a short description of the old buildings re- 
cently removed to make way for the new. ese 
buildings had been erected in 1870. The station, 
as it was before reconstruction was commenced, 
consisted of two principal platforms in direct con- 
nection with the street on either side. The plat- 
forms and lines between them were covered by an 
iron roof ‘1 * on crescent-shaped girders of 
92-ft. span. In the new arrangement a high-level 
entrance and yard, booking-hall, &c., are provided 
over the railway at one end of the station, adjoin- 
ing Colmore Row, and access to the platforms is 

rovided by stairways for the passengers and by 
ifts for the luggage. The roof over the main 
entrance and circulating area (high level) is of 
steel arched ribs of about 94-ft. span, with glazed 
screens on the east and west sides. Over the inain 
latforms the main roofs are of the ridge and 
urrow type. They are supported on girders of 
varying length, this girder work extending across 
the station site. The girders are 8 ft. deep and 
of N-t bracing. Over each girder is the valley 
formed by two ridge sections of the roof. These 
extend therefore over the platforms in a transverse 
direction, but are not continuous across the site, 
leaving a space clear to the sky over the four tracks 
between the main platforms. This type of roofing 
gives way, after a certain length, to the ‘‘ umbrella” 
type over single platforms. The steel-work was 
designed to withstand a wind pressure «f 40 lb. 
per sq. ft. over the whole surface, and «ny indi- 
vidual portion of it a local gust of 56 lb. per 
sq. ft. Under no conditions could any of the 
steel-work be stressed to more than 6 tons per 

uare inch in tension and 5 tons in compression. 
The maximum pressure allowed for foundations 





was 3} tons per square foot. 
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Mr. Thomas Reid referred to the construction 
of the wind-screen, which ap) to be suspended 


from strong horizontal girder-work. He wanted 
to know why trusses were used in that way, and 
why the wind-screen could not have been designed 
to be self-contained and self-supporting instead of 
being suspended. . J. 8. Wilson asked for 
figures for the stresses or loads allowed for in the 
design and for the figures taken for wind-pressure 
and snow, none of which seem to have been men- 
tioned in the summary given. 

Mr. A. T. Walmisley said the work was a very 
important one successfully accomplished. It fol- 
lowed the tendency nowadays to abolish big roofs 
and to replace them by single-platform roofs, 
thereby allowing the fumes from the locomotives 
means of ready escape. He thought the 56-lb. 
pressure taken for gusts allowed such ample margin 
that it did not much matter whether snow was 
allowed for or not ; although, of course, one would 
act horizontally and the other vertically. The 
roof appeared to be well designed from the main- 
tenance point of view. 

Sir Oliver Lodge, on being invited to speak by 
Dr. Kapp, said it would perhaps have been more 
appropriate had he been able to be present on the 
previous day, when electrical questions were con- 
sidered. The work described in the paper happened 
to be a local feat of engineering, of which the 
citizens of Birmingham were very proud. The 
station was medizeval a few years ago, but now was 
of the most approved type. The work had been 
carried out without any interruption of traffic, 
though probably not without some inconvenience 
to those responsible for it, and, as far as he knew, 
without serious accident. The skill shown by 
engineers in the execution of such works justly 
excited the admiration of laymen. 

Professor 'l'. Hudson Beare spoke on the subject 
of wind pressure and snow. He considered the 
allowance of 56 lb. for wind pressure very high 
indeed ; there were no records here of winds of 
that kind, and, as a consequence, he thought any 
additional allowance for snow, in such a country as 
this, quite unnecessary, in spite of the fact that the 
effect. was horizontal in one case and vertical in the 
other. The ease with which the work had been 
carried out without interruption of traftic was note- 
worthy; he had seen the work in progress on 
several occasions. 

Mr. Gleadow replied for the authors, and said 
that with regard to wind pressure with wind 
capable of producing 56 lb. pressure, it was im- 
possible for snow to lie, and it was not therefore 
worth taking account of separately. Great care 
had been given to designing the roof for easy 
maintenance. In one case permanent rings were 
provided in the roofing for the necessary scaffold- 
ing. The wird-screen was hung because it was 
the most economical method. The truss girder 
was there to support the roof, and the wind-screen 
could be hung from it conveniently. 


Tue Inriuence or Harsour PROJECTIONS ON 
Sanp-TRAVEL. 


A paper entitled ‘‘Harbour Projections and 
their Effect upon the Travel of Sand and Shingle,” 
by Mr. E. R. Matthews, was next considered. 
This paper was summarised by the author, whose 
remarks were illustrated by a number of lantern- 
slides. We reprinted part of this paper in last 
week’s issue of ENGINEERING, and we conclude it 
in the current one. The author draws attention in 
it to several examples of sand or shingle accretion 
on the side of harbour piers facing the direction 
from which coastal ceed of the sand, &c., occurs, 
and of concurrent erosion on the other side of such 
projections. He suggests as a remedy that on the 
side facing the direction from which the sand is 
travelling, harbour works should never project from 
the shore at right angles, but at an angle of about 
45 deg., and proposes that the line of such works 
should present a curved face to the sea, the object 
being to sweep the sand on past the end of the pier 
to the lee side, where it might be allowed to settle. 

Dr J. 8. Owens asked what the author proposed 
to do with the material which would have to be 
dredged from across the harbour-mouth if his curved 
wall were adopted. The design would tend toincrease 
the deposit across the mouth. The littoral drift 
would be deflected. At the present time dredging 
was, of course, commonly adopted, and as it was 
difficult to dump from hoppers at sea — in deep 
water, he did not see that matters would be im- 
proved, because the material which accumulated 
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at the harbour-mouth would be taken out, as now, 
to deep water, and not deposited on the lee side, 
where it was wanted. If it could be dumped there, 
matters would be improved. 

Dr. V. Cornish referred te the form of wall 
advocated by the author. He thought the wall 
ought to finish at the outboard end, with a curvature 
convex towards the direction from which the sand 
travelled. The concave form was a mistake ; the 
sand would be worked outward, while with a 
convex curvature the travel would be across the 
harbour-mouth and on to the lee side of the harbour. 
The drawback of a right-angled projection was that 
eddies were caused. The object should be to avoid 
all eddies. If snow or sand filled in any space, 
they always found, he thought, a bluff brow on 
one side with a long taper tail on the other. 
That showed that the natural form would be a 
convex-curved wall, and not a concave one, as the 
author proposed. That form was not natural. 

Mr. A. A. Rowse asked if the author knew 
whether the work of underpinning the cliff at 
Kemp Town was being undertaken as a result of the 
effect of the pier, &c., at Shoreham. Houses at 
Kemp Town were disappearing as a result of serious 
erosion. 

Mr. Samuel Hardman said that at Southport 
they had an example of sand accretion in connec- 
tion with the Ribble training-walls. Sand was 
accumulating there so fast in front of the town 
that the channel would disappear if nothing were 
done, and at low water there would be unbroken 
sands. The Corporation now had powers to dredge. 
Since the iteciueiion of the training-walls the 
south channel had gone, and the north channel was 
rapidly silting up. The Corporation was committed 
to an expenditure of 50,000/. in this connection. 

Mr. Matthews briefly replied, stating that he 
thought the trouble at Kemp Town was undoubtedly 
due to the works at Shoreham. 


TRANSPORT AND SETTLEMENT OF SAND IN WATER. 


The last paper taken on Wednesday morning 
was one by Br J. S. Owens, on the ‘Transport 
and Settlement of Sand in Water, and a Method of 
Exploring Sand Bars.” 
remarks by means of a number of interesting 
experiments. One point Dr. Owens dealt with 
was the influence of suspended matter on the 
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specific gravity of the liquid. If a quantity of sand 
and water were placed in a glass vessel, and the 
sand was allowed to settle, a hydrometer would 
indicate, of course, 1.00 as the specific gravity of 
the water. If, however, the sand and water were 
shaken up, the hydrometer would indicate an 
increased specific gravity. In the demonstration at 
the meeting a specific gravity of 1.3 was indicated 
when the sand was in suspension, and as settle- 
ment occurred the hydrometer sank, until a specific 
gravity of 1.0 was indicated. Another question 
discussed by the author was the formation of 
quicksands. It was pointed out that heavy bodies 
might bury themselves in the sand from two 
causes: either they might sink in a true quick- 
sand, or they might sink into a hollow caused by 
the erosion of the sand under them by a water- 
current. A true quicksand was due to the sepa- 
ration of grains of sand by water. If water flowed 
upwards through sand, the grains were separated 
and a quicksand formed. This was demonstrated 
by a pebble in a glass tank filled with sand and 
water. Water was led down to a point below the 
sand surface in a pipe, and allowed to escape under 
small pressure. The pebble very soon buried 
itself in the quicksand so formed. It was also 
shown how it would bury itself in the second 
manner by the erosion of the sand beneath it. 

A third experiment was made to show that bodies 
always tended to settle in water in the position of 
greatest resistance. In this Dr. Owens threw, in 
succession, into a large vertical glass tube a number 
of small discs and rods, all of which, after the 
first preliminary waving movement had died out, 
settled gently downwards in a practically flat posi- 
tion instead of edge on. The movement of sand 
ripples was illustrated in a small apparatus in 
which a flow of water was obtained over a bed 
of sand. It was shown that for movements up 
to 2.5 ft. per second the sand at the bottom 
travelled in ripple form, but that at velocities 
above that the ripples died out and the sur- 
face became flat. 

The author also exhibited and described an 


|exploring instrument for use on sand bars. This 
The author illustrated his | 


instrument consisted of two tubes, one inside 
the other, the inner being slightly shorter than 
the outer. To each, at its upper end, was 
fixed a cock, water being led to that connected 











with the inner tube. In use it was shown that 
this instrument would not ordinarily go very far 
into a bed of sand, but that when the water 
supply to the inner tube was opened the instru- 
ment sank of itself immediately, if the cock on the 
outer tube was closed. On a depth being reached 
from which a sample of sand was required, the cock 
of the outer tube was opened, and the water, pass- 
ing down through the inner tube, rose through the 
outer, carrying with it sand of the quality in which 
the end of the instrument then stood. This instru- 
ment was shown in operation, a sample of black 
sand being withdrawn from the bottom of a tall 
glass tube, in which it was overlaid by a consider- 
able depth of ordinary sand. 

Mr. Gerald Stoney was the first speaker on this 
paper. He said that in connection with hydraulic 
work, such as that connected with water-turbines, 
it was well known that sand in suspension in- 
creased the density of the water, but, so far as he 
was aware, that was the first occasion on which the 
point had been actually demonstrated. 

Mr. T. Reid asked if there were any relation 
between the size of the discs and the size of the 
tubes used by Dr. Owens, in his experiment in which 
he intended to show that bodies tended to settle 
in the manner offering the greatest resistance to 
movement. Mr. J. J. Guest remarked that an 
ellipsoid certainly tended to set itself naturally 
with the shortest axis in the direction of motion 
in a fluid, in which position it would be stable. 

Mr. J. W. Gordon said, on the same point, that 
bodies set up resistance as a result of the displace- 
ment of the fluid. If they travelled in the other 
manner, the displacement would be effected quickly. 
When they set themselves approximately hori- 
zontally, the displacement was effected slowly. Mr. 
E. R. Matthews asked if the exceptional scour 
noticed after a storm could be attributed to the 
greater density of the water owing to the material 
then in suspension. He would also like to know 
whether Dr. Owens’s exploring-tube could be used 
of a greater length than about six fathoms ; if so, 
it would be a valuable appliance. 

Dr. Kapp, on the question of quicksands and the 
tendency of bodies to bury themselves, said that 
principle was usefully applied in the case of a cer- 
tain typeof anchor. The anchor in question wasa 


hemispherical solid, the mooring-chains being fixed 
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to the periphery. In the centre was a hole con- 
nected to the surface by a flexible tube. Down this 
tube water was forced, and, passing through the 
body of the anchor, emerged on the under side, 
with the result that the material was removed and 
the anchor sank in the sand. To pull it out would 
require displacing a large cone of superposed sand, 
but by again forcing down water through the tube 
quicksand was formed, and the anchor could then 
be easily extricated. It had much greater holding 
power than an anchor with flukes. 

Dr. J. S. Owens, replying to the discussion, said 
that in his actual experiment the size of tube had 
no influence on the aspect of settlement. There 
was, however, a limiting diameter of tube below 
which one should not go. He had found that by 
working with different sized tubes side by side, 
and comparing the effect. If the tubes were at 
least four times the diameter of the body, the size 
had no influence. When a body was falling in 
water, the force drawing the body down was con- 
stant, and the velocity was some measure of the 
resistance. If the velocity were slow, the resist- 
ance was great ; if it were fast, the resistance was 
small. He thought the increased specific gravity 
of the water after storms had some effect, but it 
was small ; it required a great deal of sand to raise 
the density to any appreciable extent. The amount 
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in suspension was not nearly so great as he had 
shown in his experiment. The question was diffi- 
cult to investigate, because they could not get at 
the lower layers of water. The exploring instru- 
ment was good for any depth. In practice, 30 ft. 
or so was sufficient length fer exploring-bars for 
purposes connected with navigation. The depth 
had no effect on its action. The case of the anchor 
mentioned by Dr. Kapp was an instance of the 
artificial formation of a true quicksand. 

At the close of Dr. Owens’s reply the proceedings 
of Section G terminated. 


SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE 


Section A met in Mason College, which afforded 
ample accommodation for this and six other sections. 
The provisional programme of Section A, issued on 
the opening day, Wednesday, the 10th inst., included 
thirty-four papers, reckoning each discussion as one 
paper only, and not counting the printed reports 
separately. Thursday’s programme enumerated 
fifty papers, and the actual number of papers 
communicated, which finally figured in the journals, 
exceeded sixty. To dispose of this heavy pro- 
gramme, the Section had to subdividetwice into 
two departments, and once into three depart- 








ments—those of general physics, cosmical physics, 
and mathematics. Only morning meetings were 
arranged originally, but one afternoon meeting 
had to be added. It would, of course, be con- 
venient if the precise programme could be drawn 
up before the meeting and be strictly adhered 
to; that is possible with the meetings of a learned 
society. But the - British Association, with its 
twelve or thirteen sections—for Section I. (Phy- 
siology) this year split off Psychology as a definite 
Subsection—is a congress of scientists of all classes 
who assemble for the purpose of discussing the 
general bearing of recent researches rather than for 
describing them in detail. The programmes have 
hence sg ma to undergo changes in order to 
bring the leading scientists together, and the dis- 
cussions may occupy more time than was originally 
allowed for. That happened at Birmingham. The 
roceedings of Section A were certainly of very 
high interest, thanks largely to the presence of 
Professor H. A. Lorentz, of Leiden, and they might 
have been still more instructive if Professor Max 
Planck, of Berlin, and Professor Langevin, of 
Paris, both of whom had been expected, had not 
been prevented from attending. For the discussions 
on radiation and on the structure of atoms all con- 
cerned the quanta theory of Planck. 

The officers of the section were :—President, 
Professor H. F. Baker, D.Sc., F.R.S., of Cam- 
bridge; Vice-Presidents: Professors R. 8. Heath 
(Birmingham), E. W. Hobson Sarma as J. H. 
Poynting and R. A. Threlfall (Birmingham), A. W. 
Porter (University College, London), A. H. 
Turner (Oxford); Secretaries; Professor P. V. 
Bevan (Holloway College), Recorder ; Professor 
A. 8. Eddington (Cambridge), Messrs. E. Gold, 
M.A., H. B. Heywood, D.Sc., and A. O. Rankine, 
D.Sc. (London), and G. A. Shakespear, D.Sc. 
(Birmingham). 


Tue Piace or Pure Marsematics, 


The subject of the presidential address, by Pro- 
fessor H. F. Baker, was ‘‘ The Place of Pure 
Mathematics.” It was a plea for the study of pure 
mathematics couched in beautiful language, recall- 
ing in certain features Sir Oliver Lodge’s address, 
though it was rather assertive than sceptical. 
There were references, of course, likewise to the 
address on pure mathematics which Professor 
Hobson delivered at Sheffield in 1910. Pro- 
fessor Baker remarked in his introduction that 
he was hardly entitled to speak in justification 
of pure mathematics ; for he had himself to 
teach mathematical physics. The pure mathe- 
matician was apt to be regarded as a trifler and a 
visionary. He might wish to participate in the dis- 
covery of wireless telegraphy or in improving the 
stability of aeroplanes, but the improvement of 
general principles was arduous and, if undertaken 
only with a view to results, might be ill-timed 
and disappointing. If we gave ourselves to the 
study of universal methods, however, for their own 
sake, the mind responded, and infinite possibilities 
of intellectual comprehension and of mastery of 
the relation of things began to appear on the 
mental horizon. Pure mathematics as such was a 
creative art. It might be that early forms of what 
was now specifically called ‘* art ” had arisen with 
a view to application. No one would now deny 
that art was a worthy object of pursuit. But what 
was the subject of pure mathematics, if it was not 

rimarily directed to the laws of natural phenomena ? 
That question Professor Baker answered by ex- 
pounding how physical problems forced us into 
abstract inquiries. He dwelt on the need of pre- 
cision of definitions, the exact implications of the 
terms employed being in constant need of recon- 
sideration ; on the grave disquiet that the variation 
of a definite integral caused to the mathematician ; 
and on non-Euclidean geometry, which taught 
that, given a point and a straight line, an infinite 
number of straight lines could be drawn through 
the point, in the plane of the given line, no one of 
which would meet the given line. That might 
sound a monstrous heresy, as if different systems 
of laws of Nature were possible ; yet he was sure 
that many systems of _—— were ible and 
true, though not equally expedient. e theories 
of groups of algebraic functions, of functions of 
complex variables, and of numbers, were other 
fruitful fields for the study of the mathematician, 
with which Professor Baker dealt. 

It is out of the question to write an abstract of 
such an address. To mark the point of view, we 
quote the following :—‘‘ For those who can make 
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pronouncement in regard to the stability of the solar 
system I have a feeling of envy ; for their methods, 
as yet, I have a quite other feeling.’”’ Each of the 
few matters upon which he touched, he said on his 
conclusion, was large enough for one man’s thought. 
Pure mathematics was not the rival, even less the 
hand-maid, of other branches of science ; it was the 
essence and soul of all of them. No man who had 
felt its fascination could be content to be ignorant 
of any manifestation of regularity and law, or 
could fail to be stirred by all the need of adjust- 
ment of our actual world. Did we feel, more or 
less, competent to grasp the future possibili- 
ties of things when we could send a wireless 
message 4000 miles. ‘‘Our life is begirt with 
wonder and with terror. Reduce it by all means 
to ruthless mechanism, if you can. It will be 
a great achievement. But it can make no sort 
of difference to the fact that the things for 
which we live are spiritual. The rose is not less 
sweet because its sweetness is conditioned by the 
food we supply to its roots. You may speak of a 
continuous upholding of our material framework 
from without ; you may ascribe fixed qualities to 
something you call matter; or you may refuse to be 
drawn into any statement. . . Dogmas rise and 
fall . But gradually accumulating throughout 
the ages from the earliest dawn of history, there is 
a body of doctrine, a reasoned insight into the rela- 
tions of exact history, painfully won and often 
tested. And this remains the main heritage of 
man. . . . Of all that is most fundamental and far- 
reaching of our spiritual activities, pure mathe- 
matics is the symbol and sum.” 

In proposing the vote of thanks, Sir Oliver 
Lodge remarked that on the Continent pure mathe- 
matics required no justification, not so in this 
practical country. Pure mathematics was, indeed, 
an art; it invented what was not, whilst physics 
discovered what was before. 

Lord Rayleigh, in seconding the vote, said that 
the physicist was more convinced by a bad argu- 
ment he understood, than by a good argument 
which he did not understand ; pure mathematics 
demanded a more rigorous proof than physics, and 
needed no defence, of course. 

The reading of the presidential address was fol- 
lowed by papers on the nature of the X rays and on 
the structure of the atom. We begin our account with 
these papers, taking experimental researches first, 
and grouping them so far as possible without binding 
ourselves to the order in which they were presented, 


Tue Nature or X Rays. 


Professor A. G. Barkla, F.R.S., of University 
College, W.C., in presenting his paper on the 
formerly much-disputed ‘‘ Nature of the X Rays,” 
said that, since he promised this paper, the need 
for a defence of the electromagnetic-wave theory of 
Réntgen radiation had rapidly disappeared. He 
maintained that X rays and ultra-violet light were 
identical ; the remaining difficulties were those that 
a theory of light had to meet. He had tabulated 
on the board the main facts of the experimental 
evidence upon which he relied. Dealing first with 
the scattered X rays, he pointed out that they were 
(1) in quality like the primary radiation, soft or 





hard, each disturbed electron sending out radiation 
along its own tube of force, so that the distribution 
of the force in the tube was uniform; (2) the 
intensity was independent of the penetrating power | 
of the primary; this had been worked out by | 
J. J. Thomson, and followed from the theory that 
the number of electrons in an atom was about half 
the atomic-weight value ; thus (3) the magnitude 
of the intensity could be calculated; (4, 5, 6) 
the distribution around the primary showed 
partial polarisation, and oman the secondary 
more complete polarisation in the plane containing 
the direction of the primary, because a series of 
electrons fired up electrically would produce waves 
along the tubes of force, the contracting and ex- 
panding tubes not being abse to emit transverse 
waves. Ifthe secondary scattered radiation formed 
the angle @ with the primary, then the intensity 
was given by the formula, I¢ = I,(1 + cos? 6); 


2 
determinations of the intensity agreed within 5 per 
cent, with this formula, These six results showed 
that the X rays consisted of waves in which the 
displacement was at right angles to the direction of 
propagation. 

Passing to the characteristic (fluorescent) X 
radiation, Professor Barkla stated that it was, as 





to quality, homogeneous and characteristic of the 





element which emitted it ; the intensity varied with 
that of the primary, inasmuch as the characteristic 
rays were not excited by softer rays [there were no 
exceptions to this rule, though there were to 
Stokes’s law]; the intensity, as measured by the 
ionising power, showed that the rays did not carry 
away all the energy used up in their production, 
so that the total ionising power of the primary and 
the secondary radiations was smaller than the 
original energy. Turning to corpuscular radiations, 
Professor Barkla said that a substance exposed to 
X rays emitted electrons whose velocity depended 
upon the penetrating power of the primary radia- 
tion, short waves giving high velocities, and the 
energy was proportional to the frequency, according 
to the experiments of Richardson and himself ; the 
corpuscles carried all the ionising power, but not all 
the energy ; the preponderating distribution was at 
right angles to the direction of propagation (C. T. R. 
Wilson), and more corpuscles were hurled out 
on the emergent side than on the incident side 
(forward and backward) as in the case of ultra- 
violet light ; that was not easily explained. 

As regards absorption, one type of curve suited 
all radiations of ditferent wave-lengths ; the velo- 
city of X rays was within 5 per cent. of that of 
light (E. Marx); the rays were regularly reflected 
from planes in crystals rich in atoms [this point 
was subsequently dealt with by Professor Bragg], 
and there was interference of beams reflected from 

arallel layers [W. Friedrich, P. Knipping, and 
M. Laue]. All this evidence seemed to indicate 
either that the X rays consisted of transverse waves, 
or, where that was not cleir, that they were similar 
to light. Theditficulties were connected with Stokes’s 
law, with the generation of homogeneous X rays (as 
they were only excited by corpuscles moving with a 
velocity greater than the constant velocity), and with 
the transformation of the energy back into corpus- 
cular radiation. The generation of a given type of 
radiation might conceivably be dependent on the 
previous absorption by the radiating system of a 
certain amount of energy—the quantity necessary 
to produce a certain change in configuration. But 
the fact that, whatever the intensity of radiation 
of a given type, corpuscles were ejected by it with 
the same velocity certainly seemed inexplicable at 

resent. It was, however, noteworthy that nobody 

d so far found a rigorous test to determine 
whether the number of corpuscles emitted by a 
substance absorbing a given radiation was in- 
dependent of the distance from the source—that 
is, whether the inverse-square law held for X radia- 
tion as measured by ionisation. 

Sir J. J. Thomson, in opening the discussion 
of this paper, remarked that Barkla’s discovery of 
the characteristic radiation would rank as one of 
the greatest discoveries of the generation; he 
agreed that X rays were light radiations. Professor 
Rutherford said he was doubtful. Characteristic 
radiations accompanied the breaking up of an atom 
when 8 rays were expelled, but the matter was not 
so simple as Barkla assumed. There were rays far 
more penetrating than X rays, and the atom could 
appsrently vibrate in many characteristic ways ; 
there were evidence of twelve and even fifty dif- 
ferent types of 8 rays with different velocities. 


X Rays anp OrysTALs. 


The communication by Professor W. H. Bragg, 
F.R.S., of Leeds, on ‘*‘ X Rays and Crystals,” 
excited the most lively interest, and as there was 
no time for a discussion on the Friday morning, 
when it was read, Tuesday afternoon was especially 
reserved for this purpose. Recent experiments by 
M. Laue (of Ziirich) and others, Professor Bragg 
explained, demonstrated that X rays of wave- 
length A could be reflected by a set of parallel 
crystal planes, when the relation n \ = 2dsin @ 
was fulfilled, where n was a whole number, d the 
distance between two consecutive planes, and @ the 
angle made by the incident and reflected ray with 
the parallel planes. This principle led to two dis- 
tinct lines of research. The first was based on the 
original experiments of Laue. A pencil of hetero- 
geneous rays was through a crystal slip ; the 
various crystal planes deflected pencils from the 
primary beam, which were allowed to fall on a 
ae plate. Each of these pencils con- 
sisted of homogeneous rays of A determined by 
the formula, but a heterogeneous pencil was wanted 
to start with, since the different sets of planes had 
different values of d; a bulb provided with a plati- 
num anti-cathode was generally suitable. By 
examining the distribution of the energy on the 








spots on the plate, information as to the position 
of the reflecting planes was obtained. Professor 
Bragg exhibited some of the beautifully-distinct 
photographs of Laue. 

The second method worked with homogeneous 
rays to start with, and with ionisation. Professor 
Bragg’s son had suggested that any plane suffi- 
ciently rich in atoms might act as a reflecting 
plane, not only the cleavage planes, and they had 
arranged their apparatus as an X-ray electro- 
meter. The pencil of rays fell through a slit, 
2mm. or 3 mm. in length, 0.5 mm. wide on the 
crystal ; the reflected rays entered an ionising- 
chamber charged with SO, which was highly ionised ; 
the chamber was rotated, and nothing was seen until 
the angle 6 had the correct value, 1A = 2d sin @. 
When the chamber was further turned, the effect 
vanished again, but a new effect was observed when 
2A, or 3A, &c., became equal to2d sin@. Thusa 
kind of X-ray spectrum was mapped out. It was 
not necessary to have optically-true crystal surfaces; 
sand-papering would do. For this method platinum, 
iridium, and osmium were unsuitable, because 
their rays were heterogeneous, but rhodium and 
palladium answered as anti-cathodes. With rock- 
salt crystals and a rhodium anti-cathode the spec- 
trum consisted practically of two pencils or lines, a 
strong one of A = 0.607 . 10-*, a weaker pencil of 
0.533 . 10-*, and very little besides. With palla- 
dium the spectrum was very similar, but the wave- 
lengths were by 6 per cent. smaller. When these 
spectra (of Rh or Pd) were mapped out for 
various sets of various crystals, some measure of 
the spacings of the crystal planes and some informa- 
tion about the crystal structure was obtained. 

Professor Bragg exhibited diagrams of their 
results. The experiments with diamonds (crystals 
of about pea size) showed that the sets of planes 
were closest together for that one of the three 
principal faces marked 100 by crystallographers ; 
thatthey were more widely spaced (in ratio ,/y : 1) 
for the face 110, and more widely still ( ./3: 1) for 
the face 111. In the case of the diamond the 
second order spectrum was entirely absent—i.e., 
there was no reflection at that value of the angle 6 
for which sin 6 = A/d, though there was reflection 
for sin 6 =2/2d, or 3A/2d or 2A/d, or 5A/2d. 
Similar relations held for fluorspar and zinc blende. 

The interpretation of the phenomena was that 

the parallel planes in the crystal were not equally 
spaced, and that the centres for the reflection were 
the atoms, not the molecules or groups of mole- 
cules. Taking the atomic weight and density, &c., 
of the diamond into consideration, the element of 
volume of the diamond seemed to be a face-centred 
cube, a cube having a carbon atom at each corner 
and one in the middle of each face ; the cube could 
be divided into eight small cubes, and there were 
also four carbon atoms at the centres of four of 
these Small cubes. Thus, if planes were passed 
through such a crystal in various directions, some 
planes would be rich in atoms and some not, and in 
a certain plane the configuration of the carbon 
atoms in diamonds was that of a hexagon, like 
the benzol ring of the chemist. The structure 
might also be described as consisting of two inter- 
penetrating cubic lattices, one of which would be 
derived from the other by translating it in the 
direction of the diagonal through a distance equal 
to one quarter of the length of that diagonal. Zinc 
blende (Zn S) seemed to have a similar structure, 
except that the one lattice consisted entirely of 
zinc atoms, and the other of sulphur atoms. Iron 
= sulphur, &c., had also been examined. 
n the translation of the lattices certain planes 
would be strengthened, and the intensities of the 
spectra of different orders varied hence to a re- 
markable degree. The two methods, the photo- 
graphic and the reflection methods, gave practi- 
cally the same results, and thus a new way of 
studying X rays (not by absorption) and the struc- 
ture of crystals had been found. 

It was unfortunate that the discussion had to be 
ag sere For Professor W. J. Pope and Mr. 

. Barlow, whom everybody wished to hear, were 
unable to attend on Tuesday. Professor Svante 


| Arrhenius, of Stockholm, who opened the discus- 


sion, considered the method most promising ; 
crystal etching had proved disappointing. Pro- 
fessor E. Pringsheim, of Breslau, thought that 
the method would also afford valuable information 
as to the nature of the X rays. Sir Joseph Larmor 
inquired whether the molecules were equally spaced 
with regard tothe atoms. Professor Soddy remarked 
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that Mr. Bragg’s model reminded chemists of the 
tetrahedron of Van’t Hoff and the asymmetrically- 
linked carbon atom of optically-active bodies. Dr. 
Desch asked about alloys to which the law of close 
packing of Pope and low, and their valencies, 
did not appear toapply. Professor Bragg, in reply, 
thought that alloys should be suitable for these 
experiments, since opaqueness did not matter ; 
galens had not given good results, however. He did 
not wish to replace the law of close packing ; but 
even if his ideas did clash with it, which he did not 
think, he was doubtful whether he and Pope were 
meaning the same thing. X rays were absorbed 
by atoms without any dependence on their links. 
His molecular spacings might be wrong. But he 
was convinced now that X rays and light were 
identical, though he had formerly denied it; the 
old theory of light had to be leavened by something 
corpuscular. 


New ELEMENT IN THE ATMOSPHERE. 


A communication by Mr. F. W. Aston, on ‘‘A New 
Elementary Constituent of the Atmosphere,” con- 
cerned Sir J. J. Thomson’s positive-ray studies. If 
our readers will refer back to our issues of January 24 
and of May 23, they will find that Sir Joseph obtained 
indication of a body of atomic weight about 22, 
giving a line next to neon 20. Mr. Aston has con- 
tinued these studies, and he concludes that atmo- 
spheric neon is a mixture of two gases which are 
identical in ali their properties except in their 
atomic weights 19.9 and 22.1. By fractionating 
3000 times 100 cub. cm. of the gas which G. Claude, 
of Paris, sent him. and, better still, by making use of 
the diffusion method and of a new density balance 
of his own (a quartz-disc balance in which 0.5 cub. cm. 
of the gas was weighed against oxygen), he had 
ascertained that the ordinary neon contained about 
12.5 per cent. of the heavier gas, which did not 
appear to be a compound. he spectra of the 
two gases seemed to be identical. 

This last statement was emphasised by Mr. Soddy, 
who had just before pointed out in Section B that, 
among the heavy radioactive elements with which 
he worked, he had found several cases in which 
two elements, differing in atomic weight, but in- 
separable apparently by chemical means, gave 
identical spectra. Sir J. J. Thomson praised the 
ingenuity and care. of Mr. Aston’s work, which, 
Professor Armstrong pointed out, was a wonderful 
confirmation of Sir Joseph’s researches. 


(To be continucd.) 





Tue Coat District oF OnTARIO.—A revised edition 
has reached us of the complete report on the cobalt dis- 
trict of Ontario, drawn up some time ago by Mr. W. 
Miller, the provincial geologist. The value and com- 
pleteness of this treatise may be gathered from the fact 
that the issue now before us is the fourth edition, the 
third having been out of print for some time. is wel 
known, the area it deals with is a most remarkable one. 
It is the greatest silver-producing area in the world, 
absolutely controls the market for cobalt, has a la 
put of arsenic, and is among the largest nickel- ucing 
districts. The report deals with the geological features 
of the area very minutely, discussing the value of the 
various veins, &c., questions of mining, transportation, 
and other matters affecting the development of the re- 
sources of the locality and refers also to foreign deposits. 


PROFESSIONAL WITNESSES’ FEES. — A ial _com- 
mittee of representatives of the Institution of Naval 
Architects, the North-East Coast Institution of Engi- 
neers and Seigualidere, and the Institution of Engineers 
and Shipbuilders in Scotland, has been formed to con- 
sult as to whether representation should not be made to 
the Board of Trade regarding the inadequacy of fees to 
professional witnesses. This question nm under 
consideration for some months past. It arose from a 
complaint made by an association of shipbuilders that 
the allowance for expert witnesses was inadequate. The 
Merchant Shipping Act, 1894, provides for the payment 
of expenses in respect of the attendance of witnesses 
. Board of Trade inquiries on the same scale as in 
: 16 ordinary courts, be Board, however, allow only 
* 3s. and first-class railway fare. Under the County 

ourt rules and the High Court Orders, which apply 
to Board of Trade inquiries as well as to the ordi- 
nary courts, an extra fee of from 1/. 1s. to 5. 5s. 
rane be obtained for ‘‘ qualifying to give evidence.” The 

vonsultative Committee of the North-Kast Coast Institu- 
tion of Engineers and Shipbuilders have had the matter 
under consideration, and feel that more allow- 
ances should be made by the Board of Trade, but that 
4 the same time a ger movement would be necessary 
* ey think that while the Board of Trade has no juris- 

—— to raise the fees proper, they might in practice 
3 Ow expert witnesses and leadi cials of shipbuilding 
dom attending inquiries and giving evidence an addi- 
jong ama Se in_terms of the Rules of Court, of 
Mere 1, 1s. to 5l. 5s. The matter, as we have said, is 

ing taken up by a joint committee. 


out- 








EIGHT-SPINDLE MULTIPLE DRILLING- 
MACHI 


In the illustration on page 421 we give a view of a 
multiple drill constructed by the B wsch Machine-Tool 
Company, of Springfield, Mass., U.S.A., for whom the 
Selson Engineering Company, Limited, of 85, Queen 
Victoria-street, E.C., are the agents in this country. 
The machine will drill with any number of spindles at 
a time up to eight, the est drill taken being § in. 
When equipped with eight drills of this size, an 
advance of 0 01 in. per revolution may be made in cast 
iron. The spindles are adjustable, and can 
arranged to drill in circles varying from 44 in. to 12 in. 
in diameter. Each spindle has a vertical adjustment 
of 14 in., and is also equipped with ball thrust-bear- 
ing. Automatic feed is provided, with feed stop to 
limit the depth of holes. 

The extreme height of the machine is 8 ft. 34 in., its 
length 7ft. 4in., and width 43 in. The greatest 
height from the spindle to bed is 344 in., and the least 
height 22in., the vertical traverse of the head being 
thus 124 in. From the face of the column, which has 
a width of 11}in., to the centre of the spindle is 15 in. 
The spindle is driven through a single worm-drive from 
the cone-pulley at the column-head. The counter- 
shaft s 8 are arranged for 275 and 490 revolutions 
per minute, the drill speeds ranging between 170 to 
600 revolutions per minute. The feeds range between 
0.003 in. and 0.012 in. per revolution. A removable 
box-table measuring 24 in. by 24 in, by 20 in. can be 
used on the base. The machine requires 10 horse- 
power, and weighs about 60001b. It has been designed 
to meet the uirements of manufacturers having 
quantities of drilling to do of the kind involved in 
pipe-flange work, automobile hubs, &c. 








THE MANUFACTURE OF ARMOUR. 
PIERCING PROJECTILES.* 
By General Leanpro Custi1o (Madrid). 


Since the inauguration of the era of armoured vessels 
by the = of the French frigate Gloire, the neces- 
sity has nm imposed of designing guns of such power 
as to aoe sufficient energy to their projectiles to enable 
them to break down the resistance offered by the armour. 
In addition, it has also been required that the material 
of which the ——— was made and its form should be 
such as to produce complete perforation of the plate. 
Though the material of which the armour-plates were 
made at the time of their first introduction would mt 
no difficulty of attack with the means which metallurgical 
science at the present day places at our disposal, that 
was not, by any means, case fifty years ago. It 
was no easy matter to pierce a plate of forged or rolled 
iron by direct or oblique attack with cast-iron balls or 
with cylindrical or ogival projectiles, even if of crucible 
steel, such as was then obtainable. Spherical projectiles 
were discarded, and cylinders with ogival points, and 
even cylinders with flat heads, were tried, as designed by 
the celebrated late Sir Joseph Whitworth, who applied 
his mechanical genius to the solution of many problems 


G. | in metallurgy and mechanics, particularly those bearing 


on the construction of artillery. 
The Palliser projectiles, which were the first to be used 
with success against armour-plates, were made of cast 


1] iron, the ogival point being cast in a metal mould, and 


the cylindrical portion in ordinary refractory sand. By 
this means it was endeavoured to give extreme ness 
to the material forming the point, that being the part 
required to perform the actual work of piercing the armour- 
plates. The reason why a cast iron of definite composition 
on being cooled rapidly becomes a brilliant white and 
of extreme hardness is now well known, but forty or 
fifty years ago the influence of silicon in counteracting 
the formation of white cast iron, and that of manganese 
and sulphur in promoting it, were entirely unknown. 
The melting mixtures from which the best Palliser pro- 
jectiles. were obtained were the result of experience on 
the part of foundrymen, and the various kinds of iron 
used in their composition were denoted by classification 
numbers. In a certain way the manufacture of the old 
Palliser projectile was similar to that of modern ones, 
but the operations involved in making the former were 
extremely short and simple. The casting of the point 
in a metallic mould gave to the projectile at once both 
its final form and thea necessary thermal treatment 
which hardened it. Inthe manufacture of the projectiles 
of the present day the process is infinitely longer and 
more complicated, but in principle it is the same, and 
approximates the more to the Palliser process if the 
projectile, instead of being forged, is simply cast and sub- 
jected afterwards to thermal treatment. Certain rules 

on experience contributed to good results in the 
manufacture of Palliser projectiles. For instance, 
the thickness of the metallic mould had to be equal 
to half the diameter of the projectile. 
is inclined to dwell on the subject on account of having 
himself inaugurated and taken charge of the manu- 
facture of such projectiles for several rs at the 
Arsenal of Trubia. When materials distinct from 


.| ordinary wrought iron began to he used in the manufac- 


ture of armour-plate the Palliser projectiles were no 
longer capable of piercing them, and failed completely 
against the Schneider plates of homogeneous steel, as 
well as the English compound plates, and those hardened 
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by the Harvey or the Krupp processes. The same pro- 

4 in metallurgical science which made it possible to 
improve the armour-plate material contributed also by 
degrees to the perfecting of projectiles. Advantage was 
taken of the property of chromium, which increases the 
hardening and toughening capacity of the steel ina higher 
degree than carbon, but without increasing the brittle- 
ness, and a certain proportion of this metal was added to 
the material used in the manufacture of projectiles. 

For some time the Holtzer projectiles had a great 
reputation ; these were made of chromium steel, and 
were greatly in demand for testing the quality of armour- 
plate, but when the ternary and quaternary steeis 


came 
be | to be employed in the manufacture of the plates, the 


surfaces of which were cemen to a certain depth and 
afterwards hardened, even the chromium-steel projectiles, 
tempered and hardened as they were to an extraordinary 
degree, could not pierce the plates. Fortunately, the 
invention of the cap again gave the preponderating 
advantage to the projectile in the struggle which for fifty 
years has been maintained between this and the armour- 
late. 
" When the Holtzer projectile was first introduced, about 
1886, there were no plates which could withstand it in any 
way. During the decade 1880-1890 the compound armour- 
plate was in 1 use in England ; in other countries 
of Europe and in America both ae pee and steel plates 
were in use, against which, as al —— the Palliser 
projectiles were harmless, es ly the — plates. 
In the following decade, 1890-1900, the cap for projectiles 
came into use, and by 1896 it was generally acknowledged 
that it was very difficult to pierce the Harvey tes 
without that attachment. The United States adopted 
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HEATING & COOLING CURVES OF THE TERNARY STEEL. 
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capped projectiles in 1900, and it was estimated that 
thereby the penetrative capacity of the projectile against 
Harvey plates was increased by 15 to 20 per cent., but, 
on the other hand, no effect was prod at jes of 
greater meer | than 20 deg. from a right angle—that is, 
at an angle of 70 deg. with the face of the plate. Never- 
theless, the testing of plates with unca; 
continued up to 1904, though from 1901 the importance of 
the cap was daily pe by manifest, because the 
points of the projectiles without that attachment broke 
on striking the hardened plates. The cap protected the 
int on the first impact, and, ee the exact action 
as not yet m sa ily explained, it is certain 
that, whereas unprotected projectiles are warded off by 
the plate, those with caps easily penetrate and pierce it 
completely. However, it is not necessary to go further 
into the history of this accessory of the modern piercing 
So. and it is enough to say that its importance has 
me more and more recognised, and that its form and 
manner of attachment have changed considerably since 
the time of Johnson down to the most modern hollow 
types produced by Sir Robert Hadfield’s firm, which 
~" such excellent results when fired at an oblique 
angle. 

Composition and Physical Properties of the Material.— 
As mentioned in tbe first part of the pyper, the material 
out of which projectiles are manufactured is usually a 
ternary steel; sometimes a quaternary steel is used, 
which, in the opinion of the author, is sup+rior to the 
ormer. The ternary steel is formed by an admixture of 
chromium, and a quaternary by the addition of chromium 
and nicke!, and the rtion of the chromium in the 
ternary mixture, and that of chromium and pickel in 
the quaternary are such that, notwithstanding the rela- 
tively kigh percen of carbon in the former case, the 
two types of steel belong to the pearlitic series—that is, 
their critical points, both in heating and in cooling, are 
above 500 deg. Cent. As specimens of the two types of 
material, the chemical analyses of two ternary and one 
quaternary steel, as used at Trubia for the manufacture 
of projectiles, are given on the nex 


t 
The examination of the chemicel analyses confirms 
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what has just beenexplained—that is, that both the ternary 
and quaternary types of steel are pearlitic. For the 
chromium steel it would be necessary that the percen 

of the added element should be about 4 per cent., the 
carbon being somewhat above 0.8 per cent., in order to 
bring the material within the range of the martensitic 
steels. With regard ‘to the chromium-nickel steel, it is 
necessary to reduce the chromium and carbon percentages 
in order to retain the steel within the pearlitic venge. 
The great superiority of the quaternary steel over the 
ternary will readily be seen on examining the tensile 
tests. In short, the elastic limit particularly and the 
yield-point are considerably increased, 
remaining the same, thus affording evidence of the great 





Fie. 3.—Specimen from a 15-centimetre chro- 
led 








the ductility | 


Fia. is 


mium-nickel projectile, after hardening in 
oil and tempering. 


point on cooling is at 777 deg. Cent., ora difference of 
141 deg. Cent., which brings out very clearly the influ- 
ence of the chromium and nickel, especially that of the 
nickel, in lowering the critical point on cooling. The 
determination of these critical points supplies the neces- 
sary data for fixing the temperatures at which the sub- 
sequent heat treatment should be performed in the further 
processes of manufacture 

In Figs. 3, 4. 5, and 6, four micrographs are shown, 
corresponding to the ternary and quaternary steels in 
different states—namely, annealed after forging and 
quenched and tempered in oil before undergoing the final 
treatment. The steel annealed after forging is shown in 
Figs. 3 and 5, the chromium is denoted by Fig. 3, and, 





imen from a 16-centimetre chro- 
chromium-steel projectile, 
forging. 


Fie. 5.—Specimen from a 30.5-centimetre 


transforming the crystalline structure, due to casting in 
metal moulds, into the fine-grained and almost amor- 
phous structure which a material with the necessary 
angen and chemical properties must possess. It may 
mentioned that the well-known firm the Hadfield 
Steel Foundry Company, Sheffield, have until recently 
manufactured high-class piercing projectiles by casting 
only, without any forging operation, which gave uni- 
formly excellent results, and they can supply such pro- 
jectiles, if preferred. At present, however, they forge 
all their armour-piercing shells. 
At Trubia, as in most factories engaged in the manu- 
facture of piercing projectiles, forging forms a part of the 
entire process of manufacture. In any case, the anneal- 


Fie. 6,—Specimen from a 30.5 - centimetre 
chromium-steel projectile, after hardening 
in oil and tempering. 


annealed after 


All samples were etched with picric acid, and magnified to 224 diameters. 
Fig 1. ARMOUR-PIERCING PROJECTILES FOR 30:5CENTIMETRE GUN, 


mium - nickel projectile, after 
orging. 
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improvements due to the addition of chromium and 
nickel to the ordinary carbon steel. : 

The heating and cooling curves of the two kinds of 
material used in the manufacture of piercin rojectiles 
were determined in the laboratory at Trubia, a Le 
Chatelier-Saladin pyrometer being used for them. The 
curve for the chromium steel (Fig. 1, page 423) exhibits 
during heating one critical point only, Ac3, 2, 1 at 783 deg. 
Cent., the corresponding reverse point Ar 3, 2, 1 occur- 
ring at 730 deg. Cent. ; the difference due to lag is 
53 deg. Cent. ti the point Ar 3, 2, 1 of this steel be com- 

with the point in a steel containing the same per- 
centage of carbon, there is in the latter, according to 
Carpenter and Keeling, a difference of 44 deg. Cent., 
which represents the amount by which the point 
lowered, due to the presence of 2.371 per cent. of chro- 
mium. In the chromium-nickel steel it will be noted 
that the point Ac 3, 2, 1 occurs at 741 deg. Cent. (Fig. 2), 
whereas the corresponding point Ar 3, 2, 1 occurs at 
636 deg. Cent., the difference being 105 deg. Cent., 
indicating an extraordinary degree of lag. In a steel 


with the same percentage of carbon, the corresponding 


been | physical and 


FORGED FROM A 24T0N INGOT. 
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ARMOUR-PIERCING PROJECTILES FOR 24 CENTIMETRE HOWITZER, FORGED FROM A 2500 KILOG £ INGOT. 
(1) Upper end of the Ingot after cutting off the top after the first forging. 
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fig. . 1. 
HEATING & COOLING CURVES OF CHROMIUM -NICKEL STEEL | 
FOR PROJECTILE NOSE-CAPS. 


Upper Curve, Heaung; Lower Carve, Cooling. 
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as the carbon percentage would lead one to expect, the 
microstructure contains pearlite and free ferrite. Fig. 5 
is a chromium s with a carbon percentage which 
approximates to that of the eutectic, and its structure is 

lmost entirely — Fig. 4 shows the chromium- 
nickel steel, and Fig. 6 the chromium steel after quench- 
ing and tempering in oil preparatory to the final treat- 
ment. The micrographic constituents are those which 
are characteristic of this class of carbon steels which have 
undergone the heat treatment alluded to. 

Process of Manufacture.—The next question is, What are 
the operations necessary for the entire manufacture and 
finishing of a piercing projectile after the melting opera- 
tion? Is forging an absolute necessity, or, on the other 
hand, can the projectile be cast in its approximate final 
form, and — no further operation to finish it 
the necessary heat treatment? Theoretically it has been 
proved that a metal free from blow-boles derives all its 
mechanical properties from its chemi 
composition and the subsequent heat treatment. [f, 
therefore, the steel-founder can be relied upon to produce 
an absolutely sound metal, forging can be dispensed with, 
for, as the author already pointed out in his previous 
paper on the manufacture and treatment of steel for 
guns, the principal object of forging is not so much to 
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give the pieces their final shape as for the purpose of 








Chemical Analusis. 


Cr. | Ni. Si. 8. P. 





C. Mn. 
per cent. per cent. | per cent. |per cent per cent r cent 
0. 0381 | 23s | — 0.163 | — | 0,020 
0.818 0.294 | 2371 _ 0.220 _ 0.030 
0.485 0.582 0749 2.545 0.400 _- 0.040 
we, is | 
Tensile Tests. 
| 
| | Break- 
| Elastic | | Elonga- . 
Nature of Test. | Limit. | ing | tion. Observations. 


Strain. 





iy tons _ tons per per cent 
sq. in. | sq. in. 


| . Chromium steel for a 

Along the grain 21.28 | 45.53 | 20.5 { 
Across, 19.35 | 38.37 21.0 ] —_ cue 
Chromium steel for a 


Along the grain) 35.47 | 51.11 | 18.5 15-em. projectile, 
Across ee 33.54 43.53 al quenched in oil and 


tempered. 

| Chromium nickel steel 

Along the grain 57.76 | 67.08 | 19.0 for a 15-cm. pro- 

Across a 56.01 65.79 | 11.5 jectile, quenched in 
oil and tempe 


ing of the metal is indispensable after casting without 
forging, or after forging if forging is practised. If the 
metal has simply been cast, a has the effect of 
restoring the molecular equilibrium, which will have been 
destroyed by the unequal cooling of the steel in the 
metal mould, and the equilibrium imparted by annealing 
puts the piece into good condition to undergo the sub- 
sequent heat treatment. As regards hardening and tem- 
pering, these are absolutely indispensable operations, but 
hardening of the point presents the princips 

difficulty in the manufacture of the projectile. At Trubia 
posbestiien undergo two hardening processes: the first by 
quenching in oil, followed by tempering, and the second 
when the mechanical work upon the projectile is com- 
pletely finished, with the exception of putting on the 
saltire. This final hardening operation is the more im- 
portant of the two, being that w ich gives to the point of 
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the projectile that superior hardness which enables it to 
attack the hardened surface of the plate, and completely 

ierce it, whether striking it direct or at an oblique angle. 

he remainder of the projectile does not uire to have 
the same degree of 
penetrated, the body of the projectile passes the hole 
without difficulty, and serves no other purpose than to 
impart the cnemyy, required to complete the work of total 
perforation. If it is not ible to harden the point 
equally throughout its whole thickness, it must at least 
be externally of an intense hardness, which may gradually 
diminish towards the interior, as in the case of the 
Palliser projectile, where this effect was: produced by 
casting the point in a metal mould. 

Concerning the tempering of the point of piercing pro- 
jectiles, with a view to removing to some extent the 
effect of the unstable equilibrium due to hardening, the 





hardness, since, once the point has! p 


and ferro-silicon, used as additions, are the purest obtain- 
able of this class of metals. For the oxidation of the 
charge Campanil ore is used of the best quality to be 
found in the Bilbao district. The melting and refining 
rocesses are conducted with the greatest care, so as to 
avoid oxidation of the bath ; and should it become oxidised, 


deoxidisers are added at the end of the heat. The ferro- | p 


chrome and nickel additions before charging are pre- 
heated in «a special furnace alongside of the melting 
furnace, so as to avoid cooling the bath. The charge 1s 
not completely decarburised, but is tapped when the 
colorimetric analyses at the end of the refining opera- 
tions indicate that it has reached the requisite degree of 
carburisation, taking into account, of course, the carbon 
in the ferro-chrome added to the bath. 

The metal, when finished, is poured into moulds of 


square section with rounded corners. They are lined at | 
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the study of the question— that is, they divided 
the charge into two equal parts, one of which was cast 
into ingots in ordinary metal moulds, and the other into 
ingots which were compressed by the Harmet p ocess. 
Three kinds of steel were examined : medium hard, hard, 
and hard nickel steel. From these three classes of com- 
ressed and uncompressed material sections from the top, 
middle, and bottom of the ingots were rolled in I-girders, 
from which test-pieces were cut and subjected to the 
usual mechanical testa, the results of which chow in 
general that the girders rolled from the sound part of the 
uncompressed ingots were not inferior in any respect to 
those rolled from the compressed ingots. 

The forging of piercing projectiles is an operation re- 
quiring the greatest care. Taking account only of the 
carbon percentage, the material may be classed as hard 
steel, and more completely so when it is a chromium 
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practice is not to temper them after hardening, as it is 
considered preferable to run the risk of possible fracture 
rather than reduce the hardness in any degree. The 
whole projectile is, however, submitted finally to a 
gentle heat-treatment which, as far as possible, ensures 
4 against fracture due to any sudden and extreme 
changes of atmospheric temperature to which it is likely 
to be exposed. 

At Trubia the steel intended for the manufacture of 
piercing projectiles is melted in the open-hearth fur- 
nace. On the Continent and in En crucible steel 
18 used for the purpose, because the crucible process has 
~—— been considered the best for obtai @ material 

greatest purity, as required for very special 
product ; but, as stated in the author’s pooviess paper 
= the manufacture of guns, it is possible to produce in 
the open-hearth furnace a steel so low in phosphorus and 
sulphur as to be serviceable for making projectiles. For 
shat parpose the very best and purest materials, such as 
wedish iron and puddjed blooms of Bilbao hematite iron, 
are employed. The ferro-manganese, ferro-chrome, nickel, 





their upper ends with refractory material, intended to 
keep the metal fluid at the top as long as possible, in 
— to feed the shrink: Uy the me it on. thus 
rgely preventing pipe. e ingot moulds are shown in 
Figs. 7 to 10, from which it will clearly inferred that 
compression of the ingots is not practised at Trubia. The 
author still maintains his opinion, previously expressed, 
that, provided the ingots are free from blowholes and 
poured in moulds lined at the top, compression does 
not materially improve the physical and mechanical 
roperties of the steel, the only substantial advantage 
ing a saving of metal. The author's attention was 
lately drawn to the series of experiments carried out 
by Heyn* and Bauer at the Gross-Lichterfelde Testing 
Laboratories in order to determine what improvements 
in the physical properties of the steel are effected 
by the Harmet of fiuid compression. The 
investigators adopted the only rational method for 
* Mitteillungen aus dem Kgl. Materialpriifungsamt, 
vol. xxx., paige 176. 
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steel. It is of great importance that the ingot should 
be preheated before introducing it into the reheating 
furnace, and even then it is desirable that the furnace 
should be at a sufficiently low temperature. Unless 
these precautions are carefully observed the ingot is 
likely to fracture transversely, as has more than once 
happened within the author’s experience in Trubia. The 
reheating having been carefully performed in this manner, 
the ingot of 24 tons is forged under the press until it is 
circular in section throughout its length, and of a diameter 
which exceeds that of the finished projectile by just so 
much as to allow the necessary machining. The greater 
part of the head is then removed by cropping. The blank 
1s then reheated and the point is forged, the blank receiv- 
ing the form shown in Figs. 11 and 12. The annealing 
operation is now necessary to restore to the material the 
conditions of equilibrium which have been changed by the 
work of forging. The annealing is performed at the tem- 
perature deduced from the cooling-curves, and, the o - 
= being complete, the blank is passed to the machine- 
shops. 

In the machine-shop projectiles are first cut to length, 
and then bored out in order to form the cavity intended 
to receive the explosive charge. At the same time the 
cylindrical exterior and the point are turned up in the 
lathe, and the projectile is then ready for hardening in oil. 

Hardening and Tempering.—Though it is not necessary 
that the whole projectile should receive the intensive 
thermal treatment which is required to give to the point 
the hardness necesrary for piercing, it is considered, never- 
thelese, that the hardening of the entire projectile in oil 
is extremely beneficial. As the result of this o) tion, 
which must be followed by tempering, the material acquires 
an extremely fine grain, and certain notable physical 
properties, as shown in the table on page 424, giving 
the results of the tensile tests. If'the three characteristic 
tensile properties of the chromium steel are good, the 
corresponding properties of the chromium-nickel steel 
may be said to be quite surprising. It is inconceivable 
that any other material than the chromium-nickel steel 
can show a combination of properties equal to the elastic 
limit, the yield-point, and the elongation per cent. of 
this steel, particularly when it is considered that this 
latter amount is measured in a length of 2.4 in. 

For the oil-hardening a verticaj#furnace, heated by a 
gas-ptoducer, is provided. The projectile is heated about 
100 deg. above its critical point, temperature being 
measured by a Le Chatelier pyrometer. The hardening 











is then performed in an oil-bath of a capacity equal to 
ten times the weight of the projectile. The tempering is 
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carried out at a temperature of 400 deg. to 500 deg. Cent. 
Having been oil-hardened and tempered, the final treat- 
ment is given to the point, and the projectile is now 
finished with the exception of fitting the saltire. 
After receiving the final heat treatment the projectiles 
remain for about eight or ten days in the hardening 
department, at the end of which time, if they have not 
fractured, their capacity to resist sudden changes of 
temperature is tested. The object of this test is to 
ascertain whether a projectile can withstand, without 


breaking, a sudden change of temperature of about 60 deg. | 


to 70 deg., which is a greater variation than is likely to 
occur in extreme climates. The test is performed by 
placing the projectile for a certain time in boiling water 
until it attains that temperature, and then plunging it 
suddenly in cold water. 

Breakages.—Though it very rarely happens that pro- 
jectiles fracture on being hardened in oil, fracture may 
occur after the point has undergone the final heat-treating 
operation. In view of the very drastic nsture of this 
treatment of the metal, which, if it contained the simple 
equivalent of carbon, would be classed as very hard, and 
considering also the thickness of the a where it joins 
the cylindrical portion, it is difficult to carry out the 
hardening operation in such a way as not to produce 
internal stresses. Special precautions are necessary, on 
account of the fact that the operation introduces a state 
of unstable equilibrium in the material and is not fol- 
lowed by a tempering process, which would relieve these 
abnormal stresses e effect of this very rapid quench- 
ing of the surface, though somewhat relieved by the heat 
yielded up by the internal layers, cannot fail to create 
considerable tensile apd com pressive stresses, sometimes 
of a magnitude sufficient to overcome the cohesion of the 
molecules and produce fracture. When this delicate har- 
dening operation was first pons, it was a frequent 
occurrence for the projectile to crack, bub that rarely 
hap now, and, when it does, the cracks only become 
visible after several days. Sudden cha of atmospheric 
temp2rature must be avoided, the slight stresses due to 
such changes, when added to those caused by hardening, 
being sometimes sufficient to produce fracture. The 
cracks occur in the point at a greater or less distance 
from the extremity, and in a plane normal to the axis. 
Some idea miy therefore be formed of the enormous 
stresses in the metal produced by hardening. Itis within 
the author’s recollection that on a winter morning, when 
the temperature suddenly rose several degrees, the points 
of six or eight projectiles which had been hardened about 
eight days previously developed cracks. Such cracks 
seldom ocour in the plane of the diameter, but almost 
always vertically through the point. Fracture is not 
always due to physical causes only, as it has been proved 
that by diminishing the Lg anal of manganese the 
number of breakages is also diminished. q : 

The Manufacture of the Cap.—Since the introduction 
of cap projectiles the advantage has been recognised of 
making the cap of a softer material than thas of the pro- 
jectile, and it is now considered good practice to use an 
extra mild steel. These opinions notwithstanding, a 
quaternary steel i; used at Trubia, though with a lower 

rcentage of chromium and nickel than that contained 
in the projectile steel. The following is the composition 
of a steel for caps which has given excellent results :— 


Per Cent 
Carbon... 0 40 to 0.45 
Silicon... 0.10 ,, 0.15 
Manganese ... za i os | Eo Me 
Phosphorus _.. ve - ioe oe 
Sulphur es és ao, a2 
Chromium 0.30 ,, 0.35 
Nickel... 1.30 ,, 1.50 


The tensile properties are shown in the following 
table :— 


| 
Breaking | Elongation. 





— | Elastic Limit. Strain. 
|tons per sq. in. tons per sq.in.| per cent. 
Annealed after forging 24.41 47.08 10 
Hardened in oil and | 
tempered .. o< 40.63 53.53 12 


The steel for the caps is melted in an open-hearth fur- 
nace, and is com of the best materials, the opera- 
tions of melting, refining, and tapping being performed 
with the same degree of care as is bestowed on the 
material of the projectiles. The steel is forged in round 
bars after removal of all surface cracks from the ingot, 
and is then annealed and cut into short lengths con- 
venient for stamping. After stamping, the caps are oil 

ened and tempered in the same manner as the pro- 
jectile, and then undergo the final thermal treatment. 

The heating and g curves of the steel for the caps 
is shown in Fig. 13, page 424, from which it will be seen 
that the critical points in heating and cooling are not 
more than 50 deg. Cent. apart. 

Firing Tests.—Af-er raving described the manufacture 
of piercin 
account of their behaviour on the testing ground. Upto 
the present the only tests carried out against chromium- 
nickel-steel plates hardened by the a process with 
illuminating gas have been performed with projectiles of 
15 om., or, say, 5.9 in. calibre. 

Many tests have been p r o.med, of whie’ thse carried 
out on the two days hw te way wd 26 and December 17, 
1905, will be more psrticularly described. On the first of 
these days a Schneider plate, 180 mm. (7.4 in.) thick, was 
under fire. The plate, which was of nickel steel), with a 

percentage of chromium, and harden»d by the 
Krapp process. was placed at a range of 100 m. (320.7 ft.) 
from the mouth of the gun, and was fixed at right angles 


rojectiler, it may be of interest to give some | 


to the path of the projectile. The tests on both days were 
performed by a quick-firing gun, which discharged a 
projectile of 50 kg (110.37 1b.). 

he result of the first day’s firing is summarised in the 
following table :— 








| Diameter of Perforation. 

No. of ’ locity —— . : 

Dis- Type of of Energy.| Entry. 
pact. eee 


charge. Projectile. jm, Exit. 


H. Vv. Bw. | VY. 














ft. ft.-tons in. in. | fa. in. 
1 Chromium 2243 3923 6.7 6.3 11.8 9.05 
steel 
2 Chromium 2291 4085 5.9 | 569 9.05 | 10.6 
nickel steel | 
3 — 2203 3450 7.8 6.7 11.4 | 14.96 
stee 


Of the three projectiles, the chromium-nickel-steel pro- 
jectile was the only one which passed through the plate 
without either breaking or undergoing deformation : even 
the copper saltire was retained. No. 1 projectile broke 
into several pieces, of which twelve were recovered, the 
largest being the point, weighing 18 kilogrammes. Of 
oe mene o. 3 fourteen pieces were recovered, the 

rgest also bsing the point, weighing 14 kilogrammes. The 
three projectiles are shown in Fig. 14, page 425. Each 
projectile pierced a c!ean hole through the plate. In this 
test the superiority of the chromium-nickel projectile was 
clearly manifest, as one would expect from the marked 
superiority of its tensile properties. 

On the second diy, Dacember 27, another Schneider 
plate of the same thickness was fired at, the only differ- 
ence being that, instead of placing it vertical to the line 
of firing, it was set at an angle of 10 deg. 20 min. The 
result of the test is summarised in the following table :— 


Diameter of Perforation. 





No. of Type of Velocity 
Dis- eens of Eaergy. ’ it. 
charge. Projectile. Inspact. Entry. Exit. 
H 7, H V 
ft. ft.-tons in. io. | in. in. 
1 Chromium, 2188 372L 5.9 6.3 9.05 9.8 
steel 
2 Chromium. 2147 3587 6.3 | 63 118 | 7.87 
nickel steel 





Both the first and second projectile pierced the plate. 
As in the previous test, the chromium-steel projectile 
broke into many pieces, of which ten were recovered, 
weighing altogether 33 kg. The chromium-nickel-steel 

rojectile was recovered intact, at a distance of 8200 ft. to 

ft. The point sustained a light conchoidal fracture, 
as shown in Fig. 15, page 425. 

In view of the excessive energy of the chromium-nickel- 
steel projectile, which had travelled a great distance 
after piercing the plate, tests were afterwards made with 
a lower velocity of impact. The velocity was reduced 
to 1867 ft., the energy being 2705 foot-tons. The only 
difference noted was that at these low velocities the 
chromium-nickel projectile broke, but only into a few 
pieces, and some of them, as shown in Fig. 16, No. 8, 
were only broken into two parts. The energy of impact 
of that projectile was 2911 foot-tons. All four pours 
shown in Fig. 16 were of chromium-nickel steel. 





Sueet-STee, AquEpuctT.—An aqueduct of semi-circular 
section has been constructed of sheet steel across the 
Chicago, Burlington and Quincy Railroad near Keens- 
burg, Colorado. Its width across the top is 7 ft. 6 in., 
and its height above the rail 29 ft. It is supported on 
tall bents and girder-work, the flume being suspended 
between horizontal girders. The jointing was done by 
flanging the sheeting at each end to a channel-shaped 
section, and overlaying one sheet with another as in 
a work. This joint was then forced into a 

ollow external rib and the internal groove filled in with 
a be ap ac ang making the joint water-tight, and giving a 
flush surface inside. 





Tue Mississipri Power Piant at Keokuk, Iowa.— 
The 300,000-horse-power plant was recently officially 
opened at Keokuk, on the Mississippi. A company 
known as the Mississippi Power Company, and having a 
capital of 20 million dollars, own this enterprise. The 
works embrace a dam having a length of 4649 ft., and 
53 ft. high, holding up water for turbines working under 
a head of 32 ft. The power-house contains thirty 10,000 
units, each turbine wheel baing 16 ft. 2 in. in diameter, 
and weighing 73 tons. The weight of a turbine, shaft, 
and electric generator is 275 tons. The current is alter- 
| mating at 25 cycles at 11,000 volts, stepped up for long 
| transmission to 110,000 volts. 








Tue Enoineerinc Sranparps Commirres. — This 
Committee has recently issued a report on British 
Standard survey for marine boiler stays, which may now 
| be procured on application at the office of the Committee, 

28, Victoria-street, Westminster, S.W. ‘The pro 

| contained in this report were submitted to the Kngineer- 
ing Standards Committee by the Consultive Committee 
of Shipbuilders and Engineers, appointed to confer with 
the marine department of the Board of Trade, and 


Committee on Sections and Tests for material used in the 
construction of ships and their machinery. The number 
of the report is 62. 


| were referred by the main Committee to the Sectional | 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
fore market was quite idle, but quotations for Cleve- 

nd warrants were nominally firmer, with sellers at 54s.6d. 
cash, 54s. 9d. one month, and 55s. 2d. three months. In 
the afternoon there was again no dealing, and sellers of 
Cleveland warrants quoted ld. up from the morning. 
On Friday morning there was a stronger feeling, and 2000 
tons of Cleveland warrants changed hands at 54s. 11d. 
and 55s. one month. At the close there were sellers 
at 54s. 94d. cash, 55s. 04d. one month, and 55s. 44d. 
three months. An upward movement took place in the 
afternoon, but dealings were confined to one lot of Cleve- 
land warrants at 553. 2d. one month. The session 
closed with sellers quoting 55s. cash, 55s. 3d. one 
month, and 55s. 9d. three months. On Monday 
morning the market was again firm, but only one lot 
of Cleveland warrants was done at 55s. 44d. one month, 
and closing sellers named 55s. 2d. cash, 55s. 6d. 
one month, and 563. three months. In the afternoon 
Cleveland warants were a little easier, and 1000 tons 
were dealt in at 55s. cash. Sellers’ quotations at the close 
were called 55s. Ojd. cash, 55s. 34d. one month, and 
553. 10d. three months. On Tuesday morning prices fell 
away, and the turnover amounted to 2500 tons of Cleve- 
land warrants at 54s. 6d. and 553. onemonth. The 
session closed with sellers at 54s. 7d. cash, 54s. 10d. one 
month, and 55s. 44d. three months. The market was a 
trifle stronger in the afternoon, but business continued on 
a small scale. The turnover consisted of 1500 tons of Cleve- 
land warrants at 54s. 8d. cash, and 55s. 6d. three months, 
with sellers over at 54s. 9d. cash, 55s. one month, and 
55s. 64d. three months. When the market opened to-day 
(Wednesday) the tone was steady, and 1000 tons of Cleve- 
land warrants were put through at 55s. one month, with 
sellers over at that figure and at 54s. 94d. cash and 
55s. 74d. three months. In the afternoon there was little 
doing and Cleveland warrants were a trifle easier. The 
dealings consisted of only one lot at 54s. 104d. one month, 
and the session closed with sellers at 54s. 74d. cash, 
543. 11d. one month, and 55s. 6d. three months. 

Sulphate of Ammonia.—A good demand exists for sul- 
phate of ammonia, and with inquiries also showing im- 
provement the market price has firmed up. The 
quotation is now 13/. 15s. per ton for prompt Raa 
Glasgow or Leith. 

Scotch Steel Trade.—Dulness is the prevailing feature 
in the Scotch steel trade this week, and with the present 
scarcity of specifications continuing for any length of 
time the outlook for makers would me serious. It 
is stated on good authority that some shipbuilders could 
and would place orders for a considerable amount of 
plates, &c., but for the present prices being too high, 
with the result that they are holding off in the anticipa- 
tion of a fall. It seems, therefore, as if the buyer and 
seller were each playing the waiting game. The other 
side of the situation, that of German plates, cannot but be 
realised as rather serious, because, the price being much 
cheaper than those of local manufacture, the agents here 
secured a number of orders recently, and are now de- 
livering these plates at several of the Clyde yards. 
Existing contracts are gradually getting worked off, and 
makers may have to accept lower prices for renewal, 
despite the rising tendency of fuel. Black-sheet makers 
are still well employed, and are being kept going 
steadily. They report a much improved demand from 
abroad, while inquiries for forward lots are also very 
encouraging. The general export demand is far from 
satisfactory, and there seems little q, ospect of any early 
improvement. The present official prices are :—Ship- 
plates, 7/. 17s. 6d. per ton ; boiler-plates, 8/. 12s. 6d. per 
ton ; angles, 7/. 103. per ton; and bars, 8/. 10s. per ton, 
all less 5 per cent , delivered Clyde or equal. 


Malleable-Iron Trade.—The makers of malleable iron 
in the West of Scotland cannot report any expansion of 
trade during the past week, and the difficulty of keeping 
their men employed is no light task. Specitications are 
as scarce as ever, and buyers seem inclined to wait 
a little before ing more orders, in the hope of prices 
easing off further. Another reduction in prices may 
be a serious matter to producers, as the present margin 
is so very small already, and coal is again getting dearer. 
The current quotation for “‘crown” bars is 7/. 103. per 
ton, local delivery, and round 6/. 12s. 6d. per ton for good 
shipment lots. 


_ Scotch Pig-Iron Trade.—There has been little change 
in the Scotch pig-iron trade during the past week, 
although in one or two instances the demand is just the 
turn quieter. The latter is due to competition from 
America in some of our markets abroad, but, neverthe- 
less, Tans et are keeping up very well indeed, and are only 
called 6d. per ton easier. The following are the market 
<< ogge for makers’ (No. 1) iron :—Clyde, 73s. 6d. ; 

Ider, errie, Summerlee, and Langloan, 74s. 
(all ve at Glasgow) ; Glengarnock (at Ardrossan), 
74s. ; Shotts (at Leith), 74s.; and Carron (at Grange- 
mouth), 74s. 6d. Hematite iron shows no signs of im- 
provement, and is still very weak, there being almost an 
entire absence of demand. 





Rariy Dam Construction. — Near San Antonio, 
Texas, a concrete dam, 164 ft. high, and having a crest 
length of 1580 ft., was recently completed in 12 months. 
It contained 300,000 cubic yards of concrete, and forms 
part of an irrigation scheme for an area of about 60,000 
acres. It has a spillway 1200 ft. long, which delivers into 
an adjoiningravine. The delivery of the water involved 
the use of semicircular sheet-metal flumes, one of which 
was sup) on towers for a length of 1500 ft., the 
greatest height being 95 ft. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. — 

South Yorkshire Coal T’rade.—Business in house coal is 
of a healthy character. Prices show an upward tendency, 
advances being of 6d. and 1s. per ton generally. In spite 
of this, however, the public are displaying no hurry in 
ordering. For this period of the year the London demand 
is exceptionally quiet. With the harvest completed, 
country stations are turning their attention to prepara- 
tions ie winter, and increased orders are coming in. 
Good supplies of hard coal are going away readily. 
Inferior sorts are selling well, and increased tonnages 
are being taken by gas companies. Steam coals are firm, 
and the plenitude of forward contracts is keeping the 
pits busy. The general industrial demand has = 
considerably after the passing of the holidays. Slacks 
area firm market. Quotations :—Best branch hand-picked, 


153. to 16s.; oy mm Any greg ay 13s. 6d. to 143. 6d.; | high 
best brig! 


ts, 12s. to 13s. ; Derbyshire house, 
10s. 9d. to 11s. 9d. ; best nuts, 10s. 6d. to 11s. 6d.; 
best small nuts, 9s. to 10s.; Yorkshire hards, 11s. 9d. to 
12s. 9d.; rough slacks, 7s. to 8s.; seconds, 5s. 9d. to 6s. 9d.; 
smalls, 4s. 6d. to 6s. 


Tron and Steel.—For the present the pig-iron market 
remains in a quiescent state. The railway troubles may 
have been responsible for some delaying of orders, and 
the expected contracts are still hanging fire. Hematite 
shows a further weakening, and the cut prices at which 
some of the common irons are being offered cannot be 
very profitable to producers. The drop in the demand 
for ee iron has brought about keen competition 
amongst sellers to obtain whatever business is passing. 
The billetand bar-iron markets are still very — There 
isa fair inquiry for steel-making alloys. On the topof the 
moulders’ strike the railway troubles have been a serious 
inconvenience to Sheffield firms, particularly with 
to foreign consignments through Liverpool. The outlook 
now, however, is more hopeful with regard to the labour 
unrest generally. The moulders have not been on strike 
long enough to have had a really serious effect upon local 
industry, and events have recently taken a turn which 

romises a settlement of the matter at an early date. 

here is undoubtedly a distinct difference in the posi- 
tion of Sheffield es when compared with a year ago, 
as in bar iron and railway material a shortage of work is 
experienced. The railway traffic returns show that out- 
puts have been reduced, and there is little doubt that the 

‘ boom” has largely spent itself. There need, however, 

be no cause for pessimism. Fundamentally the trade of 
the city is good, and there is substantial ground for antici- 
pating a satisfactory year, even though the pressure of 
the past twelve months be relaxed. The armament depart- 
ments are very well occupied, and there are a number of 
special branches of the steel trade which have excellent 
a. Foreign business paarly is good, and for all 

inds of tool steeland tools there isa bigdemand. Orders 
for mining and agricultural implements and machinery are 
on a substantial scale. The stove-grate trade in the 
Sheffield district is not by any means satisfactory, the 
quietness of the past two years continuing. The light 
castings manufacturers are still awaiting an improvement 
in the building trade. 


Derbyshire 





Tue Errect oF WEATHER ON WIRELESS TELEGRAPHY. 
—Elsewhere in this issue it will be seen that Professor 
E. W. Marchant, in his paper on the effect of atmo- 
spheric conditions on the strength of wireless signals, 
concluded that the most favourable condition was a 
cloudy sky at both sending and receiving stations. A 
similar conclusion is reported, in the Electrical World, to 
have been reached by Mr. A. H. Taylor, who considers 
that cloudy weather at and between the two stations 
results in the best effect. If the area is only partly 
clouded, the transmission is better if the despatching 
station and its neighbourhood are in shade. 





_Licur Oruisers oF THE 1913-14 Navy ProcRamme.— 
Names have now been assigned to the eight cruisers 
ordered under the Navy P 
vessels to be built at the Chatham Dockyard are to be 
named the Calliope and Conquest ; to the two to be con- 
structed at Pembroke have been assigned the names 
Cordelia and Carysfort ; the Devonport vessel will be the 
Cleopatra ; the one to be built by Messrs. Cammell, 
Laird and Co. the Carolina; that by Messrs. Swan, 
Hunter and Wigham Richardson the Comus; and the 
vessel by Messrs. Hawthorn Leslie and Co. the Champion. 


These names were formerly held by second and third- bh 


= —— built bs 2 oy — of between 
2000 and 3000 tons di ment, and having speeds of 
about 13 to 14 knots. ™ iin wig 





_ Instrrurge or Marine Encingers; Lioyp’s REGISTER 
SCHOLARSHIP AND Premiums —The Liloyd’s Register 
scholarship of 50/. per annum, tenable for two years, 
given under the auspices of the Institute of Marine 
Engineers, has this year been awarded to Mr. G. A. 
Murray Brown (Graduate), apprentice engineer with 
Messrs. D. Rowan and Co., G w. Mr. Brown will 
attend Glasgow University during the forthcoming 
session. In view of the excellence of the papers sub- 
mitted in this examination, a premium to the value of 5. 
bg ted by the Committee of Lloyd’s Register to 
Mr. Thomas E. Dodds (Graduate), apprentice engineer 
with Sir W. G. , Whitworth and Co., Limited ; 
and a premium to the value of 3/. to Mr. Robert J. 
Walker (Graduate), apprentice engineer with Messrs. D. 
vowan and Oo., Glasgow. F ticulars in connec- 
tion with the scholarships may be obtained on application 
to the Hon. , Institute of Marine , weeny 
58, Romford-road, Stratford, London E. 


mme of 1913-14. The two has 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.xessroucH, Wednesday. 


The Cleveland Iron Trade.—There is only a moderate | 4 


business passing in pig iron, buyers once more being 
rather teskward. Unexpected fluctuations in warrants 
have checked genuine customers buying Cleveland pig, 
and for the time being demand for hematite pig is not 
uction of both Cleveland and hematite pig 
is likely to be further reduced by the blowing out of more 
furnaces, and such a step should strengthen the market, 
especially as considerable autumn needs have yet to be 
provided for. Rumour of a substantial sale of Cleveland 
pig to America lacks confirmation. The report has prob- 
ably originated through the expected removal next week 
of the 24 dols. tax on British pig imported to the States, 
but even with this change Cleve' iron is a little too 
igh toadmit of successful competition in the States with 
American-made iron. No. 3 g.m.b. Cleveland is 
ogg Feng 55s. f.0.b.; No. 1 is 57s. 6d.; No. 4 foundry, 
54s. 6d.; No. 4 forge, 54s. 3d; and mottled and white 
iron, 53s. ¥d.—all for early delivery ; but probably con- 
tracts for delivery over the autumn months could be made 
at round about these rates. East Coast hematite pig is 
quiet, and mixed numbers are obtainable from both 
makers and merchants at 66s. for either early or forward 
delivery. Business in foreign ore is at a standstill, but 
with mine-owners abroad showing no signs of giving way, 
and freights very firm, merchants here are not inclined 
to lower ae. Market rates are based nominally 
on 193. 6d. to 20s. ex-ship Tees for Rubio of 50 per cent. 
quality. Coke quotations vary very considerably. Average 
blast-furnace kinds may be put at something like 18s. 
delivered at Tees-side works. 

Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores now stands at 
173,738 tons, 11,004 tons having been withdrawn so far 
this month. Shipments of pig iron from the Tees are 
fully up to expectations. To date this month they 
average 4051 tons per working day, the total despatches 
reaching 89,172 tons. To the same date last month the 
total loadings of pig were returned at 72,168 tons, or a 
pg Rete of 3436 tons, and for the cunsinpenens gens 
of September, last year, the clearances amoun to 
80,143 tons, or an average of 3816 tons per working day. 


Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel industries. Producers are kept 
employed on running contracts, but generally new work 
is scarce, though some fairly good rail orders have 
been secured. Principal market quotations stand :— 
Common iron bars, 8/.; best bars, 7s. 6d. ; best best 
bars, 82. 15s. ; iron, 61. 15s. ; iron ship-plates, 82. ; 
iron shi . 5s.3 iron ship-rivets, 81. 10s. to 
92. ; iron boiler-plates, 8. 17s. 6d.; steel bars, 7/. 5s. ; 
steel pe ae we 71. 15s. ; steel ship-angles, 7/. 7s. 6d. ; 

-plates, 81. 15s.; steel hoops and steel strip, 
each 8l.; steel joists, 62. 17s. 6d. to 7/.—all less the 
custo! 24 per cent. discount; cast-iron columns, 
7. 7s. .; cast-iron railway chairs, 4/. 15s.; light 
iron rails, 71. to 7/. 5s.; heavy steel rails, 6/. 10s. ; 
steel railway slee 71. 10s.—all net at works; and 
iron and steel galv: corrugated sheets, 24 gauge, 
in bundles, 11/. f.0.b.—less the usual 4 per cent. 








Bituminous Concrete PAVEMENTS.—Several types of 
modern street-paving are described in a paper read 
recently before the American Society of Hngineerin 
Contractors by Mr. W. B. Spencer, of the Continen 
Public Works Company, of New York. The author of 
this paper first touches on the oil-treated roads, men- 
tioning that their failure are due to frost and subsequent 
rain or wet turning the surface into mud. The ordinary 
method of treating a road with hot asphaltic 
oil is considered uncertain, though fair results can be 
obtained with the exercise of care. Bituminous macadam, 
bituminous concrete, and asphalt roads give better 
results. In the first, after a base of ordinary macadam 
been placed, bituminous macadam of stone which will 
pass through a 2-in. ring, and not through a }4-in. ring, 
mixed with hot — of 90 per cent. bitumen, is laid to 
a depth of 5 in., the stone having been heated previous 
totreatment. The whole is compacted by a 10-ton roller, 
and afterwards painted, covered with screenings, and 
again rolled. The grading of the material for this class 
or road, unless done very carefully, results in voids being 
left, which ultimately develop trouble. Great success 
as attended the use in New York of a bituminous 
concrete type paws, In this form the old macadam 
is scarified, levelled, and covered with sand and screen- 
ings, which are rolled down wet with a 10-ton roller. 
Bituminous concrete is then and raked over so 
as to be 2m. thick after rolling with a 6-ton tandem 
roller, the pavement being finally dusted with Portland 
cement. The bituminous concrete is formed with ied 
material ranging from — passing a 200-mesh sieve 
to the extent of 5 to 11 per cent., to material passing a 
2-mesh to the amount of 10 per cent. Sheet asphalt 

ving t pope most satisfac if properly laid. It is 

t laid on a concrete base, and the author recommends 
a binder layer of 2in., and a wearing surface of 1 in. 
thick. The binder layer is com of stone, all of 
which must pass through a 1}-in. screen, while 15 to 30 
od cent. must pass a 10- screen, treated with 

ding mixture of refined asphalt and flux at 200 deg. 
to 325 deg. Fahr. This material is raked and rolled, after 
nn », _— — L pe g-surface a 
com) an t and sand mixture ata 
temperature of 250 deg. to 375 deg. Fahr. A pavement 
be this type, even when laid on macadam foundation, may 
of expected to last well. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The tonnage position is still unsatisfactory 
from a colliery-owner’s point of view, but current outputs 
) be excessive, and sellers (especially of 
Admiralty coal) bave continued to maintain quotations. 
The best Admiralty large steam coal has 19s. 3d. 
to 203. 6d. ; best secondary qualities, 18s. 6d. to 19s. 3d.; 
bunker smalls, ie oz Fe = hee 
: 's. to 

Ta. @d. per ton. The best household coal ‘has been quoted 
at 19s. to AN xy: households at 17s. to 18s.; No.3 

al 


The ‘‘ Queen Elizabeth.”—The Queen Elizabeth will be 
launched at Portsmouth on October 16. It had been 
hoped that Her Majesty Queen Mary would have con- 
sented to name the ship, but it is now feared that this 
will not be the case. e Queen Elizabeth will be fitted 
with machinery entirely oil-driven. She is to carry ten 
15-in. guns, and she will be the largest battleship ever 
launched at Portsmouth, 10,000 tons of material having 
been built into her. She was laid down in October, last 
year, so that she has been twelve months in hand. A 
dispute among Smears workmen early this year occa- 
sioned some delay in her construction. 

Weymouth.—The Weymouth Town Council decided 
on Thursday to ask the Great Western Railway Com- 
pany to receive a deputation on the subject of the in- 
adequacy of Weymouth station, in view of the con- 
gestion caused by the number of naval men who come 
ashore and increasing crowds of visitors. 


Bedenham Muagazines.—New high explosive magazines 
at Bedenham, which have cost 100,000/. to construct, 
have been taken over by the naval authorities, They are 
situated a long way up Portsmouth Harbour, well awa 
from the dockyard from where warships are m: > 


Trevithick.—A movement is on foot for erecting a 
memorial to Richard Trevithick, the early designer 
of steam locomotives. A statue is to be placed at : 
borne, at a cost of 500/. Mr. L. Merrifield has been 
entrusted with the work. A memoir of Trevithick is 
also to be prepared. 





Tue Brirish CHambBer OF Commerce, Paris.—The 
British Chamber of Commerce at Paris announces that 
brass or iron tubes bent into the form of bed-heads, and 
simply pierced with a hole at the centre, will not be classed 
for customs opugee as worked goods, liable to 40 francs 
duty per 100 kilos., but —, as “tubes en couture,” or 
“tubes en acier”—i.e., unworked, and at a very much 
lower duty, which for brass tubes is 20 francs. 





BaTTERSEA PoLyTECHNIC.—We have received a pro- 
spectus for the 1913-14 session at the Battersea Polytech- 
nic, At this Institute courses are given in mechanical, 
civil, electrical engineering, and the building trades, 
constructional engineering, architecture, and motor engi- 
neering. Full three-year day courses can be followed for 
the preparation of students for the Institute’s diploma, 
or for the B.Sc. Engineering degree of the University 
of London. Evening courses are likewise conducted in 
various engineering subjects suitable for preparation for 
the B.Sc. degree. The workshops and laboratories are 
each year provided with additional apparatus, so that 
the work may be kept in line with the progress of the 
profession. e may state that awards are usually made 
each year in connection with the Morgan Scholarship, of 
a value of 60/. for one year, but renewable for a second 
for assisting original research work at the Institute ; and 
the Edwin Tate scholarships, two of which are for 30/. 
for three years, and one of 20/. for three y in the 
departments of science and a. The Old 
Students’ Association also a bursaries to assist 
, es in the payment of their fees, under certain con- 
itions. 





Tur Junior Institution or Encingers.—The winter 
programme of the thirty-third session of the above In. 
stitution has now been prepared. The weekly informal 
discussion evenings that have been a po feature 
during the last two or three years will be recom 
on Friday, October 3, when Mr. W. A. Tookey, M.I. 
Mech. E., vice-chairman, will lecture upon the subject 
of ‘* Gas-Engine Testing,” at the offices of the Institu- 
tion, 39, Victoria-street, Westminster, 8.W. On Mon- 
day, October 20, the first monthly ordinary ral 
meeting will be held at the Lecture Hall of the fostitu- 
tion of Electrical ineers, Victoria Kmbankment, 
W.C., when a paper by Mr. G. 8. Cooper, u “Modern 
Coke-Ovens,” and em yy pee upon the recovery of 
sulphate of ammonia, wi read and discussed. A 
smoking concert will be held early in November. This 
will be followed by the annual meeting and 
election of officers, on Monday, November 17, on which 
occasion a paper will be read by Mr. Ernest Ki (Mem- 
ber of Council), upon the Junior institution of Engi- 
neers, and its aims and objects, with a view to eliciting 
the opinions of members and friends upon the manner in 
which these are fulfilled in the interest of private mem- 
bers. The incoming President, Sir Boverton’ Redwood, 
will deliver bis presidential ress on Friday, Decem 
ber 5, and will dexi with * fhe Future cf Oil Fuel.” 
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ENCLOSED HORIZONTAL OIL-ENGINES. 


BY MESSRS. PETTERS, LIMITED, ENGINEERS, YEOVIL. 


CONSTRUCTED 
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WE illustrate on this page one of a series of oil- 
engines which Messrs. Petters, Limited, of the Nautilus 
Works, Yeovil, have introduced to meet a demand 
for engines for driving factories, mills, thrashing- 
machines and the like, and more particularly for duties 
where the engine is required to work in a very dusty 
or exposed situation. The engines, being speciall 
designed for long continuous running, are fitted wit 
forced-feed lubrication to the cylinder, piston-pin, 
crank-pin, main bearings, and exhaust-valve. 

Two external views of the engine, showing respeo- 
tively the back and the front, are reproduced in Figs. 1 
and 2, above, whilst the longitudinal section, Fig. 3, 
shows the principal constructive features of the type. 
The crank-case is, it will be seen, entirely ented ty 
movable aluminium covers. 

As is well shown in Fig. 3, the cylinder is cast in one 
with the bed-plate, and is thus supported through- 
out its whole length. It is fitted with a loose liner 
made of special close-grained iron and thoroughly 
well water-jacketed. he sole-plate, on which the 
whole. is mounted, is of strong bux section, and has an 
oil-trough cast round its base to prevent waste oil 
reaching the foundations. The crank-shaft, which is 
of Siemens-Martin acid steel, is cut from the selid and 
machined all over, and is.accurately balanced by means 
of cast-iron balance-weights securely fixed to the crank- 
webs. The piston is made from a specially-selected 
close-grained iron, having four piston-rings at the back 
end, and is fitted with a special oil-retaining ring for- 
ward, to prevent possible poe of the cylinder. The 

in is made of mild steel, case-hardened and . 
The air-inlet valve, which is sitfated at the top of the 
combustion-chamber, is mechanically , and the 
sound of the entering air is effectually silenced by its 
being drawn through the engine bed-plate, 





The vaporiser, shown to the left of F ig. 3, is entirely 
enclosed by a removable cast-iron wind-shield, which 


, was to check buying. 








rices ; the immediate effect 


basic recently advanced 
he railroads are at present 


serves also to protect the starting-lamp from draughts. | ordering in a moderate way, but recent inquiries for 


The fuel supply to the engine, which may be either 
crude or met oil, is pumped under pressure through 
a sprayer situated above the inlet-valve to the vapor- 
iser, and the excess is by- back to the fuel-tank 
by the governor. An oil-heater is provided to enable 
the engine to utilise thick crude and residual oils where 
this type of fuel is to be obtained. The governor is 
of the Sgmnmay or spring-loaded type, driven by gearing 
from the cam-shaft. It operates by reducing the supply 
of oil to the engine by opening a by-pass valve. The 
cylinder, piston-pin, crank-pin, main bearings, and 
exhaust-valve are all lubricated from one large central 
forced-feed lubricator. Means are provided for flushing 
all parts with oil before starting, and all feeds can be 
independently regulated to suit requirements. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 10. 
AN unexpected and heavy demand has sprung u 
within the past week for crude iron for agricultural- 
implement purposes, for harvesting machinery, electri- 
cal equipment, and forcast-iron-pipe manufacture. Sales 
now pending, and sales made within the past week for 
ee the present year, figure out at 130,000 
tons. Prices for 1914 delivery have been in some cases 
advanced from 25 to 50 cents per ton. Very large 
purchases are now in sight. Makers of Bessemer and 





|rails for 1914 delivery exceed a half-million tons. 
| Much railroad construction is projected, and if no 


further discouragement is presented, a large volume 
of rail orders will be secured, probably within 4 
few weeks. The undertone of the iron and steel 
market is strong when the discouraging features are 
taken into account. The activity in crude iron is due 
to the anticipation of higher figures. Basic and open- 
hearth steel billets have been exceptionally quiet for 
a week. Inquiries for ship-plates and shapes point to 
a good business in the near future. The August out- 
put of coke and anthracite pig iron was at the 
rate of 82,120 tonsa day. A few furnaces will blow 
in, and their output is sold. Bar-mills are working 
below capacity. Sheet-mills are more active. Plate- 
mills are crowded with business, and selling prices 
are firmly held. From all western and southern steel 
centres there are reported strong indications of an 
improving demand as the cold weather —— 
The accumulated orders at all mills are s ily declin- 
ing. The production of coke is fully equal to current 
demand, and prices are strong. 





Discovery oF Irtpium.—Near Heidelberg, in the 
Transvaal, a small reef, outcropping on the western 
boundary of the farm Kortnek, has been opened to a 
depth of 10 ft. Samples of the reef were assayed and 
found to contain 8 dwt. of gold, 10 dwt. of silver, 34 dwt, 
of iridium, and a trace of platinum to the ton. 
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THE FRIED. KRUPP WORKS, FRIEDRICH-ALFRED-HUTTE, 
RHEINHAUSEN. 


(For Description, see Page 416.) 


‘1g. 16. View in Open-HeartH Steet Works. 











} ‘a. 17. View ry Open-Heartu Street Works. 
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THE FRIED. KRUPP WORKS, FRIEDRICH-ALFRED-HUTTE, 
RHEINHAUSEN. 


(For Description, see Page 416.) 
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THE ECONOMICS OF CANAL 
TRANSPORT. 


Ir was certainly fitting that the subject of canal 
transport should take a prominent place in the pro- 
gramme of the British Association at the recent 
meeting at Birmingham, as the manufacturers in 
that city have been most insistent upon a fulfil- 
ment of the proposal for the unification of English 
waterways. e first portion of this scheme to be 
taken in hand, according to the Royal Commission’s 
recommendations, is to give the Midland city water 
connection with the Thames, Mersey, Severn and 
Humber. The State is to purchase, for an undeter- 
mined sum, the 1048 miles of existing canals in the 
Midlands, leaving the remaining 2591 miles outside 
the scope of their action for the present, and the 
pro national water board is to effect im- 
provements on these waterways, in order to 
make all of them suitable for a standard 100-ton 
barge. This work is to be carried out at an 
estimated cost of 174 million sterling, excluding 


_|the amount which may be involved in the provi- 


sion of terminal docks, wharves, warehouses, load- 
ing and discharging appliances, barges, tugs, or 
mechanical haulage appliances. The net result 
would thus be the subsidising of the traders and 
manufacturers of the Midlands at the expense of the 
State, because the idea underlying the scheme is 
a reduction in the transport p on rather than 
the ensurance of an adequate return on the mone 
to be spent by the State on canals, a return which 
past experience has proved to be impossible. Bir- 
mingham and the Midlands generally support the 
scheme ; this is only natural, if selfish. ut the 
— is one of national economics, and it was 

tting that the subject should be discussed in 
the Economic Science and Statistical Section of 
the British Association. 

The President of the section, the Rev. Philip H. 
Wicksteed, in his inaugural address, laid down some 
general principles, in a more or less academic form, 
which bear on this and all phases of political economy. 
We premise an extract from his address with the 
remark, which needs no support, that what is 
economically incumbent on the individual is equally 
required of the State. The President said : ‘‘ The 
manager of a business is constantly engaged in con- 
sidering, for instance, how much labour such and such 
a machine would save, how much raw material a man 
of such and such a character would save, what equiva- 
lent an expansion of his premises would yield in ease 
and smoothness in the conduct of business, how 
much economy in the shop would be effected by a 
given addition to the staff in each office, and so on. 
And all the time he is also considering the 
oo at which he can obtain these several factors, 

a upon their differential significances to 
other people in other business.” nsport is 
an essential element in business, and it is the 
duty of the State, as of the individual, to consider 
the price at which the most efficient service can be 
secured. But this must be the entire price, and 
not merely a portion of it. It is not enough to 
consider the freight charged to the individual if the 
State is paying a substantial addition by way of 
interest on capital expenditure. The true stan 
in relation to canals is their suitability in the present 
age for the economic transport of merchandise in 
this country. At the recent meeting several papers 
were read concerned more or less with this subject, 
but only one of these was based on the root prin- 


35| ciples of economics, although in the discussion 


there were two or three contributions of a like 
nature. 
Support of canal-transport improvements in this 
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to compete successfully with railways. More- 


over, in France, and to a still greater extent in 





Germany, it has been found possible to canalise 
rivers and to link up natural waterways with rela- 
tively short lengths of canals. For instance, of the 
total canal system in Germany, 60 per cent. consist 
of free rivers and 13 per cent. canalised rivers, 
leaving about 27 per cent. canals ; while in France 
the proportions are respectively 23, 28, and 49 per 
cent. Obviously, therefore, the conditions are 
more favourable in Germany than in France, and 
still more so than in England. This has encour- 
aged the authorities to make provision for canals 
of great sectional area, and for large barges, so as 
to reduce working charges. The Elbe-Trave Canal, 
for instance, cost 27,5001. per mile, and others range 
up to 78,000., as in the case of the Tetlow Canal. 
Again, the electric towage system in some cases cost 
76001. per mile. The canal systems in Continental 
countries involve considerable charges upon the 
State. In the case of Germany the charge is 
1,391,000. per annum, which, upon the traffic of 
the canals and canalised rivers, equals 0.1d. per ton- 
mile ; while the average freight for coal, which is 
charged least of all commercial products, is 0.187d. 
In Belgium four-tenths of the costs for transport 
are paid by the State. In France the loss to the 
State is equal to 0.2ld. per ton-mile on all the 
traffic, while the average freight rate paid is 0.289d. 

r ton-mile. Thus the charge in Germany is 

.287d., and in France about $d. r ton-mile. 
These are the figures given in a Commission 
Report. It must be remembered, too, that owing 
to detours the distance traversed from point to 
ap is greater than by rail. This feature would 

much more pronounced in this country and 
would have to be taken into account in comparing 
canal rates per mile with those on more direct rail- 
way routes. 

The charges involved in purchase and in im- 
proving the canals and providing terminal facilities, 
whether borne by the State or the canal-owners or 
workers, must be heavier than in foreign countries, 
because of the density of population. As Mr. G. R. 
Jebb, a Vice-President of the Institution of Civil 
Engineers, pointed out in the discussion, there are 
in London and the suburbs 160 railway coal dépéta, 
with many miles of sidings, in connection with the 
distribution of coal within the Metropolis. How 
could land be found for equivalent deckage, ware- 
housing, and other terminal facilities, even on the 
River Thames, at a point where canals might 
enter it? Of the London coal supply, only about 
20,000 tons out of 16 million tons per annum come 
by canals, the remainder being almost equally 
divided between rail and sea transport, and 
with the latter heavy cartage charges are already 
often involved. The same applies to all cities in a 
degree proportionate to their size. Again, the 
canals would have to be extended to the collieries, 
or the coal be taken by wagon to the canals, in- 
volving additional ‘‘ breaking of bulk.” Canal 
basins would have to be provided to accommodate 
the barges while being loaded. There would be 
blockage in getting these boats into and out of the 
basins, and already serious delays are incurred with 
the existing traffic owing to the 550 private basins 
in connection with our main canals. Again, in cold 
weather mist is developed, and impedes the working 
of the traffic, owing to the evaporation due to the 
relatively hot water, especially when it is used for 
condensation of steam. Thus there is less likeli- 
hood of even the speed in France, of 1.67 miles per 
hour, or that in Germany, of 24 miles, being 
achieved in England. 

Another respect in which the conditions in 
England differ materially from those on the Con- 
tinent has reference to the length of haulage, and 
the consequent ratio of the time lost to the total 
time occupied. Even with barges of 100 tons con- 
siderable time would be lost in waiting for a full 
load, especially with general merchandise. This 
trouble, even with the 8 and 10-ton wagons on 
the railways, has tended to increase railway freight 
rates, and time and again there has been great 
outcry because train-loads of Continental produce 
could be sent from the port at very low rates, 
because a full train-load was ensured at once at the 
harbour of importation. Even with Birmingham 
merchandise there woulé be such delay, in addition 
to that involved by obstructions on the line of 
route, due to the — entering or leaving the 
basins adjacent to works. The question of water 
supply for the canals is also aserious one. In con- 
nection with the two long tunnels at Harecastle, 
on the Trent and Mersey Canal, provision would 
require to be made against settlement, due to the 
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large area under which minerals have been worked. 
Indeed, Mr. Jebb deduced, from his thirty-seven 
years’ experience as the engineer responsible for 
the maintenance of the Birmingham Canal, that it 
would be necessary to acquire, at great cost, a 
large area of minerals. It is not, therefore, at 
all surprising that, as was made clear to the Royal 
Commission on Canals, the public could not be 
depended upon to find money for new canals, as 
they do not present 4 satisfactory field for invest- 
ment. Mr. Acworth, in a logical paper at the 
British Association, proved that canals as means 
of transport were necessarily and inherently inferior 
to railways, and he justified his contention on the 
ground that their capital cost is higher and their 
carrying capacity smaller, that they cater only for 
low-class goods in bulk, and could only reach the 
ultimate point of production or consumption 
by a supplementary use of wagons or railway 
trucks. 

If the State were to provide the whole of the 
cost of purchasing the English canals, of unifying 
the system and making each canal suitable for 
100-ton barges, and, further, of providing all 
terminal necessities, while making the canals free, it 
might be possible for traders, or even the railway 
companies, to make them pay the working charges 
while reducing the rates to the very low sums 
indicated by some of the writers of papers at the 
British Association meeting. ‘This duty, however, 
is scarcely the function of the State. The aim, 
as enunciated by the President of the Economic 
Section, is, of course, to achieve definite service 
at the lowest possible rate and the highest 

ossible efticiency. The State may indirectly 
aon towards this end, but all action taken 
must be for the common weal. To construct 
canals which could only be of service to the manu- 
facturers or colliery owners on the routes of such 
canals, and not even to all manufacturers and 
colliery owners within the area traversed, and to 
render these canals free, is offering a subsidy to 
some individuals at the cost of others. Indeed, 
the probabilities are that, in addition to providing 
their share of the subsidy, the others would, in 
many cases, be severely handicapped in providing 
for themselves the necessaries of life. If the 
makers of engineering products in Birmingham, 
for instance, were thus enabled to send their goods 
to the London market at a cheaper freight charge 
than their competitors in the same trade at, say, 
Leeds or Bradford, the loss in trade incurred by 
the latter would be serious. Moreover, the railways 
competing against the modernised State-aided canal 
might be tempted to lower their rates within such 
region of competition, and encouraged to recoup 
themselves by charging higher rates in other areas, 
where no State canals entered into the question, so 
that there would be a two-fold handicap established 
as a result of State favouritism of one district. The 
whole proposal is therefore untenable, alike from 
the point of view of national government as well as 
of commercial economics. 

The Continental countries who have rendered 
free the canal systems have given some compensa- 
tion to the railways. In Prussia, for instance, the 
rates and taxes payable by the railways per mile 
are only one-tenth those charged against British 
railways ; while in France the Government guaran- 
tees interest to the railways. In this country the 


railways are without aid. Indeed, the Government | p 


and municipal exactions have an increasing effect 
on the wrong side of the balance-sheet ; and yet 
a comparison of the railway rates with those of 
Continental canal transport, when all charges are 
considered, proves the satisfactory character of our 
railway management. If lower rates are required, 
the alternative to canal development is, as Mr. 
Acworth clearly pointed out, the construction of 
railway lines exclusively for low-grade merchandise 
trattic only, particularly eoa.. In such case the 
speed could be low, nn | many of the costly provi- 
sions made on existing lines, due to the higher 
speeds and passenger traffic, could be dispensed 
with. Certainly the railway system offers greater 
flexibility ; it can more easily be expanded by multi- 
plying lines side by side, and the terminal facilities, 
alike in factories and in large towns, are more 
easily and com y provided. The discussion at 
the nomic 


clearly points, therefore, to the fact that the hesi- 
tancy to forward the movement along the lines 
suggested by the Royal Commission on Canals is a 
direct consequence of the untenability of their 
proposals from the point of view of economics. 


tion of the British Association | 





DIESEL ENGINE CYLINDER 
DIMENSIONS. 


As a result of the large amount of experimental 
work that has been carried out within the last few 
years by several famous continental firms, it is now 
possible to determine in a fairly definite way the 
cylinder dimensions of Diesel engines of the two 
and four-cycle types for marine purposes. 

Although as a rule we can predict economies 
better in internal-combustion engines than in steam- 
engines, it is not safe to rely on calculation alone 
in power determinations, for we cannot get nearly 
the same power from an engine that theoretical 
considerations would lead us to expect. It is also 
questionable if it would be economical to use much 
higher mean pressures than we at present obtain, 
for the simple reason that high mean pressures 
generally mean high terminal pressures, and it is 
not economical to exhaust at a high terminal pres- 
sure. Until means are found of utilising the toe of 
the diagram, it is not wise to attempt more than we 
now obtain. Higher mean pressures in the cylinder 
— higher mean bearing pressures, and all 

ring surfaces would have to be increased. We 
know that it is already bearing pressures, as much 
as anything else, that fix crank-shaft and crosshead- 

in dimensions. In naval work, of course, it might 
more economical to design with a view to obtain- 
ing the highest mean pressures ible, because 
naval engines are as a rule only called upon to give 
out their maximum power for short periods. 

In this connection the suggestions of Professor 
Junkers, and those given in a paper before the 
Institution of Engineers and Shipbuilders in Scot- 
land (ENGINEERING, May 3, 1912, page 605), seem 
worthy of attention. There it was proposed to 
work Diesel engines in an atmosphere much denser 
than that we breathe, such increased pressure 
being obtained in the manner explained in the 
= med just referred to. We have heard of the 
failure of some contracts for internal-combustion 
engines to work in high altitudes, due to the fact 
that the rarefied condition of the atmosphere was 
not taken into account in designing the engines, 
with the result that the plant failed to give out 
anything like the power expected. 

t does not require any elaborate calculations to 
show that, with properly-designed apparatus, work- 
ing under more than atmospheric pressure, an in- 
crease of 25 to 50 per cent. in the power over the 
maximum that could be obtained under normal con- 
ditions is possible. The arguments that might be 
used against this system are no more serious than 
those that could be used against forced draught, as 
we know it. In fact, if we consider the two-cycle 
system as the only system likely to be used in war- 
ship work, the arguments are much less cogent, for 
it is possible to obtain these overloads without the 
necessity of adopting closed engine-rooms or sub- 
jecting the engine-room staff to anything but atmo- 
— pressure. As pointed out in the paper 
already referred to, it is only necessary to increase 
the pressure of the scavenging air by increasing the 
speed of the scavenging air-pumps, and at the same 
time to increase the back pressure on the exhaust 
side, so that the main engines would start com- 
pressing their charge at, say, 21 1b. per sq. in. 
absolute, or more, as against the customary 14.7 Ib. 
to 16 lb. per sq. in. absolute. To increase the back 
ressure on the engine, the simple water seal or 
throttle suggested would not cost much, and when 
the double doors, power-driven fans, sealed stoke- 
holds, &c., of the usual steam installations are 
considered, the system, when applied to internal- 
combustion engines, is extremely simple and cheap. 

With regard to engines for ordinary work, the 
economical amount of power that can be obtained 
from them is now well established, and it is quite 
a simple matter to determine the cylinder sizes of 
any new engines. There are, however, many con- 
siderations that vitally affect the power, efficiency, 
and life of these engines that should be noted 
when deciding on the design and scavenging 
arrangements, especially of two-cycle cylinders. 
The crank-case compression Diesel engine is, for 
many reasons, not likely to appear. The chief one 
is that crank-case scavenging is notoriously ineffi- 


cient, and the indicated mean pressure that could | 
be supported in the cylinder would hardly exceed | 


50 Ib. per - in. With other systems of scaven- 
ging as much as 140 lb. per sq. in. indicated mean 

ure has been obtained, so that this comparison 
1s rather striking. Also, since Diesel pressures are 
used, the crank-case compression engine would 


require to be designed to withstand those, and its 
weight per brake horse-power would therefore be 
quite inadmissible. Again, the economical piston 
speed for crank-case compression engines is about 
700 ft. per minute, whereas for other systems of 
scavenging the piston speed can be pushed up to 
1200 ft. per minute economically. With crank- 
case compression the volumetric efficiency falls off 
so rapidly with the increase in speed that the power 
begins to fall away instead of to increase. 

From another point of view this system of 
scavenging is bad. It means that half of the 
cylinder circumference only is available for the 
exhaust-ports, while the other half is used for the 
scavenging-ports. Hence the exhaust losses are 
much greater, because of the restricted area avail- 
able for exhaust-ports, and these ports require to 
be fairly long in comparison with the ports for 
other systems, a fact which makes the toe of the indi- 
cator diagram much longer, thus showing another 
loss. Annexed are two cards—one from a Diesel 
engine which introduced the scavenging air through 
valves in the cylinder-cover (Fig. 1) and conse- 
quently had the whole circumference of the cylin- 
der availabie for exhaust-ports ; and one (Fig. 2) 
from a port-scavenging engine. The difference in 
the toes is rather marked. 

The chief drawback to scavenging through ports 
on one side of the cylinder and exhausting through 


Fig.1. 








Fig.2. 


—— 
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others on the opposite side is that the bars on the 
scavenge side are much cooler than those on the 
exhaust side, and this causes unequal expansion, 
often resulting in cracked exhaust-bars. Engines 
on this system, but having separate liners, are not 
so liable to suffer from this defect, as the liner 
seems to be able to accommodate itself to the 
unequal expansions much better than when cast 
integral with the cylinder. The crank-case compres- 
sion type, as a rule, involves a baffle on the piston, 
and this gives a most awkward and inefficient shape 
to the combustion-chamber, making it nearly impos- 
sible to obtain complete combustion with the little 
air that it is possible to get into the cylinder. The 
piston is also liable to crack on the crown, owing to 
its unsymmetrical shape, and it is necessary to give 
it more clearance fore and aft than athwartships 
to minimise any chances of seizing. It is also 
impossible to water-cool a part of the cylinder in 
way of the air-ports, and, to the touch, this part 
is always hotter than the water-cooled part. 

One or two designs have appeared in which most 
of the scavenging air is introduced through valves 
in the cylinder-cover, and the remainder introduced 
through ports nearly opposite the exhaust-ports. 
It is difficult to adduce any reasons for this practice, 
and it is possibly only done to obtain a patented 
design different from any on the market. This com- 
pound system complicates the scavenging air-piping, 
and as the air-inlet ports are uncovered by means 
of a piston-valve, it is necessary to add gear for revers- 
ing this valve. It undoubtedly costs more in air 
and power than would be necessary with a simple 
straightforward system, by which all the air was 
introduced through four valves placed in the cylin- 
der-cover. This latter system is undoubtedly the 
| best and most efficient. The exhaust products are 
| swept out by a column of air with the minimum of 
intermixing, and the temperature changes all over 
| the cylinder and piston are uniform. The whole 
circumference of the cylinder is available for ex- 
haust-ports, and these can be short so as to give 
the shortest toe possible to the indicator card. 

The power of the engine being given, the first 
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TABLE I.—Two-Cycie Enerne. 





| Ratio : | 











| 





— Cylinders. _. 7 Brake, ndicated 
0. 0 | roke iston | ’ | Indica‘ ‘ , 
Cylin- B.H.P. Ee RS . | — , Mean | Name of Engine. REMARKS. 
ders. Dia. Stroke. Diameter sure. Pressure. 
4 850 18.5 26.8 1.45 160 720 73 97 Sulzer | Monte Penedo 
4 110 8.4 12.6 1.5 800 630 52 69 A. B. Diesels Port scavenging 
4 260 11.4 16.9 1.48 250 700 60 80 Ditto Ditto 
6 800 17.7 21.25 12 165 585 61 81 Ditto | Ditto 
3* 1000 18.9 25.6 1.35 125 530 61 76 M.A.N. | Double acting 
3t 6000 31.5 41.7 1.32 160 1110 76 95 Ditto Ditto 
6 150 6.9 8.66 1.25 550 790 46 68 Ditto Single-acting 
6 900 12.8 23.2 1.68 260 900 65 86 Ditto Ditto 
4 110 6.7 8.6 1.3 550 7 53.5 71 F.LA.T. 
4 1000 21 65 31.5 1.45 150 790 47 62 Ditto Turin Exhibition 
4 1200 21.65 31.5 1.45 170 890 50 67 Ditto | Ditto 
4 1000 17.7 £2.0 1.29 250 915 61 81 Carels | Exhibition engine 
4 800 20.0 36 0 1.8 115 | 690 61 81 Ditto | ** Eavestone ” 
3" 1250 32 2 39.4 1.22 1f0 980 85 106 Ditto | Experimental 
6 1500 20.0 362 1.81 130 780 67 90 tto boat engine 
4 200 11.0 145 1,32 270 | 650 44 58 Thornycroft Diesel Engine Co.'s design 
6 350 | 98 11.8 12 450 885 58 7 | oe Submarine-boat engine 
6 1000 17.25 17.25 1.0 300 | 862 54 72 | John Cockerill 
3 650 15.4 17.7 1.15 180 530 71 95 Junkers Builders, J. Frerichs 
+ 1100 17.3 | 20.5 1.18 | 150 510 74 98 Ditto Ditto 
TABLE II.—Four-Cycie EnNcing, 
6 200 9.45 14.17 1.5 330 | 780 80 | 100 Joh. Tecklenborg 
6 500 | 15.7 23.6 1.5 190 750 | 76 | 95 Ditto 
3 140 | 13.0 14.8 1.14 260 oo | 72 =| 90 L. Noble and Co. 
6 500 14.7 16.9 1.36 310 | 87 74 92 Ditto 
4 350 17.7 20.0 1.13 190 630 7 | 92 Ditto 
4 500 17.7 26.7 1.5 200 890 | 75 | 98 Kolomna Co. 
6 600 17.7 18.0 1.02 | 250 750 72 90 itto 
3 200 15.7 19.7 1.25 200 655 69 86 Werkspoor Sembilan 
6 450 | 15.7 23.6 1.5 180 710 2 | 90 Ditto Vulcanus 
6 900 | 20.5 35.5 1.73 140 830 7 | 90 Ditto 
6 1100 23.5 394 168 140 920 61 76 Ditto 
4 300 | 13.0 13.0 1.0 400 865 86 107 Krupp Submarine engine 
6 420 13.0 14.8 1.14 400 990 | 7 } 7 Normand Ditto 
8} 1250 208 28.7 1.38 140 670 90 | 102 Burmeister & Wain Selandia 








* Injection air-compressor separately driven. 


+ Injection air-compressor and scavenging pumps separately driven. 


{ First and second stages of three-stage injection air-compressor separately driven. 


thing to determine is the proportions of the cylin- | 
ders, and this can be done when a suitable stroke- 
bore ratio and piston speed have been selected. 
As a guide to designers, and as showing the 
— of the most successful Diesel - engine 

uilders, Tables I. and II. are given. These will 
guide the designer in his choice of a precedent. 
Table I. refers to two-cycle engines, and Table IT. 
to four-cycle. 

Considering the two-cycle engine first, it will be 
noticed that for ordinary marine work the piston 
speed will be about 750 ft. per minute, and the 
stroke-bore ratio may be anything from 1.25 to 
1.9, with a distinct preference for 1.9. By adopt- 
ing a fairly low piston speed and a large stroke-bore 
ratio, the endeavour is to keep down the revolu- 
tions as far as possible, not so much because of 
‘aa ese efficiency, but because the engine will 
ast much longer, wear-and-tear will be less, and 
there will be greater freedom from breakdown. 
For naval work the piston speed may be increased 
to 1000 or 1200 ft. per minute with impunity. The 
stroke-bore ratio varies from 1.05 to 1.25, giving 
an average of 1.15. These high piston speeds and 
small stroke-bore ratios allow a light, low-lying 
engine to be made. 

In marine calculations it is usual to refer to the 
indicated mean pressure and indicated horse-power, 
In oil-engine work it has always been the custom to 
deal with the brake or shaft horse-power, and when 
we come to apply this method to marine purposes 
there will besome difficulty. If the indicated horse- 
power be given, this must be converted into brake 
horse - power by assuming a suitable mechanical 
efliciency for the type of engine under consideration. 
This depends both on the size and type of engine, 
and whether the scavenging and injection air-pumps 
are driven wholly or in part by the main engine. 
For four-cycle engines up to 600 brake horse- 
power the mechanical efficiency may be taken at 
80 per cent., and above this power at 85 per cent. 
In the case of the Selandia’s engines the mechanical 
efliciency was returned at 90 per cent., but the 
first two stages of the three-stage injection air- 
compressor were separately driven, and it was not 
stated if this was allowed for in the figure given. 
If not, then the figure given would be reduced by 
3 or 4 per cen’. For two-cycle engines, driving 
their own scave nging and injection air-pumps, the 
mechanical efficiency ranges from 75 to 80 per cent., 
the difference depending greatly on the system of 
scavenging adopted. 

In calculating the size of the cylinder some 
designers allow so many cubic inches of piston dis- 
placement per brake horse-power, but such a figure 
conveys very little to the mind of the engineer who 
has been accustomed to dealing in pounds per 





Square inch. Therefore, in the analysis of the 
engines listed in this article, it has been thought | 


advisable to speak in pounds per square inch, and 
we have adopted the term brake mean pressure, 
which simply means the mean pressure calculated 
from the brake horse-power. Hence, if engines are 
designed by using such figures in calculating the sizes 
of the cylinders, it will be the shaft or brake horse- 
power that will be obtained. By taking into account 
the mechanical efficiency of the motor it will be 
easy to calculate the indicated mean pressure or 
indicated horse-power. The brake mean pressure 
given in the table has been calculated on the 
assumption that all auxiliaries, such as scavenging 
air-pumps, injection air-pumps, circulating water- 
pumps, and gravity oil-pumps are driven by the 
main engine. Where this is not the case suitable 
allowances must be made, and in the tables all such 
cases have been specially noted. This method is a 
very convenient and direct way of treating the sub- 
ject, and is the one now usually adopted for all 
moderate-powered installations. 

From the tables it will be seen that no very 
definite pressures are used, every maker, as one 
would expect from the radical differences in design, 
getting different results. A knowledge of the con- 
structional details of the various engines listed will 
enable one to trace why one engine is so much 
better than another in this respect. The tables 
contain a selection of practically all the large 
engines built or building, and in every case refers 
to Continental practice, since, so far, British prac- 
tice is unfortunately non-existent. 








ARMY TRANSPORT. 

Amone the many problems that weigh on a 
military commander, probably none is more onerous 
than that of transport. An army without its 
ammunition and supply-columns is as_ helpless 
as a female tourist without her trunks. All 
strategic operations have to be planned from the 
point of view of the s of movement of the 
wagons, and if these fail to come up in time the 
desired combinations will not be effected. Unfor- 
tunately, the transport is usually the least-pre- 
pared mena sag of an army, since no nation 
can afford to keep it anywhere near its war strength 
during e. At the last moment it has to be 
suddenly expanded and horses bought, or impressed, 
wherever they can be obtained. During the South 
African war we had buying agents in every horse- 
raising country in the world, and animals were 
hurried in shiploads to the Cape, often to perish 
in a few days because there was no time to get 
them into proper condition after their voyage and 
rail transport. In the future, difficulties of this 
kind are likely to be greater rather than less, 
for horses are growing scarce, and campaigns will 
be shorter, the decisive blow being struck at a 
much earlier period than formerly. ~ The initiative, 


which counts for so much, will then be on the side 
which mobilises in all departments most quickly, 
and of these none is more important than trans- 
port. All indications point to the transport of 
the future being mechanically propelled, and the 
present army exercises show how ill-prepared we 
are in this res The manceuvres are on a scale 
greatly exceeding anything that has hitherto taken 
place, practically all the regular army stationed in 
the country being engaged, and it is understood 
that there are at the present time upwards of 
70,000 men taking part. When it is remembered 
that a division of 16,000 men of all arms occupies a 
length of march of 15 miles, it will not be difficult 
to appreciate that the supply columns must be very 
extensive. 

An excellent opportunity was afforded on Sunday 
and on Monday morning last at the points of con- 
centration of the Brown Force at Rickmansworth 
and Watford to exemine the number and types of 
transport vehicles employed. It has for some time 
been the practice to supplement the horse-drawn 
Army Service Corps wagons by any vehicles and 
horses which the Army contractors could lay their 
hands on, and the result has been frequent break- 
downs, owing to unsuitable and ineffective harness 
often being employed. With the development of 
motor traction the same expedient has been 
adopted, and the few motor-wagons belonging to 
the Army Service Corps have been supplemented 
by hired vehicles of almost every conceivable make 
and size, recruited from one end of the country to 
the other. 

The motor transport was kept apart from the 
horse-drawn vehicles, both at Rickmansworth and 
Watford, and was employed to fetch up the sup- 
plies from the railway and to distribute them to 
the different camps, travelling practically all the 
time over good roads. Even when performin 
this comparatively easy work, many of t the hi 
vehicles were unable to get into position, and had 
to be towed by some of the few specially-built War 
Office motor-vans, which have mn designed as 
the outcome of experience gained by the army at 
this sort of work in previous years. 

Even with this very indifferent fleet, the motor 
transport is apparently revolutionising the supply 
arrangements, as the men and guns get under way 
at daybreak, march on an average about fifteen 
miles in the day, and are followed by a certain 
amount of horse transport. The motor vehicles 
do not get under way until mid-day, when they go 
to the railway, pick up the supplies, deliver them 
to the — in their advanced position, and return 
before night to their camp oben to the rail- 
way ready for the next day’s work. The exact 
arrangements and method of working are diffi- 
cult to appreciate by the lay mind, but it is 
easy to see the great reduction in the number of 
vehicles which will be found necessary to supply 
the Army under this system, compared with ab 
is only possible when the whole of the transport 
has to follow with the men. 

Engineers will appreciate, however, that good 
results will only be obtained when the vehicles are 
reasonably free from breakdowns, and can be 
quickly and readily put right when breakdowns 
occur, With dozensof different t of vehicles, 
this is, of course, impossible. The War Office autho- 
rities, realising this, have endeavoured by their 
subsidy scheme to get a uniform type of vehicle 
adopted by the ordinary users in the country, 
which will be available for them to take up for 
military purposes. So far very little has been 
done, as it seems that the special features which 
are necessary for military purposes are looked upon 
by the commercial user as useless or objectionable 
for his purpose, and among the very large number 
of hired vehicles there was not to be found a single 
one of the subsidised type. 


These hired vehicles no doubt do fairly well in 
the easy conditions of peace manceuvres, but their 
weakness would soon be revealed in war, icu- 


larly in a country with less efficient roads are 
found here. The introduction of the aeroplane is 
certain to involve many changes in strategy, for 
the movements of troops will have to be hidden 
by night marching, and by the adoption of routes 
shrouded by woods. Instead of following the best 
roads, men on the march will choose byways and 
lanes between high hedges, and will strive by all 
means to escape the observation of the aerial scouts. 
The wagons will have to adopt a similar course, 
for the enemy will know that they have a common 





objective ; and if the point can fixed at which 
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food and ammunition are being concentrated, they 
can assume that the army is marching to the same 
spot, although it may be hidden. Under such 
circumstances, none but the strongest and best- 
designed vehicles would be able to make progress,and 
the miscellaneous collection which is now doing fair 
service on well-tarred roads would fail hopelessly. 
The prospect of a complete motor transport for 
our army is not attractive to the taxpayer, but far 
_ countries than this are facing the problem. 
e understand that while we have only about a 
hundred motor-wagons, the Italian army has already 
several thousands, and other countries are making 
large outlaysforthe same purpose. There is an essen- 
tial difference between horses and mechanical trac- 
tion, in that we had to take such horses as Nature 
rovided, and therefore the various nations were 
airly well on an equality. It was not ible to 
breed a special military type of horse quite distinct 
from the civilian horse. But with machines affairs 
are quite different. There is a distinct difference 
between the military and the commercial types of 
motors, and the army that is provided with the 
former will have a great advantage over that which 
has to make shift with the latter. Napoleon said 
that an army marched on its belly—that is, on a 
commissariat-—and there have been other foreign 
generals that pronounced the British army to be 
only formidable when well supplied with beef 
and bread. Our men lack the French soldiers’ 
ability to make soup out of vegetables and thrive 
on it, and therefore it is specially important for 
us, with our small army, to be provided with the 
best means of transport in suflicient quantities. 
The question is not nearly so serious here from the 
point of view of expense as in some Continental 
countries which number their troops in millions. 
Ours, even on paper, do not run.to such impressive 
figures, and consequently only need a proportionately 
small quantity of transport, so that the outlay for a 
fairly complete equipment would not be impossible. 





RED-LEAD PRIMING PAINTS. 

Rep-LeaD has an excellent record as a first 
priming coat for painting structural steel. But its 
use is inconvenient in one respect. The mixture of 
red-lead and oil, which is being applied, settles and 
hardens if it be allowed to stand, and after some 
time this hard material becomes useless, as it cannot 
be stirred up again for application by the brush. 
Hence the powdered pigment and the vehicle have 
to be mixed on the spot, more or less for immediate 
use, and it is difficult to keep'a check on the 
suppliers of the materials and on the painters. 
Additions are therefore often made to the pigment 
for the p of preventing rapid settling of 
the masieal salaibe the materials added, known 
as fillers or suspenders, are clay, chalk, silica, 
asbestine, &c. When used alone, these fillers have 
not sufficient adhesion to answer as oil paints ; they 
are not usually supposed to impoverish the red-lead, 
however, when properly mixed with it. That, how- 
ever, has been a debatable question, which Messrs. 
Westinghouse, Church, Kerr and Co., of New 
York, some time ago investigated in the interest 
of their structural steel-work. The investigation 
was carried out by Mr. Cloyd M. Chapman, who 
— communicated his results to Engineering 

ews. 

The particular tests made concerned the behaviour 
of strips cut from sheets of mild steel and painted 
in various fashions. These were ex to the atmo- 
sphere on the roof of the Maritime Building, standing 
on the southern extremity of Manhattan Island, on 
which the City of New York is situated. The strips 
were pickled in sulphuric acid, cleaned, numbered, 
and then covered with a primary coat, which, after 
being well dried, was painted over with a second 
coat. The second coat consisted of one of five 
materials : red-lead, iron oxide, artificial graphite, 
carbon, and a tar product. The red-lead paints 
tried were either ready made, as supplied by paint 
works, or prepared in the laboratory, the dry 
pigments being ground in pure raw linseed oil to 
a stiff paste and then thinned with more oil, to 
which about 6 per cent. of turpentine linoleate 
was added as a dryingagent. Six strips were tried 


in the case of each red-lead paint under test ; the 
first of the six was only prepared with one coat 
of the paint ; the second was given two coats of it ; 
the other four were given a first coat of the red- 
lead and a second coat of one of the last four other 
materials mentioned. The painting was all done 
by the same experienced man, and the strips were 





all of the same dimensions ; they were arranged on 
the roof in inclined parallel rows, and examined 
every three months. When Mr. Chapman wrote 
his account, the exposure had lasted 24 months, 
from April, 1911. 

The total number of strips tested in this way 
was 6 x 53 = 318. Of the 53 different paints ex- 
amined, 42 were ready-mixed samples as supplied ; 
11 were prepared from the dry pigments in the 
laboratory. In addition to these tests, eight 
samples of litharge paints were further prepared 
for comparison, with or without fillers. We may, 
perhaps, interpose a few words on the chemistry 
of the lead oxides. Several lead oxides are 
known. The monoxide, PbO, is yellow; it turns 
brownish when heated, and crystalline when 
fused ; it is then called litharge, and commercial 
litharge always contains some silica, copper, and 
other impurities. Massicot is another lead mon- 
oxide, obtained by heating metallic lead in the air, 
whilst litharge is a by-product of metallurgical 
operations. The puce-coloured lead peroxide of 
accumulator plates is PbO,. -lead or minium 
is the oxide Pb,O,, and represents possibly a mix- 
ture of 2 PbO and PbO. 

We come back to the tests. Some of the ready- 
made paints contained fillers. In some cases, dry 

wders of clay and asbestine were added in the 
aboratory to the red-lead, in the proportions either 
of 34 parts by weight of red-lead to one of the 
addition, or of one part to one part; the former 
proportion would correspond to equal parts by 
volume. The second coating materials were also 
tested by themselves, without any red-lead. The 
results are all expressed in ratings, representing the 
relative protection afforded by the respective coating 
on an arbitrary scale, 100 being perfect. If we 
take the second-coat materials first, we find that 
the tar product and the iron oxide protected well 
(ratings 65 and 70) during the test period of 21 
months, while the graphite and carbon completely 
failed in 12 months. These figures concern strips 
covered with one coat of the material only. When 
two coats of the same material were applied they (all 
the four) seemed to answer fairly and nearly equally 
well, the ratings ranging from 65 to 80 at the end of 
21 months. These figures are striking ; but as Mr. 
Chapman does not offer any comment, it does not 
appear safe to speculate upon the apparent merits of 
these materials and on the vast advantage secured in 
the case of graphite and carbon by applying two 
coats instead of one. We referred to the experiments 
by Liebreich and Spitzer* not long ago, who con- 
sider two coatings—of paint, it is true—on the 
whole, worse than one coat. Mr. Chapman mentions 
that the corrosion of graphite and carbon-coated 
steel set in at the edges and at the numbers, 
whilst the red-pigment corrosion started on the 
body of the paint ; but he does not explain whether 
the numbers were painted on—which may be bad 
according to Bach—or stencilled in. 

With regard to the main results concerning the 
red-lead paints alone or covered, Mr. Chapman 
arranges his data in seven groups, according to 
the kind of the first and the second coating applied, 
which consisted of the same or of different materials, 
and he states the results of observations made in 
each case after 12 and after 21 months of exposure. 
Looking over the results we notice that the addition 
of a filler had no detrimental effects in cases where 
only one coat was applied ; on the contrary, the 
protection afforded by pigments mixed with fillers 
was on the average better by about 10 per cent., pos- 
sibly because the steel surface was more thoroughly 
covered. The average protection secured by apply- 
ing one coat varied from 45 or 61 after one year ; 
after 21 months the superiority of the ready-made 
paints was still more striking, their average — 
of merit ae 38.6, while that of the five red-lead 
paints mixed from dry co was only 21. On 
the other hand, six red-lead paints mixed with dry 
pom with asbestine, or china-clay suspenders, 

an average figure of 52.6, having dropped from 
61 at the end of the first year, as will be seen from 
the table in the next column. 

The lith coats again proved more effective 
than the mors coats, but the litharge was not 
further improved by the addition of a filler. Two 
coats of litharge answered better than two 
coats of red-lead. 

As regards the four other materials applied as 
second coats, the tar product Pa eat Ge roved 
superior to all the others, protective values of 90, or 





* See ENGINEERING, vol. xciii., page 222. 





Results of Exposure Tests. 


























One Year. | 21 Months, 

First Coat. Second Coat. whee 
One | Two | One | Two 
Coat. |Coats. Coat. |Coats. 
( ~ me aan -- 45.0 | 68.3 | 386 | 60.0 
, ver ‘arproduct .. — | 90.0 _ 87.0 
a mixed |ironoxide |. — | 84.0| — | 725 
| (Graphite =. — | a8! — | 704 
|Carbon .. -| — | 48) — 74.0 
: |Same as first .. 51.0  74.0| 21.0 | 680 
Five red -lead| |Tarproduct .. — 940| — | 830 
paints mixed with |Iron oxide -; — | 80] — | 760 
dry pigments — - — | 730) — | 65.0 
Car' ee _ 85.0; — 72.0 
Six red-lead paints ( |Same as first . 61.0 980.0 | 52.5 | 700 
mixed with dry | |Tar product — | 60]; — | 87.5 
igments with as-. |Iron oxide — 93.3) — 73.3 
tine or china- — — | 833) — | 600 
clay suspenders Carbon .. | — 91.7) — 76.0 
. Same as first .. 67.5 85.0 | 62.5 77.5 
Two straight lith-| |Tar product .. — | 925] — 77.5 
arge paints mixed! |Iron oxide ~- 92.65 | — 65.0 
from dry pigments ~~ ogd — | 30; — | 72.5 
Carbon .. |= 85.0} — | 70.0 
Six litharge paints ( |Same as first ... 63.3 80.6 | 59.2 | 71.7 
mixed from dry | |Tar product — | 927/ — | 90.0 
igments with as- |Iron oxide _ 89.2); — 71.0 
stine or china-| |Graphite — 87.5 | — 71.7 
clay suspenders Carbon .. Se — | 0; — 69.2 


nearly 90, being sometimes observed at the end of 
21 months, while values ranging from 76 to 65 
were obtained with the iron oxide, the graphite, 
and the carbon. It is pointed out, however, that 
this superiority of the tar products was by no 
means the general experience of the firm. n the 
contrary, Messrs. Westinghouse, Church, Kerr and 
Co., it is said, had tested hundreds of paints, and 
found that the tar products mostly gave poorer 
results than the other materials, but that there 
were a few undoubtedly superior tar or asphalt 
paints. The composition of these tar paints and 
of the ready-made paints, containing fillers, is not 
explained. That is to be regretted; but the 
quality depends as much upon the state of sub- 
division and upon the mode of preparation as upon 
the composition, and these features are not easily 
explained. Under these circumstances the chief 
conclusions to be drawn from the investigation are 
that certain fillers, including china-clay and asbes- 
tine, are not only not deleterious but somewhat 
beneficial, and that litharge makes quite as good 
a paint for steel as red-lead. Further experiments 
will probably follow. 








NOTES. 
Sreet-Makine In CanaDA. 

Ir would almost appear that, if the present rate 
md ig age: in steel manufacture continues, Canada 

ill be able soon, not only to supply her own 
wants as regards steel, but also be able to enter 
the markets of the world. Pricr to 1902, Canada 
made very little steel. The output advanced 
from 26,084 tons in 1901 to 182,037 gross 
tons in 1902. Five years later, in 1907, it had 
reached 646,754 tons, and five years later still, 
in 1912, it increased to 853,031 tons, the largest 
output in its history. It is quite probable that 
in the present year Canada will make nearly 
1,000,000 tons of steel, or more than the United 
States in 1879. The steel output of Canada 
is largely in the form of ingots, over 96 per 
cent. of the total in 1912 being in this form, 
and less than 4 per cent. in the form of direct 
castings. The two largest centres for steel in the 
Dominion are Ontario and Nova Scotia. In 1909 
Nova Scotia led Ontario by 28,201 tons, in 1910 
by 11,943 tons, and in 1911 by 20,623 tons. In 
1912, however, Ontario forged ahead by 1321 tons. 
Nova Scotia has within its borders the new and 
modern plant of the Dominion Steel Corporation, 
while Ontario has within its boundaries the large 
and modern plant of the Algoma Steel Corporation. 
Naturally, the output of finished rolled forms of 
iron and steel in Canada increased in the same ratio 
as steel ingots and castings. In 1902 the total rolled 
output was 161,485 tons. In 1907 it had increased 
to 600,179 tons, and in 1912 to 861,224 tons, the 
maximum. Much the larger part of the total was 
steel—about 87.5 per cent. in 1912. Rails formed 
almost one-half of the total rolled output of the 
Dominion in 1912—over 49.2 percent. It was not 
till 1902 that Canada began to manufacture steel 
rails on a large scale. In that year it made 33,950 
tons. Its output in previous years had seldom ex- 
ceeded 800 or 900 tons. In 1907 the rail output 
reached 312,877 tons, and in 1912 it advanced to 
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423,885 tons, its best yearly record. In addition 
to rails Canada manufactures structural shapes, wire 
rods, plates and sheets, nail plate, merchant bars, and 
various other rolled forms. It also makes con- 
siderable quantities annually of cut and wire nails. 
Canada has now 35 completed rolling-mills and 
steel works. Four of the 35 plants were idle last 
year. Of active works, 21 rolled iron or steel into 
finished forms in 1912, and 10 produced steel 
ingots or steel castings only. When we take into 
account the immense mineral resources of Canada, 
as well as its enormous food resources, it does not 
require the gift of prophecy to say that its iron and 
steel will, before long, take a very important place 
in the productions of the world. The thickest coal 
seam in the world is found in Nova Scotia—48 ft., 
and its iron deposits, although still only very par- 
tially investigated, are known to be immense. 


THe CHANNEL TUNNEL. 


The subject of the Channel Tunnel was con- 
sidered at the first annual congress of the Franco- 
British Travel Union at a meeting held at Marble 
Arch House on Tuesday last. Baron E. d’Erlanger 

“presided, and after his introductory address on the 
subject, a paper was read by Sir Francis Fox deal- 
ing with the engineering features involved. Sir 
Francis Fox stated that the conclusion had been 
arrived at, as a result of ey ag 4 work and 
geological investigations, that the strata which 
would be encountered would not present difficulties 
of an insurmountable character. Sir Douglas Fox 
and Partners and the French engineers were agreed 
that the tunnels could be constructed through the 
Lower or Grey Chalk. This material was very 
homogeneous, practically free from, and almost 
impervious to, water, and the peculiar pro- 
perty of gradually puddling itself. It was improb- 
able, though certainly possible, that water-bearing 
fissures would be encountered in that stratum. The 
presence of such fissures could, however, be fore- 
told by the use of a pilot drill, and, if any 
were encountered, high-pressure grouting, as had 
been already largely used in submarine tunnel 
work and in pits, could be employed. A drainage 
tunnel, leading to sumps on either side of the 
channel, would be provided. The tunnels would 
be two tubes, of 18 ft. clear internal diameter and 
36 ft. apart, with cross-passages at intervals. 
Lighting and train working by electricity would be 
arranged for, and the question of ventilation would 
not present any serious problems, much larger 
quantities of air than would be required being 
already dealt with in other classes of work. LEsti- 
mating a passenger train each way every 10 minutes, 
carrying 500 passengers, the amount of air required 
for each tunnel would be 45,000 cub. ft. per minute, 
travelling at the rate of a gentle breeze—viz., 6 ft. 
per second. The tunnels would be driven by 
shields, lined, and grouted outside. The iron 
segments would be filled in flush with concrete. 
The drainage heading would be driven with a 
mechanical cutter or an electrical digger, and an 
advance of 2} ft. per hour could be expected on 
this work. This heading would therefore take 
about four years to carry from one shore to the 
other. It would be about 11 ft. in diameter. The 
main tunnels could be carried forward at the same 
time as the drainage heading, or after the latter 
was completed. Plans, already got out, provided 
for a station near Maxton, in the Borough of Dover, 
where there would be sorting sidings, &c. The 
station on the French side would be at Sangatte. The 
whole would involve about 31 miles of line, and the 
work would be constructed from either side to the 
centre of the channel. The actual under-water 
tunnel length would be 24 miles. The cost of the 
British half of the undertaking was estimated at 
8,000,000/., including land, works, electrical plant, 
pumping, &c., station, sidings and signals, with 
allowance foradministration and legal expenses, &c., 
and contingencies. A similar sum was estimated as 
necessary for the French half of the scheme. 


A Larce Surce Tank. 


A surge tank of unusual dimensions is being con- 
structed in connection with the San Francisquito 
hydro-electric station, which is being built for 
te supply to Los Angeles. The tank is situated 

tween the steel — which conduct the water 
to the Pelton wheels and the 7} miles of tunnel by 
which the water is conveyed from the reservoir in 
the mountains. Its object is to prevent water- 
hammer, ressure waves, or sudden changes of 
head, in the 74 miles of tunnel. The tank, as 


will be seen from the annexed illustrations, is 
funnel-shaped with straight sides, and has an 
upper diameter of 100 ft. and a depth of 148 ft. 
Its proportions are in accordance with the theory 
worked out by Professor W. F. Durand, and dealt 
with in a paper read by him before the American 
Society of Mechanical Engineers in 1911. To 
be strictly in accordance with Professor Durand’s 
theory the tank should have parabolic sides, but a 
straight-line approximation was adopted in order 
to simplify construction. The dimensions and pro- 
portions of the tank allow of an increased flow of 
400 cub. ft. a second of water to the power-station 
at any time (regardless of the initial or existing 
flow), within the ultimate limit of 1000 cub. ft. a 
second, without the water-level in the tank falling 
below the hydraulic gradient corresponding to the 
increased flow. The water-level in the surge tank 
gradually settles down to a steady condition with- 
out oscillation, and there is no ibility of the 
level dropping to the tunnel opening and admitting 
air. A complete shut-down at the power-station 
can only result in a gradual rise in the water- 
level, with spilling in extreme cases. An average 
of 400 cub. ft. of water per second will ulti- 
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the Microscopical Examination of Coal, especially 
in Relation to Spontaneous Combustion,” a con- 
tinuation of a first paper on this subject which he 
—— to the same Institution two years ago. 

r. Lomax advocates a thorough microscopical 
examination of coal, of each band, bed and 
lamina; and since chemists acknowled: that 
they know very little about coal, the help of 
the microscopist is certainly welcome. That his 
task is not easy, and presupposes a good know- 
ledge of biology, we can at once see from the 
paper of Mr. Lomax. He believes that the climatic 
conditions of the coal age cannot have differed very 
much, especially as to the percentage of carbon 
dioxide and water-vapour in the atm ere, from 
those of the present day. That will possibly be con- 
ceded ; on the other hand, there have been too 
many coal ages for us to lay down any fixed rule. 
For the present paper Mr. Lomax has examined 
more than two hundred sections of coal taken from 
the Dow seam, at Bolton, the Bullhurst and Cocks- 
head, in North Stafford, the Barnsley Thick at 
Rotherham and Doncaster, and the Lochgelly 
Splint at Fife. He looks for the remains of 





leaves, twigs, &c., megaspores, microspores, resin- 
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mately pass the aqueduct, and the flow past the 
tank and another, to be built in the future, will 
vary from zero to 1000 cub. ft. a second. The 
total static head over the 74 miles of tunnel and 
the steel pipes is 941 ft. with no flow and 814 ft. 
with a flow of 1000 cub. ft. a second. The 
average station output will ultimately be 30,000 
horse - power, and the maximum 69,370 horse- 
power. The tank is built in solid rock, and is 
of reinforced concrete, designed to resist both 
internal and external hydrostatic pressure. To 
resist internal pressure there are four sets of 
horizontal twisted steel rings supported on 1-in. 
bars, pitched 4 ft. apart, in both the vertical and 
horizontal direction, and grouted into the rock. 
To resist external pressure there are six rings of 
12-in. 35-lb. joints, set 17 ft. apart, and connected 
by ie bars. The reinforcement against ex- 
terna p— is necessary, owing to the possi- 
bility of the accumulation of water oataide the tank 
at a time when it was empty. Drains are provided 
to prevent such accumulation, but there is obviously 
a possibility of them becoming choked. A spillway 
is provided at the top of the tank, as can be seen 
in the plan view. Other details will be followed 
from the illustrations, the arrangement of the three 
steel pipes leading to the power- station being clearly 
shown. These pipes are provided with emergency 
butterfly valves, located in a valve-chamber, which 
can be seen in both views of the tank. The data 
of this note, together with the illustrations, are 
taken from the Engineering Record of September 13. 


MicroscopicaL ExaMInaTION OF COAL. 
Among the papers read at the annual meeting of 





the Institution of Mining Engineers, which was 
| opened at Manchester, on Wednesday last, was one 
hes in 


by Mr. James Lomax, on ‘‘ Further 




















ous and humic matter and organisms. These seams 
are liable to gob-fires, and Mr. Lomax compares 
the result of his examination with those of seams 
not subject to gob-fires, and draws attention to 
various alterative products which he has found in 
coal. Among these are the ‘‘dog” or “dug” 
found in the Dow Tops (rather than in e 
Middles and Bottoms). The Tops consist largely 
of magaspores in a ground mass of microspores 
and fine humic matter; in the upper portions 
this mass changes into a tough band, 2 in. or 4 in. 
in thickness, of dull granular -looking material, 
locally known as ‘‘ dog.” Higher up still, bright 
coal, full of Ovalites resinosus, is met with. When 
brought to the surface the “dog” begins to 
oxidise and to break up into small fragments; if 
these are blown away, the oxidation continues until 
the whole piece is destroyed. These bands and 
the resinous coal, Mr. Lomax thinks, contain gas 
and supply sources of heating; but he confines 
himself to microscopical research, The bands 
cannot be picked out, and are not objectionable 
in steam coal. In the Cockshead Middles Mr. 
Lomax further discovered almost microscopical 
specks of fine grains of pyrites, apparently some 
pyritised organism resembling in its general shape 
a star-fish. Mr. Lomax proposes the name of 
Pyritica stellata for this organism, but he has not 
yet observed any signs of oxidation in these fine 
particles of pyrites. Spontaneous combustion of 
coal is frequently ascribed to the oxidation of 
pyrites, less to the massive crystals of this mineral 
than to the finely-distributed particles. This dis- 
semination occurs in the best, safe coal, however, 
as well as in inferior coal, and one of the points 
which Mr. Lomax seems to emphasise is that dis- 
integration and heating occur in the layers which 
contain bands of ‘‘ dog” and of similar coal. 
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INDUSTRIAL NOTES. 


Tue membership of the Amalgamated Society of 
Engineers continues to increase, the monthly report 
of the society for September showing that there was, 
during the month of August last, a growth of 1303, 
which brought the total membership up to 154,259 ; 
it is expected that by the end of the year it will 

; The number now shows an increase of 
17,373 over the membership at the same time last year. 
At the end of August last there were 2100 members on 
donation benefit, a decrease of six as compared with a 
month ago. On sick benefit there was a decrease of 
four, and the superannuated members numbered 5880, 
a decrease of three during the month. 


The monthly report of the Society of Amalgamated 
Toolmakers for Septembershows that there was, during 
the twelve months ended August last, an increase of 
2610 in membership, the actual figures being 7402 in 
August, 1912, and 10,012 in August, 1913. At the 
same dates the unemployed numbered 68 and 125 re- 
spectively, an increase of 57 in the twelve months. 
The reserve funds stood at 29,750/. in August, 1912, 
and at 37,750/. in August, 1913, an increase of 8000/. 
This must be looked upon as very satisfactory. 
There has, however, been an increase in the number 
of ee which is greater than what would be 
expected from the increase in membership. 

The report contains a warning regarding emigration 
to Canada, and attention is drawn to the fact that 
the continued flow of workers in that direction, 
caused, it is said, by excessive advertising, has become 
areal source of danger. Complaint is made that profit- 
seeking societies have brought about the wholesale 
‘dumping ” of penniless emigrants into the country. 
The result is that the labour market of every city in 
Canada has been flooded, more especially in the western 
cities, with the consequence that every city now has 
its unemployed question. The report states that there 
are to-day in Canada more tradesmen and mechanics 
than can hope to get employment at their various 
trades. The industries of Canada in no way, it is 
said, warrant the large influx of mechanics and trades- 
men which is pouring in. The high wages that are 
held out as a bait do not really represent the pur- 
chasing value which many people suppose, because the 
cost of living is so high. 





Karly this week the omnibus strike was settled, 
ending in # victory for the men, for they gained their 
point magna, | the recognition of their union. A 
conference was held on Monday between the represen- 
tatives of the London General Omnibus Company, 
Messrs. Thomas Tilling, Limited, and the London and 
Provincial Union of , Pome Vehicle Workers, at 
which the settlement was made. It will be remem- 
bered that the trouble arose originally owing to orders 
being issued by Messrs. Tilling on September 9 to the 
effect that the drivers and conductors of omnibuses 
must not, without permission, wear any badge other 
than the police badge. This was resented by the men, 
and the order was disobeyed by over one hundred men, 
who were consequently suspended for wearing their 
trade-union badge. A strike was called by Mesers. 
Tilling’s men, and arrangements were made for 
a general strike, which would have commenced last 
Tuesday had not an agreement been come to. It 
appears that the terms were not settled without 
some quibbling, particularly with regard to ques- 
tions of discipline. It will be a relief to a large 
portion of the public that the dispute is settled. ‘I'o 
many of them it appeared to have been started on a 
very trivial pretext, but this, of course, was due to 
insufficient knowledge. What may appear on the 
surface to be a trivial matter in such a dispute may 
really be a serious thing, on account of some impor- 
tant principle involved, which may be overtiehed by 
the casual observer. A badge, like a flag, may mean a 
great deal, and may be a symbol of much that is not 
visible. In the case of the recent strike the ques- 
tion of the wearing of the badge was not, however, 
what caused the serious outlook, for the owners gave 
way on that point pretty early in the dispute, 
and the struggle was continued on the question 
of the recognition of the union, which also was 
finally granted, although the present system of 
direct communication between masters men is 
not altogether abandoned. It remains for the future 
to show how the new arrangement works. There 
is much to be said for the old system of direct 
dealing between the masters and men, as it encouraged 
a kindly feeling between the two parties ; but at the 
present time this does not ap to be looked upon 
as of much account. Matters in dispute are first to be 
dealt with directly between the employees and their 
respective officers at the » but, failing an 
agreement, the matter is to be referred to the chief 
engineer or his nominee and the officers of the 
union. Questions of discipline and management are 
not to be interfered with ; such questions are not to 
prevent officers of the union conferring with the man- 


agement upon matters of wages or working conditions. 





On Monday last the railway strike came to an end 
at all the chief centres in this country. The Dublin 
strikers are, however, still out, and no move has, it 
appears, been made by the London and North-Western 
Railway men there to return to work. There are only 
about 230 of these men, but this number prevents the 
— from — the North Wall and Holyhead 
g service. The timber importers, on Monday, 
asked their employees to sign an agreement to handle 
and deliver all goods from any source and to work 
amicably with all other hands, but this the men 
refused to do, and there are about 400 men out. 
Thie directly affects seven of the largest firms in the 
trade, and smaller firms are consequently affected, and 
the building trade is paralysed. There is said to be 
sone poverty in the city. At the time of going to 

ress it was expected that Sir George Askwith would 
visit Dublin in the course of a few days with a view 
of aiding in a settlement. 





The meeting of the members of the Postal Telegraph 
Clerks’ Association and of the United Kingdom Postal 
Clerks’ Association, which took place in Liverpool on 
Monday last, may prove to have been the beginning 
of a serious dispute between the postal employees and 
the Government. The two bodies mentioned had, u 
to the present time, been more or less antagonistic, 
and they had not, we believe, before met to discuss 
matters jointly. The meeting decided by a large 
majority to reject the Holt report entirely. About 
130 delegates were present. 

Another meeting was held on Tuesday, when the 
two above-mentioned societies were declared defunct, 
an amalgamation of the two having taken place. It 
was thought that by such union better work could be 
carried out, and that one society with a large member- 
ship would have a greater moral effect. It was 
agreed to institute an agitation for an increase of 
wages all round, to meet the increased cost of living, 
as well as the rise that had taken place in the standard 
of living. In view of this, the following proposals 
were put forward :—(1) An increase of 15 per cent. 
for manipulative grades of the service, the increase to 
take effect from January 1 next. (2) That the annual 
increments of all classes be increased according to a 
scale agreed upon. (3) Failing a satisfactory solution 
within six .eeks from that date, a special conference 
to be called within three weeks from such failure, to 
decide on further action. 

It may be well perhaps here to give a brief 
summary of the events that have led up to the 

resent situation. In 1906, urgent representations 

aving been made to the Government by repre- 
sentatives of the staff of the Post Office, it was 
decided that the question of wages, &c., should be 
thoroughly examined by a Select Committee of the 
House of Commons, which Committee recommended a 
considerable number of improvements, all of which 
the Government practically accepted, and they were 
carried into effect on January 1, 1908, their total cost 
amounting to 680,000/. a year. It was thought that 
the recommendation of the Committee would be suffi- 
cient for a considerable time, but in 1911 further re- 
——— were made to the Government by the 

‘ost Office staff, and a further inquiry into the 
wages, &c., was considered necessary, another Select 
Committee being appointed. Had the various claims 
put forward by the staff been granted, an expenditure 
of upwards of 10,000,000/. a year would have been re- 
quired. The report of this Committee had just been 
issued, and is now under consideration by the Govern- 
ment. It recommends improvements in pay and condi- 
tions of service, which would add a further increase in 
Post Office expenditure of upwards of 1,000,000/. a year. 
This is the report that has now been rejected by the 
men. Up toyesterday thesituation had not improved, 
and there was growing discontent among the men. 





There appears to be some likelihood that there will 
be a decided division in the labour ranks in South 
Africa over the resolution to be discussed on the 27th 
inst. by the Trades Federation. This resolution is 
‘*That the recent prosecutions of labour leaders are 
trum up by the Government for the purpose of 
crippling organised labour,” a strike being proposed 
as an alternative. Labour men themselves appear, 
however, to condemn the idea of a strike, which is 
supposed to have emanated from Syndicalist sources. 


On Tuesday last, the 23rd inst., about 11,000 
miners were out on strike in the South Wales coal- 
fields, and some 6000 were added to their number on 
Wednesday. The Aberdare and Rhondda Valleys 
appear to be the seats of the disturbance. In the 
former valley between seven and eight thourand 
miners came out at the Powell-Duffryn and Cwmaman 
Collieries, after a fortnight’s notice against the 
employment of non-unionists had expired. At the 
Clydach Vale pits of the Cambrian Combine in the 
Rhondda Valley some four thousand men struck work 
in order to protest against the management for re- 
fusing to comply with a demand for the peremptory 
dismissal of a colliery police coastab!le who, it was 








said, had misbehaved himself. On Wednesday the 
movement against non-unionists collapsed. 





The Manchester Ship Canal Company seems to be 
standing firm against the further demands of the 
dockers, for the company have, they say, reached the 
limits of concession. On Tuesday last, the 23rd inst., 
the dockers held a meeting for the purpose of hearing an 
official statement as to the result of a conference with 
the company. The Canal superintendent, Mr. Latimer, 
had been invited by the dockers to attend the meetin 
and to speak. He was well received, and talk 
plainly to the men, pointing out to them the position 
of the shareholders, who had subscribed 8,000,000/. to 
the Canal, and had not yet received anything in return 
in the way of dividend. He further stated that 
traffic was bound to leave the Canal if rates were 
made too high at Manchester. He also told them 
that the company was prepared to allow the men to 
return to work at once under the old conditions. 
Nothing definite was settled. 





In acircular to affiliated societies, Mr. A. Hender- 
son, M.P., secretary of the Labour Party, points out 
that the party is now making arrangements for holding 
its fourteenth annual conferences in Glasgow, on Wed- 


P| nesday, January 28, 1914, and on the two following 


days. He also Y on to say that trade unions are 
not given the full rights by the Trade-Union Act that 
they had previous to the Osborne judgment, but 
trade unionists cannot afford to leave the question 
of Parliamentary representation entirely in the hands 
of the employers. In Mr. Henderson’s opinion it is 
the duty of every trade union to hold fast its right to 
Labour representation. When the employers cast 
aside their political power it will then be time for 
labour to consider whether it can do likewise, and rely 
entirely on the strike and industrial negotiations. 





An important decision was given on Tuesday 
last, the 23rd inst., by Mr. Justice Higgins, in the 
Federal Arbitration Court at Sydney, New South 
Wales, involving the raising of the basis living mini- 
mum wage for general unskilled labourers. This 
wage was, in 1907, fixed at from 7s. per day to 8s. 6d. 
- day. The increase in the cost of living during the 

t six years was the basis of the award, and applies 
first to Melbourne. Other workers have their wages 
based on the basic wage, the lines of the Federal 
award being largely followed by the State wages 
boards and arbitration courts. Far-reaching effects 
are expected to follow the decision of Mr. Justice 
Higgins. He pointed out that differentiation will be 
necessary in regard to different cities, owing to the 
variation in the cost of living. 


Figures recently issued by the Home Office show 
that last year 8,174,101/. was paid on workmen’s com- 
pensation claims in seven large industries, in which 
nearly 74 million workers were engaged. The amount 
four years ago was 2,274,238/. The amount for each 
person last year was 8s. 7d. The following figures 
show the charge on different industries :—Factories, 
5s. ; railways, 8s. 2d.; quarries, lls. 3d. ; building, 
lls. 7d. ; shipping, 15s. 9d. ; docks, 1/. ls. 4d. ; and 
mines, I/. ls. 10d. The total charges on the industries 
named, including law costs, is estimated at 5,000,000/. 








Under the title of the United Kingdom Employers’ 
Defence Union, an association has, we understand, 
been founded, the object being to consolidate the 
resources of the employers and also to aid in the 
maintenance of their rights and increase their power 
of dealing with trade unions. It is intended to create 
a fund of 50,000,000/., the amount contributed by each 
member of the union to be commensurate with his 
position in the commercial world. 





ArmstrRone CoLtrce.—From the Armstrong Cm. 
Newcastle-upon-Tyne, a copy of their calendar for the 
session commencing on the 29th inst. has recently come 
to hand. The calendar gives lists of officers and staff, 
regulations, and much other information relating to the 
organisation and work of the College. These are fol- 
lowed by full particulars of day and evening courses of 
study in mathematics, Lan pane chemistry, metallurgy, 
geology, engineering, naval architecture, electrical engi- 
neering, mining, surveying, and many other subjects. 
Copies of the calendar can be obtained from the secre- 
tary, price 1s. 4d., post free. 





University oF Bristot.—We have received from the 
University of Bristol a copy of the calendar for the 
ensuing session, containing an almanack of coming events, 
lists of authorities and members of the University, and 
also giving the Charter, Act, statutes, ordinances, and 
regulations one to degrees and diplomas. Particulars 
of scholarships, exhibitions, and prizes are also included, 
together with the examination pass-lists for last session. 
For full particulars of courses of study, separate pros- 
pectuses relating to the faculties of arts, science, medi- 
cine, and engineering are issued. Prospectuses relating 
to evening classes and other subjects are also obtainable 
from the istrar, to whom all communications should 
be addressed, 
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MASTERS AND MEN IN GERMANY. 


INTERESTING particulars concerning German labour 
conditions were given in a lecture delivered recently 
by Dr. von Stojentin in Magdeburg. After dealing 
at some length with various phases of legislative 
matters concerning masters and men, the lecturer 

inted out that the weak position formerly held by 
the individual workman (which found expression in 
the lowness of wages) had been transformed through 
the powerful and unscrupulous actions of the trades 
unions into a position of very considerable strength. 
A few examples were given to illustrate the improve- 
ment in wages. 

The daily wage in the heavy iron industries had 
risen 47 per cent. between 1876 and 1906. The wage of 
workers in the Crown mines in Saar had risen 56 per 
cent. between 1887 and 1912, and that of employees in 
the private mining industry in the Dortmund district 
had risen by as much as 111 per cent. between 1887 
and 1912. The fact that the German industry has 
been able to sustain such a large increase in wager, 
added to the heavy cost entailed by recent social 
measures, more especially the workmen’s insurance, 
whilst increasing its share in the world’s trade (German 
exports having risen from 170,000,000/. in 1890 to 
405,000,0007. in 1912), was entirely owing, it was said, 
to the courage, ability, strength, aud intelligence of 
the German masters. Proud as they might feel when 
looking back on the past, they, however, viewed the 
future with great anxiety. The workmen’s organisa- 
tions, which, both industrially and politically, grow 
more powerful and more a every year, and 
become more and more threatening as the State 
seems less disposed to restrict their actions, are a 
distinct handicap for the masters. Should they con- 
tinue to grow, the result will be the destruction of all 
enterprise, because, in the end, no master will be 
found wy aw place himself entirely at the mercy of 
organised labour 

‘The free trade unions, which in 1890 obtained their 
central organisation, openly avow that they take 
their stand on the basis of class struggle. Their 
leaders see in social democracy the only safeguards 
for the interests of the workmen. The power of the 
trade unicns may bs gauged by the fact that their 
membership has grown from 237,094 in 1890, when the 
central organisation was formed, to 1,832,667 in 1909, 
and to over two millions in the following year. Their 
revenue increased from 2,529,000/. in 1909 to 3,218,000/. 
the following year, with a capital respectively of 
2,174,000/. and 2,628,000/. 

As long ago as 1890 the organ of the men ( Vorwiéirts) 
stated that the wages movements did not only aim at 
economic ends, but also meant energetic 1esistarce 
against the unbearable absolutism of the masters. 
They wanted to have their say, to have some influence 
in the questions of wage3, hours, and the arrange- 
ment of labour. This, ssid the journal in question, 
was the great significance of the wages struggle. That 
the free trade unions are in earnest in this respect 
may be gathered from the fact that in 1910 they 
expended no less than 1,962,000/. upon fighting and 
organisations accounts. 

The masters have learnt from bitter experience 
that these organisations, which have been built up 
with great care and circumspection, possibly only by 
great pape pes on the part of the men, have now a 
great deal of power. 

German masters were somewhat slow in follow- 
ing the example set them of uniting as the men have 
done. The result of the great textile strike at Crim- 
mitschall, ten years ago, first showed what organised 
employers could do. In 1910 the membership of the 
masters’ unions totalled 115,095, with 3,854,680 em- 
ee and in 1912, 132,485, with 4,378,275 workers. 

n this connection it should be noticed that the 
masters’ employment bureaus play an increasingly 
important part. Through this medium 515,600 persons 
obtained employment in 1909, 930,000 in 1910, and 
1,121,600 persons in 1911. These masters’ institutions 
have now left the corresponding unio. s of the men far 
behind, and they have shown the way for fu: ther work. 
_ Various questions touching diverse kinds of social 
insurance were enlarged upon in the lecture, and as an 
instance of the increase in the burdens they involved 
upon the masters, it was stated that for 304 mining, 
industrial, and other companies, the aggregate sum 
that had to be paid for social insurance rose from 
633,400/. in 1890 to 1,565,100/. in 1909. 

The above increaee was approximately as follows :— 


£ £ 
Insurance against sickness ... from 110,650 to 244,900 


” » disablement _,, .700 ,, 155,200 
% » accidents... ,, 205,800 ,, \ 

” ” pensions ees ” 96,500 ” 263,850 
* of otherkinds ... ,, 126,750 ,, 360,500 


What this means in a balance-sheet will appear from 
the fact that the aggregate of social insurance in 1900 
represented 1.37 per cent., in 1909 2.14 per cent. on 
the aggregate share capital, and on the dividends paid 
respectively 13.00 and 23.37 per cent. 

In the mining industry the annual charges for social 





benefits involved by the different insurances, &c., in 


the ten years 1 1909 rose from 425,000/. to over 
1,025,000/., which represented a rise in the percentage 
on the share capital from 2.38 to 3.22, the percentage 
on the dividends paid being respectively 18.59 and 
47.33. These figures do not include voluntary contri- 
butions to diverse welfare institutions, the percen 
of which on the dividends rose from 2.47 to 8.78 
within the same period. 

A few isolated instances illustrate in a striking 
manner the growth of compulsory insurance expendi- 
ture. The Harpener Mining Company paid during the 
year 1899-1900, 106,800/.; and during the year 1908- 
1909, 257,500/.; whilst the net profits during the same 
period had only increased 59,480/. The machinery 
and small iron industries’ union in Diisseldorf states 
that the annual tax or burden of its members for each 
insured hand had risen from an average of 3.44 marks 
during the first year of the Insurance Act being in 
force, in the course of twenty-five years, to 18s. 6d., 
that under normal circumstances a further increase 
would continue for some years, and that with un- 
favourable conditions an extra rise would ensue. 

According to the Stellar statistics, the masters had 
to pay to insurance funds per worker employed 13s. 8d. 
in the year 1885, 39s. 2d. in the year 1900, and 54s. 6d. 
in the year 1908. 

For the Berlin-Anhalt Engineering Company this 
figure rose from 22s, 6d. in 1888 to 493. in 1909, for 
the Humboldt Company, in Céln-Kalk, during the 
same period, from 20s. to 493., and at the Wissener 
Iron Works, Ciln-Deutz, during the years 1904-1905 
to 1909, from 47s. to 75s. 

These charges, in proportion to the men’s wages, 
now amount to 3 to 6 per cent. This, admittedly, 
is a heavy tax upon the German industry, compared 
with the conditions in other countries ; in the United 
States, for instance, these taxes orcharges are unknown, 
and in other countries they are materially lower than 
in Germany. Of course, there are German industries 
on which the charges fall less heavily than mentioned 
here; but taking matters all round, the German 
industry is heavily handicapped in this connection. 
Besides, the figures given above have already further 
risen, and will, in fhe course of the next few years, 

robably rise 20 to 25 per cent., as the effect of the 
mperial Insurance Act passed last year will be further 
to extend the insurance system. 

In spite of these heavy compulsory burdens, German 
masters, other circumstances permitting it, have 
done a large amount of voluntary work for the benefit 
of their men, entailing a very heavy outlay. 

Through continuous technical improvements, and 
through combining in kartels, the German industry 
has been able to do more than withstand these charges ; 
but it must be admitted that things in this connection 
begin to look serious, and a limit must assuredly be 
reached in the altogether excessive provision ordained 
by the State, so that German industry and commerce 
may be better able than now to compete against 
foreign countries. 





CORROSION OF CONDENSER-TUBES. 
To THE Eprror oF ENGINEERING. ’ 

Sir,—The fact that pitting or ‘‘selective corrosion” of 
condenser-tubes is largely dependent on temperature is a 
most important thing in connection with condensers. 
This is demonstrated in Dr. Bengough’s able report to the 
Corrosion Committee of the Institute of Metals as given 
in your issues of August 29 and September 5, and in the 
article on this report in the issue of September 19. 

He shows that pitting takes place much more actively 
at 40 deg. Cent., or 104 deg. Fahr., than at ordinary 
temperatures, and still more actively at 50 deg. Cent., 
or 122 deg. Fahr. It follows, therefore, that if we keep 
the temperature of the condenser down, corrosion will be 
largely reduced, and at the same time keeping the tem- 
perature down means a better vacuum ; and the advan- 
tages of this, especially with to steam-turbines, 
need not be dilated on. 40 deg. t., or 104 deg. Fahr., 
is the temperature of a vacuum of 27.83 in. bar. 30 and 
50 deg. Cent., or 122 deg. Fahr., is that of a vacuum of 
26.36 in. ; and if we maintain a high vacuum, such as 
29 in., which is equivalent to a temperature of 26 deg. 
Cent., or 79 deg. Fahr., no part of the tubes can be at 
such a temperature as is likely to cause rapid pitting. 

As a rule in this country, the sea or river water used 
for condensing is about 55 deg. Fahr., and as it takes 
approximately 1000 B.T.U. to condense 1 lb. of exhaust 
steam, it follows that if the circulating water is sixty 
times the steam condensed, as it generally is in the best 
modern condensers, there will be an average rise of tem- 
perature in the circulating water of 17 deg. Fahr., making 
the mean temperature of the outlet water 72 deg. Fahr. 

The steam temperature, above which no part of the 
circulating water can rise, should not, in a modern con- 
denser with suitable air-extractipng devices and suitable 
means for distributing the steam through the condenser, 
be more than, say, 6 deg. Fabr. above this, giving a steam 
temperature of 78 deg. Fahr. or about 29-in. vacuum, 
bar. 30. Such a result can easily be obtained when con- 
densing from 10 lb. to 14 Ib. of steam per square foot per 
hour, and it would be expected that the rate of corro- 
sion would be much less in such a condenser than in a 
condenser giving only 27 in. to 28 in. vacuum. : 

It would be interesting to ascertain from electric 





power-stations, where modern condensers are installed, 
and also from ships with modern condensing plant, 
whether this reduced pitting with high vacuum holds 
and in many power-stations there are old condens- 
ing plant, with r vacuum, using the same circulati: 
water as others with good vacuum installed alongside, an 
here most valuable comparisons might be made. In all 


tage | cases careful analysis of the condenser-tubes should be 


made, as the presence of s: quantities of other ele- 
ments, such as lead and tin, has evidently a large influ- 
ence on the rate of corrosion. 
Yours truly, 
GERALD STonry. 
Oakley, Heaton-road, Newcastle-on-Tyne, 
September 21, 1913. 





To THE Eprror or ENGINEERING. 

Sir,—I have read with interest the report of the 
Committee on Corrosion, and your article thereon, in 
recent issues of ENGINEERING. 

While great stress is laid therein on the necessity of 
good electrical connection between the protective iron 
slab and the tube-plate, no reference is made to the un- 
satisfactory electrical connection between the tubes and 
tube-plates where ferrules and tape or cord ing are 
used, and where metallic contact is more or less effectu- 
~ prevented. 

t would be interesting to learn whether the tubes of 
condensers, wherein the tubes are secured by expandin 
into the tube-plates, as is frequent practice for small 
vessels, show a longer life than where ferrules and pack- 


ing are used. 
Yours faithfully, 
September 23, 1913. MakBINE. 


CENTRIFUGAL-PUMP DESIGN. 

To THE EpitTor oF ENGINEERING. 
Str,—I am much obliged by Mr. Wallace’s further 
letter on this subject, which is published on page 155 of 
your issue of August 1. This eae to solve the difti- 
culty. 1 am, however, somewhat surprised to see his 
eee that there was implied in my previous letter 
a discrepancy in the known mechanical laws. It is not 
usual for serious students of the subject to entertain such 

an idea. Yours faithfully, 
HeERBert CHatTiey. 
The College, Tang Shan, North China, 
September 9, 1913. 








THE COMMERCIAL PRODUCTION OF 
OXYGEN, 


To tHE Eprror or ENGINEERING. 

Srr,—In the issue of your journal of the 12th inst. an 
abstract was given of a paper read by M. Gustave 
Trasenster at Brussels before the Iron and Steel Institute, 
in which the statement was made that the air-liquefaction 
process is the only process which can be regarded as ca) 
of yielding in commercial quantities, and sufficiently 
cheaply, the large amounts of —“ = which it is neces- 
sary to employ in blast-furnaces. y we be permitted to 
= out to you that this statement is hardly accurate, as 

th in this country and abroad developments are taking 
place which will provide very | quantities of oxygen 
as a by-product. In converting oils into fats in the manu- 
facture of soap, margarine, and other products, ap tly 
an unlimited supply of hydrogen is heing demanded, and 
for this purpose the hydrogen has to be of exceptionally 
high quality, so that its manufacture by the electrolysis 
of water is being preferred. This 83 gives pure 
ave as a by-product, and already immense quantities 
of this waste oxygen are available in this country for any 
process requiring it. 

Yours faithfully, 


A. E. Know.xs, Managing Director, 
For the Knowles Oxygen Company, Ltd. 
Shrubbery Works, Lower Walsall-street, 
Wolverhampton, September 24, 1913. 








THE WATER SUPPLY OF WINNIPEG. 
To THE EpiTor oF ENGINEERING. 

Srr,—The City of Winnipeg has recently had a report 
on a new system of water-works by Rudolph Hering and 
Jas. H. Fuertes, of New York, and Frederick P. Stearns, 
of Boston, who have reported favourably on bringing 
water 95 miles from a lake by gravity in a concrete pipe 
to carry 85,000,000 imperial oleae for 24 hours at a cost 
of 13,045,600 dols. Legislation authorising this work to be 
undertaken = — obtained, and A City Council at its 
meeting on the 8th inst. unanimously peas the 
priation and sent it to the people for ratification ‘election 
of the taxpayers, and it is to be voted on on October 1. 
There is practically no doubt but that it will be ratified and 
the work of completing the surveys and plans will at 
once go on, and contracts will probably be let during the 
coming winter. The months of September, October, and 
November are the best months of the year in which to 
examine the country along the line of the pipe, and it 
would be better for contractors intending to tender to 
make an examination of the ground during these months, 
as it is somewhat difficult of access in the winter and 
early spring. 

Advertisements for bids will pee in the leading 
papers of America and Europe after the appropriation 

as been authorised by the people. I am making the 

above statement so that parties wishing to examine the 

ey may know the present standing of the matter. 

ere is practically no doubt that this work will go on, 
and the contracts be let during the coming winter. 

Yours truly, 
afk, T. R. Deacon, Mayor. 
Mayor's Office, Winnipeg, Canada, September 10, 1913. 
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BOILER EXPLOSION NEAR GLASGOW. 


A FORMAL investigation under the Boiler Explosions 
Act, 1882, has been conducted by the Board of Trade at 
the County Buildings, Glasgow, with regard to the cause 
and circumstances of a boiler explosion, which occurred on 
November 22 last, at the Hallside Works of the Steel 
Company of Scotland, Newton, near Glasgow, when two 
persons were killed. 

The boiler was of the Babcock and Wilcox water-tube 
type, built about 1883. It was of the single-drum pattern, 
17 ft. long by 3 ft. in diameter in the cylindrical part. The 
h of the drum, as well as the ers, were of cast 
iron, and there was one mud-drum, 18 in. in diameter, 


also of cast iron. The beiler had the usual complement | G 


of fittings, and the pressure at which it worked was 
120 Ib. per sq. in. When the explosion occurred the 
mud-drum broke into fragments, and the boiler was 
moved bodily forward, fracturing the steam-pipes, junc- 
tion-valve, &c. Two men who were in the stoke-hole at 
the time were so severely scalded that they died shortly 
after. The explosion was due to the mud-drum being so 
seriously wasted by external corrosion that it was unable 
to bear the ordinary working pressure of 120 lb. per sq. in. 
The boiler was seated rather low down, and the tendency 
of the damp brickwork to cause corrosion of the plates 
was therefore rendered greater than it need have been. 
The boiler was also severely corroded in and about the 
back headers, including many of the tubes. 

An inquiry was held as to the cause of the explosion at 
the Sheriff's Court House, Hamilton, on Wednesday, 
December 18, Sheriff Shennan presiding, when Mr. 
William Thomson, Procurator-Fiscal, appeared for the 
Crown, Mr. Morton, writer, Gl w, for the Steel Com- 
pany of Scotland, and Mr. Charleton, writer, Glasgow, 
represented the relatives of the deceased men. A |] 
number of witnesses were examined as to the cause of the 
explosion. Mr. Cook, the boiler foreman, described the 
boiler, and said it was a second-hand one when placed at 
the works about 27 years ago. It had been periodically 
examined by the inspectors of the Vulcan Boiler and 
General Insurance Company, the last inspection being in 
July, 1912. The bricks on the mud-drum had not been 
removed at that inspection. Witness believed that the 
cause of the explosion was weakness of the mud-drum, 
due to corrosion. 

Mr. James Hogg, engineer at the works, explained the 
construction of the boiler and the mud-drum which 
failed, and also gave particulars of the insurance com- 
pany’s inspection. In order to make a P ny exami- 
nation of the mud-drum, he thought the brickwork 
should have been removed at the last ins 
been at a. previous inspection, and if they had been 
asked to move it, there would have been no difficulty in 
doing so. Part of the mud-drum which had failed had 
been corroded until it was only about jin. thick, whereas 
the usual thickness was from lin. to ljin. Witness 
thought the probable cause of that corrosion might be 
dampness. In 1910 the boiler had been tested by 
hydraulic pressure up to 1801b., and no leakage was seen. 
In 1911 it was found to be slightly wasted by corrosion, 
but nothing could be done to repair such wasting, and the 
thickness of the plates was considered to be well within 
the margin of safety required. After the last inspec- 
tion, the hydraulic test was in recommended by the 
insurance company, the boiler being said to be generally 
in good condition. No suitable opportunity had been 
found for making the test before the explosion took place, 
and it did not occur to witness to make a further examina- 
tion of the boiler himself. 

Mr. John Bird, works manager to the Steel Company 
of Scotland, gave evidence more particularly with regard 
to the reports of the insurance company, and the reliance 
which they placed on them as complying with the 
statutory requirements regarding the matter of inspection. 
The cause of the explosion was still a matter of inquiry, 
and the Board of Trade would also hold an investigation, 
when expert evidence would be given, so that witness was 
not in a position to state fully what part of the mud-drum 
had given way, nor the cause of the failure. 

Mr. Scobbie, inspector to the Vulcan Boiler Insurance 
Company, said he examined the boiler in 1910, and his 
attention was called to wasting of the mud-drum. 
He first recommended that the tes should be drilled, 
but as the inspector who made the previous examination 
had stated that the brickwork had been removed and the 
drum tested shortly before, he withdrew his recommen- 
dation. Herelied on the test applied by his jecessor, 
although it was not customary to amend one’s report in 
that “a: 

Mr. William G. Fulton, mspector to the Vulcan Boiler 
Insurance Company, said he examined the boiler in 1912. 
He was subjected to a long and searching examination 
with regard to his inspection, especially 
ness of the brickwork, the condition of the mud-drum, 
and the extent to which the plates had been reduced by 
corrosion. Witness said he could only examine the drum 
externally, and he recommended it should be tested by 
hydraulic pressure at the next opportunity. 

Several other witnesses were examined, after which 
the Procurator-Fiscal asked the jury to bring in a special 
finding of fault or responsibility. 

Mr. Morton, for the Steel Company of Scotland, 
pleaded that no such finding should be made, seeing that 
the cause of the explosion had not yet been definitely 
ascertained, and specially in view of a thorough inquiry 
= would ultimately take place by the Board of 


rade. 

The jury, after some consideration, returned a verdict 
to the effect that the deaths had occurred through the 
explosion of the boiler, and added the following rider : 

**That the explosion was due to corrosion of the mud- 


ially as to the damp- | g 


drum of the boiler; that the Vulcan Company were at 


tion, as it had | PY 


|fault in seeking to moderate the report of Inspector 
Scobbie ; and they are further of opinion that more atten- 
tion should have tone paid to the reports submitted to 
the Steel Company of Scotland and the hydraulic test 
immediately led with. But in view of the fact 
that the Board of Trade inquiry is to be held into the 
cause of the explosion, we find it not expedient on the 
evidence before us to make any further finding as to the 
cause of the accident or the responsibility for it.” 

The formal inyestigation by the Board of Trade was 
held on April 2 and 3. The Commissioners were Sheriff 
Fleming, K.C., and Mr. J. M. Croom, consulting engi- 
neer. r. Hugh Smith, W.S., Edinburgh, appeared on 
behalf of the Board of Trade ; Mr. James Morton, writer, 
w, represented the Steel Company of Scotland ; 
and Mr. Valentine, advocate, appeared for the Vulcan 
Boiler and Insurance Company, Limited. A 
number of witnesses who had been previously examined 
at the inquiry by the Sheriff gave evidence. 

Mr. Cumming, inspector to the Vulcan Insurance Com- 

ny, now gave evidence as to the examination of the 

iler he had ie in July, 1912. He had not seen the 
boiler before, no information with d to it. 
He examined the mud-drum as far as circumstances per 
mitted, and as no brickwork had been removed, he as 
for some of it to be taken away, but could not name the 
men to whom he made the request. Several, however, 
were standing around, but there was a bricklayers’ strike 
on at the time and it was useless for him to insist on their 
removing the brickwork ; bearing in mind the of the 
boiler, he also advised that an hydraulic test should be 
made at the next opportunity. This might have been done 
when a tube, which had to be replaced, was put in. 





tunity” were aie. The boiler, as far as possible, 
was properly pre} or inspection, but the mud-drum 
was not pre ; it should have been dry, but there 
were several inches of mud in it. It did not occur to him 
to refuse to report until the brickwork was removed, and 
he thought it would be better that the Steel Company 
should be obliged to get it done for the test. Had he 
thought there was serious corrosion, he would have 
advised that the test should be made before the boiler 
was re-started. So far as he could see, the wasting by 
corrosion was not more than , in. to 4 in. deep. 

By Mr. Valentine: Had his recommendation with 
regard to the hydraulic test been carried out, probably 
the explosion would not bave occurred. 

By . Morton: With the exception that the mud- 
drum was in damp brickwork, the boiler was properly 

for his i ion last July. 

itness did not fill in the permissible working pressure 
in his report; he thought that was decided through his 
recommendation. He considered that, subject to his 
remarks with to the hydraulic test, he had suffi- 
cient information to warrant his giving 120 1b. as the 
permissible working pressure for 14 months. He quite 
intended that the advice as to the removal of the brick- 
work should be given effect to at the test, but he could 
not point to anything in his report which would indicate 
that he counted upon the test being carried out within a 
month or six weeks. His recommendation was clear, and 
underlined in red ink. 

By the Commissioner: Preparations for the exami 
nation of a boiler did not necessarily include the taking 
away of brickwork. 

Evidence was given, during the investigation, by Mr. 
Cormack, Engineer Surveyor to the Board of Trade, who 

ted a report as to the examination of the boiler he 
ad made since the explosion. External corrosion had 
been going on steadily for many years. 

After other witnesses had been called, Mr. J. F. L. 
Crosland, late engineer to the Vulcan Insurance Com- 
pany, gave evidence as to the examination of the boiler, 
cause of the explosion, &c., and stated, amongst other 
matters, that the 38 boilers at the Steel Company’s 
Hallside Works were each insured with his company 
for 10007. at a total premium of 38/. per annum. 

At the close of the taking of evidence, the presiding 
Commissioner (Mr. Fleming), gave judgment. The ex- 
plosion, he said, was due to the corrosion at the bottom 
of the mud-drum of the boiler at a point where the drum 
was in contact with the brickwork. The position of the 

lates in connection with the brickwork was a source of 

er. The examination of the boiler did not ap 

to have been as complete as it should have been. e 
examination by Mr. Cumming, the insurance inspector, 
when he said he removed the brickwork, contradicted, 
or, at least, was not in entire accordance with his own 
letter written at the same time, and not in accordance 
with the evidence of a bricklayer, who said he repaired 
a differently-shaped hole from that which the inspector 
said in his evidence he made, and different from that 
scribed in his letter. Shortly after another insur- 
ance inspector, Mr. bbie, came on the and 
he undoubtedly had suspicions about the drum. He 
reported strongly in favour of having the brickwork 
removed, and a thorough examination made, in; 

the length of saying that if necessary they Be 
resort to what was probably the extreme measure of 
drilling to find the extent of the =“ the drum. 
The insurance company, acting upon . Cumming’s 
report, said that a second removal of the brickwork 
within so short a period was in their opinion unneces- 
sary, and might be looked upon by the Steel Company as 
an unfair tax; it was therefore not done. The brick- 
work was not removed in 1911, nor in 1912. The in- 
spector, however, said he had made an attempt to 
get it removed, and his request was ignored, and there 
was no further evidence on that point except his 
own statement. be fact remained, that he, deeming 
it a necessary part of a proper examination to inspect 
a drum when jt lay in contact with brickwork, com- 





Witness did not think that the words ‘‘next oppor- onto 





ted his examination and sent in his without 

ving thoroughly examined the drum. e Commis- 
sioners could not look upon that as a proper examination. 
They were satisfied that, had the brickwork been removed, 
and an inspection madé by eyesight or by the hammer- 
test, the defect which caused explosion and the 
deaths of the two men would have m discovered. 
They therefore thought that the fault lay on the two 
inspectors, Messrs. Cumming and Fulton, for the in- 
sufficiency of the examinations they had made. As 

2 the result of that finding, the Commissioners’ 
view was that as the insurance company interfered, and 
asked a modification of the su tion regarding the 
brickwork, the oe in the further stage really 
lay upon them. To take the other parties in the case 
—the Steel Company of Scotland—they, like the insurance 
company, had no ies attaching to them for having 
employed incompetent servants, and the Commissioners 
were satisfied that the servants employed by both parties 
were competent. But when the Steel ome wy got the 
report of July, 1912, the Commissioners thought there was 
a duty upon them to exercise some diligence in givin 
effect to the strong recommendations, spelen an 
underlined, it contained. They could not accept the 
view that the words ‘‘first opportunity” or “‘next 
opportunity” meant solely when it was convenient for the 
company to have an hydraulic test of the boiler. They 
thought the words meant the next time it could be done 
without undue dislocation of the work. Now that was 
not done. The evidence was admittedly that the Steel 
Company could not dislocate their work at a time of what 
was called a boom, by lessening the steam power, awd the 
proposal was to postpone this matter until the New Year’s 
holidays. The blame on the Steel Company was less, 
se, Owing to the action of the insurance company, 
they were not made aware of either Mr. Cumming’s or 
Mr. Scobbie’s =o about the drum, and their feeling 
as to the desirability of the brickwork being taken away. 
They were not, therefore, put so much on their guard as 
they might have been; all they had was the report. 
Still, the Commissioners thought that the report was 
couched in such terms as to put a duty upon them to pay 
attention to it. 

In conclusion, the Commissioners ordered that the 
Vulcan Boiler Insurance Company should pay the sum 
of 50/., and the Steel Company of Scotland, who were 
less in fault, the sum of 25/. to the Board of Trade towards 
the costs and expenses of the investigation. 





Brit1sH ASSOCIATION: ErratumM.—We regret that, 
through a ty hical error, the name of the author of 
& paper fore the British Association, on ‘The 
Frictional Loss in Steam Pipes,” should have been 
oe as Mr. C. H. Lauder instead of Mr. C. H. 

ler. 


_ PERSONAL.—Mr. R. St. George Moore, M. Inst. U.E., 
informs us that he has amalgamated his practice with 
that carried on since 1889 by the late Mr. William Fox 
and his partners, Mr. La Trobe-Bateman, M. Inst. C.E., 
and Mr. J. R. Fox, A.M. Inst. C.E., under the title of 
Messrs. Fox, Moore, Bateman, and Fox, at 5, Victoria- 
street, Westminster, S.W.—Mesers. Irwin and Jones, 
engineers and agents, of 5, London Wall-buildings, 
London Wall, E.C., are tee | to ~ F premises 
to-day, the 26th inst., and their address will be London 
House, New London-street, E.C. Their telephone 
number will then be 1449 Avenue, and their telegraphic 
address ‘‘Irwijos Fen, London.”—The Lilleshall — 
pany, Limited, have appointed Messrs. I. J. David and 
Co., 7, Bute-crescent, Bute Docks, Cardiff, their agents 
=A bey sr mine frat tee —_~— that - 
ingineering an uipment Company, Limi 
Bank Buildings, 109-111, New Oxford-street, London, 
W.C., have secured the sole selling rights in this country 
and the British Colonies for machinery and apparatus 
manufactured by Messrs. Ateliers des Constructions Elec- 
triques, of Charleroi. 








ConTracts.—Among the orders recently received by 
Messrs. Boving and Co., Limited, 94, Union-court, Old 
Broad-street, London, E.C., are the following :—One 
turbo-pump, 330 g.p.m., 300-ft. head, for the ptian 
Government at At 3. one turbo-pump, 1670 g.p.m., 
175-ft. head. and one pump, 2300 g.p.m., 175-ft. , for 
Messrs. McIlwraith McEachern, for Pe 3. one turbo- 

imp, 1200 g.p.m., 100‘ft. head, for the Bresseis Tin- 

ing Company, Tasmania; and one ~ turbo-pump, 
25,000 g.p.m., 370-ft. head, for Messrs. Fairrie and Co., 
Liv Among small turbines recently ordered from 
the firm were one of 740 horse-power, under, 55 metres 
head, for the Rincon Mines, Mexico; one of 94 horse- 
wer, under 64 metres head, for Messrs, Malmavist 

‘ucuman, Argentina; one of 70 horse-power, under 350-ft. 

ead, for the Bresseis Tin-Mining Company, Tasmania ; 
and two of 750 horse-power each, under a head of 12 ft., 
for the Hydro-Electrical Commission of Canada. These 
last two turbines will, we understand, be manufactured at 
the firm’s recently established works at Lindsay, Ontario, 
Canada.—We are informed by the Castolin Company of 
Great Britain, Clock House, Arundel-street, Strand, W.C., 
that at the commencement of the two great enterprises, the 
Berne-Loetsch -Simplon and the Mont d’Or tunnels, 
a standard case of the ‘‘Castolin” auto-chemical welding 
process was installed at each end, and was, during the 
whole of the boring, used for the purpose of repairing all 
broken inery in cast iron, wrought iron, and steel.— 
The Locomotive Superheater Corporation, Limited, 9, 
Bri Westminster, S.W., have received orders 
for the installation of their superheater on engines for the 
Buenos Aires and Pacific Railway, San Paulo Railway, 
Great Western of Brazil Railway, and the Bengal-Nagpur 
Railway. 
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HOSE-CONNECTOR AND CLAMP. 


MANUFACTURED BY THE HOWARD PNEUMATIC ENGINEERING COMPANY, LIMITED, EASTBOURNE. 
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We illustrate in Figs. 1 to 5 above a new hose-con- 
nector and clamp, styled the ‘‘ John Bull,” designed 
and manufactured by the Howard Pneumatic Engi- 
neering Company, Limited, Eastbourne, for prevent- 
ing the leakage of air in compressed-air hose-pipes. 
Fig. 1 illustrates the joint complete, the other views 
show the nut c, the nipple a, the india-rubber washer, 
the adapter >, and the clamp. The connector is 
tightened by hand, and owing to the compression 
of the soft-rubber washer it cannot become slack 
through vibration, or through other causes, such as 
the twisting of the hose-pipe. The adapter renders 
the connector suitable for use with existing pneumatic 
hammers and drills. The clamp is made in halves, 
which grip and support the hose-pipe over the whole 
length of the nipple; it can be tightened up as the hose 
deteriorates. The connector itself is practically in- 
destructible and can be used over and over again. 





THERMOMETER FOR SUPERHEATED 
STEAM. 

We illustrate in the diagram annexed a new 

thermometer—type ‘‘S ’—designed by Mr. Selvey, 
of the Wallsend Laboratories, and made by Messrs, 
Brady and Martin, Limited, Newcastle-on-Tyne, for 
recording the heat of superheated steam. The 
makers in calling our attention to this thermo- 
meter have sent us one for our inspection, together 
with the certificate of examination issued by the 
National Physical Laboratory, Teddington. From 
this certificate we note that at the various readings 
the corresponding corrections were as follow :—At 
32 deg. Fahr. + 0.2 deg. ; at 212 deg. Fahr. + 0.3 deg. ; 
at 500 deg. Fahr. + 0.5 deg. ; at 540 deg. Fahr. 
0.0 deg. ; at 570 deg. Fahr. + 0.5 deg. ; at 605 deg. 
Fahr. — 0.5 deg., and at 645deg. Fahr. — 1.5 deg. 
_ Any thermometer which is sent to a standardising 
institution, such as the National Physical Laboratory, 
is always calibrated with the whole of the mercury, 
both in bulb and stem, heated to the observed tem- 
perature, as it is the only method which gives a cor- 
rection dependent on the way in which the instrument 
is made and not on the manner in which it may after- 
wards be used. This is carefully stated on their 
certificates, 

A thermometer commonly used for measuring the 
temperature of superheated steam in power installa- 
tions is one about 12 in. long and graduated evenly 
from about 0 deg. to 600 deg. Fahr. and with a 
nitrogen-filled bulb at the top. The graduations are 
about every 2 deg. Fahr., and are therefore about 
tio in. apart. It will be found in most British makes 
of boilers and turbines (though not in Continental) 
that the usual temperature pocket is about 44 in. deep, 
and hence 7% in. or more, according to the length of 
the thermometer, is exposed to the atmosphere. The 
use of an auxiliary thermometer has shown that the 
temperature of most of this exposed stem is about 
120 deg. to 160 deg. Fahr. 

To take an actual case, the thermometer ket 
was 44 in. deep, the thermometer read 580 deg. Fahr., 
and the thermometer graduation level with the top of 
the pocket was 160 deg. Fahr. Allowing as a limit 
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that 4 in. of the emergent stem was so heated by 











conduction that no error was introduced, then a 
length of stem, in this case extending from 185 
deg. to 580 deg. Fahr. was exposed, and was 
only at a temperature of 120 deg. Fahr. If we 
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consider the whole of this stem heated from 120 deg | delicate work. It is interesting to note that, made to 


to 580 deg. Fahr., the thread will expand an amount 
determined by the coefficient of expansion of mercury 
in glass. Taking this in round numbers as 


1/6500 per 1 deg. Cent. = — per l deg. 
of 
Fahr., we see that the thread would lengthen 


(580—185) x (580-120) _ 395 x 460 
11,700 11,700 


and the observed reading would therefore be 
this amount lower than the true reading, even 
after the error of calibration from the certifi- 
cate had been taken into account. The first 
impression on reading this would be to sug- 
gest a deep pocket, and this is what is used 
in several makes of Continental turbine; out 
this is again unsatisfactory, because, owin 
to the small space available in the interior o 
the pipe, the pocket is lengthened outwards 
from the pipe to the wall, sometimes beyond 
the lagging, and sometimes out to a cleading, 
the space between the cleading and the pipe 
often being an air jacket. Temperature 
differences of as much as 5 deg. Fahr. have 
been found in a length of 2 in. in a case of 
this nature. 

The solution arrived at in the thermo- 
meters supplied by Messrs. Brady and Martin, 
Limited, to the specification of Mr. Selvey, 
depends upon the use of an old idea adapted 
to the circumstances of this particular case. 
Thermometers with the scale ‘‘ suppressed ” 
by a bulb enlargement between 32 deg. and 
212 deg., while still giving a reading at these 
temperatures, have been well known among 
physicists for a number of years. In these 
new thermometers a second “ suppression” 
is provided ranging from just about 212 deg. 
Fahr. to the initial reading of the range of 
the temperature required, and the commonest 
range in practice is from 500 deg. to 650 deg. 
Fabr. In a thermometer of this type the 
reading which would have been the 185 deg. 
Fahr. given in the previous case is now 520 
deg. Fahr., and, making exactly the same 
calculation as before, the error in this ther- 
mometer is 
(580 — 520) (580-120) _ 60x 460 _» 5 deg. Fabr. 

11,700 11,700 ' 
which is less than the average calibration 
error of the ordinary thermometer at this 
temperature. Moreover, the graduations for 500 deg. 
to 650 deg. Fahr. occupy 7 in., and hence 1 deg. Fahr. 
= #; in., which makes a thermometer easier to read. 

It is obvious that the narrower the range the less is 
the error, but it is considered that the 500 deg. to 
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650 deg. Fahr. is sufficient for all except the most 





this particular specification, the average errors as 
found by the National Physical Laboratory on quite a 


|number of these thermometers are considerably less 


than with the common type. The same principle has 
been applied with equal success where delicate mea- 
surements of circulating water temperatures, to some- 
thiug of the order of 1/10 deg. Fahr., have been required. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a list of colonial and foreign engineer- 
ing projects, for some of which tenders are asked. 
Further rticulars concerning these owe may be 
obtained from the Commercial Intelligence Branch, 
of Trade, 73, Basinghall-street, London, E.C. 

South Africa: With reference to the notice on e 242 
ante, relative to the proposed Table Mountain Railway, 
H.M. Trade Commissioner for South Africa (Sir 
Sothern Holland) reports that, according to information 
received from the Commissioner of Customs and Excise 
at Pretoria, the ratepayers of Capetown recently decided 
in favour of the scheme, and the Corporation intends to 
raise a loan of 100,000/. to cover the cost of the complete 
scheme and contingencies. 

Russian Far East: The Bulletin Commercial, Brussels, 
of September 13, states, on the authority of the Belgian 
Legation at St. Petersburg, that the Administration of 
the China-Orient Railways at Kharbin invites tenders 
for the construction of a tunnel, 700 yards in length, 
piercing the Oussouri Range 32 miles from Vladivostok. 
All tenders are to be submitted to the Administration 
not later than 2 p.m., on October 15. A sum of 25,000 
roubles (about 2640/.) will be required to qualify any 
tender. Work must be begun by January J, 1914, and 
must be completed by July 1, 1915. Further particulars 

rding the project may be obtained at the technical 
offices of the railway, Preobrayenskaia, No. 26-28, St. 
Petersburg. 

Austria-Hungary; According to the Lieferwngs-An- 
zieger, Vienna, of September 11, a plan has been proposed 
for the construction of a narrow-gauge railway from 
Weiz to Passail via Arzberg. The same publication also 
states that at a municipal committee meeting recently 
held at Ried, it was decided to increase the capital for 
the projected line ffom Ried to Frankenburg from 
150,000 kronen to 350,000 kronen (about 62507. to 14,5907. ). 

Italy; With reference to the notice on page 267 ante, 
relative to proposed harbour extensions at Spezia, the 
Gazzetta of September 10 notifies that, as no award has 
been made relative to the contract, tenders are again 
invited, and will be opened on Uctober 6 by Signor 
Direttore Generale delle Opere Marittime, Ministero dei 
Lavori Pubblici, Rome. The upset price is put at 2,786,700 
lire (111,468/.). A deposit of 100,000 lire (4000/.) will be 
ag tr to qualify any tender. 

razil: With reference to notice on page 267 ante, and 
to previous notices relative to a call for tenders for the 
construction of a railway from Piquete to Itabjubd, the 
Acting British Consvul-General at Rio de Janeiro (Mr. E. 
Hambloch) calls attention to an announcement in the 
Diario Official of he ray 20, to the effect that the date 
for the receipt of tenders in this connection has now beey 
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fixed as October 31. Tenders, accompanied by a deposit 
of 20,000 milreis (about 1330/.), should be addressed to the 
offices of the Directoria Geral de Viaci>, Rio de Janeiro. 
Local representation is necessary. The Diario Official of 
August 22 publishes a decree approving the plans and 
estimate of 10,092,095 milreis (about 673,002.) for the 
construction of 120 miles of the Bandeira de Mello— 
Brot«s section of the Bahia railway system. 

Argentina; H.M. Minister at Buenos Aires reports 
that a considerable area of agricultural and pastoral land 
in the Province of Buenos Aires is suffering severely from 
inundations, and landowners attribute this to the faulty 
methods of drainage employed. According to a Pre:s 
summary of a report on the panies, recently drawn up 
by a member of the Hydraulic tion of the Ministry 
of Public Works, it is stated that there is urgent necessity 
to enter upon the construction of fresh drainage works in 
the areas affected. 

Mexico: With reference to the notice on page 619 of 
the Board of Trade Journal of June 20, 1912, relative to 
a contract entered into between the Mexican Ministry of 
Communications and Public Works and Mr. B. M. Hat- 
field, for the construction of a line from Ramones to 
Rancho Parra, in the State of Nuevo Leon, H.M. Minister 
at Mexico City reports the publication in the Diario 
Oficial of August 11 of a notice stating that the contract 
in question has been rescinded by mutual consent. 

Santo Domingo: The Gaceta Oficial of July 30 contains 
particulars of a contract entered into between the Govern- 
ment of Santo Domingo and Sefior J. E. Hatton, Calle 
Sanchez, 66, Santo Domingo, for the construction of a 
railway line from the port of Barahona to Neyba, and 
thence, by either the northern or southern shore of Lake 
Enriquillo, to the frontier. The contractor may import 
_ he duty all boats that may be required for use on 
the lakes, 





HARBOUR PROJECTIONS AND THEIR 
EFFECT UPON THE TRAVEL OF SAND 
AND SHINGLE.* 


By Ernest R. Martruews, 
-R.G.S., A.M. Inet. C.E., 
Bridlington. t 
(Concluded from page 404.) 
Shoreham Harbour.—One of the best examples of this 
rinciple on the South Coast is found at Shoreham. 
here is a natural indent in the coast here, as at Lancing, 
and a large accumulation of shingle had taken place 
between the foreshore and the River Adur, before the 
West pier of the harbour was built in 1874 or Fig. 12). 
This had been banking up for centuries. This b Aer a 
bank was at one time entirely covered by the sea. Since 
the pier was extended, however, it has been impossible 
for any of the material to travel eastwards, and so the 
already vast shingle bank has grown, until 16 is 
now over a mile in length, a quarter of a mile 
in width, and an average thickness of about 30 ft. ; 
or, in other words, no less than 9 million tons of shingle 
are here accumulated. The travel of material along this 
coast is from west to east, and the heaviest seas occur 
eve J south-westerly ga'es. A good portion of the 
shingle which is being held up, were it not for the pro- 
jecting pier cf the harbour, would now have been provid- 
ing a natural protection to the coast for many miles east- 
ward, but as it is, the pier has stopped the travel of the 
shingle, and thousands of tons of shingle aresold annually, 
some even being shipped to South Africa. The bank has 
now extended to the seaward end of the West pier, and 
the shingle drifts around the pier, large quantities enter- 
ing the harbour. The cost of dredging is therefore 
very considerable, and the West pier is likely to be 
lengthened shortly. We are not surprised to find that a 
short distance eastward considerable erosion is taking 
place and much money is being spent by local authorities 
and others in protecting the coast. At Brighton and 
Hove, for example, many thousands of pounds have been 
spent in protecting these towns against the inroads of the 
sea, and they aie now well protected by groynes and 
sea-walls, Undoubtedly, some thousands of pounds 
expenditure would have been saved had the West pier of 
the Shoreham Harbour not been lengthened. I has 
been said that “after an average annual expendi- 
ture on groynes, at Brighton, of 2500/. for several years, 
the only result has the collection of several 
triangular spits of shingle, while the natural beauty of 
the beach has been entirely destroyed.}”’ Since 1881 the 
Hove Corporation have spent 65,000/. on sea-defence 
works, 56,900/. being for sea-wall and esplanade works, 
and 8100/. for groynes. These figures do not include 
maintenance. When the Hove sea-wall was built a few 
ears ago, the contractors were allowed to take shingle 
rom near the Shoreham Harbour for their concrete, and 
47,000 tons of shingle were removed for this purpose. The 
o— removed from the Shoreham Harbour by dredging 
is sold chiefly for concrete-making. 

A system of a Seer have been 
of the shingle bank referred to, and these are preventing 
the erosion which would otherwise have taken fone there ; 
groynes have also been erected immediately to the east- 
ward of the harbour. When the Hove sea-wall was built 


F.R.S. (Ed.), F.G.S., 
Borough Engineer of 


ut down to the west 


25,000 tons of shingle were brought from the entrance to th 


Shoreham Harbour and deposited in front of the new 
sea-wall ; it was thrown into the sea about 400 yards 
from the wall. 

Whitby Harbour.—The west pier of the Whitby barbour 
is holding up millions of tons of sand, which, were it not 


* Paper read before Section G of the British Association 
at the Birmingham meeting, on September 17, 1913. 
+ Author of ‘‘Coast Erosion and Protection.” 





t ‘*The Sea-Coast,” by W. H. Wheeler, M. Inst. C.E. 





for this obstruction, would travel in a southerly direc- 
tion, protecting the cliffs further south. The author 
understands that it is now proposed to extend the East 
and West Piers into a permanent sea depth of 7 ft. at low 
y asa to prevent the travel of cand from the west fore- 
shore. 

Folkestone Example.—A modification of what has taken 
gs at Shoreham may be seen at Folkestone, where, a 
‘ew years ago, a jetty was run out; this was not carried 
far seaward, but it at once had the effect of heaping up 
shingle on the windward side, and for over 1} miles this 
shingle-bank now extends, forming a splendid beach in 
front of the town, but causing much erosion and trouble 
on the lee side of the jetty. 

Newhaven Harbour.—This harbour may be cited as 
furnishing another example of the detrimental effect of 
interfering with natural forces. A few years ago the 
harbour pier here was projected further seaward ; pre- 
vious to this the drift in the bay was eastwards, but 
since the lengthening of this pier the direction of the 
travel of the material has been reversed ; it now strikes 

ord Point and its direction is westward. The effeet 
of this is that the Seaford beach has been denuded, a 
sea bank and concrete sea-wall have been washed away, 
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while at the back of the pier at the west end of the har- 
bour considerable accretion has taken place. 

Hastings Partly-Constructed Harbour.—We may learn 
something of the same effect from this harbour. The 
western arm of the harbour has been constructed, except 
that the shore end of it is not yet complete (see Fig. 13). 
The effect of this partially built structure has been that 
shingle travelling eastward strikes against this obstruc- 
tion, and as most of the material travelling along a coast 
moves within the limit of high and low water, the shingle 
cannot escape around the end of the harbour arm, but is 
carried towards the shore where it escapes through the 
opening caused by the incomplete arm, and arriving on 
the lee side of the arm, where the wave action ceases to 
operate upon it, it accumulates, consequently a huge quan- 
tity of shingle has passed through into what will eventu- 
ally be the ot wa itself, and being no longer influenced 
by wave action, owing to the protection by the western arm, 
it does not travel eastwards to form a protection for the 
cliffs. The existing breakwater, which will eventually 
form part of the eastern arm of the harbour, also holds 
back the shingle. When the western arm is filled in at its 
shore end, the accumulation of shingle will take place 
on the western side of it and extend for ? of a mile 
along the coast, which in this cast will be in front of the 
town, and an immense advantage to it, but the erosion 
of the cliffs immediately to the eastward will be so in- 
creased that a sea-wall or other means of protection will 
be we ong Ae several hundreds of yards. 

Madras Harbouwr.—No more striking example of the 
holding-up of travelling material to the detriment of both 
e harbour itself and the coast-line beyond, can be 
afforded than in the case of the Madras Harbour. On 
one side of this harbour projection great accretion has 
taken place, and is still taking place, the sand being 
driven into the angle formed by the projecting piers by 
the south-west monsoons. On the leeward side a large 
amount of erosion is occurring (see Fig. 14, which is repro- 
duced by ission of the Institution of Civil Engi- 
neers), while 650,000,000 cub. ft. of sand have accreted 
within 3 miles of the south side of the harbour : and about 
450,000,000 cub. ft. have been eroded within the same 





distance on the north side ;* so that in this case we have 
a threefold problem to deal with :— 

(a) Alarming accretion on the windward side of the 
harbour. 

(b) Great erosion on the lee side. 

(c) Silting up of the harbour itself, making it necessary 
to extend the Corhoneaiees seawards at a huge ccst to get 
beyond the zone of sand travel. 

e marine engineer has no ter problem to deal 
with than this. The construction of harbours upon a 
sandy coast is always risky, resulting usually in no end of 
trouble and expense. In many cases the working of the 
harbour, from a financial point of view, is a complete 
failure, in some cases owing to silting, harbours having 

nm abandoned, owing to the cost of the necessary 
dredging. At the Ymuiden harbour, which is situated at 
the west end of the Amsterdam ship canal, the average cost 
of dredging per annum is about 22,000/., and no less than 
650,000 cubic yards of sand have to be removed annually. 
The interference with the natural sand-travel upon a 
coast cannot but be injurious; the breaking of any of 
Nature’s laws has a detrimental effect. In the case of 
the Madras harbour :—‘‘In order to neutralise the bank- 
ing-up of the sand on thesouth of the southern arm of the 
harbour a 1000-ton dredger would have to be employed, 
making four trips a day to sea during 250 days each 
year.+ The result of this is that the harbour is having to 
be extended much further seaward. This will increase 
the erosion on the lee side very oonsiderably, unless a large 
sum is spent in putting down protection works, and the 
whole coast-line will be affected for miles beyond the 
harbour. In the Madras example we find that the sand 
is entirely wave-borne (none is due to currents). ‘‘Sand 
brought in by the south-west monsoon is nearly sixty 
times in quantity that brought in by the north-east 
monsoon.t{ For 5 miles along the coast villages are being 
washed away, and heavy protection works have had to be 
constructed. 

The tides at Madras vary only 4} ft. at spring tides. 
Keeping the harbour clear by flushing reservoirs is there- 
fore impossible. We have also in the Madras example 
evidence that sand travels in deep water (in suspension) 
for the 7-fathom line (1890) represented the 74-fathom 
line (1879), and the 6-fathom line (1890) corresponded with 
the 7-fathom line (1879). he greatest travel of 
material along this coast is when the angle at which the 
waves caused by the south-west monsoon strike the shore 
is greatest—it is usually 30 deg., but occasionally at a 
— angle. Very little material is banked up except 

uring the south-west monsoons. 

The suggestions of General Thomason are interesting. 
Mr. Carey informs us that the General advocated the 
construction of a harbour of the shape shown in Fig. 15. 
This represents a diamond-shaped enclosure in dee 
water, with two entrances opposite to one another, eac 
being sheltered by a breakwater running parallel to the 
coast-line. The inner arm was to be connected to the 
shore by means of an open viaduct. The harbour was 
only intended to be a refuge. Several Danish harbours of 
the island type have been put down. 

Partial Remedy in Future Harbours.—The question 
will be naturally asked as to what is the remedy, or 
partial remedy, 4 this trapping of the travelling sand, 
and in the case of the Madras Harbour for the enormous 
cost of dredging. Hitherto the only method of escape 
seems to have been periodically to extend the arm of the 
harbour further seaward, and so run away from the 
approaching enemy. This is done often at tremendous 
cost, and is not satisfactory, for, as the pier is advanced, 
the shore also advances. It has been suggested that, 
instead of doing this, openings should be left through 
the shore-ends of the harbour piers for the sand to pass 
through, but this suggestion is not practical, for imme- 
diately the travelling material passes through the open- 
ing, the wave behind it does not possess sufficient force 
to move the material through, especially where the width 
of the harbour is considerable. 

The author suggests that in crder to modify the 
trapping of the sand where a harbour is to be con- 
struc on a sandy coast, the ground oy of it should 
be different from the usual design in this _ The 
harbour pier which would project in the ordinary way 
at right angles to the coast, should be run out obliquely 
or curved as shown in Fig. 16; it is interesting to note 
that in his design for the new North pier of the 
Bridlington harbour in 1812, James Rennie, the eminent 
engineer, shows the pier to be run out at an angle in 


this way. 

The enclosed s could be used for wharfage purposes 
or form part of the harbour itself. Much of the material 
would then be kept continuously in motion owing to its 
being permanently in deep water. It would have little 
opportunity of depositing, but much of it would pass 
around the harbour pier to the lee side, where it would 
deposit, forming to some extent a natural protection 
against erosion. A spur breakwater should be built from 
the pier on the lee side, and running out at right angles 
to such pier, or parallel with the coast line, to retain a 
certain quantity of sand in the right angle formed by the 
projecting pier on the lee side. As to the cost of this 
proposal, this would be considerable, but would not be 
nearly so heavy a8 a seaward projection of the harbour 
pier. It may be argued that much of the travelling 





* ** Coastal Sand-Travel near Madras Harbour,” by 
Sir F. J. E. Spring, K.C.1.E., M. Inst. C.E. (Minutes of 
Proceedings of the Institution of Civil Fngineers, 1913). j 

+ ‘*Coastal Sand-Travel near Madras Harbour, by Sir 
F. J. E. Spring, K.C.1.E., M. Inst. C.E. (Minutes of the 
Proceedings a the Institution of Civil Engineers, 1913). 

+t “The Sanding-Up of Tidal Harbours,” by A. E. 
Carey, M. Inst. C.E. inutes of the Proceedings of the 
Institution of Civil Engineers, vol. clvi.). 
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material would enter the harbour or deposit at the mouth 
of the harbour. Doubtless some would, but the harbour 
mouth might be so designed that only a minimum quan- 
tity of sand could enter, and as to its depositing just out- 
side the harbour, a shoal usually occurs at a harbour 
mouth on a sandy shore where a river discharges into the 
harbour. In such a case suction dredging should be re- 
sorted to, this being a more efficient method of removal 
of sand than the construction of sluicing-basins, as at 
Ostend and Ramsgate. At Dunkirk Harbour suction 
dredging has been carried out at 3d. per cubic yard. Shoals 
might occasionally be created on the lee side of the 
harbour, but these would be of a shifting nature and need 
not be seriously considered. 

Headlands.—The same principle advocated by the 
author prevails in regard to headlands; those promon- 


| 2 fv. 6 in. in size (see Figs. 19 and 20). This shingle 
bank is about 35 yards wide (ave ), and ap ae 
mately 21 ft. thick, and contains no jess than 150,000 
tons of shingle, which is held back by the seaward projec- 
tion of the Flamborough Cliffs immediately to the south. 
For 34 miles to the south of the headland, or to a point 
opposite to the village of Sewerby, which is 1s miles 
north of Bridlington, there is no shingle or sand whatever 
upon the shore. It consists of rocks, and the extensive 
sands on the north shore at Bridli are partly due to 
| the fact that the travelling material which passes around 
| Flamborough Head, and is not arrested by the Smithic 
sands, takes the direction indicated in the diagram, 
| Fig. 21, and accumulates on the north side of the Brid- 
lington harbour. Partly, also, that during severe southerly 
gales, which predominate, some of the eroded material 








seen in the Zeebrugge harbour at the entrance to the 
Bruges Ship Canal in the North Sea. 

Experiments.—In order to ascertain more fully the 
effect of projections on a coast-line, the author, with the 
assistance of the Deputy Mayor of Bridlington, Mr. 
Councillor Sidney Charlesw , carried out a series of 
experiments by means of models. 

iption of the Apparatus Used.—The author had a 
large tray made, 4 ft. 6 in. in length by 2 ft. 6in. in width 
by 3in. in mn Ee and lead-lined (see Fig. 23). This tray 
was nee A @ strongly-built stand, which was so 
made that it might be fixed at any level. By this means 
it was possible so to arrange the depth of the water in 
the tray that it would be shallow near the coast, and of 
greater — away from the coast. The tray was fitted 
with an adjustable outlet, which one could raise or lower 
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tories which project at right angles to the coast more 
perfectly trap the travel of material along the coast than 
a running out at an angle in the direction of the 
ittoral drift. We have good examples of this in the case 
of Flamborough Head and Spurn. 
. Flamborough and Spurn.—In the case of the former (see 
1g. 17) the angle with the coast is 60 deg., in the latter 
= 18 25 deg., the result being that the shore at Filey 
(9 miles north of Flamborough Head), and for 3 miles 
south of Filey—that is, in the direction of Flamboroug 
a ‘fad—consists of a fine beach, Filey sands being con- 
rs ered among the best in the country (see Fig. 18). Where 
ese sands terminate, there is for about 400 lineal 
ere and extending to where the perpendicular chalk 
chi ‘f begin, a large accumulation o shingle consisting 
chiefly of chalk stones, varying from 1} in. to 8 in. in 
size, and containing many larger chalk stones up to 














SSLELLSOOLLSET TPB TT TE 


MADRAS CITY 


Fig. 15.SUGGESTED ISLAND HARBOUR 












FOR MADRAS 
od 
Ps 
_ Ys 
ti af i 
a Sy = 
, ~ “ 
~ yor “, 
4 r . Sy 
Mt iad ' ‘= 
y, a “ 1 ~ ~~ 
a“ | ~ 3 
7 
a 1 h, 
F a } ~ ‘ 
** ' { > 
Pic H me 6... te 
(36004) LINE OF FORESHORE 








Fic. 18. Tue 


from the Holderness coast is carried in suspension north- 
wards, and deposits in the embayment between Flam- 
borough Head and the Bridlington harbour. 

In the case of Spurn we find the headland has a dif- 
ferent effect. The greatest erosion on our coasts is 
taking place on the Holderness coast of Yorkshire—that 
is, on the 35 miles of coast-line north of Spurn, where no 
less than 2,000,000 tons of cliff are washed away annually. 
Spurn runs out at an Se decidedly in the direction of 
the travel of the littoral drift. This headland is gradually 
extending seaward and westward owing to the vast 
deposit of sand and shingle waste from the Holderness 
coast. In consequence of the angle at which the head- 
land projects, large quantities of material pass around the 
head and enter the Humber estuary, becoming deposited 
at Sunk Island, while a large quantity across the 
estuary and is deposited on the Lincolnshire coast at 
Glee Ness, just to the south-east of Grimsby, and accounts 
for the huge accretion which is taking place there. Much 
of it travels still further south. 

It will be seen from this reference to the effect of the 
angle of headlands upon littoral drift that it is quite 
possible that a similar effect would take place if the wind- 
ward pier of harbours were also constructed at an obtuse 


h | angle with the shore. The other alternative is to con- 


struct viaduct piers projecting from the shore, and to 
connect these to solid piers or breakwaters (see Fig. 22). 
This would have the effect of allowing the littoral forces 
to be undisturbed. Shoaling in this case would doubtless 
occur where shown, but this would be nogreat detriment. 
A good example of a sheltering breakwater, approached 
by an open viaduct extending across a sandy foreshore, is 
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according to the depth of water required. The coast- 
line was formed in plasticene, as were any harbours or 
other projections reproduced. 
he water was admitted at one end of the tray and 
passed through and out at the other end, ard in order to 
represent as near as possible the flood tide, a wide- 
mouthed spreader was used, through which the water 
passed into the tray. In front of this spreader a board 
was fixed diagonally across the corner of the tray, and 
there was a space under this board of } in. in depth and 
extending the full width of the board. The author found 
that by this means the water entering the tray was 
unable to create a scour, but that it spread itself 
uniformly across the full width of the tray, and thus 
represented very largely what actually takes place with 
the incoming flood tide along a coast. Wave action was 
produced by means of a wooden flapper, and this acted 
admirably and causes a representation of waves very 
similar to those which occur during an on-shore gale, or a 
gale striking the shore obliquely. The floor of the tray 
representing the ocean bed was covered with a thin layer 
(7, in. in thickness) of sea-sand ; this extended right up to 
the coast-line where a slight incline was formed which 
represented the sloping beach of the coast. The author 
and Mr. Charlesworth tried numerous other methods of 
representing the actual conditions which prevailed, but 
none proved so satisfactory as the methods just described. 
In order to prevent any undue suction occurring in the 
direction of the outlet, a board was fixed asshown. Fig. 24 
represents a plan of the tray showing the inlet and outlet 
for the water, and an imaginary coast-line. 
Experiment No. 1.—In the first experiment the autbor 
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reproduced a straight coast-line, as shown in Fig. 24. He 
represented the flood tide and wave action as described, 
and it was his intention to ascertain whether the com- 
bined action of the flood tide and storm waves, which 
were made to strike the coast at an angle of about 
30 deg., representing as near as possible the condi- 
tions which prevail along the Madras coast during the 
south-west monsoon, caused undue scour along such a 
coast or abnormal accretion. He found that the coast 
was very little affected by the storm, there being a 
general slight accretion due to eome of the sand from the 
sea-hed being stirred up by the storm waves and driven 
ashore. This accretion, unobstructed by any projection 





around the harbour becoming deposited some distance the influence of the flood tide and storm-waves proceeded 


further along the coast. 


Experiment No.3.—The next experiment was with a | obstruction, 
to a| headland. The direction of the travel of this material is 
his is | shown by arrows in Fig. 21. It should be noted that in 


view of ascertaining if the same thing would spPly 
headland run out at — angles to the coast. 


face of the headland and around this 


along the sloping 
teinaing deposited on the lee side of the 


illustrated in Fig. 26, and the author found that precisely | this case, as in the case of the wees headland, 


the same effect was produced by the headland as by the | shown in Fig. 26, a fairly large accumu 


tion of sand 


harbour pier, except that in the former case the pro-| occurred immedlately seaward of the point, forming a 


jection was further seaward, and the impounded material | large sand-bank. 


more considerable. 


This is what one would really expect 
to find, for just outside of Flamborough Head and Spurn 


Experiment No, 4.—The next experiment was with a/| large sand-banks occur, the Smithic Sands immediately 


view of ascertaining what would be the result if, in the 
case of the Madras Harbour, the piers were carried very 


| 


to the south-east of Flamborough Head being so weil 
known to every mariner. 
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Fig. 21. HEADLAND RUNNING OUT AT AN ANGLE 
OF 45° WITH COAST 
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Fig.22, HARBOUR OF REFUGE APPROACHED 
BY OPEN VIADUCTS 
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Fig. 23. TRAY USEO IN EXPERIMENTS 
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in the shape of a harbour or headland, was fairly uniform 
along the whole coast-line, and presented the appearance 
shown in Fig. 24. 

Experiment No. 2.—The author then endeavoured to 
determine what would be the effect of a right-angled 
——- in the form of a harbour pier run out to the 

istance of the present Madras Harbour Pier. The same 
conditions were reproduced as in experiment No. 1, with 
the result illustrated in Fig. 25, which re mts the 
conditions which are found at Madras. The harbour 

rojection he found impounded the sand until the angle 
ormed by the proj tion was entirely filled up, and only 
a small quantity of the travelling material could get on 
the lee side of the harbour, most of that which did pass 
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much further seaward (see Fig. 27). The author found 
that by doing this the shore would gradually grow seaward 
on the windward side of the harbour, and the angle formed 
by the projection would in time be filled up, as shown in 
the case of the headland in Fig. 26. 

Nors.—It should be here pointed out that what the 
author was able to re mt in a few moments by these 
experiments would, of course, actually take long periods 
to occur. The filling-up of the angle formed by the pro- 
jecting pier would probably take half a century. 

_ Experiment No. 5.—The author then, on the same coast- 
line, poeetat &@ promontory forming an obtuse angle with 
the shore. The same conditions were represented, and it 
was found that material travelling along the coast under 
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Experiment No. 6.—Seeing that in the case of the head- 
land forming an obtuse angle with the coast the travelling 
material was able to pass around this obstruction, the 
author in the next experiment set out a right-angled pro- 
jection in the shape of a harbour pier ; he formed this in 
plasticene and showed a breakwater extending from the 
seaward end of the pier back to the shore, so as to form 
an angle of 45 deg. (see Fig. 16). His object in doing 
this was to sea if the travelling material along the coast 
during an on-shore gale, or a gale during which the waves 
struck the shore obliquely, would proceed along this 
breakwater and pass the harbour. He found that it did 
this, much of it becoming deposited along the coast 
immediately on the lee side of the harbour. It should be 
mentioned, however, that some of the travelling material 
became deposited just seaward of the harbour mouth, 
forming a tage: wl It should also be mentioned that a 
slight scour at the foot of the breakwater occurred in this 
experiment. 

Existing Harbours.—In the case of existing harbours, 
which are causing erosion on their lee side, the author 
considers that the harbour authorities concerned should 
certainly contribute to the cost of protecting such a coast 
for a reasonable distance beyond their harbours, and in 
the case of further projections seaward of existing har- 
bour piers he considers that Parliament should not 
sanction such extensions until an agreement is entered 
into between the harbour authority and the town council, 
or the landowner, whereby the Harbour Board agree to 
pay a fair proportion—say not less than one-third—of the 
cost of the necessary protection works. 

Conclusion.—The author has endeavoured in this paper 
to bring before you a matter of the greatest importance, 
which not only affects our own country, but also our 
colonies and other countries. The subject should be of 
special interest to logists and maritime engineers, 
and should be equally interesting to local authorities of 
coast towns and owners of land on the sea coast. 








THE CRYSTALLISING PROPERTIES OF 
ELECTRO-DEPOSITED IRON.* 
By Dr. J. E. Srzap, D.Met., D.Sc., F.R.S., and 
Professor H. C. H. Carpenter, M.A., Ph.D. 
IN a r by Stead on “The Crystalliae Structure of 
a an Steel,+ the following was one of the conclusions 
rawn :— 
‘In practically carbonless pure irons and steels of fine 
grain, produced by either forging or certain heat treat- 
ment, the grains increase in size slowly at 500 deg. Cent., 


and more rapidly between 600 deg. and 750 deg. Cent., 
and it is possible by heating it at about 700 deg. Cent. for 
a few hours to develop granular masses of amelie coarse- 


ness. Thecause of this appears to be due to the mole- 
cular activity and the natural disposition for the crystals 
in contiguous grains to assume the same phase or axial 
relation to each other, and when this is brought about 
the boundaries or granular junctions between them cease 
to exist. When pure iron, made coarsely granular by 
long heating at a dull red heat, is heated between 
750 deg. and 850 deg. Cent., as a rule the structure is not 
altered to any material extent; but as soon as the tem- 





. Pa: r read before the Iron and Steel Institute, at 
B September 1, 1913. ENGINEERING, September 23, 
1898. 

+ Journal of the Iron and Steel Institute, 1898, No. I., 


pages 145 to 186. 
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rature rises to about 900 deg. Cent. the Y any again 
arene small, and heating to 1200 + mt. does not 
apparently produce any difference in their dimensions.” 
The materials experimented on were wrought irons and 
mild steels in which the carbon had been greatly reduced 
by ore-annealing. : 

In Fig. 108, Plate X XITI. of the Fifth Alloys Report,* 


| then reheated at one end to nearly 1000 deg. Cent., the 


“‘dead soft steel rendered coarsely crystalline.” It was 


other end being 9 yt | Cent. Ata temperature 
| of about 870 deg. t. a sharp line of demarcation was 
| produced on the sheet. Above 870 deg. Cent. the struc- 
| ture was absolutely refined, below it was unaltered. This 

temperature corresponds to the A3 critical point in soft 


sembled the same iron in the condition in which it left 
the rolls. 

In a later paper by Stead and Richards,* the authors 
state that only very mild steel and pure iron become 
dangerously crystalline by low temperature annealing 
(from 700 deg. to 800 deg.). They say “it is caused by 
annealing for a long time at too low a temperature in a 


a photograph by Stead is shown of a section of annealed ' steel, and im this way the refining of the coarse structure slightly oxidising atmosphere.” 






1000 deg. C. 


870 deg. C. f 


No. 9.—After 1 hour 
at 700 deg. C. 


No. 8—Structure of 
iron strip as re- 
ceived. 





soft steel containing 0.12 per cent. of carbon. By anneal- 
ing at temperatures between 780 deg. and 800 deg. it 
crystallised in very coarse grains, but on heating above 
900 deg. Cent. and "_—, in water the coarse struc- 
ture disappeared, and a very fine-grained structure took 
its place. A still more striking illustration of the same 
fact was shown by Stead in Fig. 164, Plate XL. of the 
Sixth Alloys Report.+ The photograph is that of a 

* Proceedings of the Institution of Mechanical Engi- 
neers, February, 1899, page 35. 

{Proceedings of the Institution of Mechanical Engi- 
neers, January, 1904, page 7. 








No 10.—After 1 hour 
at 750 deg. C. eg. U. 
Nos, 8, 9, 10, 11, 12, 13, AND 16. 





.— After 1 hour at 15 deg. 
Nos. 14, 15, 17, any» 18,—Natural size. 


| was definitely related to this change 


No. 11.—After 1 hour 


at 800 deg. C at 850 deg. OC. 


No. 17. 


In this case there 
was no quenching, so that the refining of the structure is 
not a quenching effect. A reproduction of this photo- 
graph is shown in No, 1, above. Wrought iron was 
found to exhibit a similar behaviour. S showed that 
in order to obtain a coarsening of the grains of pure 
Swedish iron, it was most convenient to heat the entire 
piece to 1000 deg. Cent., cool, and then reheatone end. In 
this way the largest crystals were formed between 700 deg. 
and 740 deg. Cent. e also showed that such iron, when 
coarsely crystallised and very brittle, ‘‘resembling cast 
zinc more than any other metal,” was restored to very 





excellent qualities by heating above A 3, so that it re- 


No. 19.—After six heatings to 1000 deg. C., 
showing various cracks round the coarse 
crystals. Natural size. 


No, 12.—After 1 hour 


-Magnification, 1.76 diameters. 





After 1 hour at 930 deg. 








No. 6a. No. 6n, 
The same area illuminated at different angles. 





No, 13.—After 72 hours 
at 890 deg. O. 


No, 16.—After 1 hour 
at 930 deg. U. 








No, 18.— After 1 hour at 950 deg. 


In view of the fact that coarse crystallisation and 
brittleness frequently go together, it must be emphasised 
that the foregoing ty of coarse structure are not neces- 
sarily associated with primary brittleness, but are very 
liable to develop brittleness on being fatigued. Soft steel 
sheets of medium coarse structure with crystals 1 milli- 
metre in diameter are frequently produ regularly in 
industrial practice. It is found, however, that very thin 
steel sheets rarely, if ever, give rise to coarse crystals 
during the annealing process, and that the thickness must 

* Journal of the Iron and Steel Institute, 1903, No. II., 
pages 119 to 140. ENcrnzerine, September 4, 1903, 
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exceed a certain value before they can be obtained. This 
statement holds for tin-plate sheets 0.2 mm. to 0.4 mm. 
in thickness, and the process by which the coarsened 
structure is uced is known as ‘‘close annealing.” 
The sheets of 1 mm. or more in thickness, however, are 
always composite. Their surface Jayer is invariably 
finely crystalline, and this has to be dissolved or ground 
off before coming down to the crystals. The total 
thickness of the outer fine-grained sheath is sometimes 
as much as the diameter of an ordinary black-tin sheet. 
It has been suggested that this “‘fining” effect on the 
surface layer is caused by the occlusion of oxygen. and 
represents the extent to which it has occurred, but if this 
is so it must be concluded that all annealed thin sheets 
are oxidised throughout their mass. The question is 
reserved for further research. 

The object of this paper is to describe, and as far as 
possible explain, the results of a number of experiments 
which the authors have made with samples of electro- 
deposited iron of a high degree of purity. The crystal- 
lising properties of this iron are of great scientific interest, 
for in certain =~ they are precisely the opposite of 
those of very mild steel and wrought iron, which have 
just been described. The material was available in the 
form of strips and sheets, the thickness of which was 
about 0.25mm. It had been led, cleaned, and 
— in hydrochloric acid, and in this state appeared 

nely crystalline. It was remarkably malleable, and in 
this respect resembled pure copper. Its composition was 


as follows :— 
Per Cent. 

Carbon : 0.008 
Manganese 0.009 
Silicon 0.014 
Sulphur Mis trace 
Phosphorus ... 0.002 
Iron ... ne 


... 99.967 
(by difference) 

This iron on reheating to between 920 deg. and 970 deg. 
Cent. recrystallised completely and formed very large 
crystals, and no subsequent heat-treatment of any kind 
caused any refinement of its structure. The only agency 
capable of this was cold work followed by heating to about 
750 deg. to 800 deg. Cent. Moreover, prolonged ‘‘ close 
annealing” at the customary temperatures produced no 
coarsening of structure whatever. Thus on the one hand 
the conditions which give rise to coarse crystallisation of 
the electrolytic iron were exactly those which refine mild 
steel and wrought iron, and, on the other hand, those 
which coarsen the structure of the latter were entirely 
without effect on the former. It is this ees 
difference in the properties of the two sets of irons whic 
has given rise to the research about to be described. 

In the various experiments undertaken the iron was 
always given a preparatory treatment designed to remove 
accidental differences of surface structure due to varying 
amounts of rolling, annealing, &c. This consisted in 
pickling with pure hydrochloric acid suitably diluted 
with water, and then washing with water, and finally with 
absolute alcohol. Unless this precaution is rigorously 
carried out the experimental results cannot be correctly 
interpreted. Owing to the thinness of the strip and its 
remarkable softness, the polishing of specimens for micro- 
pry examination presented some difficulties. Moreover, 
its high degree of —_ rendered chemical etching much 
less easy than is the case with even the purest wrought 
iron and very soft steels. Its structure, magnified 160 
diameters after etching with 1 per cent. nitric acid in 
absolute alcohol, is shown in No. 2, page 441, and the 
—— of the metal is evidenced not 4 by its manifest 

— ad but also by the relatively large size of the 
crystals. 

n the first instance an account will be given of the 
earlier experiments as to the general conditions under 
which coarse crystallisation of this iron is brought about, 
and the h ba of structure produced, and subsequently 
these will be brought into relation with its critical ranges, 
which have also been determined, and an attempt will be 
made to account for the phenomena observed. It has 
been already stated that heating in a close annealing 
furnace for forty-eight hoursat 700 deg. to 800 deg. Cent. 
was found to have no effect on the size of the crystals, 
and later experiments showed that this statement 
holds broadly for all temperatures up to 900 deg Cent. 
Preliminary experiments showed that if the iron strip 
were heated, only for a few seconds, above about 920 deg. 
Cent., and then cooled, a complete recrystallisation and 
development of enormous crystals was brought about. 
Moreover, according to the conditions chosen, the type of 
coarse crystallisation could be influenced to a remarkable 


degree. 

Ko. 3, page 441, represents, at a magnification of two 
diameters, the structure of a specimen of the strip on 
which three types of crystals are evident. The strip was 
wrapped in asbestos fibre, and then placed near the door 
of a muffle furnace, where the temperature was kept 
between 920 deg. and 930 deg. At the end of a minute it 
was withdrawn, and allowed io cool in the air. It was 
then cleaned with hydrochloric acid, ie into st 
nitric acid, and finally washed and dried. The approxi- 
mately central area where the crystals are small repre- 
sents a portion of the strip which, as later experiments 
prove, did not reach 915 deg. Cent., and here the struc- 
ture is su tially unaltered. Very nearly the whole 
of the lower Eevee Ke: the photograph is filled with what 
will be called ‘‘ radial” or “‘columnar” crystals of great 


size and irregularity of shape, and presenting great con- | 


trasts of light and shade, due to the varying orientation of 
separate crystals. It will be observed that there is no 
transition zone between these and the unaltered crystals, 
but that the junction is perfectly sharp. Moreover, the 


radial or columnar crystals have apparently not grown | 


have grown both upwards and downwards. In this area 
the temperature of 915 deg. was exceeded. The upper 
part of the photograph also represents a new type of 
crystallisation. Here the crystals are the familiar irregu- 
larly-shaped polyhedra of a pure metal; and will be 
denoted as ‘‘equi-axed ” in contrast to the “‘ radial ” type. 
The boundary between them and the unaltered crystals 
is as sharp as in the previous case, and here also the metal 
was heated to above 915 deg. Cenv. There can be little 
doubt but that both thecentral radial and equi-axed crystals 
were produced concurrently, and if the experiment had 
been continued # few seconds longer they would have 
. the central area would have been obliterated. 

e test, however, was designed to leave an unaltered 
area, and although it has been frequently repeated, no 
more symmetrical result has ever nm obtained. The 
temperature mentioned—viz., 915 deg. Cent., is approxi 
mately that of the Ac 3 inversion of pure iron, and it will 
facilitate the understanding of these preliminary tests if 
it is at once stated that this striking recrystallisation is 
the result of that change, and never takes place without 
it. The proof of this is given later. 

The two foregoing types of crystallisation can be = 
duced in another way. A strip was heated to 1000 deg. 
Cent. in a muffle furnace, and then a screw-nut was 
placed in the middle. This chilled the layer in contact 
with it, producing a refined structure. No. 4, page 441 
(natural size), shows a centre of equi-axed crystals, a 
ring of fine crystals, and radiating on each side of 
this the characteristic radial crystals. In another case 
the centre of the strip was _ below 915 deg. by 
placing on it a piece of iron when it was introduced 
into a muffle furnace at 1000 deg. Cent., and then with- 
drawing it before the temperature at the centre had 
reached that figure. The result of this was to leave 
the original fine crystals in the centre surrounded 
by radial crystals, themselves bounded by equi-axed 
crystals at the — An effective method of causing the 
radial crystals to form consisted in rolling the iron strip 
into a coil, covering the sides with asbestos, and heatin 
it in a hot muffle so that the heat travelled from each end, 
and then removing and allowing to cool in the air. After 
this treatment it was found that long radial crystals had 

n uced, which almost met along a line near the 
middle of the strip. The result is shown in No. 5, 
441 (natural — y and 4 will be ey Ao 

a layer of equi - ax crys separates the 1a 
crystals which have grown from either side. en 
the coil was unrolled, the strips straightened, and the 
surface etched, the crystals were found to be of the 
radial type, and must have m more or less curved 
previous to ae htening. The pe we = md of the 
curved crystals, which involved a considerable amount 
of cold distortion, did not produce any copuest change 
in the original orientation, and the planes of cleavage 
followed the curve of bending. This is clearly proved 
by Photographs Nos. 6a and 68, each — of the 
same area, but illuminated by light falling on the speci- 
men at different angles. Although the ——— was 
quite flat, the appearance su, ts that the examples 
are more or less cylindrical. is peculiarity of the 
effect of distortion on iron crystals was referred to by 


Stead when discussing a paper read by Beilby before the 
Faraday Society. e results now mted amply con- 
firm the observations then made. It is undoubted that 


slips along the cleavages occur on the surfaces of iron 
crystals when distorted, as has been demonstrated by 
Stead* in 1898, and later, much more fully, by Ewing 
and Rosenhaint in 1899. The slip-band theury does not 
apply to the mass of the distorted crystals. Metal in the 
mass of the crystal after distortion is a mixture of the 
original curved cleavages interspersed with iron in the 
amorphous state, a condition whose existence has been 
proved by Beilby. If the rolled-out strip is again heated 
to 950 deg. Cent., the original radial crystals are effaced 
and replaced by equi-axed crystals ing variable 
orientation. This result is shown in No. 7 (natural size), 
where the radial crystals are seen on the right-hand side 
a the photograph, and the equi-axed crystals on the 
t. 


In all the foregoing experiments, where the strip was 
heated in contact with air, a finely crystalline skin is left 
on the metal, which needs to be dissolved by pickling 
with hydrochloric acid. This is undoubtedly due to some- 
thing in the ag probably oxygen, because, as 
later experiments showed, it does not form when the 
strip is heated in vucuo. The finely crystalline film has 
some peculiar properties, and is Sa to either 
of the types of coarse crystals which have described. 
Various preliminary experiments have been made on the 
welding of the strips. D sag these closely ther, 

heating them to 950 deg. Cent. in hydrogen, distinct 

evidences of their capacity to weld at this very low tem- 

rature were obtained, but the matter requires somewhat 
uller investigation. 

Finally, on drawing the strip fay Got a furnace, 
so that in its passage it was heated above 920 deg. Cent., 
the ‘‘fine line” of recalescence could be ily seen 
travelling across the metal as it cooled below the Ar3 
inversion at about 890 deg. Cent. 





Determination of the Temperature of Reerystallisation. 
—These and all su uent experiments have carried 
| out on strips heated in vacuo. The thickness of the metal | 
| after the preliminary treatment varied between 0.009 in. | 
jand 0.010in. The stze of the test-piece was y 2in. 
| by lin. This was heated to the required temperature in | 
|am evacuated electrically-heated 





lin porcelain-tube | yigi 


furnace. The general arrangements of this have been 
described by one of the authors.* The thermo-junction 
was laid on the strip, and by means of the external resist- 
ance in the heating eircuit the temperature could be kept 
within 1 deg. Cent. of the desired figure. After one hour’s 
treatment the strip was cooled in the furnace, and not 
removed until the following day, when it had reached 
atmospheric temperature. Sometimes it was found to be 
slightly tarnished, and all specimens were therefore given 
a slight pickling treatment by placing them first in 
hydrochloric acid, then in nitric acid, and finally in water 
and absolute alcohol. In this way it was as far as pos- 
sible ensured that the results should be strictly compar- 
able. Unless otherwise stated, the magnification of the 
photographs is 1.76 diameters. 

The structure of the strip as received is shown in 


No. 8 After one hour at 700 deg. Cent. a slight 
crystal — is evident (No. 9). How winch this is 
due to the recrystallisation of amorphous film: due to 


rolling cannot be judged; but there can hardly be any 
doubt that it is “p= ible for some of the coarsening 
observed. At 750 deg. Cent. (No. 10), 800 deg. Cent. 
(No. 11), 850 deg. Cent. (No. 12), and 890 deg. Cent. 
(No. 13), the structures are very similar to one another 
and to that obtained at 700 deg. Cent., a fact the sig- 
nificance of which is dealt with later. No. 13 shows the 
structure after 72 hours at 890 deg. Cent. At 900 deg. 

t. the effect was the same. At 910 deg. Cent., 
however, marked recrystallisation has begun (No. 14), 
and it is evident that on this specimen the tempera- 
ture varied somewhat. On the right-hand side recrys- 
tallisation has not occurred, on the left it has, and the 
dividing line is tolerably sharp. In the recrystallised 
area a number of equi-axed crystals are evident, embedded 
in what gy to be rather spongy metal. At 915 deg. 
Cent. (No. 15) recrystallisation —— to be complete, 
the crystals being of the equi-axial type, and presenting 
very a Sere of light and shade. A similar 
result was obtained at 920 deg. Cent., but the first speci- 
men treated at 930 deg. Cent. gave a completely un- 
expected result (No. 16). Here the crystals are extremely 
fine ; not only have the coarse crystals not formed, but 
the type of crystallisation is smaller than that of the 
ori strip. subsequent experiments have shown 
that this is an abnormal result, and that for some 
obscure reason the normal type of crystal did not form. 
On repeating the experiment the structure shown in 
No. 17 was obtained—on the right-hand equi-axial, on 
the left very coarse and ye eH ial crystals. 
Finally, at 950 deg. Cent. (No. 18) almost the whole field 
is occupied by radial crystals. 

The results of the foregoing tests are summarised in 
Table I. This series of experiments accordingly showed 
that the recrystallisation of the iron strip is completed 
within a narrow temperature interval, that at 900 deg. 
Cent. it had not begun, at 910 deg. Cent. it had partially 
occurred, and at 915 deg. Cent. it was complete. Now 
it has been previously shown by one of the authors} that 
the temperature of the Ac 3 change of this same iron 
varies between 902 deg. and 926 deg. Cent., according to 
the amount of gases that it contains, and which are 
evolved on heating in vacuo. There can be no doubt, 
therefore, that the striking structural chan which 
ocour between 910 deg. and 915 deg. are due to this 
particular inversion—+.e., that the iron must be converted 
into the y condition before sueh changes occur. But it 
is necessary, before drawing any further conclusions, to 
make quite certain that the foregoing are real recrystal- 
lisation effects which penetrate through the strip, and 
are not merely surface effects produced by etching. 
It might be objected that the etching reagents — 
hydrochloric and nitric acids diluted with water 
—are sufficiently powerful to give rise to surface 
structural effects of the types which have been de 
scribed. One answer to this is that the tests were 
strictly comparable, and that, if such criticism is valid, 





TasBe I. 
Tempera- Duration 
ture. | of Test. Result. 
deg. ©. 
#700 lhour | Slight coarsening of structure. 
750 o” Ditto Ditto 
800 #9 Ditto Ditto 
850 9 Ditto Ditto 
890 °° Ditto Ditto 
890 | 72 hours Ditto Ditto 
900 1 hour Ditto Ditto : 
910 =| am Partial recrystallisation with formation of 
| coarse equi-axed crystals. : 
915 - | Complete recrystallisation with formation 
of coarse equi-axed crystals. 
920 ” Ditto Ditto 
930(@) Structure completely refined. , 
(djand(c) ,, Complete recrystallisation with fcrmation 
of and equi-axed crystals. 
940 ” Ditto Ditto 
950 ” Ditto Ditto ; 
1000 ” production 


oo recrystallisation with 
principally of radial crystals. 


the a coarse crystallisation might be expected to 
occur haphazard over the entire temperature ranges 
experimented on, whereas they are invariably confined 
to temperatures of 910 deg. and upwards, and have 
never been observed below. If the apparent structural 
changes are real recrystallisation effects, ther ought to be 

isible without any etching at all, provided that the 





| 


* “Brittleness Produced in Soft Steel on = yo 

| Journal of the Iron and Steel Institute, 1898, No. ITI., 
137. ENGINEERING, September 23, 1898. 

Proceedings of the Royal Society, Series A, 1899, 


from the edge inwards, but from a curved line inside, and | vol. Ixv., page 172. 


* “The Critical Ranges of Pure Iron ;” Journal of the 
Iron and Steel Institute, 1913, No. I., page 315.  Enet- 
NEERING, May 9, 1913. : - 

+ Journal of the Iron and Steel Institute, 1913, No. L. 
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vacuum in the tube is sufficiently good. As previously 
mentioned, the specimens after test were sometimes found 
to be slightly and in such cases definite con- 
clusions cannot be drawn. But in several cases where 
the vacuum happened to be particularly good, and the 
strip came out quite untarnished, the long radial crystals 
were evident on the surface, and semaienl no etching to 
reveal them. Moreover, on etching slightly tarnished 
strips with a neutral reagent—e.g., copper potassium 
chloride—exactly similar results to those obtained with 
acids were obtained. It is clear, therefore, that the 
etching treatment does not produce the coarse crystalli- 
sation effects, but merely serves to make them more 
evident. The authors, however, have another proof. 

In the heating and cooling curves experiments by 
Carpenter, already referred to, a cylinder was made 
by coiling the strip tightly into cylindrical form and 
enclosing it in a quartz tube. After being heated six 
times to 1000 deg. Cent., followed each time by ae 
to the ordinary temperature, the strip on being unroll 
was found to have formed very large equi-axed crystals. 
It was, however, in a condition of such extreme brittle- 
ness that the coil had in parts almost welded ther so 
that the effect of unro was to crack the strip exten- 
sively, and the cracks exactly followed the coarse crystal 
boundaries, showing that the crystallisation penetrated 
completely through the metal. In some cases whole 
crystals were torn out in this way. Photograph No. 19, 

441, depicts a po of the strip in this condition. 
ft was artificially illuminated from behind, in order to 
render the cracks clearer. Near the centre will be 
observed a very large, almost heart-shaped crystal, light 
on the left hand and dark on the right. For the most 
part the boundary is outlined white, except near the 
bottom, where the crystal is partially torn out, and a 
shadow has been cast. (This pe h also serves to 
depict the curved surfaces of the crys after the strip 
has been straightened.) There can be no doubt, there- 
fore, that the coarse crystallisation effects observed are 
real, and that they penetrate through the entire thickness 


of the strip. 
(To be continued. ) 





ON LANDSLIDES ACCOMPANIED BY UP- 
HEAVAL IN THE CULEBRA CUT OF THE 
PANAMA CANAL.* 

By Vauenan Cornisa, D.Sc., F.R.G:S., F.G.S., F.C.S. 


Tus paper is based on observations made by myself on 
the Panama Canal works during visits in 1907, 1908, 1910, 
and 1912, of a total duration of about nine weeks, upon 
information kindly supplied to me by the chief engineer, 
Colonel G. W. Goethals, U.S.A., and his colleagues, and 
upon a study of the publications of the Isthmian Canal 

ommission, which are sent to me when published. _ 

The Culebra Cut extends from Bas Obispo, a little 
beyond mile 31 of the Canal channel, to Pedro Miguel, 
which is some distance short of mile 40, so that its length 
is about 84 miles. 

The highest part of the original surface was between 
Gold and Silver Hills, at mile 37, where the ground was 
312 ft. above mean sea-level on the centre line of the 
Canal. Thus the depth of excavation here to the final 
level of 40 ft. above sea, which is now reached, is 272 ft. 
on the centre line. The cutting on the side of Gold Hill 
above this point begins, however, at a level of 534 ft., so 
that the total height of the eastern face of the Cut at this 
point is 496 ft. 

Gold and Silver Hills, which face each other, are part 
of a single mass of dark-coloured andesite rock, in which 
the sides of the cutting have stood firm. This mass of 
igneous rock has been forced upwards through the 
voleanic sediments which occupied most of the Cut. 
Their bedding is in most places nearly horizontal; but 
south of Gold Hill, on the east side of the canal, intru- 
sions of andesite rock have tilted the strata, which now 
lie in a number of troughs, each of which slopes steeply 
towards the Cut. The volcanic sediments are, moreover, 
much fractured here by the disturbance to which they 
have been subjected by the upward intrusion of the 
andesite. These stratified volcanic sediments have 
decomposed by weather to a considerable depth; the 
weathered product forming a capping of red marly 
clay, from 20 ft. to 30 ft. thick. The axis of the 
Cut followed a depression between Gold and Silver 
Hills. Soon after the commencement of work by de 
Lesseps in 1883 a part of this bed of clay was removed 
at the foot of the eastern slope. In the rainy season the 
wetted material has but little cohesion, and very slight 
adhesion to the underlying rock, upon the lubricated 
surface of which it soon to glide into the Cut. 
(hus commenced the notorious Cucuracha slide which 
for years troubled the French engineers. It came to rest 
after they ceased work, partly, no doubt, on account of 
the protective and binding effect of the vegetation by 
which the raw surface wassoon covered. The French did 
not do much excavation after 1888, and the Americans 
did not take over the work until 1904, an interval of six- 
teen years. Their first construction work was to provide 
for a wider ship channel. This necessitated cutting into 
pe —_ of the clay at Cucuracha, Cr the a that 

is material soon began again to glide upon its sloping 
bed, and in 1907 completely blocked the Cut. With inter- 
vals of quiescence the Cucuracha slide hascontinued to give 
trouble up to the present time. The clay has broken back 
even beyond the summit of the slope, and hydraulic plant 
hae now been installed there, by which it is being sluiced 
down into the valley on the east, away from the Cut. 
The movement of material in the Cucuracha slide has, 

Paper read before Section G of the British Association 
at Birmingham, 1913. 


moreover, not been confined to the superficial clay for the 
mene stratified volcanic rocks, which are here tilved 
tow the Canal petayate in the movement. It was 
expected that the clay on the eastern side of the cutting 
would give trouble here, but it was not foreseen that the 
underlying rocks would move, although the fact that they 
are fractured, and that their beds are inclined towards 
the Canal, makes their behaviour ~~ to understand. 

_ The great engineering novelty of the Culebra Cut, and, 
indeed, of the whole Canal construction, is the behaviour 
of the rocks between Empire and Gold and Silver Hills, 
where not only have the banks on both sides collapsed, 
but the rocky bottom has in numerous bulged > 
to a height of 20 ft., and in one or two places 30 ft., bo 
in the wet and dry seasons during the last four years. 


The bedding of the rocks throughout these 3 miles of the 
Cut is nearly horizontal, and not inclined towards the 
, and the opinion of the engineers, both American 


and European, as well as of the geologists, was unanimous 
that here the sides would stand. e idea that the 
bottom would heave up does not seem to have occu 

to anyone. 

I take the point ‘‘ Mile 36,” at an east-facing angle of 
the Canal between Empire and Culebra, as typical of this 
bad section of the Cut. The original surface here was 
~ *. above sea, and the French excavated to a depth 
oO t. 

The rocks here, which are called the Culebra formation, 
consist of agglomerates of various degrees of fineness, 
from clay to sandstone, formed of angular f ents 
ejected from some neighbouring volcano and deposited as 
a succession of thin beds in a shallow estuary of the sea. 
There are also thin beds of lignite, indicating swampy 
conditions, and a layer of grey trachytic lava 20 ft. to 
30 ft. thick, conformably bedded, a rock which does not 
disin te under the action of weather, but is inter- 
sected by numerous joints.* 

The Isthmian Canal Commission reported of this part 
of the Cut, in 1901, that ‘in fixing the price it has been 
rated as soft rock, but it must be given slopes equivalent 
tothoseinearth . . . lonl. 

The International Board of Consulting Engineers 
recommended in January, 1906, that the terraced sides 
should have a general slope of 3 vertical on 2 horizontal. 
As this was for a sea-level cana], the depth of excavation 
on ro centre line at mile 36 would have been 245 ft. They 
say that :— 

% The materials classified as soft rock and hard rock 
have been exposed with surfaces fully as steep as 4 
vertical on 1 horizontal ever since the old company 
ceased work in 1889, a period of sixteen years. . . ring 
this time the effects of weathering have been small, soft 
rock as as having s without sensible slip- 
ping or other deterioration.” 

Now let us see how things actually turned out. 

I have correlated the history of upheavals in the Cut 
and the accompanying “breaks” of the banks, with the 
depths of excavation on the centre-line at mile 36, and 
the relation between the two things is very instructive. 


Levels on Centre-Line at Mile 36, between the Empire and 





ebra. 
Depth of Lowering of 
— Level Cut on Cut since 
Reached. Centre- Last-Recorded 
ne. Level. 
ft. ft. ft. 
Original surface in 1883 -. 206 — _ 
Level reached by French in 
1889, and maintained until 
1905 ... - os os 160 45 45 
Level reached by Americans, 
July 1, 1909 .. * oe 140 65 20 
Level reached by Americans, 
July 1,1910 .. = on 105 100 85 
vel reached by Americans, 
July 1,1911 .. oe és 99 115 15 
Level reached by Americans, 
July 1,1912 .. ee os 57 148 30 


As the centre line follows a depression, the height of 
the banks is greater than the depth on the centre line 
At Culebra village, where the breaks are very bad, the 
height on June 30, 1912, was about 260 ft. ; 

I have not found any record of upheavals here during 
the French work, and only one is recorded by the Ameri- 
cans previous to July 1, 1909, which was a small affair. 
Material was at once removed from the top of the slope, 
and the bottom of the Cut did not bulge again. Next 
year—July 1, 1909, to June 30, 1910—in the process of 
providing for a greater width of canal than that originally 

lanned, the benches were cut away, a continuous + ~ 

ing substituted for terraced sides ; and, moreover, the 
bottom was lowered 35 ft. toa total depth on the centre 
line of 100 ft. During almost the whole time numerous 
upheavals occurred, often to a height of 20 ft., occasion- 
ally of 30 ft., and the banks behind broke and foundered, 
the ruptured material moving slowly towards the Cut 
upon a plane of fracture having sometimes a slope as 
ht as 1 vertical on 7 horizontal, even in the exception- 
ally dry season of 1912. 

I should observe that the upheavals are sudden events, 
a rise of 9 ft. in an afternoon being not unusual, and one 
of 10 ft. in 10 minutes having been observed. 

During the next year, July 1, 1910, to June 30, 1911, 
benches or terraces were again cut in the sides, much 
| material was excavated from the top so as both to reduce 
the weight and flatten the slope, and the dynamite 
| * See Reports of C. W. Hayes, Chief Geologist of the 
| United States Geological Survey, Canal Record, Decem- 








March 6, 1912. 


| ber 7, 1910,and of D. F. Macdonald,Commission Geologist, | wetted, the minerals 
| Canal Record, 





charges used for blasting were reduced. By the end of 
the year the upheavals had almost ceased, and it was 
thought that a cure for them had been found in the 
terracing, flattening, and diminution of blasting ch 

It will noticed, however, that during this year the 
bottom was only lowered 15 ft. to a total depth in the 


centre line of 115 ft. 

The year dating from July 1, 1911, began with the 
bottom of the Cut in a condition apparently almost 
stable, the above-mentioned precautions were carefully 
adhered to, and the work was apparently favoured by a 
season of unprecedented dryness. Yet the rapid lower- 
ing of the excavation, 30 ft., by May, 1912, to a total 
depth on the centre line of 148 ft., was accompanied by a 

tincrease in the number of upheavals, and by founder- 
ing and collapse of the banks upon a prodigious scale. A 
section of the Cut at Culebra, south of mile 36, taken in 
September, 1912, shows that the average slo 
octet to about 1 vertical on 3 horizontal—i.e., 3 on 
9 as against 3 on 2, which all the engineers, American 
and European, of the International , bad considered 
sufficient for a cut of much greater depth. Yet even now 
the upheavals and breaks have not ceased, and in the esti- 
mates of July 1, 1913, 9,067,000 cubic yards on account of 
slides and breaks have been added to the yardage esti- 
mate of July 1, 1912.* 

Let us consider what conclusions can be established as 
to the reasons of what has happened in the past and as to 
the probable course of events in the future. 

In the first place it is evident that the rocks which 
stood well for sixteen years with a depth of excavation 
on the centre line of 45 ft., to fail when the depth 
exceeded 65 ft. The borings not indicated that the 
rock at lower levels was weaker, and I do not think that 
it is on the whole, although additional weak seams are 


encountered as excavation 

Dr. O. W. Hayes, Chief Geologist of the United States 
yap Survey, offers the following explanation of 
the upheavals :— 


“The weakest member in the sedimentary series 
occurring in the Culebra Cut is the lignite or lignitic 
clay. en the lateral support is removed from a 
lignite bed, it tends to give way under the weight of the 
overlying rock, and a slide results. The same result may 
occur even if the weak bed be not cut through, but 
merely unloaded by excavating down nearly to it. In 
this case it flows out from under the load, and bulges up 
in the excavation. This type of slide has occurred at 
various points between Empire and Gold Hill, and, in 
nearly every case, the lnmnetiote cause ap) to be the 


failure of a lignite bed under the un ced pressure 
due to the excavation.” 

In this interesting statement an important point is 
missed, to which my attention was wn by Office- 


Engineer Mr. A. B. Nichols, who has been on the spot for 
a number of years, has assisted in the preparation of the 
geological sections, and in whose charge is the collection 


of rock and specimens from the Cut. Mr. Nichols 
informed me in 1912 that the lignite withstands pressure 
(¢.¢., differential, or unbalanced, pressure) as long as it is 


dry, but that as soon as it is wetted it readily crumbles 
and flows. His view is that the failure of the lignite 
seams occurs when rain-water reaches them. I concur in 
this view. It ap to me that it is the chemical and 
physical action of rain-water, with its dissolved oxygen, 
carbonic acid, and vegetable acids, which has ca the 
unexpected failure of the banks of the Culebra Cut. It has 
made lignite crumble, it has chemically decomposed 
rock containing minute particles of oxidisable sulphide 
of iron, with evolution of gas and escape of steam, it has 
slacked lime-rock, and it has rotted volcanic minerals 
containing clayey inclusions within their apparently hard 
substance. + 

The removal of the upper part of the slopes and of 
their capping of clay, which always stopped the upheavals 
for a time by diminishing the unbalanced pressure, has, 
therefore, in my view, been followed by an unfortunate 
consequence—viz., that of giving readier access to the 


rain. 

If the material of this part of the Culebra Cut were 
uniformly weak, or if the materials, which are rotted b 
rain-water, were uniformly disseminated, there would, I 
think, be fewer _, for the pressure would be 
relieved more readily by a pushing-out of the foot of the 
slope. But volcanic rocks are stratified, and the 
materials unable to resist rain-water occur in thin strata 
or seams. When one of these lies a little below the level 
of the bottom of the excavation, its flow bursts up the 
rocky roof. It must be clearly understood, however, that 
these upheavals are not due to the transmission of - 
sure in water, as, I suppose, are the upheavals which 
occur in water-| soil. The rock comes up quite dry, 
and the upheavals often occur in the dry season. A little 
rain-water by its chemical and physical action on certain 
seams destroys their coherence, and this is the cause of 
their flow, but it is a dry, not a watery flow. 

The superficial weathering of the face of the slopes 
seems to be relatively unimportant, for there is little 
pressure here to make the material flow. I have, on the 
other hand, seen the rock subsiding far back from the 
summit of the slope, whilst the material near the summit 
remained stationary. 

Doring 1912 the upheavals did not exceed 20 ft. in 

t as against a 30-ft. maximum in 1910. Those that 





* See Canal Record, gr 13, 1913. 

+ See the report of MM. M. Bertrand and P. Liircher 
on the microscopic examination of rocks from the 
Culebra Cut in A dix B, enent of International 
Board of Consulting Engineers, 1906. In some cases they 
had to make their thin sections with oil ; because, when 

x w had clayey inclusions crum 
ats touch. 
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T saw in 1910 and 1912 did not extend nearly all the 
way across the bottom of the Cut, though the bottom 
was not then at its final width. The report of the Canal 
Commission for the year ended June 30, 1912, states 
that none of the upheavals which occurred during that 
year would have prevented navigation. I anticipate 
that upheavals will continue for a time, but that, owing 
to the great width of the channel, which is in no place 
less than 300 ft. at bottom, a navigable waterway will 
maintained in spite of upheavals. 

The dyke recently blown up was not really that 
at Gamboa, as recently reported, and the water is 
not yet in the Culebra Cut; but it soon will be, and 
dredgers will then be brought in from the Pacific. They 
will remove the remaining solid rock from the canal prism, 
and thereafter clear out loose material as fast as it enters 
the Cut. 

If further upheavals occur, the caters will remove 
them. This is the only kind of equilibrium which, as 
far as Ican see, will be reached for some time to come; 
but I am of opinion that ,it will suffice. Even if things 
were as bad as in May, 1912—the date of my last visit— 
I do not see why the waterway should not be used. e 
upheaved humps were shoals, which could have been 
avoided, and the broken material of the banks in one of 
the largest slides was removed by three steam-shovels as 
fast as it came down, so that its face was always in the 
same place, and it did not encroach upon the channel. 

The effect of the water upon the rocks may be twofold. 
On the one hand, it will weight down the bottom, an 
thus tend to prevent upheavals, while, on the other, it 
may increase the disintegration of weak seams, so that 
whether its effect will, on the whole, be beneficial or 
otherwise cannot be foretold with certainty. . 

In conclusion, I may point out that the landslides 
generally occur long after the mischief has been done 
which has made them inevitable. I saw, in May, 1912, 
near the village of Culebra, wide cracks far back from the 
excavation, which were sure signs of the great move- 
ments which have since occurred. Similarly, much that 
happens now is due to the deepening, and perhaps the 
blasting, which was done, say, twelve months ago, and 
the cessation of large movements will only come perhaps 
two or three years after the cessation of considerable ex- 
cavation and Tiasting. But although its inherent defects, 
combined with the treatment which it has received, have 
reduced much of the Culebra rock to the condition of 
loose earth, yet even the slope required for loose earth can 
very well be given between Empire and Culebra, where 
the Cut is not at its deepest. When gravitational equi- 
librium is attained by flattening the oa, the rapid 
growth of tropical vegetation will probably protect the 
sides from serious denudation in the future, asit did in the 
past in the cise of the abandoned French work. | i 

I therefore predict that the Canal will be navigable in 
1914, and that it will be made a safe and satisfactory 
waterway in spite of the disintegration and collapse of 
the volcanic sediments of the Culebra Cut. 








Rertectors ror Mercury-Vapour G.iow-Lamps.— 
The Westinghouse -Cooper-Hewitt Company, Limited, 
80, York-road, King’s write calling attention to 
the fact that their special globes or reflectors obviate such 
a case as that which occurred recently, when engine-drivers 
on the Great Northern Railway became perplexed at night 
by the appearance of a green light over the distance 
signals near Peterborough, and afterwards discovered it 
to be due to a mercury-vapour lamp used for advertising 
pur . The reflectors have been devised and largely 
adopted with these lamps for railway work, as the —~. 
ance of the lamp from a distance is altered, although the 
characteristic quality of the mercury-vapour light, as hight 
**to see by,” is maintained. 





Muners’ Putuisis.—An Act which came into force in 
the Transvaal on August 1, 1912, makes provision for the 
payment of compensation to miners suffering from miners’ 

hthisis. The compensation is given under two classes :— 
1) Those cases where the miners’ capaci ty for work is 
not seriously or permanently impaired ; and (2) the more 
serious cases when it is so impaired. Those in the first 
category are entitled to receive 8/. a month for a period 
not exceeding a year, and those in the second 8/. per 
month up to an aguregate not exceeding 400/., unless the 
amount is extended by the Board. In the case of native 
labourers compensation is awarded on the same scale as 
in the case of accidents under the Native Labour Regula- 
tions Act, 1911, the disease being treated as an occupa- 
tional one. The compensation fund is raised by assess- 
ments on the mine-owners and the miners. 





British Cotumpian Coat. —Coal- mining in British 
Columbia is beginning to acquire some im ce, the 
output (including coal made into coke) having been 
3,025,709 tons in 1912, as compared with 2,297,718 tons 
in 1911 and 3;139,235 tons in 1910, Had it not been for 
labour troubles at the mines of the Canadian Collieries, 
Limited, during the last quarter of the year, 1912 would 
have been a record year as regards the coal production of 
the province. The coal-fields which are at present 
ducing are the East Kootenay district and the coast dis- 
trict. The market of the East Kootenay field is provided 
primarily by the railways of the south-eastern part of the 
»rovince and the northern parts of the adjoining states of 

ontana and Washington. The coast district ce 
the Nicola-Princeton and the Vancouver Island fields, 
which have very different markets. In the former field the 
consumption is chiefly by the local railways, while a 
small amount of coal finds its way to Vancouver. The 
Vancouver Island coal market is provided by the 
domestic and manufacturing requirements of the coast 
cities and by ocean-going steamers. 





CATALOGUES. 


Steam-Traps.—Messrs. Wm. Geipel and Co., of Vulcan 
Works, St. Thomas’s-street, S.E., have sent us price-lists 
of steam-traps of the float, expansion, and spirit-capsule 
types. 

Second-Hand Machinery and Rolling-Stock.—We have 
| received from Mr. John F. Wake, 123, Victoria-road, 
Darlington, one of his latest lists of second-hand 
ee plant and rolling-stock for disposal. The 
| list includes air-compressors, steam-engines and boilers, 
| cranes and navvies, electrical machinery and instruments, 
| pumps and hydraulic machinery, gas engines, machine- 
tools for wood and metal working, locomotives, and about 
3000 railway wagons, most of which are for madn-line 
traffic. The list gives particulars of each lot and states 
| prices ; in some cases photographs are reproduced. 
Speed-Reduction Gears—A booklet relating to their re- 
| duction-gears for transmitting power from electric motors 
| to all classes of machinery has reached us from Messrs. 
| David Brown and Sons (Hudd.), Limited, of Lockwood, 


The | Huddersfield. The firm manufacture coma range of 


reduction-gezrs to meet all requirements. hey are pro- 
vided with « :aer spur or double-helical gears, according 
to the s and class of work for which they are to be 
used. The booklet points out the advan of double- 
helical gears, and calls attention to the importance of 
mounting them properly ; it also gives a general specifi- 


dj|cation of the reduction-gears, and illustrates several 


examples. 


Electrica'ly-Driven Tools. — Leaflets relating to the 
**Vulcan” electric tools have been issued by the West- 


Laurence Pountney-hill, Cannon-street, E.C. The leaf- 
lets give prices, dimensions, and other particulars of a 
very full range of tools, including several types of 
— drills, grinding-machines, &c. The portable 
rills listed are made of the self-contained type, and of 
the type in which a small motor, mounted on wheels and 
provided with a pair of handles, drives the drill-head 
through a flexible shaft. Both types are made for either 
direct or alternating current, and in several sizes capable 
of drilling holes up to 2 in. in diameter in mild steel. 
Particulars are also given of bench-drills, drills with 
magnetic holders-on, magnetic drilling-posts, magnetic 
chucks and fixing-plates for holding work on machine- 
tools, and portable electric blowers for removing dust 
from the windings of electrical machinery, &c. The 
grinding-machines dealt with are of the hand, tool-post, 
_— stationary types, full particulars being given of 
each. 


Motor-Cars.—Messrs. Clement Talbot, Limited, of 
Barlby-road, Ladbroke-grove, W., have sent us a copy 
of an attractive album they have issued to commemorate 
the remarkable run accomplished by one of their 25 horse- 
power Talbot cars on February 15 last at Brooklands. 
The car, which was driven by Mr. P. Lambert, covered 
103 miles 1470 yards in the hour, thus breaking the 
previous world’s record by over 6 miles. It is a note- 
worthy fact that the previous record of 97 miles 1037 yards 
in the hour was attained by a foreign car with an engine 
of 59.6 horse-power rating, so that in comparison with 
this the performance of the Talbot car is all the more 
striking. It is also satisfactory to note that the driver, 
car, and tyres were all British. The album contains 
reproductions of photographs taken before, during, and 
after the run, and gives some interesting notes relating to 
it. Among other things it mentions that the ewe | 
the engine was 2500 revolutions per minute, which means 
that the pistons traversed their respective cylinders 834 
times per second ; this frequency is not much less than 
that of a wasp’s wing, which is computed to make 100 
beats per second. 

Lathes. — Messrs. Dean, Smith and Grace (1908), 
Limited, of Worth Valley Tool Works, Relgnien, have 
issued a new catalogue of high-speed lathes, which. as 
is well-known, are the speciality of this firm. The 
catalogue first i a general specification of the tools, 
illustrating and describing various details, and then 
illustrates the standard types made, giving full par- 
ticulars of each. These include cone-driven, sliding, 
surfacing, and screw-cutting gap-lathes, with 6}-in., 
84-in., 104-in., 12-in., 16-in., and 20-in. centres; the four 
smaller sizes are also made with hollow spindles. Lathes 
up to 16-in. centres are fitted with the firm’s new all- 
geared headstock, and full particulars of these tools are 
given; the construction of the headstock is also illus- 
trated and described. Among other tools and acces- 
sories dealt with we noticed —_——_— and boring lathes, 
capstan lathes, treble-geared crank-shaft lathes, railway- 
wheel lathes, chucks, tool-holders, stays, a taper-turn- 
ing attachment, and a slide-rest for turning shafts. 
This catalogue, being well printed and illustrated and 
of good general appearance, makes a useful and attrac- 
tive publication, which is very creditable to the firm 
issuing it. 

Gas-Engines and Suction- Gas Producers.—We have 
received from Messrs. Davey, Paxman and Co., Limited, 
Standard Iron Works, Colchester, a copy of their latest 
catalogue, No. 650, dealing with gas-engines and suction- 
gas plants. The design of the engines is first illustrated 
and described. the many important features being clearly 
explained. Particulars are then given of three small 
engines of 2.5, 5, and 8.25 horse-power, for running on 
town gas, and these are followed by particulars of single- 
cylinder engines for working loads ranging from 7 to 135 
horse-power with ucer-gas ; engines with two coupled 
cylinders, giving from 135 to 270 horse-power, are also 
listed. The remaining sections of the catalogue are 
devoted to the firm’s throttle-governors, engines for 
electric lighting, self-starting apparatus, and the suction- 





minster Tool and Electric Company, of Suffolk House, | } 


of | 


gas plants. The latter are illustrated and fully described, 
and ticulars of sizes suitable for any of the above- 
mentioned engines are given. The plants are intended to 
run on anthracite, coke, and similar fuels, the consump- 
tion with the former fuel being about 1 lb. per brake- 
horse-power hour. Particulars are also given of plants 
suitable for working with special fuels, such as wood 
refuse, spent tan-bark, cocoanut shells, &c. In many 
cases such plants will provide power without any cost for 
fuel, and at the same time destroy refuse materials which 
are often very difficult to dispose of. 


Engineers’ Tools and Supplies.—We have received from 
Messrs. Buck and Hickman, Limited, of 2 and 4, White- 
chapel-road, E., a very large catalogue of tools and sup- 

lies for engineers, machinists, woodworkers, and others. 

he catalogue contains over 850 pages, and weighs nearly 
8 lb., and an idea of the immense number of articles dealt 
with will be gained when we mention that the general 
| index to its contents takes up 36 pages. It is not easy to 
| make a selection from such a long list of goods, but to 
| mention all of them would more than fill this column, so 
that it must suffice to call attention to those appliances 
which appear to be of direct utility to engineers. Among 
these are included all kinds of screwing tackle, smiths’ 
hearths and tools, engineers’ small hand-tools, drills, 
reamers, milling-cutters, lathe and drill-chucks, gauges and 
measuring appliances of all kinds, tachometers, cranes, 
winches, pulley-blocks, lifting-jacks, shafting and acces- 
sories for power transmission, brazing-lamps, lathes, and 
other machine-tools. These and many other articles are 
listed in great variety; prices. are stated in every case, 
and practically all of the goods are illustrated. Large as 
it is, the catalogue does not deal with all the goods handled 
y the firm, separate lists being issued of British and 
American machine - tools, engineers’ and builders’ iron- 
mongery, bolts and nuts, gas and steam-tubes and fittings, 
engine-packings, gun-metal steam-fittings, iron and steel 
plates and bars, and grinding-wheels and oil-stones. 


Electric Fans and Aerial Propellers.—A catalogue of 
‘* Multiblade ” electric fans has reached us from Messrs. 
Pitter’s Patents, Limited, 20, Bishopsgate, E.C. In 
these fans, which are adapted to all systems of ventila- 
tion, the air-propeller consists of a number of compara- 
tively narrow blades arranged one behind the other. They 
are claimed to be much more efficient than ordinary fans, 
and to run with absolute silence owing to the absence of 
eddies, which cause noise in ordinary fans. Prices are 
stated for combined desk and bracket fans, which consume 
only 25 watts, and also for ceiling-fans and exhaust-fans; 
the prices mentioned refer to fans for continuous-current 
circuit, but alternating-current fans are also made. The 
firm have also sent us particulars of tests made on two 
multi-blade aeroplane propellers, one of which was 7 ft. 
in diameter and of 5 ft. 6in. pitch. Running at 325 re- 
volutions per minute, this propeller consumed 1.3 horse- 
power and produced a static thrust of 60 lb.—1.e., 46 Ib. 
per horse-power. The other propeller was 28 in. in dia- 
meter and had a pitch of 24in. The power consumed 
when running at 1265 revolutions per minute was 0.5 horse- 
power, and the static thrust at this speed was 16lIb., or 
32 1b. wd horse-power. Anyone interested in the subject 
of multi-blade propellers will find one, designed by Mr. 
Horatio Phillips for marine propulsion, illustrated and 
described in a letter from that gentleman, published in 
our issue of July 19, 1907, on page 77. 


Engineers’ Supplies.— Messrs. W.-H. Willcox and Co., 
| Limited, of 88, Southwark-street, S.E., have recently 
issued a new enlarged and revised edition of their general 
catalogue of engineers’ stores, machinery, tools, &Xc. 
Messrs. Willcox, we believe, claim to supply everything 
for the engineer, and ae the magnitude of the 
| publication before us suggests that particulars of most, if 
not all, of his requirements will be found between its 
covers. The catalogue contains 736 pages, measuring 9 in. 
wide by 114 in. deep, and is bound in strong cloth-covered 
| boards. It is profusely illustrated, and the price of every 
| article is stated ; a good general index—a most essential 
feature in a catalogue of this class—is also provided. We 
may, perhaps, give a general idea of its contents by men- 
tioning some of the goods noticed in turning over its 
pages, but to give anything like a complete list is 
obviously impossible, since it would probably more than 
fill this column. Thus we find that the catalogue gives 
particulars of oils and greases, —e packings and 
| jointing materials, engine-fittings and boiler-mountings, 
lubricators, pumps, hose, lamps and lanterns, vo ma 
and accessories for power transmission, machine-tools an 
hand-tools, tube-cleaners, lifting and hoisting tackle, 
fo and smiths’ tools, wood-working tools, bolts, nuts, 
and screws ; many other articles are, of course, included. 
The catalogue is thus a most useful publication, well 
worthy of a place in the engineers’ offices of power- 
stations, gas and water works, engineering works, mills, 
mines, railways, &c. ; motor-car users will also find most 
of their requirements dealt with in this catalogue. 














Sanp Fiurration or PorastE Warer.—In 1898 an 
epidemic of typhoid fever in Cherbourg resulted in the 
deaths of 63 of the garrison out of a population of 8239, 
and 2.5 civilians out of a population of 32,494. At 
that period the Arsenal, as well as the town, were both 
supplied with water from the Divette, but the town 
had its water filtered in mechanical filters. In 1909 
another outbreak of typhoid occurred after the town had 
set up a multiple filtration plant on the Puech-Chabal 


system. On this occasion there were 213 cases and 55 
deaths among the garrison of 8578 still supplied with 
raw water from the Divette, while there was only one 
case of typhoid, and no deaths among the civil population 
of 36,422, although the water came from the same source 
in each instance. 
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AN ENERGY CHART FOR GAS. 
By T. B. Morey, B.Sc., A.M.I. Mech. E. 


Ir is well known that the specific heats of gases 
are not constant, but increase very decidedly as the 
temperature increases. Let P be the pressure of a gas 
in pounds per square foot, and V the specific volume 
in cubic feet per pound. Then the usual adiabatic 


equation, P VY = constant, is based on the assump- 
tion that the specific heat is constant, and is accord- 
ingly inaccurate when applied to actual gases. 
Taking the specific heat at constant pressure, 
K,, as equal to b + s T, where T is absolute tem- 
perature ; and that at constant volume, K,, as equal 
to a + sT (where a and s are constants determined 
by experiment), then the equation for adiabatic 
expansion becomes P* V’e ™ = constant, where 
e is the base of the Napierian ys and R 
is the constant in the equation P V = RT. 
Probably the chief reason why the variability of 
specific heat is usually neglected in ordinary cal- 
culations and in the choice of the ‘‘ air standard 





3.9 + 0.0014 ¢ 3.9 + 0.0014 (T -- 273) 
stint 235 — 28.5 
= 0.1235 + 0.000049 T. 

From the ‘‘mean molecular weight ” the density 
and hence also the value of R are found. 
R = 97.3, P being in pounds per square foot, V in 
cubic feet, and T in d Centigrade absolute. 

Since the specific heat at constant pressure 
exceeds the specific heat at constant volume by the 
work done against the pressure, we have :— 

K, = K, + R + J (J being Joule’s equivalent). 
97.3 
o*e b=a+R+JI = 0.1235 + 1499 = 0.193 
-*. Kp = 0,193 + 0,000049 T. 

Adiabatic Lines.—Taking the equation already 
given for the adiabatic expansion of a gas with 
variable specific heat, we have :— 

sPV 
P« Vee * = constant. 
: PV 
-*. @loge P + b loge V + R = constant. 


Also 


Fig.7. ENERGY CHART FOR GAS ENGINE MIXTURE. (MASS ~ ONE POUND) 
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cycle” for gas-engines lies in the difficulty of 
handling this equation. This difficulty, however, 
can be surmounted by the use of a graphical 
method. 

In 1911 Professor F. W. Burstall published in 
the Proceedings of the Institution of Mechanical 
Engineers a diagram, by means of which problems 
relating to the expansion, heating, &c., of nitrogen 
could be solved graphically. The writer has devised 
a chart which, while based on the same general 
principles as Professor Burstall’s, is considerably 
simpler to construct, involving much less laborious 
calculation and plotting. It is also simpler to use, 
and it represents the properties of average gas- 
engine mixtures instead of nitrogen, so that it is 
directly applicable with a reasonable degree of 
accuracy to gas-engine problems. The method of 
obtaining the velocity of outflow through a nozzle 
is also quite different, as will be seen from the 
description given below. 

Choice of Constants.—From data given in the 
reports of the British Association Committee on 
Gaseous Explosions it appears reasonable to express 
the ** volumetric heat ”* of gas-engine mixtures by 
the equation vol. heat = 3.9 + 0.0014 t, where t is 
in degrees Centigrade on the ordinary scale. This 
equation agrees closely with the curve given in the 
first report of the Committee. 

From the composition of the mixture, its ‘‘ mean 
molecular weight ” is found to be 28.5, and hence 





* The ‘‘ volumetric heat” is the heat 
at constant volume, the temperature of 





uired to raise, 
lb. of by 
e gas. 





1 deg., where M denotes the molecular weight of 
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Scale for determination of log. (P+). 
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PV=RT 


RT 
-*. a loge P + b loge p + 8T = constant. 


.*. bloge T — (6 — a) loge P + s T = constant. 
Hence 
logio P = 2.78 log,) T+ 0.000306 T—constant . . (1) 


Choosing a series of values of T and a series of 
values of the constant, P can be calculated, and for 
a given constant the values of P and T correspond 
to an adiabatic. The adiabatic lines on the chart 
(Fig. 1) are plotted with log P and log T as co-ordi- 
nates. Since for any values of T the values of log P 
for a pair of adiabatics differ only by the constants 
in equation (1), the adiabatics are all duplicates 
of the same curve shifted horizontally. The _ 
ting of the curves is facilitated by the use of loga- 
rithmically - ruled paper (lithographed sheets of 
which can be purchased). When one curve is 
drawn (or a few in order to check accuracy), a 
template can be made to fit the curve, and refer- 
ence marks at different temperature values placed 
upon it; then any other adiabatic can be drawn 
by means of the template, the reference marks 
being kept on the proper temperature horizontals, 

If the term in T in equation (1) were zero, the 
adiabatics plotted logarithmically would be straight. 
The coefficient of T is small, so that the curvature 
of the adiabatics is not very pronounced. 

Constant Volume Lines.—P V = RT, .*. log V = 
log T — log. P + constant, so that for constant 
viene, plotting log T and log P produces straight 
lines ; all constant volume lines are parallel, and 
the values of V (per lb. of gas) are given by a 








horizontal logarithmic scale, Fig. 1 (shown in two 
separate portions), which is a duplicate of the 
pressure scale, but runs in the opposite direction. 
The chart thus provides means of reading off P, 
V, and T for any point, and also means of follow- 
ing the most important thermodynamic operations 
—viz., adiabatic by ‘‘ parallels” to the reference 
adiabatic lines, isothermal by horizontal lines, con- 
stant pressure by vertical lines, and constant volume 
by parallels to constant volume lines. 
, all the reference lines are el, it is 
not necessary to draw very many of them. The 
liability to confusion in following one line among a 
series of closely-packed similar lines is thus avoided. 
Points lying between the lines can be marked off 
or can have their values read by projecting to or 
from the appropriate scales. This should be done 
on tracing-paper laid over the chart. Another 
method is to use slips of paper having points 
marked on one edge which is kept horizontal, while 
reference points are slid along the lines. Indeed, 
for the pressure, volume, and temperature lines 
slips of logarithmically-ruled paper can be used as 
scales in the ordinary way, and these scales can be 
easily obtained by cutting them from the litho- 
graphed sheets as purc ° 
“ork Done in Adiabatic Change.—The work done 


par 
J ‘ ' i 


2000 
asua Veoatyin Feet per Sec. 
in an adiabatic change is equal to the change of 
internal energy, and is a function of temperature 
only. 
Tt tT 
Internal energy I -| K.dT = | (a+sT)dT 


To To 





=a(T-T) + § (T - T,?) 


= 0.1235 T + 0.0000245 T?, if T,=0 . (2) 

Values of I for a series of values of T have 
been calculated, a curve of I and T drawn, and 
hence conversely values of T for values of I in 
round numbers have been found. From these 
a scale of internal energy (per pound of gas) has 
been marked off alongside the temperature scale 
at the left of the chart. Owing to the term in T? 
in equation (2), this scale is not the same as that 
of T—i.e., is not logarithmic. It is easy, however, 
to interpolate with sufficient accuracy between the 
numbers marked on the scale. 

The work done in an adiabatic operation is found 
by projecting from the points representing the 
initial and final conditions upon the internal energy 
scale, reading the values and subtracting. The 
result is obtained in thermal units per pound of gas. 

This result also gives the amount of heat con- 
cerned in a constant volume change between the 
same temperatures. 

Work Done in Isothermal Change.—The work 
done in an isothermal change is expressed by 


RT log. ve or RT loge et 
1 2 


The value of log, 4, is obtained by marking off 


the distance between P, and P, (on the logarithmic 
scale of pressures) along the scale provided below 
the chart (the construction of which is obvious) ; 
and that of RT by finding first the temperature, 
and then reading off RT for that temperature on 
the lower horizontal scale. The product of the 
numbers so found is the work done in heat unite. 
It is also the amount of heat taken in or rejected 
during the operation. 

Velocity of Outflow.—Professor Burstall, in the 
paper referred to, states that (velocity)? = 2,I, 
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where I is the change of internal energy in the 
adiabatic outflow of the gas. When, however, the 
initial and final conditions of tho flow are main- 
tained steady, the kinetic energy generated in the 
expansion is given by :— 
ee =P,Vi- PV. + /Pav 
= {R(T.-T) +L-h}I 6) 


RT +I1 or PV +I may be called the total 
energy of the gas, E say. 
ep 


(velocity) = 4/295 {R(T, - 7) +1, - te}, 





or 


J 205 (& - By. 
E=RT+I=RT+aT+ 5? 
= (a+ R)T + gr aoT+ oT, 
E = 0.193 T + 0.0000245 T? . (4) 
and 


velocity = 300 ,/0,193 (T, — T,) + 0.0000245 (T2, —T,). 


Hence velocity cannot be expressed as a function 
of temperature difference ; both T, and T, must 
enter into the expression. 

Both the terms of expression (3) can be obtained 
from the chart, as already described. If, however, 
frequent velocity calculations are anticipated, it 
will be worth while to construct a scale of total 
energy E by a method similar to that employed 
for I, but using equation (4). This scale is shown 
at the right of the chart. E,—E, being found in 
either of these ways, the curve shown at the right 
of the chart serves for the solution of the equation 


velocity = 300 VE, —E,. 

Work and Heat Involved in Constant-Pressure 
Change.—In a constant-pressure operation the 
internal energy is altered, and external work also 
is done of amount P (V,—V,), so that the heat 
taken in (or rejected) is equal to I, — I, + 
P (V,—V,)=K,—E,. The method of finding these 
quantities from the chart has already been described 
in connection with the determination of velocity ; 
although, of course, the actual initial and final 
conditions involved are different. 

Change According to Law P V" = Constant.— 
The work done in a change of condition following 
R (T,—T,) 

n—l 
hence the value of R(T,—T,) found as previously 
described need only be divided by (n—1), provided 
the initial and final temperatures are known. Lines 
for P V":= constant are not shown on the chart. 
They could, however, easily be drawn. They are 
straight, being given by log T + (n—1) log V = 
constant, or (1—n) log Py n log T = constant. 

Example (Gas-Engine Cycle).—As an example of 
the use of the chart, take the case of the Otto 
cycle for a gas-engine. Fig. 2 has been copied 
from a tracing made on the fully-scaled chart. The 
ordinary pressure-volume diagram for the cycle is 
shown at the right in Fig. 3, and the diagram on 
the energy chart is lettered to correspond. 

Starting from A, where P is 14.7 lb. per sq. in., 
and T is 290 deg. Cent. absolute, the compres- 
sion is shown by the adiabatic A B carried on 
to the compression pressure of, say, 167 lb. per 
sq. in.; then follows the constant- volume ex- 
plosion line B C shown by a constant-volume line 
carried toa pressure of, say, 500 lb. per sq. in.; 
the adiabatic aes to the original volume is 
a by C D, D being on the constant- 
volume line drawn through A ; D A completes the 
cycle (the exhaust and suction lines, which coincide, 
being omitted). 

The values of P, V, T, and I read from the 
chart are marked on the fiyure. The work done 
in the compression A B = I, — I, = 86.5 — 37.8 
= 48.7 thermal units. The heat added during the 
explosion BO = I, — I, = 345—86.5= 258.5 units. 
The work done in the expansion C D = J, — I, = 
345 —- 168 = 177 units. The heat rejected during 
DA =I, -I, = 168— 37.8 = 130.2 units. Hence 
the heat converted into workin the cycle = 258.5 
— 130.2 = 128.3 units (or, alternatively, 177 — 48.7 


= 128.3 units), The thermal efficiency = 128-3 . 
258.5 
0.497. 


The mean effective pressure in pounds per square 
foot is equal to the work done in the cycle in foot- 
pounds divided by the stroke volume in cubic feet 


the law P V” constant, is equal to 





_ 128.3 x 1400 
aii: 2 Meee yf 


13.3 — 2.7 -_ 
128.3 x 1 
equal to ~T74 x 10.6 

Summary.—The properties of the chart can be 
summed up with reference to Figs. 4 and 5. 

(1) Co-ordinates.—For any point O the values of 
P, V, T, I, and E can be read by projecting from 
O to the appropriate scales, the projection line to 
the volume scale being inclined. 

(2) Adiabatic Change.—Draw O B at constant 
horizontal distance from (‘‘ parallel ” to) the refer- 
ence adiabatics. The work done, or the change of 
internal energy = I, — I,, each read from the 
scale of internal energy. 

(3) Isothermal Change.—Draw horizontal O A. 


or the mean effective pressure is 


= 117 lb. per sq. in. 








(7) Change Following P V" = Constant.—Find 
difference of final and initial temperatures (not 

rovided for on the chart), read R (T, — T;) on 
ea horizontal scale, and divide by (n — 1). 

(8) Engine Cycles.—Any cyclic process can be 
investigated by a suitable combination of the 
operations described above. 





APPENDIX. 

The calculations necessary for the construction of the 
chart should be systematised, as exemplified in the fol- 
lowing tables, which are extracts from the tables covering 
the complete range of the chart. __ ’ 

In Table I., the figures in the horizontal lines (1) to (5) 
are first set down, the numbers in line (5) giving the sum 
of 2.78 log,o T + 0.000306 T for a series of values of T. 

To obtain data for plotting an adiabatic beginning at 
P = 14.7 and T = 300, the constant in the equation is 
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TABLE I.—CatcunaTion or ADIABATIC LINES. 
logio P = 2.78 logyo T + 0.000306 T - constant 
(T " “a .-| 800 350 400 | 450 500 600 700 800 
(2) Logyy Tc. fe / : : ; ig ..| 24771 
(3)278logioT.. ..  .- 3%, ; oe, © ee --| 6.8850 | 
4) 0.000806 T .. a 2 a: le 
(5) 2.78 T + 0.000306 T .| 6.9768 | 7.1781 | 7.3554 | 7.5117 | 7.657 | 7.9066 | 8.1232 | 8.8138 


5.8095 | 5.8085 5 





. 8095 





(6) Line beginning at P=14.7. T=300. Constant=5.8096 .. | 
(7) Logio P .-| 1.1673 | 1.8686 | 1.5459 | 1.7022 | 1.8475 | 2.0971 | 2.3137 2.5043 
(8) P ee (14.7 |23.36 /85.15 50.4 125 206 319 


(9) Line beginning at P=14.7. T--600. Constant=6.7393 .. 
(10) Logy P 
(11) P ae 


Make F G on scale of log, Sew distance between 


P, and P, —t.e., equal to O ‘. On the lower hori- 
zontal scale mark J at T = T,, and read on scale of 
RT. Then the work done, or the heat taken in 
or rejected, = H J x F G—i.e., product of 
number read at J and FG. 


(4) Constant Volume Change.—Draw O C parallel | ‘ 


to reference lines of constant volume. The heat 
taken in or rejected = I. — I,. 

(5) Constant Pressure Change.—Draw vertical 
OD. Mark K on the lower scale at T = T, — To. 
and read R T, so obtaining the work done. 

The heat taken in or rejected = I, —I., + work 
done, or = E, — E, on the right-hand scale, if such 
is provided. 

6) Velocity Due to Flow Under Steady Adiabatic 
Conditions.—Initial and final conditions are denoted 
ew and © on an adiabatic line. Read E, and E.. 

ke LM in Fig. 5 = E, — E., project to curve 
and read velocity at N. 
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6.7393 | 6.7398 6.7393 
11673 | 1.3889 | 1.5745 
14.7 24.2 37.54 





Tas_E II.—Calculation of Internal Energy I, Total 
Energy E, and Velocity. 
I = 0.1285 T + 0.0000245 T? 
E = 0.193 T + 0.000245 T? 
Velocity = 300VE. 


Rs 300 350 400 
(2) 0.1235 T .. 87.05 | 4322 | 404 
37... 90,000 | 122,500 | 160,000 
(4) 0,0000245 T2 2,205 800 | 38.92 
(5) I = (2) + (4) 89.26 46.22 53.82 
()018T.. 1. .| 52.9 67.65 | 77.2 
(7) E=(6)+(4) .. «| 60.1 70.55 | 81.12 
(8) Vel. = 300x Viz _ | 2830 2510 | 2700 


found by subtracting logo 14.7 (which is 1.1673) from the 
number in line (5) in the column for T= viz., 6.9768. 
The result, 5.8095, is subtracted from the numbers in 
line (5), and so the values of logi) P in line (7) are deter- 
mined. Line (8) gives the valuesof P. _ " 

For another adiabatic, say that beginning at P = 14.7 
and T = 600, the constant is found in the same manner 


and placed in line (9). Line (10) is obtained by subtraet- 
ing this constant from line (5), and line (11) follows. 
he arrangement of Table II. is self-evident. 
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THE BRITISH ASSOCIATION. 
(Continued from page 423.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


X, aND THE Evo.ution or HELIvM. 


A paper by Sir J. J. Thomson, on ‘‘ X; and the 
Evolution of Helium,” concerned the mysterious 
body apparently of mass 3 (hydrogen = 1) which 
Sir J. J. Thomson had discovered by his method of 
positive-ray analysis.* This body might either be a 
new element, he said, or an aggregate of hydrogen 
atoms. It was obtained by cathode bombardment 
of many bodies, and, as he had recently observed, 
also by the bombardment of salts. But the salts 
formed two classes in this respect. One class of 
salts yielded first a good supply of X;, and very 
little afterwards, after having been dissolved and 
evaporated to dryness; the other class of salts 
continued to give fair supplies of X, after having 
redissolved and re-evaporated many times. Now 
the first class of salts did not contain hydrogen, 
and the second either contained hydrogen, or the 
salts were deliquescent (absorbed water). Caustic 
potash gave excellent yields—ie, a fraction of a 
cubic millimetre; the bombardment o— the 
potash [generally supplied in rods or sticks] into 
threads; when this bombarded potash was dis- 
solved in hydroiodic acid, and the salt K I produced 
was evaporated, no X; was found [this salt does 
not contain any water of crystallisation]. On the 
other hand, ammonium chloride NH,Cl was a 
good source of X;. 

Thus the presence of hydrogen in the salt seemed 
essential. The new gas X, behaved like hydrogen ; 
it sparked when oxygen was present, and dis- 
appeared when mixed with oxygen and exposed to 
sunlight ; it combined with copper oxide heated in 
a quartz tube, and with burning magnesium. But 
it did not diffuse through red-hot palladium, and 
could in this way be separated from hydrogen, 
though not perfectly, unfortunately ; the spectrum 
did not contain any oxygen or mercury lines. The 
conclusion was that X, was a kind of active 
hydrogen, analogous to ozone. 

As regards the conversion of hydrogen into 
helium and neon, recently claimed by Ramsay, 
Collie and Patterson, Sir J. J. Thomson said he 
admitted the apparent facts, but differed as to the 
interpretation. The helium, he suggested, came 
not from the gas, but from the solids. All solids 
contained a surprising amount of helium, which 
could be got out, not only by cathode bombard- 
ment, but also by exposure to the radiation of a 
quartz mercury lamp. He had tried this with the 
alloy potassium-sodium ; he exposed it for three 
days in a sealed quartz tube ; he found much helium, 
and confirmed this by check experiments. Salts 
also gave much helium, if redissolved and dried 
many times from water or alcohol. In this case all 
the salts tried yielded a good deal of helium on the 
first dissolution, and the residual amount remained 
unchanged by the repetition of the process ; alkali 
salts, and especially potassium salts, were the most 
productive again, and potassium (but not lithium) 
yielded also some neon, though not much. i 
residual helium seemed to come from the atoms, 
unless chemists were ready to admit that helium 
was capable, under certain conditions, of formin 
compounds with practically all known bodies, an 
that these compounds were all too much alike 
to be separated. It was noteworthy that potassium 
was radioactive. Sir Joseph finally referred again 
to his speculation that the atomic weights of the 
elements, below 40, might all be written 4 n, or 
4n + 1,4n + 2, 4n + 3, as if they consisted of 


helium compounds (the atomic weight of helium | P® 


being neatly 4), which would thus enter into the 
atomic weight as it entered into radioactivity:+ 

_ Professor Soddy, in spening the discussion, asked 
Sir ———_ whether he definitely convinced 
himself that his helium was not of radioactive origin, 
Professor Soddy had sealed up a kilogramme of 
sylvin (KCl) ; r eight months he had not found 
any helium, but he had not reopened his tube 
since, which had now been sealed up for three 
years. Sir William Ramsay suggested that Sir 
Joseph should absorb his hydrogen by metallic 
calcium on the Soddy method. He still believed 
that eee bombarded by cathode rays yielded 
helium and, in the presence of glass, also neon. 





——___ 


* See Exarreznino, vol. xov., page 128, January 24, 1913. 
+ Ibid., vol. xov., page 398, May 21, 1913, — 








Many peculiar changes might be true ; ionisation 
was produced by the impact of cathode rays on the 
exterior of the atoms, and combinations might 
result from the internal central collisions. Pro- 
fessor H. E. Armstrong remarked that chemists 
were hardly prepared to accept a body H, from 
the valency standpoint; but they might accept 
a compound (H,)- (H,) with residual valency. 
That H, should be more stable than hydrogen and 
not pass through palladium, they could not swallow. 
As to helium, the whole pot was on the fire. If 
the radio-elements, of high atomic weight, could 
not be broken up by electrical means, why should 
the much more stable elements of low atomic 
weight be broken up? He considered helium a 
very stable element of the nitrogen type; small 
amounts of helium compounds seemed —— 
and he certainly admired Sir Joseph’s method and 
interpretation. 

Sir Oliver Lodge said that Professor Armstrong’s 
objections against H, were not final, as his own 
admission of residual affinity proved. He (Lodge) 
would be sorry if X, turned out to be only a kind 
of ozonised hydrogen. Might it not be a compound 
HeH,”? Professor Svante Arrhenius thought X, 
might exist. The assumption of a monovalency of 
hydrogen was, to a certain extent, arbitrary. 
Hydrogen resembled metals, and even monovalent 
metals like potassium and sodium formed complex 
compounds with one another. That helium was 
ready tocombine at high temperatures, he deduced 
from the observation that the nebule of new stars 
first showed strong helium lines, while later the 
hydrogen lines predominated. Dr. N. Bohr, 
of Copenhagen, suggested that if X, were a new 
element, its charge on the nucleus should be inter- 
mediate between that of hydrogen 1 and helium 2 ; 
diffusion experiments could alone decide the iden- 
tity question ; this view was supported by Dr. G. von 
Hevesy, of Manchester. Sir Joseph, in reply, said 
that he had himself thought of radioactivity ; but 
his phenomena were of a different order. He dis- 
tinguished between a radioactive emission of helium 
accompanied by a liberation of enormous energy, 
and his formation of helium not accompanied by any 
liberation of energy. With regard to Sir William 
Ramsay’s statement he added that the solid was 
essential ; when the gas pressure in the tube was so 
adjusted that the dark space reached the salt, then 
very little helium was evolved. 

It is rather striking that one point was not touched 
upon at all during the discussion. ll the salts 
that Sir Joseph had experimented with had prob- 
ably been redissolved and recrystallised, some 
many times, some a few times, before they came 
into his hands ; that should influence the gas evolu- 
tion, and there should be an effect due to the period 
elapsed, to which Sir Joseph did not allude. 


TRANSMISSION OF X Rays THROUGH MeETALs, 


A paper by Mr. H. B. Keene, of the University 
of Birmingham, concerned a hitherto unstudied 
part of the problem of the scattering which X rays 
undergo when passing through thin sheets of 
metals. Mr. Keene said he made a narrow pencil 
of X rays fall normally upon the sheet, and he 
owe the er plate about an inch 

hind the sheet. hen the metal had been 
annealed, small spots of various sizes in irre- 
gular grouping were seen on the developed nega- 
tive; these spots were due to small pencils of 
the rays reflected from the mic tals in the 
metal. When the sheet was then rolled, and the 
experiment repeated, the spots gave place to a 
perfectly symmetrical star-like pattern, which was 
the same whatever portion of the sheet was 
traversed by the radiation. The study of these 
tterns might throw further light upon the crys- 
talline structure of rolled metals. 


Tue RELATION BETWEEN ENTROPY AND 
PROBABILITY. 


In a delightful discourse, Professor H. A. Lorentz 
expr is views on ‘‘The Relation between 
Entropy and Probability.” The student, he said, 
had a clear notion of kinetic energy and of poten- 
tial energy, but hardly of entropy. Yet the inter- 
pretation of entropy in terms of the molecular 
theory might be considered to have been develo 
by the physicists who developed the methods of 
modern statistical mechanics. The thermodyna- 
mical entropy S of a body was intimately connected 
with the probability P of that state, according to 


Boltzmann's formula 8 = 5 log P, where R was 





the gas constant and N the number of molecules 
per gramme-molecule. The question was, how the 
probability could be evaluated. Imagine a vessel, 
a parallelopiped, divided by a partition. Intro- 
duce one molecule of a a ; where will that mole- 
cule be to-morrow ? e chances that it would 
be found on the right or on the left were equal, 
and if there were v many molecules, they 
might be found distributed half right and half 
left. But it was likewise lanatnaln though 
extremely unlikely, that they were all found 
on one side. The probability might be caleu- 
lated by the statistical mechanics of Willard Gibbs, 
as a definite function of the energy « and volume v. 
In polydimensional space the co-ordinates and 
momenta of n particles would involve six n 
variables. Imagine a circle drawn such that, within 
it, each point had the definite energy «, and a 
second concentric circle outside such, the energy in 
the ring had the value « + d«; the volume of the 
ring might be represented by Pde, P being a 
function of both « and v. If the P thus defined 
were introduced into Boltzmann’s formula, § 
became identical with the thermodynamical entropy. 
This might be proved by direct calculation for a 
monatomic gas, and might be extended to other 
bodies. The same conclusion could be arrived at 
by the microcanonical ensembles of Gibbs, involv- 
~ his ¥ or available energy. 
‘or a monatomic gas the relation was 


P= wre tr, 


where n was the number of molecules. The 
remarkable property of this formula was that, 
owing to the enormous number of molecules in a 
gas, large errors in the estimate of P made hardly 
any appreciable difference forS. For the resulting 
value for 


7s R $n-1 
S=n- log (v € =) 
might be written 

S=n x log (v ed), 


which was neither a very large nor a very small 
number, if the mass considered were comparable 
with a gramme-molecule, because the logarithms 
of very large numbers were very much smaller 
than the numbers themselves. Going back to 
his simile of the distribution of n molecules in a 
finite volume v, Professor Lorentz pointed out that 
the probability of their all being in the one half 
was P’ = 1/2", and the probability of all possible 
distributions was P = 1. The difference between 
these two values was enormous; yet the corre- 
sponding difference in the entropy was not greater 


than n x log 2, an expression corresponding to the 
change in the entropy when the volume was reduced 


to half its value. insensibility of Boltzmann’s 
formula was a great advantage. The probability 


that ” molecules were found in each half—which 
°o 


was the most likely distribution—was 
n! 


1 

2 n ¥, 
“') 
or approximately / =. That was a very small 


number ; yet it did not much matter for S, whether 
P had this value or the value 1. Hence, in evaluat- 
ing the entropy, the most probable estimate might 
be selected equally well as the estimate of all the 
possible states. 

Sir Joseph Larmor, ex ing the gratitude of 
the Section for this lucid discourse and for the 
charm of its scintillations of humour, remarked 
that matters of this kind required wonderful 
exposition. He himself would rather go back to 
Maxwell and Rayleigh than study Gibbs, and he 
informed the Section that they would find very 
little—merely two in Boltzmann concerning 
this problem, the ful] bearing of which Boltzmann 
himself perhaps did not grasp. 

THe SrrRvucTUuRE oF THE ATOM. 


Sir J. J. Thomson, in introducing a communi- 
cation on ‘‘The Structure of the Atom,” said he 


P= 





ped | would attempt to give a model atom in accordance 


with a po ter as 0 a relations between fre- 
uency of vibration and the energy of a corpuscle. 
t energy, acquired by a corpuscle oo to 
radiation of frequency v, washy, and depended 
merely upon the frequency and the universal con- 
stant h; the intensity the radiation did not 
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enter at all, and the quantum theory said that the 
energy was molecular in structure, and that the 
quantum depended on frequency and on nothing 
else. There was, in Sir Jennie mind, an in- 
superable difficulty in this assumption of energy 
done up in definite units. But another view 
might be taken of the theory. There might be a 
peculiarity in the mechanism by which radiant 
energy was transformed into other energy, and 
that transformation might go on in jerks. A spring 
acted upon by electric waves ander vibrate at the 
same period as the waves, until it broke; there 
would be a definite change in energy then, and 
the effect would be the same as if energy had been 
produced. It would be like distributing liquid in 
definite quantities, in pint pots. 

The ordinary electrostatic laws need not apply to 
the atom. They were only average laws, verified 
for (relatively) enormous distances. He postulated 
that there was within the field of the atom a repul- 
sive force varying inversely as the cube of the dis- 
tance, C/r*, and an attractive force, varying in- 
versely as the square, A/r?. If + = C/A, the par- 
ticle would be in stable equilibrium in its conical 
tube of force. Calculating the force required to 
thrust a particle out of its tube, Sir Joseph came 
to an expression like Planck’s h v. 
of energy took place in definite units. The value 
of the A could be calculated, because, to excite 
the characteristic radiation, the striking particle 
should have a velocity at least equal to 10° times 
the atomic weight (Whiddington), and the A turned 
out proportional to the atomic weight. The for- 
mula contained the coefficient 1/2, however, and in 
the case of hydrogen (atomic weight 1) we could 
not take the half value. But all the experiments 
made pointed to the conclusion that hydrogen con- 
tained more corpuscles than other elements ; the 
Schumann region, of very short wave-length, also 
suggested that the natural period of the hydrogen 
was much slower than that of other elements, and 
it seemed doubtful whether it would be possible 
to ionise hydrogen. If at all possible, it might 
be due to some impurity or to some secondary 
radiation. 

Professor E. Rutherford’s contribution to the 
discussion of ‘‘The Structure of the Atom” 
covered a different ground. It was an account of 
recent experiments, some of which we noticed in 
connection with his Royal Institution lecture of 
last summer,* others hitherto unpublished. The a 
and 8 particles, he said, actually traversed the 
atoms; in passing through the electrical fields 
in the atom, these particles were deflected from 
their rectilinear orbits, and the scattering of the 
particles threw light on the magnitude and dis- 
tribution of the fields. In studying the scattering 
of a particles passing through thin sheets of 
metal (gold-foil), Geiger and Marsden had made 
the surprising observation that a small frac- 
tion of the a particles was scattered through an angle 
greater than a right angle ; this could hardly be a 
compound scattering effect, but seemed to be the 
result of a close encounter with a single atom which 
would not be of the type of the Kelvin-J. J. Thom- 
son model. Professor Rutherford’s atom would 
consist of a charged nucleus of minute dimensions 
(10-" cm. for gold), surrounded by a distribution 
of compensating electrons. When a particle came 
close to the nucleus, on which most of the mass was 
concentrated, the scattering was almost entirely due 
to the nucleus ; the a particle described a parabola, 
the angle of deflection could be calculated, and 
he found that the number of a particles falling on a 
unit-area screen of zinc onphide at a constant 
distance from the scattering material varied as 
cosec ‘/, (p being the angle of scattering), directly 
as the thickness and as the fourth power of the 
velocity if the mass be constant. This formula 
was confirmed by Geiger and Marsden. The charge 
on the nucleus would be, roughly, 4 Ae (A the 
atomic ey me For distances as small as ten 
times the diameter of the electron, the nucleus 
behaved as a point. The Jaw of force assumed 
between the charged particles was that of inverse 
squares ; a cube law would not answer. The large 
seattering of an a particle by encounters with a 
ie ew light single atom was shown by 
C. T, R. Wilson’s sharp bends in the photographic 
traces of the particles.t But those photographs did 
not appear at first sight to show the same sudden 
changes of direction in the 8 particles ; that would 








* Seo E-norngerino, page 35 ante. 
+ See ENGINEERING, vol. xcv., page 362, Fig. 6. 
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be fatal to the theory, but it should be borne in 
mind that a particles had much greater kinetic 
energy, and that the scattering through large angles 
only occurred in the rare cases when the particle 
close to the nucleus. The § particle would 
not, as a rule, have sufficient energy to penetrate 
through the electronic distribution round the 
nucleus, and the experiments of Crowther and of 
Madsen showed that there was no essential differ- 
ence between a and § particles in this respect. 
Bragg also suggested single scattering ; yet there 
were difficulties which Geiger was now investigating. 
On this theory the nucleus would have very small 
dimensions, and the a particle in its flight should 
merely consist of the helium nucleus carrying two 
itive charges, and behave like a point charge. 
he hydrogen nucleus should consist of one charge, 
carbon of six charges. Further to study these 
relations for simple atoms, Professors Rutherford 
and Nuttall had passed pencils of a rays between 
two long glass plates, separated by a narrow space, 
first in a vacuum, which was then charged with 
; the decrease in the number of issuing a par- 
ticles afforded a measure of the scattering. The 
following relative scatterings were calculated and 
observed :— 


Number of 





Atom. Charges. Calculated. Observed. 
H 1 0.019 0.0186 
He 2 0.057 0.061 
Cc 6 0.40 0.40 
N 7 0.53 | 048 
oO 8 0.69 | 0.53 
Ss 16 2.58 | 1.61 


The values for carbon were deduced from other 
scattering experiments by Geiger and Marsden. 
The hydrogen atoms should thus have a charge 1, 
and the helium atom a charge 2, and this was in 
agreement with Bohr’s spectroscopic investigations. 
The new spectrum (found by Pickering in stars 
only), which Fowler had ascribed to hydrogen 
(though he had only observed it in the presence of 
helium), because it fitted with Balmer’s series, 
was, according to Bohr, due to hydrogen [as C. P. 
Butler suggested at Winnipeg in 1909, and last 
winter at the Royal Astronomical Society]. This 
had been supported by the experiments of Evans 
in Professor Rutherford’s laboratory, and if, as 
Bohr assumed, the spectrum of an atom was 
primarily governed by the charge on the nucleus, 
a close connection between the hydrogen and 
helium spectra might be anticipated, if the helium 
nucleus carried twice the charge of the hydrogen 
nucleus. 

RaDtTION. 

The discussion on ‘‘ Radiation,’ which is to be 

ublished in extenso in the British Association 

port, was introduced by Mr. J. H. Jeans, F.R.S., 
in a very able exposition of the state of the con- 
troversy. The discussion of radiation, he said, 
involved the ultimate form of the laws governing 
the smallest processes of Nature. The Newtonian 
laws, expressible in the form of differential equa- 
tions, implying continuity and infinite divisibility 
of time and space, had been supposed to suffice ; 
those laws, it was now recognised, had to be 
revised. The simplest form of the problem was 
‘*black-body ” radiation. The number of indepen- 
dent vibrations within the range of wave-length 
din any continuous medium was 47A~‘d) per 
unit volume for sound-waves in a gas; it was 
8 ~ \-* dd forlight-waves in ether, and 12 7A-*d 
for elastic waves ina solid. If, therefore, the parti- 
tion of energy according to wave-length in any 
medium were known, one could deduce the energy 
of each vibration. In a gas, e.g., the mole- 
cular movements could be resolved (by Fourier 
analysis) into trains of waves, and the partition 
of the total energy per unit volume was thus 
found to be 4” RTA-* dd, where R was the 
gas constant and T the absolute temperature ; 
each wave then had the average energy R T, which 
could have been predicted from the equipartition of 
energy for any medium governed by mechanical laws. 
For light-waves in ether the average energy of a 
vibration was RT. x/e* —1, where « = hy/RT, 
and h was the universal constant of Planck. The 
| random heat motions of solids should also admit of 
‘resolution into trains of waves, but the energy 
partition had not yet been determined experi- 
From Debye’s work on the specific 
‘heat of solids it followed indirectly, however, that 
‘the average energy of a heat-wave in a solid 








should have the same value RT. «x. /e* —1. From 
these formulz: one could make some deductions 
back as to the type of laws producing this parti- 
tion. Poincaré found that only one set of laws 
would give this value, and that inevitably implied 
the quantum hypothesis ; that is to say, that the 
exchange of energy between elastic solids (matter) 
and ether must take place by finite jumps of the 
magnitude «=h v. 

Other phenomena supported this conclusion. 
The «¢ value might be found right or wrong ; if 
right, there was still some doubt left as to the 
mechanism, but not much. Sir J. J. Thomson had 
— of energy poured out in pint pots ; he (Mr. 

eans) did not quite like that analogue, because he 
could not imagine how the pot got half full. [Sir 
Joseph interposed that he thought of fair, full 
measure, of course.| One of the supporting 

henomena was the photo-electric effect; light 
alling on metals emitted electrons, not according 
to the ordinary laws, however, that twice the 
intensity gave twice the number of electrons, but 
according to the frequency v of the vibrations, 
and the energy imparted to an electron seemed 
exactly to bee=hv. The « was here determined 
from the v ; in other cases the converse argument 
was applied. Thus the wave-length of hard Réntgen 
rays was determined by the energy of the impact ; 
dissipation of energy might result in lowering the 
frequency of the vibrations (fluorescence), cooling 
would cause radiation to shift towards the infra-red. 
Bohr* had followed this principle implicitly, and 
had thus explained the laws of spectral series. 
Bohr’s hydrogen atom was a central nucleus (posi- 
tively charged), about which one electron moved, 
always in circular orbits of different radii, but the 
angular momentum changing by jumps h/2 x, or 
multiples of it, never submultiples. Bohr thus 
calculated the radius of the H atom correctly, and 
arrived at the value R = 3.29.10", whilst the 
accepted value was 3.26 . 10", which was an extra- 
ordinary agreement ; but Mr. Jeans thought that 
Bohr would have difficulties with the Zeeman effect, 
if the energy were to come off in chunks. 

On the other hand, almost all the well-established 
results of the undulatory theory of light seemed 
to be irreconcilable with the new view. It looked 
as if Maxwell’s electromagnetic theory of light 
would have to be discarded. Those laws were cer- 
tainly true for long waves ; why and where did they 
break down? All waves, from the longest Hertzian 
to the shortest Réntgen waves, seemed to obey the 
laws of reflection and refraction. The boldest and 
simplest attempt at reconciliation was to abandon 
the ether altogether and to rely on some purely 
descriptive principle, such as that of relativity. A 
dynamical interpretation of the universe demanded 
a consideration of the meaning of the new universal 
constant h of Planck. Mr. Jeans suggested the h 
might merely be an old constant in a new garb. 
The h was determined by h/2 7 =c (47 e) V, 
where ¢ was a constant experimentally found to 
have the value 1, and V was the velocity of light. 
Then h would be a reappearance of 47 e. That ¢ 
was constant throughout the universe might be 
explained by assuming that the electrons were 
formed out of some primordial substance, the ether ; 
one, two, or three electrons might drop out, but 
not half an electron. The new dynamic equations 
would contain the e (or h) term as well as the 
Maxwell terms, and there would be no discordance 
then between the quantum theory and the undu- 
latory theory. 

Professor H. A. Lorentz said that he was quite 
aware of the obscurity of the subject. In the main 
he agreed with Mr. Jeans. Black radiation could 
scarcely be explained on the old views, some 
apparent or real discontinuity in the transfer of 
energyseemed to be inevitable. But how conceive it? 
Planck distinguished matter M (molecules without 
electric charges), resonators R (matter in vibration ; 
how they differed from matter was disputable), 
and ether E. The ether might have to be abar- 
doned, but they would hardly be better off then. 
Those who did not like the ether might substitute 
the vacuum for it. As to quanta, physicists had 
believed a quantum should be a concentration 
at some point of energy which would always 
hold together in the ether, and which had an indi- 
vidual existence. That was no longer believed, 
because one could not conceive quanta filling the 
space of a cubic metre, and yet small enough to 
enter the eye. The exchange of energy between 








* Philosophical Magazine, January, 1913. 
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systems might take place by quanta, in the first 
instance, between the R and the E, the h v being 
spread in all directions. There was the difficulty, 
however, of conceiving how an electron condensed 
energy on itself. If, in the second instance, they 
assumed the transference to take place in quanta 
between the M andR, but gradually between Rand E, 
the ordinary electro-magnetic relations would hold 
for RIE, though they might have to be modified, 
but there would be difficulties on the side of the 
matter. That was a certain advantage, however. 
In one of the similia which Professor Lorentz used 
to explain his view, he referred to the experiments 
(by Nernst and Lindemann) on the specific heat of 
diamonds at low temperature. If the diamond were 
surrounded by helium, the helium atoms would 
still, say at 100 deg. Cent. absolute, have consider- 
able velocity; but the specific heat of diamonds had 
then vanished to zero, so that the helium atom 
striking the diamond could no longer move the 
diamond atom as in ordinary mechanics. This 
simile puzzled the Section; Professor Lorentz 
meant the helium to represent the matter, and the 
diamond to represent a resonator. Continuing, 
Professor Lorentz showed that a model somewhat 
of Sir J. J. Thomson’s type had been suggested 
by R. E. Haas, of Vienna ; within its sphere or 
tube the electron could vibrate, and there was no 
true absorption of energy; once outside its tube 
the electron became a prey to the molecules, and 
emitted radiation. Free electrons had been imagined 
by Drude to explain the electric conductivity of 
metals ; physicists had abolished them more and 
more since, but could not yet entirely get rid of them. 

Sir Oliver Lodge remarked that special laws must 
apply to the interior of the sphere, as had been 
suggested, for otherwise the thing would explode. 

Professor E. Pringsheim was grateful to Mr. 
Jeans for having pointed out that thermal equi- 
librium did not require an infinitely long time for its 
establishment. That was a consolation. Experi- 
menters understood that black-body radiation could 
not be explained by the old eeomnienensian 
they wanted advice as to how to work. The deter- 
minations of the constants of Stefan and of Planck 
by different experimenters were not in satisfactory 
accord. He was now again engaged, together with 
Lummer (at Breslau, as before, at the Reich- 
sanstalt) in such experiments, and they had just 
confirmed the theory of reflection from metals of 
Aschkinass. Professor Pringsheim subsequently 
read a paper on ‘‘A Theory of Luminescence and 
the Relation between Luminescence and Pure 
Temperature Radiation.” Dr. N. Bohr, of Copen- 
hagen, referred to the diamond simile, described 
his electron and explained his views on the 
exchange of energy between MIR or RIE. His 
recent work on the decrease of velocity of moving 
particles in passing through matter was carried out 
at Manchester, we should mention. 

Professor A. E. H. Love, F.R.S., of Oxford, 
said that he could not accept the quanta theory as 
& necessary supplement to the existing theories. 
Part of the evidence in favour of the quanta theory 
had been derived from an application of the prin- 
ciple of equipartition of energy to a system consist- 
ing of ether and matter in an enclosure bounded by 
perfectly-reflecting walls. Such a system would 
have an infinite number of degrees of freedom, the 
ethereal energy would have to be expressed by a 
series of an infinite number of terms—one for each 
degree—and such a series could not be convergent, 
though it should be to have a finite value, unless 
the higher terms were very small, which was in 
contradiction to the idea of equipartition. The 
best experimental support of Planck’s formula was 
that the emissivity of a black body was :— 
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where A and B were constants. But there were 
many formule which agreed equally well with the 
experiments, notably A. Korn’s recent formula :— 
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This statement about the convergence, and Pro- 
fessor Love's further remarks on some researches 
which Lorentz made in 1902 concerning the emis- 
sivity of thin metallic plates for long waves, at 
once involved Professor Love in a controversial 
exchange of words with Mr. Jeans, Profeseor 
Lorentz, and Sir J. J. Thomson. 

Lord Rayleigh remarked that they had got into 
pretty deep water. He liked to avoi jerks. Years 
ago he had thought that people over seventy should 





not concern themselves with recent theories; he did 
not hold that view so strongly now. Sir Joseph 
Larmor also classed himself with the ‘ old- 
fashioned” people. The time had been splendidly 
taken up. The trend of the discussion left him with 
the impression that the modern speculations and 
the new knowledge derived from the researches at 
very low temperatures were not destructive to the 
old views. The structure of the atom and electron, 
and the mechanism by which the electron exchanged 
energy with the ether, were totally unknown ; the 
fundamental fact of the radiation pressure was 
involved in the structure. He had himself tried to 
get Planck’s formula without introducing resonators, 
on Rayleigh’s laws. 

Mr. S. D. Chalmers, M.A., of London, briefly 
explained his system, which consisted of a doublet 
(a plus and a minus charge) forming a fairly large 
nucleus, and an electron rotating about it. Each 
element would have a nucleus vibrating at a fixed 
frequency ; his views would account for the mag- 
netons and for Balmer’s spectrum series, and they 
would lead to something like Planck’s quanta. Mr. 
Jeans then replied in a very few words, as the hour 
was far advanced. 


THe Execrricat Conpuctivity oF Merats. 


Two papers by Mr. W. F. G. Swann, D.Sc., of 
Sheffield, should be mentioned here. The first was 
on ‘‘ The Expression of the Electrical Conductivity 
of Metals, as Deduced from the Electron Theory.” 
Dr. Swann said that Drude’s formula for the con- 
ductivity, c = ne*d v/4a 6, had been developed on 
the assumption that all the electrons moved with 
the same velocity v, and that there was no per- 
sistence of velocity after collision. The formula 
explained the simple relation between thermal and 
electrical conductivity better than the later, more 
elaborate formulz ; but Mr. Swann wished to show 
that the divisor should he 3a@ (not 4). One of 
the considerations which he suggested was that, if 
the electrons were urged by the field from left to 
right—whilst moving in equal numbers to right or 
left, when there was no field—through the plane 0 
perpendicular to the field, and were also bent in 
their paths, then the electrons coming to 0 from 
any point to the right of the plane 0 would start 
out more nearly parallel to the field direction than 
the electrons coming from a point symmetrically 
situated to the left of 0. 


Tue Exvectrric Resistance or THin Fis. 


This paper by Mr. Swann concerned the resist- 
ance of thin films of platinum, &c., formed by 
cathode volatilisation in a vacuum. If the specific 
resistance, he pointed out, were plotted against 
the time occupied by the process of deposition, 
the curve showed a sharp bend, which was supposed 
to indicate the thickness comparable with the mean 
free path of the particles. That free paths varied 
with the temperature, and if the resistances were 
plotted against time for sets of films at different 
temperatures, the bend should occur at different 
times. His experiments at + 100, + 14 and 
— 180 deg. Cent. showed, however, no change in 
the position of the bend; but the temperature 
coefficient of thin films (whose resistance increased 
when the time was reduced below a certain limit) 
was negative, whilst that of the thicker film became 

itive ; there was thus a reversal which could not 

explained from the Thomson effect. Mr. Swann’s 
idea was that the electrons were deposited, not 
in an absolutely continuous shower, but in\ groups 
which united to specks, say, of hexagon shape, 
separated by gaps. These groups not being in real 
contact, the electrons could not cross the gaps. 
The complicated formula which Mr. Swann pro- 
posed (on the ground of many experiments, the 
time of deposit often exceeding 900 seconds), 
accounted for all the phenomena and also for the 
increase of the resistance with the increase in the 
field ; the formula would further explain definite 
crystal structures if gaps were left. 


Minimum Quantity oF Licut DIscerniBLe. 


Mr. E. E. Fournier d’Albe, D.Sc., of Birming- 
ham, described an attempt to determine the ‘‘ Mini- 
mum Quantity of Light Discoverable by Means of 
Selenium,” undertaken for the —_—— of discrimi- 
nating between continuous and quanta radiation. 
N. Campbell had, in former attempts, tried the 

hoto-electric effect of jum-sodium cells. He 
imself had taken selenium cells with graphite 
terminals as being much more sensitive, his source 
of light being the planet Venus, e.g. The changes 


in the conductivity of selenium resembled pheno- 
mena of ionisation and recombination, and the 
additional conductivity K imparted to selenium 
by illumination was d K/dt = I — C K*, where C 
was the coefficient of recovery on recombination 
and I the illumination. The initial light action 
was proportional to time ; with short exposure, 
the final additionalconductivity was proportional to 
the square root of illumination, and by these means 
very faint light (perhaps of invisible stars) might be 
discovered. The galvanometer could discover as 
little as one ten-milionth of a microlux; the 
electrometer was much more sensitive still. The 
eye appeared to be able to perceive six quanta, 
each of the value of four billionths of an erg. 


Resonance Spectra UNDER HicH DIsperston. 


Professor R. W. Wood, of Baltimore, in a paper 
on ‘** Resonance Spectra under High Dispersion,” 
told the Section that in order not to be disturbed 
by air-currents, &c., he had asked his local brick- 
layer to build his spectroscope tube, 40 ft. in length, 
of glazed tiles around a projected sunbeam. is 
tube was joined to a cement box containing 
the grating. The whole was underground ; the 
box was covered by a slab on which 2ft. of earth 
were piled. Yet he was troubled by convection 
currents which upset his definition until he pro- 
vided the slab with an oil-trough seal. To clear 
the tube finally of spider-webs he adopted the 
primitive method of sending a cat through the 
tube. With the arrangement he obtained nearly 
150 iodine lines between D, and D,. 


Practicat Evectricat STANDARDS. 


The Committee on Experiments for Improving 
the Construction of Practical Standards for Elec- 
trical Measurements, presented through its secre- 
tary, Dr. R T. Glazebrook, its final report. The 
republication of the reports from 1862 to 1870, and 
from 1881 to 1912, a volume of 800 , having 
been completed, the Committee did not ask for 
reappointment, as the work was now in ch of 
the National Physical Laboratory. The Sectional 
Committee expressed its high appreciation of the 
pioneer work done by this Committee since 1858, 
and of the services of Dr. Glazebrook, who had 
been its secretary for thirty years, and this appre- 
ciation was fully endorsed by the General e- 
mittee of the Association. 


NOMENCLATURE AND DerInitions OF MaGnetic 
AND ELEctTRIC QUANTITIES. 


The Committee on the Nomenclature and Defi- 
nitions of Magnetic and Electrical Quantities, 
appointed last year, had drawn up a first report, in 
which it discussed the aspect of the problem, tabu- 
lated the symbols proposed by the International 
Electro-Technical Commission (the I.E C.) and by 
the Committee, which differed on several important 
points, and fully defined the meaning of the units, 
stating reasons for their preference. Professor 
S. P. Thompson is chairman, and Professor F. G. 
Baily, of Edinburgh, secretary of this Committee. 
As the matter was too controversial and there was 
no time for adequate discussion, the report was 
referred back to the Committee. 


RADIOTELEGRAPHIC INVESTIGATIONS. 


On behalf of the Committee on Radiotelegraphic 
Investigations, which had also been appointed last 
year, Dr. W. H. Eccles was able to present a most 
satisfactory report. They had resolved, he said, 
first to investigate the influence of sunrise and 
sunset, of daylight and darkness, and of meteoro- 
logical conditions on the propagation of electric 
waves over long distances, and, further, the laws of 
‘*strays,” i.e., of natural electric waves; and they 
were drawing up a scheme of instruction for wide- 
spread simultaneous observations by amateurs, 
ship operators, &c. If the records of the time- 
signals from the Eiffel Tower were classified and 
examinad, an almost unexplored branch of research 
would be opened up, and they had met with en- 
couragement and — of co-operation on the 
part of the Post Office, which was ready to lend 
its shore stations, the shipping companies, radio- 
telegraphic companies, the British and also the 
Japanese navy and the United States Government 
(for the Honolulu station). Both Section A and 
Section G heartily supported the request for a sub- 
stantial grant. : 


ConTACTS BETWEEN ELEectricaL ConpUcToRs. 
Dr. Eccles also read a paper on ‘* Contacts 





between Electrical Conductors.” When a current 
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was pak across a loose contact, the relation 
between the electromotive force applied, E, and the 
current, C, was not linear, he stated, and the pheno- 
mena were not sufficiently explained. Thermal 
actions near the contact, which would be parti- 
cularly strong between bad conductors of heat and 
electricity—slightly oxidised metals or natural 
oxides or sulphides, which should have a negative 
temperature coefficient—might play an important 

and the Joule, Thomson and Peltier effects, as 
well as alterations in the configuration of the sur- 
faces in contact by expansion, would have to be con- 
sidered. The two substances in contact might be 
alike or not. In the first case there would in general 
be no thermal-electric action, and the E/C curve 
would chiefly be influenced by the thermal changes in 
the resistivity ; in the second case there would also 
be thermo-electric forces which might predominate. 
These latter curves resembled a sheared S. If the 
idle resistance in circuit were small, a portion of 
the curve would have a negative gradient (curve I 
in Fig. 1) ; if the resistance were large, a portion of 
the curve would be more or less vertical (II.). When 
electric waves were received in the circuit I, the 
current rose transiently from its value correspond- 
ing to the local force E, to the value A on the 
higher limb of the curve, and to restore the 


C| Fig. 7. 
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original condition the circuit had momentarily to 
be broken, or the electromotive force to be reduced 
in order to pass the back of the S. In case II. 
the coherer was self-restoring. The existence of 
the backward -sloping part of curve I could be 

roved by connecting a condenser and inductance 
in shunt to the contact ; the oscillations generated 
in the shunt | a steady current through the con- 
tact might be heard in a telephone coupled to the 
inductance, and simple tunes might be played on a 
contact by varying the condenser capacity. 

Sir Oliver Lodge remarked in the discussion that 
he had discovered the principle of the coherer 
when experimenting on lightning. A pair of brass 
knobs, separated by an ultramicroscopic gap, came 
into conductive contact, he had observed, when a 
spark occurred at a distance from the circuit, which 
comprised a galvanometer and a cell. The contact 
was 80 feeble that the slightest tap broke it, but 
it was curious that, at the instant of cohesion, there 
was a kick of the galvanometer, even when there 
was no cell in circuit ; the contact acted like a 
rectifier. When the electromotive force was large, 
no doubt there was cohesion or welding, as he had 
thought, and the electric oscillations might stimu- 
late the forces of cohesion to reach across the gap. 
But much had happened since those early days of 
the coherer, and the fact that crystalline substances 
could act as coherers, and this under very small 
electromotive forces, could not be explained on 
these grounds. 


Tue Exvectrric Arc as STanpaRD oF Ligur. 


Mr. J. F. Forrest, B.Sc., of East London Col- 
lege, described experiments undertaken with a 
view of using the carbon arc as light standard, as 
first attempted by Blondel in 1892. He (Forrest) 
had found the vertical-electrode arc too unsteady ; 
he then placed a tubular negative within a solenoid, 
and the positive first cosxially above the tube, 
and then within, in order to rotate the arc in the 
annular space. [This latter arrangement was 
adopted by Moscicki for ——s atmospheric 
nitrogen, and we do not wonder that Mr. Forrestcom- 
plained about ‘‘fumes.”] After trying to rotate the 
positive, he finally placed two negatives symmetri- 
cally to one positive carbon, all in the same plane, 
the negatives — angles of 100 deg. with the 
positive. A nickel diaphragm, with a hole 1 mm. 
in diameter, was fixed 15 mm. from the crater, and 
the beam was sent through a hole in a white screen 
on to a Bunsen photometer. With 6-mm. carbons 
and 4-power amperes he had obtained steady arcs, 
as long as the potential kept within the range 
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62.5 and 65 volts; otherwise there was hissing, 
and the revolving bright line or comma was seen 
which Trotter had noticed in arc images. The 
bright bubbles appearing on the arc image seemed 
to ' spots where carbon volatilised. Using homo- 
geneous carbon of 6 mm. or 7 mm., a silent current 
of 6 or 10 amperes would yield a steady illumina- 
tion of 162 candles per square millimetre. Of the 
carbons he had tried, the special electric carbons 
had answered best. When the relative distances of 
the three carbons were not properly adjusted, two 
arcs were seen, and some of the slides exhibited 
showed the merging of the two arcs into one. 


LIGHTNING AND PROTECTION FROM IT. 


Sir Joseph Larmor, F.R.S., M.P., made one 
limi communication on ‘‘ Lightning and 

tection from it.” The rationale of an electric 
discharge in a gas was now understood, he said. 
When a small region became conductive through 
ionisation by collision in the electric field, the 
region should spread in the direction in which 
the field was most intense—i.e., along the lines 









of force ; thus the rupture was not a tear along 
the surface, but rathera hole. The electro-kinetic | 
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force induced by the discharge did not modify this 
conclusion. A zigzag discharge consisted of 
independent flashes, and successive discharges 
tended to follow the same path. As the line of 
discharge was thus determined by the previous 
field, the influence of a lightning-conductor de- 
pended upon the modification of the field its 
presence produced. If the field above the earth 
were distributed in equipotential lines,  con- 


ductor (a vertical rod fixed to the earth) would 
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hardly disturb that field, except in its immediate 
neighbourhood ; the lines would merely be drawn 
up the conductor, and there would be high ionisa- 
tion by the silent discharge from the top of the 
conductor into the air. But the conductor could 
not draw the discharge, except in so far as the 
stream of electrified air rising from it provided 
a path for it. The building to which the rod 
was attached, however, attracted the charge ; the 
rod carried the discharge away when it got there, 
and the rod should be well earthed and con- 
nected with metallic masses in the building. 
Several wires projecting upward from the corners 
of a building Sia not much affect the field above 
either ; but if they were connected at their sum- 
mit by horizontal wires (which were earthed 
through the conductors), they would lift up the 
electric field from the top of the building to 
the region above them, and they would thus take 
the discharge which they helped to attract, instead 
of the building below them. Sir Oliver Lodge re- 
marked that this view agreed with experiments. 

A mathematical paper, on ‘‘ The Goldschmidt 
Alternator,” by Dr. Thomas R. Lyle, F.R.S., of 
Melbourne, was taken as read in the author's 
absence. 


Tue Skin as Detector or Low-VoitracE 
CURRENTS. 


Professor H. Stansfield, D.Sc., of Southampton, 
related in a paper on ‘‘The Sensitiveness of the 
Human Skin as Detector of Low-Voltage Alternat- 
ing Electromotive Force” that, on moving recently 
into a house, which was on a 50-period 200-volt 
alternating supply, he had observed that the alter- 
nating electromotive force could be detected when 
the metal pe of the lamp were lightly rubbed 
with the back of the hand. A lump of jelly, gilded 
with gold foil and covered with gold-beater skin or 
with silk, could be substituted for the rubbing hand; 
when the ear or a stethoscope was used, the vibra- 
tion was heard as a musical note. The alternating 
electromotive force, acting across the thin, badly- 
conducting surface layer of the skin, seemed to 
produce a rapid variation of the frictional force, In 
the experiments undertaken to investigate the 
effect, a wire was sometimes connected to the live 
lead, the observer was well insulated, and various 
pairs of bodies, the one a thin sheet joined to the 
wire, the other a more rigid body held in the hand, 





were tried for adhesion. This adhesion was most 
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marked with skin and bone, also with wood and 
flint ; but the thin sheets did not adhere to metal 
or insulators like ebonite and sulphur. Some 
adhesion was also obtained with a continuous elec- 
tromotive force of 200 volts ; but the rubbing hand 
(of the insulated observer) could in that case not 
easily ascertain whether the rubbed metal was live 
or not. Static attraction would, of course, be 
expected if the two bodies of a pair could be 
brought in contact without losing their difference of 
potential. 


Seautinc EvectrricaL, ConpucTORS THROUGH GLASS. 


Mr. J. Anderson, of Glasgow, read, on behalf of 
himself and Mr. G. B. Burnside, two papers of 
considerable interest to experimenters. e first 
dealt with ‘‘ A New Method of Sealing Conductors 
Through Glass”—namely, platinum and copper, 
through Jena and other glasses, and also quartz. 
The aperture in the glass, Mr. Anderson stated, 
was left just large enough to take the wire ; the 
glass was heated by the iee-sies to a red heat, and 
the seal was then dip repeatedly, for 2 or 3 
seconds, into. linseed-oil, each time a little deeper 
than before. For heavy currents of more than 
15 amperes copper tubes were used instead of 
wires ; copper tubes, 15 mm. in diameter, carrying 
100 amperes, had successfully been sealed, and 
—- wires sealed into eg gps ag lamps 

ad kept the joints air-tight for eight months. 
The tubes might open or closed at the 
inner end and be filled with mercury. The oil 
cooling prevented the setting up of thermal 
strains, which would arise under ordinary circum- 
stances, because the wire cooled more quickly than 
the glass in contact with it.—Professor Poynting 
remarked in the discussion that he had found the 
method excellent in his laboratory, and Professor 
Baker added that experimenters would be happy if 
they could obtain good seals for their bulbs and 
tubes. 


Starting Mercury-Vapour APPARATUS. 


The second paper was on a ‘‘ New Method of 
Starting Mercury- Vapour Apparatus.” Mr. Ander- 
son said that the usual tilting of the lamp was very 
inconvenient for experimenting on the Zeeman 
effect, e.g. They therefore provided a small vessel 
and a heating arrangement near one of the elec- 
trodes, preferably the cathode ; the heating element 
was placed from outside in a re-entrant pocket 
of the vessel; immediately above it was a con- 
striction in the tube. The element consisted of 
a small coil of platinum, in series or shunt, to 
be removed at will without interfering with the 
vacuum. The small vessel was full of mercury on 
starting, the mercury ogee a continuous con- 
nection between the two poles inside the tube. 
When the current was switched on, the coil heated 
the mercury, a bubble rose inside and was caught 
in the constriction, and, the continuity being 
broken, the arc started. The external resistance | 
was so adjusted that the coil remained cool while 
the lamp was working. 


MaGnutism. 


Two papers on magnetic phenomena were pre- 
sented : the first, by Professor S. B. MacLaren, M.A., 
on a **Theory of Magnets,” reviewed the history 
of magnetic theories, pointed out that the views of 
Langevin on magnetic induction really implied the 
ancient postulate of magnetic substance, and made 
an attempt to explain the phenomena mathematic- 
ally by giving up electric substance (on the electro- | 
magnetic theory) as well, but adhering to matter, | 
ether, and the Pa of leastaction. The second 
paper, by Mr. W. H. F. Murdoch, of Birmingham, 
ona ‘* Snes Susceptibility Meter,” described a 
unipolar method of testing and results obtained 
with iron. Mr. Murdoch adds to the magnetising 
solenoid a circular coil, wh:ch acts on the magnet- 
ometer needle lying in a neutral field of force, so 
that the tangent of the resulting deflection, due to 
the material under test and the coil, is strictly 
proportional to the magnetic susceptibility, which 
could be read off directly in 1.g.s. units. 


THe Dynamics or A GLOBULAR STELLAR SysTEM. 


Mr. A. S. Eddington, F.R.S., formerly of Green- 
wich, now Professor of Astronomy at yo 
resented a paper on ‘‘ The Dynamics of a Globu 


| 
| 


attraction of the whole stellar system on any star was 
considered, the part due to the chance distribution 
in the immediate neighbourhood might probably be 
neglected, and the smoothed pemooe 5 force alone be 
taken into consideration. That would lead to a 
new kind of dynamics—statistical like molecular 
dynamics, but differing from it in that there was 
nothing corresponding to the encounters of the 
molecules. The first problem to attack was the 
determination of the possible distributions of 
velocity corresponuing to a steady state. A number 
of cases had been worked out, and it was of par- 
ticular interest to find a system in which there were 
strong preferential motions to and from the centres, 
as compared with transverse motions (following 
H. H. Turner’s suggestion as to the explanation of 
the two star-streams). It was a little difficult to 
reconcile preferential radial motions with a finite 
density at the centre of the systems ; but systems 
satisfying both conditions had been found. 


Lunar INFLUENCE ON TERRESTRIAL MAGNETISM. 


In a paper on ‘* The Lunar Influence on Terres- 
trial Magnetism and its Dependence on Solar 
Periodicity,” Dr. S. Chapman, of Greenwich Observa- 
tory, pointed out that perhaps the only portion 
of the terrestrial magnetism which was sufticiently 
explained was the diurnal variation of the mag- 
netic elements. According to A. Schuster, the 
upper rarefied air was ionised by the ultra-violet 
light and rendered conductive ; electromotive 
forces were produced by the motion of the air, as 
indicated by the barometric variations, across the 
permanent magnetic field of the earth, and the 
electric currents generated affected the magnetic 
elements. The moon influenced both the baro- 
meter (semi-diurnal gravitational tide) and the 
magnetic field. Averaged over a whole month, 
the lunar magnetic variations were simply semi- 
diurnal, as his laborious observations proved. But 
when the phase of the moon was also considered, 
component pericds of 24, 12, 8, 6 hours, &c., 
were detected, and they were due to solar action, 
because the ionisation depended upon the sun’s- 
hour angle; these changes were very regular, in 
such a way that their mean for a whole month was 
zero. The study of the lunar period was instructive, 
because two otherwise confused effects—periodicity 
in the atmospheric movement and periodicity in 
the conductivity—could be separated in this manner, 
and some clue was obtained as to the way in which 
the different layers of the atmosphere oscillated. 
As now the diurnal magnetic variations and the 
atmospheric conductivity were influenced by the 
sun-spot cycle of eleven years, the lunar magnetic 
variations should similarly be affected. The elabo- 
rate analysis, so far, did not yield any clear relation, 
however, though it favoured the assumption. 


RaptaL Morton rn Sun-Spors. 


A communication by Dr. C. E. St. John, of 
Mount Wilson Observatory, on ‘* Radial Motion 
in Sun-Spots,” was undoubtedly the most impor- 
tant paper brought before the sub-section. In 
1909, Dr. St. John remarked, Evershed, at Kodai- 
kanal, announced the discovery of displacements 
of Fraunhofer lines in the penumbra of spots, 
which he ascribed to movement of vapours of the 
reversing layer outward and tangential to the sun. 
He placed his spectrograph slit across the spot and 
radially, and found that many lines were curved 
like an S when the spot was a quarter or half-way 
from the limb to the central meridian. Dr. St. 
John’s investigations were undertaken in 1910 with 
the 60-ft. tower telescope and 30-ft. spectrograph 
of Mount Wilson. They confirmed Evershed, and 
arrangements were made by which the spectra of 
the outer edges of the penumbra directed towards 
the limb and the centre of the disc respectively 
ap side by side on the photographic plate, 
and the displacements were doubled. Mees than 
500 lines were observed, and three points became 
evident :—(1) The displacements generally indicated 
an outflow of vapours, and were intimately related 
to the intensity of the lines; (2) the very stron 
lines were influenced in the opposite direction to 
the weak and moderate lines ; (3) the displacements 
were distinctly ter in the red than in the 
violet. In fact, the differences nearly disappeared 
when the displacement was reduced to a common 
wave-length; further, when the comparison was 





tellar System,” a mathematical contribution to the 
problem of ‘‘Stellar Distribution and Movements,” 
with which he had so ably dealt at Portsmouth in 
1911. He pointed out that when the gravitational 


made between lines of equal intensity, the resi- 
duals disap when allowance was e 
for the greater depth to which one could see into 


the sun by light of long wave-length, owing to the | presented the first reports on 





lessened scattering of long waves. The observa- 
tions thus pointed to the Doppler effect and to the 
correctness of Evershed’s explanation. 

When the iron lines from intensity 00 to 10 
were arranged in the order of intensity, the dis- 
placements formed a remarkably systematic series, 
the ‘‘iron scale,” the displacement decreasing 
from U.34 down to 0.004, and the velocities in 
km./second from 2.04 to 0.24; a similar gradation 
was noticed in the case of other elements. In the 
case of the strong lines (A = 5000) of Si, Al, Na, 
Mg, H,, Ha, Ca (lines H,, K,), the intensities 
ranged, in this order, from 12 up to 40, the dis- 
placements from 0.000 up to — 0.63, and the velo- 
cities from 0.00 up to —3.75, the minus sign indi- 
cating inflow of the high-level vapours into the 
spot. If the lines of low intensity were assumed 
to have their origin at relatively great depth in the 
solar atmosphere, and that the displacements were 
a function of the depth, a distribution in the vertical 
of a spot could be deduced. The maximum inward 
velocity occurred at the highest level ; it decreased 
until the level of zero velocity was reached, and 
the motion then became outward, increasing again 
with the depth. There was no complete system, 
however, since the high velocity inward occurred 
where the density was low, and vice versd, and since 
both the masses and kinds of matter were unlike. 
The type of vortex indicated was that of a terres- 
trial tornado, with an upward rush from the interior 
of the sun, spreading out tangentially and entrain- 
ing with it the gases from the reversing layer. The 
actual vortex was deep-seated ; the inflow was a 
secon’ effect, a superficial indication of the 
underlying vortex, in which the magnetic field 
originated. 

f the displacements could be used as a criterion 
of the level, the heavy elements lanthanum and 
cerium would be low-level elements. The visitor 
approaching the sun from outside would first 
encounter that form of calcium vapours yielding the 
H and K lines, also hydrogen, then magnesium, 
sodium iron, &c., each increasing in absolute den- 
sity with the depth, until in the lowest portion of 
the reversing layer the vapours of all the elements 
known in the solar spectrum would occur. This 
distribution agreed with Adams’s measures of the 
solar rotation and with various collateral observa- 
tions, Zeeman effect, &c., and means seemed thus 
to have been found of sounding the solar atmos- 
phere. 

Professor H. H. Turner, the chairman, dwelt 
upon the importance of these astounding results, 
which, Dr. St. John had himself stated, they would 
hesitate to accept if they were not independently 
corroborated. 


Soak AND TERRESTRIAL Maonetic DistURBANCES. 


The Rev. A. L. Cortie, S J., of Stonyhurst, in 
a paper of the above title, pointed out that the 
zones of sun-spot activity were closely connected 
with the equatorial rays of the corona (characteristic 
of the corona at maximum solar activity), and with 
faculz, flocculi, and prominences. These phenomena 
not infrequently persisted for several solar rota- 
tions, and were also associated at each synodical 
return relatively to the earth, with series or batches 
of magnetic storms. Sometimes a set of consecu- 
tive magnetic disturbances would accompany the 
transit of a region of solar disturbance across the 
disc, and after two or three days other isolated 
storms would follow corresponding to positions 
of the solar disturbance widely different in longi- 
tude relatively to the central meridian of the 
sun. The phenomena pointed to the conclusion 
that the mode of propagation of the solar in- 
fluence, which conditioned the occurrence of 
terrestrial magnetic disturbances, was not in the 
form of a single discharge of cathodic — but 
rather of a divergent pencil of stream-lines emanat- 
ing from a focus of activity. Father Cortie exem- 
plified this with regard to the corone of the eclipses 
of 1893, 1898, 1905, 1908 (characterised by bunches 
of divergent equatorial rays) and to the magnetic 


€| storms and sun-spots of the period August 3 to 


October 24, 1910, as observed at Greenwich, Stony- 
hurst, and Tortosa, and analysed by Mr. Slocum, 
Mrs. Evershed, and himself. 


SEISMOLOGICAL INVESTIGATIONS. 


In presenting the 18th report* of the Committee 
on Seismological Investigations, Professor H. H. 


* Dr. Milne’s reports really go back to 1881, when he 
Ihquakes in Japan. 
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Turner, F.R.S., of Oxford, referred in touching 
terms to the death of Dr. John Milne, the secretary 
of the Committee ; practically the Committee, he 
said, to whose cheery words the Section had always 
listened with delight and whose memory it would 
always cherish. Almost prophetically, Milne had 
last year remarked that it might be his last report. 
The Association had that year tried to relieve 
Milne of part of his hard, self-imposed duties, and 
the Royal Society agreed that the work should now 
be carried on as before, by Mr. J. H. Burgess, 
Milne’s assistant. It was noteworthy that Pro- 
fessor Hergesell, the President of the International 
Seismic Committee, concurred that the British 
organisation should be maintained. It had been 
an anxious time for the Committee, all the more 
because Mr. Shinobu Hirota, who had since 1895 
been Milne’s faithful and able collaborator, eminent 
in geophysics, had also died last April, in Japan ; 
he had returned to his country to recruit his 
health. The General Committee of the Association, 
we should add, recorded its deep regret at the 
death of John Milne, and the Council will support 
the investigations out of the Caird fund. 

The report, of 41 pages, covers the usual ground. 
It records the new stations ; tabulates the many, 
though mostly mild, earthquakes of 1910; shows 
that earthquakes travel a little faster east-west 
(2.96 km. per second) than north-south (2.88 km.) 
—a difference which, Professor Turner remarked, 
was rather underrated, for Milne was always 
cautious ; collaterated seism and volcanism; and 
indexed the whole material published by the 
British Association and the Seismological Society 
of Japan, relating to geophysics. 


FouriIER SEQUENCE AND PERIODOGRAMS. 


In a paper on ‘* The Fourier Sequence as a Sub- 
stitute to the Periodogram,” Professor H. Turner, 
of Oxford, again referred to the use of periodo- 
grams, which A. Schuster had advocated in the Sub- 
Section on Cosmical Physics at the Belfast meeting 
in 1902. Professor Turner now suggested that the 
Fourier coefficients should be calculated for exact 
submultiples of the whole available period of 
observations, and for these only. This was neces- 
sary, sufficient and convenient in practice, and also 
instructive, as it showed what would remain if any 
single periodicity was eliminated from the obser- 
vations. He had calculated the first 54 terms of 
the series for sun-spots, and the calculation of other 
terms was being undertaken. 


DistRIBUTION OF LARGE EaRTHQUAKES IN TIME 
AND SPAce. 


The Rev. H. V. Gill, S.J., of Limerick, con- 
tributed a further paper on ‘‘ The Distribution of 
Large Earthquakes in Time and Space,” asserting 
that under certain conditions an earthquake at 
some locality might occasion seismic and other dis- 
turbances at other places symmetrically situated 
round the earth’s circumference. This view had 
been accepted by the late J. Milne, and Mr. Gill 
had analysed a thousand earthquakes which Milne 
had tabulated last year, covering the period 1899 
to 1909. About a quarter of the large earthquakes 
seemed to take place in groups of two or more 
within a few days of each other, at symmetrical 
spots. He did not expect any higher percentage 
on his theory, according to which the disturbances 
were the results of the general strain set up in the 
earth, treated us a rotating body, owing to the mass- 
displacement, which tended to deflect the earth, 
although that deflection might be small. 


NoTES ON THE CoNSTRUCTION OF SEISMOMETERS. 


The ‘Notes on the Construction of Seismo- 
meters,” by the Rev. W. O’Leary, S.J., of 
Limerick, concerned various troubles: the ‘‘ tremor 
storms” caused by high winds and, at Limerick, 
by high seas on the west coast, and the convection 
air currents, whose effects could be studied with 
beams of straw or wood. Photographic registra- 
tion was unsatisfactory, because high magnification 
was wanted for the preliminary tremor, but the 
rapid maximum oscillations of the light-spot were 
then lost; ink registration was preferable ; a 
vertical component instrument was essential for a 
first-class station, and the elastic spring for its lever- 
arm should be placed, not above it, but below it, 
in an oil-tank sunk deeply into the concrete pier. 


A Minne Seismocrapn. 


Mr. J.J. Shaw, of West Bromwich, exhibited a 
new Milne seismograph, on the improvements of 





which he had agreed with Dr. Milne. The base- 
plate and column, he explained, were of cast iron 
and rested with three screws, recessed below to 
form an inverted cone of 45 deg., each on the apex 
of a conical foot of gun-metal ; dust could not get 
into these pivots. One of these screws engaged 
with a worm-wheel, to which a spiral cable (doubly 
wound) was attached ; by the aid of this the 
instrument was calibrated and the tilt adjusted 
from the recording end of the instrument, with- 
out any movement of the observer. The hori- 
zontal boom was 1 metre long, and built up 
of aluminium tubes. At the inner end it was 
provided with a grip to take a sewing needle or 
a gramophone needle; this needle rested in a 
conical pan of agate, attached to the foot of the 
standard. This boom point was the most vulner- 
able part of the seismograph, and should frequently 
be seen to, lest rust and dust and wear disturb it. 
Near this inner end of the boom was the globular 
balance-weight, of 330 grammes, to which the 
suspension wire (from the top of the column) was 
attached by a hook. The wire was grip above 
between two brass plates. The other, far end of 
the boom was continued in a stick of cane, across 
which two flat bars of aluminium were placed for 
the damping of the instrument, on Gallitzen’s plan 
(aluminium instead of copper). The very im- 
portant damping was effected by two pairs of horse- 
shoe magnets, so lying in the vertical plane of a 
suspended frame that they resembled two figures 8 
in juxtaposition ; the boom would lie between the 
two. To adjust the damping, the frame was shifted 
longitudinally, so that the damping took place 
nearer to, or further away from, the end of the 
boom, without disturbing the relative positions 
of the magnets. The clock-box bearing the 
card rested on adjustable feet, instead of making 
the boom-level adjustable; the rate of feed of 
the drum was 180 mm. per hour; the drum dia- 
meter was 4 in., its width 2in. The usual period 
of the boom was 20 seconds ; and a tilt of 4th 
of asecond of arc (1 in. in 325 miles) could be read. 
Several other clever devices mentioned by Mr. 
Shaw were examined with great interest. 


Tue Upper ATMOSPHERE. 


The report of the Committee on the Investi- 
gation of the Upper Atmosphere, which was pre- 
sented by Mr. E. Gold, M.A., of the Meteorological 
Office, stated that the pilot balloon ascents from 
Mungret College, Limerick, had been continued on 
six days between July, 1912, and July, 1913, and 
in the International week, May 5 to 10, 1913. The 
balloons had risen to heights of 15.3 km. maximum, 
and these observations, combined with those at 
Pyrton Hill and Eskdalemuir (the three stations 
form an equilateral triangle), gave an excellent illus- 
tration of the cyclonic disturbances on some of these 
days. Ascents had also been made from Barbados, 
as reported to the Royal Meteorological Society by 
Mr. 4 S. Dines. But it had proved impossible for 
Mr. G. I. Taylor to launch allows from the ice- 
ship Scotia, as the rough weather had promised no 
chance of recovering the balloons (the balloons rise 
until they burst); his kite observations showed, 
however, an extraordinary temperature distribution 
in the lower atmosphere near Newfoundland, the 
further study of which should be very instructive 
for weather forecasting. 

We may mention two interesting meteorological 

pers: ‘*The Temperature-Frequency Ourves,” 

y Mr. E. Gold, M.A., and Mr, F. J. W. Whipple, 
and ‘‘The Temperature See-Saw between England 
and Egypt,” by Mr. J. Craig. 


ATMOSPHERIC PoLLUTION By Dust. 


Dr. J. S. Owens, of Westminster, submitted a 
summary of applied and ‘‘ Possible Methods for 
Measuring the Amount of Atmospheric Pollution 
by Suspended Matter, Dust, Smoke, ec.” 
Wy ee Russell, he said, filtered the air through 
cotton or asbestos wool and weighed the filter, an 
elaborate method. The Committee for the Inves- 
tigation of Atmospheric Pollution collected the 
rain, &c., falling on a gauge, evaporated it, and 
weighed the residue ; the method was simple, but 
did not separate wet and dry dust. Aitken 
counted the dust particles. Glass plates were 
exposed by Cohen, in Leeds, and then examined 
for opacity ; tarry soot in icular would thus be 
caught. is method might be modified by letting 
a jet of air strike a glass plate for a fixed time or 
until a certain opacity was produced. In Glasgow 


air was drawn through filter-paper and the dis- 


G. | change of 0.28 


coloration was determined—a simple method, but 
influenced by the colour of the dust. The opacity 
of the air might directly be determined by com- 
parison. Or the rain might be measured as to 
opacity, in the way that Fritzsch determined the 
density of smoke in chimneys against standards. 
Finally the dust might be collesiol in boxes of 1 ft. 

uare and be analysed, as was done by P. Fyfe in 
Glasgow. 

Periop or Waves at Sma. 


Mr. Vaughan Cornish, D.Sc., presented a paper 
cn ‘* A Simple Method of Determining the Period 
of Waves at Sea from a Ship on Her Course.” 
That period, he had noticed, could accurately be 
deduced from the vertical oscillations of particles 
of spent foam, which were nearly always numerous 
on the surface. With the aid of a stop-watch the 
interval was taken between the times when a patch 
was borne upon the crest of successive waves ; the 
observer should be high up above the water. The 
method was quick, and it obviated the necessity of 
watching the direction of the waves. He had in 
this way found periods of 2.095 and 2.156 seconds 
(averages of 28 and of 25 waves), and on other days 
periods of about 10 and 34 seconds. 


INCREASING THE SENSITIVENESS OF MEASURING 
INSTRUMENTS. 


In a short communication on ‘‘ A Way of Increas- 
ing the Sensitiveness of Certain Measuring Instru- 
ments,” Dr. G. A. Shakespear, of Birmingham 
University, explained that readings taken with the 
aid of a beam of light reflected by a mirror could 
be made more sensitive by allowing the mirror to 
reflect the image of a powerful source—a Nernst 
lamp, e.g.—on to the receiving vane of the radio- 
micrometer or other measurer of radiant energy. 
If the primary instrument were a galvanometer, 
the movement of its image through 1 mm. might 
produce a much larger movement, of 1000 mm., 
e.g., of the beam from the radiomicrometer, 
serving as secondary instrument, supposing the 
image of the Nernst filament, 1 mm. in width, to 
cover the whole range of the primary deflection. 
This magnification of 1000 times might again be 
multiplied by the addition of a tertiary instrument; 
but fluctuations of the Nernst lamp current had to 
be guarded against, of course. 


Tue Resistance or Arr TO Fa.urse SpHeREs. 


Dr. G. A. Shakespear also gave a preliminary 
account of some experiments he had made on the 
tower of the University building at Edgbaston, 
to determine electrically the time of fall of a hollow 
sphere of celluloid, 3.7 cm. in diameter, through 
different distances, for a series of different weights 
of the sphere ; from this determination the resist- 
ance of the air, being assumed equal to the weight 
of the sphere when the limiting velocity was 
attained, could be deduced. A second series of 
experiments was made with spheres of diameters 
ranging from 2 cm. to 7.5cm., and it was found 
that, if the resistance R = KS V*, where S was 
the area of a great circle of the sphere in square 
centimetres bel V the velocity in cm./second, then 
the value of K diminished as the velocity and the 
diameter diminished—i.e., from 2.85,10-* grammes 
per cubic centimetre to 2.58 of the same units as 
the diameters decreased as indicated, the velocity 
being 1030 cm./second; and from 2.66 to 2.50 as the 
velocity decreased from 1320 to 850 cm. /second ; in 
this latter case the diameter was 3.70 cm. 


Tue Twistine or Inpta-Rusper. 


Professor J. H. Poynting, F.R.S., described ex- 

riments on *‘The Twisting of India-Rubber,”’ 
rom which it appeared that he had been unable 
to detect a change in volume amounting to as much 
as one part in two millions when twisting rubber, 
whilst steel under similar conditions showed a 
in a million, On the other 
hand, rubber extended very much when stretched, 
whilst steel only assumed a very small permanent 
extension. Sir J. J. Thomson, commenting on the 
communication, pointed out that steel extended 
considerably when magnetised, without changing 
its volume, whilst rubber did not change its dimen- 
sions atall in a strong magnetic field. 


Maruematical Papers. 


Of the mathematical papers we notice one by 
Lieutenant-Colonel A. Cunningham, R.E., on ‘‘ The 
Divisibility of 2» — 2 by p*.” He stated that 
this divisability had, so far, been regarded as 





impossible. He had himself shown that this was 
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so for p up to 1000. But Waldemar Meissner, of 
Charlottenburg, had proved that it was possible for 
p = 1093, but not for any other prime up to 
p = 2000. Since Wieferich had shown that the | 
ibility of Fermat's last theorem, ~? + y? = 2?, 
involved the possibility of the divisability, one 
difficulty in the way of this theorem was thus 
removed. 
Mr. T. C. Lewis pe a paper on *‘ A System 

of Spherical and Hyperspherical Co-Ordinates;” | 
Professor A. W. Conway spoke on ‘‘ An Electro- | 
magnetic Theory of the Origin of Spectra ;” Pro- | 
fessors H. Hilton, A. C. Dixon, and M. D. Hersey 
also contributed papers; and a Report on the’! 
Tabulation of Bessel and other Functions was pre- | 
sented by Professor J. W. Nicholson. 

| 


SuRVEYING. 


A joint meeting of Sections A and E (Geography), | 
which discussed papers by Captain H. mater | 
botham on ‘‘The Accuracy of the Principal Tri | 
angulation of Great Britain;” by Mr. E. B. H. | 
Wade on ‘‘ Longitude Observations in Egypt ;” | 
by Mr. B. F. E. Keeping on ‘‘ The Precision of 

Field Observations for Latitude ;” and by Captain 

H. G. Lyons, F.R.S., on ‘* The Precise Definition 

of Terms Used in Higher Surveying,” a 

resolution, which was subsequently adopted by the 

General Committee, that certain terms expressing | 
orders of accuracy should exclusively be used. 


(To be continued. ) 





BURGESS AEROPLANES. 

THREE interesting aeroplanes, designed and con- 
structed by Messrs. “the Burgess Company and Curtis, | 
of Marblehead, Mass., U.S.A., are illustrated on Plate | 
XXVIII, and on pages 450 and 451 of the present 
issue. The machines are respectively a military 
tractor biplane, designed to meet the requirements of 
the United States War Department ; a coast-defence 
hydro-aeroplane, built for the United States Signal 

rps; and a flying-boat, designed primarily to meet 
the demands of the United States Navy for a machine 
capable of carrying a large load at a high speed. 
Perspective views of the three machines are given on 
age 451, whiie line drawings of the biplane and 
Stine best are given on page 450 and on Plate XXVIII. 

In dealing with the various features of the three 
machines we may begin with the tractor biplane, of 
which very complete details are given in Figs. 1 to 6, 
on Plate XXVIII. As we have said, this machine was | 
built to meet the requirements of the United States 
War Department, which call for a machine to carry 
two persons, each placed so as to have a large range 
of vision and each capable of operating the controls 
from his seat. It is also specified that the machine 
must be able to rise 2000 ft. in ten minutes when 
carrying 450 lb. and sufficient fuel for four hours’ con- 
tinuous flight. Also the aeroplane must be readil 
transportable by road or rail and easily assembl 
The starting and landing devices must be of the 
machine itself, and it must be able to start without out- 
side assistance, and land or rise trom ploughed fields. 
The engine must be capable of being throttled to run 
at a reduced speed and will be subject to an endurance 
test of twohours’ continuous flight. The aeroplane must 
develop an air speed of at least 45 miles an hour. 
The gliding angle, determined during calm atmospheric 
conditions, must be such that with the engine shut off 
at an altitude of 1000 ft., and the machine allowed to 
glide to the ground, the horizontal distance between 
the position of cut-off and landing must be at least 
6000 ft. If cut-off is at any other altitude, the hori- 
zontal distance must alter in the same ratio with the 
—— £ final clause ~~ specification states _ 
if the weight-carrying capacity is increased to 600 Ib., 
the minimum speed may be reduced to 38 miles an 
hour, and the climbing power to 1500 ft. in ten 
minutes. 

The Burgess machine successfully fulfilled the condi- 
tions and tests, and had a trial speed of 57 miles an 
hour, and a climbing rate of 204 ft. per minute. It 
was accepted by the United States War Office on 
August 8, 1912. Since that time the first machine has 
been almost continually in active service, and others 
have since been ordered. On March 31 of this year 
Lieutenant Milling established an American endurance 
record by flying with a r from Texas City to 
San Antonio, a distance of 236 miles, without a stop, 
at an — speed of a little over 70 miles an hour. 
After reaching San Antonio, Lieutenant Milling 
remained in the air for over an hour longer, establish- 
ing a record in the air for 4 hours 22 minutes. He 
returned from San Antonio to Texas City the following 
day in 3 hours 50 minutes. é 

Turning now to the details of the biplane, it will be 
seen from Figs. | and 2, on Plate XXVIIL., that the 





engine is carried forward, with the pilot and observer 
in tandem amidships, and that the body gradually 


800-B.-H.-P. COMPOUND CONDENSING LOCOMOBILE 
CONSTRUCTED BY MR. R. WOLF, ENGINEER, LONDON. 
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tapers off into the tail, where the vertical and horizontal | 
rudders are situated, As will be seen from Fig. 22, 

on poge 451, the body is enclosed, the machine being, 

we believe, the first enclosed body tractor built in the 

United States. The machine shown in Figs. 1 to 6, on 

Plate XXVIIL., is not absolutely the same as that shown 

in Fig. 22, on page 451. In construction and the greater 

number of the dimensions the machines are identical, 

but. that shown in Fig. 22 has a wing spread of | 
43 ft. 6 in., compared with 34 ft. 6 in. in the other 

machine. The other om dimensions, &c., of the 

latter machine are as follow :— 


over all... sis 27 fv. 9 in. 
Height on wheels oa : os Sos 
fe) wings - ’” ” 
10 ft. by 2 ft. 10 in. 


Rudder ... .. 2 ft. by 1 ft. 10in. and 2 ft. 
by 1 ft. 3 in. 


Carrying capacit as 700 lb. 
— 1284 ,, 
Fuel capacity ... 44 gals. 
Oilcapacity ... 5» 

Other dimensions and the method of construction 


will be followed from Figs. 1 to 6. It may be pointed 
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out, however, that the planes are built up in unit| is constructed with each rib separately hinged to 


i itti i the front girder, the rear longitudinal being rounded 
sections, permitting quick assembly, and that there | the front girder  meoage® tom Prmising 


- | th i ting members, and with little friction. 
The asmengeneet of the landing gear will be followed 


wing - warping arrangements are interesting. The/| from Figs. 1,2, and 4. The skids are 10 ft. 14 in. 


are but few vertical struts connecting well perey so | so that the wings warp u 
that the head resistance is greatly redu 
pared with some other forms of construction. The | The arrangement o' 


Fie. 6, 


and hung by rubber tension straps. The machine is 
fitted with an eight-cylinder, air-cooled Renault 
motor of 96 mm. by 120 mm., running at 1800 revo- 
lutions per minute. 

Turning now to the hydro-aeroplane shown in 
Fig. 21, on 451, it will be seen that the construc- 


extremity of each wing for a length of 11 ft. 3 in. | long, and the two-wheel trucks are mounted on them | tion of the y, tail, and main planes have much in 
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800-B.-H.-P. COMPOUND CONDENSING SUPERHEATED-STEAM LOCOMOBILE. 


CONSTRUCTED BY MR. R. WOLF, 


common with the eames parts in the mili- 
tary tractor biplane. The pilot and observer are 
placed tandem in the front of the body, and have 

an uninterrupted view in practically all direc- 
tions. Either of them can operate the controls. 
The engine is situated amidships, behind the 
crew, and drives the two propellers by chains. 
The tail, elevator, and double rudder are similar to 
those of the tractor biplane. The supporting surfaces 
are covered with linen treated with a moisture-proof 
composition, which is applied after the cloth is 
stretched on the frames, thus shrinking the fabric to a 
permanent tension. The principal dimensions of the 
machine are as follow :— 


Spread of wi rae 

Length over all ; s 
Length of enclosed y a 
Height from bottom of bull ... 
Depth of wing ... 


39 ft. 10 in. 
a a 
” 7 ” 

9 ” 6 ” 

ids Bus s 
Area of main surfaces... 484 
Weight, empty... 7s : 1500 Ib. 


The two hydroplanesare builtof mahogany, reinforced 
with copper. In each, the bottom slopes down to an 
angular step under the centre, while the after half of 
the bottom is of concave cross-section, gradually flatten- 
ing to a straight bottom at the stern, The hydroplanes 
are each 22 in. by 17 ft. 2in., and have a maximum 
draught of 9in. The engine, which was built by the 
E ir Sturtevant Company, of Hyde Park, Mass., 
is of the water-cooled type and has six cylinders, 
44 in. bore by 4} in. stroke. It has both inlet and 
exhaust valves jon me | operated and forced 
lubrication to all bearings. The cylinders and pistons 
are of semi-steel, and the connecting-rods and crank- 
shaft of nickel steel. The water-jackets are cast 
integral with the cylinders, which have [.-shaped 
heads. A silencer is fitted, which greatly adds to the 
utility ot the aeroplane for military service. The 
engine has two ‘‘ Zenith” carburettors and a ‘‘ Mea” 
roagneto. It can be throttled to run at a reduced speed. 
The engine is fitted with a starting device on the 
right propeller-shaft, by which it can be started by 
one person without outside assistance. The weight of 
the engine, including magneto, oil-tank, &c., is lb., 
and the horse-power is 66 at 1400 revolutions per 
minute. The fuel capacity of the tank is 354 gallons, 
while the oil-tank holds 34 gallons. 

During tests carried out by the United States Board 
of Officers before acceptance of the hydro-aeroplane, it 
ascended to a height of 540 ft. in 2 minutes 35 seconds, 
an average of 210 ft. per minute. During this test 
the following weights were carried :-— a 


78 
175 
83 


5 
310 


651 


%” 
sq. ft. 


Petrol 

Pilot... i ca 

Balancing weight... age ae 
Instruments and miscellaneous 

Pontoons ... a tr as 


Total 


The machine was subjected to an endurance test in 
the air of 2 hours 6 minutes’ continuous flight on 
January 18 of this year, when a total weight of 775 lb. 
was carried ; 16 gallons of petrol were used, so that 
the total capacity of the tank would allow of a flight 


of 4.8 hours. The oil used was 1.58 gallons, which 
gives a total tank capacity suitable for a flight of 
5 hours. The consumption of petrol was 7.4 gallons 
per hoiir, or 0.128 gallon a mile, which gives a total 
tank capacity suitable for a flight of 278 miles. The 


(For Description, see opposite Page.) 


|consumption of oil per hour was 0.73 gallon, or 
| 0.01265 gallon a mile. The oil-tank capacity is suffi- 
cient for a flight of 285 miles. 

A speed test was made on January 20, a course 
1Z miles long being travelled over four times, twice 
with the wind and twice against it. The average time 
for the course with the wind was | minute 35 seconds, 
and against the wind 2 minutes 13 seconds, giving an 
average speed over all of 59.2 milesan hour. A weight 
of 775 lb. was carried during these tests. The United 
States Board of Officers report that the machine rides 
exceptionally well in rough water, and that the floats 
are of sufticiently strong construction to allow the 
machine to be hauled up on a smooth beach without 
damage. They also report that the aeroplane is easy 
to handle in the air, and speedy enough for coast scout 
work. It is now in active service in the United 
States Signal Corps Aero Squadron. 

The third aeroplane we illustrate, the Burgess 
flying-boat, shown in Figs. 7 to 11, on Plate XXVIIL., 
Figs. 12 to 20, on page 450, and Fig. 23, on page 451, 
is a machine of much interest. It was designed by 
Mr. W. Starling Burgess, primarily to meet the 
requirements of the United States Navy for a flying- 
machine capable of carrying a large load at a high 
speed, easy to manceuvre both on the water and in the 
air, and so constructed as to be easily taken aboard 
ship and quickly assembled or taken to pieces. Its 
hull, power plant, and main planes each form separate 
units. Among special features of the machine to 
which attention should be directed are the triangular 
arrangement of the wing-struts which allows the upper 
plane to be staggered forward by the lower, and in- 
creases its efficiency ; the construction of the upper 
and lower wing surfaces, so that while they are per- 
manently attached to each other, they are capable of 
being folded together when the machine is taken to 
_ (this is arranged for by the hinging of the rear 

iagonal strut) ; the special form of boat, constructed 
in two sections, so fastened together that they can be 
easily separated for shipment ; and the adoption of a 
built-up power unit (shown in Figs. 12 and 13), which 
can be quickly removed from the boat and placed on 
deck, forming, when required, an engine-bed for 
testing and repair work. 

The principal dimensions of the aeroplane are as 
follow :— 

Spread of upper wings 

‘i lower wings 
Depth of wings ee aa 
Area of supporting surface ... 
Length over all... i bea 
Length of bull ... 
“Height mo eae TS 

The construction of the wings is somewhat novel, 
steel girders being used for the main supporting sur- 
faces. In the upper wing the ribs are each mounted 
on a brass bearing, and rotate about the main steel 
tubular girder when the wing is warped. The lower 
wing is rigid, and is built on a front steel girder, and 
a rear longitudinal of wood. The rigidity of the lower 
wing permits of the fitting of the sustaining tanks, 


43 ft. 4 in. 
: 0 ” 





which keep the boat on an even keel in rough water. 
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The upper wings warp throughout their entire length. 
The planes are tru together with steel wires, and 
the priccipal strains are taken on vanadium steel bands. 

The boat is constructed of laminations of mahogany, 
lined with cloth, and bound together with rivets, 
screws, and special glue. The bottom of the boat 
has a lining of hard sheet- brass on the scow- 
sha forward section. The after compartment is 
divided into two water-tight compartments and con- 
tains both the elevator and vertical control-levers. 
The two seats are placed tandem in the cock-pit, 
and are arranged so that both occupants have an un- 
interrupted view on both sides. Jater-tight com- 
partments are placed both forward and aft of the 
cock-pit, a petrol tank of 45 gallons capacity being 
situated in the after compartment. The control is of 
the Wright type, is duplicate, and can be operated 
from either seat. Details of the rudder and elevator 
are shown in Figs. 10 and 11, on Plate XXVIII. 

The power plant consists of a 70-horse-power eight- 
cylinder air-cooled Renault engine, which drives a 
94-ft. propeller at 900 revolutions per minute. The 
crank-shaft runs at 1800 revolutions per minute, the 
propeller being mounted on the cam-shaft. The 
cylinders are approximately 3%-in. bore by 4#-in. 
stroke, and the engine weighs 410 1b. The motor is 
started by a large hand-wheel, which has been found 
safer and more easy to operate than a flying-crank. 
The arrangement of the power-plant unit is well 
shown in Figs. 12 to 20, on page 450. The details 
in Figs. 15 to 18 show the method of securing 
the bracing tubes to the wooden framework, while 
Figs. 19 and 20 show the details of the arrangement 
for holding down the engine. The complete power 
plant, which is shown in Figs. 12 and 13, can re- 
moved from the boat and handled as a single unit, as 
before explained. One of the brass bolts for securing 
the unit to the boat is shown in Fig. 14. 

In various trials which were conducted by the 
United States authorities before acceptance, the aero- 
plane in every case successfully complied with the 
test at the first attempt. Among other things, the 
machine had to display sufficient stability to ride 
safely adrift in a 20-mile breeze on open water. This 
test was passed on May 8 of this year, the stability 
shown being sufficient to permit the pilot to climb up 
on to the upper wings in a high sea-way without dis- 
turbing the equilibrium. The full test load of the 
machine was sufficient fuel and oil for a four hours’ 
flight, and 400 lb. useful load in addition. In an 
irregular 13-mile breeze the machine with this load, 
on May 15, developed 58.4 miles an hour, the — 
test speed being 55 miles an hour. On an endurance 
test of 1 hour 9 minutes on May 13, 587 lb. of petrol 
were consumed, the total weights being as — -- 


Machine complete 
Petrol ... ae 
Oil 

Pilot 

Passen oh 
Miscellaneous ... 


Total 
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With a similar load on May 13 the machine arose 
from the water in a calm in less than 1400 ft., the 
specified distance being 1500 ft. On May 15, with the 
same load, it climbed 1500 ft. in a spiral in less than 
15 minutes, a rate of about 132 ft. a minute. The 
specified rate was 100 ft. a minute. In a gliding test 
on May 17 it descended from 500 ft., a distance of 
approximately 2475 ft. in a five-mile breeze, the 
gliding being in the neighbourhood of 5} tol. The 
specified horizontal distance from 500 ft. was at least 
2000 ft. Under short runs and light loads the machine 
has developed an air speed of over 65 miles an hour. 
We understand that as a result of these successful 
tests a large number of further orders for these flying- 
boats have been placed. 








800- BRAKE-HORSE-POWER LOCOMOBILE. 
Ir reference be made to page 478 of our issue of 
October 8, 1909, it will be found that we there described 
a steam-engine, manufactured by Mr. R. Wolf, Norfolk 
House, 7, Laurence Pountney Hill, Cannon-street, 
London, E.C., of a type known as the locomobile, 
which, we understand, le proved very satisfactory. 
Since that time the makers have in some ways modified 
the design in order partly to meet the increasing size of 
the plants, and have obtained very gratifying results. 
One of the latest installations completed by the firm 
has just been fitted up and set in operation at the 
works of the Aberthaw and Rhoose Portland Cement 
and Lime Company, at Rhoose, South Wales. It is 
the largest installation of its kind in two units in the 
world, and consists of two similar compound con- 
densing superheated-steam locomobiles of 800 brake 
horse-power each, which are arranged as shown in our 
illustrations, Figs. 1 and 2, page 454, these being 
respectively a transverse section through the building, 
showing a side elevation of one of the engines, and a 
plan. One of the engines is shown in longitudinal 
section, in plan, and in transverse section, in Figs. 3, 
4 and 5 respectively, page 455. The general arrange- 
ment is shown in Fig. 6, which is a reproduction from 
a photograph. As the two engines are in all ways 
alike, we will confine our description to one of them. 

The engine is supplied with a high-pressure super- 
heater A, Fig. 3, for the steam before it enters the 
high-pressure cylinder and a low-pressure superheater 
B for dealing with the steam as it passes from the 
high-pressure cylinder to the low-pressure cylinder. 
The steam is brought to the high-pressure superheater 
by the pips C, Fig. 3. The cylinders, which are 
respectively 410 mm. (16,’, in.) and 830 mm. (33} in.) in 
diameter, with a stroke of 660 mm. (26} in.), are arranged 
side by side, as shown in Fig. 4, and are set in a com- 

rtment above the smoke-box, where they are jacketed 
“ the hot gases from the furnace. They are directly 
connected to the crank-shaft by means of a heavy cast- 
iron frame, which at the same time forms the guides for 
the crossheads. This connection prevents any stresses 
being transmitted from the cylinders to the crank- 
shaft through the boiler shell, and forms a very rigid 
arrangement. The crank-shaft is provided with chain 
lubrication to all the bearings, and other rotating parts 
have centrifugal lubrication, the oil being supplied 
from a large-sized cup p in @ convenient posi- 
tion. Before the exhaust steam from the low-pressure 
cylinder enters the condenser it passes through a feed- 
heater, which is shown at D, Fig. 7, Page , and the 
exhaust steam, after it leaves the feed-heater, passes 
to the jet condensers E, Fig. 7, and after condensation 
flows to the air-pump F, from which it is discharged 
to a condensed-water tank before being sent to the 
spray-cooling apparatus and pond. 

The air and feed-pumps are driven from a single 
eccentric, the air-pump being an improved form of 
the Edwards type, and of sufficient capacity to main- 
tain @ high vacuum at all loads, this vacuum being 
from 90 to 92 per cent. The feed-pump is of the 
simple plunger type, and is fitted with an adjustment 
whereby the feed can be arranged to suit any varia- 
tion of load that may come on the engine, the feed 
being passed through the heater previously mentioned 
before it enters the boiler. A self-acting injector is 
also fitted to the boiler for use when the engine is not 
running. 

The boiler is of Wolf's multitubular type, provided 
with removable furnace and tubes. By undoing a few 
nuts the furnace and tubes can be readily withdrawn 
from the boiler for cleaning, scaling, &c., which is a 
great —— where efficient cleaning is a necessity. 
The locomobiles in the installation at Rhoose are pro- 
vided with automatic stokers, which are fed through 
a shoot from a bunker overhead, the amount of coal 
that is allowed to pass the hopper being controlled by 
& gate on the shoot. The mechanical stokers are 
a by “ij belt from oe crank-shaft of the a 
an ve adjustment for varying speed requi or 
different loads. The quuties of call admitted to the 
sprinkler can also be adjusted by hand while the 
stoker is working. Arrangements have, we under- 
stand, been made for driving the stokers by an electric 
motor, in order that steam may be raised when the 


engines are standing, and so obviating the necessity 





of handling = coal in the engine-room what- 
ever. The boiler has a steam cleaning-apparatus, 
by means of which soot is removed from the super- 
heater coils and from the boiler tubes while the 
engine is running, thus obviating any necessity for 
shutting down and drawing the fires. The smoke-box 
branch is placed on the underside of the smoke-box, 
and the waste gases are led to a common flue, and 
thence to the brick chimney outside, the arrangement 
being clearly shown in Fig. 2, and the draught is con- 
trolled by a damper in the smoke-box branch, and 
operated from the front of the boiler. The engine is 
rovided with barring gear for turning by hand. The 

jiler has two safety-valves, and a safety-valve is 
placed on the superheater as well, and also on the 
delivery side of the feed-pump. 

Should it be desired at any time to run the loco- 
mobile non-condensing, @ diverting valve is provided, 
png | the condenser is shut off and the exhaust 
steam then passes directly to the atmosphere. As will 
be seen from our illustrations, the locomobile is pro- 
vided with platforms all round the engine, fitted with 
accommodation- ladders, so that access to the working 
parts can easily be obtained. 

The engine crank-shafts are each directly coupled 
to the counter shafts, each of which carries a large 
rope-pulley, grooved to receive 24 1#-in. T+ which 
transmit the power to the main shafting of the cement 
works. The pulleys on the main shafting are capable 
of being disconnected from the shaft, which they drive 
by means of a friction-clutch, and either locomobile 
can therefore be disconnected at will. According to a 
report of tests carried out on one of these engines, the 
coal consumption was 1.055 lb. per brake horse-power, 
and the steam consumption 9.058 lb. per brake horse- 
power per hour. 








MILITARY TRANSPORT. 
To THE Eprtor or ENGINEERING. 

S1r,—From your article in last week’s issue on ‘‘ Army 
Transport” it would appear that the War Office authori- 
ties had been slow to take advantage of the development 
in mechanically-propelled vehicles which has been going 
on during recent years. 

While it is perfectly true that the number of vehicles 
which have been purchased is very limited, I think in 
justice to the technical officers it should be pointed out 
that for the last ten or twelve years, at any rate, they 
have always been ready to take advantage of what in- 
ventors and constructors have been doing. 

Readers of your journal must be familiar with the 
various trials and competitions which have been organisc d 
by the War Office, as they have all been very fully dealt 
with from time to time. In 1901, when the modern revival 
of mechanical road transport took place, a prize of 500/. 
was offered by the War Office for the best vehicle for 
military purposes, and after a lengthy competition the 
prize went to steam-propelled vehicles. 

Afterwards several competitions were organised for 
tractors propelled by internal-combustion — and 
later the War Office took part in the motor-vehicle com- 
petition organised by the Automobile Club, and gave 
special certificates for suitable vehicles for military pur- 
poses ; from time to time orders were given for different 
types of vehicle as improvements were made. 

The technical officers therefore cannot be blamed for 
not being progressive. . 

I thoroughly agree with the opinion you have expressed 
as to the necessity of the Government having their own 
vehicles, and not only their own, but of a type to meet 
the very severe conditions which are bound to occur, and 
hope those who are in high places, and take an interest in 
the welfare of the army, will urge the matter on the 
Government with all possible force. 


Yours faithfully, 
September 27, 1913. Moror-Wacon. 





STEEL WATER-MAINS. 
To THE Eprron oF ENGINEERING. 
S1r,— Doubtless your readers will remember the inquiry 
which was e some time ago into the circumstances of 
the corrosion of a large water-main at Coo ie, Western 
Australia, the report on which was noticed in most of the 
technical Rnecton mg and has been frequently alluded to 
from time to time in the technical press. 
The main in pote was laid, without protective 
wrapping, in highly corrosive soil, the nature of which is 
attested by the fact that similar trouble with corrosion 





oecurred with wrought-iron and cast-iron mains laid in | 


the same neighbourhood, and was composed of thin plates 
joined together by a particular system. The corrosion 
was external. 

It has now been established that steel tubes, properly 
coated, efficiently jointed, well and carefully laid, are 
perfectly satisfactory for this class of work. It may 
interest your readers to know that the damaged igus of 
the water-main in question is to be re by nes- 
mann steel spigot and faucet tubes of 30 in. diameter, and 
this fact is the more important as the opponents of steel 
— oy ae mee ny 8 to make some capital in the past 
out lgardie in A 

Youre faithfully, 
Tue British MANNESMANN Tusgs Company, LIMITED, 
P.p. J. T. AtLiIncHAM, Commercial Manager. 

Salisbury House, London Wall, London, E.C., 

September 30, 1913. 
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THE ENGINEERING THEORY OF THE 
GYROSTAT. 
To THE EpiTor or ENGINEERING. 

Str,—In the engineering theory of the gyrostat the 
most important equation is that which connects the com- 
ponents of forced and free precession in the compound 
motion which, until a better term has been suggested, 
may be called ‘‘ constrained precession.” This equation 
may take either of two forms, according as the moments 
or the velocities of the two eomponents are in question. 
In a paper on the subject which I submi at the 
Engineering Section of the British Association, some con- 
fusion arose between these two equations, which I shall 
be grateful if you will allow me to explain. 

he equation between velocities is 
v = sin a sin ¢ vy 
or v= vy / sina sin ¢, 
according as the gyrostat is fitted up for reducing or 
increasing the angular speed of driving in the course of 
transmission. Here 


vy = the angular velocity of free precession. 
vy = the angular velocity of forced precession. 


and sin a and sin ¢ multiplied by # constant are the oo- 
ordinates of a point which determines the instantaneous 
position of the gyroscope. 

The cerresponding equations between moments are 


m (v) = tan a m (vy) or = m (vz) / tan a. 
My paper had been originally prepared as notes for 


emg, circulation and under great pressure of time. 
hen it was accepted for presentation at the meeting I 
read it through critically with a view to making certain 
necessary alterations, and revising in haste, I substituted 
by a corrigendum the equation for moments in plave of 
the equation for velocities, which latter had, save for an 
obvious misprint, been correctly given in my original 
notes. This erroneous emendation may, I & ve 
given unnecessary trouble to some readers of my paper, 
and therefore I take the liberty of asking leave to make 
this explanation public through your columns. 
I am, Sir, your obedient servant, 
J. W. Gorpon. 
113, Broadhurst Gardens, West Hampstead, N.W. 

September 30, 1913. 





Agro, MARINE, AND Stationary EnGine Exuisition. 
—In the place of holding the Marine and Engine Exbibi- 
tion at the Agricultural Hall, the Society of Motor Manu- 
facturers and Traders now propose to hold a joint Aero, 
—— - Stationary Engine Exhibition at Olympia 
next March. 





Testinc Lupricants.—The Stern Sonneborn Oil Com- 
ny, Limited, of Royal London House, Finsbury-square, 
ndon, E.C., inform us that users can have samples of 
their lubricating oils and greases tested free of charge on 
the ‘‘Sternol” testing-machine described in our issue of 
June 6, 1912. This machine is designed to reproduce 
the actual working conditions, and to show whether a 
lubricant is suitable for the po for which it is used, 
and also what is the most suitable lubricant for the purpose. 





Tue New County Covunor, Recusations ror Rein- 
FORCED ConcRETE: Erratum.—In the article on this 
subject published in our last issue, the third column of 
Table I. on page 415 had, by a printer’s error, the first 
nine entries set one line too high. We reproduce the 
table in the correct form :— 


TABLE I.—Showing the Reduction, Caused by Reducing 
Modular Ratio below m = 15, of Permissible Moment of 
Resistance of Beam Sections Calculated at the Royal 
Institute of British Architects’ Stresses. 


l 
| 1:1§:83Concrete, | 1 : Concrete. 
700. 


c= . t= ; ¢ 
| 16,000. me=11, | 


| 


i 
to 


Type of Section. 


inforcements Only. 
Rectangular sections or 
their equivalents at 
E.R. whenm=15 .. 0 
At or above E.R. when 
m=11.. ee os 
At or above E.R. when 


10 per cent. 
m= ee - is 17} per cent. 
T-sections «,= 0.3 or over 
at E.R. when m = 15 .. 0 
At or above E.R. when 
m=1}1 .. ; _ 8 per cent. 
At or above E.R. when 


E.R. when m = 15 0 | 
At or above E.R. when | 
m=11 . : 
At or above E.R. when 
m=8 .. _ - 
Sections with Compressive 
and Tensile Reinforce- 
ment. 
Rectangular sections dc 
=—, Ac = Ac, ati 
10 
E.R. whenm=165 .. 0 0 
At or above E.R. when 
m=ill .. oe oe 
At or above E.R. when 
m= - we: . 


74 per cent. 


10 per cent. 


14 per cent. 





-- | 


23 per ent, 


Propo: rtionate reductions to be made at ratios of tonsil . 
forcemente between the economic ratios stated, vam 
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BLAST-FURNACES.* 
By AgmanpD Baar (Liége). 
THE question of foundations often plays an important 


part in metallurgical works, where engineering skill re- 
quires to be exercised with special care in view of the 


erecting heavy plant upon a poor subsoil. 
with which such poor subsoils occur in works is due to 
three causes :— 

1. The price of land often compels the utilisation of 
certain areas hitherto undeveloped owing to their unsuit- 
abilitv for building purposes, 


Fig.1. Fig. 2. Fig.3. 
| DRIVING A FRANKIGNOUL PILE 
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necessitates a works being installed close to a river, 
which, by the gradual shifting of its bed, may have 
undermined the adjoining arvas, 

3. Lastly, dump-heaps for the embankment of railway 
janesene require constant fill’ng up with débris, either 

simple ash-shoots, or by the tipping of slag from 
hiast-furnaces into mounds which often attain a height of 
65 ft., and upon which it is dangerous to instal machi- 
nery in motion owing to the lack of stability of the 
foundations. 

In Belgium in particular, as well ss in the North of 
France, and in the Grand Duchy of Luxemburg, a new 
system of foundations, known as Franki piles, is being em- 
nr with considerable success in most of the big works. 
The principle is, briefly, as follows :—A conical perforator 
(Figs. 1 to 6) armed with a hard-steel point is driven 








* Paper read before the Iron and Steel Institute at 
Brussels, on September 2, 1913. 


REINFORCED PILE FOUNDATIONS FOR| 


responsibilities which devolve upon the engineer when | 
The frequency | 


2. The need of a water supply fur steam-engines often | 


into the ground by the help of a pile-driver. This per- 
forator carries with it telescopic tubes which serve as 
tubbing, and have an ave diameter of 60cm. The 
perforator thus passes through the -hardest ground. An 
instance may be adduced at Ongrée, where the process 
has been applied on a slag tip 30 ft. in height, and con- 


| sisting entirely of slag-blocks from a basic-steel works of 


a cubical capacity of 24 cub. m. each. Reference may 
be made to instances where the ground has been 
exceed'ngly soft and highly water-bearing, as at the 


| Courritres Collieries, where the soil consists of peat and 


water-bearing sands, and where three bridges have been 


| erected. The object of the system is to bore through the 


BLAST FURNACE 
AT ESCH- SUR-ALZETTE 


Fig.7. J 


















































overlying ground until a solid foundation of clay or 
gravel is encountered. The perforator is then withdrawn 
and rep! by concrete, which is rammed down by 
degrees as the tubes (commencing with the lowest) are 
withdrawn. By means of the ram the concrete is com- 

so as to press against the sides of the borehole 
and to consolidate them, until ultimately the bottom is 
enlarged and a cone obtained, pressing against the side 
walls of the cavity. Amongst applications of this pro- 
cess which may be referred to, one of the most interest- 
ing was the strengthening of No. 2 blast-furnace at the 
Esch-sur-Alzette works of the Société Anonyme des 
Aciéries Réunies de Burbach-Eich-Dudelange, in the 
Grand Duchy of Luxemburg, and its supersession by a 





packed up entirely with goaf of an inferior description. 
| Several break-onts from the furnace had, however, pene- 
| trated the packing at different times, and it was feared 





(Tube 0-60 
(Pde 0-90 





furnace of twice the size (Fig. 7). The Athus-Grivegnée Company has erected a similar 
The masonry batter of this furnace rested on oe 14| plant at Athus, under analogous conditions, but in this 
yards below the level of the soil, and the ground been | instance the piles are only 30 ft. long. Franki piles have 





that lumps of metal might be encountered at several 
points, which actually happened later. 

Forty-one piles were driven, each calculated to sustain 
a load of 70 tons, and in order that the concrete arch, 
which had to rest simultaneously on the batter and on the 
pile itself, should distribute its load uniformly, there was 
nage above the masonry, a layer of granulated crystal- 
ine slag 4 in. thick. mixed with a little cement, so that 
if, under pressure, the fresh cement should s , any 












further increase in the load would bear upon the crystal- 
line slag and further compress the latter crushing it, 
after which the injection of water at the bottom would 






finally mortar the arch te the masonry, by the action of 














FRANKIGNOUL PILE 12% METRES LONG AND 0-6 METRE DIA. 
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the cement originally introduced as an addition, with the 
dust of the powdered slag. The furnace is in full work- 
ing order, and the method of construction has been per- 
fectly successful, and shows no sign of settlement. 

Another interesting application of Franki piles was 
made in erecting the rolling-mills of the Ougrée Marihaye 
Company. On a tip composed entirely of slag blocks to 
a height of 30 ft., resting on 15 ft. of bad subsoil, these 
mills work 35 ft. above the level of the Meuse gravels. 
The whole plant, mills, buildings, gas-producers, &c., 
rest on 180 piles, which were driven through this thick 
layer of slag (Fig. 8). Not.asingle pile had to be left un- 
finished during boring, and the whole of the work pro- 
ceeded without interruption. 











also been most satisfactorily employed as foundations for 
engines at the works of the Société Meétallurg‘qne de 
& Sew Loire, at Trignac (St. Nazaire), at the Acieries 
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de Micheville in Meurthe-et-Moselle, and at the works 
of the Société Anonyme des Hauts Fourneaux de la 
Chiers at Longwy. t will also be interesting to point | 
out that before carrying out the foundations of the | 
Ougrée Marihaye rolling mill plant the company carried | 
out a test on a Franki pile which was loaded with a 
charge of 473 tons (Fig. 9). The Cockerill Company of 
Seraing have made many applications of the system in | 
different plants—amongst others with a gasometer of | 
50,000 cub. m. capacity; and at the present time the | 
number of piles driven by this company—the first to make | 
a trial of this system—has exceeded 1000. | 





A TORSIONMETER WITH VISIBLE SCALE.* 
By Dr. K. Suyeniro, Tokyo Imperial University, Japan. | 


Since the steam-turbine was adopted as the propelling 
machinery of steamships, many torsionmeters have been 
invented, and some have proved more or less successful. 
Few, however, are simple in construction ; the use of inter- 
mediate links, by which the amount of twist is indicated 
indirectly, generally makes the construction complica 
and the observation uncertain. Thereason why the inter- 
mediate links have not been avoided is simply that the 
direct observation of a point in a rotating body cannot 
be made by a simple arrangement ——— for practice. 
Therefore, if @ mean is found 4 which some part of a 
rotating body can be made visible by a simple arrange- 
ment, the most elementary method of measuring the 
twist of a rod by torsion test—1.e., to measure the rela- 
tive displacement of two points in the rod by a pointer 
and a scale—can be applied for measuring the twist in a 
rotating shaft. s 

This can be accomplished by the following method :— 
In Fig. 1 let the body be supposed to rotate around an 
axis O, and S be that part of the body which is to be 





observed ; then fix a plane mirror M on the body in such 
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a way that it is just midway between O and S, and its 
plane perpendicular to OS. By such an arrangement of 
the mirror the virtual image i of S will be formed in the 
axis for all angular positions of S, and if the size of the 
mirror M is small, the range through which § is reflected 
into the eye of an observer will small. Therefore, 
thougb S revolves with the shaft, its virtual image remains 
practically stationary. Thus S is made visible. 

This principle is applied to the author’s torsionmeter. 
As shown in the diagrammatic sketch, Figs. 2, 3, and 4, 
this torsionmeter is composed, as is usual in this kind of 
apparatus, of a short and along sleeve A and B. The 
short sleeve A with a long projecting arm L, is directly 
fixed to the shaft, while the long sleeve B is fixed to the 
shaft at the remote end, the near end being free and 
inserted in the boss of the short sleeve A. The shorter 
arm L,» projects near the free end of the long sleeve. On 
the longer arm L, a scale S (something like Fig. 5, in 
which one division is } mm.), is fitted near the edge, an 
® plane mirror M in such a position that its reflecting 
surface is just midway between the surface of the scale- 
plate and the centre of the shaft. Its purpose is to form 
the virtual image of the scale in the centre of the shaft, 
So as to make the scale visible under the principle 
described above. On the shorter arm L, a concave 
mirror m is mounted in such a position that the ‘‘ pointing 
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edge” on the scale, which is the boundary between white 
and black parts on the left-hand side of Fig. 5, is so 
reflected that its virtual image is formed in the centre of 
the shaft. 

As may be understood from the foregoing description, 
the pointing edge as well as the scale is cut on one and 
the same side of a ground-glass plate. The relative 
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longitudinal position of the plane and concave mirrors is 
so adjusted to the position of the telescope that the plane 
mirror reflects only the scale, and the concave mirror only 
the oe edge. ; 

Referring to Fig. 6, when the relative position m p of the 
concave mirror and the pointing edge is changed, in con- 
sequence of the twist in the shaft, to mp’, the virtual 
image of the pointing edge will displace from the original 
position i to the new position 7’, the displacement being 
magnified according to the position and the curvature of 
the concave mirror. The amount of this magnified dis- 
placement 77’ is measured by the virtual image of the 
scale formed by the plane mirror. The magnification of 
four or five times is sufficient for the purpose of measur- 


ing the maximum power an accuracy Involving an error) explanation of the uae is aie esnside 


of less than 2 per cent., if one division of the scale equals 
} mm., the length of base equals 5 ft., say, and the distance 
of the scale from the centre of theshaft nearly equals the 
to the illumination 
of the scale, a fixed reflecting electric lamp is sufficient 
for the torsionmeter of a shaft with constant torque, such 
as a turbine shaft, for which the measurement of any one 


angular position is to be taken.: But for the purpose of | 
measuring the shaft ‘horse-power of a reciprocating | 


engine, in which case the observation must be made at 
several angular positions on account of variable torque 
during one revolution, it is better to illuminate the scale 
with a small electric lamp fitted just against the scale 
and revolving with the shaft, 


One of these torsionmeters was fitted for experimental 
purposes in a tugboat. The twisting moment of the shaft, 
as found by the torsionmeter and crank effort worked 
from indicator cards, are shown in Fig. 7. On account 
of the limited space around the shaft, the twist at only 
four different angles could be observed. Four ordinates 
drawn in thick lines are such twisting moments. As 
might be expected, the shafc was subjected to rather 
beavy torsional vibration, its amplitude being in one 

lace more than 10 per cent. of the observed twist. 
Recent! , & torsionmeter of this type was used in the 
Anyo Maru, the first geared turbine steamer in Japan. 
It worked so satisfactorily that although another torsion- 
meter was fitted parallel to it, the power given by the 
author's was accepted by the Government and owner's 
representatives. is torsionmeter has been patented in 
Japan and Germany, and the patent application has been 
filed in Great Britain and other countries. 





NAMES OF TORPEDO-BOAT DESTROYERS. 

THR question of nomenclature of the large and in- 
creasing number of torpedo-buat destroyers bas been 
under consideration, with the object of standardising a 
system that will provide each destroyer with an appro- 
priate name which will also suggest relationship with her 
sisters possessing similar qualities of speed, armament, 
and general design—in other words, with her ‘‘class.” At 
present, out of the 200 torpedo-boat destroyers afloat, only 
the 47 of the ‘‘ River” and ‘* Tribal ” classes fulfil the 
latter condition ; the remainder are not officially grouped 
in ‘“‘classes;” and although there are some officers 
expert in destroyer work who are perfectly familiar with 
most of the names, to the majority of officers many of 
the names fail to suggest even the approximate date of 
construction, and recourse to a table of reference is 
necessary. 

A committee appointed to look into the matter has 
tabulated a number of appropriate names for destroyers, 
and it is found that by adopting the old Service plan by 
which the name of each ship of a ‘‘class” had the same 
initial letter (e.g., ‘‘C” class, corvettes—Champion, Cleo- 
oatra, &c.), there are sufficient names under twenty 
etters of the alphabet for as many “classes.” The names 
selected are principally old Service names. An important 
addition, however, is made in the use of the names of 
naval officers specially distinguished in action. With 
this exception, names new to the Service are mainly 
reserved for use when the numerical strength of the 
class requires their addition. 

ee yr my on the above, their Lordships have deter- 
mined that:— (a) All destroyers, past, present, and 
future, are to be officially grouped in ‘‘classes” styled 
“A” class, ““B” class, &c., each destroyer having her 
class letter painted in large size on her foremost funnel. 
(4) Destroyers now building, and all subsequently built, 
are to have names beginning with the ‘‘class” letter. (c) 
Destroyers already afloat are to retain their present 
names, since the confusion arising from a change of name 
would outweigh the advantages; but they will be classed 
on, beginning with the oldest destroyers as ‘“‘A” 
ce 


Ass :— 
The following destroyers now under construction will 
be renamed as follow :— 


Present Name. Builders. Future Name, 
es ) ~~, 
vanhoe : aw 
el | Fairfield Co,, Ltd. Louis* 
Orlando” "Deeet fan 
rlando é mny an a 
Viola } tiesthane { ion 
Rob Roy \ Parsons Marine Steam { Leonidas 
Rocket —, Co., a \ Lucifer 
Sarpedon \ Swan, Hunter an Laertes 
Ulysses j wen, Seen Lysander 
Daring } John I, Thornycroft { Janse 
gon and Co., Ltd. Lookout 
to J. 8. bad 2 and Co., { i 
in utd. iberty 
sanony | = ; 
avoc , inne 
Horeward | y arrow and Co., Ltd. |e 
otspur rai 
Picton W. Beardmoreand Co., ; Llewellyn 
Portia } Ltd. { Lennox 


The destroyers recently ordered will receive the follow- 
ing names, being designated the ‘‘M” class :— Miranda, 
Minos, and Manly, by Messrs. Yarrow and Co., Limited ; 
Meteor and Mastiff, by Messrs. John I. Thornycroft 
and Co., Limited; Mentor and Mansfield, by Messrs. 
Hawthorn, Leslie and Co., Limited ; Milne and Moor- 
som, by Messrs. J. Brown and Co., Limited; Morris 
and Murray, by Palmer’s Iron and Shipbuilding Com- 

ny, Limited ; Myngs and Matchless, by Messrs. Swan, 

unter and Wigham Richardson and Co., Limited. The 
new names marked with an asterisk are those of distin- 
guished naval officers. In such cases, and wherever an 
neces- 
sary, this will be recorded on a brass plate on board the 
destroyer herself ; this will include a short account of the 
career of the officer whose name is given to the vessel. 





NorrincHaM Co.irery Devetopment. — The High 
Hazel coal seam has been reached at the new Rufford 
Colliery at a depth of 483 yards. This depth exceeds 
that at which coal was reached at the Mansfield colliery 
by 11 yards. It is expected that the deep hard seam 
will be reached when the sinking has been carried 72 
yards further, and it is hoped to tap the deep hard by 





the close of October. 
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40-TON STEAM TITAN CRANE FOR 
EAST LONDON. 


A 40-ToN steam Titan crane has recently been con- 
structed by Messrs. Stothert and Pitt, Limited, Bath, 
for block-setting in connection with harbour works at 
East London, South Africa. We give a general view 
of this crane in Fig. 1, page 462, of this issue, as it 
appeared in the builders’ yard before shipment. The 
crane lifts 40 tons at a maximum radius of 65 ft., and 
has a possible traverse for the load of 48 ft. 

The structure is built up of rolled-steel sections, with 


lattice bracing, the jib and turntable being supported | 


on a truck carried by sixteen wheels, spring-mounted, 
each set of eight wheels having a wheel-base of 27 ft. 
The wheel-track is of 17-ft. gauge. The jib carrying 
the machinery revolves on a live ring of steel rollers. 
All motions are derived from a pair of engines havin 
cylinders 11 in. in diameter by 18 in. stroke, supplied 
with steam from a Hopwood vertical boiler, 4 ft. 6 in. 
in diameter and 10 ft. 3in. high, working at a pressure 
of 100 lb. per sq. in. Two lifting speeds are provided, 
the winding-barrel being large enough to coil rope 
sufficient to allow the hook to descend 58 ft. below the 
rail-level. The jenny is racked backwards and forwards 
by means of a steel wire rope led over pulleys at 
the outboard end of the jib, and secured to the rack- 
ing barrel. Slewing is effected through a pinion 
gearing with a large circular rack fixed below the 
turntable. The travelling gear is operated by means of 
bevel and spur-wheels. The liftingand travelling motion 
gears are of cast steel, all quick-running motions being 
machine cut. A large concrete counterbalance is 
housed in the short end of the jib. The operating 
gear is brought together, as will be seen from our illus- 
tration, to a position commanding a clear view of 
the work and machinery. It may be controlled by 
one man. 

The lifting gear is fitted with a Peters free-wheel 
hydraulic brake, which ensures control of heavy loads, 
the principle of which may be followed in Figs, 2 and 3 
herewith. The brake consists of two hydraulic cylin- 
ders, the pistons of which are worked from a shaft 
carrying a free-wheel spur. coupled to the winding 
barrel by means of a train of gears. The load, in 
lowering, is thus always held against a cushion of 
water, and lowering can be regulated by means of 
the water-valves shown in the figures, the valves 
being worked from the driver’s platform by means of 
worms and shafting. 

By the free-wheel arrangement the winding can be 
performed at any moment if necessary, without 
throwing out of gear the hydraulic brake. The free- 
wheel gear is fitted with a silent pawl device. Spring- 
loaded valves are fitted to each brake cylinder, so that 
under sudden overload water is by-passed from one 
to the other side of the piston, thus ensuring smooth 
running. Water is circulated through jackets sur- 
rounding the cylinders, to absorb the heat generated 
in lowering. In the crane under notice the brake 
cylinders are not placed on the same bed-plate as 
shown in Fig. 3, but are placed further apart, with 
the free-wheel on the shaft between them. A strap- 
brake is provided for dealing with light loads. 

The crane illustrated can be employed for settin 
blocks either symmetrically or pell-mell. It was erecte 
complete and tested under a load of 50 tons before 
shipment. 





Tue Names or THE New Barr esuips.—It has been 
decided that H.M.S. Delhi, building by Messrs Vickers, 
Limited, shall be renamed Emperor of India. The 
following names have been — <9 to the battleships of 
the 1913-14 p mme recently ordered :—The Ports- 
mouth oa ship, Royal Sovereign ; the Devonport 
Dockyard ship, Royal Oak; the vessel to be built by 
Messrs. Palmers’ Shipbuilding ae , Resolution ; 
that by Messrs. W. Beardmore and Co., illies ; that 
by Messrs. Vickers, Limited, Renown. These names are 
all historical, and were last given to ships of the Naval 
Defence Act Fleet completed in 1893-4. 


Tue Yrovit Rattway Acorment.—The report of the 
Board of Trade inspector, Lieut.-Colonel P. G. von 
Donop, on the accident which occu at Yeovil on 
August 9, has recently been issued. This accident, it 
will be remembered, was due to a collision of a passenger 
train entering the station runt ing into the rear of a train 
standing at the platform, with the result that three lives 
were lost and nine people injured. The east end of the 
platform at this point is protected by a distant signal, 
an outer home, and an inner home signal; a starting 
signal is provided under the control of the same box, also 
east of the east end of the platform. The distant signal 
was at danger when the train passed it, and the outer 
home signal was also in that position. There is some 
‘ uncertainty as to whether the inner home was off or 
against the train, but it was at danger when first sighted 
by the driver, the starting signal also being at danger. 
Lieut.-Colonel von Donop is of opinion that the la- 
tions in force at this point were not strictly worked to, 
but that the blame chiefly devolves upon the driver, who 
had several Cay to proceed cautiously, and should 
have been able to draw up clear of the starting signal 
against him, instead of passing it. 





40-TON STEAM TITAN CRANE; HYDRAULIC BRAKE. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, BATH. 


Fig. 4 
















































































NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
iz-iron market again opened with a dull tone, and Cleve- 
land warrants were easier. The turnover was limi to 
one lot at 54s. 44d. five days, and closing sellers quoted 
54s. 6d. cash, 54s. 9d. one month, and 55s. 44d. three 
months. In the afternoon there was a little more 
doing and prices improved. The business amounted 
to 2500 tons of Cleveland warrants at 54s. ofa and 
54s. 74d. six days, and at 54s. 10d. and 54s. 10$d. one 
month, with sellers over at 54s. 74d. cash, 54s. 10d. 
one month, and 55s. 6d. three months. On Friday 
morning Cleveland warrants were again stronger, but 
only one lot changed hands at 55s. twenty-eight days. 
At the close there were sellers at 54s. 104d. cash, 
55s. 14d. one month, and 55s. 9d. three mont The 
afternoon session was also quiet, but Cleveland war- 
rants continued strong. The dealings consisted of 
one lot at 55s, 14d. November 11, and closing sellers 
named 54s. 11d. cash, 553s. 2d. one month, and 
55s. 9d. three months. On Monday the market was closed 
all day, being Glasgow autumn holiday. On Tuesday 
morning the market was weak, and 1000 tons of Cleve- 
land warrants were done at 54s. 6d. and 54s. 54d. cash, 
with sellers over at 54s. 6d. cash, 54s. 84d. one month, 
and 55s. 3d. three months. A slightly easier tone again 
prevailed in the afternoon, when tons of Cleveland 
warrants were dealt in at 54s. 44d. cash, 54s. . and 
54s. 74d. one month, and 55s. three months. Closin 

sellers quoted 54s. =, cash, 54s. 8d. one month, an 
55s. three months. hen business was resumed to-day 
een) Cleveland warrants were steady and quiet. 
e turnover was limited to 1000 tons at 54s. . cash, 
and sellers’ closing quotations were 54s. . cash, 
54s. 74d. one month, and 55s. three months. e after- 
noon session was also quiet, but the tone was firmer, and 
one lot of Cleveland warrants changed hands at 55s. 
December 23. At the close there were sellers at 54s. 6d. 

cash, 54s. 84d. one month, and 55s, 1d. three months. 


Sulphate of Ammonia.—A fairly good demand is re- 

rted for sulphate of ammonia, and the output, which 

as increased considerably in recent years, is being 
readily taken up. No change has been made in price 
since fast week, and the current quotation is still 137. 15s. 
per ton for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade: Reduction in Prices.—In the steel 
trade of Scotland there has been little life during recent 
weeks, and bookings have been very few, with the result 
that orders on hand have been getting slowly but surely 
cleared off. The prospects of an improved demand are 
now much brighter since the associated makers resolved to 
reduce prices by 10s. per ton, and a decided increase in the 
number of specifications ought to be forthcoming shortly. 
The meeting at which it was agreed to lower prices was 
held in London on Saturday, and it is barely time yet to 
notice the effect on trade, although 3 already 
show an increase. Producers will now laced in a 
more favourable ition to meet the severe Continental 
competitien. The following are the new current quota- 
tions :—Ship-plates, 7/. 7s. 6d. ton; boiler-plates, 
8l. 2s. 6d. per ton; angles, 7/. per ton; and bars, 
61. per ton, less 5 per cent , Clyde delivery or equal. 
This is the second reduction of 10s. per ton this year, 
the last one having been made in August. Black-sheet 
makers continue to be well employed and prices are un- 
altered, while for sectional material there is a healthier 


inquiry and a fair amount of new business has just been | 











fixed up. The export market does not show much expan- 
sion, but, all the same, there is a large tonnage being 
shipped, and inquiries at the moment represent a con- 
siderable quantity of different kinds of material. India, 
Australia, New land, South America, and the Far 
East, are all good customers. 


Malleable-Iron Trade.—The state of the malleable-iron 
trade of the West of Scotland is still very r, and work 
is only being carried on intermittently. The booking of 
fresh orders is a very difficult matter, owing to the large 
amount of cheap foreign material on the market, and any 
new business on offer is keenly sought after. The home 
price is still based on 7/. 10s. per ton—less 5 per cent. for 

‘crown ” bars, but the quotation may be a little reduced 
before long. 

Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig iron keeps fairly steady, but prices 
are perhaps not quite so firm. The number of furnaces 
in blast has been reduced by one, making the total now 
85, as against 88 for the corresponding week of last year. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde, 73s. 6d.; Calder, Gartsherrie, 
Summerlee, and Langloan, 74s. ; Glengarnock (at Ard- 
rossan), 74s. ; Shotts (at Leith), 74s.; and Carron (at 
Grangemouth), 74s. 6d. Hematite is still very quiet, 
with an absence of demand. 





KInGsTon-UPON-THAMES Exxorriciry Suppry.—The 
electricity station at Kingston-upon-Thames, which was 
first put into operation nearly twenty years ago, has been 
modernised by the installation of a Diesel engine plant 
which took over the load a few days ago. The station, 
which is the property of the Corporation, has, we believe, 
never been very successful from a financial point of view, 
and it is hoped that reduced costs following on the new 
plant may enable an improvement to be shown. The 
old plant consists of small steam-driven units, and will be 
retained as a stand-by and to assist the Diesel engines on 
peak loads. In general, however, the Diesel plant will 
supply the whole output. The new engines are two in 
number and each drive a 270-kw. 2100-volt single-phase 
Siemens alternator. One engine is of the four-cycle four- 
cylinder type, and theotherof two-cycle two-cylinder type. 
They were supplied by the Machinenfabrik Augsburg- 
Niirnberg, and are of the horizontal pattern. We had an 
opportunity of inspecting the engines on the 26th ult., and 
found them to present the ap ce of a sound and 
well-finished job. Paralleling was carried out without 
difficulty during the visit. Fuel is conveyed to the station 
from 60-ton ba which lie in the river alongside, the 
oil being pum direct to the storage tanks. 
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NOTES FROM SOUTH YORKSHIRE. 
: SHEFFIELD, Wednesday. 

Colliery Development in South Yorkshire.—Information 
of exceptional interest to the industrial community at 
large was furnished at the annual meeting, in Sheffield, 
on Monday, of the Sheepbridge Coal and Iron ar. 
Lord Aberconway showed that there was no need to 
apprehensive about a glut of coal as the result of the opera- 
tions of the new pits in the rapidly developing Doncaster 
coalfield. He found that our foreign coal exports had 
increased since 1911 by 12,000,000 tons, equal to the yearly 
output of twelve first-class collieries. On this basis he 
expressed the a that the whole output would be 
absorbed. Another topic was the shortage of labour in the 
coalfields. way said there was not a colliery 
owner but could put a thousand more men in his pit at 
this moment if he could get them. With regard to the 
Sheepbridge Company’s difficulties in this direction, the 
chairman Mr. Fowler) said that for their operations at 
Maltby they had tried to overcome the difficulty by 
running special trains from caster and motor-cars 
from other parts, trying to tap other districts for colliers. 
They had also about 600 good houses for workmen, 
but with all their efforts they had not got sufficient 
men. ‘The share which the Sheepbridge Company is 
taking in the South Yorkshire colliery developments 
was indicated by the fact that 100,000. was placed 
to reserve for this _ Some of the statistical 
information given * rd Aberconway was par- 
ticularly interesting. He said the cost of raising coal at 
Sheepbridge had in 40 per cent. in the last 
25 years, and of this about 1s. 6d. on the ton was due to 
higher wages. Men, however, were only working about 
80 per cent. of their time available, in spite of the fact that 
recent legislation in the interests of the workmen had 
imposed an annual burden upon the company of 60,000/. 
a year. This loss of time meant that about one-fifth of their 
capital and of the trade resources of the country were idle. 


South Yorkshire Coal Trade.—The October price-lists 
are now to hand from most of the local collieries, and 
show a general advance in house-coal prices, averagin 
about 1s. per ton. In consequence of the steady uae 
tendency following the coal strike, and the passing of the 
Minimum Wage Act, the present figures represent ad- 
vances upon the quotations current two years ago of from 


3s. to 4s. Dépéts are very noticeably busier, with some | Qo, 


large contracts on hand, but there are still a good 


many householders who have delayed placing orders plates, 


for their winter stocks. A few days ago collieries 
were intimating that they could not accept orders for 
immediate delivery, being already booked up to their 
full outputs. Steam coal is in very demand, and 
further foreign contracts have been placed. Current 
quotations do not show any alteration in these qualities, 
nor in coke and slacks, which are at present on the quiet 
side. Quotations :—Best branch oe 16s. to 
17s.; Barnsley best Silkstone, 14s. 6d. to 15s. 6d.; Derby- 
shire best brights, 12s. 6d. to 13s. 6d.; Derbyshire house, 
lls. 6d. to 123. 6d. ; best nuts, lls. to 12s.; best 
small nuts, 9s. to 10s.; Yorkshire hards, lls. 9d. to 
12s. 9d.; Derbyshire hards, 10s. 9d. to lls. 9d.; rough 
> 6d. to 8s. 6d.; seconds, 5s. 9d. to 6s. 9d.; 

4s. to 


Iron and Steel.—Local iron prices have not changed, 
except in the case of large orders, where slight reductions 
have been made. Steel manufacturers are taking consider- 
able supplies of iron, but otherwise the market is quiet. 
No change for the better has taken place in the bar-iron 
position, but the demand for iron for building purposes has 
improved. The Parkgate ery, =! have put out their 
two Holmes furnaces. East t hematite is to be 
had at 72s. 6d. net. Manufacturers of crucible steel 
expect some falling off in trade, European and Ameri- 
can customers taking smaller supplies. For the pre- 
sent, however, the order - books are well filled, and 
there is enough work to last out the year. Oommer- 
cial motor-car building has a great ing on this 
class of trade, and is at ge a prosperous branch of 
engineering. A serious lack of work prevails in those 
firms dependent on home business in railway steel and 
billets, and wheres local contracts have terminated re- 
newals are not taking place. The foreign demand, how- 
ever, is satisfactory. Armament work continues to flow 
to Sheffield. From France come orders for turbines ; and 
armour-plate to the value of 38,0007. is ane made by a 
local firm for Spain. Industrial work for foreign coun- 
tries is considerable, consisting of steel for Delagoa Bay, 
Vancouver, Bombay and Cape Town; —_ ne in 
large quantities for Port Swettenham and i ora 
Mexican railway two firms are making 2000 steel axles 
and tyres. Indian orders on railway account are good. 
The moulders’ strike has had a serious effect upon work 
in the local foundries, and it is feared that valuable trade 
connections may be lost to the city, in consequence of 
customers’ inability to obtain deliveries. It was a 
the moulders would be back at work this week, but so 
far they have not resumed. 





THE INSTITUTION OF MuntcipaL ENGINEERS. — The 
southern district meeting of the Institution of Municipal 
Engineers will be held at Crowborough on Saturday, 
October 18, 1913. Members will meet at the w- 
borough and Jarvis Brook station at 12.30a m., and after 
visiting the i conducted over the new 
Sewage works for the district of St. John’s, of which a 
brief description will afterwards be read by Mr. Charles 

urton, engineer and surveyor to the East Grinstead 
Rural Council. _ Later on, a discussion on “The Ad- 
vantages and Disadvan of the Intercepting Trap” 
will be opened by Mr. W. E. Woollam, engineer and 
surveyor to the urban district of East Grinstead. 





NOTES FROM CLEVELAND AND THE | 


NORTHERN COUNTIES. 
Mrpp.LEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Quietness characterises the 
pig-iron market. Uncertainty concerning the future 
causes traders to act with much caution, with the result 
that the business passing is on only a very limited scale. 
At the same time, however, it must be borne in mind 
that considerable autumn requirements have yet to be 
hes for, as many pig-iron customers have this year 
elayed longer than ing arrangements for 
supplies over the back end of the year. is should 
cause fairly brisk buying in the near future, so as to 
satisfy autumn requirements. Nothing definite can be 
wi to shipping Cleveland pig 


asce 
to America. It would seem that negotiations have 
been confined to inquiry for a freight for 5000 tons 
Middlesbrough to Philad elphia. ers point out 


that, even with the removal of the American tariff, 
Cleveland pig cannot successfully compete with 
the United States in the American markets. No. 3 
g-m.b. Cleveland pig is selling at 55s. f.o.b.; No. 1, 
which is scarce, is firm at 57s. 9d.; No. 4 a ge 
54s. 6d.; No. 4 forge, 54s. 3d.; and mottled and white 
iron, each 54s. These quotations are for early delivery, 
but probably forward contracts could be made round 
about the same figures. A few inquiries for East 
Coast hematite pig are re , and one or two 

have c hands at for Nos. 1, 2, and 3. 
Both makers and merchants are prepared to sell at 
that figure for either early or forward delivery, but 
they are not disposed to entertain offers at anything 
below that price. There is nothing passing in foreign 
ore, and in the absence of transactions quotations are 
difficult to fix. Market rates may be nominally based 
on 19s. 6d. ex-ship Tees for Rubio of 50 cent. quality, 
though purchases might be made on rather lower terms, 
notwithstanding the high freights. 


Manufactured Iron and Steel.—Producers of manufac- 
tured iron and steel are kept busy on running contracts, 
but orders are scarce, and, as was anticipated, quotations 
are falli The reductions of 10s. that have n 
announ in ship-plates and ship-angles have failed to 
bring in buyers. These reductions are expected to be 
followed by the lowering of prices of other desoriptions. 
mmon iron are 8l.; packing iron, 6/. 15s. ; iron 
ship-plates, 7/. 5s. ; iron ship-angles, 7/. 15s. ; steel ship- 
71. 5s. ; steel ship-angles, 6/. 17s. 6d. ; heavy steel 
rails, 62. 10s. ; and steel railway sleepers, 7/. 10s.; railway 
— net, and all other descriptions less 24 per cent. 

iscount. 


Ironworkers’ Wages.—The accountant to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trades of the North of England has certified 
iron rails, plates, bars, and angles for the two months 
ended August 31 last at 7/. 12s. 7.16d. per ton, as against 
7l. 11s. 3.97d. for the previous two months; and in 
accordance with sliding-scale arrangements there is an 
advance of 3d. per ton on puddling, and 24 per cent. on 
all other forge and mill wages in the North of England 
for the months of October and November. 


Shipments of Iron and Stecl.—September shipments 
from the Tees come fully up to expectations. ings 
totalled 117,814 tons, 107, tons of which went from 
Middlesbrough, and 10,728 tons from Skinningrove. The 
total despatches for the previous month were given at 
111,254 tons, whilst for September, a year age. the clear- 
ances reached 118,079 tons. Last month Skinningrove 
shipments were practically all for Scotland, only 540 tons 
going elsewhere. Of the pig iron loaded at Middles- 

ugh last month, 70,120 tons went abroad, and 36,966 
tons coastwise. As usual, Scotland was the largest 
receiver, taking 28,540 tons; whilst Germany imported 
13,793 tons ; Japan, 8717 tons; Belgium, 8244 tons ; Italy, 
7357 tons; France, 6471 tons ; Sweden, 5483 tons; Wales, 
5185 tons; Holland, 5035 tons; and the United States, 
3315 tons. Of the 17,523 tons of manufactured iron 
shipped at Middlesbrough last month, 9690 tons went to 
foreign ports, and 7833 tons coastwise ; and of the 27,947 
tons of steel shipped, 23,803 tons went abroad, and 
4044 tons coastwise. Once more India was the largest 
importer of both manufactured iron and steel, receiving 
6482 tons of the former and 6598 tons of the latter. 








PrrsonaL.—We have been asked to mention that the 
name of the firm André Citroén and Co., of 27, Queen 
Victoria-street, London, E.C., has been to the 
Citroén Gear Company, Limited. The change will, we 
are told, in no way affect the internal organisation of the 
firm.—Mr. E. Middleton has retired from the firm 
of Messrs. Hunter, Duff and Middleton, civil engineers, 
of 17, Victoria-street, Westminster, S.W., and the busi- 
ness will in future be carried on . Mr. Walter 
Hunter, Mr. M. B. Duff, and Mr. R. Fairfax Middle- 
ton, under the style and title of Messrs. Hunter, 
Duff and Middleton.—The Farbenfabriken, vorm. Friedr. 
Bayer and Co., Elberfeld, inform us that the address of 
their information bureau and the Kekulé library (under 
the management of Dr. Gartenschliiger) is now Lever- 
kusen, Bez, Kéln.—Mr. Charles H. Luke has severed his 
connection with the Engi ing Review, both as a director 
and manager, and in future will devote himself entirely to 
trade and other exhibition work. He is joint ee 
director of Walter Cawood, Limited, a firm whose 
business is that of organisers of exhibitions, and his 
address is Roslyn, Wilmslow, Cheshire.—Mr. Robert 
Booth, of 110, Cannon-street, London, E.C., has taken over 
the representation in the United Kingdom and Colonies of 
Messrs. Paul Wiirth and Co., of Luxemburg, construc- 
tional engineers. 


NOTES FROM THE SOUTH-WEST. 


ty trade has been generally quiet ; 
labour difficulties appear to have somewhat subsided. 
Colliery-owners have shown reluctance to make con- 
cessions, and only those who require pro’ ~s# clearances 
of trucks are likely to consent to redu quotations. 
qraneas arrivals over the week-end are disappointing. 
The administration of the Paris, Lyons, and Mediter. 
ranean Railway has invited tenders for 100,000 tons of 
Welsh small steam coal ; the administration further re- 
quires from 30,000 to 60,000 tons of large steam coal, to 
be delivered at Marseilles over 1914. The best Admiralty 
large steam coal has made 19s. to 20s. 6d.; the best 


dary qualities, 18s. 6d. to 19s. 3d.; other secondary 
ag yng ag ne | 18s. 3d.; best bunker smalls, 
4 03 smalls, 7s. to 8s. ton. 

The best household coal hen, uoted at 19s. to 208. 3 
households at 17s. to 18s.; No.3 dda large at 

6s. 6d. to 17s.; and smalls at 12s. to 12s. 6d. ton. 
No. 2 Rhondda large has brought 12s. to 12s. 9d., and 


Beicee Gvehees ByEl ines 
oun co) le to ; f coke, 
238. to 26s. ; and furnace coke, 19s. to 2ls. per ton, As 
regards iron Rubio has brought 18s. to 19s. 3d. per 
tle bate een of iron, and charges, 
inclu freight, insurance, &c., to Cardiff or Newport. 


Welsh Gupening te fits of the Port Talbot 
Graving « and Shipbuilding Com , Limited, for 
the year ending July 31 were 64700. ter provision 


for interest on debentures, and after adding 1161/. brought 
forward from 1911-12, there was a balance of 55087. avail- 
able for dividend. This balance was devoted to the 
redemption of debentures, and a dividend of 5 per cent. 
per annum — the ordinary shares, leaving a reliquat 
of 26077. to carried to the credit of 1913-14. he 
directors of the Cardiff Channel Dry Docks and Pontoon 
upuy, Limited, have decided to pay an interim 
dividend at the rate of 6 per cent, per annum upon the 
ordinary shares for the year ended September 30. 

Welsh Coal Exports.--Tenders are to be delivered next 
week for the supply of 380,000 tons of South Wales coal 
for the French State Railways. The large coal-export- 
ing firms show no eagerness at present to enter into con- 
tracts to any considerable extent. Inquiries are anti- 
cipated from Argentine and Irish railways. The activity 
and prosperity of the South Wales coal trade are shown 
in the fact that the market value of shares in Welsh 
colliery companies is nearly 4,000,000/. more than it was 
twelve months ago. Quotations also appear to be still 
hardening. 

More Welsh Coal.—The Jersey Marine Colliery has 
reached the Werndu seam at its Garnet colliery. The 
seam is 3 ft. 3 in. thick and is of excellent quality. 


Dowlais.—The Dowlais works have been generally busy. 
The blast-furnaces have worked without interruption, 
and the same may be said of the Bessemer and Siemens 
furnaces. The Goat Mill and the sleeper press have also 
been well employed, production having moved on at the 
rate of several thousand tons weekly, and includin 
heavy steel rails, billets, slabs, &c., as well as stee 
slee The Big Mill has been engaged, as usual, upon 
colliery rails, curves, role-plates, fish-plates, &c. 








Tue tate Mr. H. W. Garratr.—We regret to have 
to record the death, on the 26th ult., of Mr. Herbert W. 
Garratt, after only a short illness, at his residence at 
Richmond Hill. Mr. Garratt commenced his engineer- 
ing career at the Bow Works of the North don 
Railway, under the late Mr. J. C. Park. Later he ob- 
tained some experience of marine work both at sea and 
in the shops. After inspecting locomotives under con- 
struction under Sir Douglas Fox, he worked under the 
late Mr. Dugald Drummond in Scotland, subsequently 
coming to the London and South-Western Railway. He 
then went out to the Central Argentine Railway, to 
superintend the installation of the automatic vacuum 
brake on that system, and of the gas-lighting system on 
trains. Later he was appointed chief draughtsman and 
then district locomotive superintendent. His experience 
after leaving the Argentine was varied, as he was loco- 
motive, carriage, and wagon su rintendent in turn of the 
Cuban Central Railways, the Government Rail- 
ways, and the Lima Railways of Peru. Since his return 
to England, among other work, he undertook inspection 
work for the New South Wales Government Rail- 
ways. Latterly his chief interest lay in the develop- 
ment of the special type of articulated locomotive, 
which he patented, and which was taken up by Messrs. 
Beyer, Peacock and Co., of Manchester. e first 
locomotive to be built on this system was illustrated 
in EnGingerine (vol. Ixxxviii., 802). This was 
an eight-wheeled engine for the Tasmanian Government 
Railways 2-ft. gauge lines, two being ordered to the same 
designs. These engines were compounds. We gave 
illustrations at the time of the ne complete and of 
the boiler in its girder frame, and of the two engine 
bogies. Subsequently (vol. xciv., page 354) we illustrated 
some much more powerful locomotives built on the same 
principle, but for the 3-ft. 6-in. gauge lines of the same 


system, ordered as a result of the successful working of 
ose uired in 1909. T i were the 
4-4-2-2-4-4 and the 2-6-2-2-6-2 t and weighed 94 tons 


and 89 tons respectively. The first was an eight-cylinder 
engine, the second having four. They were fitted with 
superheaters, Other engines have been built on the 
Garratt principle, one of them recently ny oy 
by the Saint Léonard otive Company, Liege, under 
licence from Messrs. Beyer, Peacock and Co., and exhi- 
bited at the Ghent Exhibition. Mr. Garratt became a mem- 





ber of the Institution of Mechanical Engineers in 1902. 
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THE FORTH BRIDGE; RENEWAL OF 
RAIL-TROUGHS AND FLOOR-PLATES, 


Wuen the Forth Bridge was designed, more than 
thirty-one years ago, the loads and the train speeds 
calculated for were considerably in excess of those 
then assumed as probable for a long period of time ; 
but progress in these respects, particularly in the 
weight and power of lucomotives-and the loads 
behind them, has advanced enormously. It is 
therefore gratifying to know that, although the 
limits have not yet been reached, so far as the 
strength of the bridge is concerned, the directors of 
the Forth Bridge Company, each holding positions 
of high responsibility in the railway world and 
possessing great experience, have decided further 
to anticipate the developments of the locomotive 
engineer, and to reconstruct part of the flooring 
and troughs in which the railway track is laid over 
the bridge. In order to ensure that the method of 
procedure will most effectively meet the require- 
ments, it has been decided at once to proceed with 
a trial section, to be followed by a reconstruction 
from end to end of the bridge. e directors have 
wisely arranged for the carrying out of the work 
by the original builders, Sir William Arrol and 
Co., Limited, Glasgow, for although Sir William 
and the two great engineers who designed the 
bridge—Sir John F Fowler and Sir Benjamin Baker 
—have passed away, their coadjutors are still with 
both the designing and building firms. Thus 
Messrs. Baker and Hurtzig will be the engineers 
for the work in association with the engineer-in- 
chief of the North British Railway Company, Mr. 
W. A. Fraser. 

Before describing the nature of the work to be 
done, it may be interesting to glance at the great 
development in traffic over the bridge, as well as 
in the maximum loads of trains since the bridge 
was opened, over twenty-three years ago. ‘In the 
first year—between March 4, 1890, and March 3, 
1891—there crossed the bridge on the up line 19,074 
trains and engines, having a total weight of 5,017,775 
tons, and, on the down line, 18,536 trains, weigh- 
ing 4,923,837 tons. In the year ended at the 








465 | Same date in March last the total number of trains 


had increased from 37,610 to 52,944, or about 40 

r cent., while the collective.weight had advanced 
rom 9, 941, 612 tons baw 15,894,410 tons, or about 
60 per cent. The line traffic was last year 
represented by 26,26: trains, and the duwn-line 
traffic by 26,681 trains, the collective weights being 


aad respectively 7,865,862 tons and 8,028,548 tons. 
469 | The greater load now carried by the up line may be 


accounted for by the opening up recently of new 
coal-fields in Fifeshire. Such a volume of traffic, 
9 er and. goods, thoroughly justifies the bold- 

= ot the projectors of the bridge.. The total 


4 seep all years is further striking proof of this, the 


figures for the twenty-three years being 1,191,500 
trains and engines, made up of 595,310 on the u 
line and 596,190 on the down line, while the col- 
lective weight transported is 317,271,789 tons— 


168,390,025 tons on the ap line and 158, 881,764 tons 
on the down line. 
Of even greater interest is the growth in the 





weight of the trains. The average weight twenty- 
three years ago was about 260 tons ; last year it was 
just-under 300 tons. This means greatly increased 
tractive power for the locomotives, and therefore 
greater weight. When the Board of Trade tested 
the bridge before it was opened they naturally chose 
the heaviest locomotives belonging to the North 
British Railway Company, who were to work the 
traffic. These were culpa 73 tons, including tender, 


- | the axle-load being ram 16 tons. Now thereare in 
~| regular use locomotives of the ‘‘Atlantic” type with 


weights—including tender, of course—of over 120 
tons, the maximum axle-load being 20 tons. This 
latter is, of course, a determining factor to be con- 
sidered in the stresses involved, and, as will be seen, 
it shows an increase of 25 per cent. But in addition 
there is the all-important question of speed, and the 
higher rates demanded eall ll for consideration. That 
the structure has stood tests of such increasing 
severity proves not only that the original design 
was satisfactory, but that the upkeep and main- 
tenance have been thorough, everything being in 
satisfactory condition. This is a consequence of the 
quarterly inspection by the engineers, and the con- 
tinuous work py a staff of painters, “c. 

While there is no present reduction in strength 
for the supporting of the load, and still a thoroughly 
adequate margin of safety for increase in size of 
locomotives in the immediate future, the directors 
have decided to prepare timeously for probable 
developments, aA have arranged, as we have 
already stated, to relay from end to end part of the 
floor and the troughs carrying the inner rails in 
both up and down lines. The importance of the 
work is due to the magnitude of the bridge itself, 
and to the method of carrying it out with the 
minimum of interference with traffic, rather than 
to the extent of the work to be done. It is esti- 
mated that it will involve 2500 tons of structural 
steel for the renewal of troughs and floor from end 
to end of the bridge ; of this total, the addition to the 
weight of the present steelwork of the bridge is 
only 750 tons. This, in a bridge which required 
54,160 tons of steelwork, is insignificant and proves 
further the splendid character of the original con- 
ception and workmanship and the care exercised in 
maintenance. But the work will. take some years 
to execute, as operations can only be carried on 
during summer weather, as it is proposed not to 
interfere with traffic on week-days, while even 
on Sundays one line only will be closed. 

No work is involved in the main cantilevers, 
girders or trusses. The reconstructional work will 
be confined to the rail-troughs and floor-plates 
between them. The outer rail on each line is 
carried on longitudinal oak sleepers on the main 
girders. These require no work. The inner rails 
are laid on similar longitudinal timbers resting in 
troughs built up of three plates secured by four 
angles, while between these is a flooring of buckle- 

lates which are convex. It is these troughs and 

oor-plates which are to be renewed in order that 
they may be of increased strength to take the 
heavier locomotives and train-loads of the future. 
As we have said, an experimental length of about 
50 ft. in the approach viaduct, and another of the 
same length ir the internal viaduct through ‘the 
cantilevers, will“first be constructed, and on this 
operations will begin on Sunday next. Experience 
will thus be gained in regard to details both of 
design and execution. Work will then be pursued 
as rapidly as the exigencies of traffic and weather 
will Re of for the support of the whole of the 
2518 ft. of track in the approach viaducts and the 
3745 ft. in the internal.viaducts through the canti- 
levers. The portions at the ends of the cantilevers 
and through the central girders, 1591 ft. in length, 
will be dealt with after the other parts are com- 
pleted. Thus ultimately the longitudinal troughs 
and floors of the complete 7854 ft. of the bri 
will be renewed. 

It is not possible thus early to indicate with any 
degree of precision the details of design of the new 
section of troughing and flooring. There has, how- 
ever, been a great increase in the size of the sections 
rolled at steel works, and there will thus be rendered 
available channel-bars of a size greatly exceeding 
those obtainable for the original troughs. Thus the 
design of the work will be modified, aud the drai 
system as a consequence improved. As can readily 
be imagined, the sand used by locomotives on the 
rails and the cinders from the locomotives’ stack, 
when they combine with rain-water, created trouble 
within the troughs, and increased the ravages of the 
enemy of all structural steelwork, augmenting the 
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amount of painting required, if not also increasing 
the work of keeping secure the riveting of plates 
and angles in the troughs and in the buckled plates 
on the floor. It will probably be possible to get 


channels 17 in. wide, equal to the depth and width | 
| advance as compared with the vessels of eight years 


of the troughs, and the flanges will be caulked and 
riveted by power supplied through piping from the 
temporary constructional works to be laid out by 
the contractors at Queensferry. This will minimise 
connections, with their attendant difficulties, and 
the liability of action being set up due to sand, 
cinders, and water. There will, of course, be drip- 
holes in the troughs as well as in the centre line 
of the buckle-plates, which are to be concave. It 
will therefore be recognised that in addition to the 
greater loads of the future being anticipated, there 
is possibility of a reduction in the upkeep charges, 
due to less renewal of painting and asphalting. 
While progress is made in the work of loosening 
the existing flooring in sections, preparatory to the 

utting in of the new sections ak tenie, efficient 
ateral stability will be ensured at all times by the 
fitting of suitable temporary bracing. Thus, not 
only in their main idea of improving the bridge, 
but in connection with the temporary work during 
the progress of the undertaking, the directors and 
engineers will be thoroughly safeguarding the 
interests of the travelling public. 





DESTROYERS OF DESTROYERS. 

Tuts is the picturesque title applied by the First 
Lord of the Admiralty to the new light-armoured 
cruisers, the first of which, the Aurora, was 
launched at the Devonport Dockyard on Tuesday. 
The title is indicative of the chief function of the 
ships ; these vessels are endowed with such high 
speed and sea-keeping qualities that, except in 
shallow waters and in dead calms, they will easily run 
down any existing torpedo-boat destroyer. At the 
same time they will form a most valuable adjunct to 
the fighting fleet by serving as scouts for such recon- 
naissance work as does not demand the penetration 
of the screen of the enemy. It is eight years since 
vessels designed exclusively for scout work were 
completed for the British Navy, and, as in these 
scouts every element was subservient to speed, it 
is indicative of progress that while the eight earlier 
vessels ranged in speed from 25.06 to 25.8 knots, 
the sixteen vessels of the Aurora class now build- 
ing are designed to attain a speed of at least 
29 knots, and will probably exceed 30 knots, not- 
withstanding that the armament and armour is 
immensely superior to those of the scouts of 1905. 
In the interval there were built a large number 
of vessels known as the ‘‘ Town ” class, with speeds 
of between 26 and 27 knots. These represented 
the intermediate stage, but in their case speed does 
not seem to have been the first consideration, as 
they have a fairly formidable armament. More- 
over, they are of very considerable size, ranging up 
to 5400 tons displacement. 

The vessels of the Aurora class, of which eight 
were ordered under the programme of 1912-13, 
have a length of 410 ft. and a beam of 39 ft., 
while at 13 ft. 6in. draught they displace about 
3500 tons. The eight ordered this year have a 
slightly greater length and tonnage. The scouts 
of eight years ago ranged in length from 360 ft. 
to 370 ft., and in displacement tonnage from 
2800 tons to 2900 tons. Some of these earlier 
vessels are protected only by an arched deck 
of about 14 in. in thickness, while the others 
have a narrow water-line belt 2 in. in thick- 
ness. All the new cruisers, on the other hand, 
are protected by two thicknesses of side plating, 
extending right fore and aft, and of very con- 
siderable depth. The outer plating is of nickel 
steel, and the inner of high tensile steel, the total 
thickness being for the greater part of the length 
3 in., reduced slightly at the fore and aft ends. 
Thus they have a very effective protection against 
the fire of any destroyer afloat, and can therefore 
get into close range with destroyers without fear 
of being seriously damaged by the gun attack 
of the Sighter craft, while themselves able to 
deliver a very severe blow to destroyers. Their 
armament is, indeed, formidable for their size. 
In this they are a long way ahead of the 
early scouts, the original armament of which con- 
sisted of ten 12-pounder and eight 3-pounder guns ; 
but this armament was last year replaced by nine 

uick-firing guns of 4-in. calibre. The new vessels, 

though only of slightly increased size and dis- 
placement, mount two 6-in. and eight 4-in. guns, 





and are fitted with two twin torpedo-tubes for dis- 
charging the largest and most powerful torpedoes 
now made. It will thus be recognised that, alike 
in defence and attack, the Devonport ship now 
launched, and the others of the class, mark a great 


ago. 

The great improvement in the fighting efficiency 
of the light armoured cruisers as compared with those 
of 1905 is, in large measure, due to the advance in 
the efficiency of propelling machinery. The earlier 
scouts, with twin-screw reciprocating engines, came 
out in the same year in which the Amethyst—the 
first cruiser with turbines—made her trials and 
demonstrated the efficiency of the Parsons system. 
In her case the weight of the machinery was 86 lb. 
per shaft horse-power, which compared with 123 lb. 
per horse-power for the corresponding installation 
of reciprocating engines. Progress has since been 
continuous, and the machinery of the Aurora only 
weighs about 56 lb. per shaft horse-power. lt 
will therefore be seen that the attainment of a 
much higher speed was rendered a matter of greater 
simplicity on the part of the naval designer, as it 
was possible to double the power fitted in the earlier 
piston-engined scouts without augmenting the ton- 
nage involved in machinery. By the use of oil only in 
the express boilers, with which the Aurora is fitted, 
a much greater radius of action is realisable than 
with pat developing steam for use in reciprocating 
engines in the scouts of eight years ago, notwith- 
standing their high piston speed and general 
efficiency. 

The propelling engines in the new cruisers will 
be of the turbine type, but various alternative 
arrangements are being adopted. Some of the 
vessels will have four shafts with a complete 
unit of impulse-reaction turbines on each, and for 
cruising at speeds of 16 to 18 knots there will 
be cruising turbines on the wing-shafts, which 
will operate through gearing. In other ships 
having four shafts all the turbines will work 
through helical gearing. Others of the ships of 
the class will be propelled by twin propellers. 
For each of these there will be a complete instal- 
lation of turbines, the high and low-pressure 
machines being placed side by side to work gearing 
engaging in a wheel on the propeller-shaft. An 
alternative to this system, which is being tried, is 
to adopt gearing only for the low powers, the main 
turbines Gites the two shafts direct at full power 
in a manner corresponding to the independent units 
on the four-shaft arrangement. Consideration was 
also given to the question of applying in these ships 
Féttinger transformers with a two-shaft arrange- 
ment, the high-pressure turbines being in such case 
of the impulse design to work with steam super- 
heated to the extent of 100deg. Fahr. These 
various alternatives show that the Admiralty are 
fully alive to the possibility of still further improv- 
ing the efticiency of turbine machinery in warships, 
and they will, further, render the performance of 
these new ships of very great engineering interest. 





GAS AND ELECTRIC TRAIN- 
LIGHTING. 

Unt Major Pringle has made his report on the 
Aisgill collision, all consideration of the cause of, 
and the circumstances following upon, the accident 
should be deferred ; but there are questions sug- 
gested by the accident of a general character which 
may with full propriety be discussed. In supple- 
ment to what we wrote on the subject of ‘*‘The 
Safety of the Travelling Public” (page 360 ante), 
we propose now to refer to the systems of lighting 
trains at present in use. Whether or not illuminating 
gas added to the serious nature of the Aisgill 
inquiry need not be considered, because it is 
recognised on all hands that electric light is safer 
than gas, and the public is just now in a very 
nervous state as regards fire on trains. Everyone who 
has paid the least attention to the subject knows 
that the danger of being burnt alive is perfectly 
infinitesimal, and that we run far greater risks of 
death every day. It is not, however, the chances 
of death that weigh upon the public imagination, 
but the particular form of death from fire that fills 
them with affright. The cry has gone up that, as 
far as is sible, the danger of fire following 
collision shall be abolished, and the point upon 
which the ave: passenger has fixed his attention 
has been the abolition of gas and the substitution 
of electric light. If that be done he will, he thinks, 
be able to travel with equanimity. There may 





still be derailments and collisions, with injury and 

ibly death ; but these can be faced, while the 
idea of being slowly roasted fills the stoutest heart 
with horror. 

The railway companies are the servants of the 
public, and, like other servants, they have some- 
times to put up with demands which cannot be 
— on economic or logical grounds. They do 
ittle to defend themselves, for in their desire to 
obtain traffic they are continually offering more and 
more in the way of speed and luxury. What one 
company does to-day the others must do to-morrow, 
and, indeed, the concessions are far from being all 
loss, for they tend to create the travelling habit, 
and thus to enable greater use to be made of the 
fixed plant—the permanent way, the stations, and 
the like. heels numerous trains are equipped 
with electric light, and in the nature of things the 
— must extend, quite apart from risk by fire. 
‘he light is found on all trains of the type known 
on the Continent as trains de luxe, and eventually 
it must extend to others, for luxuries rapidly 
become necessities, especially when they are pro- 
vided at other people’s expense. 

The difficulty of meeting the public demand for 
electric light is primarily one of cost. We do not 
for a single moment ignore the seriousness of the 
problem which thus faces the railway director, in 
view particularly of the accumulation of charges, 
direct and indirect, now exacted by reason espe- 
cially of recent legislation and of the increased 
demands of the workers. But the satisfaction 
of the public feeling and public conscience can 
never be safely ignored on the plea of expense. 
This applies to the whole scheme of life as of 
industrial activities. Our factory legislation, from 
beginning to end, has been based on this primary 
consideration. What is sometimes regarded as the 
‘* liberty of the subject” has even been brought 
under subjection to this duty of the State in en- 
suring safety. In the coal-mine one finds this 
principle applied in the most drastic method, 
unishment being inflicted on the miner for in- 
ringing those regulations which are enforced in 
order to prevent explosion. In the case of ‘‘ danger- 
ous trades” severe penalties are exacted in all 
cases from employers, and in many cases from 
employees, for failing to observe by-laws enforced 
by Government departments. In the factory the 
fitting of preventive appliances has been made im- 
= in order to prevent accidents, and ship- 

uilders have recently been notified that certain 
safeguards prescribed by the Board of Trade 
must be introduced at an early date in order to 
reduce, as far as may be, the possibility of serious 
accidents in the building of ships. Other examples 
might be quoted to show how active is the desire 
to reduce suffering and accident to the minimum 
quite apart from commercial considerations. 

In connection with railway lighting, it has fre- 
quently been urged that there is no need for 
spending money to secure the superior advantage 
of electric lighting, since the number of accidents 
directly traceable to the escape of gas following 
upon collision are comparatively few, and as in all 
countries gas, and even oil, is still largely employed. 
This argument, however, is not likely to receive 
much attention just now. The number of fires 
following upon collisions, and the horrible circum- 
stances attending upon these fires, although they 
have mainly occurred in other countries, have so 
affected the public mind, and have awakened so 
seriously consciousness of possible disaster, that 
the time has come when the advantages of electri- 
city over gas as an illuminant for railway carriages 
can no longer be dismissed as impossible of attain- 
ment on account of their cost. 

In all countries the tendency is in favour of 
electricity ; the statistics of the number of cars 
lighted by the different systems cannot be accepted 
as proof to the contrary. Electricity is the newer 
system, and in this respect we are much in the 
same stage as we were in regard to domestic light- 
ing twenty years ago. Then electricity was dear, 
and most people were perfectly content with gas in 
their houses. It seemed almost a forlorn hope to 
instal an electric supply station in a suburb, for 
the houses were not wired for its use, and neither 
the landlords nor the tenants were willing to under- 
take the expense. On the basis of statistics, elec- 
tricity had no future then, while to-day it is quite 
common and soon will be universal. Hundreds of 
thousands of pounds’ worth of gas fittings have 
been scrapped for less advantage than would accrue 
from a similar operation on the railways. There 
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is not much basis of comparison between the house- 
holder and a railway company, but there is between 
the shopkeeper and the company. It is noticeable 
that it was the enterprising and successful trader 
who first adopted the electric light because it 
brought him custom, and the time may come when 


the more timid portion of the travelling public | 


will differentiate between those companies which 
adopt the electric light and those having all or 
some of their carriages illuminated by gas. Con- 
sequently the system of lighting may Cosme an 
element affecting to some extent the earning power 
of the rolling-stock. 

Much has been written regarding the comparative 
cost of the two systems, and although the public 
brushes aside matter of expense when it con- 
siders a certain equipment is necessary for its safety, 
it may be interesting to inquire into the actual 
figures regarding the cost. Such consideration may 
be premised by the remark that while the gas 
system has been brought to a high state of efficiency 
from the point of view of economy and offers little 
opportunity for further improvement in this direc- 
tion, the electric system is being steadily improved 
in efficiency of illumination and in reduction of cost 
and working charges. It was the relative cheapness 
and superior illumination of the gas system which 
induced many companies to “y it in superses- 
sion to oil lighting, and once the gas-gonerating 
plant was established it was continued, notwith- 
standing the steady improvement in economy and 
reliability of the electric system. The other 
companies, who adopted a more conservative 
policy, and relied longer on the oil system, partly 
because of the dangers of the gas system, were 
in the fortunate ition ultimately of finding 
an improved electric system, at a cost which com- 
pared less advantageously against the gas system 
than in the earlier years of electricity. Since then, 
as we have suid, there has been steady progress, 
and quite lately an appreciable reduction has been 
made in first cost and in working charges. This is 
due in part to the introduction of the metallic- 
filament lamp, since the generating plant has been 
reduced in weight and co:t, while such storage 
battcries as may be required do not deteriorate 
at the same rate, because in the later systems 
provision is made to prevent over or under-charg- 
ing. When comparisons are made between the 
cost of installing gas and electricity, it is therefore 
important to have figures representing conditions 
prevailing now. It is two or three years since 
Mr. Aspinall gave comparative figures at the Insti- 
tution of Civil Engineers. Then he showed that 
the comparative cost for electric and gas fitting 
of a railway carriage was in the proportion of 
1301. to 341., the latter including a fair propor- 
tion of the cost of the generating works and the 
portable gas reservoirs, while the maintenance was 
in the proportion of 131. 3s. 5d. to 6l. 15s. 8d. 
But while there has been practically no reduction 
in the cost of gas lighting, there has been improve- 
ment in respect of electricity, and thus these 
figures no longer hold. 

We have made application to several authorities 
for figures relating to the first expenditure and 
working costs of the two systems at the present 
time. In such comparison consideration should be 
given to the efticiency of the illumination, because 
it is not sufficient to state the cost of lighting the 
carriage per annum; the number of lights or the 
candle-power of the illuminant must be considered. 
It isa general practice when introducing electric 
light to increase generally the illumination and 
to add a great number of conveniences which 
were willingly dispensed with in the case of 
gas-lighting. This applies to all forms of illu- 
mination—to factories, workshops, dwelling-houses, 
and, of course, to train-lighting. There are re- 
quired special arrangements of switches, more 
artistic fittings, and the disposal of the lights 
im numerous positions instead of centrally. All 
this involves an addition to the capital expenditure, 
which it is difficult to appraise, but it ought to be 
taken into account in hin general comparisons. 
The lighting of an eight-compartment third-class 
carriage involves plant which for the flat-flame 
oil-gas system costs 361., for the incandescent oil-gas 
system 47/., and for the electric system 77I., pro- 
vided a large number of coaches are emb in 
the contract. No consideration, however, is given 
to the illuminating power involved, which is greater 
in the case of the electric system. In connection 
with the upkeep of the plant, some of the manu- 
facturers of electric plant have put before the 


railway ——- proposals for maintaining elec- 
tric train-lighting apparatus at a charge of 41. 10s. 
= coach per annum on the basis of a Jarge number 
| being fitted. When this is taken into account, and 
a rate of 4 per cent. on capital and 5 per cent. for 
depreciation are included, the total charges for the 
electric system become Ill. 8s. per coach per 
annum, as compared with figures for gas given us— 
7l. 13s. for the flat-flame oil-gas system, and 81. 17s. 
for the incandescent oil-gas system. The difference 
in the cost per candle-power-hour is much less 


system. Undoubtedly, extensive contracts for supply 


quote more favourable terms. 
would point to the advantage of a large recon- 
struction scheme being entered into by reason of 
the lower rate. But apart altogether from this, 
there is, as we have said at the outset, the impor- 
tant consideration that safety would te greater and 
the confidence of the public maintained. 

The Government have laid down the principle 
that by reason of the extra expense incurred by 
the railway companies in increasing wages to work- 
men, rates for the transport of goods may be 
advanced. This suggests that such increase of 
capital expenditure as is involved in the super- 
session of the gas-lighting sy-tem by the adoption 
of the safer electric mechanism is sufficient justifi- 
cation for some addition to the low passenger fares 
now prevailing, because the changes involved in the 
increased capital expenditure are made exclusively 
to add to the safety as well as the comfort of the 
passengers. 





THE DEVELOPMENT COMMISSION. 


Tue third report of the Development Commis- 
sioners, recently issued, gives an epitome of the 
work done during the year 1912-13. Of this but 
a very small proportion has other than a very 
indirect relationship to matters of enginecring 
interest, the Commissioners having interpreted 
their duties as relating in the main to the advance- 
ment of our agriculture and our fisheries. Thus an 
application for financial assistance for new works at 
Dartford Harbour was refused on the ground that 
the work proposed was the improvement of the 
harbour for ordinary commercial purposes, with no 
direct benefit to the two industries above named. 
It appears, therefore, that the only English 
Harbour Authority to be aided last year was that 
of Newlyn, where assistance to the amount of 
5000/7. has been promised for the. extension of the 
South Pier. In Scotland, where there are many 
small fishing ports, help has been offered for the 
improvement of the harbours at Macduff, Lerwick, 
Ullapool, Whitehall, and Berwick, whilst applica- 
tions from Inverness, Fortrose, Peterhead, Balin- 
tore, Wick, and Eyemouth were refused, either 
because there would be little benefit to fisheries, 
or because the local authorities would not agree to 
pay a fair proportion uf the cost of the proposed 
works. 
under consideration. 


at Buncrana, Rathmullen, and Baltimore, 


and Killough, Newry and Wicklow were refused. 
Since the Commissioners are precluded from 
giving assistance to private parties or to associa- 
tions working fora profit, but few applications were 
received on behalf of inland waterways. The Com- 


to the Conservancy Board for the Upper Medway, 


1912. Applications from the Ure Navigation 
Trustees, the Boyne Navigation Company, and 
from Aylsham and UColtishall Navigation Commis- 
sioners have, however, not been acceded to. 

As for land reclamation and drainage schemes 
the only grant so far recommended has been in aid 
of preliminary inquiries in East Anglia. The report 
states, however, that there are still considerable 
tracts of waste land throughout the country which 
could be rendered valuable by scientific treatment ; 
but, in addition to the difficulty which arises 
from the fact that assistance cannot be given 


the present state of the law in regard to public 
drainage and reclamation. Some applications were 
received for assistance in establishing improved 
methods of rural transport. Amongst others, the 
Farmers’ Club of Hurstmonceux and district 





and maintenance would enable the manufacturers to | 
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missioners have, however, agreed to lend 10,0001. | 1 
| struction of an engine of the ty 
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to repair damage done by the abnormal floods of | 





applied for help in establishing a motor service 
between Hailsham and Boreham Street. This was 
refused because the applicant was held to be un- 
suitable ; but this decision will, it is said, be recon- 
sidered if the County Council undertakes the 
responsibility for the service. An application from 
the Glenties-Ardara Light Railway was refused on 
the ground that the locality did not offer to bear 
any share of the cost of the proposed works. 

n forestry little has been accomplished, and the 
— affords small hope of any very extensive 
scheme of afforestation being undertaken in the 
immediate future, the funds available being inade- 
quate in view of other demands made on it. This 
is to be regretted, as the planting and development 
of forests is one of the very few enterprises which 
are on the whole more likely to be carried out 
effectively by —_ authorities than by private 
undertakers. In connection with forestry appli- 
cations were received, during the year, for ad- 
vances aggregating 50,000/., but only 11,1751. was 

ranted, and this wholly for educational purposes. 
mportant negotiations have, however, been con- 
ducted with certain of the large corporations 
with a view to the afforestation of the collecting 
areas of their water supplies. The Commissioners 
have decided that aid will be given only when 
the local authority shall undertake to operate on 
an agreed scheme, and shall either consent to 
repay the loan (which in no case will exceed 51. per 
acre), with compound interest, on selling the 
timber, or will agree to share the profits ultimately 
realised by the sale. This latter plan has been 
accepted by the Corporation of Liverpool, who 
proposed to plant acres in the Vyrnw water- 
shed. Other proposals under consideration are 
the planting of 10,000 acres at Dartmoor by the 
Torquay Town Council, and 6000 acres by the Bolton 
Town Council at Belmont and Entwistle. 





DR. RUDOLPH DIESEL. 

We much regret to record the fact that Dr. 
Rudolph Diesel disappeared from the Great Eastern 
Railway Company’s steamer Dresden, on her pas- 
sage from Antweip to Harwich, on the night of 
Monday to Tuesday, September 29 to 30, and that 
hope is practically abandoned of his being still alive. 

r. Diesel was born of German parents in Paris, 
in March, 1858, and commenced his elementary 
education in Paris schcols. When the war of 1870 
broke out, his parents came to England, and, 
shortly after their arrival in this country, they 
sent their young son to Augsburg. After courses 
of study in the Augsburg technical schools, young 
Diesel entered the Munich Technical College, 
where he graduated in 1879, and became assistant 
to Professor von Lirde. He then spent a short 
time in practical work at Messrs. Sulzer Brothers’ 
works, Winterthur, on leaving which he was 
appointed manager of the French company for the 
manufacture in Paris of the Von Linde refrigerat- 
ing machinery. 

The deceased engineer had from his student 


designed. A translation of the book was published 
the following year in this country. Dr. Diesel’s 
theories atiracted great attention in Germany and 
throughout the whole world, with the result that he 
was afforded financial aid by Messrs. Krupp and 
the Augsburg-Nuremberg Company for the con- 
he advocated. 
The first Diesel engine, a vertical stationary one, 
wis built in 1893; this was on the four-stroke 
cycle principle, the piston driving the shaft by a 
piston-rod and an external crosshead. The cylinder 


,was not water-jacketed. A feature of this first 


engine was the low cam-shaft, resulting in the 
rovision of long rods for operating the valves. 
he starting storage-chamber consisted of a wrought- 
iron pipe having riveted flanges ; there was no air- 
supply pump, and the fuel was injected directly. 
his engine could never be made to run. Ti 
was driven by outside power, and at the first 
injection of fuel, as Dr. Diesel remarked, an 
explosion occurred, the indicator broke up, and 
pieces from it nearly killed the inventor. The 
occurrence showed, however, that pure air could be 
compressed to such a degree that it could ignite 
the oil fuel. 

The second engine, built immediately afterwards, 
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had a water-cuoied cylinder, and its cam-shaft was 
fitted higher up; its main difference, as compared 
with the first, was in the provision of an air- 
supply pump for injecting the oil fuel. This 
second engine did not run to any extent, and its 
working was attended with much danger. With 
it, however, Dr. Diesel was able to obtain a few 
indicator-cards of the whole cycle. This engine 
confirmed the practical po-sibility, shown by the 
first, of initiating combustion by compressed air, 
which the inventor had shown to be theoretically 
ssible. 

The first reliable Diesel engine, the third attempt, 
was built on Dr. Diesel’s designs by the Augsburg 
Company in 1897, after the inventor had carried 
out a series of experiments over a period of four 
years with the second engine. The third engine 
was of the vertical one-cylinder stationary type on 
the four-stroke-cycle principle, developing 18 horse- 
power. The piston of this third engine was also | 
connected to an_ external 
crosshead, A fourth single- 
cylinder engine was built by 
the Augsburg Company in 
1898 ; this embodied the 
features of the third, but 
developed 20 to 256 horse- 

wer, and was the first 

iesel engine to run on what 
may be styled commercial 
lines. It may be said to have 
fixed the type upon which 
all slow - speed stationary 
Diesel engines have been 
built since. 

In a vertical stationary, 
single-cylinder engine built 
in 1901, the external cross- 
head was abandoned, and a 
trunk piston was adopted. A 
large number of vertical four- 
stroke cycle engines were 
built shortly afterwards on 
this pattern, for powers 
ranging from 10 to 250 horse- 
power per cylinder ; several 
cylinders were also combined 
together on the same shaft 
for powers ranging up to 
1000 horse - power. Their 
speed varied from 160 to 
200 revolutions. A _three- 
cylinder engine of this type, 
developing 500 horse-power, 
built by Messrs. Carels Fréres, 
Ghent; was exhibited at the 
Liége Exhibition of 1905 (see 
ENGENEERING, vol. Ixxix., 
page 735). 

We may state, in passing, 
that a large number of British, 
Continental, and American 
firms took up the patents, 
and during the last decade 
Diesel engines have been 
built inconsiderable numbers. 
The inventor and these firms 
gradually improved the con- 
struction and working of the 
engines, and many interest- 
ing stationary types of very 
large powers can now be seen 
all over the world. Several 
of these were shown at the 
Turin Exhibition of 1911, there being among them | 
a vertical, four-cylinder, two-cycle 1000 to 1200- 
horse-power engine, built by Messrs. Sulzer Brothers, 
of Winterthur, running at a speed of 150 revolu- 
tions; it was direct coupled to a three-phase, 
6400-volt, 80-ampere, 50-period alternator. We 
referred in detail to this aad to the other Diesel 
engines at the Turin Exhibition in vol. xcii. and 
vol. xciii. of ENGINKERING,. 

Reverting to the four-stroke-cycle engines, the 
vertical type for stationary plants was adopted 
at the commencement, and it was adhered to 
exclusively for a period of ‘about ten or twelve 
years. The horizontal type on the four-stroke- 
cycle principle then made its appearance, the 
first engines of this type being practically of the 
same design as the vertical engines, but laid hori- 
zontally, The first horizontal Diesel engine was 
built by Messrs. Koerting, and in this all the valves 
were fitted in the cylinder-cover in the same way as 


ments in the design were gradually carried out by the 
Augsburg-Niirnberg Company, who, among other 
Continental companies, have built horizontal double- 
acting four-stroke cycle tandem Diesel engines, 
having two and four cylinders. An early engine 
of this type, built by the said company, develops 
400 to 500 horse-power for each of its four cylinders 
at a speed of 250 revolutions. 

The Diesel principle was soon found to be most 
applicable to a two-stroke-cycle engine, scavenging 
being carried out with pure air, and not with a fuel- 
air mixture, there being thus no risk of premature 
ignition and no fuel losses. When last year Dr. 
Diesel put before the profession the history of his 
engine, he stated that the two-stroke-cycle was then, 
in 1912, on almost an equal footing with the four- 
stroke-cycle type, adding that this latter had a better 
combustion, more economical fuel consumption, 
and was simpler in its method of working. The 
four-stroke-cycle, therefore, remained the standard 





Photograph by the “‘ Record,Press.” 


Dr. Rupoien DIESEL. 


engine for medium-size stationary plants. The | 


two-stroke-cycle enyine, on the other hand, had 
smaller cylinders, and had come into favour for 
stationary planta of higher power; this latter 
engine seemed also to be, according to Dr. Diesel, 
the standard type for ship propulsion. 

The first Diesel engine for ship propulsion was 
built in France, in 1903, by Messrs. Adrien Bochet 
and Frederic Dyckhoff, in conjunction with Dr. 
Diesel. This was a 20-horse-power engine, having 


| two pistons working in opposite directions in one 


cylindes, on the four-stroke cycle; it was used 
for propelling a canal boat. This engine was 
followed by others built by Messrs. Sautter, 
Harlé and Co., Paris, for propelling submarine 
boats ; these latter engines developed several 
hundred horse-power. The first marine Diesel 
engines were not reversible; they drove electric 
generators, and this made it possible to reverse 


the direction of rotation of the propeller. The 


ing on the two-stroke-cycle principle, was built 
by Messrs. Sulzer Brothers, Winterthur, in 1905, 
and was exhibited by them at Milan (see Enar- 
NEFRING, vol. Ixxxii., page 463). The first four- 
stroke-cycle reversing marine engine—a 120-horse- 

wer three-cylinder engine—was built by Messrs. 
Nobel Brothers, St. Petersburg; the four-stroke- 
cycle engine, however, does not lend itself so 
readily to reversing as the two-stroke-cycle type, 
and there has been for some time a tendency to 
abandon it for ship propulsion, and to replace it 
by the two-stroke-cycle type of engine. 

We have given in several of ovr former issues 
illustrated descriptions of works which have made 
a —— of the construction of Diesel engines, 
and have also described many applications of 
engines of this type in stationary installations and 
on board ships. Many builders have been for the 
last two or three years contemplating the construc- 
tion of Diesel engines of high power for the pro- 
pulsion of battleships and 
cruisers, They have all com- 
menced experimenting in 
the right way, building a 
single cylinder of between 
1000 to 2000 horse-power for 
experimental purposes, the 
single cylinder working on 
the two -stroke-cycle prin- 
ciple, and being either single- 
acting or double-acting. In 
most cases the single cylinder, 
developing the larger power 
here referred to, has worked 
satisfactorily, but the trouble 
commences when coupling 
two or more of them on the 
same shaft. The problem is 
not yet solved, su far as is 
known; itisstill being worked 
at, and it may be that marine 
engine builders, by showing 
the same tenacity of purpose 
as that which animated Dr. 
Diesel in the early years of 
his researches, will finish by 
solving the heavy Diesel 
marine-engine problem, as he 
himself, in the early days, 
overcame the difficulties in- 
herent to the new  prin- 
ciple. n the other hand, 
and without detracting in 
any way from Dr. Diesel’s 
merits and pluck, it should 
be added that experiments 
with engines having two, 
three, and more cylinders, 
each developing about 2000 
horse - power, involve very 
great outlay, and cannot be 
lightly undertaken. 

The latest application of 
the Diesel engine is to trac- 
tion on railways. We re- 
cently gave an_ illustrated 
description (see page 317 
ante) of the Sulzer-Diesel 
locomotive, the first Diesel- 
engined locomotive built. 

Dr. Diesel’s patents for 
Great Britain were taken 
over by the Diesel Engine 
Company, which later was 
merged into the Consolidated Diesel Engine Manu- 
facturers, Limited, and Dr. Diesel was a director 
of both companies. One of the ambitions of his 
life had been to establish works in this country ; 
and this was attained when the new company built 
its works at Ipswich. Dr. Diesel was coming over 
to assist at a meeting of the company and to visit 
the Ipswich Works. He was accompanied by Mr. 
Georges Carels, of Messrs. Carels Fréres, Ghent, 
and a co-director in the British Company, and also 
by Mr. Luckmann, chief engineer to Messrs. Carels. 
When the boat, the Dresden, arrived at Harwich, 
Dr. Diesel was missing. The party had retired to 
their cabins at about 10 o’clock on Monday night ; 
Dr. Diesel’s bed in his own cabin was found not to 
have been used. It is presumed that he went 
again on deck previous to retiring for the night, 
and by some mischance fell overboard. Probably 
the exact facts will never be known,, but all engi- 
neers will regret that such an active life should be 


obtained with the vertical type of engine. Improve- | first direct reversing marine Diesel engine, work- | cut off just as success seemed assured. 
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NOTES. 
Tue Cost or Roap MAINTENANCE. 

In a recent issue of the Times Mr. Shrapnell 
gives some remarkable figures as to the cost of road 
maintenance in the county of Middlesex, showing 
that so far from motor traffic having increased the 
burden’ of the rates, this burden is now actually 
smaller than it was twenty years ago. In 1889-90 
the cost of road repairing and maintenance in the 
county of Middlesex was equivalent to a rate of 
4d.inthe <. In 1899-1900 it was 4.1d. in the £, 
whilst in 1909-10 it had fallen to 2.9d. in the 
£, and, according t» the surveyors’ estimates, 
will be 3d. in the £ for the year 1913-14. Of 
course, the total annual expenditure has in- 
creased, but it has done so in much smaller propor- 


tion than has the rateable value. us in’ 


1889 90 the actual expenditure on the roads was 
49.0441., the rateable value being 2,909,028]. In 
1899-1900 the expenditure was 67,5041. on a rate- 
able value of 3,934,945/., whilst in 1909-10 the 
expenditure was 78,683/., on a rateable value of 
6,568,148. The rateable value is. now 7,218,2411., 
and the estimated expenditure on the roads 90,0001. 
per annum. The burden of the repairs is, of 
course, to be measured not by the expendi- 
ture, but by the relation of this to the rateable 
value, and it appears, therefore, that the burden 
on the Middlesex community has actually dimi- 
nished since the introduction of motor traction. 


Tue NationaL Gas EXHIBITION. 


The National Gas Exhibition at Shepherd’s 
Bush, which was opened on Wednesday last by 
the Lord Mayor, was, unfortunately, in a very 
unfinished condition then, and it was therefore 
quite impossible to judge fairly what its future 
may be. If, however, the good things that are 
said about it by its promoters are fulfilled, it ought 
to be a success. It differs from the usual type of 
trade exhibition, inasmuch as the various appli- 
ances on view are apparently shown by joint 
exhibitors, the articles at one stand, for instance, 
do not represent the goods of only one firm or one 
maker. When completed we can well believe 
that the Exhibition will illustrate very com- 

letely the many appliances employed in gas 
ighting, heating, cooking, and industrial require- 
ments; but they will probably be largely of a 
domestic character, cooking appliances being, no 
doubt, well represented. e various uses of gas 
in a large town house, a country cottage or mansion, 
a small flat, in hotels, restaurants, offices, hospitals, 
workshops, &c., can be studied. Daily cooking 
demonstrations and competitions will take place, 
which will, no doubt, prove of great interest to many 
people ; and at conferences, which are to be held 
during the month that the Exhibition will be open, 
visitors will have the opportunity of learning the 
latest facts concerning the many directions in which 
gas is now applied. ese conferences will deal with 
smoke-abatement, the hygiene of lighting, heating, 
scientific illumination, problems relating to capital 
and labour, and kindred matters, and, in addition to 
these, attempts will be made by means of lectures 
to educate the public in the proper use of coal-gas, 
both from the domestic and industrial standpoint. 
Owing to the incompleteness of the Exhibition we 
are unable this week to give any detailed descrip- 
tion of any of the exhibits, but we hope next week 
to bring before our readers descriptions of some of 
the appliances on view. We may, however, call 
attention to the fine collection of gas-engines, which 
cannot escape the eye as the visitor enters the hall 
from Uxbridge-road. These are shown by the 
National Gas-Engine Company, Limited, Ashton- 
under- Lyne, and Messrs. Crossley Brothers, Limited, 


Openshaw, Manchester. In this part of the building | Old 


there is also a very interesting collection of gas- 
furnaces on view by Messrs. John Wright and &., 
of Birmingham, and Messrs. Fletcher, Russell and 
Co., Limited, of Warrington ; all of these we hope 
to describe later. The Exhibition will remain open 
until November 1. 


Tue 25,000rH Scumipt SuPERHEATER 
LocomorivE. 

The position acquired in the locomotive world 
by the Schmidt system of superheating is well 
illustrated by the fact that on the 11th inst. a 
celebration, attended by engineers from all parts 
of the world, will be held at Cassel-Wilhelmshoéhe, 
to commemorate the equipment of the 25,000th 
locomotive with this appliance. Superheating has 
how practically become a standard feature of loco- 





motive engineering, and, having involved material 
modifications in the design of valves, &c., many 
changes have followed its adoption. Dr. Schmidt’s 
first experience of superheating applied to loco- 
motives was in 1898, when, in co-operation with 
Messrs. Miiller and Garbe, of the Prussian State 
Railways, some engines were fitted up with his 
smoke-box type of superheater. This type of super- 
heater had manifest disadvantages, however, both 
from the practical and theoretical point of view, and 
was soon superseded by the fire-tube system, first 
adopted by M. J. B. Flamme, on the Belgian State 
vee ig The fire-tube system, as first used, 
involved two single-bend superheater elements in 
each fire tube, the steam passing through the two 
in series, in order to secure a high degree of 
superheat, instead of in parallel, as in some other 
designs, which only give a moderate degree. Subse- 
quently the two single-bend tubes were combined 
to form a single double bend, or four-fold element, 
and this is now almost universally adopted. 
Naturally some troubles were encountered from 
factors not sufficiently recognised at first, but these 
have been gradually eliminated until the system 
in one or other of its modern developments may be 
considered practically essential to good perform- 
ance in most classes of railway service. To Dr. 
Schmidt is undoubtedly due the credit of over- 
coming most of the difficulties encountered in the 
fresh ground broken. His success has naturally 
brought competitors, but by the time they entered 
the field much of the pioneer work was already 
complete. By 1910 some 5000 engines on 100 
railways had been fitted, but the system made 
little headway at first in this country. Latterly it 
has received greater attention, and has now been 
adopted as standard practice on the London and 
North-Western Railway, and many other lines have 
installations in service. By 1911 the locomotives 
so fitted in the world numbered 10,000. In 
January, 1913, the number of 20,000 was reached, 
and now the figure stands at 25,000. These 
figures do not include engines fitted with the Swin- 
don, Vaughan-Horsey, Cole, Emerson, and other 
egw in the hands of the Schmidt Company. 

e Schmidt superheater is in the hands of three 
companies, one controlling Europe, Asia Minor, 
and some other countries; one for work in the 
United Kingdom and the British Colonies, except 
Canada (viz., Schmidt’s Superheating Company 
(1910), Limited, 28, Victoria-street, Westminster); 
and a company working North America, Mexico, 
and the American colonies. 





University or Lonpon: University CoLuece.—A 
copy of the calendar of the University College, Gower- 
street, London, W.C., has recently been received from 
the provost. The book makes a bulky volume of nearly 
800 pages, bound in cloth-covered boards. It contains 
an almanack of the events of the current session, gives 
a brief account, by Dr. G. Carey Foster, of the history 
of the wo together with lists of officers, professors, 
fellows, scholars, and others connected with the College. 
It also gives particulars of numerous scholarships avail- 
able, with details of university courses of study, and 
prospectuses for the faculties of arts, science, engineer- 
ing, laws, and medical sciences, and also includes infor- 
mation relating to post-graduate courses and research 
work. The examination papers for last session are 
reprinted, and a list of original papers and other publica- 
tionsfrom the various departments of the College during 
the previous year are also given. Much other informa- 
tion relating to the work and constitution of the College 
is contained in the calendar, which is one of the most 
complete publications of its kind we have seen. 





A@BTYLENE DEMONSTRATION VAN.—Last week there 
was On view at Messrs. Friswells, Albary-street, London, 
N.W., an acetylene demonstration van, exhibited by 
Acetylene Publicity, Limited, 285, Winchester House, 
Broad-street, London, E.C. The van is motor- 
driven, and is fitted up in a very elaborate way with 
different devices for ae and a by means of 
acetylene and will sent all over the country in 
order to demonstrate the ately of the gas for 
domestic purposes, particularly in houses and oe 
removed from either electric or ordinary gas supply. n 
addition to the use of the van for the purpose of illus- 
trating the application of acetylene for domestic purposes, 
a complete oxy - acetylene welding apparatus will be 
carried, so that this process can be demonstrated. In 
order to do this the van will be drawn up as close as 
possible to a forge or smithy, and the apparatus put to 
work inside the building, the coagrne  gen being led, in 
flexible pipes, from the cylinders on the car. In 
addition to the oomenge cinematograph apparatus will 
be carried which will illustrate at various halls in the 
country the way in which calcium carbide is manufac- 
tured. Specimens of oxy-acetylene welding, executed 
" the a welding school in London, will also 

carried. 





THE LATE MR. THOMAS FRAME 
THOMSON, 


We regret to have to record the death, as the 
result of an accident, of Mr. Thomas Frame Thomson, 
which occurred on Tuesday last at his residence, Caen 
Wood Towers, Hamps' -lane, Highgate, London, N. 

Mr. Thomson was born in May, 1867, and was 
educated at Kelvinside Academy, Glasgow, and at 
Herbertshire Castle, Stirlingshire. He served a 
pupilage to Mr. John Strain from October, 1883, to 
October, 1887, and from the latter date until July, 
1888, he acted as engineer-assistant to Mr. Strain. 
In July, 1888, Mr. Thomson was appointed resident 
engineer on the Irvine Branch of the Lanarkshire 
and Ayrshire Railway,'and subsequently he had also 
charge of the completion and maintenance of the main 
line and the Kilbirnie Branch of the same railway. 
Between 1889 and 1891 Mr. Thomson acted as 
engineer to the company, defending actions by the 
contractor in relation to the works. From July, 1890, 
to July, 1895, he was @ partner in the firm of Strain, 
Robertson and Thomson, civil engineers, G w and 
Westminster, and was engaged in the designing and 
execution of works,in reporting upon engineering works 
and processes, in Parliamentary committees and arbi- 
tration cases. He retired from the firm on the last- 
mentioned date, and until February, 1896, he was 
occupied in studying the construction and working 
of railways in South America. 

Mr. Thomson resumed practice as a civil engineer 
in London in March, 1896, and soon thereafter he 
visited South Africa, with the special “—- of report- 
ing to clients upon the transport facilities and the 
utilisation of water-power for the development of an 
extensive deposit of white marble. Subsequently, in 
1897, he visited South America to report upon a rail- 
way and port scheme ; this scheme was carried out in 
due course, and Mr, Thomson was employed as con- 
sulting engineer to the undertaking. 

It was the experience gained in these varied under- 
—_ s which impressed - _ Frame a enee the 
act that many engineers, tho possessed equate 
technical whe my were ,- from proficient in 
matters of law and business. Men of this type can 
never secure the support of those who finance great 
undertakings, and are often the lifelong subordinates 
of chiefs much inferior in professional accomplishments, 
but equipped with much better knowledge of busi- 
ness principles. In order to direct attention to the 
very great importance of a reform in this regard, Mr. 
Frame Thomson delivered, under the direction of the 
Institution of Civil Engineers, the ‘‘ Frame Thomson” 
lectures on the business side of engineering, and thus 
earned the gratitude of the whole profession. The 
first lecture was delivered in 1911, the chair being 
occupied by the late Sir James Inglis. It dealt with 
‘*The Commercial and Technical Relations of Engi- 
neering Design and Work.” Last year Mr. John 
Strain presided, and the subject was ‘‘On the Prin- 
ciples and Practice of Accountancy in Relation to 
Engineering Design and Work ;” whilst in April last 
Mr, Frame Thomson gave a most valuable and illumi- 
native address upon engineering law, under the presi- 
dency of Mr. R. Hall Blyth. 

Mr. Thomson was a member of the Institution of 
Civil Engineers, a life-member of the Société des 
Ingénieurs Civils de France, a Fellow of the Royal 
Scottish Geographical Society, and a chairman 
and director of a number of companies. Mr. 
Thomson had but re¢ently returned from Canada ; 
he was well known in London engineering and financial 
circles, in South America and in the United States. 
He was to leave for South America to-day. On 
Tuesday morning he went to his dressing-room to 
extract the cartridges from two sporting guns which 
he wished, at his wife’s request, to leave unloaded 
during his absence from home; later in the day he 
was found to have been shot through the heart. One 
gun was found with its cartridge duly extracted, and 
the second one was projecting from the cupboard in 
which both were kept, and had been accidentully 
discharged. 





New Sours Wass Raitways.—The New South Wales 
Legislative Assembly has a Bill authorising a loan 
of 3,000,000/. for use on railway works, including duplica- 
tion and deviations, and for new rolling-stock. It has 
been well known for some time that further heavy expen- 
diture had become essential, and though much has 
done in recent years, a good deal of surprise has been 
manifested at its postponement till so late a date. 





British Locomotive Exports.— Locomotive exports so 
far this year have been satisfactory, the value to August 31 
having been 1,788,211/. as com with 1,325,309/, in the 
first eight months of 1912, and 1,549,879. in the first eight 
months of 1911. Argentina took British locomotives to 
August 31 to the value of 439,299/., as com with 
306,854/. and 266,567/. in the previous years. Other South 
American countries im British locomotives in the 
first eight months of the last three years to the value of 
172,205/., 153,625/., and 183,332/, respectively. 
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INDUSTRIAL NOTES. 


what steps shoul! he taken in re 


last in order to express their views, and to determine 


to the alleged 


THE monthly report of the National Boot and Shoe | irregularities of working hours, which often necessitate 


Operatives for September shows that the industry was | Sunday labour. 
that as many as thirteen hours were worked at a 
stretch. The use of large engines and small brake-vans 


in a fairly satisfactory condition for the time of year, 
though some short time was being worked. There was 


Statements were made to the effect 


a slight decline compared with a month ago, though | was also taken exception to, as being a fruitful source 


trade was about the same as a year ago. 


Returns from | of accidents. The men bound themselves by resolu- 


firms —— 68,725 workpeople in the week ended | tion to leave their trains anywhere after 10 hours’ 


August 23 


ast showed a decrease of ().2 per cent. in| duty if the practices complained of were not dis- 


the number employed, and of 1.6 per cent. in th2| eontinued. 


amount of wages paid, compared with a month ago. 
Contrasted with a year ago, there was a decrease of 





The reply of the emp!oyers to the demand recently 


0.3 per cent. in the number a but an increase | made by the General Union of Textile Workers came 


of 0.5 per cent. in the amounto 


es paid. Employ- 4 P 4 
ment returns showed a seasonal slackness at Leicester, — aaa = ee hing held at Huddersfield 


The matter under 


where trade was not quite so good as it was year 80, | discussion was the demand of the men for an advance 
and at Northampton it was also slack and not quite | o¢ wages to all grades of textile workers. The condition 


so good as a year ago. 


It was moderate at Kettering | had been refused by the employers, who had declined 


and at Norwich fairly good, good also among the| to attend a joint meeting, stating that they did not see 


army bootmakers in Northamptonshire. At Bristol 
and Kingswood employment continued good, while at 
Leeds, Manchester, and in London trade was quiet 
or moderate ; at Leeds it was not so good as a year 
ago. In Scotland, on the whole, employment con- 
tinued better than a year ago, though at Edinburgh, 
Dandee, and Aberdeen it was quiet. The total mem- 
bership at the end of August was 47,003. 





Since last May the men in the shipyards in the 
Belfast centre have refused to work overtime, the 
reason at the commencement of the trouble being 
that the masters refused to give an advance 
in wages. In will be remembered, however, that 
the employers afterwards gave an advance to time- 
workers only, and a special advance to riveting 
squads, the representatives of the men undertaking to 
recommend the men to work overtime as hitherto. 
This recommendation was, however, rejected by the 
men, considerable inconvenience being inflicted on 
the employers thereby, more particularly in ship- 
repairing establishments. About three weeks ago a 
conference was held in Edinburgh, and the matter 
was thoroughly discussed ; the men again promised 
to advise all the districts in the union to resume 
working overtime. On the North-East Coast, how- 
ever, the men are still averse to working overtime, 
and other districts are not enthusiastic about doing 
so. On Friday last a representative deputation from 
the Boiler-Makers’ Suciety met in conference with the 
Shipbuilding Employers’ Federation at Carlisle, in 
order further to discuss the subject; the conference 
was adjourned. 





On Saturday afternoon last the checkers, porters, 
and banksmen in the employ of Messrs. Carter, Pater- 
son and Co., who had been on strike for two days, 
agreed to return to work, as they had been offered 
favourable terms by the masters. The chief demand 
made by the men was the recognition of the Transport 
Workers’ Federation, in addition to which the men 
asked for a fifty-four hour week and an all-round in- 
crease in wages of 4s. 4 week. The firm finally offered 
‘to grant increases ranging from 2s. to 3s. a week and 
a reduction of hours to fifty-six per week, the fifty-four 
hour week to come iato operation in six months’ time, 
when the firm had notified its various clients and 
agents. The recognition of the Federation was also 
granted. 

Ono Monday a further agreement was come to, this 
time with the motor-drivers, who had not been 
included in the previous settlement. At a meeting 
between their representatives and the directors of the 
company it was decided by the firm that the drivers 
of heavy motors will at once receive an increase of 2s. 
a week, and a further increase in January next. The 
drivers of light motor vehicles have had their proba- 
tionary period reduced from six months to three 
months. This means that the majority of the men 
will at once receive 2s. a week advance, while at the 
end of three months a similar advance will be accorded 
to the remainder of the drivers, at the end of their three 
months’ probationary period. The question of hours 
has yet to receive attention. Opportunities are also to 
be given for promotion from the lower to the higher 
que. Brecbdows pay and questions of overtime 
are also to be considered. 





With the object of advocating a more efficient form 
of organisation by amalgamating all the building-trade 
unions into one industrial body, a demonstration of 
the Building Trade Workers was held on Sunday last 
in Trafalgar Square. The societies represented were 
the Operative Bricklayers’ Society, the Builders’ 
Labourers’ Union, the Gasworkers and General 
Labourers’ Union, and the London and Provincial 
Painters and Decorators’ Union. A resolution was 
passed that the time had arrived for amalgamation. 





Threats have been issued by the Welsh Railwa 
men with regard to working hours, the 
and other men holding a meeting at Neat 





gua 
on Sunday 


what good purpose could come of it. me resolu- 
tions were at the meeting, and these were 
relegated to a sub-committee. 





At a meeting held at Abergavenny on Saturda 
last by the joint committee of the Iron and Steel- 
Workers’ Mechanics and Others’ Sliding-Scale Associa- 
tion for South Wales and Monmouthshire it was re- 
solved that the wages payable to workmen at the 
associated works be advanced 2) per cent. for the 
three months commencing on October 1. 

With regard to grievances in dockyards, about 
which we have heard a good deal lately, it is stated 
that in dealing with the Sechpaed petitions which are 
shortly expected, the Admiralty intend to make an 
announcement as to dockyard grievances. The present 
method is thought to be cumbersome, and tends to 
cause irritation both to the men and to the Admi- 
ralty officials, and has in reality become almost 
more of a cause of discontent than the grievances 
themselves. 





By invitation of the Spanish Government a con- 
ference of lawyers from all parts of the world is this 
week being heldin Madrid. At this conference various 
topics are being discussed, and among the papers of 
more general interest is one by Mr. Scott Duckers, of 
London, on ‘ International bour Laws.” In this 

per Mr. Duckers takes the view that such labour 
coe as affect the regulation of female and child 
labour, the use of industrial poisons, accidents, unem- 
ployment, health insurance, and the establishment 
of a minimum wage in sweated industries, are among 
the most urgent and important subjects for inter- 
national legislation. Another point to which he called 
attention was the objection sometimes raised to 
industrial legislation on the ground that manu- 
facturers will be subject to competition from coun- 
tries where a laxer system is in force. Of course, 
it is easy to understand that a point must come 
in the end where employers are injured by com- 
petition from abroad. As regards international 
labour laws there are, of course, many difficulties in 
the way of adoption, and Mr. Duckers thinks that 
‘*it may be that real progress can only be accom- 
plished when there is a greater appreciation of 
the fact that all communities are bound up one 
with another ; that, like members of one body, persons 
in one country are intimately affected by the well- 
being or ill-health of their neighbours in other States ; 
that good trade, high wages, and prosperity in one 
State enable the population to become customers of 
other countries. On the other hand, we need to 
remember how poverty, famine, financial panic, or 
industrial unrest in one country will react disas- 
trously throughout the world.” 


A general strike is threatened in the cotton trade, 
for on Sunday last, at a meeting of the Federation of 
Master Cotton-Spinners in Manchester, it was decided 
that unless the men on strike at the Beehive Mill, 
Bolton, return to work, a general lock-out in the whole 
spinning trade will be instituted. The stoppage at 

e Beehive Mill was caused by a dispute between one 
of the overlookers and the persons who were under 
his supervision, the latter refusing to work under 
this overseer. There was a joint conference of the 
representatives of the workers and employers, which 
decided that the workers had no reason for leaving 
their work ; but the workers refuse to obey their 
leaders. The employers are united. 

On Wednesday last the General Committee of the 
Federation of Master Cotton Spinners’ Association 
met in order to consider the situation in the industry, 
and it was resolved strongly to urge all the members of 
the Federation to close their mills on the making-up 
day of the week ending October 25, and not to open 
them until the Beehive Mill dispute is settled. 





According to the J'imes, twelve large cotton-mills in 
the Nelson district were closed down yesterday owing 


to the lack of water to run the engines, and over 6000 
looms were meet besides 2000 workers being ren- 
dered idle. e water famine in the district has 
become so acute that the supply to the inhabitants 
has been cut down. . 





to press the strike situation in 
Dublin remained unchanged, pending the Board of 
Trade inquiry now going on. There has been no dis- 
order of any kind since last week, and the streets 
have, itis said, resumed their normal appearance. 


At the time of goin 





On Saturday last the first International Syndicalist 
Congress was opened at the Holborn Hall, and on 
Monday the President, Mr. Fritz Kater, Berlin, 
delivered his presidential address to about forty 
delegates. Among other things, the President said 
that it was necessary in the first place to give a 
declaration of the principle of Syndicalism, and ulti- 
— do away with capitalism entirely, and in the 
second place they must try and realise the interna- 
tional organisation of the movement. 





As the result of a meeting between Sir Frederick 
Donaldson, chief superintendent of the Ordnance 
Factories, and Mr. Arthur Harris, general secretary 
of the Labour Protection League, on Tectia last, the 
employees in the Arsenal have had a substantial in- 
crease in wages granted them, the mechanical engineer- 
ing department being the one chiefly affected. In this 
department, where hitherto a wage of 6d. an hour has 
been paid to stokers employed in the manufacture of 
gas for consumption in the Arsenal and other Govern- 
ment establishments, the men are now to be paid 6s. 
for an eight-hour shift. Another concession is that 
eight-hour shifts have been established in place of 
irregular hours in the past. A number of labourers 
will also be affected as well as the stokers. 





On Monday last about 900 of the employees of 
Messrs. Garton, Hill and Co., sugar refiners, of York- 
road, Battersea, came out on strike for an increase of 
wages. The following are the men’s demands :— 
(1) General workers to have from 4}d. to 6d. an 
hour ; (2) men in responsible itions to have their 
wages increased proportionately ; (3) lads aged 18 to 
23 to have l/l. a week with 6d. an hour overtime 
—an increase of 2s. to 4s. a week; (4) workers at 
steeping vats, 7d. an hour, an increase of ld. ; 
(5) pieceworkers, 6d. an hour for the time they are 
waiting in the works; (6) the reinstatement of men 
and no victimisation. An offer was made during the 
day by Sir Richard Garton to discuss terms, on con- 
dition that the men would return to work meantime, 
but this was declined by the men. 





A settlement between the Master Builders’ Associa- 
tion and the United Builders’ Union was arrived at 
on Monday last, and a strike was thereby averted. 
An increase in wages of 4d. per hour had been pro- 
mised by the employers, to take effect in the third 
week in October, and the men had asked that over- 
time should begin at 5 p.m. on weekdays and at noon 
on Saturdays. The latter point was conceded by the 
masters, and they agreed to pay time and a half for 
overtime between noon and 4 p.m. on Saturdays. 
These terms the men accepted. the agreement affects 
about 56,000 builders’ labourers. 





In the Macclesfield dyers and finishers’ dispute, one 
of the two firms of Telthers have already granted 
satisfactory concessions to the men, and in the case of 
others negotiations have been opened. There are nine 
firms of dyers in the town, and negotiations are now 


going on. 





According to the Morning Post, a provisional report 
of the result of strikes in Germany during the first 
half of the current year has beer published in the 
Reichs-Arbeitsblatt. According to the information 
therein contained 815 strikes in 22 different trades, 
ot which 176 were begun before April, 1913, and 
639 in the second quarter of the year, were ended by 
June 30. The total number of persons participating 
in these strikes was 273,166, who were employed in 4709 
factories, works, mines, or businesses. Of the strikes, 
133 were completely successful, 362 were jally suc- 
cessful and failed. The greatest number of strikes 
were in the building trade, the number being 273, 
which involved 33,716 men. Sixty-eight were com- 
pletely successful and 60a total failure. Miners to 
the number of 134,238 participated in 70 of the 
strikes, of which only one was successful, while three 
were partially successful, and 66 complete failures. 
The number of mon involved in lock-outs that ended 
in the second quarter of 1913 amounted to 49,258, the 
number of lock-outs being 224 ; 14 of the lock-outs 
were completely successful, 207 were partially success- 
ful, and only 3 were failures. Most of them—namely, 
195—took p' in the building trades ; 4 of these were 
completely successful, 188 were partially successful, 





and 3 were failures. 











be 


NW MeN 





Poe Rte 





ed 





v, 
y 
x 
& 
g 





Ter my Ra Pte 





Oct. 3, 1913.] 


ENGINEERING, 


469 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


JULY. 
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C7 JULY. 


In the acoompanying diagrams 


AUGUST. 
L 248 WUGBUAUMUBHISTNBEMUBMMB~? 48H RKBWM SE 


AUGUST. 


SEPTEMBER. 





SEPTEMBER. 


each vertical line represents a market day, and each horizontal line 


represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quieksilver is per bottle, the contents of which vary in ~~ from 70 Ib. to 801b. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


n-plates are per box of I.C. cokes. 














NOTES FROM THE UNITED STATES. 

PHILADELPHIA, September 17. 
A FURTHER gradual hardening of pig-iron prices has 
followed in some measure an improving demand, and 
peo are inclined to hold their iron at top prices. 
he greatest activity is in low-grade iron for pipe 
purposes. Sales for the past week aggregate 35,000 
tons, with a rumoured sale of 50,000 tons of southern 
iron for delivery over a long period at 10.50 dols. at 
Birmingham. The Steel Cor ration booked an 


average of 35,000 tons per day during Sagem. while | 
nfill ‘and Iron Compan 


shipments aggregate 40,000 tons. U orders on 
September | total 5,223,508 tons. Independent mills 


are holding their own. 


Rail orders for the week for 
1914 deliveries totalled 28,000 tons, with 10,500 tons 
for delivery this year. This week orders for locomotives 
were 36, freight-cars 3216, centre-sill cars 4500 for the 
Boston and Maine, and 300 all-steel passenger-cars 
for the New York Central. An order for 4000 tons of 
structural material for a department store in Buenos 
Aires was booked, besides 12,600 tons for general con- 
struction work, and 12,150 tons for construction work 


‘on railroads. An Ohio railroad has ordered 10,000 


tons of steel for railroad bridges, which was taken by 
the American Bridge Company. The Tennessee Ooal 
ao booked an order for 15,000 tons 


of rails for the Southern Pacific. The Illinois Steel 





Company will roll 5500 tons fora New York to Chicago 
road, and the Pennsylvania will make 7500 tons of 
rails for a road in the south-west. The undertone of 
the market is strong, in view of the heavy visible 
requirements which are being largely withheld, not- 
withstanding the above favourable transactions. The 
passage of the Tariff Bill now in conference is daily 
awaited. 

The proposed Currency Bill at the present Session 
of Congress is strongly opposed by that element in 
public opinion which desires to curtail rather than to 
strengthen the present power of the banking system. 
The crops in the aggregate excel the record of last 
year, and an enormous traffic. awaits the railroads, 
which is reflected in strong railroad stock quotations. 
A host of new enterprises involving large outlays 
of capital are receiving favourable consideration, but 
final action on many of them will be deferred until the 
disposition of pending currency legislation. 








RATING OF ELECTRICAL MACHINERY. 

As some considerable time is likely to elapse before 
the official report is published by the International 
Electrotechnical Commission, we hasten to put before our 
readers the salient points in to the temperature 
limits, in the rating of electrical machinery, adopted at 
Berlin, this being one of the most important matters so 
far discussed by the Commission. 

We have already mentioned that the permissible limits 
of observable temperatures recommended at Zurich, in 
January of this year, were adopted with only a few 
slight modifications. The Zurich meeting agreed upon 
the figure of 90 deg. Cent. as the highest observable 
limit for impregnated cotton, and recommended 30 deg. 
Cent. as the cooling air temperature, but made no definite 
pronouncement in regard to the extremely important 

int of temperature rise. Probably 25 deg. to 30 deg. 
Yent. well represents the average cooling condition 
ordinarily met with in practice; but it is known that the 
cooiing air temperature at times rises considerably above 
this average value, and cooling air temperatures between 
35 ~~ and 40 deg. Cent. are by no means unusual. 

It has now been agreed that, instead of an average 
cooling air temperature, the maximum probable tempera- 
ture is to be given, whilst at Berlin the majority were in 
favour of adopting 40 deg. Cent. as Fe eer 3d the worst 
probable cooling conditions under which astandard machine 
might be required to operate in temperate climates, two 
or three favoured 35 deg. Cent. With a view, however, of 
arriving at a unanimous agreement, this point, as al y 
mentioned, was wisely referred back to the National 
Committee for further consideration. 

Under the conditions of maximum cooling air tempera- 
ture, the permissible limits of observable temperatures 
specified for various insulating temperatures must never 
be exceeded, and the values adopted at Berlin, and given 
in the table herewith, represent the carefully-considered 
opinion of the International Electrotechnical Com- 
mission, and are put forward as approved practice for 
continuous running. The values are to apply only to 
windings for rotating machinery, the terminal pressures 
of which do not exceed 4000 volts, and to dry trans- 
formers with solidly-impregnated coils up to 10,000 
volts. The question of temperature limits for oil- 
immersed transformers has been deferred for future 
consideration. 

We understand that experimental evidence justifies the 
assumption that, in the above-mentioned windings, to 
which the limits are to apply, the hottest internal spots 
will not be more than 10 deg. t. in excess of the 
highest temperatures observable by the methods of 
measurement recommended by the International Electro- 
technical Commission, and of which details will be given 
in the official report. 

It is to be noted that the observable temperature limits 
permissible in windings for higher pressures than those 
stated above will be less than indicated in the table, so 
that the same temperature limits at the hottest internal 
spot shall not be exceeded. Thus for heavier insulations 
it will ey be necessary to allow for a greater differ- 
ence between the temperature at the hottest internal spot 
and the highest observable temperature, and, doubtless, 
specific figures to cover such cases will be recommended 
by the Commission later on. 


Limits of Observable Temperature Adopted by the Interna- 
tional Electrotechnical Commission in September, 1913. 


Deg. Cent. 
Non-impregnated cotton... si ses 80 
Impregnated cotton or paper—general ... 90 
Impregnated cotton or paper—single-layer 
field-coils, stationary or moving... 95 


Impregnated cotton or pa —stationary 
coils solid] iapeagueiell Usonghoud a 95 


Impregna cotton or paper—rotor and 
stator windings having the slot portion 
solidly impregnated or moulded seb 95 
Enamelled wire (without cotton) ... sn 105 
Mica, micanite, asbestos—general ey 115 
- in a single - layer 
field-coils, stationary or moving... _... 120 
Mica, micanite, asbestos, stationary coi 
solidly impregnated or moulded... _... 120 
Windings permanently short-circuited— 
insulated... an oe on we 100 
wt, Windings permanently short-circuited— 
—  non-insu + i ee oa 110 
2’ Commutators—slip-rings ... ae - 4 


Bearings wa 
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ON MODERN OPEN-HEARTH STEEL 
FURNACES.* 


By Bensamin Ta.zot, Middlesbrough. 


Durine the last quarter of a century perhaps no fact 
has been more striking in connection with the manufacture 
of steel than the gradual replacement of Bessemer by 
open-hearth steel. It is well known to all that this ex- 
tension of the open-hearth process is becoming more and 
more rapid, and as — some considerable time past 
the author has made a study of the variation in design in 
the chief forms of furnace used to carry out the process, 
it has ocourred to him that a short paper dealing more 
especially with the development of the tilting form of 
open-hearth furnace might not be without interest to the 
members. 

It is some fifteen years now since the author designed 
the first tilting furnace erected by him in America. 
Although tilting furnaces were not unknown at that date, 
and had indeed been condemned, the fur erected 
under his supervision at Pencoyd about the year 1898 
embraced several features new at that time. An outline 
of this Pencoyd furnace, which was rated at 75 tons, is 
shown in Figs. 1, 2, and 3. It was in this furnace that the 
first trials of the continuous process were carried out. 
Although at that time the furnace gave good results, the 
furnaces which have been erected during recent years 
under the author's supervision are in many points a very 
great improvement on his original design. 


er 7: 64 ---—-—»p----7: 64 -----——-»} Fig. 





It is to the credit of one of the largest Continental steel-| In examining the yee ay the a furnace shown 


making firms that they have adopted this method of | in Figs. 1, 2, and 3, it will be seen that the furnace is fur- 
practically proving the advantages and disadvantages | nished with a block inside the tilting section me and 
of each type of furnace, and of varying methods of working. | in this respect it resembles in every respect the arrange- 
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Figs.tto3. ROLLING MELTING FURNACE, 
PENCOYD IRON WORKS. 








In studying the design of other furnaces, more especially 
some of thosé erected in America, the author has been 
struck by the seeming want of jnitiative on the part of 
modern furnace designers in not studying the possibility 
of improvements in the design of the tilting type of 
furnace. He cannot understand>the attitude of mind of 
these engineers unless there is, es he believes, a strong 
prejudice against this type of po ng The only alterna- 
tive that occurs to him to account for their attitude is 
that they imagine finality has been reached in the design 
of these furnaces, which would be an absurd position to 


take up. 

This attitude of mind is the more difficult to under- 
stand, as several of the large corporations in America 
have such wide resources and special facilities for experi- 
mental work, that they could readily build one or two of 
these large tilting furnaces in the same shops as their 
ordinary fixed furnaces, whereby they would be enabled 
to work under exactly similar conditions of shop practice 
and materials as their fixed furnace plant is worked 
under, thereby the question of the respective merits of 
each type of furnace under varying conditions could be 
worked out in a practical way, instead of the matter 
being settled by a committee discussing the question in 
*) perely theoretical way without sufficient practical data 

ore them. 





* Paper read before the Iron and Steel Institute at 
Brussels, September 2, 1913. 
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FURNACE END ELEVATION 
LOOKING ON CHILLS. 


Figs.4to7 TALBOT TILTING FURNACE, 
SHOWING COOLING WATER PIPES 





OSS aa pe RE t 
END ELEVATION 

_So far as the author understands, the two main criti- | ment found in the ordinary fixed furnace. This was found 
cisms which are brought against tilting furnaces by those | to be the point which gave — trouble in the 
opposed to them are the initial capital outlay and the | earlier form of tilting furnaces. ere, as was usual, the 
increased cost of upkeep. In the course of the following | furnace was provided with two air and one gas port in 
remarks the author hopes to combat both these objec- | the centre, it was found that by placing separate water- 
tions, and at the same time to point out some of the | cooled chills anound the opening of each port, both on the 
salient advantages that accrue from the use of these | tilting section and on the movable port end, equilibrium 
tilting furnaces, as against the fixed type. , was established whereby after, say about one-half of the 
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original length of block in the furnace had burnt back, | now the furnaces have been built with no block whatever | it is quite possible to run the furnace indefinitely as far 
the influence. of the water-cooled chill was sufficient to in the tilting secon of the furnace itself, the space |as the port repairs are concerned. In no other respect 
maintain the remaining half in fair os condition. formerly occupied by the block being now a large central | has any change of any moment been made in the design 
This, however, only mitigated the evil, and the lime dust opening in which the incoming air and gas meet and com- | of the furnaces as now put down as against those first put 
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CROSS SECTION. 


Figs. 8w132. KNOX WATER COOLING DEVICES. 


Fig. 10. 
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Figs. 14oll. 60 TON BASIC OPEN-HEARTH FURNACE, 
BLAIR PORT 
a) 
down at the Frodingham Company’s works, except, of 
course, that the more recent furnaces put down are 





of @ capacity of 200 to 250 tons, as against the original 
75-ton benno at Pencoyd, and the 100-ton furnace at 
Frodingbam. 

To show in what direction others have sought to improve 
the design of the fixed furnace, the author shows in Fi 
8 to 13 the furnace with the Knox cooling devices, which 
have found wide use in the United States; and in Fi 
14 to 16 the Blair cooling devices, with the further idea 
of a movable slag chamber. These designs show a most 








ex ve form of fixed furnace, > 7 they constitute 
4 distinct advance. If they be out, the cost per 
ton of output with a 60 to 80-ton fixed furnace so designed 
against a ton pm | furnace, working with the same 
quality of liquid and taking out the same weight 
of cast per heat, will be less in the case of the tilting 
furnace, since the output from the latter will be larger 
when working under the same conditions as the fixed 
furnace. Again, when comparing the ay furnace with 
the fixed furnace, cpeclily Ge large tilting furnaces 
: now commonly used, it must be remem that the 
- . floor space occupied is far less in the case of the tilting 

and oxide and the cutting action of the flanre against the | bustion takes place.’. This arrangement is shown in Figs. | furnace per ton of output obtained. Le on ge leads to 
block prevented the furnace having a long campaign. 4 to 7, which also shows the water-cooling arrangements | an economy in the cost of the building which houses the 
After trying in various ways to improve the life of the in connection with it, which i furnaces. Looking at it therefore from every point of 





ts 
block with more or less success, a radical departure in | are most essential to the success of the whole. With the | view, the author contends, now that such expensive fixed 
water-cooling was finally decided upon, and for some time | port arrangements of the design, shown in Figs. 4 to 7, | furnaces are being built, which are provided with every 
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TEMPERATURES AT BASE OF A FURNACE STACK. 
* 





(PEFR) 


again, accretions form at times on the bottom which 
grow and cause it to get out of shape. If a tilting fur- 
nace were employed with this method of work, nodoubt 
part of the ae would be retained when tapping, and 
with it necessarily some metal, and the author believes 
better results would thereby be obtained than by tapping 
a fixed furnace twice for one product. 

The author has given in the tables on 472 
and 473 the so-called rated capacities and dimensions 
of various furnaces, from which it will be seen that there 
is absolutely no fixed ratio between the rated capacity, 
the hearth areas, and the cubic areas of the regenerator 
chambers. The furnaces of 100 tons capacity and over, 
are all tilting furnaces using the Talbot process ; and it 


will be seen that in their cases there is a fair agreement | pro 


between them, but when we come to the fixed furnaces 
the whole matter is chaos. 

As one might from theoretical gut expect a much 
higher temperature in the stack from these large tiltin 
furnaces working the Talbot process, owing to the si 
cubic capacity of the chambers, the author was interested 
to ascertain, as nearly as possible, what this loss really 
was. In Fig. 17 is given a chart of readings en 
every 5 minutes over a period of some 17 hours by a pyro- 
meter of the temperature at the base of the stack of a 
furnace of 175 to 200 tons capacity working continuously. 
It will be seen that at many of the reversals the tem- 
perature, owing to gas passing the valve, jumps up, 
which points to the fact that although the valves are 
arranged to cut off the supply of gas before reversal, the 
supply-valve does not shut down completely, so that 
fe ae ayy occurs. The av temperature found, 
including the high peaks at rev over the 17 hours, is 
472 deg. Cent. Omitting the high peaks due to reversal, 
which can be got over by attention to the — > 
average temperature of the outgoing gases at the stac 
was 462 deg. Cent. This compares very favourably with 
the results given by Mr. Schreiber,* who has found for 
the outgoing gases from a fixed furnace higher tempera- 


tures. 

The author’s desire in bringing before the Institute 
the foregoing remarks, in favour ef the extended use of 
the — furnace, has been that it may lead to an in- 
teresting discussion on the more modern methods of work- 
ing the open-hearth process, especially with molten iron, 
the most suitable apparatus in which such methods 
be best carried out. It may be thought by some that 
he holds a brief in favour of the continuous process wit 
which his name is connected, but although he believes the 
continuous process offers the most economical method of 
working, he has an open mind on the matter, if a better 
means of working should present itself. So long, how- 
ever, as the open-hearth process of converting molten pig- 
iron into steel is found the more economi: he is con- 
vinced that the large tilting furnace will ultimatel 
become the apparatus, par exzellence, in which suc 
— is always carried out when large outputs are 
required. 


and 





University or Lonpoy.—Mr. 8. C. Kaines Smith, 
M.A. (Cantab), will give a course of lectuges on Tuesdays 
at 4.30 p.m., at the British Museum, on “ Greek Art and 
National Life” and ‘‘ The Nature of Beauty.” Special 
demonstrations will be held in the Museum ies, 
apart from the lectures which are illustrated by the 
lantern. Particulars may be obtained from the honorary 
quenetery. Miss Claire Gaudet, 120, Cheyne Walk, 





* Stahl wnd Eisen, 1913, No. 2. 
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THE CRYSTALLISING PROPERTIES OF 
ELECTRO-DEPOSITED IRON.* 


By Dr. J. E. Srzap, D.Met., D.Sc., F.R.S., and 
Professor H. C. H. Carpenter, M.A., Ph.D. 


(Concluded from page 443.) 


Tuis intercrystalline brittleness of electro-deposited 
iron has been carefully studied by Humfrey,+ who 
ascribes it to the existence of a special oxide of iron 
soluble in 7 but not in a iron, which is therefore rejected 
to the boundaries on cooling. This would result in lack 
of cohesion between the érystals, and consequently would 
produce intercrystalline brittleness. It has now been 
ved that the electrolytic strip, the thickness of which 
1s about 0.01 in., develops a very coarse crystalline struc- 
ture on being heated above the Ac 3 change and allowed 
to cool at ordinary rates, and the following conclusions 
can be drawn :— 

1. Up to 900 deg. Cent. the changes in crystalline form 
appear to be of a slight character, and to be chiefly con- 
nected with the stallisation of the amorphous phase 
produced by mechanical work in rolling the strip. 

2. The recrystallisation leading to the formation of 
very coarse crystals begins at about 910 deg. Cent., and 
is complete at 915 deg. Cent.—temperatures which fall 
well within the variations of temperatures of the Ac 3 
inversion (902 deg. to 926 deg.). It om to be a very 
abrupt change, for it is completed after two or three 
seconds in the above temperature zone. 

3. The first new crystals formed are equi-axed, but at 
930 deg. Cent. radial crystals appear, and with a rise of 
temperature tend to displace the equi-axed crystals 
entirely. Two distinct types of coarse crystallisation 
can thus be formed. _ 

The fo ing experiments, however, do not answer the 
question whether the coarse crystals are formed on heat- 
ing or on cooling. In other words, does the y iron only 
require to be heated above Ac 3, or does it also require to 
be cooled below Ar3? In the former case the crystals 
are 7 iron (which will be metastable at the ordinary tem- 

rature); in the latter they are either § or a iron, the 
latter of which will be stable at the ordinary temperature. 
The question was tested in the following way :—Small 
pieces of strip were heated in vacuo to 950 deg. Cent, in 
the quartz tube of a furnace similar to that used by 

mhaint for quenching experiments. After being 
temperature was lowered to 
the desired arco A temperature, and maintained 
there for 30 minutes. © strip was then water-quenched 
in vacuo. In this way, by successive steps, the Ar3 
—— was passed through, and the result is given in the 
following table :— 
Taste II. 


| Initial | Quenching 





Photograph No. 20, psge 475, is typical of the struc- 
tures obvained in experiments 1 to4, while No. 21 is that 
of the structure obtained in No. 5. From these it is 
quite clear that the coarse crystals were not formed at 
885 deg., but were well developed at 880 deg. Cent. The 
oy same of the Ar 3 of this iron varies between 
890 mf and 886 deg. ore these tests show con- 

that the coarse crystals are not produced by 
any ting above Ac 3, but that the iron has also to be 
cooled through Ar 3, that they are formed not on heating 
but on cooling, and that they are not y iron, but either 
8 or a iron. Another tn: | of this is given in Photo- 
ph No. 22 (A, B, and Cc, magnification = 2.1 diameters). 
ree strips were heated to 1000 deg. Cent. One of them 
was quenched in cold water (A); another was allowed to 
cool about two seconds in air through Ar 3 (B); the third 
was cooled for three seconds through Ar3(c). Thus the 
strip quenched well above Ar 3 is seen to be finely crystal- 
line, whereas the two quenched below it are coarsely 
crystalline. This test, in addition, illustrates well the 
— rapidity of formation of the very coarse crystals. 
hus far it has been shown that the very coarse crystals 
are not formed until the iron has just entered ba is 
called the ‘8 ” on cooling. Perhaps the most 
natural interpretation of the results would to regard 
the crystals as Biron. Recently, however, Benedicks* 
given many cogent reasons for doubting the existence 
of 8 iron altogether, and for inclining to the view that it 
is really a solid solution of 7 in a iron, owing its existence 
mainly to the unavoidable presence of impurities even in 
the purest samples ; still more recently one of the authors 
has tested this view as crucially as possible, and come to 
the conclusion that the conception of A 2s an indepen- 
dent allotropic change may have to be abandoned.t If 
these views are correct, then the iron which is formed at 
Ar 3 is not 8, but a; and since this appears the nearest 
approximation to the truth that can be reached at present, 
the authors, pending further research, will adopt it in 
their interpretation of the recrystallisation effects obtained 
in the foregoing experiments. The conception that the 
coarse crystals are a iron explains one very important 
property of the iron. It has already been emphasised 
that when once they have been fennel no heat treatment 
of — below Ac 3 will refine or alter them. If the 
iron below A 3 is a iron, then it is obvious that this must 
be so simply because a is the stable phase in this tempera- 
ture zone. To fine the structure the iron must either be 
heated above Ac 3 and quenched, or it must be cold 
worked. If, however, just below Ar 3 § iron is formed, 
then the coarse crystals are only stable between Ar 3 and 
Ar 2, and below the temperature of the latter they will 
be metastable. Therefore by annealing at temperatures 
below Ar2 it should be theoretically ible to destroy 
the coarse 8 crystals and replace them by a crystals, 
and — differences would te observed 
unless the two varieties are isomorphous and mutually 
soluble. The results of all tests of this kind have 
been negative. The view therefore that the coarse 
crystals are a and not § iron commends itself to the 
authors. There is, however, one remarkable fact to be 
noticed—viz., that the small crushed a crystals obtained 
by cold-rolling, hammering, &c., show no tendency to 
form coarse crystals even if they are annealed for a long 
time at a temperature below Ac 3, and this is the case 
even when a given specimen contains both coarse and 
fine crystals. One such was kept at 880 deg. Cent. for 
24 hours, and remained quite unaltered as far as could be 
judged. This is certainly a very astonishing result, for a 
growth of the coarse crystals at the expense of the fine 
crystals was to be anticipated, and it places the pheno- 
mena of coarse crystal development of this iron in a 
different category from the crystal growth ordinarily 
produced by annealing. 

Behaviour of Thicker Sheets of Electro-Deposited Iron. 
—The foregoing results have been obtained with sheets, 
the thickness of which did not exceed 0.0lin. It was 
considered important to test the recrystallising properties 
of thicker sheets—that is, those in which the third imen- 
sion was more fully developed. After some ditticulty—for 
the iron is usually employed in strips of the above thick- 
ness—a batch of strips 0.02 in. was obtained and tested in 
a similar way. The structure of the strip as received is 
shown on page 475, photograph No. 23. After being 
heated for twenty minutes at 950 deg. Cent., a slight 
but decided growth of equi-axial crystals was evident 
(vide No. 24, where the coarsening is much more de- 
veloped at one end of the strip than the other). 
After one hour’s heating at the same temperature a 
similar result was obtained, and after three hours, that 
shown in No. 25, which, so far as crystal size is concerned, 
does not represent any advance on No. 24. pensar 
therefore, maximum crystal growth is attained rapidly 
here just as with thinner sheets, although it is very much 
less pronoun A somewhat unexpected result was 
obtained after six hours’ heating at 1000 deg. Cent., when 
it was found that almost no crystal growth had occurred 
(No. 26, compare with No. 23). Phis result was con- 
firmed in other experiments, so that it appears that pro- 


clusivi 











| Type of Crystalli- i i i 

No. Temperature. | Temperature. » caten —— > pe ph may a gs the coarsening effects 
a deg. termination of the Critical Thickness at which Gross 
950 ’ all Crystallisation Occurs on Short Heating.—In view of the 

1 950 Small crystals. : 
2 950 910 Ditto. very much less marked effects of heat on the recrystallisa- 
3 050 890 Ditto. tion of thick sheets, it was considered important to deter- 
‘ ose 885 Ditto. mine the approximate critical thickness at which the 
° ad 0 Coarse crystals. | rapid coarsening of the crystals can be brought about. 
— Accordingly specimen — ¥ were cold-rolled from 0.02 in. 
* Paper read before the Iron and Steel Institute, at|40wn to certain des thicknesses, and measured 


B September 1, 1913. 

+ Iron and Steel Institute; Carnegie Scholarship 
Memoirs, 1912, vol. iv., pages 80-107. 

t ——— of the Iron and Steel Institute, 1908, No. L., 
P° ge 








* Journal of the Iron and Steel Institute, 1912, No. II., 
256 


pages 256 to 271. 
+ Journal of the Iron and Steel Institute, 1913, No. I., 
pages 315 to 326. ENGINEERING, May 9, 1913. 
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¥ in. b i ter- . Noobject ined | haated for twenty hours at 950 deg. Cent. Here the| by much smaller ones. Finally, it was again heated for 
eee oan or this, dons the alanis | structure was sutnally refined, and this result has been | one hour at 950 deg. Cent., — th large-sized, equi-axed 


by measuring more closely t 
in thickness of the — as 
order of magnitude. 

one-hour periods at 950 d 


furnace cooling. The results are tabulated in Table III., | characteristic of a short-heating period, 


annexed. 





No. > ar No. ya 
at 885 dey. C. at 880 deg. OC. 
Magnification, 1.76 diameters. 





No. 24.—After 20 mins. 
at 950 deg. O. 
Magnification, 1.76 diameters. 


No, 23.—As received. 









No 30.—As received (mild steel). 


It will be seen that between 0.018 in. and 0.013 in. 
the results, although somewhat irregular, agree in show- 
ing that there is no marked coarsening of structure. 
The critical thickness is about 0.012 in., where a s 
but decided crystal growth occurs. At 0.011 in. 
the coarsening is much more marked, though it is 
somewhat less than at 0.010 in. In order to see 
whether more prolonged heating above Ac 3 would accen- 
juate the coarsening of structure, another strip was 





No. 224.—Quenched No. 22n.—Quenched 
from 1000 deg. O. 


No. 831L.—After 1 hour 
at 950 deg. O. 


All magnifications, 1.76 diameters. 





thus produced were of this | confirmed by another test under the same conditions. 1t 
e strips were then heated for|is clear, therefore, that prolonged heating above the 
. Cent. in vacuo, followed by | Ac3 point does not produce the coarse crystallisation 


ut that it 
actually refines the structure to a marked extent. 





No. 22c. - Quenched 
about 3 secs. after 
passing through 
Ar 3. 


about 2 secs. after 
passing through 


Ar 3. 
Magnification, 2.1 diameters. 





No. 25.—After 3 hours 
at 950 deg. C. 


No. 26.—After 6 hours 
: at 1000 deg. C. 





No, 33.—After 1 hour 
at 950 deg. O. 


No. 32.—As received 
(wrought iron). 





Pho’ phs 27, 28, and 29, above, give the struc- 
tures of the strip 0.011 in. thick as rolled, after one 
hour and after twenty hours at 950 deg. Cent. respec- 
tively. The refining effect of prol heating above 
Ac 3 was further demonstrated in the following way :—A 
piece of strip 0.0095 in. thick was first heated for an hour 
at 950 deg. Cent., when large ra‘ial crystals formed. 
It was then heated for 21 hours at 950 deg. Cent., after 
which the radial crystals were destroyed and replaced 





crystals resulted. 








Tasie III. 
Heat Treat- Thickness of R 
ment. Strip. it. 
deg. in. 
One hour at 95 0.018 Very slight crystal growth. 
50 


” v 0.016 | ” ” ” 
Slight fining of the structure. 


a 950 0.014 
an 950 0.013 Slight crystal ee. 
a 950 0.012 Decided grow 
a 950 0.011 Very marked growth, but less 
than with strip 0.010 in. thick 
20 hours at 950 0.011 


Not only no growth, but a de- 
cided ft ing of the structure. 


It need not be concluded from these experiments that 
the coarse radial and equi-axed crystals produced. on 
short heating above Ac3 represent merely evanescent 
types of structure, which give place on ‘prolonged heat- 
ing toa much finer type of crystal which is permanent. 
The remarkable stability of the coarse crystals once the 
are formed, and provided they are not heated above Ac 
is a powerful argument against this view. The retining 
of the structure caused by prolonged heating in the 
region of y iron can be ex in accordance with well- 
established facts of the genesis and growth of crystals in 
the following way :—On heating the iron strip, which 
consists of an aggregate of a crystals, above Ac 3, a 
region is entered in which y is the stable phase, 
and provided it is held there sufficiently long, not 
only the a crystals, but their nuclei will be destroyed. 
When the strip is cooled through Ar 3, and in enters 
the a region, it is, @ priori, a question whether a large 
number of a nuclei will be formed simultaneously, in 
which case the crystals that result from them will be both 
numerous and smal], or a smal] number of nuclei are 
formed, in which case, provided diffusion can take place 
with sufficient rapidity, the nuclei will develop into a 
small number of large crystals, or, of course, any inter- 
mediate proportion may be assumed. A reasonable 
explanation of the fine a crystallisation resulting from 
prolonged heating in the y region is, therefore, that very 
numerous a nuclei are f simultaneously on passing 
through Ar3, and accordingly the crystals are small. On 
the other hand, a short heating above Ac3 may be in- 
sufficient completely to destroy the a nuclei, and when 
the strip cools through Ar3 a certain number will be 
present which will act as centres of crystallisation, so 
that, if diffusion is operative, large orystale will grow 
from these centres. is would account for the coarse 
crystallisation that results after a short heating above 
Ac 3, and it is the explanation which appears to the 
authors to be reasonable, and to fit in with the observed 
facts. 

In a recent paper* L. Guillet and A. Portevin show 
two photographs of a specimen of an industrial electro- 
lytie iron of the following composition :— 


Per Cent. 
Carbon trace 
Manganese nil 
Silicon... nil 
Sulphur ots nil 
Phosphorus ... 0.025 
Arsenic 0.011 


The one is of the metal as deposited, the other of the 
metal annealed for two hours at 900 deg. Cent. in mag- 
nesia. The structure of the latter does not call for an 
comment other than that the —— purity of the iron is 
demonstrated. Even at a magnification of 250 diameters 
the crystals are a py small. The iron appears 
to have been available in the form of rods about 5.7 mm. 
in diameter and 120 mm. in length, and it is therefore 
obvious why the remarkable recrystallisation phenomena 
of electrolytic iron strip recorded in the ~<; paper 
were not found in the rods examined by uilles and 
Portevin. 
iments with Mild Steel.—The next experiments 
were carried out with mild steel, and were designed to 
test the exact temperature at which the coarsely crystal- 
line structure developed between 700 deg. and 800 deg. 
disappeared on heating. Photograph No. 30, qanened, 
represents the structure, ified 1.76 diameters, of the 
steel experimented upon. It wasa piece of commercial 
sheet very low in car and, as the wy shows, 
it was of a somewhat spongy texture. It had been 
brought into this condition by ‘‘close annealing.” Ita 
thickness was 0.022 in. Strips were cut and subjected 
to the same preliminary treatment as that undergone by 
the electrolytic iron, and they were heated in vacuo 


) under the same precautions, the “— being kept 


within 1 deg. of the desired figure. @ results are given 





in Table IV.— 
Tasie IV. 
Temperature. at Result. 
deg. Cent. hours. 

890 2 Coarse crystals unaltered 
900 2 Ditto 
910 1.6 Ditto 
920 15 Ditto 
930 1.5 Ditto 
910 1.5 Very fine — 
930 8 itto 
920 8 Ditto 
95 8 Coarse crystals unaltered 
910 3 Ditto 


* Comptes Rendus, 1913, vol. clvi., page 703, 
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The refined structure is shown in Photograph No. 31.| and there can be little doubt but that this is the most| In the present research no results have been obtained 
These experiments prove— potent influence in preven wrought iron from rapidly | which give any support to the view that any crystallo- 

1. That the refining temperature lies between 915 deg. | crystallising in large crys on poames through the | graphic c takes placeat A2. The structures of the 
and 920 deg. Cent. : Ar3 inversion. As regards the very mild steel, there is | iron strip cooled from the temperatures 700 deg., 750 deg., 

2. That the coarse structure possesses considerable haps no such outstandin aun present to account | 800 deg., and 850 deg. Cent. are, as far as can be judged, 
stability, since it persisted even after 1.5 hours at a/| for ite similar behaviour u the minute and perfectly | identieal. The extremes of these are well outside the 
temperature fully 10 deg. Cent. above the refining | distributed particles of sulphide are taken as | limits of Ac2and Ar2. In stating this the authors 


temperture. 
3. That the refining temperature coincides almost 


exactly with the Ac 3 inversion, and therefore it may be 
led as caused by this change. It does not take 
place below it. ’ 

4. That the very treatment which produces extremely 
coarse crystals in electrolytic iron refines the very coarse 
structure of very soft steel. ; k 

In view, however, of the results obtained with elec- 
trolytic iron, it was considered important to test 
whether steel sheet, the thickness of which did not 
exceed 0.01 in., would form coarse crystals by heating 
above Ac 3, followed by slow cooling. Accordingly, 
some of the strips were cold-rolled down from 0,022 in. 
to 0.009—0.01 in. with one intermediate annealing. 
Although this caused a partial breakdown of some of the 
coarse cryatals, others merely elongated in the direction 
of the rolling. A sample was heated in vacuo for one 
hour at 950 deg. Cent.—a heat treatment which com- 

letely refined it. Another was — one hour at 1000 deg. 
Bent. with the same result. It is quite clear therefore 
that such mild steel does not share with electrolytic iron 
the property of forming extremely coarse crystals on 
being heated ahove Ac3, but that, on the contrary, ite 
structure is very markedly refined. 


Experiments with Wrought Iron.—The analysis of the 
Swedish iron tested was as follows :— 
Per Cent. 
Carbon ... 0.045 
Manganese 0.085 
Silicon ... =, 0,056 
(mainly as silicon) 
Sulphur... pe 0.003 
Phosphorus 0.013 
Oxygen ... 0.050 
Iron em a 99.748 
(by difference) 


This was rolled into strips, and then decarburised as 
far as —_ by ore-annealing in a special furnace. 
After this treatment the strips were scaled. Upon 
removing this, a thick envelope of fine-grained iron was 
found, and below this, crystals whose maximum size did 
not exceed 0.125 in. in diameter. On reheating the 
strips at one end a new fine-grained envelope formed, 
but underneath the crystals, were only about one-fourth 
the size of the original. Recrystallisation experiments 
were carried out under the same conditions as those 
adopted for mild steel and electrolytic iron. The thick- 
ness of the strip was 0.028 in. Table V. gives the results 








obtained :— 
TABLE V. 
oe | 
Tempera- ° | 
ture. | Experi- | Result. 
| ment. 
deg. Cent. | 
800 One hour; Marked recrystallisation with decided 
| | coarsening of the crystals. 
850 oe | Similar result, but with less coarsening. 
890 * | Less coarsening than at 850 deg. 
960 | a | Recrystallisation, but no coarsening of 
| structure. 
1000 ” Ditto Ditto 





‘ These experiments show that no coarsening of the 
structure took place on heating above Ac 3, but that a 


decided coarsening occurred at about 800 deg. Cent., pe 


which became less marked as the temperature and 
disap above 900 deg. Cent. But in order to obtain 
4 strictly comparable test with the electrolytic iron, 
some of the strip was rolled down to 0.009 in. and 
then heated for an hour at 950 deg. Cent. The structures 
of the iron before and after this test are shown on 

475, Photographs Nos. 32 and 33 respectively. 
ft will be seen that not only has no crystal growth 
occurred, but that there has been a marked refining of 
the structure. A similar result was obtained at 1000 deg. 
Cent. Thus, wrought iron and mild steel behave exactly 
alike in this respect, and precisely opposite to pure 
electrolytic iron. 

General Consideration of Results.—The foregoing re- 
search has proved by strictly comparative experiments 
that on heating electrolytic iron for a length of time 
which may be anything between two seconds and four 
and five hours above Ac3, followed by any rate of cool- 
ing short of actual water-quenching, it unde t 
remarkable recrystallisation, resulting in the production 
of very coarse crystals, and reasons have been given for 
concluding that these are a iron; whereas same 
treatment not only does not coarsen the structures of 
wrought iron and very mild steel, but actually refines 
them to a very marked extent. What is the explanation 
of this striking difference in —— Inasmuch as 
the electrolytic iron was much the purest of the three 
types experimented upon, it is not unreasonable to con- 

ude that its behaviour approximated most nearly to 
that of ideally pure iron under the conditions chosen. 
The t rapidity of the change, and the enormous 
size of the resulting crystals, are each of them evidence 
of the purity of theiron. It se rt the authors that the 
most probable reason of the a of any formation of 


coarse crystals in the case of wrought iron is the retarding 
effect on crystallisation of — icles. Asis well known, 
slag is present in all irons. The viscosity of 
most slags is so notorious as to need no emphasising here, 





the equivalent of slag, but that the latter is due to the 
combined retarding effect of the various impurities 
present seems the most probable explanation to the 
authors. 

The research has also shown that the capacity of form- 
ing enormous crystals on cooling through Ar3 is not a 
general property of pure electro-deposited iron, but is 
confined to sheets the thickness of which does not ex- 
ceed about 0.011 in. to 0.012 in. Above this limit the 
effects are only slight and somewhat irregular. The 
rapidity with which the coarse crystals are formed—viz., 
in two or three seconds after cooling through Ar3—is 
very remarkable, and really constitutes a new property 
of iron which is only manifested in the purest electro- 
deposited samples. ually interesting and important 
is the fact that the very coarsely crystalline metal is 
extremely malleable, and much more so than the purest 
wrought irons and soft steels. As already mentioned, its 
malleability appears to be fully as great as that of copper. 
Although two well-marked types of coarse crys can 
roduced by heating above Ac3, which have been 
characterised as “‘equi-axed” and “radial,” there is no 
reason for thinking that there is any constitutional 
difference between them. They frequently occur on the 
same specimen, and are certainly, when cold, a iron. 
The radial crystals — a when the iron 
has been cooled from the highest temperatures experi- 
mented with. Their development depends on the direc- 
tion of the critical change. 

When strips of electro-iron are heated at one end to 
1000 deg. Cent. in a muffle, and then withdrawn quietly, 
radial crystals always ap above the part heated just 
below the critical point, for the reason that the direction 
of the fall of temperature is from the hotter to the colder 
end. The crys begin to grow at the junction, and 
develop in straight lines along the strip following the 
fall of temperature. The same thing occurs on heating a 
strip to 1000 deg. Cent., and placing a heavy cold piece of 
iron in the centre when in the muffle. The heat flows to 
this in straight lines, and the crystals grow in the same 
direction. Again, in the trial mentioned above, in 
which a coil of the electro strips were heated to 1000 deg. 
Cent. and cooled slowly from each end, the direction of 
cooling determined the direction of crystal growth. 
Radial or columnar crystallisation then depends on the 
direction and not on the rapidity of cooling. If the 
cooling is evenly distributed over the whole piece, the 
crys begin to grow at a multitude of centres and 
develop in all directions, pare with their mutual 
growth, and form equi-axed individuals great or small, 
their final size being inversely proportional to the speed 


of — 

Tt has nm proved by one of the authors that when a 
steel bar with 1 per cent. carbon or less is decarburised by 
heating in air at just below 765 deg. Cent., at which tem- 
perature the whole mass isin the ¥ state, as the carbon is 

ually removed from the outside leaving ferrite behind 
in the a state, the crystals of ferrite are always radial, 
and when decarburisation is complete they are continuous 
from the outside to the centre. Here the growth of 
crystals is obviously radial, and the chenge from y toa 
iron must be abrupt, or practically so. There is nothing 
very surprising in a pure metal crystallising in large 
crystals when slowly cooled from the freezing-point, and 
in the absence of any allotropic changes. Instances of 
this are frequent. But that a metal which, above a par- 
ticular allotropic change, crystallises in small enn 
should, only 3 seconds after passing through that c ange, 
converted into a comparatively small number of rela- 
tively enormous crystals, is a very remarkable fact, the 
explanation of which is by no means obvious. 

e authors have tentatively put forward the view 
that this can only happen if a certain number of a nuclei 
are present even after two or three hours’ heating above 
Ac3, which act as centres of rapid crystallisation when 
the Ar3 era © occurs, since prolonged heating above 
920 deg. Cent. followed by slow cooling does not give rise 
to coarse, t, on the contrary, to very fine, crystals 
(cf. Photograph No. 29). In any case it is clear that this 
property is confined to irons of the highest purity. 

The proof that thischaracteristic crystallisation of pure 
iron is due to the occurrence of the Ar3 change—+.e., to 
the conversion of + either into 8 or a iron—is incomplete, 
but a question of the very greatest interest and theore- 
tical importance remains to be answered. Is there any 
evidence of aera at Ar2, or, in other words, 
does this research throw any light on the — whether 
there is any eneidieamalie difference between 8 and a 
iron? Previous investigators of this question, and in 
particular ond, who made a very detailed study of 
the matter, have come to the conclusion that between 8 
and a iron no difference in crystalline form can be 
detected. And the most recent researchers in this field, 
Rosenhain* and Humfrey, while they found well-marked 


be p 


differences between +y and Si ora iron, were unable to detect | Ton, 
e 


any oo difference between the two last- 
named forms. Thus they say: ... ‘“‘Specimens heated 
to temperatures below Ar3 show only a single heat 
relief network. It would then appear either that there is 
no a heat relief, or that the a 8 crystal structures are 
identical. Since, however, heat reliefs can be developed 
at tem tures below Ar2, it follows that the latter 
alternative is correct.” 





* Journal of the Iron and Steel Institute, 1913, No. I, 
page 219. 





their contention not only on the microscopic characters 
in Photographs 9 to 12, but also on the microscopic 
characteristics of the iron tested within the above limits ; 
and in view of the very striking change that occurs when 
7 iron undergoes the allotropie change at Ar3, it is all 
the more significant that no recrsstallising effects are 
observed at Ar2. The foregoing results, obtained by 
various independent workers, do not, of course, constitute 
a decisive proof that between § and a iron no difference 
exists, or, in other words, that § iron does not exist. 
Taken by themselves, they are compatible with the view 
that ‘“‘aand firon are mutually soluble in each other, 
forming isomorphous mixtures” (Osmond's view). But if 
they are considered without prejudice, and in conjunc- 
tion with the fact that, with the possible exception of 
the tenacity and magnetic properties, no discontinuit 

is observed at A 2in any of the properties investigated, 
they certainly point more strongly to the conclusion that 
the small thermal effect observed at Ar 2 in the purest 
irons examined is due to supercooled Ar3, or, in other 
words, that the conception of § iron as an independent 
allotropic change is open to considerable doubt. The 
recent investigations of Broniewski* on the electrical 
resistance of iron at high temperatures have shown 
that no discontinuity can be detected at A2. Further- 
more, Lecher’st careful determination of the true 
specific heat of iron at high temperature caused 
him to conclude that it changes in a strictly con- 
tinuous way inthe A2 interval, and, further, that 
the mean specific heat determinations, which have 
been interpreted as showing discontinuities, are much 
less reliable, and are therefore not to be regarded as the 
slightest evidence against — continuity. It is well 
known that the magnetic change in iron takes place 
largely within a narrow temperature range—not at A 3, 
but below it—and this fact can be u as an objection 
to the above view. An explanation of this, however, has 
been offered by Professor Benedicks} in a recent com- 
munication to a paper by one of the authors, and to this 

ers who are interested are referred. 
With reference to the discontinuity of mechanical pro- 
ties at A 2, which Rosenhain and Humfrey claim to 
ave established, one of the authors has al y pointed 
out that so far as the published data permit of an opinion 
being formed, the discontinuity —— to be well within 
the experimental errors of the method. 

With these possible exceptions, as Professor Benedicks 
points out, there is a ‘strikingly good agreement between 
the most varying properties, and the hypothesis that no 
discontinuity exists at A2.” Thecrystallising properties 
of electrolytic iron described in the foregoing paper con- 
stitute a striking piece of evidence which points to the 
same conclusion. 

Summary.—1. Specimens of electro - deposited iron 
sheet of a po degree of purity have been found to 
exhibit remarkable recrystallisation effects when heated 
above Ac 3 and then cooled below Ar3. In this way re- 
latively enormous crystals are formed in three seconds 
after cooling below Ar 3. 

2. The coarse crystals are sometimes ‘‘ equi-axed ” and 

sometimes ‘‘radial.” Frequently both types occur on 
the same spec'men. There is no reason for thinking that 
they are constitutionally different, and they are most 
probably a iron. 
3. These crystallisation effects are only obtained when 
the thickness of the iron sheet or strip does not exceed a 
certain critical figure which is between 0.011 in. and 
0.012 in. The most striking results are produced at a 
thickness of 0.009 in. to 0.01 in. 

4. Once the coarse crystals are formed they cannot be 
destroyed except either by cold mechanical work or by 
heating above Ac 3, followed by quenching. 

5. Very prolonged heating above Ac 3, followed by slow 
cooling, does not result in the formation of coarse crystals. 

6. The results give no support to the view that there is 

any ape ere difference between § and @ iron. 
_ 7. The very heat treatment that produces coarse crystals 
in the electro-deposited irons refines wrought iron and 
very mild steel that have been rendered coarsely crystal- 
line by ‘‘close-annealing” between 700 deg. and 800 deg. 
Cent. On the other hand, annealing at 700 deg. to 800 deg. 
Cent. has no effect in coarsening the structure of the 
electro-deposited iron which has been refined by cold 
mechanical work. In these respects, therefore, the be- 
haviour of electro-deposited iron is precisely the cpposite 
of that of wrought iron and mild steel. 

8. The recrystallisation phenomena of the pure electro- 
deposited iron can be most satisfactorily explained on 
the assumption that at Ar 3 the iron changes direct 
from the + to the a condition. 





AusTRALIAN Nava Harsours AnD Docks.—Sir 
Maurice Fitzmaurice, formerly chief engineer to the 
don County Oouncil, will leave Marseilles on 
October 10 for Australia, to report to the Common- 
wealth Government from the engineering point of view 
on the whole question of naval docks and bases as 
involved in Admiral Sir Reginald Henderson’s scheme 
of Australian naval defence. 


* Oo s Rendus, 1913, vol. clviii., 699. 
erseh Gesellschaft, 1907, 





+ Berichte d. Deutschen Phys. 
vol. ix., Lae yey : . 

t Jou of the Iron and Steel Institute, 1913, No. I., 
pages 333 to 335, 











Oct. 3, 1913.] 


ENGINEERING. 


477 








THE BABCOCK AND WILCOX BOILER. 


In connection with the engineering de ent of the 
Portsmouth Municipal College, a special lecture on the 
Babcock and Wilcox boiler was given on Wednesday 
evening, the 24th ult., by Mr. A. Spyer, M. Inst. C.E., 


M.I.N.A. (late Chief Engineer-Inspector to the Ad- 
pry ey The meeting was presided over by the Manager 
of the Engineerin; tment, H.M. Dockyard (Engi- 


pein Saserams ome | B. Dixon, R.N.). The lecturer men- 
tioned that no less than 1,000,000 horse-power of engines in 
the British Navy were apy with steam from Babcock 
and Wilcox boilers, whilst it is the standard type in the 
United States navy. Further, that the type is being 
fitted to the large super-Dreadnoughts building for 
Argentina and Austria, and in some cases with super- 
heaters, a development that is rapidly gaining ground, 
especially in turbine-driven vessels. As a result of an 
elaborate series of trials on the United States steamshi 
Wyoming an efficiency of 74 per cent. has been obtain: 
— an evaporation of 11.38 lb. of water per pound of 
coal, 

In the discussion which followed the lecture, the chair- 
man said that there ap to be room for improvement 
in the treatment of boilers under manufacture and before 
being installed in a ship 5 pitting once started was diffi- 
cult to arrest. He asked questions as to the probable 
life of superheater tubes as compared with generator-tubes. 

Engineer-Commander Bulldrew attention to thefact that 
the success of the Babcock and Wilcox boiler was in some 
respects due to the improved qualities of steel now obtain- 
able. He requested information as to the method of 
manufacturing the special headers, and complained of the 
large number of doors and fittings to be removed for 
cleaning as compared with the Yarrow and White-Forster 
types. Some information with respect to the circulation 
of feed-water in this type was desired, and also as to the 
time required to raise steam as compared with boilers of 
Yarrow design, and the degree of forcing which was per- 
missible. 

Engineer-Commander Parsons stated that of the large 
number of water-tube boilers introduced fourteen or 
fifteen years “fo. three types -_ had survived—viz., 
Babcock and Wilcox, Yarrow, and White-Forster. He 
stated that the angle of the tubes in the boiler in ques- 
tion appeared to be too small. The sharp angle for 
circulation of water was much too sharp, and he inquired 
whether the adoption of smaller tubes might not still 
more increase the beatles surface. 

Engineer- Lieutenant Michell pointed out that the claim 
to utilise the whole of the floor space could hardly be 
supported, as the boiler was cleaned from the sides, and 
therefore sufficient space had to be left for access. He 
also inquired the reason for fitting square doors on the 
front headers and oval doors on the back headers, and 
raised the question of tube-bending and methods adopted 
for overcoming difficulties in this direction. 

Engineer-Commander Moorshead stated that, in his 
experience, superheater-tubes showed little sign of 
deterioration, and, with respect to German practice, in- 
quired as to the special method of lubrication adopted 


for high-pressure cylinders; also as to precautions of | British Consu 


keeping the oil from the feed-water. He considered that 
the boiler in question was hardly so elastic and capable 
of forcing as those of smaller-tube design, and inquired 
as to the difficulties in ensuring absolute tightness of 
joints. 

Mr. Sillince pointed out that the tubes of Babcock and 
Wilcox boilers were originally 3} in. in diameter, and had 
been reduced to 1{ in., and asked whether a further 
reduction might not spe on the result obtained. He 
also requested particu of the —— and drew 
attention to the very great demands of the higher-power 
vessels now in course of construction. He thought that 
the general adoption of superheated steam should 
made with a deal of caution, as although higher efficiency 
was obtainable, there was a resulting inc wear on 
castings, valves, &c. He further pointed out the advan- 
pee of reduced floor space due to introduction of oil 

uel. 

Mr. Forster stated that much higher rates of fuel con- 
sumption had been obtained than quoted in the lecture. 
He presumed that the headers were lap-welded. The 
fact that the tubes bent under service conditions pro- 
vided an argument for the ger gr bending of the 
tubes. He inquired as to the life of the baffles and the 
weight of brickwork. 

Mr. Spyer, in reply, agreed that improved steel tubes 
had contributed to the success of the toi 
that, of the many thousands of headers manufactured, 
only three had developed leaks in the welding ; hesaid that 
solid-drawn headers were now being made for mercantile 
marine. He stated that the Babcock and Wilcox boiler 
was quite capable of standing the heavy forcing to which 
smaller tube boilers were eetbed, and he considered that 
the angle of tube inclination was the result of exhaustive 
experiments, and had proved satisfactory. The larger 
tubes had been adopted from a durability point of view. 
He stated that superheaters, and in some cases econo- 
misers, had been fitted, and that the land type was much 
in advance of the marine type. He agreed with the 
chairman that great care should be taken of the boiler 
from the early stage, as often the treatment in the first 
six months determined the life of the boiler. 





Tae James Forrest Lecrurg.—It is announced that 
the twenty-first James Forrest lecture will be delivered 


ler, and stated | Com 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a list of colonial and foreign engineer- 
ing —— for some of which tenders are asked. 
Further iculars Lome I these pa may be 
obtained the Commercial ~-——* ranch, board 
of Trade, 73, Basinghall-street, London, E.C. 

Canada : Reports have received from H.M. 
Trade Commissioner for Canada, and the Imperial trade 
correspondents at Quebec and Toronto, notifying the 
incorporation of companies and the inception of enter- 
prises, which may afford ae to manufacturers 
in the United Kingdom, as follow :—A company has been 
formed in Quebec Province, with a capital of 49,000 dols. 
(about 10,070/.), to produce, sell and lease electric oe 
A company has recently been incorporated in Que 
Province, with a capital of 1,000,000 dols. (about 205,5007.), 
to carry on business as builders, contractors, &e. A com- 
pany has been op ge in Quebec Province, with a 
capital of 100,000 dols. (about 20,500/.), to construct 
vessels, steamships and boats, &c. A company has been 
incorporated in Ontario, with a capital of 1, 000 dols. 
(about 205,500/.), to carry on the business of general 
machinists, founders, and enginsers, and to manufacture 
and deal in motors, vehicles, &c. An hotel, with 100 
bedrooms, is in course of construction in a town in 
Saskatchewan. A firm in Montreal contemplates extend- 
ing its brewery, and tenders will shortly be invited for all 
kinds of machinery required in the bottling department. 
The Fire Commissioner of a town in Saskatchewan has 
recommended that a new gasoline pump be purchased 
for the Fire Department. 

Australia : With reference to the notice on page 471 of 
our last volume, relative to proposed harbour works at 
gy 4 the Imperial Trade Correspondent at Brisbane 
(Mr. M. Finucan) reports that engineers have been 
appointed for the breakwater and viaduct sections of the 
outer harbour, and matters in connection with these 
works are now likely to develop more rapidly. 

Russia : e Builetin Commercial (Brussels) of Sept- 
ember 20 states, on the authority of the Belgian Vice- 
Consul at Nicolaiev, that the municipal authorities of 
that town are asking for foreign capital to be used for the 
construction of warehouses and for the furnishing of 
the necessary equipment for the loading of cereals, ores, 
wood, and other products exported from that port. 

Spain: With reference to the notice on page 267 ante, 
relative to a call for tenders for the construction of the 
sixth section of the railway from Ripoll to — in 
the province of Gerona, H.M. Consul at Madrid (Mr. A. 
Jackson) reports that the contract in connection there- 
with has m awarded, at the price of 1,690,289 pesetas 
(about 62,950/.), to a Spanish resident at Ripoll, whose 
name may be obtained by United Kingdom manufac- 
turers on —— to the Commercial Intelligence 
Branch of the Board of Trade, 73, Basinghall-street, 
London, E.C. 

Italy : With reference to the notice on page 267 ante 
relative to a call for tenders for the construction of a sea- 
defence wall along the beach at Giulianova, the Acting 

ritish 1 at Rome (Mr. H. D. Johnson) reports that, 
according to the official bulletin of the Italian Ministry 
of Public Works, the contract has been awarded to 
Signor Alessandro Giraldi, of Sinigallia, at a reduction 
ereon)” 23 per cent. on the upset price of 179,000 lire 

Portuguese West Africa: The Diario do Governo, 
Lisbon, publishes a decree (No. 136) avthorising the 
Portuguese Government (1) to arrange for the construc- 
tion and — a railway from the present terminus 
of the Lucala- age Railway, in the province of 
Angola, to the east side of the province, passing through 
the districts beyond Cuango; (2) to arrange for the 
broadening of the gauge of the Lucala- Railway 
and the necessary alteration of the rolling-stock ; and 
3) to contract with the Trans-African Railway Company 
‘or the broadening of the gauge of the line which runs 
from Loanda to the right-hand side of Lucala, and the 
necessary alteration of the rolling-stock. To meet the 
expenses which will be incurred in carrying out the above 
schemes, provision is made for the imposition of certain 
import and export duties. It is stated that the above 
extensions can no longer be delayed without seriously 
yom the economic development of the province of 

n 

orocco: H.M. Consul-General at Tangier (Mr. H. E. 
White, C.M.G.) reports that tenders are invited by the 
mission Générale des Adjudications et des es 
for the construction of a section, 22,172 metres in length, 
of the road from Kabat to Casablanca, at an estimated 
cost of 464,329 francs (18,572/.). Tenders will be received 
by M. le Président de la Commission Générale des Ad- 
judications et des Marchés, Dar En-Niaba, Tangier, up 
to 11 a.m. on November 13. A deposit of 7500 francs 
(300/.), together with a certificate of competency to execute 
the contract, must accompany each tender, 

Mexico ; The Diario Oficial of August 28 contains par- 
ticulars of a contract entered into between the Secretary 
of State and Sejiorita Elena Davalos, whereby the latter 
is authorised to construct and work, for a term of ninety- 
nine years, a railway in the Federal District from Guada- 
lupe Hidalgo to the Pantedén d~l Tepeyae. 

Brazil: The Diwrio Oficial of August 31 publishes a 
decree (No. 10,419) approving the plans and estimates of 

605,769 milreis (about 440,000/.) for the construction of 

e last 104 miles of the railway in course of being laid 
from Uberaba to Villa Platina. 








m= the lecture theatre of the new building of the Institu- rgentina: The Board of Trade are in receipt of a 
ton of Civil Engineers, Great treet, Wesb- | copy of the A tine Budget Law for 1913 (No. 9087), 
minster, on Thursday, October 23, at 9 p.m., by Mr. |of which the following is a translation of some of the 
chief items of expenditure of interest to United Kingdom 
figures being in pesos “‘ currency ” 


Alexander Gracie, M.V.O., M. Inst. O.E, his subject 
eing ‘‘ Progress of Marine Construction.” 





manufacturers, the 





aed equals 1s. 9d. about). The Minister of 
nterior is authorised to expend 1,000,000 pesos on 
the carrying out of Sanitation Laws No. 4039 and 7444. 
The Naval Department is authorised to expend 432,210 
pesos on the construction of powder magazines, explo- 
sives-testing laboratory, fire equi t, rails and refri- 

ting plant for the arsenal at Puerto Militar and at 
Martin arcia ; 260, pesos for the construction and 
equipment of petroleum storage-tanks at Puerto Militar 
and Rio de la Plata ; 458,000 pesos for the construction 
of two tugs ; and 830,000 pesos for the construction of a 
tank steamer. The De t of Agriculture is autho- 
rised to expend 1,000,000 pesos on exploration and ex- 
ploitation work in the Comodoro Rivadavia petroleum 
area; and 500,000 pesos for the acquisition of a tank 
steamer. The Railway De ent of the Ministry of 
Public Works is autho to expend 3,000,000 a 
for the equipment of the State Railways and the 
amalgamation of existing lines; 500,000 pesos for 
tunnelling ; and 420,000 pesos for the “47 of the 
line from Déan Funes to Laguna Paiva. The hydraulic 
department of the Ministry of Public Works is autho- 
rised to spend 300,000 pesos for reconstruction of quays ; 
472.212 pesos for the acquisition of two d rs ; 
400,000 pesos towards the construction of a floating 
dock ; 200,000 pesos for the extension of the harbour 
at Concepcion del Uruguay, and for the acquisition 
of three cranes, &c.; 150,000 pesos for quay construction, 
including the purchase of electric cranes and accessories ; 
50,000 pesos towards the cost of four composite dredgers ; 
30,000 pesos for a stationary floating crane for 20 tons 
load ; 200,000 pene for supplementary works at Puerto, 
Panama ; 100,000 pesos for the acquisition of a buoy-in- 
spection steamer and thirty lighted buoys, and for the 
construction of a workshop in Corrientes for buoys 
between that port and Hequina ; 200,000 pesos for the 
erection of official buildings at Corrientes ; 750,000 
for improvement works in the River Bermejo, an the 
acquisition of steamers; 2,000,000 pesos for worka at 
Puerto Quequen under Law No. 5705; and 4,545,455 
pesos for works at Puerto Militar. 

yy : The following information is from the 
report by H.M. Consul at Asuncion (Mr. F. A. Oliver) 
on the trade of Paraguay in 1912, which will shortly be 
issued :—Schemes for the construction of water works 
and a drainage system at Asuncion, which are at present 
lacking, as well as for the extension of the port, have 

m disc , and a water-works concession has been 
granted to a local firm. The sum of 1,750,000 pesos 
currency (about 24,000/.) was voted in September, 1912, 
for port and customs construction at Concepcion, Encar- 
nacion, and Villeta. A pier was built at Pilar, and work 
was commenced at Concepcion. 

Ecuador : The Registro Oficial, Quito, of July 21, pub- 
lishes the text of a provisional contract entered into 
between the Babahoyo Cantonal Council and Sefior Paul 
Thur de Koos, under the terms of which the latter 
undertakes to construct an extension of the Los Rios 
Railway from Babahoyo to Puente Pisagua, a distance of 
224 miles. The concessionnaire is also granted an option 
to carry the said extension as far as Balzapamba. The 
contract provides for the construction of a steel bridge 
over the River Palmar at a cost of 2500/., and of a wharf 
at Babahoyo at a cost of 3000/, 





Honc Kone UNiversity.—We understand that the 
Selson Engineering Company, Limited, 83-85, Queen 
Victoria-street, London, E.C., will present one of their 
10-in. Selson shapers to the Hong Kong University. 





GrowTH oF WorkING Expenses.—The working ex- 
penses of the railways of the United Kingdom per mile 
in operation fluctuated as follows in each of the ten years 
ending with 1912 inclusive :— 


Year. Expenses, Year. Expenses. 
£ £ 
1903 - 213 1908 $116 
1904 . 2011 1909 3048 
1905 . 2900 1910 3098 
1906 2987 1911 3174 
1907 3138 1912 3276 


It will be observed that current railway expenditure has 
a gradual tendency to increase. The main cause of this 
ae ~~ is undoubtedly the higher remuneration accorded 
to labour. 





DEDUCTION FROM TONNAGE FOR O1L AND Gas-Encine 


Propettinc Macnuinery.—In the ions of the 
North-East Coast Institution of rey and Ship- 
builders for September the report of the Consultative 


Committee appointed to confer with the Marine Depart- 
ment of the of Trade is pues Amongst other 
subjects, it deals with deduction from ships’ tonnage of pro- 
— machinery of the oil and Tt ig stated that 
etters were received from several builders on this subject, 
asking the committee to consider the oy | of con- 
ferring with the Board of Trade as to the possibility of 
modifying the tonnage deduction, in respect of machinery 

in the case of vessels fitted with internal-combus- 
tion engines in which the machinery space actually 
required is not large enough to secure present statu- 
tory deduction of 32 per cent. from sho gress tonnage. 
The question was remitted to the Sub- mittee on 
Tonnage, who asked for the views of the builders now 
making oil and gas-engines. These builders reported 
that, in view of the fact that the Board of Trade might, on 
account of the practice of carrying liquid fuel in the double 


bottoms of ships, insist on them in as 
the present was an inopportune time to raise the 
question. is also the feeling of the Committee. The 


matter has therefore in the meantime been dropped. 
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CATALOGUES. 


Accessories for Machine-Tools.—From Clark’s Machine- 
Tool Company (1907), Limited, of Luton, we have re- 
ceived an illustrated price-list of various tools and acces- 
sories, most of which are for use with their capstan 
lathes. 

Small Tools.—An illustrated price list of small tools 
has reached us from Messrs. Walter C. Hill and Co., 28 
and 29, St. Swithin’s-lane, E.C. The list includes hand 
and machine-reamers, arbors, end mills, taps and ~ 
wrenches, and stocks and dies ; most of the cutting too 
are listed in both carbon and high-speed steels. 


Tobin Bronze.—A little booklet dealing with the pro- 

rties and applications of Tobin bronze iseued 
a the sole manufacturers, the American Brass Company 
(Ansonia Brass and Copper Branch), of Ansonia, Conn., 
U.S.A. The results of tensile, compressive, torsion, and 
corrosion tests are given, together with tables showing 
the weights of rods, and plates. A large number of 
testimonials from users are also printed. 


Surveying Instruments. — We have received from 
. John Davis and Son (Derby), Limited, of All 


Messrs. ) 
Saints’ Works, Derby, a copy of their latest catalogue of | », 


instruments for field and mine surveyimg. The catalogue, 
which is fully illustrated, deals with transite, theodolites, 
miners’ dials, levels and staves, clinometers, prismatic 
compasses, box sextants, aneroids, and several other in- 
struments and accessories. Full particulars, including 
prices, are given in each case. 

Parts for Street-Railway Cars.—We have received from 
the J. G. Brill Company, of Philadelphia, Pa., U.S.A., 
two catalogues—or order-guides, as they are called—one 
relating to spare parts for various types of Brill trucks, 
and the other to spare ts and fittings for Brill street- 
railway cars. In both of these catalogues, which are very 
nicely got up, each part is illustrated, numbered, and 
namad, so that no mistakes in ordering are likely to occur. 
A third catalogue to hand from this company deals with 
car-seats, a large variety of which are illustrated by 
reproductions from photographs. The London address 
of the company is 110, Cannon-street, E.C. 


Spring-Making Machinery.— Messrs. Sleeper and Hart- 
ley, of Worcester, Mass., U.S.A., have sent us a series of 
four-page bulletins, each of which illustrates and gives a 
few partioulars of one of their machines for making 
coiled-wire springs. Four of these bulletins relate to 
plain and universal coiling-machines of different sizes, 
and others deal with a setting-machine, a machine for 
cutting short lengths from a long coil and forming a 
hook at each end, and a machine for making torsion 
springs. The capacities of the machines are stated in each 
case, and the floor space occupied and the shipping 
weights are also given. 


Motor-Winches.—A wall-sheet which has reached us 
from Messrs. Smart and Brown, of Erith, Kent, illus- 
trates and gives particulars of their motor-winches. The 
winches are driven by an engine which uses paraffin oil 
or petrol as fuel and drives the hoisting-barrel through a 
friction-gear. They are very simple in construction and 
operation, the load being controlled entirely by the move- 
ment of one lever. These winches are very useful when 
fitted on sailing vessels, and for many duties on 
land ; they are especially recommended for pile-driving, 
as they take up but little space and are we uick in 
action. Prices are stated for four sizes, to lift loads of 
5, 10, 15, and 20 cwt., respectively. 


Heat-Insulating Material. — The Wennerite Steam 


Insulating Company, 31 and 33. High Holborn, E.C., oun 


have issued a booklet giving some particulars of their 
heat-insulating material for covering steam-pipes, boilers, 
&c. This material, we understand, is com princi- 
pally of dust collected from gas scrubbers, prepared in 
such a manner that it contains minute closed air cells 
distributed throughout the whole of its mass. It is 
claimed to be mechanically strong and highly efficient. 
Some tests are quoted which show that, for temperatures 
ranging from 150 deg. to 500 deg. Cent., the average 
efficiency for a thickness of 60 mm., on a wrought-iron 
pipe 102 mm. in outside diameter, is 86 per cent.—that is 
to say, 86 per cent. of the heat that would escape from 
an uncovered pipe is saved. The booklet contains some 
calculations showing the economy resulting from the use 
of this material, and gives several illustrations of power 
plants in which it has been employed. 


Diesel Engines.—We have received from Mr. Robert 
M. Campbell, M.I. Mech. E., A.M.I.E.E., of 19, Klea- 
avenue, Ola Common, S,W., ca of Diesel 
engines ie by the Aktiebolaget Diesels Motorer, of 
Stockholm, and sold under the trade-name ‘* Polar.” 
Mr. Campbell is the British representative of the 
Swedish firm. One of the catal 8 deals with stationary 

ines, illustrating and dessribing their construction 
| pointing out their special features. The standard 
stationary engines are of the four-stroke-cycle type, and 
are made in sizes ranging from 25 to 550 horse-power ; 
larger engines are, however, built to requirements. The 
catalogue gives illustrations and particulars of several 
land Peetallations, the text being printed in English, 
French, German, and Swedish. other catalogue deals 
in a similar manner with marine engines, which work on 
the two-stroke cycle, and are made in sizes ranging from 
60 to 2000 brake horse-power ; their construction is ex- 

ined, and illustrations and particulars are given of a 


number of vessels on which they have been fitted. 
Roller-Bearings.—We have received from the Electric 
and Ordnance Accessories Company, Limited, Warwick 
little 


street, 


bers, Corpora‘ 
“The Tim 


ation- Birmingham, an attractive 
booklet entitled ken 


Primer,” which 





relates to the well-known Timken roller-bearings for 
motor-cars. One of the special features of these bearings, 
which were illustrated and described in ENGINEERING, of 
August 27, 1909, on page 290, is that they can be adjus 
for wear, whereas ball-bearings must be replaced when 
slackness occurs, although the bearing may be far from 
worn out. Another feature is that they will support end 
thrust. The booklet explains the principles and the con- 
struction of the bearings, and points out their advantages 
in asimple and effective manner. It also illustrates their 
application to the various parts of a motor-car, and gives 
some useful notes on examining, adjusting, and lubricat- 
ing them. This very slight amount of attention is neces- 
sary to ensure the longest life and best service from the 
bearings, which, when properly cared for, will, we under- 
stand, outlast the car. 


Driving-Gear for Cold Rolls, &c.—The Power Plant 
Company, Limited, of West Drayton, Middlesex, have 
sent us a booklet relating to their system of driving cold 
rolls. According to this system the rolls are driven by 
an electric motor, the total speed reduction, when the 
rolls are running at their normal working epee. being 
obtained by one pair of double-helical wheels, the ratio 
of which may be anything da 15:1. In starting up, 

owever, the motor drives through a back gear which 
reduces the roll to much that the torque required 
does not exceed the normal torque of the motor. hen 
the motor has run up to full speed the drive is put straight 
through to the main pinion by means of a friction-clutch, 
the back gear being automatically disconnected at the 
same time. The back gear is also used to vide the 
necessary speed reduction for roll-turning. e booklet 
illustrates and describes the system clearly, and gives a 

neral specification. It is claimed that the drive com- 

ines simplicity with the highest possible efficiency, and 
that it is quite self-contained, having only to be coupled 
Ny one end to the motor and at the other end to the 
rolls. 


Insulation-Testing Instrument.—From the Electrical 
Engineering and uipment Company, Limited, of 
Bank Buildings, 109-111, New Oxford-street, W.C., we 
have received particulars of their ‘‘ Mego-Meter” insula- 
tion-testing set, which has recently been remodelled. 
In principle it is similar to other insulation-testing sete, 
and it a a hand-operated direct-current gene- 
rator, which produces a pressure of either 240 or 480 
volts, and an indicating instrument of the moving-coil 
ty calibrated to read directly in megohms. The 
indicating instrument is also provided with a volt scale, 
so that it can be used for measuring voltages, and, if 
desired, a set of shunts can be supplied so that currents 
can be measured. Obviously these measurements can 
only be made on direct-current circuits, since the instru- 
ment is of the moving-coil type. Itis also possible, when 
measuring the insulation resistance of an installation 
carrying current, to use the voltage of. the installation 
itself instead of that produced by the generator. The 
set, which weighs only 11 Ib., is claimed to be simple, 
strong, and compact, and to be quite sufficiently accurate 
for ordinary eo yee Prices are stated for 240 and 
480-volt sets, and both sets are so arranged that they can 
be used for testing at half their maximum voltages. 


Klectro-Galvanising.—From Messrs. Sang and Russell, 
Limited, consulting engineers and metallurgists, of 7A, 
Princes-street, Westminster, S.W., we have received a 
booklet — to aero grvenioing by ee spear 
process, in which a small percentage of a special solution, 
supplied by the firm, is added to the zinc-sulphate solu- 
tion in the bath. The resulting coating, which can be 
deposited to any thickness, is claimed to be pure, sound, 

bright, and to penetrate completely into all recesses 
in the object. The process is also ond to allow of rapid 
working. Current densities of more than 100 amperes 
per sq. ft. being possible, in some cases, even for 
stationary work, due to the increased density and con- 
ductivity of the solution, A considerable saving in 
electrical energy is also said to result from the fact that 
the zinc-plates come out bright at the low pressure of 3 to 
34 volts, while the working costs are still further reduced, 
since it is possible to omgiey anodes of cast spelter 
instead of pure rolled zinc. The firm undertake to supply 
complete ts for electro-galvanising all kinds of 
articles, and the booklet illustrates and describes some of 
the apparatus employed. This includes the Meaker 
automatic continuous machine for galvanising large 
quantities of small articles, and a zinc-plating barrel 
in which small articles are plated while at rest, the 
barrel being rotated 
relative positions. It is understood that much better 
results are obtained with this machine than with the 
ordinary plating-barrel in which the rotation is con- 
tinuous. 


Concrete-Mixers.—Mr. A. L. Underwood, A.M.I. 
Mech. E., 3 and 5, Queen-street, Cheapside, E.C., who 
is the sole for the Austin improved cube concrete- 
mixing machines made by the Municipal Engineering 
and tracting Company, of a has sent us a 
booklet relating to these machines, © booklet, after 
explaining the properties required in concrete-mixers, 
illustrates several contracts on which the firm’s 
machines have been used, wey seers particulars of each. 
aay of De Sateen ow the concrete-mixing plants 
on Panama for which work Austin cube- 
mixers are — sed exclusively. by ape F of 100 
machines, with capacities ranging from 4 to 2 cubic yards, 
have been ones to mix the 000,000 cubic wads of 
concrete required for the work. Illustrations and parti- 
culars also given in the booklet of the different sizes 

machines made by thecompany. Stationary, 
self- i driven by steam 


are 
and t peck 
portale, and self propaling machines, drive le with 


intermittently to alter their | g 





capacities ing from to 64 cubic feet. Special 
machines for aos in p< phn J truction work are also tole, 
and some of them are shown fitted with a long revolving 


ted | horizontal boom, on which a dumping-bucket travels. 


The bucket is filled with concrete from the mixing- 
machine, travelled by power along the boom to the 
required point, and concrete is dumped. This 
arrangement is said greatly to facilitate the work, and to 
reduce the labour required toa minimum. A hot-mixing 
machine for bituminous concrete, or tar macadam, is also 
dealt with in the booklet. 


Condensing Plant.—From the Mirrlees Watson Com- 
pany, Limited, of Scotland-street, Glasgow, we have 
received a four-page pamphlet illustrating and briefly 
describing a large surface-condensing plant they have 
recently —— to the Pinkston power-station of the 
G Ww poration Tramways. The condenser is 
wedge-shaped, without baffle-plates, and has 10,200 sq. ft. 
of cooling surface ; it was designed to deal with 72,000 Ib. 
of steam per hour from a 5000-kw. turbo-generator, and 
to produce a 28-in. vacuum with cooling water at 70 deg. 
Fahr. The air and water-extracting pumps are of the 
Mirrlees-Leblanc rot type, and these, together with 
the centrifugal circulating pump, are directly coupled to 
a 120-horse-power Curtis steam-turbine, running at 
2000 revolutions per minute. The pumps thus form a very 
compact group, and are said to work practically noise- 
lessly, there being nO gearing whatever. Some readings 

cen when the plant was running under working con- 
ditions are given in the pamphlet, One set of these was 
taken when condensing 90,000 Ib. of steam per hour, or 
25 per cent. above the quantity for which the plant was 
designed, and under these conditions a vacuum of 28 in. 
was maintained with the barometer at 30 in., the tem- 
perature of steam at inlet being 101.5 deg. Fahr., and the 
temperatures of circulating water at inlet and outlet 
being 63 deg. and 89 deg. Fahr. respectively.. The seven 
sets previously supplied by the firm to this power-station 
were provided with Mirrlees-Edwards air-pumps, but we 
understand that the results obtained with the rotary air- 
pump have been extremely satisfactory, so that the 
change has been amply justified. 


Apparatus for Wireless Telegraphy.—We are indebted 
to eon. iemens Brothers and Co., Limited, of 
Woolwich, Kent, for a copy of a pamphlet they have 
issued relating to their wireless- telegraphic ae for 
use on mercantile shi The system employed is the 
quenched-spark (or ‘‘ Telefunken ”) system, and the pam- 
phlet first points out its advantages over other systems, 
claiming among these advantages that, in i: « quenched- 
spark system, the efficiency of transforma‘: is from 50 
to 75 per cent., whereas with the usual open-spark 
®\ stem it is only about 30 to 35 per cent. The pamphlet 
gives a list of British =~ equip with quenched- 
spark apparatus, and also a list of other sets supplied in 
this country. Several sare also devoted to records 
of long distances attained by the apparatus, the records 
proving that the guaranteed distances are very frequently 
greatly exceeded in everyday use. The remainder of the 
pamphlet is given up to descriptions of standard ship sets 
and of a universal station wavemeter. The standard sets 
are made in six sizes, the smallest of which is suitable for 
small coasting steamers, fishing vessels, &c. This set has 
a daylight range of 20 to 40 miles, and a night range of 
30 to 60 miles. The largest standard set has been de- 
signed for use either on land or on board ship. It is 
operated by a 5-kw. high-frequency alternator, and has a 
guaran range, over sea, of 465 miles by day and 930 
miles by night ; several larger stations of special design 
have, however, been supplied by the firm to foreign 
governments for naval pu: The pamphlet contains 
much interesting data, and is also very fully illustrated, 
several photographs of ships on which the company’s 
apparatus has been fitted being reproduced. It should 
: ~ be — acceptable to all interested in the subject 

ealt with. 





MELBOURNE HaBpouk Trust DrepeErs.—A dredger 
was put into service Jast year which had been constructed 
for the Melbourne Harbour Trust at the New South 
Wales Government Dockyard, Cockatoo Island. The 
dredger is of an over-all length of 160 ft., with a beam 
of 32 ft., and a draught of 8 ft., the eae being 
800 tons. The vessel is capable of dredging 1300 tons 

hour, and is fit with double helical Citroen 
font gearing, this being the firet time that-this type of 
gearing has m introduced in dredge work. Another 
— aad has since been constructed at the same 
lockyard. 





Tue tate Six W. Nort Hartixy.—With Sir Walter 
Noel Hartley, F.R.S., who died on September 11, spec- 
troscopic chemistry has lost one of its most painstaking 
and successful investigators. From 1879 till 1911, when 
he retired. he was BN age of chemistry at the Royal 
College of Science, Dublin, and he was y 
King opened the new buildimgs of that College in 1911. 
Sir Noel Hartley improved the spectroscope of W. A. 
Miller, which passed into his possession in 1872, in several 
ways. With the use of a quartz prism and lenses, he 
focussed the whole spectrum on a flat plate; he intro- 
duced dry plates for this work, and ones to take 
several shebeapiaihe on the same plate. e studied 
in succession spark 5; the spectra of solutions of 
metallic salts, and of the influence of dilution on them, 
flame spectra and the spectroscopy and thermochemistr 
of the Bessemer in ee mae nenye with Dr. H. 
Ramage, and fi absorption spectra of organic com- 

~ + with regard, to their constitution. In all these 
Felde. and ly in that last n tioned, progress is 
very slow laborious, as long series of researches alone 
justify conclusions, 
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ELECTRICAL APPARATUS. 


14,088/12. F. Broadbent, London. Switches. [3 Figs.) 
June 17, 1912.—This invention reference to switches such as 
are used for the starting or controlling of electric motors. The 
invention is intended to be lied in connection with motor- 
starting switches of the kind which are sometimes termed “‘ auto- 
matic starters,” in which, when the motor is to be started, a 
rheostat-arm is first moved by hand into the full resistance 
position, and is then allowed to return automatically under the 
control of a dashpot or other suitable retarding device, and in its 
return movement (without further attention the operator) 
gradually cuts out the motor-starting resistance in the manner 
required. a is the rheostat-arm of the starting-switch, which arm 
is pivoted and works over the contact-st a2 in the usual 
manner. 6 is the fixed contact of an auxiliary switch, and b! is 
the movable contact or tongue thereof, J® being the electro- 
magnet which operates the movable contact. c,c! represent 
supplementary contacts, which are “+ -Y in a branch c*, and 
are closed (when the rheostat-arm is in its uppermost position) 
by a plate or bridge-piece c? carried oy but insulated from, the 
rheostat-arm @. d represents a pilot-switch er push-button, which 
is used in this arrangement control the “inching” move- 
ments, this push being so arranged that its contacts are normally 
closed, and are opened when it is pressed, so de-energising the elec- 
tromagnet b2; that is, assuming the latter to be ene One 
end of the magnet-coil of the auxiliary switch is connected by one 
of the wires c* to one of the supplementary contacts—viz., cl—the 
other end being connected, say, to the negative main, and the 
aforesaid — d arranged in the former of these connec- 
tions, although it may, of course, be placed in either. The 
contact cl has a connection with a wire leading from b to a, and 
a lamp or other resistance (not shown) is inserted in such con- 
nection to reduce the current therein, so that its amount shall be 
only such as is necessary to energise the solenoid. The positive 
main is then connected to one terminal of the auxiliary switch, 
and thence, for instance, to the movable contact b!, and a connec- 
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tion is taken from it through the second wire c* to the other 
contact ¢ of the supplementary contact device, while the pivot 
of the rheostat-arm is connected both to the fixed terminal or 
contact b of the auxiliary switch, and also to the supplementary 
contact cl, the main circuit being completed through the resist- 
ance and the contact studs a2, and thence through the armat 

of the motor © to the negative main. The parts being arran 

as above, the action is as follows :—Before starting the motor the 
circuit of the electromagnet b? is — between the supplementary 
contacts ¢, cl, and consequently the auxiliary switch B is open. 
When, however, the rheostat-arm a is raised into its uppermost 
position, the bridge-piece c2 establishes connection between the 
contacts c, cl, and current can flow from the main round to 
contact ¢, thence to cl, and through the (closed) push-button d, 
the coil of the magnet b2, and thence to the negative main. The 
magnet b2 is thus energised, its movable contact b! is caused 
to close on to 6, and a main circuit connection is thus established 
from the positive main through b! and b to the rheostat-arm a, 
the starting resistance and the motor to the negative main. The 
motor therefore starts up, but can be instantly sto by press- 
ing (and so opening) the push-button d, which has the effect of 
de-energising the magnet of the auxiliary switch B, and so 
Opening the latter. By intermittently pressing the button d, 
therefore, a series of very slight impulses (as brief as may be 
desired) can be im; to the motor and to the machine driven 
thereby, thus giving the desired “inching” movement. Assume 
the motor to be started. Then, when the arm a is allowed to 
drop to cut out resistance, a current is maintained through the 
electro-magnet )2 by reason of the contact c! having a connection 
through b and b! to the positive main, and thus the main circuit 
is kept closed through b, b! whilst the motor is running. (Sealed 
August 28, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


13,690/12. Mather and Platt, Limited, and A. E. L. 
Chorlton, Manchester. Internal-Combustion En- 
{1 Fig.) June 11, 1912.—This invention relates to a 
method of and means for reversing two-stroke-cycle internal- 
combustion engines of duplex type, in which two cylinders side by 
side work as one unit, both inlet and exhaust (which belong to 
separate cylinders) being usually controlled by the pistons. 
According to this invention, when the direction of running is 
reversed, the functions of the two cylinders are interchanged, the 
inlet cylinder becoming the exhaust, and vice versd, so that the 
Le = — a — directi ofr ing. A, A 
are the two cylinders of juplex engine, B is the engine-casing, 
C the pump cylinder mounted in the casing, and D, D! are the 
reversing valves for admission and exha respectively. The 
valves D, D! slide in the iding channels on opposite sides of 
the cylinders and control the inlet ports a and the outlet ports a! 
respectively, either of the inlet — @ being open to the pum 

channel ¢ for the supply of work ng fluid according to the ° 
tion of the valve D, and either of the exhaust al being 
pene men nA open to the common exhaust b. e valves D, D! 
are connected to opposite ends of a lever d!, pivoted centrally at 
d®, so that the valves moye in opposite directions, and when the 
inlet valve closes one cy to the pump the exhaust valve 

















opens the same cylinder to the exhaust and closes the exhaust 
port of the other cylinder, with the result that the working fluid 
passes th either one of the cylinders to the second cylinder, 
and thence at the end of the wo: stroke tothe exhaust. The 
lever d@! is connected at d3 to reversing mechanism, so that, simul- 
taneously with the reversing of the direction of driving, there 
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is an interchange of the functions of the two cylinders, the former 
inlet cylinder ing the exhaust cylinder, and vice verad. 
Owing to this interchange the various operations still occur in the 
correct sequence, the lead above referred to always being in the 
is) sense for either direction of driving. (Sealed August 21, 


4841/13. H. R. Clark, Guiseley. Internal-Combus- 
tion es. (1 Fig.) February 25, 1913.—The nt in- 
vention relates to improvements in liquid-fuel feeding devices 
and yers or atomisers for internal-combustion engines, in 
which devices there is a needle-valve operated by the pressure of 
the fuel, and in which the valve is surrounded by a sleeve which 
is provided with grooves or and fits into a suitable sock«t 
4 produce the atomising ag = the 4 = it = + -¥ — 
these grooves or passages. By the present invention the sleeve 
is located about a needle-valve in a socket as above, but it is 
simply held in its operative tion by its own weight or by a 
suitably-arranged spring, being — to fit in the socket with a 
sliding fit easy enough to allow for the expansion owing to any rise 
in temperature to which it may be subjected. As shown, a valve- 
easing or body A is vided, in which there is a needle-valve B, 
the upper portion B! of which is of greater diameter and forms a 
sliding fit in the valv ing and projects somewhat into a 
socket Al, which is open at the top and arranged to receive a 
scre plug J, which carries an extension spindle E, which 
latter projects into the socket A! beyond the bottom of this plug 


and Pp against the head of the part B! of the needle- 
valve by means of a a L. A suitable packing and 
gland H is provided to prevent the escape of the liquid fuel up 


into the screwed plug J. This screwed plug J is also provided 


with a set-screw F and lock-nut G, the screw projecting into the 
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plug into proximity to the head of the extension-spindle E, so 
that by ite adjustment it will te the amount which it is 
ble for the extension-spindle E to be raised. A sight-hole K 
provided so that the lift of the extension-spindle E can be seen. 
About the needle-valve B and concentric with the same there is 
arranged a sleeve C, while the nozzle D is screwed into the end of 
the casing A. This nozzle is provided with a recess which receives 
the sleeve C. The sleeve O on its outer surface is provided with 
ves 8S, which may be longitudinally, as shown, or 
elically about its outer surface. At the same time the coned 
surface of the sleeve, which is seated on the valve-seating formed 
in the nozzle D, is provided with further grooves which are pre- 
ferably arranged spirally. The sleeve © is kept down on the seat- 
ing of the nozzle D by means of the g M, which latter is 
located in a chamber R in the casing. ne oil inlet Q communi- 
cates with this chamber R, while a return oil outlet W communi- 
cates with the socket A! to permit of the return of any oil or fuel 
which may from the chamber R up the part B! of the 
needle-valve. Between the outlet W in the outlet Q there is 
arranged a by- device, which consists of a second spindle N, 
which through the valve body and is capable of being 
scre down on to a seating N}. The screwed portion of this 
spindle N is provided with a longitudinal slot V, so that when the 
coned jon of the spindle is screwed «ff the seating N! it is 
possible for some of the fuel to pass from the oil or fuel inlet Q 
direct to the return or overflow W. (Sealed September 4, 1913.) 
13,597/12. Vickers, Limited, and J. McKechnie, 
Barrow-in-Furness. Internal-Combustion 
(2 Figs.] June 10, 1912.—This invention relates to a method of 
and means for scavenging the cylinders of two-stroke internal- 
combustion engines, and its object is to simplify the us 
necessary, and to obtain a reduction in dy Ae to 
effect the scavengin Accordin; this invention, 
the applicants force the scavenging air into the cylinder from an 
air reservoir maintained at a suitable low pressure by means of an 





injector supplied with fluid at a high pressure. By the use of 
this injector to maintain the pressure within the reservoir, the 
usual Rees coaveneing oune ane be dispensed with. A, A are the 
engine-cylinders, B is the inlet-pipe for the scavenging air, which 
pipe forms a low-pressure reservoir, C is the injector connected 
to the high-pressure reservoir D. E, E are valves admitting 
pressure fluid from the cylinders to the by-pass or high-pressure 
pipe F feeding the reservoir D. When the piston a uncovers the 
a! in the cylinder A, pressure fluid is allowed to pass throu, 

the valve E into the by- pipe F, and thence to the high- 
pressure reservoir D, which is maintained at a fairly constant 

ressure by the successive supplies from the various cylinders. 
The valve E may be automatic, allowing the fluid above a certain 









































pressure to pass when the port a! is uncovered, or it may be 
mechanically operated so that the reservoir supply may be fully 
under control. The pipe ¢ leads from the reservoir D to the 
injector C, and the supply of , *-~" fluid at the injector 
may be regulated by the valve cl, e injector-nozzle leads into 
two successive air-nozzles, through whi scavenging air is 
drawn from the atmosphere, but other constructions of injector 
may be employed. As shown in Fig. 2, air supply to the 
cylinders from the pipe or reservoir B may P through cam- 
ou valves such as } (timed to close shortly after the closing 
of the exhaust-port), into the upwardly-directed a or 
ae a}, which serves also to supply at the /_~ periods pressure 

uid to the injector through the valve Two or more such 
z= ports may be provided. (Sealed August 28, 
191 


GUNS AND EXPLOSIVES. 


ge. Nobel's Explosives Com: 


. Limited, 
ow, H. D. Hodge, Waitham Abbey. 
'e- hines. 
1912.—This invention relates to machines for making cartri 


(2 Figs.) September 5, 
cases, and its object is to Tomar improved means for turning the 
tubes or cases from a horizontal position, in which they may lie, 
in a hopper for instance, into a vertical position, in which they are 
ready to be placed, for instance, upon = standing up from a rotat- 
ing table. According to this invention, the tubes are turned by 
means of a rod, at the end of which is a pivoted finger to hold the 
tubes, and which moves to and fro longitudinally, while it is at 
the same time rocked about its axis. are the tubes shown in 
a rectangular passage or shoot 2 forming the mouth of a hopper in 
which they are placed, the passage being of such a size t the 
tubes fall down through it with their axes horizontal. Beneath 
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the passage is a rod 3, which is sostyrananes in guides 4 by means 
of a strap 14 ne the rod between collars 15, and con- 
nected by a link 13 toa lever 12, rocked in any convenient way, 
so that as the lever is rocked the rod moves to and fro. As it so 
moves it rotates on its own axis through a right angle by reason 
of a groove 16 cut in it, engaging a stud 17 in one of the guides 4, 
To the outer end of the 3 is pivoted a finger 20, urged into the 
— shown in Fig. 1 by a spring ; but as the rod moves to the 
eft, the end of this finger comes against an incl'ne 22 on the 
framing, and is turned into the position shown in Fig. 2, so that 
the lowest tube 23, which had been held up by the rod 3 in the 
bottom of the passage 2, falls between the end of the rod and the 
finger. As the rod now moves to the right the finger eloses on 
the tube, which is turned over by the rotation of the rod until it 
1 the dotted position shown in Fig.1. (Sealed Auguat 28, 
1913. 


RAILWAYS AND TRAMWAYS. 


25,774/12. W. P. Walker and H. J. Dover, London. 
Vacuum- e (5 Figs.) November 9, 1912. 
—This invention relates to improvements in the construction 
and mounting of cylinders, such as are commonly employed in 
vacuum aut tic-brake apparatus, with the object of enabling 
the brake-piston to be removed from its cylinder with a view to 
the renewal of od es | or for any other reason, without dis- 
mounting the cylinder, or the vacuum-chamber within which the 
cylinder is e , from ite trunnion- 8. According to 
one mode of carrying out the invention as applied to vacuum- 
brake apparatus of the type wherein the brake-cylinder a is 
encl within a chamber 6 which serves as a vacuum reservoir, 
the latter is formed as an annular vessel, and is made integral 
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with the lower end or cover of the brake-cylinder, as shown in 
Fig. 1. The upper ends of the annular chamber } and of the 
brake-cylinder a are closed by means of a cover ¢ which is 
jointed air-tight upon the outer wall of the annular chamber, the 
inner wall thereof stopping somewhat short of the cover, so as to 
afford free communication bet the i hamber b, the 
upper end of the brake-cylinder a, and the upper side of the 
brake-piston d. If preferred, the lower end or cover a! of the 





the pinion on the countershaft preferably turning in conical 
ngs. On the countershaft are mounted freely two toothed 
wheels, one or other of which may be secured to the shaft by one 
or other of two clutches, preferably operated by means of one 
handle so arranged than when it is in its central position neither 
clutch is in gear. The toothed wheels on the countershaft are in 
mesh with two wheels on another shaft, on which is a sleeve 
capable of sliding upon feathers on the shaft. On this sleeve are 
two toothed wheels of different diameters, which may be moved 





brake-cylinder a may, as shown in Fig. 2, be formed as a separat 
art and attached to the lower end of the annular chamber 
). According to an alternative method of construction illustrated 

in Fig. 8, the annular chamber 0b constituting the vacuum 
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reservoir is formed integral with the cover c, which closes the 
upper ends of the chamber and of the brake-cylinder a, whilst the 
cover a!, whereby the lower ends of the brake-cylinder and 
annular chamber are closed, is made detachable. The latter 
method of construction is particularly appropriate when the 
vacuum reservoir, instead of being arranged about the brake- 
cylinder, is formed as a separate vessel. According to the 
several methods of construction above described, the brake- 
piston d may be withdrawn from its cylinder a after removing 
either the upper or the lower cover, as the case may be, and with- 
out dismounting the vacuum-chamber (or, in the last-mentioned 
case, the brake-cylinder) from its trunnion - bearings. (Sealed 
August 21, 1913.) 
14,492/12. G. G. Hooper and J. W. Kidd, London. 
m ion motives. [5 Figs.) June 20, 
1912.—The object of this invention is the construction of internal- 
bustion | tives designed for hauling heavy loads rather 
than running at high speeds, According to this invention, the 
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| that 
| tube 7 in which the gases are at the higher temperature at which 


so that one is in gear with a toothed wheel on another shaft, or 
the other wheel is in gear through a reverse wheel with another 
toothed wheel on the same shaft, so that by these means the last- 
mentioned shaft can be driven in either direction. This shaft 
transmits motion to the rail-wheels through a shaft and worm- 
gearing. The shaft a driven by the engine, Fig. 2, is connected 
yy a clutch b to another shaft c, on which is a pinion cl, Fig. 1, 
gearing with a toothed wheel d on a countershaft e. On the 
tershaft ¢ are ted freely two toothed wheels /, g, which 
are secured to the shaft ¢ by two clutches /!, g! respectively, both 
lutches being op d by means of one handle so arranged that 
when it is in fea central position neither clutch is in gear, as is 
shown in Fig. 1. The toothed wheels /, g on the countershaft ¢ 
are in mesh with two wheels i, j on another shaft k, on which isa 
sleeve k! capable of sliding upon feathers on the shaft. On the 
sleeve kl are two toothed wheels /, m of different diameters, which 
may be moved so that the wheel / is in gear witha toothed wheel n 
on another shaft n!, or the other wheel m is in gear through a 
reverse wheel o with another toothed wheel n2 on the same 
shaft, so that by these means the shaft n! can be driven in either 
direction. The sleeve k! is actuated by a handle. The shaft n! 
transmits motion to the rail-wheels p through a shaft 7 connected 
to it by two universal joints n3, n4. Upon the shaft ¢ isa worm f 
gearing with a worm-wheel g? on the rail-wheel shaft. In 
order to allow for the vertical movement of the axle-boxes the 
worm-gear case is fitted at the top with two pins passing 
through holes in a cross-bar attached to the locomotive frame ; 
the » a4 allow of vertical movements and transverse movement, 
— a the gear-case from turning. (Sealed September 11, 
913. 








STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


13,762/12. J. G. Robinson, Manchester. Steam- 
Superheaters. (2 Figs.) June 12, 1912.—This invention 
relates to steam-superheaters for locomotive and other fire-tube 
boilers, of the kind in which the superheater elements or pipes 
extend into smoke or fire-tubes of the boiler, and have their satu- 
rated-steam inlet and superheated-steam outlet ends connected to 
a suitable header, which may, as usual, be located above, or other- 
wise out of alignment with, the smoke-tubes. The present inven- 
tion consists principally in a form or construction of superheater 
element or pipe such that a much greater length or portion of the 
poe yan element is located in that part of the smoke or fire- 
tube in which the gases are at the higher temperature, and at 
which they are capable of transferring heat to, and increasing the 
temperature of the steam within the superheater element or pipes, 
than in that part of the smoke-tube in which the gases are at the 
lower or relatively low P ure. 1 indicates the body of 
the boiler, 2 the smoke-box, 3 the smoke-box tube-plate, 4 the 
fire-box, and 5 the fire-box tube-plate ; 6 are the ordinary smoke 
or fire-tubes of the boiler, and 7 the emoke or fire-tubes of larger 
diameter, into which the superheater elements or pipes extend. 
8 is a header or steam-collector of known construction, the satu- 
rated-steam ch or chambers therein being, as shown, 
arranged in connection with the usual saturated-steam pipe 9 of 
the boiler. 10 and 11 are the relatively long pipes forming those 
portions of the superheater elements which extend from the 
smoke-box end of the enlarged smoke-tubes 7 to within a shert 
distance of the fire-box tube-plate 5. 12 is the short return por- 











tion or pipe connected by a suitable (J-bend or torpedo end 13 
with the fire-box end of the pipe 10, the other or forward end of 
a? 3 





Fig. 
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the return pipe 12 being connected, by a suitable U-bend or 
torpedo end 14, to the corresponding end of the short return 
portion or pipe 15, whose other end is connected to the pipe 11 by 
means of a suitable U-bend or torpedo end 16. The forward ends 
of the pipes 10 and 11 extend into the smoke-box 2, and, in the 
example shown, these ends are bent upwardly, and secured to the 
header 8 by expanding the ends in holes in the bottom of 
the header. 11 is the pipe through which saturated steam enters 
the superheater element from the saturated-steam chamber of the 
header 8, and 10 is the pipe through which the superheated steam 
passes out of the superheater element and into the superheated- 
steam chamber of the header 8. The saturated steam which 
enters the superheater element from the header 8 passes along the 
pipe 11 to the return end 16, adjacent to the fire-box tube-plate, 
and thence returns and passes towards the smoke-box 2 through 
the return portion or pipe 15, and from the latter the steam 
passes, through the return end 14 and return pipe 12, again 
towards the fire-box tube-plate 5, the steam finally passiog 
through the return end 13 into the superheater steam-pipe 10, and 
through the pipe 10 into the superheated-steam chamber or 
chambers of the header 8, from which it passes through the usual 
steam-pipe connections to the cylinder valve-chest or chests of the 
engine. It will be seen that the superheater element above 
described is only provided with short return portions or pipes, 
forming what are known as (J-loops in the element, at that 
portion of the element adjacent to the fire-box, the element being 
thus provided with short return _ or (-loop portions only at 
rt of the element situa’ n that portion of the smoke- 





heat can be usefully transferred from the gases to the steam 
pews through the superheater element, for the purpose of super- 
eating the steam in the element. (Sealed August 28, 1913.) 


13,423/12. D. W. Rennie, London. Steam-Genera- 
tors. [4 Figs.) June 7, 1912.-—This invention relates to boilers 








applicants employ a slow-running engine of the semi-Diesel type, 
preferably a two-cycle engine having two or more cylinders, e 
engine drives a shaft. mounted longitudinally of the locomotive, 
preferably connected by a clutch to another shaft on which isa 
pinion gearing with a toothed wheel of a diameter larger than 


for steam-generation, and particularly to water-tube boilers 
wherein the water circulates through tu while the products of 
combustion circulate around the tubes and heat them and the 


from the path of the fuel, to form channels in which the combus- 
tion takes place, these tubes receiving only radiant heat from the 
flame. A represents the steam-drum, which is set transversely on 
the boiler and is connected, by a bank of tubes B, to a rear water- 
pocket C. These tubes are arranged in the usual manner in con- 
tinuous staggered rows, and receive heat by conduction from the 
hot d of bustion as they circulate around these tubes 
on their way to the uptake D at the back of the boiler. A second 
transverse water-pocket E is situated towards the front of the 
boiler and is connected to the steam-drum A by tubes F, which 
form the “‘ radiative element.” Referring to Fig. 2, it will be seen 
that these tubes F are arranged in banks on each side of the oil- 

















fuel burners or sprayers G, thus forming channels or passages 
extending from the burners towards the back of the boiler. The 
flame of the burning fuel extends through this channel towards 
the nest of tubes at the back, but owing to the pressure under 
which the oil is fed to the burner and the pressure of the air 
supply, the flame does not spread laterally sufficiently to impinge 
on these side tubes, consequently they receive heat almost en- 
tirely by radiation from the incandescent matter of the ‘lame. 
The tubes F are so formed and disposed that the maximum sur- 
face is exposed to this radiation, or, if desired, they may be 
enclosed by a thin slab wall of refractory material which is heated 
to incandescence to cause it to radiate heat to the tubes. in this 
case the flame may be allowed to play along the surface of these 
walls to heat them. (Sealed August 28, 1913.) 


17,708/12. J. H. Rosenthal, London. Steam-Gene- 
rators. (3 Figs.) July 31, 1912.—This invention relates to 
water-tube steam-generators of the kind in which the steam- 
generating tubes are steeply inclined, and comprise a nest of front 
or main steam-generating tubes arranged in sections, and a rear 
nest of ci ing tubes adapted to permit water to pass from an 
overhead steam and water-drum to the lower end of the nest of 
front or main steam-generating tubes. According to the inven- 
tion, the nest of front or main steam-generating tubes is arranged 
in sections posed ubes ed at their ends by the well- 
known Babcock and Wilcox headers provided, as usual, with hand- 
hole fittings, or, alternatively, by headers of other constructions, 
stayed or otherwise stiffened, and the steam produced is dis- 
charged above the water-line at the highest point of the boiler 
into a steam and water-drum, to the bottom of which steam and 
water-drum is connected a nest of circulating tubes, either the 
drum having an embossed tube-plate to receive the tubes or the 
tubes being curved at their upper ends; the circulating tubes 
are connected at their lower ends to a water or mud-receiver, 
which may be a drum connected with the lower headers of the 
front or main steam-generating section by expanded or alter- 
nately flanged or screwed connections, or may be constituted by 
extensions of the headers, the receiver, if formed as a drum, 
having an embossed tube-plate like the upper drum, or the circu- 
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lating tubes being curved at their lower ends. A indicates the 
steam and water-drum, B the nest of front or main steam-gene- 
rating section or sections, and C the nest of tubes connecting the 
lower part of the steam and water-drum A with the mud-drum D. 
The bottom headers of the front or main steam-generating nest 
of sections are marked E! represents the hand-hole fittings, 
which, as already stated, are located opposite the ends of each 
of the tubes of the nest B. In the triangular space between the 
nests B and C a sectional superheater of the Babcock and Wilcox 
type is located as indicated at S. After the gases have d the 
tube nest C they may be caused to give up part of their residual 
heat to a fuel-economiser indica’ at F. The furnace is indi- 
cated in the drawings at G, the gases passing upwards in the 
direction of the arrows over the superheater, downwardly through 
the lower portion of the section or sections B, upwards again 
through the tube nest ©, and thence to the economiser or direct 
to the chimney. The water is fed into a water receptacle marked 
W, passes down the tubes C into the drum D, or its equivalent- 

viz., the extension or extensions of the header or headers E, 
thence into the header or headers E and in an upward direction 
through the tubes of the section or sections B, and thence by the 





| water by conduction. According to the present invention, there 
is provided in an oil-fired boiler a radiative element comprising 
| nests of tubes adjacent to the burners, but laterally displaced 


connections P into the steam-drying device Z disposed above 
the water-line in the steam and water-drum A. (Sealed September 4, 
1913. 
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FOUNDRY PLANT AND MACHINERY. 
No. LXIV. 
By Joszrn Horner. 


In this article we shall dispose of some appli- 
ances of miscellaneous utility. The drying-stoves 
previously illustrated are used for moulds as well 
as for cores. Dry sand mouldsand loam moulds are 
putinto them. The larger stoves are intended pri- 
marily for the work of the loam moulders. As height 
is limited, tall loam moulds are frequently divided 
across the centre in order to enable them to be put 
into the stove. But there are many moulds which 
cannot be put into any stove at all, or, even if pos- 
sible, without involving inconvenience and indie. 
No bedded-in work can be dried in stoves, no work 
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Fig. 984. 
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so that it penetrates te the remotest corners of | 
the moulds. The stove is framed of iron castings, 
and lined with firebrick, Figs. 979 and 980. A 
coke fire, of furnace coke preferably, is built on the 
grate, charged through a doorway at the top. The 
air is forced in by means of a fan, and passes 
either through or over the fire. The discharge is | 
regulated by a throttle-valve. Other valves control | 
the direction of the flow through the grate or over 
the fuel. These are operated by handles outside. 
The discharge union, which is attached to the) 
throttle-valve casing, has two or more branches, to | 
which the supply pipes are connected, so that two | 
or more mou 2 can be served from a single stove. 
The stoves are made in different sizes, with dis- 
charge-pipes ranging from about 4 in. in diameter’ 





Fig . 980 





Fig.985. 


but one in the series of five stoves. This is not so 
great a favourite as the grate stove is. 

No detail is too obscure or trivial in the foundry 
to be taken charge of by a machine. Even the 
straightening of used core wires with a hammer by 
the core boys or the foundry smith is now provided 
for by a wire-straightening machine. This com- 

ises a double-geared pair of grooved rolls with 

ardened-steel dies for guidance, driven by a belt 
ulley. One of these, by the Blake and Knowles 
team-Pump Works, of East Cambridge, Mass., 
U.S.A., is shown in the gy a and drawings, 
Figs. 987 to 992, on page 484. e first photograph, 


Fig. 987, shows the crooked wires entering, the 
other, Fig. 988, the straightened wires emerging 
from the machine drawn through by the rolls. One 
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Fics. 979 to 984. Portaste Dryine-Stoves; Taz Lonpon Emery Works 
Company, ToTtrENEAM, Lonpon, N. 


which is too long or too wide or deep for their capa- 
cities. No mere skin-drying of green-sand moulds 
can be treated in stoves, no local drying such as 
follows the securing of cores, &c. Much of this work 
is moulded in pits, much on the foundry floor. It has 
to be dried, wher dried at all, in situ. In most foun- 
dries the commonest appliances used in these cases 
are the devils, or open grates, filled with a coke 
fire and lowered into the mould. The objection to 
these is the quantity of sulphurous fumes given off. 
For mere localised drying, bars of iron-‘‘ heaters ” 
are made red-hot and supported close to the part 
to be dried. In neither is the heat under much 


control, nor is it penetrating beyond the immediate 
vicinity of the devil, or the heater. 

_In progressive shops these methods have been 
dispossessed by portable drying-stoves and mould- 
driers. By means of these, hot air is forced into 
moulds under a pressure of about 44 oz. per sq. in., 


in the smallest to 9 in. in the largest. They are 
constructed with or without fans, the first, ~~ 
981 to 983, having the advantage of being self- 
contained. The fan may be electrically driven. 
The second, Fig. 984, are supplied from a blast- 
main. Very large moulds may require two or more 
of these stoves to dry them. e stoves illustrated 
are made by the London Emery Works Company. 
Figs. 985 and 986 show, in external elevation 
and section, a cylindrical stove by the Badische 
Maschinenfabrik. It is built in a series of five 
dimensions, of sheet iron and castings, brick-lined. 
These stoves have no grate for draught, but the air 
is blown through the fuel at a pressure of 4} oz. 
to the square inch. The air enters at the side, and 
can be sent either through or above the coke 
by the dampers, and the heat is discharged through 
the tee-pipe at the top to two moulds in opposite 





directions. The illustration is that of the largest 
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985 anp 986. Portaste DryinG-Strove; THe 
BapiscHE MAaCHINENFABRIK, DURLACH. 


machine will only deal with the sizes of wire for which 
the rolls are grooved and the dies are pierced. For 
the smaller sizes the rolls are single-geared, for the 
larger double-geared, as in the illustrations (see 
Fig. 989). Gears are provided at both ends to 
ensure equal turning effort on the rolls. This 
machine is a very powerful one, straightening rods 
d in., 2 in., 4 in., § in., or } in. in diameter, and it 
takes 5 horse-power to drive. Few of the larger 
sizes are required. The smallest machine made 
deals with wires of , in., } in., and , in. in dia- 
meter, taking 2 horse-power to drive. Of course, 
no skilled labour is required. A boy can feed the 
crooked rods, and the machines will straighten 
them as fast as they can be presented. The 
driving-pulley is belted for from 60 to 80 revolu- 
tions per minute, varying with the size of the 
machine. The pressure of the rolls is taken against 
coiled springs in the housings, Fig. 989, with screw 
adjustments. The standards are bolted down to 
a core bench, or on a support specially provided. 

Hay-bands, or hay or straw ropes, form the 

body or backing portion of large swept-up cores, 

roviding a binding base for the loam and assisting 
in the venting. Hay is finer and more flexible, 
but straw and wood-wool are also employed. Such 
bands are sometimes spun by hand on a framing of 
bars rotated by hand as the spinning proceeds, 
and pivoted ina wall. A boy does the work; the 
ropes range from } in. in diameter to about 1 in. 
in diameter. 

Machines are also made to perform this work. 
They require the attendance of a lad, but the out- 
put is greater than that of hand-work. The 
spinners make about 120 revolutions a minute ; 
the attendant feeds the loose material into it, which, 
when spun, is wound on a reel, which both rotates 
and reciprocates, winding the band from one end 
to the other alternately, making a coil of even 
thickness. The output may range from 500 to 
1000 yards per hour. 

Machines are used for breaking pig iron to a 
much greater extent than formerly. When these 
are not employed, a sledge is wielded by a labourer, 
the pig lying on the ground. “This is sufficient 
for the requirements of small foundries havin 
one or two cupolas only, but the mechanica 
breakers should - installed in large foundries. A 
single blow from a sledge is usually sufficient to snap 
a pig unless it happens to be of a tough brand. 
The lengths required for charging into the cupola 
range from 6 in. to 8 in. Scrap, from its varied 
character, stands in a different case ; pig is of the 
same‘section. Scrap varies from light flimsy cast- 





ings to massive machinery castings. The first are 
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broken with a sledge, the second cannot be so dealt 
with, and have to be broken by dropping a heavy ball 
from a crane or hoist. The ball is suspended from 
a hook, with a releasing-catch pulled by a cord ; its 
weight varies from 4 ton to 1 ton. Often several 
drops are required before a tough, heavy casting 
can be broken. In such cases holes are sometimes 
drilled, and wedges driven intothem. In foundries 
where a reverberatory furnace is installed, large 
lumps can be melted in that. But cupolas cannot 
melt heavy masses, at least not without great 
difficulty, risk to linings, and waste of fuel. Several 
designs of machines are made for dealing with pig, 
but owing to the great variety in the shapes and 
sizes of scrap, the suspended ball dropping on the 
stuff as it lays upon the ground seems to be the 
only practicable mode of dealing with that. 

The designs of pig-breakers made include the 
following :—Machines suitable for small foundries 
are operated by an hydraulic-pressure pump, which 
is worked by the attendant. Such a ,machine is 
shown in Figs. 991 and 992, page 484. It comprises 
a base with an arched opening, through which the 
pig is pushed on rollers. Supported at back and 
front, it is broken by the pressure operating midway 
of its length. Ten or twelve pieces can be broken 
off per minute. The contact above, in opposition to 
the pressure imparted below, is made by a hand- 
lever operating a counterweighted cam. This is 
seen better in outline in Fig. 994. 

Power machines are driven by belt or electric 
motor. Figs. 993 and 994, page 484, show one of 
the first type. The drive is pear worm-gear. A 
sloping guard-plate throws the broken pig clear of 
the belt-pulleys and protects the attendant. The 
cam is seen above. Electrically - operated pig- 
breakers are made fixed or portable, the latter 
being illustrated in Figs. 995 and 996, page 485. 
The motor is bolted to a bracket on the machine 
and drives tothe worm gear, with a fly-wheel on the 
shaft. Current is conveyed to it through a flexible 
cable in one design, or in another by means of over- 
head contacts resembling those of cranes. In this 
case the rollers which make contact with the 
overhead wires are carried on a tall, light lattice- 
framed upright bolted to the machine. The machine 
is moved down the shop on its wheels to any 
desired location, and makes from ten to twelve 
strokes per minute. The types above described are 
manufactured by the Badische Maschinenfabrik, 
Durlach. 

Figs. 997 to 999, page 485, illustrate a different 
type, by the London Emery Works Company. In 
this machine, which is in extensive use, the pressure 
is not direct, but is exercised through a lever arm 
pushed — by an hydraulic ram under the long 
arm of the lever. The valve is operated by the 
treadle seen in front of the machine. The counter- 
weight seen closes the valve and opens the exhaust 
automatically. The resistance to the pig at the top 
is exercised through a wedge-shaped piece, operated 
by a lever, a pinion, and rack. Also, as seen in 
Fig. 998, the pig is not broken in the middle, but 
at one end overhanging. The machine breaks 
sage down to 5in. long, and has an output of 

om 3 to 5 tons per hour. 

All these machines are built for pig-breaking 
only, In the steel works more powerful designs 
are employed for dealing with wheel tyres, steel 
bars, tool-steel, and other stuff. These utilise a 
pressure of about 100 atmospheres. Some, again, 
are used for blast-furnace eluate, and have auto- 
matic feeding mechanism comprising a long table 
with rollers. 

For charging cupolas weighing-machines are 
necessary ; usually those of the ordinary platform 
type areemployed. The mixing of different brands 
of pig and scrap, with the proper proportions of 
coke and limestone, is done by weight, though 
coke is often measured in baskets. The growth 
of the practice of sampling by chemical analysis 
to produce exact mixtures of metal for special 
purposes has been marked by the development of 
a small group of machines for secret weighing, 
used when privacy is essential, and the fe ammo 
tion as to the exact weights of various ingre- 
dients is retained only by the manager. These 
machines have a separate steelyard for each sepa- 
rate weight. If three different kinds of iron are 
being used, pig only, or pig and selected scrap, each 
has its own steelyard. tf the coke is weighed in the 
same machine, that also has its own steelyard, as 


having eight weighing steelyards and a tare-bar. 
The latter is set to equal the weight of the empty 
barrow, and each barrow has a number to correspond 
with the steelyard, which is always in gear with the 
platform. 

The person in charge sets the poise on each 
steelyard at the exact weight of each constituent 
required. The steelyard case is then locked. The 
harrow-man runs the barrow on to the machine, 
turns the handle corresponding to the mixture 
number to the weighing position, and loads the 
barrow until the indicator, which is exposed to 
view through a window at the top right-hand corner 
of the machine, shows that the steelyards are in 
equilibrium. As the tare and one of the steel- 
yards are virtually locked together duri the 
ase me the fact that the former is in equilibrium 
shows that the poises on the two steelyards together 
balance the weight of the barrow and its con- 


material has been loaded up. 


required, the materials can be weighed as follows:— 
The poises corresponding to each constituent are 
set to the r sdoul 3 weight, the barrow is brought 
on and the No. 1 steelyard is connected with the 
levers by means of the projecting handle. The 
barrow is then filled until the steelyard is in equili- 
brium ; when this is done, No. 2 steelyard is 





connected with the levers, and No. 2 constituent 
is put into the barrow on top of No. 1 constituent 
until No. 2 steelyard is in equilibrium, and so on. 

This method results in a great saving of time. 
Thus, it will be seen, the machine is used rather as 
a balance than for actual weight. It shows that 
the weight on the platform is of a predetermined 
magnitude, but the workmen are in ignorance of the 
exact amount. 

The containing box or frame of the machine is of 
cast iron with flanges all round, and is designed to 
be sunk in the ground in order to bring the plat- 
form flush with the floor level. The levers are of 
cast iron, fitted with hardened steel knife-edges, 
and are suspended from the frame by Avery’s 
patent adjustable links, which allow the platform 
to swing in any direction, thus preventing undue 
wear to the knife-edges and bearings. The plat- 
form is supported on a stool of cast iron, which has 
four legs, with hardened steel bearing-blocks for 
bearing on the lever knife-edges. 

The steelyards and poises, of brass, are automa- 
tically locked in position on the steelyard at any 
notch, an improvement over any screw-locking 
arrangement. 


THE BRITISH ASSOCIATION. 
(Concluded from page 454.) 
SECTION B.—CHEMISTRY. 

Section B of the British Association met, on 
Thursday, September 11, in the same building as 
the Engineering Section, the Birmingham Muni- 
cipal Technical School, which, like Mason College, 
is situated close to the Town Hall, in which was 
the Reception Room. The forty-five discussions, 
papers, and reports brought before Section B 
formed once more an instructive, compact pro- 
gramme, and may be grouped under five or six 
headings. The presidential address dealt with 
valency, and took its arguments mainly from 
the domain of organic chemistry, and largely also 
from the subject of optical properties ; papers of 
these kinds formed the first two = The 
communications on solution may be said to lead over 
to the group of phases and structural changes in 
metals, which were discussed by the metallurgical 
division. A whole morning was devoted to a dis- 
cussion of the proper utilisation of coal, and fuels 
derived therefrom, and part of another morning 
was given to a discussion on radioactive elements 
and the periodic law. By subdividing twice, the 
section disposed of its programme, which under- 
went little change, in four morning sessions ; the 
discussion on X rays and crystals, which we have 
already noticed, took place in a joint meeting with 
Section A on Tuesday afternoon, September 16. 

The officers of the section were :—President, 
Professor W. P. Wynne, D.Sc., F.R.S. (Shettield) ; 
Vice-Presidents : Professors Adrian Brown, F.R.S.; 
P. Frankland, F.R.S. (Birmingham) ; A. Senier 
(Galway); T. Turner (Birmingham) ; Mme. Curie 











(Paris); Secretaries: Messrs. E. F. Armstrong, 


many of these being fitted as required. Figs. 1000| D.Sc., Recorder (Reading); C. H. Desch, D.Sc. 


and 1001, page 485, show one of these machines by 
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Messrs. W. and T, Avery, Limited, of Birmingham, | Combie, M.A. (Birmingham). 


tents, and consequently, that the right amount of- 


In small plants, where only a small charge is |p 


We begin our account with the presidential 
address, which was delivered on Thursday, Septem- 
ber 11, and pass to the other communications in 
the general order we have just indicated. 


VALENCY. 


It was natural that Professor Wynne should, 
in his introduction, refer to the marvellous trans- 
formation which education has uudergone in Bir- 
mingham since the ‘seventies, when he himself 
attended evening classes in the Midiand Institute 
under the Science and Art Department, to which 
he was anxious to give credit for the pioneering 
work it had done. Passing to progress in theore- 
tical chemistry, he expressed the opinion that the 
common origin of all elementary substances was 
now an accepted theory, ‘‘although the question 
whether the idea underlying the term ‘ transmu- 
tation’ is verifiable under available conditions, is 
answered differently according to the view we take 
of the disintegration of radium, and of kindred 
henomena.” He then turned to his chief sub- 
ject, ‘* Valency,” which we have put at the head of 
the address, though Professor Wynne had not given 
it atitle. Valency, he said, was that property by 
which an atom attracted to itself other atoms or 
radicles, and its numerical value was deduced 
from the structural formule of compounds in 
which the atom occurred. A. Claus (1881) 
seemed to have first recognised that this attraction 
was not constant, but depended upon the nature 
of the other atoms in the molecule, and that it 
varied from compound to compound. There were 
many later theories, prominent among which was 
that of A. Werner (Ziirich), of principal and 
auxiliary or residual valency. According to Werner, 
valency was an attractive force acting from the 
centre of the atom, being of equal value at ail 
points on the surface and independent of units of 
aflinity—i.e., not directed in space ; in this latter 
respect the theory touched Van’t Hoff’s brilliant 
conception of asymmetry. The question of the 
distribution of valeney in carbon compounds in 
particular arose in connection with the structure 
of unsaturated compounds, the properties of fluores- 
cence or colour, and the relation between chemical 
constitution and physical properties. Werner’s 
conception accounted for the concentration of 
reactivity at that t of the molecule where 
unsaturation existed. Ethane (C,H,) was regarded 
as a saturated compound, because it formed other 
compounds by substitution; that was to say, if 
one molecule (two atoms) of chlorine combined with 
it, one Cl would enter instead of one H of the 
C.H,, whilst this H joined the other Cl and formed 
HCl. Ethylene was regarded as unsaturated C,H,, 
because the two chlorine atoms added themselves 
directly to form C,H,Cl,, without splitting off any- 
thing. It was, however, suggested already by Kekulé 
that substitution was not~exactly a process of a 
direct exchange of radicles ; Kekulé conceived a 
temporary union of the molecules of carbon com- 
pounds and addendum followed by a disruptiun 
into two new molecules. Some degree of unsatu- 
ration would hence be looked for in all carbon 
compounds. 

In reviewing these controversial matters, Pro- 
fessor Wynne touched upon desmotropy or dynamic 
isomerism : certain carbonyl compounds, he said, 
might exist in two forms easily passing into one 
another, according to the mobility of the hydrogen 
atom in the complex CH, CO (the ketonic, more 
stable and saturated form), which might also be 
written CH:C(OH) (the enolic, more unsaturated 
and reactive form). There was further the question 
whether the hydrogen was removed before being 
substituted, or whether there was first addition of 





the other element. As to this, Arrhenius believed 
in a dissociation, such that A and B, joined to carbon 
C, but temporarily dissociated from it, might in 
recombining exchange places (right and left) and 
| thus form optical isomers. Nef had gone further in 
| this direction, whilst Michael and Fliirschheim 
| were concerned chiefly with the distribution of 
valency which determined whether some particular 
hydrogen atom was to be replaced. Professor 
Wynne referred also to the Walden inversion, of 
course, according to which both dextro and levo 
| compounds were obtained from a lmwvo compound, 
itself derived from a dextro body. Going further, 
he pointed out that the auxiliary valency ques- 
tion had again revived the old controversy about 
the real model of Kekulé’s benzol hexagon, and 
that the old distinction of ortho, meta, and para 
derivatives was insufficient, because in most reac- 




















Oct. 10, 1913.] ENGINEERING. 483 
tions all the three were formed, but in different, | separated out on cooling, the quantity of which was | he made also ‘* Suggestions Regarding the Nomen- 
unexplained proportions ; the point was now being | increased by the addition of petroleum or turpen-|clature of Optical Activity.” He u that the 


investiga by Holleman. Reverting to the 
advance in biochemistry, and referring to Sir E. 
Schifer’s presidential address of 1912, Professor 
Wynne repeated Meldola’s warning that ‘‘ we must 
not blockade whole regions of undiscovered modes 
of chemical action by falling into the belief that 
the known laboratory methods are the equivalent 
of vital methods.” 

We have been unable to follow Professor Wynne 
into that detailed survey which will chiefly interest 
the chemist. In his concluding words he alluded 
to the training of the chemist. He would avoid 
early specialisation and encourage post-graduate 
research, rather than expenditure on scholarships ; 
the ordinations for the M.Sc. degree—now for 
honour graduates a question of a fee—should be 
standardised, and no degree be conferred except 
for at least one year of original research. He also 
advocated an exchange of honour graduates 
between different universities, not, however, in the 
sense of the Continental usage, according to which 
students migrate from one university to another, a 
custom to which he did not allude. 


Oreanic CHEMISTRY. 


The paper by Proféssor Julius B. Cohen, of 
Leeds, and Mr. P. K. Dutt, on ‘‘The Progressive 
Bromination of Toluene,” concerned a subject above 
alluded to—namely, the proportions in which bodies 
like the halogens enter into the ortho, meta, and 
para positions of nitrotoluene (toluene is a homo- 
logue of benzene). The subject had previously been 
studied chiefly by A. K. Miller, and the authors 
drew attention to the differences displayed by 
bromine and chlorine in these reactions. Dr. 
T. M. Lowry presented the report of the Com- 
mittee on Dynamic Isomerism, dealing with rotatory 
dispersion, successive isomeric changes, and the 
influence of light. Long series of researches, espe- 
cially concerning the first two divisions mentioned, 
had been completed last year. 

The report of the Committee on the Study 
of Hydro-Aromatic Substances was drawn up by 
Professor A. W. Crossley ; the report of the Com- 
mittee on the Transformation of Aromatic Nitro- 
amines and its Relation to Substitution in Benzene 
Derivatives, by Professor K. J. P. Orton (Bangor) 
and Mr. W. H. Gray. 

Mr. C. K. Tinkler, D.Sc., of Birmingham, con- 
tributed a paper on ‘‘ A Series of Mixtures of Nitro- 
Compounds and Amines which are Coloured only 
in the Liquid State.” The compounds belong to 
the substituted benzol series. Some of these solu- 
tions, he said, were colourless, but turned reddish 
yellow when warmed by the hand ; others remained 
deep red until cooled by ice. The viscosity and 
density curves showed no breaks, and there was no 
evidence of the separation of a solid compound by 
cooling a fused mixture. 

Mr. E. Vanstone, M.Sc., of Birmingham, read a 
paper on ‘* The Influence of Chemical Constitution 
on the Thermal Properties of Binary Mixtures, 
Benzylaniline, &c.” He found that at the tempera- 
ture of melting the unsaturated substance had often 
a greater molecular volume than the saturated sub- 
stance, but a relation between molecular volumes 
and eutectic points could not be detected. 


DecomposiTIon Propucts oF INDIGO &N THE Var. 


_ Mr. Herbert Ehrhardt, B.Sc., of Birmingham, 
in a ‘* Note on the Products of Decomposition of 
Indigo in the Vat,” said that considerable losses 
occurred, especially when metallic reducing agents 
like zine-dust were used. There was no loss with 
sodium hydrosulphate, but according to the Badische 
Anilin und Soda Fabrik there might be 30 per cent. 
of decomposition in 84 hours, when a mixture of 
bisulphite of sodium, zinc and lime was used. 
Chemists had devoted more time to the design of 
vats which would not decompose than to the study 
of the decomposition products. Mr. Ehrhardt’s 
paper dealt with experimental researches which he 
had carried out in his father’s laboratory of the 
Badische Fabrik, and which showed that the losses 
were due to the formation of anthranilic acid by 
over-reduction in the vat. 


LiysEEp O1. 


Dr. R. 8. Morrell, M.A., ina paper on ‘* The 
Saturated Acids of Linseed Oil,” explained that 
he had rere gx the presence of stearic acid in 
linseed oil, which Haller had first observed. When 
linseed of] was heated with lead oxide, a solid 





tine. The lead salts thus obtained consisted of 
stearic acid with palmitic acid and a trace of oleic 
acid,” which were very difficult to separate. The 
occurrence of these (the first two) saturated acids, 
together with unsaturated linolenic, linolic, and 
oleic acids, was interesting. 


Piant Enzymes. 


The report of the Committee on the Study of 
Plant Enzymes, particularly with Relation to Oxida- 
tion, presen by its Secretary, Dr. E. F. 
Armstrong, tabulated the publication of a con- 
siderable number of important papers by the 
Secretary, Professors H. E. Armstrong and F. 
Keeble, E. Horton, W. N. Jones, and others, on 
the part Pe by oxidising catalysts in the pro- 
duction of plant pigments. Oxydases and peroxy- 
dases had been localised in flower petals and other 
parts, and it appeared that the soluble sap-pig- 
ments were formed by the oxidation of colourless 
chromogen through the agency of an oxydase. The 
pigments were reduced again to colourless chromo- 
gen by reducing agents, stimulated by a hormone 
(a substance which penetrated the cell membrane) ; 
the reduction taking place in the presence of little 
water, the oxidation in the presence of much water. 
These reactions accounted to a certain d for 
the colour changes which occur every day and 
when the plants get old, and the genetic experi- 
ments which are being made seem quite as im- 
portant as other experiments on crossing and the 
retention of hereditary characters in biology. 


SIGNIFICANCE OF OpTIcAL PROPERTIES. 


In the paper on ‘‘ Rotatory Dispersion,” con- 
tributed to the discussion on ‘‘The Significance of 
Optical Properties,” by Dr. T. M. Lowry, atten- 
tion was directed to the importance of making 
measurements of optical rotation over a wide range 
of wave-length, instead of merely with the light 
of one colour. Suitable lines would be the green 
and violet mercury lines, sodium and lithium, and 
particularly also the red and green cadmium lines ; 
the latter required somewhat complex apparatus, 
however. Multiple examination was necessary, espe- 
cially in cases of anomalous dispersion. The study 
of the optical and magnetic dispersion of some fifty 
organic compounds showed that in general the curve 
of rotatory dispersion had a very simple form : 
a =k/A — 2,2, where k was the rotation constant, 
and \,? the dispersion constant. 

Professor Leo Tschugaeft, of St. Petersburg, 
distinguished in his paper three kinds of ‘‘ Anoma- 
lous Rotatory Dispersion.” The anomaly might be 
due to the superposition of two or more kinds of 
normally dispersing molecules, differing in the 
power as well as in the sign of their dispersion, as 
first established by Biot. There might be the 
Cotton phenomenon, studied by Cotton, Drude, and 
others, due to the existence of absorption bands ; 
and, thirdly, there might be intra-molecular super- 
position of partial rotations corresponding to several 
centres of activity of one and the same molecule, 
first studied by Professor Tschugaeft himself in 
esters, camphor and other compounds. The dis- 

rsion curve, he pointed out, was largely influenced 

y constitutive factors, the relative position of the 
centres of activity and of the chromophor grou 
within the active molecule, and resulted from the 
superposition of several curves. Having briefly 
discussed these problems from the standpoint of 
the electronic theory, he finally referred to the 
cases of the optically active xanthates, examined 
by himself, and of the tartaric and its ethereal 
salts, studied by Winther ; since temperature and 
solvent had the same influences in the two cases, 
he thought there must be an intimate analogy as to 
the origin of the anomaly. 

Messrs. R. H. Pic ,» D.Sc., and J. Kenyon, 


B.Sc., of Blackburn, gave an account of the ‘* Op- | 
tical Rotatory Powers and Dispersions of the | 


Members of Some New Homologous Series.” They 
had synthetised the optically active forms of over 
a hundred compounds belonging to the esters and 
carbinols of each series, all ing closely- 
related, simple constitutions. The optical rota- 
tory and dispersive powers showed well-marked 
regularities, bat a numerical relationship between 
a 4 “uy wers had not yet been detected. 


. T. S. Patterson, D.Sc., of Glasgow Uni- 
versity, dealt with ‘‘The Rotation of Active Com- 
unds as Modified by Temperature Colour of 
ight and Solution in Indifferent Liquids,” and 





**morphology ” of the subject should be carefully 
studied before a real explanation was attempted. 
The solution of certain active compounds reached 
a maximum at a certain definite temperature, and 
points of inflection were often observed in the 
temperature-rotation curve; the variation of the 
rotation seemed to be periodic, and a point of 
maximum rotation indicated that condition of the 
substance in which one of the groups attached to 
the asymmetric atom attained to a maximum of 
influence. The maxima occurred for light of dif- 
ferent wave-lengths at different temperatures, and 
it seemed doubtful whether any substance would 
really show normal rotation-dispersion. When a 
substance like ethyl tartrate was dissolved in 
various indifferent solvents, the whole temperature- 
rotation curve seemed to be displaced. 

It appears evident that the whole subject requires 
a great deal of further study by chemists before 
sufficient data can be presented to physicists. 
An able summary of the status of the problem was 
given by Professor Percy Frankland in his presi- 
dential address to the Chemical Society, in March, 
1912. : 





Lens FoR Spectrum PHOTOGRAPHY. 


Lieutenant-Colonel W. Gifford, of Chard, des- 
cribed a ‘‘ Partially Corrected Fluor-Quartz Lens 
System for Spectrum Photography.” He said that 
at the Bristol Meeting, in 1898, he had shown how 
with the aid of a quartz-calcite combination and an 
inclined photographic plate the entire spectrum 
could be brought into focus. Since then he had 
obtained a large block of transparent fluorite, and 
he had constructed a symmetrical system of fluorite 
corrected by quartz, thereby greatly extending 
the range. When the combination was fully cor- 
rected the focal curve intersected the focal plane 
at the points for which equal foci were postulated; 
with the partial correction described both points 
were shifted towards the violet or red, and much 
advantage was gained by placing the photographic 
plate in the flattest part of the curve. The. ens 
corrections were by completed trigonometric trace. 


On CrystaLuine-Liquip SUBSTANCES. 


In his communication on ‘ Crystalline-Liquid 
Substances” Dr. John Hulme, of Macclesfield, 
pointed out that there were hard and very soft 
crystals, and the border-line between crystals and 
crystalline substances was likewise very indistinct. 
The bright yellow-red hexagonal crystals of silver 
iodide changed at 140 deg. Cent. into a soft octa- 
hedral modification (O. Lehmann), and cholesteryl 
benzoate gave on heating a liquid, but not 
transparent, doubly refractive modification, which, 
when further heated, lost its turbidity and double- 
refractive power (Reinitzer, 1882). Similar organic 
substances or liquid crystals had since been dis- 
covered ; but the phenomena were differently inter- 
preted by leading scientists. The lecturer’s own 
object in investigating the phenomena had been to 
show that the crystalline-liquid condition depended 
upon the constitution, and he had studied the 
possibility of tautomerism and of stereoisomerism 
as the cause of the condition, the influence of 
alkyl and acy] radicles, the part played by the para 
position, the behaviour of indies bovine two oxygen 
atoms in the ring, and the replacement of this 
oxygen by various elements and groups. 


Tae Hyprogen-Ion CoNCENTRATION OF THE SEA. 


A paper by Dr. E. B. R. Prideaux, of Flitwick, 
on ‘* The Hydrogen-Ion Concentration of the Sea 
and the Alkali-Carbon Dioxide Equilibrium” con- 
cerned the factors controlling life in the sea and the 
deposition of shells and calcareous framework of 
plants, for which the interaction between the 
small quantities of CO, and free alkali is of im- 
portance. The concentration of the hydrogen ion 
in sea-water, Dr. Prideaux remarked, did not seem 
to agree with the ratio of the total CO, to base and 
with the observed pressure of OO,. But the dis- 
sociation in two stages of the hydrated carbonic 
acid (H, CO,) was altered by the salts present in 
the sea, and sea-water was super-saturated with 
respect to calcite. 


SoLuBinity anp DisTRIBUTION. 
ACTION. 

Dr. Bohdan de Szyszkowski, of Kieff, contributed 

two papers, both of a theoretical character. In 

the first, on ‘Solubility and Distribution,” he 


Neutra Sarr 








ee: aa 


{Ocr. 10, 1913. 





ENGINEERING. : 





FOUNDRY PLANT AND MACHINERY. 
(For Description, see Page 481.) 
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pointed out that when salicylic, benzoic, or similar | solubility of acids in water was little influenced to suggest an association of the acid molecules in 
acids were dissolved in mixtures of. water and| by the presence of benzene, but not so far as the|the water. Ultimately all association was of cor- 
benzene (or chloroform) there was complete paral-| benzene phase was concerned, because the solu-| puscular character, and the influence of bodies like 
lelism between solubility and distribution, so far | bility of the acids in benzene was much increased | water (containing hydroxy! and of high dielectric 
as the water phase was concerned, because the by the presence of water. The phenomena seemed | constants) on media of low dielectric constants 
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closed with cork. The total amount of lead dissolved 
increased with time, but the rate, as a rule, de- 
creased rapidly; sometimes the sensitiveness of lead 
stopped after 17 hours, but the figures fluctuated 
strongly, even for different lengths of the same pipe. 
Hard water dissolved more lead than soft. Now 
pipes resisted much better when they were treated 
with dilute permanganate of potash. 

As regards Houston’s sheet-lead erosion test, they 
had found that a one day’s test (instead of seven or 
fourteen days) was sufficient. If erosion took place 
in more than a trace, a white insoluble powder was 
produced, whilst with pi the water was nearly 
always clear, not turbid, The erosion was due to the 
action of the oxygen in the presence of water; it was 
oy eg to the leadarea exposed, and was affected 

y the distance of the lead from the water surface. 
Oxygen being present, the alkalinity of the water 
was the principal factor determining erosion. With 
untreated water carbon dioxide little affected the 
erosion; when 2 per cent. or more of carbon 
dioxide was present, some lead was dissolved, but 
the liquid remained clear. This effect was ual, 
and carbon dioxide and oxygen would explain the 
solution of lead, without having recourse to organic 
acids. The use of lime to prevent erosion was not 
satisfactory ; concentration of from 3 to 9 parts per 
100,000 of water, when it reduced the erosion 
smaller and larger concentrations were of little use. 
Calcium carbonate was effective when 4 parts per 
100,000 were present ; calcium bicarbonate protected 
decidedly, if 2 parts per 100,000 were used. Filtration 
through sand made little difference, and the effect of 
seasonal variations was also small, though the colour 
and amount of organic matter present varied much. 

Professor P. Frankland, F.R.S., remarked that 
the paper and the account of the very painstaking 
experiments were of great value. It had been 
believed that acid water alone would take up 
lead ; but the reduction of the acidity did not stop 
the action. To prevent erosion, a certain concen- 
tration of carbonic ion was uired ; lime could 
not supply that ; calcium bicarbonate could, but it 
was difficult to get. The experimenters’ statement 
about alkalinity (determined by means of lacmoid 
and deci-normal hydrochloric acid) might be mis- 
leading; the ionic alkalinity should be given, 
according to Walker. We might add that the 
whole subject of the action of water on lead was 
quite recently discussed at some length in a Man- 
chester meeting of the Society of Chemical Industry, 
when Mr. H. Heap read a paper. 


SoLutTion or Gases IN Merat.s. 


Dr. A. Holt read a paper on ‘‘ The Solution of 
Gases in Metals,” dealing chiefly with experiments 
by Dr. J. H. Andrew and himself concerning the 
occlusion of hydrogen by palladium. His former 
experiments, he stated, had shown that there was 
a change in the occlusion at about 100 deg. Cent., 
and that adsorption by the surface and diffusion 
into the interior, taking place at different tempera- 
tures, had to be distinguished. The subject, 
although studied by various investigators by dif- 
ferent methods, was still obscure. They had 
heated palladium foil, palladium black (obtained by 
igniting the palladium ammonium chloride) and a 
button of fused palladium in an electric furnace, 
consisting of a porcelain tube, jacketed outside with 
copper, in vacuo, in hydrogen and in air, and had 
examined the heating and cooling curves taken with 
the aid of thermo-couples of platinum and platinum- 
iridium. The results confirmed the assumption 
that palladium was dimorphic, and that the tran- 
sition of the one phase into the other was extremely 
slow. Under certain conditions, in the cold, the 
surface layer rapidly occluded much gas with con- 
siderable evolution of heat. An amorphous surface 
layer seemed to be wanted for this reaction, for 


under other conditions the metal ap almost 
=— as regards gas absorption, Above 100 deg. 
mt., however, h was always occluded, 


but in small quantities and with the evolution of a 
constant amount of heat; above 150 deg. Cent. 
the two forms, the amorphous and the crystalline, 
had the same affinity for hydrogen. 

Dr. Rosenhain remarked that on his amorphous 
cement hypothesis, a worked or a rapidly-cooled 
metal should have a greater absorptive power 
a slowly-cooled metal, and the same relation should 
hold for fine grains and coarse grains. 


MerTaLLurGicaL Papers, 
AmorpHous PHase or Merats. 
We commence this week, on page 509, the pub- 





lication of the communication submitted by Dr. W. 
Rosenhain, F.R.S., on ‘‘The Amorphous Phase in 
Metals.” 

During the discussion, Dr. G. T. Beilby re- 
marked that interpenetration did not appear essen- 
tial for polishing, since calcite could be polished 
without powder; the layer of flowed material 
seemed to be very thick in that case. Dr. C. Desch 
considered that Beilby’s theory of an amorphous 
phase in strained metal was now fully established, 
whilst Rosenhain’s theory of an intercrystalline 
cement in unstrained metals was on a different 


—— and still unproved. Surface tension of the 
crysta ins would probably account for the facts. 
Mr. B. Lantsberry spoke. In his reply, Dr. 


Rosenhain pointed out that iron was much harder 
than calcite, which could be caused to flow merely 
by friction ; in iron the chemical ‘‘ mobilising” aid 
of a polishing medium would be required. As 
regards Dr. Desch’s suggestion that the inter- 
crystal fracture of metals at high temperature might 
be explained as an effect of intercrystalline surface 
tension, it seemed time to criticise that view ; even 
if that surface tension existed, how could Dr. Desch 
explain why cohesion across those boundaries was 
very strong at ordinary temperatures, and almost 
zero a few degrees below the melting-point. A 
powerful surface tension at an intercrystalline 
surface could only exist on the untenable idea that 
there were real interstitial spaces where the crystals 
met; otherwise there would be no free surface, 
and a molecule at or near a boundary would be 
attracted almost equally by the molecules of the 
adjacent crystal as by the molecules within its 
own crystal, leaving only a small differential resul- 
tant to cause surface tension. The vague term 
‘*surface tension” was too often used to explain 
unexpected phenomena. He finally pointed out 
that the amorphous-cement theory was quite 
independent of the crystal-unit idea, though he 
had spoken of a multi-molecular crystal unit in 
order to indicate how an amorphous intercrystal- 
line cement might be formed. 


Dirrusion 1n Soxiip SoLutions. 


Dr. Cecil H. Desch, of Glasgow University, made 
a communication supplementary to the ‘‘ Report 
on the Diffusion of Solids,” which he presented 
last year, and which was printed in extenso in the 
British Association Report of the Dundee meeting, 
1912. He stated now that Bruni and Meneghini 
had succeeded in demonstrating the occurrence of 
diffusion in a clear, crystalline solid—i.e., a mix- 
ture of the chlorides of sodium and potassium ; 
when heated to 500 deg. or 600 deg. Cent. diffusion 
took place with moderate rapidity, and a homo- 
geneous solid solution resulted ; this was recog- 
nised by determining the heat of solution in water, 
which differed from that of a mechanical mixture. 
Dr. Desch’s own experiments with metallic alloys 
demonstrated that a sharp boundary was charac- 
teristic of diffusion in solids when a chemical com- 
pound was formed. An abrupt discontinuity of 
composition was observed when one component 
of the alloy was dissolved out, as, for instance, in 
the dezincification of alloys of ZnCu. 


SrructuRaL CHANGES IN ANNEALED ALLOYS. 


Mr. O. F. Hudson, M.Sc., of Birmingham, in a 

per on ‘* The Structural Changes Brought About 
in Certain Alloys by Annealing,” remarked that 
many useful alloys, particularly those which were 
worked (rolled, drawn, &c.) consisted of crystals of 
one kind only—viz., a solid solution. Annealing 
might change them in two ways :—(1) The cored 
structure usually characteristic of the cast alloy 
disappeared, the crystals became quite uniform 
throughout, and the alloy 5 omg like a pure 
metal. (2) If the alloy had been worked before 
annealing, pronounced crystallisation, or rather 
rec isation, of the strained alloy set in after 
annealing above a certain temperature, and twinning 
was observed; over-heated alloys turned very 
coarsely crystalline, but at a suitable temperature 
an alloy of a finer grain (than originally) resulted. 
If alloys consisting of crystals of several kinds were 
malleable, they were usually composed of crystals 
of two solid solutions ; annealing these promoted 
equilibrium between the two phases; crystal 
growth also took place, partly as indicated and 
partly by the absorption of the smaller crystals 
into the larger ones of the same kind. Com- 
plete equilibrium as to phase and structure could 
only be attained after very prolonged anneal- 
ing, and in many instances the alloys were used 





in the metastable condition. It was noteworthy 
that the decrease in hardness and the lowering 
of the elastic limit due to the annealing of 
cold-worked metals and alloys were almost com- 
plete before crystal growth became noticeable, and 
did not seem to be accompanied by structural 
changes revealed by the microscope. 


Formation oF Evurtectics. 


Messrs. F. E. E. Lamplough, M.A., and J. T. 
Scott, of Cambridge, contributed a paper on ‘‘Some 
Phenomena in the Formation of Eutectics,” concern- 
ing particularly the ‘‘ halo” which, they said, often 
surrounded the primary crystals of an alloy and 
separated them from the eutectic about them. This 
halo was not due to under-cooling, but was due to 
segregation during crystallisation; the prevention of 
under-cooling by inoculation did not prevent the 
formation of halos. When the alloy was quenched 
after the eutectic had practically solidified, the halo 
was produced at the moment when the growing 
eutectic grains reached the primary crystals; one 
constituent of the eutectic coalesced with the 
primary crystal, and the other formed the halo. 
The halo did not appear when the eutectic had 
very rapidly solidified ; but by quenching partly 
solidified alloys both structures could simul- 
taneously be seen in the same specimen. The 
sharp boundary of the quenched areas showed that 
the two constituents crystallised simultaneously, 
not alternately, and the slides exhibited exem- 
plified that the growth of the eutectic varied with 
the composition, the ‘‘ grains in the crystals ”’ as- 
suming characteristic shapes and groupings.—Dr. 
Rosenhain supported the statement as to the 
simultaneous crystallisation of the two components 
by stating that with large masses of eutectic no 
oscillation of temperature was observed. 


Tae VouatTuity or Metats 


Professor T. Turner, M.Sc., dwelt on the import- 
ance of researches on ‘‘ The Volatility of Metals,” 
to which considerable attention was now being paid. 
Greenwood and Kraft, he said, studied the boiling- 
points of metals under various conditions as to 
pressure and atmosphere, which often had marked 
influences, while Berry, Groves, Wair and he 
himself were investigating the behaviour of metals 
andalloysin vacuo. Distillation in vacuo was suit- 
able especially for the easily volatile and oxidisable 
alkali metals ; further for cadmium, zinc, and also 
bismuth and lead. Inthe case of the Zn-Cu, Zn-Fe, 
and Sn-Pb series, quantitative separations could 
be effected, and definite chemical compounds be 
obtained ; in the series Cu-Ni, Cu-Sn, Cu-Fe, neither 
metal volatilised appreciably. As a rule, volatilisa- 
tion required a certain minimum critical tempera- 
ture, which rose when the pressure increased ; when 
the initial rate at the critical temperature was R, 
it would be R, = R + aé at higher temperature. 
On exhausting it was found that the reduction of 
the pressure from 2 mm. to 1 mm. of mercury 
might have seventy times the effect of the reduction 
from 50 mm. to 49 mm., and there was an abrupt 
change in the trend of the temperature curve for 
cqual velabiliastion rates when the pressure reached 
50 mm.; above 80 mm. the curve became a straight 
line.—Dr. Slade remarked, in confirmation of this 
last observation, that he had found the vapour- 
pressure curves of different metals similar to one 
another, and had calculated the vapour pressure of 
copper from that of mercury. 


EQUILIBRIUM PRESSURES. 


Messrs. R. E. Slade, D.Sc., and G. I. Higson, 
of Liverpool University, read two papers on equi- 
librium pressures, which, Dr. Slade explained, they 
studied in an electric furnace, a platinum tube, 
17.5 cm. long, 2 cm. in diameter, and 1 mm. wall 
thickness, provided with water-cooled terminals, 
the temperature (up to 1500 deg. Cent.) of which 
could be kept constant within 1 deg. Cent. by 
accumulator currents ; the pressure was maintained 
the same within and without the tube. 

It was explained that the first paper, on 
‘* Equilibria of Reduction of Oxides by Carbon,” 
concerned reversible reactions of the type 
M O +C = CO + M, where M denoted two 
equivalents of the metals V, Ta, Cr, B, Mn, Sn, 
or 2 MO + 3C = M, C + 2 CO; in this latter 
case a carbide was formed. There were always 
three components M, OC, O, and four phases 
CO, M, MO and C (or M,C), and hence one degree 
of freedom. The substance, of which an excess 
was always present, was heated in an unglazed 
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rcelain boat in vacuo, and CO was admitted and 
allowed to react until the pressure had fallen to 
that of equilibrium ; then CO was pumped out, and 
the equilibrium was attained from the other side. 
The following equilibrium temperatures and pres- 
sures were observed for oxide reductions: vanadium, 
1340 deg. Cent., 1.5 mm. ; tantalum, 1270 deg., 
leca than 0.1 mm. ; chromium, 1292 deg., 6.2 mm., 
and 1339 deg., 9.2 mm. ; tin, 750 deg., more than 
760 mm., and (in presence of SiO.) 753 deg., 
670 mm. 

The second paper dealt with the ‘‘ Dissociation 
Pressures of Some Nitrides”—namely, those of 
vanadium, tantalum, boron. The same method 
was used, nitrogen being admitted instead of 
carbon monoxide. The authors discussed their 
results from the point of view of the Nernst 
theorem. 

Tue System Coprer-OxyYGEN. 

The paper by Mr. F. D. Farrow, of Liverpool 
University, on ‘*The System Copper - Oxygen,” 
reviewed the various recent researches on the 
melting-points and dissociation pressures of this 
system, conducted by E. Heyn, L. Wohler, and 
Slade and Farrow; there are various mixtures of 
oxygen and copper and eutectics in addition to 
the two oxides Cu,O and CuO. 


Impure ComMMERCIAL CopPPER. 


Mr. Frederick Johnson, M.Sc., of Birmingham, 
contributed ‘‘A Study of the Degradation or 
Enhancement of Quality of Commercial Copper 
by the Presence of Impurities,” surveying the 
facts and theories of late years on the influence of 
traces of impurities upon the chemical, physical, 
and mechanical properties of copper. He empha- 
sised that for certain uses the prejudice against 
oxygen and arsenic, with which he dealt in par- 
ticular, had no foundation in fact. Manufacturers 
should be informed of the specifications they had 
to conform to. The impurities considered com- 
prised Bi, Pb, Ni, Sb, Si, F, P, Mn. 

E.ectricaL Conpuctivities oF Soprum 
AMALGAMS. 

Mr. E. Vanstone, M.Sc., of Birmingham, has 
made a study of mercury-sodium alloys, which he 
prepares by melting sodium in a CO atmosphere 
and allowing it to flow into a weighted tube, into 
which mercury is admitted, whilst any sodium 
oxide remains behind in the first vessel. A great 
many amalgams seem to be formed, which he has 
investigated. In the present paper he dealt with 
‘‘The Electrical Conductivities of Solid Sodium 
Amalgams,” prepared by drawing the melted amal- 
gam into a spiral capillary, 1 mm. in diameter, 
1 metre long when unwound, provided with platinum 
terminals. The resistance (potentiometer method) 
of some twenty amalgams, containing up to 45 per 
cent. of Hg, ranged from 0.05 up to 0.4 ohm, at 
15 deg. Cent., which would correspond to specific 
conductivities ranging from 18 to 1.9.10-*. The 
conductivity-atomic percentage curve showed two 
breaks at 85.5 and 77.9 atoms per cent. of Na, and 
a minimum point at 65, whilst the thermal diagram 
had breaks at 85.2, 71.7, and 63.3 per cent. of Na. 


Tae Utiisation or Coa. 


The discussion on ‘* The Utilisation of Coal and 
Fuels Derived Therefrom,” which is be published 
im extenso in the British Association Report, was 
introduced by Professor H. E. Armstrong, F.R 8. 
Dwelling upon the vital importance of the problem, 
he said we were hopeless spendthrifts of coal, and 
we made ourselves a nuisance by the way we were 
burning it. The chemist had too long been sub- 
ordinated to the gas engineer ; there was absolute 
need of revising the legislation on the gas industry. 
When coal was exhausted, there would only be 
alcohol to fall back upon ; but that would be 
utilised in a less imperfect way. Some process of 
coking would have to be resorted to; it was also 
possible to burn coal in electric batteries with 
nearly theoretical efficiency. His own advice would 
be to nationalise the coal, the nation to come into 


gow, referred to the statistics of British coal con- 
sumption, which had first been presented from the 
point of view of efficiency and economy, several of 
which he had himself compiled. In his present 
paper he would consider the application of destruc- 
tive distillation to raw coal asa means of promoting 
economy, efficiency, and cleanliness. 

According to the primary product obtained, 
destructive distillation might be classed under the 
three divisions : hard coke, illuminating gas, and 
parafiin wax and oils. The secondary products— 
tar, ammonia, coke, and gas—were almost equally 
important ; but in each division the raw material 
and the conditions of distillation had to be selected 
with regard to the primary product. The gas-maker 
had the greatest freedom of choice, for gas could be 
made from almost any coal or shale ; the makers of 
coke and especially of oil were more restricted. In 
each division the primary product had to satisfy 
the demands of already existing markets; that 
should not be overlooked. The markets at present 
annually absorbed gas from 27 million tons of coal, 
hard coke from 16 million tons, and paraffin pro- 
ducts from 3 million tons of shale. e secondary 
products likewise found their way into definite 
markets. The three divisions were highly orga- 
nised, self-contained systems ; a revolution in any 
division would most seriously affect the existing 
markets. But the last word on coal distillation 
in the kingdom had not yet been said. 

Of a total home consumption of about 180 million 
tons, not more than 35 million tons were subjected 
to distillation in retorts, &. Again, about 35 
million tons were used for domestic heating, pro- 
ducing town smoke in its most unmanageable form. 
The gas engineer was, in London and elsewhere, 
replacing raw coal by gas and coke ; that was not 
the last word. Eight years ago Parker had pro- 
duced the smokeless fuel, *‘ coalite,” by distilling 
coal at 400 deg. or 450 deg. Cent. instead of 900 deg. 
or 1000 deg. e key-note of the scheme from the 
chemist’s standpoint was the conservation of satu- 
rated and allied hydrocarbons in the liquid and 
gaseous distillates in contrast to the modern gas- 
works practice, in which they were sacrificed to the 

roduction of large volumes of poor gas. The idea 
had contained the germ of a very big scheme ; too 
big, unfortunately, for the financiers who took it 
up. His own experience had led him (Beilby) to 
question whether bituminous coal should be dis- 
tilled in long vertical tubes of small diameter, and 
with the assistance of Mr. H. N. Beilby and Mr. 
G. Weller he had experimented in the Glasgow 
works of the Cassel Cyanide Company. 

By freely exposing small cubes of coal to radiant 


heat at 450 deg. Cent. they had driven off the gases | perf 


in one hour, whilst Parker had required four hours 
and more. They therefore tried the action of 
heat on thin layers of coal. Their first practical 
apparatus consisted of a column, heated externally 
in a gas-fired oven, and fitted internally with a 
series of sloping shelves which were jolted, so that 
the coal passed from top to bottom in a sheet, 
2 in. or 24 in. in thickness ; all the gas could be 
withdrawn in 1} hours at 400 deg. to 450 deg. 
Cent. The experiments had been going on for four 
years, and they had constructed units of a daily 
capacity of 15 tons. The mechanical difficulties 
were not all overcome yet. The apparatus would at 
present work smoothly only with non-caking coal ; 
otherwise the coal stuck to the shelves. The turning 
over and dropping from shelf to shelf broke the 
coke down into small stuff. Onthe other hand, the 
coke could, warm and dry, be passed into water-gas 
producers, while gas-coke contained 1 per cent. and 
more of water. The coke also gave good briquettes 
with 7 cent. of pitch, which fourd a ready 
market, use they kept alight in ordinary grates, 
almost without smoke. The hydrocarbon gases 
gave the high figure of 850 B.Th.U. per cub. ft., 
and the liquid tar was satisfactory. Their atten- 
tion had, metal mainly been concentrated on 
the mechanical development of this distillation. 
The chief points were: Can an outlet be found for 





possession in fifty or a hundred years perhaps. 
Meanwhile experiments should be made, not at | 
national expense, but by taxing the coal-owners, | 


the low-temperature coke, and can a satisfacto: 
manufacturing plant be devised? He did not wis 
to maintain a policy of secrecy. If the matter had 


and a Royal Commission was needed to deal with | a it was of national importance. They 


the problem and to organise the forces. 


Fue. Economy anp Low-TrMPERATURE | 
; CARBONATION. 

_In introducing this masterly contribution to the | 
discussion, ** Fuel | 
Carbonisation,” 


Economy and Low-Temperature | 





had an offer from a leading 
would not allow the apparatus to 


ge company, but 
eave their hands 


before it worked well. 


Tue Gas Inpustry anp Fvet Economy. 
Dr. Harold G. Colman, of London, said he did 


dictment of the gas industry, but would attempt 
to show how the gas industry was helping towards 
the economic use of fuel. Matters had changed 
completely since 1887, when all gas was burned 
in open burners. Gas for lighting and heating 
should have a moderately high calorific power, be 
uniform in composition, and contain little inert 
gas; for power purposes the percentage of inert 
gas was not so important, but diluted gas became 
very expensive in distribution over large areas to 
small consumers. The intrinsic luminosity — 
formerly very essential—was now a minor point, 
though Acts of Parliament still insisted upon it 
rather than upon calorific power. Owing to the 
increased demand, the price of gas was low, though 
it varied between 1s. and 3s. per 1000 cub. ft. 
Modern plants, carbonising at high temperature, 
obtained 25 per cent. of the heat unite in the gas, 
50 or more remained in the coke, 5 went into 
tar, and the remaining 20 per cent. was wanted 
for the gas production. The tar had at present 
a value above its fuel value; most of the sul- 
hur in the - Hg recovered, bo not more than 
per cent. of the nitrogen. e supply of car- 
buretted water-gas had much Prenndoee y et to 
increased cost of manufacture, in which 65 per 
cent. of the heat value of the raw materials (coke 
and oil) was obtained in the form of purified gas, 
and 4 or 5 per cent. in the form of oil-tar. In 
Sheffield ninety-eight large industrial furnaces had 
been laid down in 1912 using coal-gas; in Bir- 
mingham, 750 million cub. ft., or 8 per cent. of 
the output, served for such pu: 70 million 
cub. ft. being distributed at 12 lb. per sq. in. om 
the same price as other gas), for melting metals, 
for glass furnaces, &c. ; this side of the gas industry 
would, he thought, develop. 


Recent Prooress in Gas-Fire Scrence. 


Mr. H. James Yates, of Birmingham, speaking 
on gas-fires, said that the early fires had been 
imitations of coal fires, a row of Bunsen burners 
being arranged along the front bottom bar to play 
on balls and filaments of asbestos. To diminish the 
large heat losses, chambers or extended flues were 

rovided in the stove ; but the convection currents 
rom those oo made the room-air dry and 
poisonous; hence arose a strong prejudice against 
gas fires. He(Mr. Yates) theveleee Aapsnael wth 
the convection chambers and with the heavy cast- 
iron front bar (replaced by a horizontal rod); the 
deep fire-chamber was made shallow, and the hollow 
fire-clay columns were placed 80 as to envelop the 
flame and were thus converted into ‘‘ radiants,” not 
impinging upon the inner cone of the flame ; thus 
‘ect combustion was realised. The radiant heat 
was absorbed by the walls, and the whole room 
became warm. The radiant energy was, after 
1907, measured by the radiometer-cum-thermopile 
method of Bone and Stroud, worked out at Leeds 
University, which comprised both a radiation calori- 
meter and a thermopile ; neither was alone sufli- 
cient, and the determination was difficult. The 
radiant energy had been raised from 30 per cent. to 
48 and 50 and even to 55 per cent. of the net heat 
of the gas combustion. The gas-stoves were also 
made wider again (17-in. or 2l-in. front). Gas- 
heating had, of course, to be combined with venti- 
lating, and the gas-stove should always be connected 
with the chimney. They had to avoid, however, 
drawing an excess of cold air over the upper por- 
tion of the radiants, and this Mr. Yates 
by preserving an adequate vertical distance between 
the top of the radiante and the bottom of the 
canopy, instead of letting the canopy almost over- 
lap the radiants. Mr. Yates exhibited tables of 
the results of comparative tests made with high and 
with low canopies in his laboratory, in which he 
had determined the radiant heat and the heat lost 
up the chimney and found the convection heat by 
deducting these two terms from the total heat of 
the gas; in the experiments the flues had been 
blocked or had been left open. These statements 
indirectly re a recent controversy between 
Mr. Yates and Mr. A. Butterfield, who was not 
present and whose name was not mentioned. 


Gas-PRopUCERS AND THE Uses or Gas. 


Professor W. A. Bone, F.R.S., referred in his 
remarks first to the gas-fires. They had at Leeds 
taken particular care to ascertain that the combus- 
tion was complete, and that no monoxide (CO) was 
found in the flue or in the room; there might be 
traces of formaldehyde. In reply to Professor 





Dr. G. T. Beilby, F.R.S., of Glas-| not intend to reply to Professor Armstrong's in- 





Armstrong, he added that these experiments had 
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Fic. 2. Passencers’ Satoon. 


not been extended to water-heating. He quite 
reed with Mr. Yates as to the proper canopy level. 
He then turned to his subject, ‘‘ Gas-Producers 
and the Use of Gas.” High-pressure gas would be 
too expensive for large operations, even at 1s. or 
ls. 4d., with a discount of 5 per cent. Coke-oven 
gas was practically coal-gas; water-gas of 290 B.Th. U. 
per cub. ft., from coke at 12s. a ton, would cost 
4d. (against 8d., coal-gas) per 1000 cub. ft. A 
modern plant yielded 33 cub. ft. of water-gas per 
pound of coal charged into the generator, and 
about 60 per cent. of the carbon remained in the 
gas ; the rest went into the air. The net calorific 
value of the gas was. about 70 per cent. of that of 
the coke. In various producer-gas plants this 
ratio might rise to 75 per cent. The economy 
depended upon the ammonia recovery ; with that 
recovery he estimated—subject to correction—that 
the cost of generation of producer-gas of 145 
B.Th.U. from coal (at 15s. per ton) would be 
ld. per 1000 cub. ft., equivalent to coal - gas 
Without recovery the cost would be 50 
































Fie. 


a cent. higher. 
ad largely been used in open hearths, regene- 
rating furnaces, soaking-pits, &c. But mixtures 
of coke-oven and blast-furnace were more 
and more replacing producer-gas ; this novelty was 
most promising. irty ge ago coke-oven plant, 
blast-furnaces, steel works, and mills had mostly 
formed three separate plants. If all combined, the 
blast-furnace and the coke-oven could both yield 
surplus gas ; some gas was finally left, and 2} or 
3 tons of coal could be saved per ton of steel. He 
had himself experimented on blast-furnace gas for 
twenty years. Some 168,000 cub. ft. of gas could 
be gained per ton of iron produced ; the gas con- 
tained 12 per cent. of CO,, 30 per cent. of CO (in- 
cluding, perhaps, 1 per cent. of hydrogen), and 58 per 
cent. of nitrogen ; the calorific value was just below 
100 B.Th.U. (according to the National Physical 
Laboratory). Sixty per cent. of this gas was ab- 
sorbed in the operations, 38 per cent. was avail- 
able and valuable as gas-engine fuel. Professor 
Bone then referred to the communication on the 


3. Passencers’ State-Rvom. 


Until recently producer-gas| metallurgical use. of blast-furnace and coke-oven 


gas, which E. Houbaer, of Seraing, presented to 
the Iron and Steel Institute at Brussels ;* half of 
that plant was now ready. 


Tue Composition oF COAL. 


Dr. R. V. Wheeler, of Eskmeals, in his contribu- 
tion on ‘‘ The Composition of Coal,” dealt with his 
researches on the still unknown composition of 
coal ; some of these researches have been noticed 
in our accounts of the work of the Explosions 
Committee. Varieties of bituminous coal differed 
little in appearance, he said. Coal seemed to consist 
mainly of two types of compounds. The one type, 
A, was readily Tesemnaiot by heat, and yielded 
paraffins, the other, B, was difficult to decompose, 
and yielded hydrogen and the oxides of carbon. 
The A was derived apparently from the resins and 





gums, and formed a cement for the latter, main 
| compound B, which was the degradation product of 


| oni as 
{ * See ENGINEERING, page 329 ante. 
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cellulose, which Cross and Bevan called pseudo- 
carbons. Pyridine dissolved in a Soxhlet apparatus 
from 10 to 40 per cent. of the coal, chiefly the A 
products, leaving a brown, coke-like residue, which 
did not coke, however ; but there was no real sepa- 
ration of the A and B by pyridine. A further and 
nearly complete separation was effected by treatin 
the solution with chloroform, which dissolv 
about one-half of it, yielding a highly fluorescent 
brown liquid; this chloroform extract contained 
80 per cent. of volatile matter. Thus a rapid 
rational analysis of coal seemed possible. Esti- 
mates as to the resinous, A, and the cellulose, B, 
roducts could also be made photographically. 
he late Dr. Russell had observed that resins 
acted on sensitive plates in the dark. Placing the 
smooth faces of coal on the film for 12 hours at 
50 deg. Cent., Dr. Wheeler found that peculiar 
bands or patches of light and dark made their 
appearance ; they did not correspond to the visible 
texture of the coal, or, at any rate, spots due to 
yrites, &c., could easily be distinguished. He 
had also convinced himself that the chloroform 
extract acted strongly on the plate, and the residue 
not ; the slides were exhibited. Thus coking and 
non-coking coals could be distinguished. 


SmokeLess Fuget anp SMOKE ABATEMENT. 


Dr. R. Lessing, of London, dealt with ‘*‘ Smoke- 
less Fuel, Coal-Oil, and Smoke Abatement.” The 
actual loss of soot in the smoke might be small, he 
said, but the emission of soot showed that other 
losses were occurring. Gas fires were becoming 
more popular; but they could not replace more than 
a fraction of the coal used in households. A simple 
calculation proved that. It took 5 tons of coal to 
make a vulume of gas equal in heating value to 
1 ton of coal; the other calories remained in the 
coke and tar. Even if one-tenth only of the heat- 
ing value of the 35 million tons of coal burned in 
domestic fires were to be replaced by gas, at twice 
the actual efficiency now attained, some 5 million 
tons of coal would be required, and it would be a 
serious question to dispose of the coke. Low- 
posse ey carbonisation yielded a semi-coke or 
smokeless fuel ; 20 gallons of tar were gained per 
ton of coal, twice as much as in gas works; the tar 
was paraflinoid, and not benzenoid, and the gas was 
cicher ; but there were only 5000 cub. ft. against 
12,000 cub. ft. The increasing demand for liquid 
fuel had induced inventors to recover as much 
** coal-oil ” as possible. 

But all these processes yielded as main product 
coke, and the semi-coke was more bulky, and hence 
more expensive in transport and storage, than 
ordinary coke. The soot from domestic fires might 
conservatively be estimated at 6 per cent. ; it con- 
tained, he had found, about 10 per cent. of tarry 
anatter, and the 210,000 tons of liquid fuel, turned 
into the atmosphere as soot, might supply the 
liquid fuel for the whole Navy. ‘The coal-oil re- 
coverable from house coal by low temperature car- 
bonisation would total up to 3,000,000 tons per year, 
and by catalytic processes the products might be 
made much more valuable than they were. 


Tue Bienpina or CoaAL. 


Mr. W. Hamilton Patterson, M.Sc., of Birken- 
head, opened his contribution on ‘‘ The Improve- 
ment of Combustion and Blending of Coals” by 
referring to some well-known, but by no means 
heeded, facts, that, apart from a few electric power- 
stations, no company in England purchased coal on 
a calorimetric estimate The bomb calorimeter was 
the only reliable instrument, but it was not much 
in use, and calorific values were often over-stated 
because gross instead of net figures were given ; in 
oils the difference amounted to about 6 per cent. 
Mr. Patterson then passed to some blending experi- 
ments he had made with a Scotch marine boiler, 
in which water was evaporated at atmospheric 

ressure, temperature and draught being regulated. 

wo coals had been tested: A, of 6524 calories, and 
B, of 7351 calories net, theoretically evaporating 
12.16 lb. and 13.69 lb. of water at 212 deg. Fahr. 
The figures found were 8.87 lb. and 10 56 lb. respec- 
tively. With the two coals mixed in equal propor- 
tions the value 10.54 1b. was found, so that practically 
a mixture containing half of the poorer, A, coal gave 
as good an evaporation as the better, B, coal. Mr. 
Patterson then turned to the chlorination process of 
the Fuel Improvement Company. Ordinary bitu- 
minous coal in water took up chlorine—too little 
almost to be discovered analytically. The treated coal 
was apparently unchanged, and weathered equally 





well, Tested in a bomb it gave the same calorific 
value, though more nitric acid, than untreated. In 
a Lewis-Thomson calorimeter, however, the treated 
coal yielded a higher value, and the boiler test 
showed an increase in the evaporation of 25 per 
cent. This chlorine treatment, moreover, con- 
ferred on bituminous coal many of the properties 
of anthracite, so that it would burn for days in 
anthracite stoves without being touched, giving 
practically no soot. 

During the general discussion which followed, 
Mr. Arnold Lupton deprecated hasty legislation, 
urged coercion (not prosecution) of the smoke 
offenders, regretted that so little had been said on 
the removal of sulphur from gas except by Pro- 
fessor Armstrong, and criticised generally. Mr. 
Walter Dixon, of Glasgow, emphasised that the 
whole question was an economic one. 

Professor T. Turner, while not underrating the 
convenience of gas, maintained that a properly- 
conducted combustion of solid fuel gave the highest 
economy. Efficiency comparisons were sometimes 
peculiar ; it might be that the efficiency of ingot 
heating was only 5 or 2 per cent., but the efficiency 
of the gas-heating of rooms, referred to the person, 
was not any higher. Mr. J. B. C. Kershaw asked 
Dr. Beilby about the sale price of his fuel, although 
Dr. Beilby had expressly stated that his process 
was not yet on a commercial scale; Dr. Beilby 
replied to this effect. adding that he thought to 
handle the fuel at considerably under 1s. per ton. 
Mr. W. M. Mordey thought that Professor Bone’s 
remarks on carbon monoxide (CO) merely proved 
that the room had been well ventilated; he had 
apparently misunderstood the point, that no CO 
had been found at all, but Mr. Mordey did not see 
why gas undertakings persistently sold stoves which 
had no ventilating effect whatever. Mr. Yates 
said that the CO, proportion would not rise to 
more than 12 in 10,100, though that did not refer 
to bath-rooms, and remarked, further, that geysers 
should certainly not be used in a bath-room without 
a flue. Professor Vernon Harcourt interposed 
that even in water-heaters no CO would be formed, 
provided that the air supply was so plentiful that 
no part of the visible flame touched the water- 
vessel. Professor Armstrong thought this one of 
the most important points brought out in the dis- 
cussion. But Dr. Beilby remarked that his com- 
plaint about gas-stoves was that they produced 
nitrogen oxides, which gave the headache ; it was 
not the carbon monoxide. Professor Armstrong 
then briefly summed up. 

A paper by Professor W. M. Thornton, of New- 
castle-on-Tyne, on ‘‘ The Influence of the Presence 
of Gas upon the Inflammability of Coal-Dust in Air,” 
concerned experiments which we recently noticed.* 


Tue Rapio-ELEMENTS AND THE PErriopic Law. 


In opening the discussion on ‘‘ The Radio- 
Elements and the Periodic Law,” Mr. F. Soddy, 
F.R.S., of Glasgow University, said that the 
general law governing the passage through the 
periodic table of the elements in process of radio- 
active change had now been discovered, and it was 
possible to write the three disintegration series of 
uranium( Ur), thorium(Th),andactinium(Act),across 
the periodic table, so that each of the twenty-seven 
members, the chemistry of which was known, fell 
into its proper place. As regarded six other mem- 
bers, the period of average life was too short for a 
determination of the chemical nature, and the 
chemical nature of the five inactive end-products 
could be predicted without uncertainty. To explain 
his meaning, Professor Soddy had to refer to the 
usual two-dimensional way of expressing the periodic 
table in vertical groups or columns numbered 0 
(containing the new elements, argon, krypton, 
xenon) to VII. (in the columns similar elements 
follow, the one below the other, the atomic weight 
increasing by large steps) and in horizontal rows or 
periods (in which the natural groups are not recog- 
nisable, and the atomic weights increase by small 
increments). The table had the disadvantage, Mr. 
Soddy pointed out, that there were apparently 
breaks between the groups, and that similar elements 
might stand far apart. The evolution spiral of 
Crookes, of 1886, was still the best way to express 
the relations; but many new elements had been 
discovered since then. Now most of the thirty- 
five radioactive elements did not appear to fit into 
the table, because the places they ought to occupy 
were already takin up. 


* See ENGINEERING, page 398 ante, 





The general law which Professor Soddy advo- 
cated was that an a-ray change (expulsion of a 
helium atom carrying two atomic positive charges) 
changed the position of the element in the periodic 
tube in the direction of diminishing mass and 
diminishing group number by two places ; in the 
B-ray change (expulsion of a single atomic charge 
of negative electricity from the atom as a 8 
particle), and also in the cases of the two changes 
for which the expulsion of rays had not yet been 
detected, the element changed its position in the 
opposite direction by one place. So far as the 
a-ray change was concerned, he (Mr. Soddy) 
had advanced this law in his book, ‘* Chemistry 
of the Radio-Elements,” in 1911. Most of 
the f-ray-giving members were too short-lived 
and too little known then. But his assistant, 
Fleck, had started a systematic investigation, the 
results of which had been announced at Dundee 
and in the Chemical Society. This work of theirs 
had been purely experimental, and had been con- 
ducted oted any reference to any preconceived 
hypothesis. By the beginning of this year Fleck 
had elucidated the chemical nature of nine mem- 
bers. Then A. S. Russell, knowing of Fleck’s 
work, had suggested the 8 change indicated, and 
his ——- scheme had immediately been fol- 
lowed by the complete scheme of K. Fajans,* while 
he (Soddy) simultaneously had made almost the 
same suggestions, going further, in so far as he pro- 
posed that elements falling into the same place in 
the periodic table were chemically identical (not 
merely similar), non-separable by chemical methods, 
and indistinguishable probably by the spectro- 
scope. Thus Ra-C,, Th-D, Act-D should prove non- 
— from thallium Tl, and Ra-A from polonium 
(which Fleck had since established), and all the end 
products should be non-separable from lead, Pb 
(Group IV.). Mme. Curie was now investigating 
whether radio-lead had the spectrum of lead. All 
the three schemes had indicated a new member of 
the Group V. family as the product of Ur-X, which 
had since been found by Fajans and Bear and by 
Fleck to be a very short-lived element (1.7 minute) 
called Ur-X,; its parent, Ur-X,, had a life of 
35.5 days. He (Soddy) had thought that a long-life 
member, eka-tantalum, should yield bya dual change 
both Ur-X, and actinium ; the origin of the latter 
was still uncertain, actinium being rayless. 

Mr. Soddy further pointed out that the same 
product might result in two ways via different inter- 
mediate products, according as the a or the 8 change 
came off first, just as one could go from one corner 
of a parallelogram to the opposite corner by first 
turning to the right or first to the left. If thallium 
were to expel a particles, it should yield gold; if 
mercury emitted 8 particles, it should be converted 
into thallium. How those transmutations might be 
produced, he could not say; we had no means at 
our disposal to effect those changes ; it might pos- 
sibly be by electric fields of a million volts, but the 
insulation broke down at 100,000 volts even in a 
vacuum. He concluded by saying that the chemical 
analysis was not an ultimate one. In that part of 
the periodic table in which the evolution of the 
element was still proceeding, each place was 
occupied by not less than four elements, the atomic 
weights of which varied by as much as eight unite. 
That might be true for the rest of the table ; each 
known element might be a group of non-separable 
elements occupying the same place, the atomic 
weight not being a real constant, and not of the 
fundamental importance attached to it. These 
advances showed that matter was more complex 
even than chemical analyses could reveal ; but they 
indicated at the same time that the problem of 
atomic constitution might be more simple than had 
been supposed from the lack of simple numerical 
relations between the atomic weights. The struc- 
tures of the atom, as suggested by J. J. Thomson 
and Rutherford in Section A, were insufficient to 
explain the phenomena; physicists concentrated 
the mass in one point, chemists wanted to know 
how those changes in structure went on. 


Tue CHEMISTRY OF THe Rapi0o-ELEMENTS. 


Mr. Alexander Fleck, B.Sc., followed with a 
paper on ‘‘ The Chemistry of the Radio-Elements,” 
giving particulars of the changes and identities 
outlined by Mr. Soddy. Mr. Fleck went into 
details, and might perhaps have done better to 
point out the Sede Hass of their methods more 
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clearly; but he had done that recently in two 
papers presented to the Chemical Society. He 
said that they were not in possession of the stores 
of radium that Mr. Whytlaw Gray had at his 
disposal in tracing Ra D down to lead. Amounts 
of 10-° or 10-™ gramme were sufficient; but, of 
course, they formed merely impurities of other 
substances. Their methods varied. They had 
tried fractionation; they mixed the material 
with other metals, iron and calcium, or zirco- 
nium and lanthanum, e.g. ; the radio-element 
might have a preference for one of the two 
metals, and be precipitated, electrolysed, distilled, 
or crystallised together with it ; if there were 
no preference, or if they both resembled the new 
element in question, another choice was made. 
With the exception of Ur-X,, all the new radio- 
elements had properties identical with thoze of 
known elements, from which they were chemically 
inseparable, and the only distinctive test was to 
determine the 8 radiation, and to determine the 
other common element gravimetrically. The results 
showed that: (1) Ur-X and radio-actinium were 
chemically identical with thorium ; (2) meso- 
thorium-2 with actinium; (3) Ra-A with polo- 
nium; (4) Ra-C, Th-C, Act-C, and Ra-E, all 
identical with bismuth; (5) Ra-B, Th-B, Act-B 
with lead ; and (6) Th-D and Act-D with thallium. 
In the cases in which the inseparable elements were 
common elements, they all had atomic weight 
above 200 and occupicd some of the last twelve 
places of the periodic table. Several of the iden- 
tities or inseparabilities, Mr. Fleck had stated in his 
introduction, had been noticed by other chemists, 
Auer von Welsbach being among the first. 


Rapto-ELEMENTS AS INDICATORS. 


The third contribution to the discussion was 
one by Dr. G. von Hevesy, of Manchester, on 
‘*Radio-Elements as Indicators in Physics and 
Chemistry.” As 10-" gramme of a radioactive 
substance could be measured, he said, with the 
greatest simplicity, many processes could be 
watched by using these substances as indicators. 
If added to the substance under investigation, they 
would always remain together with the element 
from which they were inseparable, and in physics 
they could be utilised for demonstrating the cor- 
rectness of the laws of gas pressures, of the ccn- 
centration changes with the solutions, the rate of 
solution, &c., in cases when only the minutest 
quantities of materials were available ; this had 
particularly been investigated abroad. The chemist 
could also see whether his vessels were really 
clean. 

The discussion which followed the reading of 
the papers was somewhat disappointing. Mme. 
Curie had been obliged to return to her profes- 
sional duties in Paris before that day ; Dr. Fajans 
had been unable to come. Sir William Ramsay 
said he agreed as to the use of the term ‘‘ chemi- 
cally inseparable.” It was not the case of the 
rare earths, which could be separated by frac- 
tionation ; here the two inseparables were always 
carried down in the same ratio. He was more doubt- 
ful about spectroscopic evidence ; he would expect 
similar elements to have similar spectra, and if 
the masses were the same, or nearly the same, the 
spectra might be the same. Passing to the recent 
experiments by himself and by Collie and Patter- 
son, he said he still believed that cathode rays 
altered hydrogen into helium, and in the presence 
of oxygen (from the glass) into neon. He might 
mention some new preliminary experiments, though 
with allreserve. He had bombarded sulphur (on an 
aluminium plate) with cathode raysin hydrogen and 
in helium; the former gas, not the latter, gave 
argon, so that the reaction S + 8H = 32+8=40 
seemed possible, but not S + 2He = 32 + 2.4. 
Similarly, selenium gave krypton. Experiments 
with gases were always easier than with solids ; that 
would stand in the way of recognising any possible 
synthesis of gold. 

Sir William Tilden asked what inseparable meant. 
They had to remember the minuteness of the quan- 
tities dealt with ; did the mass ratios really remain 
the same? He could not see why elements differin 
in atomic weight by 2 should not be separable an 
should not give different spectra; the tone of a bell 
depended upon its mass. 

A few more questions were put ; but no criticism 
was attempted, and it was evident that the days of 
scoffing at these statements are over. One may, 
and one should, remain sceptical. Yet everybody 
will welcome the fact that the Section recommended 





to the Association that a substantial grant be made 
to Mr. Soddy to provide him with funds for 
acquiring the material necessary for his research. 
It would appear that the Radium Institute at 
Vienna is not so ready to support radium research, 
even by the most competent investigators, as is 
often assumed. 

Other papers, brought before other sections, will 
be noticed in special articles. 


Tur Eventne Discourses. 


The first of the two evening discourses was given 
by Sir H. H. Cunynghame, K.C.B., on ‘* Explosions 
in Mines, and the Means of Preventing them.” 
Having shown by models and diagrams how coal 
was mined, Sir Henry referred to the dangers of 
gas and dust, and demonstrated by beautiful experi- 
ments, with the assistance of Dr. Wheeler, what 
had been done at Altofts and was now being done at 
Eskmeals. Our readers are acquainted with this 
work. An interesting and novel experiment was that 
in which he showed that a gas flame would descend 
quietly in a tall cylinder charged with coal gas, 
but would become violent if the gas were agitated 
at some point in the cylinder. He also demon- 
strated that a gentle explosion would not stir up 
the dust spread at the bottom of a long glass tube, 
and should, therefore, not be stopped by the dust ; 
but when the explosion started near the closed 
end of the tube, it would be more violent, stir up 
the dust, and be quenched thereby, as long as the 
repeated experiments had not swept the dust out 
of the tube. 

The second discourse was given by Dr. A. Smith 
Woodward, F.R.S., of the National History 
Museum, ‘‘On Missing Links among Extinct 
Animals.” He also exhibited the Piltdown skull, 
of course, which Mr. C. Dawson had discovered, 
and he himself had studied. In the last days of 
August a canine tooth was found by Father Teilhard 
near the site of the skull ; that tooth was distinctly 
of ape character, and Professor Elliot Smith agreed 
with the lecturer that the Piltdown Eoanthropos, 
in spite of his larger brain capacity (about that of 
the smallest actual brains of human races) was more 
ape-like than the Neanderthal man, though Eoan- 
thropos might be the ancestor of modern man. 

We should add that the citizen’s lectures, formerly 
known as the working-men’s lectures, delivered 
during the Association week, but not intended for 
members, are becoming an important feature of the 
meeting. Five of these lectures were delivered in 
the Digbeth Institute by Dr. A. C. Haddon, Dr. 
Vaughan Cornish, Dr. L. Doncaster, Dr. W. Rosen- 
hain, and Mr. F. Soddy, and they all drew large, 
thoroughly interested audiences. 


ConcLupInc REMARKS. 


The meeting at Birmingham was, like that at 
Dundee, a good one. The local arrangements were 
excellent, the Colleges furnished very convenient 
section-rooms—none too large frequently, though 
spacious—and the transactions were instructive. 

he attendance figure, 2643, surpassed that of the 
Birmingham meeting of 1886, 2543, and that of last 
year, 2504. At the opening meeting the Treasurer, 
Dr. J. Perry, was able to announce that Sir J. K. 
Caird had supplemented his donation of 10,000/., 
presented last year at Dundee, by a further gift of 
1000/. This sum remains in charge of a special 
committee of the Council, for allocation to special 
scientific purposes. The Council had already had 
plenty of applicants. It was resolved that liberal 
support should be given to the Seismological Com- 
mittee, to the Committees on Radiotelegraphic In- 
vestigation and on Radioactivity, as we have already 
mentioned, and that a British Association Table in 
the Zoological Station should be provided at Naples. 
Some of the claims had to be curtailed. The ordi- 
nary grants made by the Committee of Recommen- 
dations amounted to 12851., which is about the 
usual sum. Major P. A. MacMahon, D.Sc., F.R.S., 
retired, after having served as senior General Secre- 
tary for eleven years; the General Committee 
appointed him Trustee in place of the late Lord 
Avebury, the highest honour which it is in its power 
to bestow, and elected Professor H. H. Turner, 
F.R.S., the Savilian Professor of Astronomy, 
Oxford, as his successor. Next year the Associa- 
tion will proceed to Perth, Adelaide, Melbourne, 
Sydney, and Brisbane, in Australia, under the pre- 
sidency of Professor W. Bateson, F.R.S., a Cam- 
bridge physiologist, now working in London. For 
1915 and 1916 invitations have been accepted from 
Manchester and from Newcastle, 








THE CARGO SHIP “ FRANCE.” 


Tue combined sailing and oil-engine driven cargo- 
boat France, which we illustrate on pages 488, 489, 492, 
and 493, and on our two-page plate, has recently been 
completed by the Société Anonyme des Chantiers et 
Ateliers de Gironde, Bordeaux, for the Société des 
Navires Mixtes, of Rouen; she will trade between 
France and New Caledonia. As will be seen from Fig. 1, 
page 488, the France is a five-masted ship; her sail 
area is 6500 sq. m. (70,000 sq. ft.), and is expected to 
give her a very high speed. Ene is also fitted with two 

chneider-Carels- Diesel oil-engines of 900 shaft-horse- 
power, designed for a speed of 10 knots. Her principal 
dimensions are the following :— 


Extreme length ... 
Beam ced ee 
Depth a ae 
Draught, loaded ... 
Displacement, loaded 
Capacity of holds... 
Carrying capacity 

The France is built of steel throughout, to the 
Bureau Veritas and to Lloyd’s specifications, She 
has a forecastle, a long deck-house amidships, and an 
aft deck-house. Her lower deck and holds are divided 
for the storage of goods. Her double-bottom over her 
whole length is arranged for carrying water-ballast ; 
she has also a fore-peak and a spacious water-tank to 
ensure her stability when light. 

The deck-house amidships is fitted up for berthing 
six first-class passengers and a doctor. The accommoda- 
tion comprises the necessary cabins, a saloon, smoke- 
room, reading-room, photographic dark-room, and 
bath-rooms, heated by steam and electrically lighted. 
Figs. 2 and 3, on page 488, which illustrate the saloon 
and a passenger’s state-room, give an idea of the 
accommodation provided for passengers. The house 
aft contains the cabins for the ship’s officers. 

The propelling machinery, which has been built at 
Messrs. Schneider’s Creusot works, consists of two 
Schneider-Carels four-cylinder two-cycle internal-com- 
bustion engines, having cylinders 450 mm. (17.716 in.) 
in diameter, with a 560-mm. (22 047-in.) stroke. 
During a six-hour trial on the testing-bed at the 
works each engine developed 925 shaft horse-power at 
a speed of 234 revolutions per minute. As will be 
seen from Figs. 4 and 5, on page 489, the engine-room 
is right aft, and each engine drives a propeller by a 
short shaft; the shafts are uncoupled from the engines 
when the ship proceeds under sail, 

We illustrate the engines in Figs. 6 to 11, on our two- 
page plate, and further details are given in Figs. 12 
to 15, on page 492, which show the valves, the piston 
pin of the working cylinders, the piston pin of the 
scavenging-pump, and the cooling arrangements. The 
view, Fig. 16, on the same page, shows the installation 
in the ship. Besides the four working cylinders, each 
engine has an air-compressor for fuel injection, a 
scavenging-pump, & cooling-water pump and lubricating 
pumps whose speed is half the main-engine speeds 
(Figs. 6 and 7). The working cylinders have indepen- 
dent liners (Fig. 12), and are bolted on a cast-iron 
frame ; this forms a closed-in casing, which is provided 
with large inspection-doors, and is bolted down upon 
the base-plate, this latter being fixed to the keelson. 
Inside the frame, and underneath each cylinder, are 
provided guards, which allow the free travel of the con- 
necting-rod, but prevent the lubricating oil from pene- 
trating the cylinders. The cylinder heads are steel 
castings (Figs. 12 and 13); each head is fitted with four 
scavenging valves, one needle fuel-valve, one starting- 
valve, and one small safety-valve. The pistons are of 
cast iron in two parts (Fig. 12) ; two of the connecting 
bolts are hollow, and form a for the circulation 
of the oil for cooling the pistons. Besides the rings at 
the top end of each piston there are two at the lower 
end to prevent the escape of burnt gases inside the 
engine-frame. 

The gear is operated by two shafts on the side of the 
engine-frame. One of these, a lay-shaft (Fig. 8), driven 
by the engine and having the same spred as the latter, 
is fitted with cams for running ahead and runnin 
astern (Fig.7). The second shaft, a weigh-shaft, locat 
above the former, has only one set of cams ; it can be 
operated by hand by means of a hand-wheel, and serves 
to regulate the phases of the distribution. The scaveng- 
ing-valves are operated two by two by levers driven by 
rode (Fig. 7). These latter are each connected toa second 
lever, which is operated in the middle of its length by 
a cam of the lay-shaft, the fulerum being on a vertical 
red having at its top part a roller (Fig. 8) which bears 
constantly against a corresponding cam on the weigh- 
shaft. Since the fuel and starting-valves do not work 
simultaneously, they are operated by the same lever 
and one single rod ; the fuel-valve opens upwards and 
the starting-valve downwa Two levers, situated 
below and above the ect are jointed on the lower 
end of the rods ; the fulcrum of both these levers is on 
the same bar, which is guided in its action and is pro- 
vided at its end with a roller which bears against a 
grooved cam on the weigh-shaft. 

Starting is by compressed air. The weigh-shaft is 


131 m. (430 ft.) 
17 m. (55 ft. 9 in.) 
8.60 m. (28 ft. 2 in.) 
7.30 m. (23 ft. 11 in.) 
bad 10,700 tons 
...10,600c.m. (353,000 cub. ft.) 
al 6500 tons 
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SENSITIVE DRILLING-MACHINE WITH BALL-BEARINGS 


CONSTRUCTED BY MESSRS. A. A. JONES AND SHIPMAN, LTD., ENGINEERS, LEICESTER. 
(For Description, see Page 494.) 














engine is started in the same way as obtains for | simply by closing the fuel-supply cock. When running, 
running ahead. Reversing, requiring only the man- | the fuel consumption is regulated in the usual way by 
ceuvring of a hand-wheel and a lever, is effected in | acting upon the suction-valve. This valve is also under 


Fig.17. 


31 


“FRANCE” DIAGRAMS TAKEN DURING RUNS AT 4,4 AND FULL LOAD. 
Fig.t8. 









Shatt Horse Power......308 . 
Average Revolutions... 
Mean SUITE. 


Pressure of Injection. 
















Fig.19. 


Shaft Horse Power-_...920. 
Average Revolutions.__.235. 
Mean Pressure........7™1 . 
Pressare of Jrgection...... 56 


Fig. 20. 


SCAVENGING PUMP DIAGRAM. 
(FULL LOAD) 


Meary Pressure....340 gr. 





Spring 30 "nm perKg. 








(3678.M) 4 





a few seconds, and with a moderate consumption of | the action of the governor, which decreases the flow of 
compressed air. ‘ | the fuel gradually as the speed exceeds 230 revolu- 
_ The fuel is supplied to the fuel-valves by four | tions ; it is open when starting on compressed air. 

independent pumps, cach of which can be cut out| The scavenging pump (Fig. 6), driven by the crank- 





shaft, draws in the se through a pipe pro- 


vided with a screen, delivers into a large-capacity 
receiver at a pressure which varies from 200 to 350 
grammes (2.8 lb. to 4.9 Ib. per sq. in.), according to 
the speed of the engine. Suction and delivery take 
place through Hoerbiger metallic valves, which act 
satisfactorily, notwithstanding the comparatively high 
speed of the engine. 

The air-compressor (Fig. 6) for fuel injection is also 
driven by the crank-shaft ; this is a three-stage com- 
pressor, and each stage is water-cooled The air supply 
to the low-stage cylinder is provided with a butterfly 
valve, the position of which is lated according to 
the pressure required for the fuel delivery ; it is opened 
out completely when the compressor acts at the same 
time for charging the compressed-air receivers for 
~— 

The lubricating pump draws from a tank located at 
the base of the engines. The oil is delivered at a pres- 
sure of from 0.2 to 0.5kg. (2.8 1b. to 71b. per sq. in.)—the 
pressure being adjustable by means of a valve and dis- 
charge cock—through a cooler and a double filter into 
a collector, which runs along the whole length of the 
engines. The cooling and filtering apparatus can be 
inspected whilst the engine is running. From the 
collector, the oil flows to all the shaft-bearings and to 
all the connecting-rod brasses. The oil runs from the 
casing back to the tank. The pump for the oil circu- 
lation through the pistons draws from another tank 
and delivers, as in the instance of the former pump, 
into a collector, whence the oil is distributed to the 
pistons by means of telescopic tubes; it then flows 
through pipes back to the tank. When the engines 
are standing, the oil circulation is ensured by 4 
hand-pump or by a centrifugal pump driven by an 
auxiliary engine. The piston lubrication is effected 
by one single pump driven by the indicator-shaft ; it 
draws from the collector containing the lubricating 
oil and delivers through sight-feed lubricators at two 
opposite points of the piston circumference. 

he water-circulating pump draws from the sea 
through a double screen, which can be inspected whilst 
the engines are running. The water flows first through 
the air-cooler, and is then delivered to the two coolers 
for the lubricating oil and the circulating oil for cool- 
ing the pistons ; it then circulates round the air-com- 
pressor for fuel injection, the cylinder ends, and then 
runs back to the sea. The water is taken from one of 
the cylinder-heads for heating the oil-fuel by means 
of a coil placed in the oil-fuel tank. 

A set of cocks on the suction side of the pumps 
allow the engines to be supplied either with lamp-oil 
or with crude oil; the former is used for starting 
the engines, when the cylinders are cold, The 
crude oil is contained in holds in the ship’s bottom, 
whence it is drawn, either by a hand-pump or, when 
the engines are running, by a small reciprocating pump 
driven by the main engines, and delivered through a 
filter into a tank ae above the engines, and where 
it can be heated by the circulating water proceeding 
from one of the cylinder-heads, as above stated. From 
the tank the oil fuel flows to the suction-boxes of the 
oil-fuel pumps. A second, auxiliary, filter is provided, 
and can be put in the oil-fuel circuit for the purpose 
of ae the main filter to be cleaned without 
stopping the engines. Two tanks containing the lamp- 
oil, each having a capacity of 10 cub. m. (350 cub. ft.), 
are located on deck. From these the lamp-oil flows 
through a filtering-tank before running to the suction- 
boxes of the pumps. 

Both engines exhaust into a collector, which is water- 
cooled as far as the silencer; this is cylindrical in 
shape and contains baffle-plates for deadening the 
noise of the exhaust. A pipe starts from each sfleneee 
and ends outside the hull right aft. The pipes are 
fitted with valves to prevent water entering them in 
bad weather, when the engines are not running. 

The compressed-air receivers for starting the engines 
are four in number, and have a total capacity of 3200 
litres (113 cub. ft.). They can be charged at a pres- 
sure of 70 kg. (995 lb. per sq. in.) ; the air-pressure for 
starting is brought down to 35 kg. (497 lb. per sq. in.) 
maximum, through a reducing valve on the engines. 
The compressed air for the oil-fuel injection is con- 
tained in two receivers, having each a capacity of 110 
litres (3.9 cub. ft.). All the movements for starting the 
engines, reversing, regulating the fuel supply, regulat- 
ing the pressure of the circulating oil, &c., are carried 
out from one single stand in front of each engine. 

The auxiliary apparatus are driven by a Millot four- 
cycle lamp-oil engine, of 25 horse-power, at a speed 
of 330 revolutions. They include a two-stage air- 
compressor for charging the compressed-air receivers 
in the first instance, a dynamo supplying current for 
lighting, a fan in the engine-room, and oil and water 
centrifugal a for cooling the engines when these 
are at a standsti 





The total weight of the engines, including shafting, 
flooring, and auxiliary apparatus, is 130,500 kg., equal 
to about 72 kg. (158 lb.) per shaft horse-power. 

The trials at the works consisted of a six hours’ run 
of each engine at full power, on lamp-oil, and of a 
sixteen hours’ run at two-thirds load of one engine on 
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Autun shale-oil. The full-power trials gave the 
following results :-— 


Average speed, revolutions per minute 234 
Mean pressure of diagram aa 7.04 kg. per sq. cm. 
(100 at ~ A in.) 





Corresponding indicated horse-power. . 
Horse-power on brake : os .. 924 shaft horse-power 
Mechanical efficiency ‘ 0.707 

Per i.h.p. hour (French), 
Petroleum fuel consumption reduced to J 0.148 kg. (0.3291b.) (Brit.) 


standard fuel of 10,000 calories per kg. | Per s.h.p. hour (French), | 


0.208 kg. (0.462 1b.)(Brit.) | guides, glands, and the various articles to be turned 


Oil consumption (lubricating) per shaft (French) 5.3 mes 
me (0.012 Ib.) (British) 


horse-power a - om 
Oil pressure for lubricating oe .. 0,350 kg. per sq. cm. 
(4.9 Ib. per sq. in.) 
Oil pressure for piston cooling .. -. 2.600 kg. per sq. cm. 
(35.5 Ib, per sq. in.) 
Water pressure... “ “ .. 1.250 kg. per sq. cm. 


(17.7 lb. per sq. in.) 
Scavenging pressure 0.360 kg. per sq. cm. 
(5.1 Ib. per sq. in.) 
Fuel inlet pressure = - “¢ 56 kg. 4 sq. cm. 
(796.5 Ib. 


per sq. in.) 
Oil temperature :— 
For lubri- Before entering cooler 39 deg. O. (102 deg. “| 
cating After “e - Ce (9 ,, 


For cooling { Before ,, ” % » (204 » ) 


piston After ,, ae 68 , (154 , ) 
Temperature of cooling water,inlet .. 8 ,, (46 ,, 
os cutlet.. 37 ,, (% » 


A four hours’ trial run of the ship with the engines 
alone took place off La Pallice, using lamp-oil ; this 
was followed by a six hours’ run, using crude oil—the 
fuel provided for her ordinary service. The contract 
speed was 10.05 knots. The speed at these trials was 
10.3 knots, or } knot above the contract speed. 
Figs. 17 to 20 are diagrams taken during the running 
of the engines on the test-bed at one-third, two-thirds, 
and full load. The ship is provided with an auxiliary 
steam boiler, a steam windlass, a steam and hand 
steering-gear, and steam-winches. 





SENSITIVE DRILLING-MACHINE WITH 
BALL-BEARINGS. 

We illustrate on page 493 one of the latest ‘‘ New 
Century ” type of high-speed radial drilling-machines, 
designed and constructed by Messrs. A. A. Jones and 
Shipman, Limited, New Century Works, East Park- 
road, Leicester, for using high-speed drills. A very 
special feature of the machine is a combination of the 
all-geared drive with the long endless-belt drive on 
the arm pulleys, an arrangement that allows the 
machine to be run at very high speeds without noise. 
The speed gear-box, giving eight changes of speed, is 
arranged in the base of the rectangular column, as 
may be seen in our illustration, the variation being 
readily effected by moving the levers to the positions 
indicated on the speed plate. Hardened-steel positive 
clutches, with special spiral teeth, are employed ; a 
self-oiling system of lubrication is fitted to the gear- 
box, The machine is very powerful, and is capable of 
drilling a 1}-in. hole out of the solid in iron at the rate 
of 2 in. per minute, and the spindle can be run up to 
1800 revolutions per minute. 

The spindle-bracket has been specially constructed 
for the most efficient and handy manipulation. Reverse 
motion for tapping is incorporated with it, and the 
reversing-gears may be disengaged when only plain 
drilling is required. A direct-reading depth-gauge is 
provided with positive automatic trip. The geur-box is 
designed to run at all times with one main driving 
speed in self-oiling bearings, but the remainder of the 
machine may be fitted throughout with either plain or 
ball-journal bearings. A special ball-thrust bearing 
is, however, always fitted to the spindle, and at the 
top and bottom of the elevating-screw. The drill- 
spindle is made of crucible steel accurately ground and 
balanced by a weight suspended by a chain over a 
guide at the back of the saddle. Hand-feed and 
quick return are operated by the pilot hand-wheel, 
which may be seen in our illustration. A fine hand- 
feed for facing, &c, is obtained through the small 
hand-wheel and worm-wheel, also shown clearly on 
the illustration. The large hand-wheel to the left of 
the head traverses the spindle-bracket, and the arm 
may readily be swung through 180 deg. 

The long endless belt is arranged to have a driving 
contact on the spindle-pulley of nearly three-quarters 
of the ciroumference, and screw adjustment is pro- 
vided on the bracket for regulating the belt tension. 
There is no counter-shaft, so that the machine may be 


en directly under the line-snaft. Motor-drive may, | . 


owever, be adopted, if desired. by substituting reduc- 
tion-gears for the fast and loose pulleys. The machine 
illustrated will drill to the centre of a 72-in. circle, 
with the maximum distance from the spindle nose to 
the base of 57 in. The working surface of the base is 
48 in. - 27 in. A box-table or a tilting-table may be 
supplied in conjunction with the machine to accom- 
modate work to be drilled at any angle. 





40-Ton Titan Crang For East Lonpon: Erratum. 
—In the desoription which appeared on page 460 of our 
last issue of the 40-ton steam Titan crane, constructed 
by Messrs. Stothert and Pitt, Limited, Bath, the brake- 
was wrongly described as Peter’s free-wheel hydraulic 

oc be This should have been described as Matthew’s 
hydraulic brake fitted with the Peter’s free-wheel device. 





| the machine is said to be due to time saved in g 





14-IN. SWING ‘*APOLLO” COMBINATION 
TURRET LATHE. 


THE machine we illustrate cn page 496 has been 
constructed by Messrs. Pollock sod Meath, Limited, 
Bredbury, Manchester. The makers claim for it that 
it is an exceedingly economical machine for chuck- 
work, such as pe 5 ay couplings, pistons, buffers, 
pulleys, cross - heads, valve - bodies, valve - spindle 


in the chuck, or from the bar, which are used in 
different branches of engineering. The economy of 


+ti 


necessiry to rotate always in one direction and wind 
the turret back to a fixed point for each face to engage 
in automatic rotation. A spring plunger of hardened 
cast steel (sliding in a hardened-steel sleeve) is ground 
into hardened and ground-steel thimbles, and is used 
for setting each tace accurately, and a specially 
powerful clamping device by worm and worm-wkeel, 
giving enormous purchase, is used for holding the 
turret rigidly in position. 

The carriage is guided on the bed by lips and an 
adjustable steel strip the whole length of the carriage, 
this strip being tapered in order to preserve uniform 
adjustment through the length of the carriage. The 





and in having the various tools always in position 
ready for each operation ; the elimination of measuring 
by the use of stops, and on account ef the tools being 
set to required size for any number of articles, also 
because two operations are performed simultaneously 
by the two independent carriages. The machine is 
shown in perspective in Fig. 1, page 496, and in front 
elevation in Fig. 2. 

The head-stock of the machine has sixteen direct 
— speeds driven by one belt direct from the line- 
shaft, without using a counter-shaft. The required 
and correct spindle speeds are obtained by the levers 
shown. It will be seen that the head has a single 
pulley, the great advantage of which is that, when the 
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lathe is turning on all diameters within its capacity, 
the maximum cutting power and full output are 
always available. The spindle is ground to a true 
finish, with flange forged upon it for receiving the 
chuck. A ball-race is fitted to take the thrust on the 
chuck. The bed is of box section with square lips, 
strongly ribbed, and with wide body to ensure rigidity 
and avoid deflection. 

The feed and screw-cutting box is self-contained, 
and may be inspected without disturbing the remain- 
ing part of the lathe. All wheels are of steel, and 
give four rates of feed for every spindle speed in for- 
ward and reverse direction; there are also four 
different threads for screw-cutting without altering 
the change-wheels to the front carriage. These four 
changes are made by moving a pointer to the positions 
indicated on frontot the box. The four feeds are doubled 
by moving a small handle on the head-stock, making 
eight feeds in all. The gear-box is clearly shown in 
Fig. 1, and in section in Fig. 3, above. 

t is impossible to draw up charts for all materials, 
and all forms of cutters, formers, and different feeds ; 
but by a slipping-clutch device, engaging and dis- 
engaging automatically, this difficulty has been over- 
come. This device is set for the fall expect of the 
machine, and should the operator push the machine 
— this capacity, the clutch will slip. Again, it 
indicates whether the operator is pushing the machine 
to its full capacity. It is also a safety device in case 
a lock or jam occurs through carelessness or neglect. 

The main turret is hexagonal and is set at an angle 
of 15 deg., in order to make its movement easier, 
and in order to make the operation of clearing the 
bars and tool-holders out of the way of the assistant 
easier. The holes in the turret faces permit of a 
long bar being passed right through the turret, 
thereby reducing the overhang of the tool-holders. 
The turret is rotated by hand, and not automa- 
tically, thereby obtaining more accurate division. 
Further, when it is required to mise one or more 
of the faces, or it is necessary for the turret to be 
rotated backwards, this is immediately done by hand; 
whereas with the self-acting rotating turret it is 











automatic feeds to this carriage are eight in number, 
and are actuated through an apron of the double-frame 
type, so that the feed-wheels and shafts a:e supported 
in two bearings, and not overhung, giving increased 
strength, and permitting of coarser feeds to be used. 
A special feature is that the worm-drive for this apron 
has ball-thrust, with oil-bath, greatly reducing the 
strain and wear on the feed-wheels. The apron 
mechanism is engaged and disengaged by a dropping 
worm, and is therefore very quickly operated. 

There are six dead-stops, with trip motion for each 
turret face, controlled by a hexagonal bar along the 
front of the bed, and this being connected to the 
turret, when the turret is rotated, the correct stop 
comes into a vertical position and travels against the 
disengaging mechanism for dropping the worm. The 
advantage of the hexagonal bar along the front of the 
bed, instead of stop-bars in the centre of the bed, is 
that dirt and chips are avoided, and the trip tappets 
are in sight of the operator at all points of the travel. 







We: 
OOoy 

! 

> 


S 





yy 







Wy, 
<A 


he 


Wiis 


Wl 








* 
The front carriage is fitted with a 
+f four-tool revolving rest made in steel, 
| 
2: 





and located by ground-steel thimbles. 
It is carried on a slide which extends 
right across the carriage, and is pre- 
pared for a forming rest with T slots 
at the back. If ordered specially, 
this slide can be made jointed, so that 
the back portion can be taken away 
24--. and a larger swing-over to the car- 
riage is therefore available. 

he dead-stops and trip motions 
consist of dead-stops for setting the carriage longi- 
tudinally. These are controlled from a bar at the 
front of the bed (thus avoiding chips), which has four 
slots, one for each tool, with adjustable tappets ; they 
also act as four automatic trips for disengaging the 
falling worm in the apron. 

The cross-traverse has a trip and dead-stop operated 
from a bar across the carriage. In both cases the stops 
and trips are adjustable to any point within the travel 
of the tool, and not, as in many cases, through the 
range of a short set-screw of, say, 3 in. or 4 in. length. 
The carriage has four automatic cross and longitudinal 
traverses. 

The screw-cutting is effected by means vf copiers 
engaged by clasp-nut and handle, and four different 
threads are cut with one copier by changes. As an 
alternative, however, a leading screw is provided. The 
screw-cutting and feed motions are interlocked, to 

revent engagement at the same time. The cross and 
ongitudinal traverses are actuated from the slide-shaft 
along the front of the bed through an apron of the 
double-frame type; thus all the shafts in the apron are 
supported in two bearings, and not overhung. The 
mechanism of the apron is stopped or started instantly 
by a falling worm. The worm-drive runs in an oil-bath, 
and is fitted with ball-thrust. This point, along with 
the double apron, permits of much coarser feeds being 
used than is ordinarily the case, and increases the 
strength greatly. 

The front carriage is arranged so that an attach- 
ment can be fit for taper turning, boring, and 
chasing. The attachment travels with the carriage, 
and will operate as follows:—Maximum length of 
taper obtainable at one setting, 10 in.; maximum 
degree of taper in diameter obtainable in 1 ft. of 
length, 3 in., being an included angle of 14 deg. 
16 min. ’ 

The oil-pump and guards consist of a pump, with 
two independent sets of piping, one for the front car- 
riage aan ene for the main turret. Both sets of 
piping are of large bore to prevent stoppages. Splash- 

s are also fitted. 
All gears are machin2-cut from solid blanks, and 
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the workmanship, limits of inaccuracy, materials, and 
time operations are guaranteed, and all machines are 
tested to specified limits before despatch, and the tests 
of each machine are recorded. 

The range of speeds in the head makes a motor 
drive very simple, even after the lathe is supplied, and 
only a constant-speed motor is required ; or if revers- 
ing, an ordinary reversing motor may be used. 

Any type of chuck can be fitted to this lathe. 








INDUSTRIAL NOTES. 

Art the beginning of this week, though the aspect 
of things in the cotton trade was still very serious, 
there appeared to be some hope that a way out of 
the difficulty that has arisen out of the strike at 
the Beehive Mill at Bolton, might be found. There 
is, fortunately, some time yet in which to arrive 
at a settlement, for the lock-out does not come into 
operation for more than a fortnight. The men at the 
Beehive Mill still seem determined that they will not 
return to work unless the overseer against whom 
their dislike is directed is removed; but it is said 
they realise that the whole trade should not be in- 
volved in a lock-out on that account. They take 
exception to the decision of the Operatives’ Amalga- 
mation refusing to continue strike pay, and a meeting 
was arranged to be held yesterday, at which to con- 
sider the question of voting strike pay out of the 
funds of the Bolton Association, in case the Amalgama- 
tion should still refuse to help them. Itis thought, how- 
ever, in some quarters that such action, which is not 
customary, may not be taken, and the men will give 
in ; on the other hand, if the operatives at a mill are 
suffering from a grievance, it is certainly best for the 
employers to remove that grievance if they can. If. 
however, there should prove to be no real grievance, 
those men in the trade union who persist in disobeying 
the rules, or who will not be loyal to their leaders, 
should lose their membership. That 500 men should 
be able to interfere with the livelihood of 160,000 
other operatives seems rather absurd. Indeed, should 
the lock-out come into force probably as many as 
600,000 people will be involved. 

It is now pretty clear that all sections of the amal- 
gamation outside Bolton are opposed to the action 
of the Beehive men. It: is vores oho some people 
that the Bolton people are being ‘“‘led away by the 
younger men in the trade-union movement in opposi- 
tion to the advice of the older men.” This, however, 
does not appear to be correct, because the men on 
strike are not all of them young, and they think that 
they have good cause of complaint against one of the 
overlookers. 

At the time of writing there are growing hopes that 
peace will prevail in the cotton district. A meeting at 
which the situation was considered under its various 
aspects was held last evening at Bolten. We shall 
report upon the proceedings at this meeting in our 
next issue. 





Some discontent has arisen among the girl workers 
at the engineering shops of Messrs. Siemens Brothers, 
Limited, of Charlton. The trouble is over the ‘‘ two- 
machine system,” which last winter caused a strike 
among the mechanics. The control and running of 
two adjoining machines is under one attendant, and, 
so far as the men are concerned, the strike of last 
winter was responsible for the abolition of the system. 
Since that time, however, a new department has been 
opened, which is known as the cotton-shop, where silks 
and cottons are wound in connection with the insula- 
tion of wires and cables. In this shop the machines 
are in pairs, and each pair was placed under the 
control of one girl, whose wages average about 13s. a 
week. This work, however, the girls refused, though 
they do not belong to any union. They were therefore 
discharged, and other girls were engaged to do the 
work, but they also declined. Since the trouble began 
all the girls have joined the National Federation of 
Women Workers, and it is intended, if possible, to 
compel Messrs. Siemens to fall in with their views by 
means of sympathetic action on the part of other 
women and girls, who number about 650. It is said 
that the mechanics engaged in the previous strike 
intend to support the girls financially. 





The intervention of the Board of Trade in the 
Dublin dispute has failed, at any rate for the present, 
and matters now appear to be at a deadlock. This 
was known on Monday last, after due consideration had 
been given y both parties to Sir George Askwith’s 
proposals. In his statement Sir George Askwith 
showed that the Court censured the sympathetic 
strike, and pointed out the impossibility of any com- 
munity existing if resort to this form of strike were 
to become general. It also condemned the action of 
the employers in demanding from their men an 
undertaking that they would resign their membership 
of the Irish Transport Workers’ Union, for such action 
was ‘‘contrary to individual liberty.” A scheme for 
settlement was proposed, but the two vital causes of 
the dispute—namely, the ters’ demand for guaran- 











tees by which Mr, Larkin would be bound, and the 
question of reinstat t—were not alluded to. The 
matter therefore remains as it was, and the outlook is 
not promising. Great disappointment is said to be 
felt in Dublin at the failure of the negotiations. 
Public opinion, however, seems to be on the side of 
the employers, for it is thought that they must have 
guarantees, but none has been offered. 

After due consideration by the Court of the 
views of the two parties to the dispute, whieh views 
were arrived at in private, the following was issued 
by the Court of Inquiry :—‘‘ As there appears 
tc be no immediate prospect of a meeting of the 
parties as invited by our report, the proceedings of 
the Court are now concluded. If subsequently dif- 
ferent opinion prevail, the services of the Board of 
Trade would, of course, be at the disposal of the 
parties if they desired to avail themselves of them.” 
An official statement was afterwards issued by the 
employers to the effect that, although they could not 
accept the report as a basis of negotiations, they were 
open to receive further proposals from the men. The 
report was, however, accepted as a basis of negotiation 
by the men. 

Sir George Askwith left Dublin for London on Wed- 
nesday ; he will return to Dublin, together with the 
other commissioners appointed by the Board of 
Trade, only upon a request issued by the parties con- 
cerned in the disputes. In the meantime matters in 
Dublin are going from bad to worse, and great suffer- 
ing prevails. 








A lock-out of the checkers employed on the pontoons 
at Grimsby has been declared by the Midland Railway 
Company. The trouble arose owing to the company 
refusing to reinstate two checkers who objected to 
handle dry fish which had come from fish-curing 
houses, and the men now locked out struck in sym- 
pathy. At the end of last week all the checkers’ 
vacancies were filled by a fresh staff. The trouble 
ended on Friday Jast, the workers having agreed to 
resume work on the employers’ terms. There was a 
majority in favour of remaining out, but the minority 
took the matter into their own hands and returned to 
work, refusing to come out again. 


The award of Mr. B. F. Williams, K.C., Recorder 
of Cardiff, and arbitrator appointed by the Chief 
Industrial Commissioner in connection with the London 
painters’ dispute, was issued on Friday last, the 3rdinst. 
It was the question of working rules that had been 
referred to arbitration, the question of wages havin 
been previously settled. The chief points of the awa 
are as follows :—Working hours in summer to be 50 for 
25 weeks. During the 17 weeks of winter, 44 hours a 
week. Rates of wages:—After September last to 
be 94d. and 10d. an hour ; this representing 1d. advance 
in both cases. Overtime—from leaving-off time until 
8 p.m., rate, 1} time; from 8 to 10 p.m. time and a half ; 
and after that double time. Sundays and Christmas 
Day, double time. Night gangs 2d. an hour on ordi- 
nary day rates ; shifts not to exceed nine hours without 
overtime rate. From Saturday midnight to Sunday 
midnight, double time. Provision for country expenses 
to be at the rate of 6s. 6d. a week. Time worked 
to be two hours in excess of London time. The 
London district shall be 12 miles radius from Charing 
Cross. The foregoing rules may be terminated or 
altered after six months’ notice has been given by 
either side. These rules appear to have given satis- 
faction to the men. 

Mr. Philip Snowden, M.P., has been offering some 
sound advice to trade unionists and workmen in 
general. His utterances last Sunday at Nelson had in 
them so much that is sound that we consider they are 
worth quoting in full. Hesaid : ‘‘ 1 know my opinions 
are not popular at the moment. That makes no differ- 
ence to me whatever. The worst enemy of the work- 
ing classes is the man who flatters their prejudices and 
their views, and when I have nothing to say —— 
what is agreeable I will cease to ascend a public 

latform. I am told that I am out of date, quite a 
k number. When it can be shown to me that a 
new idea is more practicable, or will produce better 
results than the present system, I will change my 
views, but not till then. I will not,” he went on to say, 
‘* discard politics till capitalistsdo. History teaches 
that these sporadic, spasmodic, undisciplined and often 
irresponsible actions on the part of the working classes 
never bring about any permanent effects. To rely 
upon the strike, as a permanent means of improving 
the condition of the working classes, is one of the 
greatest delusions that ever entered the heads of the 
workers of the country. All the facts are against it. 
All the results of the recent unrest are against it.” In 
Mr. Snowden’s opinion, the depression from which the 
Labour Party is now suffering was, for the time being, 
largely acc: unted for by the principleof feeding the = 
with his own tail, a principle favoured by Mr. Lloy 
George, and one that had for some time been put in 
— by the Labour Party. It deceived the people, 
ut it would not always do so. 








On Saturday last, the 4th inst., a meeting of the 
National Joint Committee of Postal and Telegraphic 
Associations was held at Parliament Mansions in order 
to discuss the Holt Select Committee’s report, with a 
view to deciding what steps should be taken regarding 
it. At this meeting it was, we understand, settled that 
the Prime Minister and the Postmaster-General should 
be asked to receive a deputation to protest against the 
report on the conditions of wages in the Postal Service. 
A decision was arrived at to the effect that an imme- 
diate increase of pay should be demanded for all bodies 
affiliated to the National Committee on a basis of 
15 per cent., the feeling among the petitioners bein 
that the increase in the standard of living justifi 
this claim, as well as the value of post-office work. 
The objections of. the staff to the Postmaster-General’s 
report will aleo be submitted. It is intended to call a 
meeting at an early date in order to consider the 
replies received from the Prime Minister and the 
Postmaster-General. 





On Friday last, the 3rd inst., a letter was sent to 
Sir Richard Garton by the men on strike at his works, 
asking him to receive a deputation representative of 
the Battersea Trades and Labour Council and the 
Workers’ Union, with a view to discussing terms of 
settlement. As we mentioned in our last issue, 
Messrs. Garton, Hill and Co., brewing-sugar manu- 
facturers, of York-road, Battersea, have had trouble 
with their employees regarding wages, the men 
demanding an increase of Tha. an hour, making their 
wages 6d. an hour. In the reply sent by Sir Richard 
Garton to the request of the men for a discussion of 
the terms of settlement, the union was, we under- 
stand, thanked for their courteous letter, but it was 
pointed out that the firm considered that there was 
sufficient good feeling existing between the employer 
and employed to bring about a settlement. It was 
thought from this that the firm cid not wish to treat 
with any outside bedy. At the end of last week 
about 900 men were said to be affected. It seems 
probable that the strike will continue for some time. 





A strike occurred on Monday last among the opera- 
tives in the Whalley Banks Mill, Blackburn, on 
— of alleged bad material; 250 weavers are 
affected. 


The ballot of the members of the Railway Clerks’ 
Association, under the new Act authorising trade 
unions to engege in political action, has just been 
completed. here are in the Association 22,832 
members, and of these, 16,959 voted. Out of there, 
the number of votes recorded for the resolution in 
favour of the establishment of a political fund in 
accordance with the provisions of the Act was 15,496, 
while 1340 voted against it, and 123 papers were 
— The percentage of members who exercised 
the vote was over 71, and over 91 per cent. of these 
were in favour, or 68 per cent. of the total member- 
ship of the Association. 





The result of the voting by the members of the 
National Union of Dock Labourers will be a severe 
set-back to Syndicalism. There was a majority of 
about 10 to 1 in favour of political action, the actual 
figures being 4078 in favour, and 501 against the use 
of the union funds for political purposes. Syndicalisem 
is opposed to political action, and is in favour of the 
strike. The result of the ballot is therefore a distinct 
rebuff to those who view political action with disfavour. 


A ballot of the members of the Associated Society of 
Locomotive Engineers and Firemen ‘on the question 
of establishing a political fund under the Trades Union 
Act, 1913,” gave the following figures: For, 7839; 
against, 3831 ; showing a majurity in favour of 4008. 





The Miners’ Federation of Great Britain opened its 
annual conference in the Clarence Gardens Hotel, 
Scarborough, with a programme that contains some 
important proposals. Among there are demands for 
@ minimum wage of 7s. a day for underground 
workers ; for the extension of the Minimum Wage 
Act to surface-workers ; and for setting up a new 
wage-standard to supersede the existing standards 
of 1879 and 1888, which are looked upon as obsolete. 
This is to be followed in 1915 by the establishment 
of a National Coal Board. The delegates will, in 
addition, be asked to corsider the Federation policy 
upon such questions as the amendment of the Mines 
Act of last y: ar; the nationalisation of land, mines, 
and railways; and the widening of the scope of the 
Workmen’s Cumpensation Act. 





CANADIAN Sreet-Maxinc. — The United Steel Cor- 
poration has founded a subsidiary monty for Canada, 
and has obtained a Dominion charter. The capital of 
the new concern, which is styled the Canadian Steel Cor- 
poration, is 20,000,000 dols. It was organised to meet in 
a more satisfactory manner the growing Canadian demand 
for steel. The ours plant in Canada will be estab- 
lished on a site which the corporation secured some years 
ago at Ojibway, Ontario, opposite Detroit, Michigan. 
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14-IN. SWING “APOLLO” COMBINATION TURRET-LATHE. 


CONSTRUCTED BY MESSRS. POLLOCK AND MACNAB, LIMITED, BREDBURY, MANCHESTER. 
(For Description, see Page 494.) 
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KBIGHLEY ASsocIATION OF ENGINBERS.—Friday, October 10, at 

ioe agp in Room No. 14 of the Temperance Institute. A dis- 

will be started by Mr. Geo. H. Lindley on “ The 
Arrangements and ion of an Engineering Works.” 

Tae Minine Institute oF ScoTLaxp.—Saturday, October 11, at 
3 p.m., in the Heriot Watt College, Chambers-street, Edin- 
burgh. Mr. Henry Rowan’s paper on ‘“* Underground Fires” 
will be discussed ; Mr. John Masterton will n the discussion. 
Mr. John bP 2 on “The Testing of Fans : A Plea for 
Standardised Test Conditions,” willbe discussed ; the discussion 
will be opened by Mr. John B. Thomson. Mr. James + * paper 
on ‘‘Magnesite Deposits in Eubom, Greece,” will be discussed. 
A peer will be read by Mr. Willoughby M. Dunn on “ The Elec- 
tric Winding Plant at South Kenmuir Colliery.” Mr. Henry 
Briges will exhibit three slides showing gas and fuel caps. 

® MANCHESTER ASSOCIATION OF ENGINEERS.—Saturday, Octo- 
ber 11, there wi!l be a visit to the Park Works of Messrs. Mather 
and Platt, Limited, Manchester, starting at 2.30 p.m. from the 
tram-car terminus opposite the Old Infirmary site (Parker-street), 
Piccadilly. In the evening, at the Grand Hotel, the Presiden 
Dr. Edward Hopkinson, will deliver his inaugural address an 
present the Constantine Gold Medal for the past session to 
Mr. Vincent Gartside, Member, for his paper on ‘* Modern Gear- 
Cutting Machinery.” 

Tue Ixetrrution OF Post OrFicg ELecrrical ENerseers (LONDON 
Centre). — Monday, October 13, at 6 p.m., at the Institution of 
Electrical Engineers. A paper will be read by Mr. A. B. Eason, 
M.A., on “* Telegraph Traffic and Power Plant for Pneumatic 
Tubes in Post Officer.” 

Tue InsTrrvTION OF MECHANICAL Enomnemrs : GRADUATES’ Asso- 
claTIon.—Monday, October 13. A paperentitled ‘‘ The Automatic 
Vacuum Brake ” will be read by Mr. Charles H. Adams, Graduate, 
of London. 

Tue InstiruTion OF Hxatine AND VENTILATING Enoinesrs (IN- 
CORPORATED). —Tuesday, October 14, at 7 p.m., in the Botanical 
Theatre of the University College, Gower-street, London, W.O. 
General meeting. Report re Copper-Pipe Standards Joint Com- 
mittee. The following papers will be read and discussed 
“ Temperature Guarantee and the Heat Loss Factor,” with some 
observations on standard practice, by Mr. George Chasser (Mem- 
ber); ‘‘ Accelerated Circulation,” by Mr. Alfred E. eeler 
(Member). 

Tas INSTITUTION OF MrNING AND Magra.iurey. — Thureday, 
October 16, at 8 p.m., at the Rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following rs 
will be submitted for di ion : — ‘‘ Laterieation in Minas 
Geraes, Brazl,” by Mr. J. H. Goodchild (Associate); “ An 
Example of Secondary Enrichment,” by Mr. W. F. A. Thomae 
Member); ‘‘The Effect of Charcoal on Gold-Bearing Cyanide 

lutions with Reference to the Precipitation of Gold,” by Mr. 
Morris Green (Student). 
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A SUPERHEATING FALLACY. 


Sometimes it happens that, by way of explanation, 
a suggestion is launched upon the world which by 
dint of constant repetition ultimately gains currency 
as representing fact, albeit actually fiction. If such 
& suggestion emanate from a source commonly 
regarded as authoritative, there is a good deal of 
excuse in these busy days for its acceptance by men 
whose time allows them little opportunity for dip- 
ping deeply into things themselves. Once started, 
whether through accident or misconception, theories 
of this kind are quickly propagated, as younger men, 
who have not the years or knowledge enabling them 
to discriminate, not unnaturally, tend to adopt the 
views of those whose position and experience 
might be expected in their eyes to carry weight. 
It may be that the explanation offered would be 
correct within limitations, or it may be that it is 
based altogether upon incorrect foundations, and 
that an imperfect knowledge of theory alone 
enables it to pass muster. The spurious may bear 
so plausible a resemblance to the true that it is 
swallowed without reflection. The explanation 
seems, in fact, to fit, and no further question is 
raised as to whether it is actually correct or not. 

At the present moment we have in mind a case 
in point, connected with the question of super- 
heating. Whether it first arose in 
superheating on locomotives, or has simply been 
more widely propagated in that connection than in 
others, we do not know. It is evident that a large 
number of locomotive engineers have imbibed the 
theory from German sources, whence has come a 
considerable portion of their knowledge of superheat 
and superheating. We refer to the common argu- 
ment that the economy of superheat at any tem- 
perature is related to the increase in ——— 
n 
his smaller work published in this country, and 








505 | entitled ‘‘The Application of Highly Superheated 


Steam to Locomotives’’—a book familiar to English 
engineers—Herr R. Garbe points out that for steam 
ific volume 
when dry and saturated is 2.48 cub. ft. [we give 
the author’s figures], but that when superheated 


1/200 deg. Fahr. the specific volume is increased to 


3.14 cub. ft., or by 25 **For the same 
cut-off in the 


“*the weight o' 


per cent. 


= therefore,” he continues, 
steam required is about 25 per 





larger work in German the treatment of this point 
is open to slightly different interpretation, but 
there is no doubt that the quotation we have 
reproduced has had a great deal to do with forming 
men’s ideas as to what happens in superheating, 
and why. It would be impossible to hazard a guess 
at the number of times this ‘specific volume ” 
theory has been trotted out. 1t is constantly 
seen in print, and we have to listen to it at the 
meetings of our technical societies. It even 
finds place in a recent report of the Penn- 
sylvania Railroad Company, to which we ho; 

before long to return, where it is stated ‘the 
specific volume of the superheated steam on 
adinission is in this case 2.78, as against 2.09, or as 
1.33 to 1, so that on this basis alone approximately 
25 per cent. less by weight of the superheated 
steam is required per stroke than of the saturated 


steam.” 

At other times the argument criticised has been 
put to another purpose. In the controversy between 
the advocates of moderate and high-degree super- 
heating, the champions of the latter system seem to 
be perfectly satisfied that they have annihilated their 
opponents in the most decisive manner possible, 
once they have pointed to the facts that saturated 
steam having a specific volume of 2.47 (taking our 
figures from steam tables), when superheated 
100 deg. has only a specific volume of 2.89, but 
when superheated to 250 deg. Fahr. has a specific 
volume of 3.45 cub. ft. The fact that superheatin 
to 100 deg. results in an increase of only 0.48 
cub. ft. is held by them as proof that moderate 
superheat is valueless. Actually it has nothing to 
do with the matter. 

The correct exposition of the case has been often 
given, and may be found in numerous text-books, 
but asa good deal of publicity has been vouchsafed 
to the ‘‘ specific volume ” theory, it will be worth 
while to draw attention to a few points, the con- 
sideration of which show it to be quite futile. If 
we consider first the simplest case of equal cut-offs, 
it will be obvious that in a perfect non-conducting 
cylinder, with no leakage, the weight of steam used 
will be proportional to the specific volume of the 
steam supplied, in which hypothetical case state- 
ments such as those quoted above would be 
substantially correct. We may here point out 
that if, when using superheated steam, circum- 
stances arise which involve a longer cut-off for the 
development of equal power (such, for instance, as 
the more rapid drop of the expansion curve), 
conditions will at once be disturbed, and the 
amount of steam used for equal power cannot bear 
any simple relation to ae volume, since 
two variables have been introduced. 

Reverting to the case of equal cut-offs, therefore, 
as the only one demanding serious attention, it 
will, of course, be conceded that the ect con- 
ditions referred to above are unattainable in prac- 
tice. It is impossible to eliminate leakage, and 
unfeasible to obtain a perfect non - conducting 
cylinder. As a result of cylinders being very far 
from perfect, there is an immediate loss of heat 
to the walls on admission. The steam in the cy- 
linder no longer has the same specific volume as 
when generated, but something very much less. This 
is the case whether condensation be completely 
eliminated or not, and consequently the specitic 
volume of the generated steam has no bearing 
on the question. What does matter is rather 


to | the ability of the heat, represented by the super- 


heat, to check in a more or less complete degree 
the condensation which takes place on admission, 
and possibly also valve leakage, &. In the present 
state of knowledge it is impossible to separate these 
out one from the other, and any figures which can 
be advanced must be accepted as mere approxima- 
tions. Even so, it will perhaps be instructive if we 
translate our words into a numerical example. 

We may suppose for a typical case of speed ard 
cut-off that the mixture in the cylinder at cut-off 
is of 75 per cent. dryness quality, in the case of an 
engine using saturated steam. If the steam used 
be nominally dry saturated, at 185 lb. pressure 
absolute, the specific volume of the mixture in 
the cylinder at cut-off is to all intents and pur- 
poses (2.47 x 0.75) = 1.85 cubic feet, and not 
2.47, the specific volume of the steam supplied. 
Taking for comparison the case of an engine using 
steam superheated by 250 deg. Fahr., which is 
sufficient to give dry steam at cut-off under certain 
conditions of speed and cut-off, the specific volume 
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of the mixture in the cylinder at cut-off would not 
be the 3 45 of the steam as supplied, but would be 
about 2.47. So far, therefore, as a volumetric 
comparis’n is justifiable, it should thus be rather 
between 1.85 and 2.47, than between 2.47 and 3.45. 

If anyone will take the trouble to plot the 
specific volume of steam against thermal units, 
starting from 100 per cent. wetness on to and past 
the dry saturated point into the range of superheat, 
he will at once see that the latter portion of the 
curve—i.e., that in the superheat region—is more 
than twice as steep as the earlier. It is clear, 
therefore, that any comparisons, embracing different 
proportions of the curve on either side of the 
point representing dry saturated steam, cannot 
conform to a simple law based upon the slope of 
the upper portion of the curve only. Thus the 
indication obtained by a comparison between the 
specific volumes of steam as generated will differ 
from that given by the comparison of the specific 
volumes of the mixture at cut-off, the latter being 
the more correct of the two. For rough estimates 
the figures may be sufficiently close to be deceptive, 
but clearly the specific volume of the steam as 
generated has no direct relationship to the economy 
realised. 

A number of tests are now on record which tend 
to show that the actual saving in locomotive work 
may be roughly gauged by reference to the increase 
in the specific volume of the generated steam. This 
is only a very approximate conclusion, and is really 
little more than incidental. If advantage be taken 
of the coincidence to convey some idea of the saving 
resulting from the use of superheat, the statement 
should be so explicit as to leave no doubt that an 
analogy only is intended, and not an exposition of 
cause and effect. 

We have mentioned above that much more im- 

rtant than the specific volume question is the 
fact that the steam is sent into the cylinder loaded, 
so to speak, with heat which it can give up to the 
walls. This is a well-known point, and one which 
it is perhaps scarcely necessary to dilate upon. But 
in the minds of many engineers the economy of 
superheat seems to be related to some strange com- 
bination of the heat and volume factors. It really 
is primarily dependent on the former. When satu- 
rated steam, which we will suppose to be dry and 
at 185 lb. pressure absolute, enters the cylinder, it 
gives up heat to the walls and in other ways, so that 
the total heat per lb. of the 75 per cent. mixture 
at cut-off is not 1196.8 B.Th.U. per lb., but about 
984.6 B.Th.U., the steam having parted with heat 
at the rate of 212.2 B.Th.U. per lb. in the form of 
condensation, leakage, &c. If we take the saving 
of steam effected by 250 deg. Fahr. superheat to 
be 25 per cent., for equivalent cut-off the corre- 
sponding superheated steam figures would be 
1330 x 0.75 = 997.6 B.Th.U. for the steam as 
generated, and 897.6 B.Th.U. at cut-off, showing 
a loss to the cylinders and in leakage of only 100 
thermal units. On the face of it, if the figures we 
have taken for the dryness of the saturated steam 
and for the saving effected be correct, there seems 
to be here rather too great a discrepancy in the 
respective losses. We do not, however, advance 
them as wholly indefcasible, but merely for the 
purpose of illustration. No absolutely trustworthy 
figures are, unfortunately, possible, but the dis- 
crepancy just referred to is capable of partial if not 
complete explanation. 

In the first place it has frequently been shown 
that the leakage of superheated steam through inter- 
stices is very much less than that of saturated steam. 
If then leakage contributes at all largely to the 
total feed, in the saturated-steam engine the 
total heat in the cylinder would be less, but the 
quality of the cylinder mixture would be something 
better than 75 per cent., and less heat would 
actually be given up to the »ylinder walls than we 
have sup , the rest escaping in other ways. 
On the other hand, in the superheated-steam engine 
there would be presumably less leakage, and the 
loss of heat in that case would more nearly repre- 
sent the actual transfer to the walls. In addition 
to this point, there is the probability that under 
superheated conditions the transfer of heat to the 
walls would be relatively slow, owing to the steam 
admitted being in a state in which the rate of con- 
duction is not so rapid as with saturated steam, 
while, further, the terminal temperatures would be 
higher and the range of the wall temperatures 
less than with saturated steam. The conditions 
are therefore complex, but point to a smaller loss 


en admission for superheated steam. 


The effect of bringing up the quality of the 
cylinder mixture from, say, 75 to 100 per cent. is 
naturally to reduce the feed required for the same 
cut-off. That renders permissible a curtailment of 
the water evaporative surface of the boiler. Though 
this heating surface is reduced, the reduction 
always takes place in the tubes, where the surface 

r unit area is less efficient than the fire-box sur- 
ace. Hence a boiler in which the total water-heat- 
ing surface is reduced in proportion to the reduc- 
tion in feed would evaporate rather more than the 
change would appear to indicate, and the capacity 
of the locomotive would be rather greater even 
when showing its proper economy. The question of 
capacity, however, raises a multitude of points the 
discussion of which we shall defer till some future 
occasion ; we have perhaps said sufficient to show 
that the total heat in the steam at admission, and 


the specific volume of the mixture at cut-off, have first half of the 19th century. 





the Panama and those of the Nicaragua route. It 
is probable that in those days the great catastrophe 
which had occurred a little while before in the 
Windward Islands drew attention to the possible 
dangers of the Nicaragua route. A severe earth- 
quake at Panama about that time might have had a 
counterbalancing effect, or might even have para- 
lysed the authorities to the extent of postponing 
indefinitely the digging of any canal whatever. 
Seismic and volcanic activity are usually closely 
associated. When we study the distribution of 
voleanoes in the neighbourhood of the Canal 
Zone we find that the nearest is that of Chiriqui, 
about 210 miles away, in the Sierra de Veragua. 
This volcano was in activity in the 16th century, 
when the Spaniards first visited these regions. 


| The nearest volcano to the south is that of Tolima, 
|in the Colombian Andes, which was active in the 


This volcano, 


everything to do with the economy of superheating, | however, is not in geological continuity with 


while the specific volume of the steam supplied is 
quite beside the point, unless it be considered as 
entering into the question of leakage. 








THE EARTHQUAKE AT PANAMA. 

Waitt the gravity of last week’s earthquake at 
Panama need not be overestimated, especially as no 
damage whatever has been done to the canal, it 
would be a great mistake to ignore its import. The 
repetition of the occurrence on Monday last empha- 
sises this point. Of late years the tendency has 
been rather to make light of earthquake troubles in 
this zone, and the probability, or even the possibility, 
of the occurrence of such disturbances has been 
generally minimised by writers on the Panama 
Canal. 

Although the Canal Zone is surrounded by three 
areas of subterranean activity—the Andean area of 
Colombia, the Antillean area, and the Central 
American area—it lies in a central dead area, a 
region of earthquake calms, free from both seismic 
and volcanic disturbances. It has thus been usual 
for geologists to class the Isthmus of Panama with 
the other American regions in which volcanic and 
seismic activity have long been quiescent; such 
regions, for instance, as the north coast of South 
America, the Pacific coast of South America, west 
of the Atrato, and the old volcanic areas of Northern 
Mexico and the United States. 

Confidence in the canal district as an earthquake- 
free area has been strengthened also by several geo- 
logical considerations. Geologists in general agree 
that the low-lying depression which has been 
utilised by the French and American engineers in 
the location of the canal is not a transverse fracture, 
such as is found in many similar depressions in 
Central America. Had it been a ‘‘fault” of this 
kind it would have formed a line of instability and 
weakness, like that along the line of the proposed 
Nicaragua Canal, or like the deep depression which 
crosses Spanish Honduras from Puerto Cortez to 
the Gulf of Fonseca. Again, the fact that a broad 
‘* continental shelf” extends from the shores of the 
Panama Republic into the Pacific helped to inspire 
the confidence of the canal engineers, since the parts 
of the Pacific coast most subject to earthquakes are 
devoid of such a submarine shelf. The part of the 
South American coast between Iquique and Val- 
paraiso has been the theatre of the most terrible 





Panama, for it is now generally acknowledged by 
geographers that the Andes are not continued, as 
was once believed, along the Isthmus of Panama 
so as to join the Central American Cordillera; they 
bend round to the east as they approach the 
Caribbean Sea. The Tolima volcano may there- 
fore be left out of account in estimating the pos- 
sibilities of danger to the Canal Zone, in spite of 
its geographical proximity. The volcanic area of 
the Windward Islands and the earthquake area 
of Jamaica may also be left out of account because 
of their distance away. 

The case is otherwise with regard to the 
Chiriqui voleano in the Sierra de Veragua, in the 
Panama Republic itself, and the earthquake area 
round Cartago, in Costa Rica, which is geologically 
continuous with Chiriqui through the intermediate 
Sierra de Talamanca. There are even grounds 
for suspecting that the Sierra de Talamanca, 
in Costa Rica, and the Sierra de Veragua, in 
the Panama Republic, to the west of the Canal 
Zone, are geologically continuous with the Sierra 
de San Blas, which lies to the east of that zone. 
The geological structure of the Panama Isthmus has 
been studied by means of numerous borings along 
the line of the canal, but these have not pierced 
below the thick accumulation of tertiary deposits 
which occupy the whole breadth of the isthmus. 
No direct evidence is, therefore, forthcoming as 
to what lies below, but there are reasons for 
believing that, previous to the vast accumulations 
of more modern igneous and sedimentary rocks 
of tertiary and post-tertiary age, a foundation of 
granitic and syenitic rocks connected the similarly- 
composed mountains of Veragua and San Blas. 
This granito-syenitic Sierra de Veragua approaches 
from the west to within 30 miles of the Canal 
Zone, where it disappears beneath the tertiary 
deposits, apparently reappearing a few miles to 
the east of the Canal Zone as the Sierra de San 
Blas, which also consists of granites and syenites. 
As the Sierra de Veragua is itself continuous with, 
and similar in geological structure to, the Sierra de 
Talamanca of Costa Rica, which is a branch of 
the cordillera of Honduras and Nicaragua, the Canal 
Zone would seem to be included geologically in the 
voleano and earthquake-infested Central American 
Cordillera. 

In speculating upon the possible effect of earth- 
quakes upon the Panama Canal in the course of 





earthquake disturbances, and there the bottom | the next few generations, it should not be forgotten 
plunges down steeply into a deep trough with no| that the areas of volcanic and seismic activity 
intervening shallow area such as exists at Panama. | appear to have undergone changes of position in 

But while it is doubtless true that the Canal | the course of the last few centuries. During the 
Zone at Panama is the most stable and the least | time which has elapsed since the Spanish conquest 
threatened region of Central America, it must be| the chief centre of subterranean activity seems to 
admitted that, compared with many other areas of | have shifted from Guatemala to Salvador. In 
the earth’s surface, its stability is by no means | Mexico, too, it is known that volcanic activity has 
what would be desired for so important an engi-| greatly diminished, and that once it attained its 
neering undertaking. |maximum much further north along the coasts of 

The city of Panama has experienced earthquake |the United States. Professor Suess believes that 
shocks from time to time, but the only historical | this change of position of the areas of disturbance 
one of real consequence was that which occurred in | took place in a definite direction, that direction 
the year 1621. The others have been slight shocks, | being, in the case of Central America, towards the 
most of which have been due to the “‘ echo” of | Pacific. These Central American volcanoes extend 
earthquakes at adistance. Last week’s earthquake | from Guatemala and Salvador, following a south- 
shock has called attention to the possible dangers | easterly course by way of the Bay of Fonseca, 
to which the canal may be exposed, dangers which|as far as Chiriqui volcano, in the Panama 
were foreseen by many scientists before the Panama! Republic. In all this region earthquake dis- 
route was fixed upon. That route, however, pre-|turbances are usually associated with volcanic 
sented less possibility of danger than the alternative | eruptions. Not so in the vicinity of the Canal 
route in Nicaragua. From an engineering point of Zone, where volcanic activity has long ceased. 
view it is, perhaps, well that the earthquake which | Ancon Hill, which overlooks the Pacific entrance 
has just occurred at Panama did not take place|to the canal, is itself the product of igneous 
during the controversy between the advocates of activity, being the remains of an old volcanic 
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‘*neck.” Geologists can easily tell its approximate 
age. But, although volcanic activity has ceased 
since early Miocene times, the earthquakes still 
persist, though usually ina very mild form. Their 
mildness may be connected with the fact that the 
granitic core which unites the Sierra de Veragua 
with the San Blas mountains lies buried very far 
down, freedom from violence being always regarded 
as being associated with a deep-seated focus. 

Professor Suess, author of ‘‘ Das <Autlitz der 
Erde,” states that a very large part of the Pacific 
side of Central America is at present in process of 
sinking. The existence of a shallow continental 
shelf off Panama is evidence that the Panama coast 
also shares in this subsidence. The production 
of earthquakes in that region can be explained 
by the well-known ‘‘subsidence and dislocation ” 
theory put forward by Professor Suess. This 
theory has been supported by evidence derived 
from the earthquakes which have taken place 
within the last decade at Jamaica, San Francisco, 
Valparaiso, and Messina. Indeed, for the last 
forty years it has been noticed that for every great 
earthquake, which took place during that time, the 
cause was to be found in local subsidences and 
dislocations. In his work, ‘‘ Das Autlitz der Erde,” 
Professor Suess demonstrated the part played by 
earthquakes in the general life of our planet. 
He considers these subsidences, and the resulting 
dislocations or faults and earthquakes, to be due 
to the effect of the forces which are continually 
in operation, remodelling the earth’s surface by 
creating the abysses of the ocean, causing the sub- 
sidences along certain coasts, and lifting up the 
highest mountains. His theory would trace the 
dislocations and faults found in Central America 
to the subsidences which take place on its Pacific 
Coast, and the intense seismic and volcanic activity 
of that region would be related to the mountain- 
building of the Central American Cordillera. 

Starting from the idea that the cooling of our 
globe results in a steady decrease of its diameter, 
and consequently in a continual shrinking and 
shrivelling of its outer strata, he shows how this 
process would operate in producing the leading 
features of the earth’s surface. Large areas have 
been, and are still, sinking bodily, and producing 
great faults, and the lateral pressures developed 
during the shrinking of the outer layers produce 
folds in the strata and lift them into mountain 
chains. The earthquakes, under this broad cvncep- 
tion of earth-modelling, or ‘‘ geotectonics,” as Pro- 
fessor Suess calls the process, appear as simple 
tremblings of the soil by which the shrinking of 
the crust and the mountain-building operations are 
necessarily accompanied. Thus, even if the Panama 
Canal were destroyed by an earthquake, the catas- 
trophe would be but an incident in the natural 
development of our planet. 

Although the Canal has been constructed within 
the area of the great earthquake belt which en- 
circles the western hemisphere in a direction running 
roughly from north to south, yet it is located 
in what is probably the safest and most stable 
portion of that belt. But, while an earthquake 
calamity there is improbable, it is by no means 
impossible, and so long as our planet is undergoing 
evolution by cooling from the molten state, com- 
pletely satisfactory conditions of stability are unob- 
tainable. A perfectly safe condition for such an 
engineering undertaking would only exist if our 
planet were nearly frozen solid, a state of things 
to which, possibly, the earth is ultimately tending. 
That epoch, however, is too remote to be considered 
even in a geological discussion of this character. 








ELECTRIC TRUCKING. 

A coop many people have probably become 
familiar in recent years with a diagram purporting 
to represent the confusion in a railway warehouse 
in trucking goods from wagons to drays, or vice 
versd. A study of that diagram will lead to the 
conviction that it is largely an artificial conception, 


since the tracks, which the hand-trucks or barrows | 
are supposed to have made, are carefully arranged | 


with kinks and doublings so as to give the appear- 
ance of equal confusion over a length of platform. 
It is not unfair to describe the diagram as an 
instance of special pleading, its avowed object being 
to show that the confusion of the hand-barrow 
system can be advantageously replaced by mecha- 
nical handling of a special character. 

With this alternative we are not now concerned, 
but propose to deal with certain aspects which affect 


the handling of goods in the ordinary type of railway 
warehouse. The installation of mechanical appli- 
ances in railway warehouses is not novel, but the 
extent to which they are justified will probably 
remain unsettled fora very long while tocome. The 
mechanical engineer would doubtless like to see all 
railway warehouses and tranship sheds arranged 
for the mechanical handling of goods, with over- 
head cranes, telphers and other appliances. Under 
some conditions installations of that kind may be 
conveniently adopted, but before the expense is 
incurred, it should be noted that in seemingly 
favourable circumstances these appliances have 
sometimes failed. In St. Louis, a large ware- 
house of the Missouri, Kansas and Texas Railroad, 
was fitted up in 1911 with a well-arranged installa- 
tion of telphers, certainly the most complete of its 
kind, but this has since been abanduned as lacking 
flexibility, and leading to delays, &c., greater than 
trucking. As in many other things, there is in 
this matter a midway course deserving attention, 
and shown in many instances to have been attended 
by success. We refer to mechanical trucking. 

Of several possible systems, the electric battery 
truck seems to have proved most sati-factory, and 
this form of vehicle is now adopted in America to 
a fairly large extent. It is used both in goods 
stations and warehouses, in passenger stations, at 
docks, and in industrial plant, and in many 
instances has shown great saving in time with a 
smaller staff, and reduced cost of handling per ton, 
compared with hand-trucking. The system retains 
the flexibility of the original method, trucks being 
able to carry loads between any two points with 
much greater ease on the average than a telpher 
system, because of the difficulties involved in the 
latter when travel in two directions is necessary. 

We may instance as one case of several of the 
successful adoption of these battery trucks, that at 
the North Station, Boston, Mass., U.S.A. At 
this passenger station there are sixteen trucks in 
use. The station has tracks for twenty-three trains, 
and there are about 738 inward and outbound 
trains daily. In American stations passengers’ 
luggage is despatched to the train from a baggage- 
room, and it may thus be handled in full barrow or 
truck-loads. The baggage-car is always in front of 
the passenger cars, so that its distance from the 
baggage-room is often considerable. In addition 
to the baggage one or two express cars may be in- 
cluded in the train. These are often loaded in special 
bays and backed on to the train with the locomotive 
In any case, the express business has to be handled 
much as the baggage is handled, being delivered 
from drays at a receiving-office and trucked thence 
to the express car. The baggage and express traffic 
on incoming trains has to be similarly handled. 
As typical of the use of such trucks in the ordi- 
nary railway goods-station or warehouse, mention 
may be made of the New York Central Railroad 
goods station at Utica, N.Y., where six electric 
battery trucks are in service. The Erie Railroad 
has ten in use in its tranship sheds at Salamanca, 
and fifteen at Marion. This line has also twenty- 
four trucks in use at its Jersey City terminal for 
trucking goods to and from trains, barges, &c. At 
the Cunard Company’s piers in New York there are 
eight trucks, from which examples, to quote only a 
few, it will be seen that they are rapidly becoming 
established, in the United States, as economically 
superior to ordinary hand methods. 

The advantages they present are manifold. For 
the longer hauls the quicker times made are natu- 
rally in their favour. They can negotiate, fully 
loaded, ramps which for lesser loads would involve 
two or three men toa hand-truck. The labour force 
is thus considerably reduced, though the class of 
labour required is of a slightly higher grade. In 
one case, where two electric trucks were allotted to 
unload each refrigerator car-load of 13.1 tons of 
fruit, the force required was two motor-men, three 
loaders, and three stevedores, the work occupying 
65 minutes. With hand-trucking and a force of 
| two loaders, two stevedores, and eight truckmen, 
with two helpers on a ramp, the work would have 
occupied 75 minutes. At Boston passenger station 
|one man with an electric truck does the work of 
|four men and two hand-trucks. At the Jersey 
| City terminal of the Erie Railroad the reduction in 
| the cost of handling each ton of freight has been 
|11.5 cents, or over 29 per cent., and at other 
centres a similar reduction is reported. 

The trucks take different forms, according to the 
service. The e and express trucks are about 
12 ft. long and 4 f{t. wide, having well-type floors, 








the middle portion being 10 in. from the ground, 
while the two end sections of the floor are 33 in. 
above the ground. At each end of the truck are 
tall standards to ensure safe luading, the load 
carried being about 40001b. The truck and battery 
weighs about 3000 lb. The wheels are rubber- 
tyred. The speed varies from 4 to 6 miles per 
hour. The operator stands on a small platform in 
front of the car, in which po-ition he can manipu- 
late the control and steering-handles. In order to 
ensure manceuvring in confined spaces the steering 
movement is imparted to all four wheels. The 
trucks are double-ended, so that they can be driven 
from either end and do not have to be turned. 

In one type of truck used in warehouses the 
loading space is rather less, but one end can be let 
down, so that long goods can be accommodated. 
These trucks are only driven from one end, but can 
be run in either direction. Special arrangements 
are made for handling long material, such as bar 
iron, pipes. &c., a couple of iron slings being placed 
across the floor and the load being supported out- 
side the fluor proper, so that the ends project on 
either side of the end of the truck. A motor of 
2 horse-power is provided on these trucks, with a 
reduction of 12 to 1 to the wheels. This pattern 
has a weight of about 2200 Ib., with a load capacity 
of 2000 lb., and is capable of negotiating, icolied, a 
20 per cent. gradient. 

A special feature of trucks used in this service is 
the provision made for stopping quickly. It is ver 
necessary to ensure prompt action of this kind. 
In the case of trucks employed in passenger 
stations passengers may get in the way, or with a 
heavy load the speed may become greater than 
desirable on a ramp. In the same way, to avoid 
collisions or other accidents in goods work, quick 
retardation is advantageous. Foot control for the 
brake is provided for the motorman. In some cases, 
the platform on which the operator stands is divided 
into sections, on which he must stand evenly, and 
if he relieve one or the other section of his weight, 
the brake will be applied. In other patterns, a 
treadle has to be depressed to release the brake 
and allow power to be applied. Sometimes as 
many as five speeds forward and reverse are 
arranged for, step - controllers on the tram-car 
system being used. 

The charging of the batteries is naturally an im- 

rtant consideration. The class of service in some 
instances involves the use of the trucks only in the 
evening and at night. When this is the case, as in 
many goods stations, the batteries can be charged 
at the cheap rate during the daytime. When, 
however, as in passenger stations, the trucks are 
in service during the daytime, it will pay probably 
to have duplicate batteries, so that the s ma, 
be charged during the gee while the trucks 
are in service. It is possible to arrange the bat- 
teries in the trucks so that, with pulley-block hoists, 
they can be changed in about three minutes. The 
trucks do about 25 miles a day, one charge, as a 
rule, sufficing for two days. Those in use at Boston 
are stated to have cost in repairs less than 1 dol. 
per month per truck, the cost of energy having been 
about 2 dols. per month per truck. For these trucks 
the battery consists of 12 cells, of a weight of 850 lb., 
and a capacity of 196 ampere-hours. Of course, 
charging and repairs necessitates some attendance 
in addition to that of the actual operators, but two 
men are found to be sufficient to attend the charging 
and upkeep of sixteen or twenty trucks. If no 
saving in cost presented itself, a saving in time at 
congested points might very well warrant the 
introduction of this method of handling miscel- 
laneous goods. 





THE NATIONAL INSURANCE ACT 
AMENDMENT ACT, 1913. 

Tis Act, which will for the most part be in 
force by October 13, makes certain very important 
changes in the Act of 1911. Some of these changes, 
perhaps the greater number of them, are purely 
administrative, but there are some to which it 
appears desirable to draw the attention of employers. 
Inasmuch as the mere perusal of the Act itself, 
without reference to the principal measure, throws 
but little light on the question, it is hoped that the 
following notes, which were compiled after a close 
study of both measures, may be found useful. 

It may be stated at the outset that generally 
speaking the amending Act involves increased 
expense. By its very first section it enables more 
money to be raised to pay for medical benefit, and 
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extends the benefit of State insurance to persons 
who were formerly excluded. Thus, persons over 
the age of fifty, who were formerly under certain 
disabilities, are now put on the same footing as 
other insured persons. Again, the Act of 1911 
provided, generally, that persons over sixty-five, 
not a ar me were neither required nor 
authorised to beinsured. This provision is repealed 
en bloc, and persons over sixty-five and under 
seventy can and must be insured; but a person 
over seventy cannot receive medical benefit unless 
the number of weekly contributions paid by, or in 
respect of, him exceeds twenty-six. 

The classes of employment which constitute 
‘*employment” within the meaning of the prin- 
cipal Act were enumerated in 8, Part I., of the 
first schedule to the Act. These included employ- 
ment under a contract of service or apprenticeship, 
written or oral; employment on a ship, &c.; but 
persons employed by any local authority were ex- 
cluded. These are in future to be included, unless 
excluded by special order. 

A notable change is made for the henefit of the 
worker who has been unemployed. Under the old 
Act, it came about that he often had to pay the 
arrears of his employer’s contributions as well as 
his own when getting back to work. The employer, 
not unnaturally, demanded a fully-stam 
before taking on a new hand. This is altered by 
the new Act, which provides that an employed con- 
tributor need only pay arrears which have accrued 
due in respect of himself during any period of un- 
employment. In order to calculate the amount 
of arrears, the workman is to be deemed to be 
employed at 2s. 6d. per diem, unless he proves to 
the contrary. That means, of course, that the 
arrears are to be deemed to accrue at the full 
amount —i.e., 4d. per week. The necessary cost of 
this amendment—that is to say, the arrears of 
employers’ contributions—is to be provided partly 
by the approved societies and partly by the In- 
surance Commissioners, out of moneys retained on 
account of reserve values. If, however, the Com- 
missioners have to find more than 100,000. in the 
year, the excess over this amount is to be paid by 
the State. 

Under the principal Act, if an employer employs 
an exempted person, he still has to pay contribu- 
tions in respect of him. These contributions were 
formerly to be held by the Commissioners to be 
applied for the benefit of the persons in question in 
case they should become employed contributors. 
By the new Act (Section 9 (1)) such sums may be 
applied in providing medical and sanatorium benefit 
for exempted persons on conditions prescribed by 
the Commissioners in regulations. The conditions, 
however, may not require payment of upwards of 
26 contributions before benefit, and any person 
having over 1601. a year must make his own arrange- 
ments fur medical attendance and treatment. 

An important change is made (by Section 12 
(1)) in the law as to continuation of disease. By 
the old Act, if a person has been in receipt of sick- 
ness benefit, and recovers, subsequent disease or 
disablement, or a recurrence of the same disease or 
disablement, is a continuation of the previous 
disease unless twelve months have elapsed and 
fifty contributions have been paid. In future the 
payment of the fifty contributions is no longer 
necessary. A slight alteration is made in the 
commencement of sickness benefit. That is to 
begin on the fourth day of ‘‘incapacity,” and a 
man is said to be incapacitated when he is incapable 
of doing any effective work on a particular day. 
Sunday is not to be reckoned as one of the four 
days unless he is in the habit of working on Sunday. 

One of the most important amendments from the 
employers’ point of view is that which relates to 
persons whose employment is intermittent and 
whose wages fluctuate. The Commissioners may, 
by order, modify the principal Act in its application 
(a) to persons in casual or intermittent employ- 
ment, and (b) to their employers. The order ma 
apply either generally to any one or more parti- 
cular trades, or in any one or more localities. It 
may specify (a) the amount of the employed rate ; 
(6) the contributions — by employer and 
employed, and their collection ; (c) the apportion- 
ment of contribution amongst employers ; but the 
employers’ contribution must never exceed 6d., 
nor the employed contributors’ contribution 4d. (or 
in the case of a woman 3d.) in any week. If the 


contribution is payable day by day, the employed 
contributors’ contribution for any day must not 
exceed one penny. 


card | shall be treated as i 





Although aliens are not generally entitled to the 
same benefits as British subjects, there was an 
exception in favour of those who were members of 
approved societies and had been in England five 
years. The same privilege is now granted toaliens 
belonging to a society amalgamating with an ap- 

ved society. 

Neither sickness nor disablement benefit was 
formerly payable to sailors so long as the owner 
was liable to 5, Five medical advice and attend- 
ance under the Merchant Shipping Act, 1894. In 
future, if a sailor has dependants and is serving ona 
home-trade ship, the benefits are to be applied for 
the relief or maintenance of dependants, as the 
committee think fit, after consulting with the 
seaman (Section 23 (1)). The same section pro- 
vides that seamen entitled to be voluntary con- 
tributors may become members of the Seamen’s 
National Insurance Society. 

The difficulties which have arisen in the cases of 
persons whose. wages or remuneration are subject 
to fluctuation are sought to be got over by a further 
amendment. Thus, if the wages paid to any class 
are liable to fluctuation, but are generally within 
certain specified rates (e.9., 1s. 6d. a day, 1s. 6d. to 
2s. a day, or 2s. to 24. 6d. a day), the Commissioners 
may (subject to exception) declare that the persons 
they constantly received the 
normal rate. 

Who is the employer of an outworker? Thisis a 
question which constantly arose under the old Act. 
The Commissioners may now, by Order, declare 
that, as respects any outworkers specified in an 
Order, the person specified shall be deemed to be 
the employer. 

A notable change is also made, which is a step 
in the direction of payment of members of insur- 
ance committees. They are already allowed tra- 
velling expenses (Section 61 of old Act), but in 
future they may, subject to the approval of the 
Insurance Commissioners, have substituted allow- 
ance and compensation for loss of remunerative 
time out of money furnished by Parliament, pro- 
vided that not more than 30,0001. a year be spent 
in this way (Section 31). An insurance committee 
may also subscribe to an association of insurance 
committees, just as local authorities may sub. 
scribe to the County Councils’ Association. 

In every county and borough a committee is to 
be formed of chemists supplying drugs, &c. This 
committee is to be consulted by the insurance 
committee on all matters and questions affecting 
the supply of drugs, &c. (Section 33). The in- 
surance committee, if so required by the panel 
doctors’ committee and the medicines committee, 
may provide for the administrative expenses of 
such committees out of moneys available for medical 
benefit. The money so allotted must not exceed 
one penny per insured person. 

Certain offences are punished by the new Act. 
Thus an employer deducting the whole or part of 
his contribution from wages is guilty of an offence; 
while a person buying, or pawning, an insurance 
card is liable to a fine not exceeding 101. (Section 
34). The time within which an employer may be 
prosecuted for failing to pay any contribution in 
respect of his servant is one year from the alleged 
offence. If, on such a charge, it is proved that he 
has failed to pay other contributions within the 
year, he may be ordered to pay them to the Com- 
missioners (Section 34 (3)). 





NOTES. 
EpvucaTIoNn IN THE PHILIPPINES. 

Wuewn the United States took over from Spain 
the government of the Philippines, they opened a 
new chapter in their history, and made themselves 
a Far Eastern power compelled to share in all the 
—s which are arising in the Pacific area. 

eir first duty in connection with their new 
responsibilities was, of course, to educate the Fili- 
pinos, and thus enable them gradually to under- 
take a if not the whole (as some 
Americans would like), of the government of 
the islands. The twelfth annual report of the 
Director of Education in the Philippines shows 
that considerable progress is being made in the dis- 
c of one of the most important responsibilities 
which the United States have undertaken in the 
Archipelago, for those who are directly responsible 
evidently feel that the moral elevation of the people 
must synchronise with their material betterment. 
The tone of the report is decidedly optimistic, and 
it is worthy of note that attention is paid not only to 





general education, but also to its industrial applica- 
tions. Good progress has been made in the teaching 
of English in the schools, so that in a comparatively 
short time it is probable that the Philippines will 
be among the English-speaking countries of the 
world, and this, no doubt, will have considerable 
effect on the other countries in the Far East. In 
Japan the English language is understood by the 
majority of men of influence, and in China con- 
siderable progress is being made in the same 
direction. In the Philippines industrial instruc- 
tion is being developed, and it is satisfactory to 
find that attention is being paid to the oldest 
industry—agriculture. Special courses in farming, 
housekeeping and household arts, trade work 
and business are offered for those pupils who 
desire to do more industrial work than that 

rescribed in the general intermediate course ; 
indeed, these special industrial courses are replac- 
ing the general course in many intermediate 
schools. Already 40 schools are giving the farm- 
ing, 61 giving the housekeeping course, 39 are 
giving the trade course, 47 the teaching course, 
and one the business course, as compared with 
204 conducting the general course. The trade 
course is still of a very elementary nature, but 
it is likely to develop very rapidly, and will, before 
long, have considerable effect on the economic 
conditions of the islands. It is a very wise 
arrangement that the great majority of the pupils 
who are enrolled must be engaged in some branch 
of industrial work, and thus be fitted to earn their 
living. The figures in the report show that of the 
total enrolment of 235,740 boys and 138,842 girls, 
216,290 boys and 125,203 girls, or 91 per cent., 
were doing some form of industrial work. Of 
course, the educational arrangements are limited 
by financial considerations, and the report states 
that much further progress cannot be made until 
more funds are placed at the disposal of the Bureau 
of Education ; but, notwithstanding this limitation, 
a decided improvement was to be noted in the quality 
of the teaching force, both American and Filipino. 
With few exceptions, primary education is now 
handled by Filipinos, and a huge proportion of the 
intermediate classes have also been handed over 
to them. It has throughout been the wise policy 
of the Bureau to place upon the Filipinos in- 
creased responsibility as they became capable of 
bearing it. Unfortunately, the salaries of teachers 
are smaller than those paid in private business or 
in other Government bureaus, and consequently 
the best men are not induced to take up the work. 
Among the many interesting problems in the 
Pacific area, not the least interesting is the future 
development of the Philippines, and it should be 
carefully studied by all who are interested in the 
evolution of that area. To the Chinese especially 
it will afford many useful lessons. 


ELK CTROCULTURE. 


When, about ten years ago, experiments by S. 
Lemstrém in Finland, and by O. Lodge and Newman 
in this country, drew attention to the improvement 
of the crops obtained by radiating electricity upon 
the soil, this new kind of electroculture was pro- 
mised a great future. At present opinions are 
decidedly divided, and there is little inclination 
for experimenting on a large scale in England. 
On the Continent a good deal of experimenting has 
gone on. In many cases beneficial results were 
claimed ; in others the electrical treatment failed, 
and the question is hardly ripe for judgment. The 
weather, though much derided without reason, has 
undoubtedly been somewhat abnormal of late years ; 
the farmer has had sufficient troubles from rain and 
drought, and cannot be blamed if he declines to risk 
putting up novel electric installations which are in 
the way, and which may or may not have improved 
crops elsewhere ; perhaps the improvement was 
merely a question of the weather after all. The 
subject was discussed at Berne by the Swiss 
Elektrotechnishe Verein in May last, when Dr. 
Max Breslauer, of Berlin, read a paper on his 
own experiments in this field. Breslauer stretched 
wires 5 metres above ground—i.e., high enough 
not to impede the tillers and harvesters, but too 
high possibly for an effective radiation — from 
suspension wires carried by poles, 100 metres 
apart, the radiating wires themselves being 10 
metres apart. The system was charged to a 
positive potential of 60,000 volts ; the special 

enerators constructed by the Elektricitiits A.G., 
te Kolben and Co., of Prague, yield mono- 
phase current of high positive, but of small 
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ELECTRIC INDUCTION TRANSPORT SYSTEM FOR MAILS. 
THE ELECTRIC CARRIER COMPANY, ENGINEERS, NEW YORK. 
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negative, amplitude. The current could in the 
laboratory be rectified by the —_ aid of a point 
and a plate electrode; in the field, rotating mer- 
cury-jet rectifiers were needed, and the apparatus 
were rather complicated for the farmer. Breslauer 
estimated that the currents produced by the radia- 
tions from the wires were 1 and 10,000 times as 
strong as the atmospheric currents ; yet the energy 
wanted per hectare (1 hectare = 2} acres) was 
said to be only 2.8 watts, or 0.1 ampere-hour per 
hectare for a period of 1500 or 2000 hours ; the 
apparatus are not run in very dry weather. Pro- 
fessor Farny, of Ziirich, described some of the con- 
nections and arrangements which he adopted for 
the Kolben dynamos mentioned, or si ma- 
chines ; his rectifiers were simply a large number 
(100) of brass washers pushed over a tube of mica, 
or a comb of points opposite a plate. His arrange- 
ments allowed him to compare the effects of 
alternating and of continuous currents, positive or 
negative ; but he did not come to any real con- 
clusion. Professor Schellenberg, who had taken 
charge of Farny’s agricultural trials, expressed the 
opinion that continuous currents passing near the 
roots of plants injured them. Gassner’s suggestion, 
that the ra liation favoured the transpiration of the 
plant, was questionable, because good effects were ob- 
served in the germs and young shoots before leaves 
had formed ; how the sup ionisation of the air 
was unknown, and if chemical effects were 
to be produced by the radiations, as investigated by 
Loeb, Berthelot and others, this effect was a thou- 
sand times stronger apparently than the energy at 
disposal. This point was more fully dealt with by 
Dr. E. Winterstein, also of Ziirich, who referred to 
several of the trials with negative results. Gerlach, 
at the agricultural station of Bromberg, had been un- 
able to observe any good effects of radiation when he 
treated some plots of a field, nor had his results been 
any more conclusive when he chose plots far apart 
from one another to meet the objection that the 
radiation effect might have extended to adjoinin, 





= Unsatisfactory was also the experience o 
iihn at the Agricultural Institute of Halle. On 
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the other hand, Basty last year claimed to have 
obtained —— large increases in yields, 
such as had undoubtedly been observed in many 
laboratories. 





ELECTRIC INDUCTION TRANSPORT 
SYSTEM FOR MAILS. 


AN interesting electrical system for the transporta- 
tion of mails and parcels has been worked out by the 
Electric Carrier pee of 220, Broadway, New 
York. The system would no doubt have other —_ 
cations, but its general purpose will be well under- 
stood if we say it is intended to carry out the class of 
work which is now handled by pneumatic despatch- 
tubes in many of the large cities of the world. In its 
essentials the system is very simple. It may be 
described as an application of the — of the 
induction-motor to linear instead of rotary motion. 
A reference to Figs. 1 and 2 herewith will make clear 
what we mean. e parts B and C, shown by broken 
lines in these figures, represent respectively the stator 
and rotor of a polyphase induction-motor. If now it be 
assumed that both the stator and rotor are cut across 
at A in Fig. 1, and laid out flat into the positions B' 
and C', the arrangement will represent that which is 
used in the Electric Carrier Company’s 8) stem. 
Briefly, the system consists in the employment of cars, 
or trucks, to the bottom of each of which a prima 
element, or ‘‘stator,” as shown at B', is attached. 
These cars work over # railway on which 4 secondary 
element, or ‘‘rotor” C', is laid. This secondary 
element is extended so as to cover the full length of 
the track. It will be understood that the relative 
positions of C' and B' are reversed from that shown in 
Fig. 1, the primary B' on the car lying above the 
secondary C! on the track. The primary element pro- 
duces a travelling magnetic field, which, by its action 
on the secondary element, propels the cars. 

We cannot give information Ng cape the detail 
construction of the cars or track, but may say that 
the primary elements are attached to the bottoms of 
the cars, while the secondary element is placed between 
the rails. The distance between the two elements is 
maintained by the four running wheels. The primary 
windings on the car are excited by three-phase current, 
which is supplied from earth re | from two insulated 








rails which are fixed above the track for its full length. 
Each car has four collecting wheels, each rail havin 
two, in order that adequate contact shall be maintain 
at high speeds. These details can be followed from the 
view of one of the cars given in Fig. 3. The cars are con- 
trolled by manipulating the secondary windings, while 
the speed may be altered by changing the frequency 
of the primary current. It is evident that if the 
resistance, or arrangement, of the secondary winding of 
any section of the line is modified, all cars coming on 
to that section will be affected alike, so that startin 
and stopping can be carried out without fear of ool- 
lision. This feature provides an inherent safety factor 
in the system, but, as a further preventive of collision, 
all cars are equipped with mechanical brakes, which 
operate if the current fails. This prevents collision 
owing to drifting when the cars are uncontrolled. 

It is clear that the system will allow of cars bein 
worked with very short headway, since all will trave 
at approximately synchronous speed. This will hold 
even if the line contains comparatively stiff gradients. 
Further, when a car is travelling down a gradient 
the. system will become regenerative, and the car, 
still a’ at synchronous speed, will return 
energy to the line. Other features of the system are 
the provision of electrically-operated switches, which 
shunt cars from the main line at predetermined points, 
and a signalling arrangement in which the positions of 
the cars are indicated by coils inserted in the seco 
element. As the cars pass these coils they induce 
currents in them, which operate indicators. 

As far as we know, this transport system has not 
yet been applied commercially, but a demonstration 
on an adequate scale was carried out at Paterson, 
New Jersey, U.S.A., on the 25th ult. The 
demonstration plant, which was constructed by 
the McLeen Electric and Manufacturing Company, 
of Brooklyn, New York, consists of a loop railway 
1000 tt. long, with sidings to and from a terminal 
house. The railway is of 12-in. gauge, and 
is carried partly in an iron tube 36 in. in diameter 
and partly on an open construction consisting of cast- 
iron rings, as shown in Fig. 3. This figure shows 
of the line which is laid on an incline of 20 deg. 

is incline is 100 ft. long. The cars are of steel, 
6 ft. long, and have a carrying capacity of 18 cub. ft. 
They weigh 1250 1b. each. x trailer of similar cay a- 
city and weighing 1000 Ib. is also used. At the demon- 
stration a train was made up consisting of one of the 
power cars and the trailer, each loaded with 200 lb. of 
sand, making the total weight 2650 lb. The train was 
run at a speed of 25 miles an hour, which was main- 
tained up the gradiant. The car alone, loaded with 
1000 lb. of sand, also maintained the same speed both 
on the level and on the gradient. The slip from syn- 
chronous speed was somewhat less than 10 per cent., 
and it was found possible to run the cars under a 
headway of 5seconds. It is claimed that the work 
so far carried out shows that the cost of construction 
of this form of railway will be well within commercial 
limits, and that such close headway can be main- 
tained that it will be capable of handling a much 
greater amount of traffic than is possible with railways 
ope on other systems. A manifest advantage of 

e system, which should be mentioned, is that the 
éars are not encumbered with a motor or other me 
occupying considerable head-room. The p ling 
factor of the car consists only of the simaty clement 
fixed on its bottom side, so that the whole of the 
body space is available for carrying the load. The 
cost of operation is said to compare favourably with 
that of an electrical system with cars driven through 
gearing by motors. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 24. 

Recent serious railroad accidents have directed 
the attention of railway managers, stockholders, the 
travelling public, and the national law-making powers 
to the question of speedily equipping the railroads 
of the United States with steel passenger-cars in 
place of wooden cars, The estimated prospective 
expenditure for such purpose has been placed at 
627,000,000 dols., an outlay which is impossible except 
when spread over a series of years. The deepest 
interest is felt on this subject. A rumour is current 
that the Cambria Steel Company stock owned by the 
Pennsylvania Ruilroad Company is to be sold, and 
the facilities of that company will be sufficiently 
enlarged to meet a considerable portion of the antici- 
pated demand for steel cars. There is also a growing 
desire on the part of the railroads themselves to 
increase their freight-car equipment as rapidly as 
po:sibte. 

The existing capacity of the car-building plants 
has for a long time been far oversold, and appa- 
nag nothiog but the erection of additional plants, 
or the enlargement of plants now in operation, 
will meet the necessities of the hour. Tariff pros- 
pects are credited with the current depression 
in the orders for steel, and the weakening of quo- 
tations, the extent of which cannot be foreseen, is 
also credited with some of the hesitancy. An en- 
couraging feature in the railroad situation is the 
probability that the Interstate Commerce Commis- 
sion will allow moderate advances in freight rates, 
which will be reflected in the near future in the placing 
of orders for equipment and rolling-stock now very 
badly needed. 

In a general way iron and steel prices are well 
maintained, but if the heavy buying that is usual 
in October and November is done, it will be at mode- 
rate concessions. It is even claimed that a quiet 
cutting of rates is now in progress to induce railroads 
to enter upon a buying policy ; but no very clear indi- 
cations of such a movement are to be found. Indica- 
tions point to the construction of a subsidiary line of 
the Grand Trunk across the State of Massachusetts to 
Providence, Rhode Island. 





Essay ComprtiTion.—The Council of the Keighley | P° 


Association of Engineers offers prizes for the best paper 
written on any subject appertaining to modern engineer- 
ing, the writer having the privilege of choosing his own 
peg! subject :—First prize, 4l. 4s. ; second prize, 

. 23. ; third a 1l, 1s. To those under 21 years of 
age the Counoil offers prizes for the best answers to a test 
paper consisting of eight questions, four of which are 
required to be answered :—First prize, 11. 1s. ; second 
prize, 15s.; third prize, 7s. 6d. ch writer must be 
either a member of the association, or reside or work in 
the Borough of Keighley. Further particulars can be 
obtained from Mr. Robert Hudson, hon. secretary, Scott- 
street, Keighley. 





Giascow University : Cuarr or Civin AND Mrcua- 
NICAL ENGINERRING.—At a meeting of the Court of the 
University of Glasgow, on the 12th ult., the Principal, 
Sir Donald MacAlister, read a letter which had been 
received from Professor Archibald Barr tendering his 
resignation of the Chair of Civil Engineering and 
Mechanics as from October 1. ‘‘I have now been teaching 
engineering science,” Professor Barr wrote, ‘‘ for 37 years, 
32 of which have been spent in the University of Glasgow. 
I have had the honour of occupying the Regius Chair for 
24 years. My interest in the department that has been so 
long under my charge and in the University generally 
is undiminished, but I am conscious that whatever 
efficiency as a teacher I may at one time have had is no 
longer fully maintained, and I feel it to be my duty to 
make way for someone who can bring new energy and 
fresher powers to the management of a department that 
demands so much of its head.” Having expressed thanks 
for the great kindness and consideration received from his 
colleagues, Dr. Barr continued that it was a matter of much 
personal regret to him to sever his official connection with 
the University, which he entered as a student 40 years 
ago. The Principal moved a resolution, to be entered in 
the records, in the course of which it was stated: ‘“‘ The 
University is under many obligations to Professor Barr 
for the manner in which he has conducted the department 
under his charge, and in partic lar for his able services 
in connection with the erection and equipment of the 
James Watt Engineering Labcratories, in which the 
department is housed. is present eminence as an engi- 
neer and inventor, and his cordial relations with the 

rofessional and industrial community, have contributed 

gely to the successful development of the University 
School of Engineering, and to the efficiency of the training 
which its graduates receive. The Court is gratified to 
learn from Professor Barr that his retirement is not due 
to considerations of health, and it feels confident that the 
University may still look to him, as Emeritus Professor, 
for a continuance of his sympathetic interest in the 
department which owes so much to his labours.” We 
are informed that the King has since approved the 
sqpeinnmens of Professor John Dewar k, D.Sc., 

. Inst. C.E., M.I. Mech. E., Professor of Engineerin 
at University College, London, to the position sendesed 
vacant by the resignation of Professor Barr, 


STEEL WATER-MAINS. 
To THE EniTor oF ENGINEERING. 

Srr,—Referring to the letter from the ma: r of the 
British Mannesmann Tube Company, Limited, in your 
issue of the 3rd inst., dealing with the subject of the 
destruction of the Coolgardie steel water-main by corro- 
sion, I shall be glad if you will allow me to ask that 
gentleman to supply further information, which will be 
of importance to all water-works engineers. a 

The full report on this matter from a commission 
formed by the late Dr. G. F. Deacon, Dr. Otto Helmer, 
Sir William Ramsay, and Sir Alexander Binnie first 
appeared in the French publication L’Zau, and the 
material points were translated and appeared in the 
Journal of Gus-Lighting and Water Supply of January 16, 
1912. The manager of the Mannesmann Tube Company 
states in his letter, ‘‘ the main in question was laid with- 
out any protective covering.” The report above referred 
to states, the external corrosion ‘‘appesred to be due to 
the deterioration of the protective covering of the pipes.” 
What has the —— of the Mannesmann Tube Com- 
pany to state in reply to this? ‘ 

The Commission als> reported, as to internal corrosion, 
the following as their opinion :—‘‘ The results of the 
experiments led the Commission to attribute to the 
oxygen in solution (which all waters contain) their corro- 
sive action upon iron and steel, which are not constituted 
of pure metal, but contain, in a state of combination, 
cuken, manganese and oe These elements not 
being uniformly distribu in the mass of metal, the 
latter may be considered as being formed of a large 
number of minute vanic elements.” London water 
was used in the experiments, and the Commission states : 
‘* Direct’ experiments showed, however, that, in compari- 
son with London water, which contains 8.9 parts of com- 
bined carbonic acid, the relative activity of Coolgardie 
water is only in the proportion of 1.38 : 1.” k j 

The manager of the Tube Company in his letter in 
your issue of the 3rd inst. only deals with external corro- 
sion; will he state the effect that free oxygen, contained 
in all waters, has on the interior of Mannesmann steel 
tubes ? 

I am, Sir, yours truly, 
Water ENGINEER. 








DIESEL ENGINE PLANTS. 
To THE Eprror or ENGINEERING. 

Sir,—In your issue of September 12 you note, on 
page 349, that the pumping-station of the Gladstone Dock 
in Liverpool is the most powerful Diesel installation yet 
completed. It may be true for pumping stations, but the 
wer-house of the company which distributes electricity 
in Bucharest (Roumania) aggregates 8000 horse-power. 
This company is, I think, also noteworthy because it was 
the first which dared to rely exclusively on Diesel engines ; 
there is not a single steam-engine in the plant for emer- 
gencies. 

Yours trulv. 


Bucharest. A. P1sosk1. 





Tae British Fire-PRevENTION CommitTEE.— The 
winter session of the British Fire-Prevention Committee 
will commence on October 15, when a large reinforced- 
concrete floor, and also some materials intended for fire- 
resisting partitions, will be subjected to high-temperature 
fire tests at the Committee’s Regent’s Park Testing- 
Station. The reinforced-concrete floor under test will 
measure 15 ft. by 22 ft.; it will be loaded 24 cwt. per ft. 
super, and will be subjected to a 4-hour fire test, followed 
by the application of water. 





Roap IMPROVEMENTS AND MAINTENANCE.—In a paper 
on ‘‘ Highways,” read before the Society of Engineers on 
October 6, 1913, Mr. C. H. Cooper, M. Inst. C.E., directed 
attention to the failure of | authorities to realise the 
necessity of providing highwayssufficient for present-day 
traffic. Central control had, he said, become a necessity 
in this country, where there were no fewer than 1883 high- 
way authorities, while three Government departments had 
a voice either in granting loans or regulating traffic, but 
had practically little control over the authorities men- 
tioned. Although road crusts were, as a rule, carefully 
constructed, the indifferent manner in which excavations 
for mains, &c., were filled in had a destructive effect, and 
the author maintained that all trenches should be filled in 
by the local authority at the expense of the undertaker. 
The increase in the tonnage of traffic during the last seven 
oreight years has naturally increased thecostof maintaining 
highways, but owing to the introduction of flexible tyres 
this cost has not increased in proportion to the increase in 
tonna If only flexible tyres were used, one of the 

at difficulties of the road engineer would be eliminated. 

e contended that the most potent force tending to 
destroy the road crust was an upward thrust arising in 
the neighbourhood of the point of application of the load. 
On the first introduction of the motor-car, it was, he said, 
chiefly a luxury of the rich, and the demand for its taxa- 
tion to provide for the maintenance of the is seemed 
reasonable. The motor-bus, traversing the Metropolis 
and its suburbs by no fewer than eighty-nine routes, 
om however, fairly be considered a democratic vehicle, 
and it was surprising to find such an outcry for increased 
taxation on 
economic road crusts was the uncertainty as to the traffic 
to be carried. A crust that could be formed at a total 
cost of, say, 7s. per yard super, was quite incapable of 
carrying rapid heavy traffic such as motor-buses ; in fact, 
wood-paving laid on 6-in. concrete, which was an expen- 
sive paving, could no longer be considered reliable for 
such a class of traffic, the concrete having to be increased 





to at least 9 in. in thickness, 


ese vebicles. The difficulty in forming 7 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
Poe market opened with a very quiet tone, and 
usiness was limited to one lot of Cleveland warrants at 
54s. 1ld. three months. Closing sellers quoted 54s. 54d. 
cash, 54s. 84d. one month, and 553. three months. In 
the afternoon Cleveland warrants were firmer, but again 
only one lot changed hands at 54s. 9d. November 11, 
and at tke close sellers’ prices were 54s. 7d. cash, 54s. 10d. 
one month, and 55s. 2d. three months. On Friday 
morning there was nothing doing, and sellers of Cleve- 
land warrants quoted easier at 54s. 44d. cash, 54s. 74d. 
one month, and 54s. 104d. three months. The market 
continued dull in the afternoon and one lot of Cleveland 
warrants was dealt in at 54s. 61. twenty-one days, and 
closing sellers named 54s. 4d. cash, 54s. 64d. one montb, 
and 54s. 104d. three months. On Monday morning no 
dealings of any kind were recorded, and Cleveland war- 
rants were quoted easier by sellers at 54s. 3d. cash, 54s. 6d. 
one month, and 54s. 9d. three months. In the after 
noon the market was once again idle, and Cleveland 
warrants developed further weakness. he closing 
quotations were 54s. 14d. cash, 54s. 44d. one month, and 
54s. 9d. three months sellers. On Tuesday morning 
Cleveland warrants continued to get easier, and 2500 tons 
were put through at 54s. 44d. three months, with sellers 
over. The fall all round was 44d., and for the other 
positions closing sellers quoted 53:. 9d. cash and 54s. one 
month. Cash sellers of hematite named 663. 9d. In the 
afternoon prices fell away still further, and 2000 tons of 
Cleveland warrants were done at 53s. 14d. cash and 
53s. 4d. twenty-nine days. The closing quotations were 
called 53s, 2d. cash, 63s. 44d. one month, and F3s. 10d. 
three months sellers) Hematite was unchanged at 
66s. 9d. cash sellers. When the market opened to-day 
(Wednesday) the tone was a shade firmer,-and the 
turnover in Cleveland warrants amounted to 5000 tons 
at 533. 2d. cash, 53s. 4d. twenty-two days, 53s. 6d. 
one month, and 533. 9d. three months. The session 
closed with sellers at 53s. 24d. cash, 53s. 64d. one month, 
and 53s. 94d. three months. In the afternoon Cleveland 
warrants were stronger, and 2000 tons were dealt in at 
53s. 54d. seventeen days, 53s. 6d. one month, and 
53s. 104d. three months. Abt the close the quotations 
were 53s. 5d. cash, 53s. 9d. one month, and 54s. three 
months sellers. Hematite was not quoted. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has not been quite so good over the past week, 
and the price is easier. The current quotation is now 
132. 12s. 6d. per ton for Ee delivery, Glasgow or 
Leith, and it is said to be doubtful if that tigure can even 
be maintained. 


Scotch Steel Trade.—The conditions in the Scotch steel 
trade are very much like what they were before the 
recent reduction in prices took place, as the latter has not 
brought forth anything in the way of the orders which 
producers had reason to anticipate, and inquiries even 
are down to a minimum. Further concessions in prices 
are being looked for by consumers, owing to the very low 
quotations of Continental makers, who seem determined 
to get rid of their surplus c utput at the expense of the 
local makers here. They have secured many of the export 
orders, and are endeavouring to snap up any home orders 
which are passing. The prescnt depre state of the 
trade does not augur well for the fast approaching winter, 
and the outlook is far from bright. In several instances the 
rolling of sectional material forms the bulk of the work on 
hand, and in the case of black and galvanised sheet makers 
the report is that they are not finding things too much to 
their liking at Be yeer as the demand has fallen away 
considerably. Not only is the home demand quiet all 
round, but export departments are also feeling the pinch, 
owing to a very poor inquiry. Canada is one of the 
sources of outlet at the moment, as buyers there are 
anxious for deliveries of light material before navigation 
closes for the winter, one of the conditions being prompt 
despatch. Prices are unchanged, except for joists, which 
were officially reduced on Monday, at a meeting of the 
Joist Association in ds. The home figure is now 
6l. 15s. per ton, less 24 per cent., with the export price 
17s. 6d. per ton under that. 


Malleable-Iron Trade.—In the malleable-iron trade the 
makers are face to face with a very serious state of affairs, 
as business has dwindled away to the very smallest pro- 
portions, and no improvement is in sight. The cost of 
se omg is very high, owing to wages and raw material 

aving reached such a high level, and coupled with this 
state of affairs the Belgian and German makers are rell- 
ing stuff here considerably under prices at which it can 
be produced locally. They have not only taken many of 
our foreign orders from us, but they are dumping their 
surplus output at our own doors at miserable prices, and 
are thus enabled to keep their own works going. The 
price for ‘‘ crown” bars is still 7/. 10s. per ton, less 5 per 
cent. delivered locally, no further change having been 
made by the associated makers. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there is still a fairly good demand for the ordinary quali- 
ties, but prices are the turn easier. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 73s. ; 

der, herrie, Summerlee, and Langloan, 73s. 6d. 
(all chipped at Glasgow) ; Glengarnock (at Ardrossan), 
3s. 6d.; Shotts (at Leith), 73s. 6d.; and Carron (at 
Grangemouth), 74s. Hematite iron is in as poor demand 
as ever, and the price is easier. 

Clyde Shipbuilding.—Messrs. Cayzer, Irvine and Co., 
Glasgow (the Clan Line), have placed orders for three 
new steamers, one of which will be built on the Clyde, 





at the yard of Messrs. Napier and Miller, Old Kilpatrick. 
Each of the vessels will be 430 ft. in length.—Messrs, 
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Fleming and Ferguson, Paisley, have secured the contract 
from the Government of Queensland to build a pilot- 
steamer for the port of Brisbane. The Clyde Shipbuild- 
ing returns for the month of September created another 
record for the month, and so increased the total for the 
year to date as to make another record for the first nine 
months of any year. There were launched during the 
past month 27 vessels, of 77,399 tons, making the total 
output for the year 193 vessels, of 488,180 tons, as 
against 472,273 tons for the same period of last year. 
New work has not been over plentiful of late, but there 
is still a very fair amount on hand. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Moulders’ Ballot.—An interesting position has been 
created in the Sheffield moulders’ dispute by the offer of 
Messrs. Hadfield, of the Hecla Works, to pay an advance 
of 1s. per week to the men upon resumption of work, and 
another Is. a week in the immediate future. Messrs. 
Hadfield are not members of the Engineering Employers’ 
Federation, but they employ about 25 per cent. of the 
1500 men and boys who are out on strike, and their offer 
promises to make a considerable alteration in the attitude 
of the other employers. Yesterday a ballot of all the men 
on strike was taken, and, though there were a good many 
absentees, the result showed 635 for accepting Messrs. 
Hadfield’s terms, and 55 against, so that Messrs. field’s 
men will return to work. In regard to the others, another 
conference has been arranged with the Employers’ Fede- 
ration, and now there are distinctly more hopeful signs of 
a settlement. 


South Yorkshire Coal Trade.—The advance in house- 
coal prices crea‘ a temporary check in buying, but 
there is no weakness in the general position. The col- 
lieries have a satisfactory number of orders in hand, and, 
with gas companies keeping up a strong demand, are 
making no effort to force matters. The advance of 1s. 
to 1s. 6d. a ton is likely to be permanent, and no con- 
cessions are offered. Hard-coal prices are unchanged and 
there is a steady and good inquiry, very little stock being 
held at the pits. Business in slacks is quiet, but there is 
no price weakness as far as best sorts are concerned. 
Secondary qualities are slightly cheaper. Trade in slacks 
is not expected to improve until there is a better demand 
for coke, and orders for furnace coke have been affected 
by the moulders’ strike, which has, of course, seriously 
interfered with work at local foundries. Quotations :— 
Best branch hand-picked, 16s. to 17s.; Barnsley best Silk- 
stone, 14s. 6d. to 153. 6d. ; Derbyshire best brights, 12s. 
to 13s. 6d.; Derbyshire house, 11s. 6d. to 12s, éd. ; best 
large nuts, lls. to 123.; best small nuts, 93. to 10s. ; 
Yorkshire hards, 11s. 9d. to 12s. 94. ; Derbyshire hards, 
10s. 9d. to lls. 9d.; rough slacks, 7s. to 3s.; seconds, 
5s. 9d. to 6s. 9d.; smalls, 4s. to 53. 


Tron and Stcel.—The local raw-material market shows 
a better tone as regards new business. There have been 
more inquiries and an increased number of transactions. 
Since the prices of a week ago are maintained, this means 
that buyers are being fo into the market; forge and 
foundry irons, however, are showing little activity, and 
the depression in the former continues to be very marked. 
Swedish iron is in good request. Tungsten is firmer. 
Short time is still the rule amongst bar-iron makers, due 
to the continued weakness of the market. Whilst 
occasional fillips are to be noticed, it is not antici- 
pated that any real relief will be felt for some time to 
come, The price-cutting tactics of European competi- 
tors is another adverse factor. The heavy departments 
of the steel industry are busy, though some firms here and 
there experience a falling off in work. The output of the 
Siemens furnaces has been materially affected by the 
strike of moulders. General evidences tend to show 
that at the year-end the second six months’ trading 
will not compare at all favourably with the first half of 
the year as regards the steel industries generally. The 
increased resources of manufacturers, however, must be 
taken into consideration, for with facilities for supply 
greater than ever, any pause in business is tonal to 
more noticeable. The armament departments are 
flourishing, and the great amount of work in hand assuree 
a healthy state of trade with them for some consider- 
able time. Railway business is still poor, but in spite 
of this, facilities for output are being improved. The 
new regulation as to spring-buffered wagons has given 
wagon builders a greater amount of work than they 
expect to accomplish before the rule comes into 
force. The approval of the American ‘Tariffs Bill 
has been the signal for the release of much suspended 
business. From Sheffield goods the new Bill removes 
about half the duty hitherto paid, and, generally, a great 
impetus to the American branch of the city’s business is 
expected. Some firms are anticipating its effect by the 
formation of agencies in the States. Contracts for light 
steel goods nave increased, and business in this depart- 
ment is much better. 





z East Lonpon CoLtEcE.—A course of eight lectures on 

The Design, Construction, and Testing of Electric- 
Power Cables,” will be delivered at this College, Mile 
End-road. E., by Mr. Henry Savage, MLEE. (of 
Messrs. W. T. Henley’s Telegraph Works Company), on 
ponders, October 20, 27, November 3, 10, 17, 24, and 
December 8. The fee for the course is 1/. 1s. Appren- 
tices and persons under 25 years of age, employed in an 
caginowies firm and earning less than one guinea a week, 
will be admitted to this course at half the above rate. 
Fall particulars of all classes held at the college may be 
obtained on applicition to the Registrar, or to the Erin. 
cipal, Mr. J. L. S. Hatton, M.A. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness prevails 
in the pig-iron trade. For the time being transactions 
are on only a very limited scale, but fairly substantial 
buying is expected now at any time, as arrangements 
have yet to be made to satisfy considerable autumn 
requirements. One result of the over-production of pig 
iron in Germany, has been that pig iron made in that 
country has found its way to customers who usually buy 
in this market, Austria and Italy having taken up some 
German iron. Pig-iron makers declare that current quota- 
tions are unremunerative, and affirm that unless prices 
advance or cost of raw material is reduced more blast- 
furnaces will have to be put out of operation. The number 
of furnaces now blowing on the North-East Coast is 
81. This week No. 3 g.m.b. Cleveland pig has been 
down to 53s. 6d. f.o.b.—the lowest quotation for the past 
ao months— but the price has now stiffened to 543.; 
whilst No. 1 is 56s. 6d. ; No. 4 foundry, 53s. 6d.; No. 4 
forge, 53s. ; and mottled and white iron, each 52s. 9d.— 
all for early delivery, but probably forward business 
could also bs done at round about these rates. A fall of 
6d. in East Coast hematite pig has failed to tempt 
buyers. Both makers and merchants offer Nos. 1, 2 
and 3 at 65s. 6d. for either early or forward delivery. 
Foreign ore is still lifeless. There appears to be no foun- 
dation for a rumour of the sale of an odd cargo below 
current rate. In the absence of transactions market 

uotations remain nominally on the basis of 19s. 6d. ex- 
ship Tees for Rubio of 50 per cent. quality. Local con- 
sumption of coke keeps heavy, and as supply is barely 
adequate prices are firm. Av blast-furnace coke is 
put at 18s. 6d. delivered at Tees-side works. 


Blastfurnacemen’s Wages Reduced.—The average net 
selling price of No. 3 Cleveland pig iron for the months 
of Jaly, August and September has just been certified 
at 57s. 8.08d. per ton, as against 63s. 7.51d. per ton for 
tke previous three months. There was thus a reduction 
in price of 5s. 11.43d. per ton in the third quarter of the 
year. This means a reduction in blastfurnacemen’s 
wages of 74 per cent., which brings wages from 394 per 
cent. above the standard to 32 per cent. above the 
standard. 


Manufactured Iron and Steel.—On the whole a rather 
unsatisfactory account must be given of the manufac- 
tured iron and steel industries. orks are kept busy on 
running contracts, and some firms have sufficient on hand 
to keep them busy for some time to come, but orders are 
scarce, reductions in quotations having failed to bring 
buyers into the market. Following on the fall in steel prices, 
iron bars, packing iron, and iron shipbuilding material 
have all been lowered. Principal market quotations now 


stand :—Common iron bars, 7/. 10s.; best bars, 7/. 17s. 6d.; | ; 


best best bars, 8/. 5s.; packing iron, 6/. ; iron ~.e oR 
71. ; iron ship-angles, 7/. 15s. ; iron ship-rivets, 8/. 10s. ; 
iron girder-plates, 7/. 5s.; steel bars, 7/. 5s. ; steel ship- 
plates, 77. 5s. ; steel ship-angles, 6/. 17s. 6d. ; steel boiler- 
plates, 8. 5s.; steel hoo 7l. 10s. ; steel strip, 72. 5s. ; 
steel joists, 67. 12s. 6d.—all less the customary 24 per cent. 
discount ; cast-iron railway chairs, 4/. 15s. ; light iron 
rails, 7/.; heavy steel rails, 6/. 103. ; steel railway sleepers, 
7. 10s.—all net at works; and iron and steel galvanised 
corrugated sheets, 11/. f.o.b.—less the usual 4 per cent. 





A New Hicu-Sreep Propevier.—A very remarkable 
propulsive efficiency is claimed for a new type of pro- 

lier devised by De. Rudolf Wagner, of the Vulcan 
Reginession Company, Stettin, in conjunction with Mr. 
W. Brooks Sayers, of Glasgow, and Mr. M. H. Bauer, 
of Berlin. The new propeller, which has been called the 
‘‘ rotostat ” propeller, bas been fitted to the motor-yacht 
Marga IV., owned by Dr. Fritz John, of Berlin. This 
boat won with great ease the Lanzpreis in the Kaiser 
Jubilee Motor-Boat Regatta held on the Muggel last 
month. The Marga IV. is fitted with engines designed 
to give 40 horse-power when running at 1250 revolutions 
per minute. The device is of the turbine-propeller type, 
and it is claimed that a propulsive efficiency of 85 per 
cent. was realised on the Noren IV. Further trials are 
to be made on the Clyde by Mr. Brooks Sayers. 





ConTrRacts.—We are informed by Messrs. Willans and 
Robinson, Limited, Victoria Works, Rugby, that they 
have recently received an order for an 8500-kw. installa- 
tion of Willans’ rotary air-pump system (Miiller-Josse 

tent) for the Sheffield Corporation, and also for the 

inkston power - station of the Glasgow Corporation 
Tramways for a similar installation for kw., and for 
the London and North-Western Railway Company for 
an installation totalling 25,800 kw. Other orders have 
also been obtained for condensing plants to work in con- 
junction with some smaller steam-turbine installations. — 

e understand that Messrs. W. Bennis and Uo., Limited, 
Little Hulton, Bolton, and 28, Victoria-street, 8.W., have 
recently received a + proportion of new business and 
repeat orders for their furnaces. Among these may be 
mentioned the following :—Two Bennis stokers and self- 
cleaning compressed-air furnaces for the City of Birming- 
ham Gas Works (repeat order), and two for Messrs. 
Mitchells and Butlers, Limited, Cope Hill Brewery, 
Birmingham ; four for the Royal Burgh of Stirling Elec- 
tricity Works, Stirling ; two for the Borough of Keighley 
Electricity Works, Keighley, Yorks (repeat order) ; two 
Bennis self-cleaning com -air furnaces for Messrs. 
Hipwell and Oo., the Brewery, Olney, Bucks; two 
Bennis chain-grate stokers for the Mersey Railway 
7" ad Power Station, Shore-road, Birkenhead ; and 
others, 


» | pl in a favourable 





NOTES FROM THE SOUTH-WEST. 
Cardiff.— Business in the steam-coal trade has, upon the 
whole, been quiet ; the arrivals of tonnage over the week- 
end were moderate, and shippers’ hopes M4 disappointed. 
Stocks of most descriptions have become heavy, and some 
colliery-owners, anxious to secure a regular clearance of 
wagons in order to avoid stoppages at the pits, have shown 
a willingness to make some reductions; on the other 
hand, other coal-owners regard current adverse conditions 
as only Sane and are holding firmly over the middle 
and second half of the month. House coal has been 
nerally firm, with a good demand. The best Admiralty 
rge steam coal has brought 19s. to 20s. ; best secondary 


qualities, 18s. 6d. to 19s. ; other secon descriptions, 
17s. 6d. to 18s.; best bunker smalls, 10s. to 10s. 9d.; 
and smalls, 6s. 6d. to 7s. 6d. per ton. The best 


17s. to 18s.; No. 3 Rhondda large, 16s. 6d. to 17s. ; 
smalls, 12s. to 12s, 6d. ton. No, 2 Rhondda 
has realised 12s. to 12s. bd., 

per ton. Special foundry coke has 

to 30s.; good foundry coke at 23s. to 26s.; and furnace 
coke at 193, to 2ls. per ton. regards iron Rubio 
has made 18s. 9d. to 19s. 3d. per upon a basis of 
50 per cent. of iron, and charges, 4h freight, insur- 
ance, &c., to Cardiff or Newport. 

The New American Tariff.—Swansea tin-plate manu- 
facturers have received the details of the new American 
tariff with a certain satisfaction. The uction pro- 
posed to be made in tia-plates is rather more than 3s. 6d. 
per cwt., and it is hoped that this will open the American 
market again to Welsh tin-plate producers. It is not 
expected that the abolition of the duty upon bituminous 
coal imported into the United States will have any 
important influence upon the Welsh coal je, a8 it is 
considered almost out of the question for Welsh coal 
(except anthracite) to compete with American coal, owing 
to the high cost of production and freight charges. It 
is thought, however, that the new tariff may give an 
impetus to Canadian coal-mining. 

Permanent-Way Institute.—The South Wales section 
of the Permanent-Way Institute of Great Britain held 
its mesting at Burry Port on Saturday. About twenty- 
five members were received by Mr. A. Morgan, General 
Manager, and Mr. J. Eager, Engineer of the Burry Port 
and Gwendraeth Valley Railway, and were conveyed 
by special train to Pontyberem and Cwmmawr. New 
stations and other alterations were inspected. 


Wales and West Virginia.—A Welsh syndicate, headed 
by Mr. D. A. Thomas, has taken up an option on 
100,000 acres of coal lands on the New River, West 
Virginia. The New River is one of the principal coal- 
mining regions in West Virginia, and the deal involves 
10,000,000/. With the opening of the Panama Canal it 
is expected that the United States coal-fields will be 
ition for competing in the 

t market which will be opened up on the Pacific 

t of the American continent. New River coal 
is a steam coal of high quality, which in far distant 
markets has proved a formidable c mpetitor with Welsh 
coal. Its quality cannot be compared with the best 
Welsh steams, but it gives good results when contrasted 
with ordinary descriptions and Monmouthshires. 





Prrsonat.— Messrs. H. W. Butler and Co., Oraven 
House, Kingsway, London, W.C., inform us that they 
have been appointed sule agents in this country for the 
Ateliers de Constructions Electriques, du Nord et de 
l’Est, of Jeumont (Nord), France, the well-known manu- 
facturers of electrical machinery and plant. 





Tue Late Mr. Georck Epwarp Ormiston. — We 
regret to have to report the death, which occurred at 
his residence, 9, Melbury-road, Kensington, London, W., 
on Friday last, the 3rd inst., of Mr. Come Edward 
Ormiston, a member of the Institution of Civil Engi- 
neers, and late chief engineer of the Bombay Port Trust. 
Mr. Ormiston was born at Glasgow in 1844. He received 
his education at the Glasgow University, and commenced 
his career as an engineer at the Cardiff Docks, under the 
late Mr. John McConochie. He then joined the Bombay 
Port Trust, acting as an assistant to his brother, the late 
Mr. Thomas Ormiston. When the latter retired, in the 
early eighties, Mr. G. E. Ormiston became chief engineer, 
which position he occupied until he retired in bis turn 
in 1891. 





Luiorp’s RETURNS OF VESSELS UNDER CONSTRUCTION. 
—Lloyd’s returns for the quarter ended September 30 
last show that, excluding ha ey 5 the total number of 
vessels under construction in the United Kingdom at that 
date, was 508, of a gross tonnage of 1,987,254. Uf the total, 
only 17, of a gross tonnage of 4831, were sail, the re- 
mainder being steam. The total tonnage under construc- 
tion was 16,000 tons less than at the end of the = 

uarter, but 140,000 tons in excess of that building in 

ptember, 1912. Of the various shipbuilding distriets, 
Glasgow headed the list with 107 vessels, of 496,385 gross 
tons, and Belfast came second with 27 vessels, of 324,640 
tons. The table of ownership shows that 376 vessels, of 
1,551,972 tons, were for the United Kingdom, and 23, of 
20,376 tons, for the British Colonies. The table of size 
shows that two vessels were over 40,000 tons each, one 
over 30,000 tons, and one over 20,000 tons. The total 
number of warships under construction was 86, of a total 
displacement of 462,458 tons. Thirteen of the vessels, of 
a total dis ment of 131,460 tons, were building in 


Royal Dockyards. The total building for foreign navies 
in private yards was 12, of a displacement of 124,700 tons. 
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THE NEW ENGINEERING LABORATORIES 
OF THE UNIVERSITY OF ST. ANDREW'S, 
UNIVERSITY COLLEGE, DUNDEE. 


University CoLtLecr, Dandee, which was founded in 
1880, has, since 1897, formed an integral of the 
University of St. Andrew’s. The Chair of Engineeri 
was one of the first to be established, and in 1 
Professor (now Sir Alfred) Ewing, K.C.B., was elected 
as its first occupant. He was followed, in 1891, by 
Mr. T. Claxton Fidler, M. Inst. C.£., on whose re- 
signation, in 1909, the present Professor of Engineer- 
ing, Mr. A. H. Gibson, D.Se., was elected to the 
chair. For some few years after the foundation of 
the College the facilities for the experimental teachin 
of engineering were very m » and it was not unti 
1887 that a suitable engineering laboratory was pro- 
vided. As time went on, this building and its equip- 
ment became inadequate for the number of students 
wishing to take advantage of ite facilities, and the 
University authorities decided to build and equip a 
new engineering block, with laboratories, lecture- 
rooms, and drawing-offices, utilising for the purpose a 
grant of 10,000/. made by the Carnegie Trust for the 
Development of Scottish Universities. In 1909-10 
plans for the new building were prepared by the 
architects, Messrs. Sir Rowand Anderson and Paul, in 
conjunction with Professor Gibson. The buildiog has 
now been completed, and will be formally opened on 
the 14th inst. by Sir Alexander Kennedy, ERS. 

These laboratories, which have been erected at a 
cost, including equipment, of about 16,000/., form 
an [-shaped block. The main building, forming the 
north side of a quadrangle, is two storeys in height. 
It contains the lecture-rooms, drawing-offices, library, 
private rooms, and hydraulic laboratory, with two 
rooms set apart for a possible future architectural 
department. An architectural feature is provided 
by a central tower, some 80 ft. high, which accommo- 
dates the fan and machinery for the forced ventila- 
tion of the building, and also contains a storage tank 
of 10,000 gallons capacity from which the mains in 
the hydraulic laboratory are supplied. The east wing 
of the building contains the heat-engine laboratory 
and boiler-house, the strength-of-materials labora- 
tory, the cement-testing room, and workshop. 

Ontan to the completion in 1910 of the Peter’s 
Electrical Engineering Laboratory, the College is 
well equipped for the study of this branch of engi- 
neering, and the present laboratories are devoted to 
the investigation of problems involved in civil and 
mechanical engineering. The heat-engine equipment 
at present includes an experimental steam-engine, a 

as-engine, and a petrol-motor, while provision is made 
or the installation of a Diesel oil-engine and a steam- 
turbine in thé near future. The heat-engine room also 
contains all the apparatus necessary for the measure- 
ment of the heat values of solid and of gaseous fuele, 
for the analysis of flue, exhaust, and fuel gases, and 
for the measurement of the dryness of steam, &c. 

The equipment of the strength-of-materials labora- 
tory consists of a 50-ton Buckton single-lever testing- 
machine, fitted for tension, compression, and cross- 
breaking tests, and with an autographic recorder. 
There is also an alternating-stress machine and cement- 
testing machine, along with apparatus for determining 
moduli of elasticity and rigidity, and for investigating 
the strength of struts and the elastic vibrations and 
deformations of structures, Tests of the strength and 
elasticity of materials for the public are undertaken in 
this department. 

Two views of the hydraulic laboratories are repre- 
sented in Figs. 1 and 2, annexed. The equipment 
includes a 24-in. Pelton wheel, a 9-in. inward-flow 
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Fic. 2. Tae Hypravric FLuMme. 


pressure turbine, an electrically-driven centrifugal | the preliminary examination, should have little diffi- 


pump capable of discharging 450 
an Oddie-Barclay high- differential reciprocating 
pump, a flume 3 ft. bi 
of weir and channel flow, and apparatus for studying 
the friction of fluids in pipes, 


and 45 ft. long, for the study | and drawi 


gallons per minute, | culty in completing the degree course in three years. 


Courses of instruotion are arranged in laboratory work 
in connection with the es lec- 


tures. In addition to the time spent in the laboratory 


impact of jets, &c. | and drawing-office, short series of lectures are given 


Arrangements are made by means of which the various | on geometrical drawing, machine design, the testing 


hydraulic machines may be supplied with water under 
a head of either 65 ft. 140 ft., or 600 ft. 


of materials, and of steam and power plants. Every 
facility is offered to those students who are able to 


The workshop, situated above the engine-room, is| devote more than the normal time to the drawing- 


agen with lathes, planing and shaping-machines, 


c., and is used mainly for the manufacture and repair | on of work of the nature of research. 


of experimental apparatus for the department. e 


office and laboratory, and particularly for the carryin 
A number o 


scholarships, bursaries, and research grants are avail- 


drawing department consists of two well - lighted | able tor engineering students of the University. Full 


rooms, with a total area of approximately 1500 sq. ft. 
It contains a collection of models and 
drawings, with the usual drawing-tables and facilities 
for the use of the students. 

The intending student may either take a one, two, 


particulars of these and of the courses of work may be 


of working | obtained from the University College Calendar. 





Apmiratty: Navat Capertsxips.—In view of the 


or three-year course of lectures and laboratory work, | revised regulations as to age for naval cadetships, which 


or may take the regular three years’ course of engi-| will come into force for 


neering work, leading to the degree of B.Se. in civil, 
mechanical, or electrical engineering. Students taking 
the degree course should 
nation of the University 


fore commencing the engi- 


examination to be held in 
December next, it has been decided to extend the date 


for — application for candidature to the 15th inst. 


whose date of birth is between April 1 and 


the preliminary exami-| 711, 3], 1900, are eligible, including those who have 
previously appeared before the Interview Committee. 


neering course itself. The new inclusive fee regulations | ‘4 pplication for candidature at this examination should 
rovide for # four-year course for the d the | therefore be addressed forthwith to the Assistant Private 


inclusive fee being sixty guineas. The normal student, 
however, having passed or obtained exemption from 





Secretary to the First Lord of the Admiralty, White- 
hall, 8.W 


. 





Tue Late Dr. Jutius LewkowirTscH.—We b to 
record the death of Dr. Julius Lewkowitsch, a leading 
authority on oils and fats, which occurred on September 16 
at Chamonix, where he usually spe: t his holidays, being a 
keen mountaineer. Dr. Lewkowite |: was originally a theo- 
retical chemist, and it is a question whether he would not 
have done better almost to have persevered in his brilliant 
academic career devoted to research. Born at Ostrowo, 
in Prussian Silesia, he was educated at Breslau, and 
became in turn assistant and collaborator of three great 
teachers of chemistry—Victor von Richter at Breslau, 
Hans Landolt at Berlin, and Victor von Meyer at 
Heidelberg. He took up the study of stereochemistry 
and the work of Pasteur, to prepare the optically active 
isomers, so far found only in living bodies, from already 
known inactive compounds like tartaric, lactic, and glyeeric 
acids, by the action of micro-organisms on these acids. 
But he gave up this work, settled in England, and studied 
oils ty fats, a somewhat neglected and very difficult 
field, in which he soon came to thefront. His ‘ Chemical 
Technology of Oils and Fats,” rs ee by the 
‘Laboratory Companion to Fat and Oil Industries,” 
are standard works in English, French, and German. 
He contributed to “Thorpe’s Dictionary of Applied 
Chemistry” and to the Encyclopedia Britannica, and 
delivered a series of Cantor lectures on oils and fats, 
which have also been republished in book form. He held 
office in the Chemical Society, the Society of Chemical 
Industry, the Institute of Chemistry, and the Society of 
Public ysts, and received the Lavoisier medal of the 
Société Chimique de France. An always cheerful, active 
man, he was generally popular. 
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FOUR-CYLINDER WESTINGHOUSE-CROSS OIL-ENGINE. 


CONSTRUCTED BY THE WESTINGHOUSE BRAKE CO., LTD., ENGINEERS, LONDON, N. 




















On page 113 of our ninety-first volume we described 
a single-cylinder oil- engine manufactured by the 
Westinghouse Brake Company, Limited, 82, York- 
road, King’s Cross, London, N: but since then this 
type of engine has had its usefulness extended by 
several single units being combined so as to give in- 
creased power. 

We now illustrate one of these large-power units on 
this page. It has four cylinders, and is shown with 
the covers removed from the crank-chamber. It is of 
the semi-Diesel type, capable of developing 40-horse- 
power, is adapted to burn crude oils, residuals, or 
ordinary lamp-oils, and is fitted with a Hartnell high- 
speed governor. The general design of the engine 
remains unaltered, with the exception that the timing 
of the oil-ignition can be altecell while the engine is 
running. 

We understand from the makers that they are 
now prepared to build the same type of engine with 
cylinders of 30 horse-power, and in multiples thereof 
up to 120 horse-power. 





THE ELECTRIC REFINING OF STEEL IN 
AN INDUCTION FURNACE OF SPECIAL 
TYPE*, 

By Orto Frick, London. 


Tue development of the electric steel furnace in the 
past, and its progress in the present, have so often been 
described and discussed from # general point of view that 
the author proposes to devote the greater part of this 
paper to the future development of the electric furnace, 
not so much from ageneral point of view as from that of 
the use of the particular t of induction furnace with 
which his name is associated. The results given in the 
paper are based on results obtained in the Frick furnaces 
at the Krupp Works in Essen, and serve to show that 
whatever the a and present position of the electric 
furnace in the steel industry, its future possibilities are 
such that it may be anticipated that a time will come when 
half the steel produced will have been passed through the 
electric furnace. 


Tue Frick Furnaces aT THE Krupp Works IN ESSEN. 


Two furnaces of this type are at work in Essen. The 
first furnace came into operation in August, 1908. 
The second furnace, originally of the Kjellin type, was 
rebuilt on the same prineiple as the first Frick furnace, 

* Paper read before the Iron and Steel Institute at 
Brussels, somewhat abbreviated, 





after this had been proved superior both in design and 
with regard to power —_a—e and efficiency. 
The data relating to these furnaces are :— 


Raw materials ... Cold scrap of good 
analysis. 

Capacity ... ne ue ati 20 tons. 
Kilowatts for which furnace was 

designed ... =i a oh 736 
Actual working capacity 8.5 tons. 
Weight of casts ... ae 6.5 ., 
Average power used 650 kw. 
Frequency ... nae 5 cycles per sec. 
Voltage... ws at a 5000 
Power factor, cosine ¢ at 8.5 tons 0.53 
Average duration of one heat ... 6 brs. 45 min. 


Theoretical power consumption per bon, 432 kw.-hours 
calculated :— 


Average electrical Joss ... 
Pa radiation loss ... 
ip total efficiency... 70 per cent. 


Figs. 1, 2, and 3, page 506, give a clear idea of the 
design of the furnace, and Figs. 5 to 9, page 507, show 
sections of the single-ring and double-ring furnaces. 
Fig. 3 represents the 10-ton furnace in plan. 

The furnaces are used for the melting of cold scrap into 
various products. Table I. gives the analysis and the 


TABLE I.—Electric Steel made in the Frick Furnace at 
Krupp’s Works in Essen. 


4.5 per cent. 
160 kw. 





¢ je 
| S| Ogsise 
= C. | Si. Mn. | P 8. (Cu. "2 leg g°/8° 
| gf e5\35 
|§@ Se 56 

ie & 3 
a is Pe oe FO Ss soa 

| Kg. Kg. 

Screw-shaft .. 0.3~|0.23]0,30) 0.020 | 0.024 0.06) — |50.4 27.5 65.0 
Rod .. — .. 0.89/0.16/0.58| 0.024 | 0.027 aes 37.1|59.2 23.2 | 64.0 
Press screw . 0.43/0.20|0,30) 0.027 | 0.025 |0.C8 |30.1/54.8 28.3 61.0 
Tender shaft 0.47/0.12)0.51| 0.023 | 0.020 /0.06| — %8.1|30.5 61.0 
rew-shaft ..|0.47/0 23) 0.37) 0.023 | 0.025 0.09 30.9/54.8 26.5 | 64.0 
Rod .. _— ../0.51/ 0.10} 0.54) 0.082 | 0.083 (0.06 38.9/64.4 21.7 | 57.0 
Piston-rod_ .. (0.55) 0.10) 0.43) 0.026 | 0.025 (0.07; — |70.7/18.3 54.0 
Shaft .. 0.62} 0.10} 0.32| 0.028 | 0.028 (0.07 42.4)68.1 21.2 58.0 
Rod .. 0.61) 0.04| 0.45) 0.020 0.024 0.04 |40.7/"1.6 17.5 50.0 
Tyres .. 0.72.16} 0.37| 0.025 | 0.028 0.06 44.9 77.4 18.0 51.7 
Tyres .. 0.77| 0.15/0.40) 0.013 | 0.015 |0.06 49.3/83.7 16.6 | 46.0 








mechanical properties of steels made in these furnaces, 
In designing the furnace an attempt was made to fulfil the 
conditions set forth in the following paragraphs. 

Rotating Cover.—As the furnace was to be used for 





melting cold scrap only without any refining, the original 
type with a rotating cover was chosen, specially desi 

for the treatment of cold scrap, and offering the advan 

of easy charging and distribution over the whole crucible 
without any delay or trouble. The rotating cover further 
facilitates the supervision of the metal and of the furnace 
walls, Additions of slag or alloys are quickly and evenly 
distributed over the bath. The design of the cover has 
proved most satisfactory for its purpose. 

Losses and ep pre most essential points with 
regard to the design of electric furnaces are the efficiency 
and power consumption. The efficiency is dependent 
alone on the care with which the losses, consisting of 
electric losses and radiation losses, are kept down. The 
electric losses—that is, the losses in oe coils and 

by gi 


in the tic iron core—are redu ving these 
parts ample dimensions. Notwithstanding the great 
electric loss 


weight of thc core—nearly 45 tons—the to 
in the furnace in Essen oy amounts to 4or 5 per cent. 
of the total energy suppiied to the furnace. Of ter 
influence on the efficiency are the losses due to lation. 
The author has made a careful study of the heat con- 
ductivity of refractory materials at highest tem tures, 
and has provided his furnaces with insula walls in 
accordance with the results. Further, great care was 
taken to make the doors in the cover tight and as easy as 
— to keep closed. By these means the radiation 
osses were reduced to a minimum. Comparative calcula- 
tions have shown that the radiation loss of the Kjellin 
furnace exceeds that of the Frick furnace by 75 kw., or 
48 per cent., which also involves an inc cost for 
current, labour, and lining in the case of the former. 

As an example, a run of six weeks’ duration may serve. 
The calculated costs are not on any actual figures 
from the Krupp plant, as no such are available, but for 
the ~ pane the estimated figures will be close 
enough :— 


Type of Furnace. 


| Kjellin. | Frick. 








Output in six weeks, good ingots, .. tons 696 850 
Shillings. 

563,500 kw.-hours at 0.48d. .. - “te 20,250 
Labour estimatedat .. se ee we 5,900 
Lining - - ee oe oe ‘ 2,000 
Light, cooling fan, &... ow - Se 450 
Total costs in six weeks sal 28,600 
Cost per tonofingot .. oe é 41.10 | 83.70 
Saving by Frick furnace, per ton soll 7.40 

9 9 r campaign .. 6,300 

oo se mn one year of 

seven campaigns with one furnace os 44,000 


Were 12 per cent. interest and depreciation on an 
estimated outlay of 12,500/. also taken into account, the 
annual saving would be increased to 2500/. These figures 
demonstrate the importance of low radiation losses, and 
prove the effectiveness of the design of the Frick furnace 
in this respect. Nearly six years of actual working have 
shown that no drawbacks have been caused by the insula- 
tion of the furnace. 

At the Krupp works a Girod furnace of 1200 kw. and 
12 tons capacity has been installed next to the Frick 
furnace. thus giving an opportunity to compare the 
Frick furnace with a furnace of the arc type. No 
accurate figures for the power consumption of the Girod 
furnace have been furnished by Messrs. Krupp, as in the 
case of the Frick and Kjellin furnaces, but for coraparison 
the following figures represent average results, and will 
give a fair idea of the relative efficiency of the two 
types :— 

Kilowatt-hours per ton of steel 
in the Girod furnace... - 
Kilowatt-hours per ton of steel 
in the Frick furnace ... se 


It may be assumed that the theoretical energy consump- 
tion of the Frick furnace is 425 kw.-hours per ton. For 
the Girod furnace it has been assumed to somewhat 
higher, or 460 kw.-hours per ton. as it is possible that this 
furnace is working on a raw material with more scale or 
rust, and therefore under less favourable conditions. It 
has been assumed that the Frick furnace has an interval 
of only 74 minutes between heats. For the Girod furnace 
two cases have been calculated—viz., for an interval of 
55 minutes and for one of 1 hour 25 minutes per heat, the 
longer intervals being necessary for charging, which has 
to be completed before the current can be turned on, 
whereas in the Frick furnace the current may be pat on 
en after tapping. It may then be calculated 
that 

Kw. 


The average loss of the Frick furnace... 186 
” ” Girod furnace, 
567 kw. to 594 kw., or, in round figures 580 


or over three times more than the Frick furnace, although 
the capacity of this latter is only 20 per cent. less. The 
superiority of the Frick furnace over the arc furnace does 
not only depend on the better heat insulation of the 
former furnace, but is also founded upon the great differ- 
ence between the methods of heating. 

In the Frick furnace the heat is generated directly in 
the steel bath, and, consequently, is practically no 
heat transfer necessary, but the highest temperature pre- 
vails in the metal itself. Further, the slag acts as a ver 
effective heat-insulator, which prevents the furnace wal 
above the bath and the roof from becoming as hot as the 
bath itself. ‘ 

In an arc furnace the esrential = of the heat is gene- 
rated in the arc or arcs playing between the ends of the 


1000 kw.-hours 
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electrodes and the metal, and, consequently, the heat has 
to be transferred from these centres to the other parts of 
the bath by heat transmission, which requires a very high 
temperature in the arcs and at the lower end of the elec- 
trodes, a temperature which certainly ex deg. 
Cent., whereas the highest temperature in a Frick furnace 
never exceeds 1680 deg. Cent. at any part. The heat 
generated in the arc 1s sp in directions, and, 
according to the existing laws of Nature, the greater part 
of the heat will go in the direction of the least resistance. It 
must also not be forgotten that the electrodes themselves 
are fairly good heat-conductors, and through them no 
small amount of heat is conveyed away out of the furnace. 
In melting cold scrap the conditions are somewhat more 
favourable, as the electrodes are surrounded by the 
charge, which absorbs some of the heat otherwise dissi- 
pated towards the roof. It may therefore be concluded 
that the « fficiency of an arc furnace for treating liquid 
metal will always be less than 50 per cent., and in melt- 
ing cold scrap will only slightly exceed 50per cent. The 
Frick furnace, on the other hand, shows an won pe 
over 70 per cent., which may be further improved wit 
larger furnaces. , : 
ining. —With regard to tke lining, the induction fur- 
nace offers certain intrinsic difficulties through the ring- 
shaped form of the crucible. On the one hand, greater 


Fig. 
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Fig.3. PLAN OF 10-TON FRICK FURNACE, 
1000 HORSE-POWER. 
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stand high tem- 
peratures without cracking ; on the other hand, the ring- 
ae form makes it impossible to give the furnace wae 
sufficient slope to enable the repair to be made in the same 
manner as in an open-hearth furnace, or simply by throw- 


difficulties arise in making the lini 


ing dolomite or ps on the places which have 

cut by the slag. upper part of the inner wall, which 
is the one most ex to the cutting by the slag, 
may be sufficiently sloped to allow a repair in this manner, 
but it would mean considerably increased dimensions of 
the furnace and increased losses and energy consumption. 
To make the dimensions as small as possible, it is thus 
necessary to make the walls almost vertical. 

The difficulties with regard to cracking are due to the 
fact that the outer wall is ring-shaped, and has its highest 
temperature on the inside, whereas the equally ring- 
shaped inner wall is hottest outside. The only possible 
way of overcoming these difficulties consists in using a 
material which has practically no contraction or expan- 
sion at very high temperatures. The lining in Essen was 
the outcome of most extensive researches and much ex- 
perimental work ; it is made of magnesite of the highest 

urity, preferably up to 93 per cent. MgO, without any 

nding agent, and treated in such a way that it neither 
contracts nor expands up to the highest temperatures. 
It possesses a remarkable compactness, mechanical 
strength, and resistance to the action of slags. But 
even the best of linings will not stand more than a few 
weeks if it is not further pe ee against the cutting 
action of ordinary slags. As all attempts to repair a cut 
place of the lining have proved to be of little or no value, 
the author was led toa very simple solution, especially 
at ye furnace, by the following elie 
\ c slags contain a certain percen oO . 
which seldom exceeds 10 per cent., and see runs at 
about 6 to 7 per cent., the conclusion is justified, that 


basic must saturate themselves to this extent. If 
now such slags are given an opportunity to take up 
MgO from another source, they will not attack the lining. 
By adding crushed magnesite in such a way that the clag 
can become saturated before it has been able to atta 
the lining, this ought to be protected a cutting and 
should last for a considerable time. Such an automatic 
rvation of the lining is much facilitated by the 
inclination and rotation of the bath, which will be more 
fully described later on. Old magnesite, without any 
value for other purposes, may be used. It is introduced 
into the furnace in such a manner as to form a heap in 
front of the inner wall, against which it is pressed , the 
inclination and rotation of the bath. The sketch, Fig. 4, 
shows a section through the lining and the bath, with 
its surface inclined towards the inner wall. The sla 
additions, mixed with magnesite, are shown as a heap 
and the rotation of the bath is indicated by an arrow. 
The silicon and phosphorus in the steel are brought to 
the surface near the outer wall by the rotation of the 
bath, and are in this way brought into contact with the 
air or with the oxides of the slag, which they rob of the 
necessary amount of oxygen for the formation of Si,O 
and P,O;. These oxides float on tho inclined surface of 
the bath and meet the heap M, from which they absorb 
the necessary amount of MgO and CaO before they reach 
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the wall.“ This method has proved to be most satisfactory, 
and it has even been found possible to make the inner 
wall grow by adding too much magnesite, and to cut 
away the excess by diminishing the percentage of magne- 
site in the slag. It is evident that the method requires 
some care and suitable tools to introduce the magnesite 
in the right points in front of the inner wall. 

The lining of the Frick furnace in Essen now attains a 
life of two to three months regularly. The rotating 
cover of the furnace faeilitates the distribution of the 
magnesite, or the esite-lime mixture, along the inner 
wall, the additions being fed along a small channel of 
sheet iron at one of the openings during the rotation 
of the cover, care being taken that they fall against the 
wall. On the other hand, these furnaces labour under 
more difficult conditions than furnaces which have to 
treat molten preoxidised steel. 

The principal destructive agents of the lining are the 
oxides of silicon and osphorus. Electric furnaces, 
which only treat liquid prerefined steel from a converter 
or from an open-hearth furnace, receive a material with 
only traces of silicon and rarely more than 0.08 per cent. 
of phosphorus, so that most of the cutting is not caused by 
the contents of the charge, but by the silicon in the ferro- 
silicon used for deoxidation. As such a furnace is always 
charged with the same amount, the level of the bath and 
the slag line remain practically constant, which greatly 
facilitates the protection of the lining against cutting 
in the manner described. When working on cold scrap, 
as is the case in Essen, the conditions are much more 
difficult ; on the one hand because of the greater quan- 
tities of silicon present, and on the other because the slag 
| line continually during the charging. 

At Essen there are left in the furnace after each charge 
about 2 tons for the maintenance of the electric circuit 
through the metal, This contains 0.16 to 0,20 per cent. 








silicon, or, in all, 3.2 kg. to 4 kg. of silicon, which soon 
becomes oxidised, forming 7 kg. to 8.5 kg. SiO., and eager 
to attack the lining. Likewise, the raw materials con- 
tain silicon, which is readily burnt, and endangers the 
lining during the whole time the level of the bath is 
rising. Magnesite has therefore to be added immediately 
after tapping. so as to prevent the silicon in the residue 
of the bath doing any damage; and during the charging 
period attention must be given to the composition of the 
elag, sufficient MgO being also provided for the silicon in 
the scrap. 

The average life of the lining, of two to three months at 
Essen, must thus be considered most satisfactory. If this 
is taken into consideration, it mes evident that the 
cost of the lining per ton of steel will be very small, and 
hardly higher than that of the Hércult furnace, without 
taking account of the roof, which, in the case of the latter 
furnace, has to be replaced about every fortnight, whereas 
the roof of a Frick furnace, if not revolving, can be made 
to last at least as long as the lining. 

Inclination and Rotation of Bath.—The reciprocal elec- 
tro-magnetic action of the current in the primary coils 
and in the bath produces the double effect of making the 
surface of the bath take an inclined position towards the 
inner wall, and of causing the whole of the molten 
metal to revolve in the direction shown by the arrow in 
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tages. but they may also, if exaggerated, be injurious. 
The inclination of the bath surface causes the slag to be 
carried towards the inner wal]. If the angle of inclina- 
tion is too sharp, or the quantity of slag too small, the 
surface of the metal will be uncovered and exposed to 
the oxidising action of the air, if the furnace is not well 
el If not, the bath must be covered with coke or 
charcoal, as is the case in melting ferro-manganese, an 
operation which is much facilitated by the inclination. 
To obtein the full effect of these advantages a very 
small inclination is sufficient. With an angle of 4 deg., 
and with a thickness of the slag of 1 cm. at level bath, 
the width of the uncovered part will be 51 per cent. if the 
total width of the bath is 12 in., and 62 per cent. if the total 
width is 20in. The disadvantage of the inclination, if it 
is excessive, consists in the greater quantity of slag neces- 
sary to cover the metal. This disadvantage is less marked 
in the ease of melting cold stock, when the greater part of 
the energy is spent on the melting of the steel. But in 
the refining of premelted steel an increase beyond the 
necessary amount of slag will proportionately increase 
hoth energy consumption and costs, as in this case the 
whole of the useful work is spent on the melting of the 
slag. rane / the oxidising operation it may be of small 
importance if the metal is ex to the air, but with an 
excessive inclination of the bath the surface of contact 
between slag and metal is considerably reduced, and the 
time necessary for the reactions between steel and slag 
become: longer than with a smaller angle of inclination. 
During desulphurieation, however, it is of the greatest 
importance to keep the bath perfectly covered. 
@ experience with the furnaces in Essen shows that 
the Frick furnace also in this respect is superior to induc- 
tion furnaces of the Kjellin type. The following inclina- 
tion of the bath surface has been measured :— 


In the Kjellin furnace, 24 ~_ s 
In the Frick furnace, 4 deg. 34 min. to 5 deg. 5 mip. 


To cover a bath of 50 cm. (20 in.) width, there will be 
required for 1 metre length the following quantity of 


n a Kjellin furnace— 
5 x sin 24 deg. x 5 x 10 _ 56 7 titres of slag. 


——— 
In a Frick furnace— 
5 x sin 4 deg. 34 min. to 5 deg. 5 min. x 5 x 10 


2 





= 11 to 11.1 litres of slag per metre length. 
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THE ELECTRIC REFINING OF STEEL IN AN INDUCTION FURNACE OF SPECIAL TYPE 
Fig.5. 


FRICK FURNACE. SINGLE RING. SINGLE PHASE. 
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Fig.7. LONGITUDINAL: SECTION. 
DOUBLE RING. 
SINGLE PHASE 
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FRICK FURNACE. 











ReFERENCES TO Frick Furnace, Stnere Rivne (Fics. 5 anv 6). 


Fig,8. cross Section. 
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The amount of slag required in the Kjellin furnace is 
thus 4.5 to 5 times that required in the Frick furnace. 
As the time of reaction for a certain composition of the 
slag and the bath must be nearly inversely proportionate 
to the surfaces of contact between slag and steel, the 
refining in the Frick furnace ought to require about five 
times less time than a furnace of the Kjellin type. 

The figures given above are not intended to give an 
absolute, but only a relative, idea of the importance of the 
inclination of the bath, as the bath, in reality, does not 
form a straight, buta curved surface. Further, no account 
has been taken of the case when the lining has become 
cut, and the amount of slag filling up the cavities formed 
by the mote | is considerably increased with increasing 
inclination. The rotation of the bath is favourable in so 
far as it secures a great uniformity of the metal and 
assists in the protection of the lining, as mentioned 
above, as well as in quickening the reaction between the 





slag and the metal. For all these purposes an exceed- 
ingly slow rotation of about one revolution per minute | 
would be sufficient, whereas it is generally many times | 
more, and under unfavourable conditions may exceed 100 
revolutions per minute. 

Too rapid a rotation should be avoided in case the re- | 
sistance of the lining to abrasion is not particularly | 
great. Further, it is likely that too rapid a rotation may | 
impair the separation of slag emulsions from the steel. 
Considering the conditions under which the deoxidation 
of the steel by ferro-silicon or aluminium takes place, it 
seems obvious that the oxides of iron and manganese 
dissolved or suspended in the steel should, when re- 
duced, create exceedingly small particles of SiO, and 
A],O,, and that the danger of these particles being 
kept in suspension increases considerably with an in- 
creased rotation, and that every means should be used to 
keep the rotation down. This is done in the Frick fur- 
nace by the arrangement of the coils, and by using a 
current of low frequency for the operation of the furnace. 
The author has had no opportunity in Essen to make | 


Fig.m. 
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exact observations as to the comparative speed of rota- 
tion of the two different types of furnaces, but it has been 
found that while the steel in the Frick furnace was 
practically calm, that in the Kjellin furnace seemed to 
rotate at a great speed, producing the effect of fierce 
boiling near the inner wall. 

In comparing are furnaces with the Frick furnace it 
should be mentioned that the amount of slag necessary to 
cover the bath of an arc furnace is less than in the latter 
type. As, however, the Frick furnaces at an angle of 
inclination of 5 deg. only require about 22 kg. of slag per 
ton of steel in sing wae. and about 28 kg. in double-ring 
furnaces to cover the bath, the saving cannot be consider- 
able. Only for the deoxidation and desulphurisation is it 
of importance to keep the bath covered, and for these 
onerations the quantity of slag necessary to absorb the 
SiO, and CaS formed will, as a rule, be more than 25 kg. 
per ton of steel. Consequently the arc furnace will “ae 
be an advantage when smaller quantities of slag are re- 
= as, for instance, when the metal is only to be 

eoxidised and not desulphurised. An example will best 
show what the difference between the two types may 
amount to. 


Type of Furnace. 








Frick. 
wy Are. 
Single- Double- 
Ring. | Ring. 

Smallest amount of slag per ton of 

stee’ . “ < 2 18 22 28 
Theoretical energy consumption to 

melt slag at 630 kw.-hours per ton 11.3 12.9 17.6 
Efficiency in percentag 40 30 70 70 





Practical energy consumption to 
melt slag, kw.-hours perton steel 28.3 37.7 19.8 25.2 
Cost of current at 2 pfennigs = 
id. per kw.-hour .. aaa ..| [7.1 (94) (4.95 /6.3 
Cost of slag additionsat24s. perton /5.2 /5.2| /6.35 /8.1 


«+ 1.3 (1/26) /1L3 1/24 








Total cost per ton of steel 


Tt may be assumed that the arc furnace only requires 
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18 ke of slag to cover the bath and to complete the | 
metallurgical reactions. The saving would be 4 kg. over 
the single-ring and 10 kg. over the double-ring Frick | 
furnace, the melting of which represents a theoretical 

consumption of about 2.5 and 6.5 kw.-hours per 
ton of steel sempestively. This higher theoretical ene 
consumption of the Frick furnaces is compensated by its | 
higher efficiency. For comparison it may be assumed 
that Frick furnaces have an efficiency of 70 per cent., as 


in Essen, and that the arc furnace has an efficiency of | 


40 to 30 per cent., the higher value probably being the 
Fig.10. POWER FACTOR : 
FRE 


Types of Furnaces for the Refining of Liquid Steel.—The 
type employed in Essen was og expressly for melting 
cold stock, and it is not suitable for any slag treatment 
or refining, as the difficulties of removing greater amounts 
of slag through the spout, the only opening at the level of 
the bath, would be too t. To suit the special con- 
ditions of refining, special types have been designed, the 
main feature of which is the arrangement of lateral doors, 
through which the slag can be quickly removed and 
handled. The success of the large furnaces in m have 
warranted the building of still larger types, up to 20 tons 
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very highest efficiency which can be obtained in an arc 
furnace working on hot metal, the latter figure generally 
not being exceeded. Even in this exceptional case, and 
with currentat the price of only }d. perkw.-hour, the single- 
ring Frick furnace comes out better than the arc furnace 
under all conditions, and the arc furnace bas the advantage 
over the double-ring furnace only if its efficiency is above 
30 per cent. As, however, the amount of slag asa rule 
is considerably greater than 18 kg. per ton of steel, it may 
be concluded that both types of the Frick furnace are 
more economical than the arc furnace with regard to slag 
melting. 

Conclusions from Results of Furnaces in Essen.—The 
results of the Frick furnaces in Essen, compared with those 
of furnaces of other types, may thus be summarised :— 

1. The design with a rotating cover has been found most 
suitahle for melting cold stock. 

2. The efficiency of the Frick furnace is much higher 
than that of other induction furnaces and of arc furnaces. 
Consequently the energy consumption per ton of steel is 
lower, the annual production is higher, and the cost of 
production is materially lower than in otaer furnaces. 

3. The method of making the lining and of preventing 
the cutting by the slag has lengthened the life of the 
lining up to three months without repair, a result which 
has not been improved upon by any other furnace. 

_4. The inclination and rotation of the bath are suffi- 
cient to secure all possible advantages and are at the 
same time small enough to obviate the necessity of having 
too much slag to cover the bath. In this respect the 
Frick furnace is decidedly superior to other induction 
furnaces, and cannot be su by arc furnaces. 

The Future of the Furnace in the Steel 
Industrv.—It may be said that the future of the electric 
furnace for steel production will be in the final refining 
of steel, premelted and prerefined either in a converter 
or open-hearth furnace, and that its use for melting cold 
stock, except in places with very cheap water-power and 
high price of fuel, will be restricted to comparatively 
small quantities of high-class alloy steel, and to the 
melting of valuable alloys for the addition to ordina 
steel, if a saving of aHoy can be effected by melting wit 
exclusion of air, as, for instance, for the melting of ferro- 
manganese, 
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capacity, as single-ring’furnaces; and to meet demands 
for still larger capacity, double-ring furnaces up to 
40 tons have been designed. All furnaces will preferably 
work with single-phase current, although the double-ring 
type may also be made to take a two or three-phase 
current. 

Figs. 5 and 6, page 507, show the design of single-ring 
furnaces of 0.3 to 20 tons capacity. Figs. 7, 8, and 9 
show the design of double-ring furnaces of 0.6 to 40 tons 
capacity for single-phase current. The only difference 
in double-ring furnaces for two or three-phase current 
consists in the use of two independent iron cores instead 
of the one common to the two rings formed by the hath 
as shown for the single-phase double-ring furnace. 

Tables II., III, and IV., page 509, contain general 
information of a technical nature on single-ring and 
double-ring furnaces for steel as well as for ferro-man- 
ganese, giving the maximum power required for fur- 
naces of different sizes or capacity, normal frequency 
and power factor at full capacity, radiation loss at 
1500 deg. for steel and at 1350 deg. for ferro-manganese, 
electric losses in percenteges, maximum efficiency and 
average efficiency if the stoppages between and during 
heats are 25 per cent. of the total time in the case of 
steel and 16.7 per cent. in the case of ferro-manganese. 
The maximum weight of cast when melting cold stock is 
also given. 

The tables furnish data concerning the power factor of 
the different furnaces at a certain normal oauanle. 
As, however, the frequency may be chosen to suit local 
conditions, the diagrams, Figs. 10, 11, and 12, give the 
values of the power factor at full capacity of the furnace 
for different frequencies, enabling the necessary size of 
the dynamo at any frequency to be found. When work- 
ing on cold stock it is desirable to know, at least approxi- 
mately, the value of the power factor at less than full 
capacity, for which purpose curves can be plotted. 

Electric Current and Frequency.—The induction fur- 
| mace requires an alternating electric current on account 
|of the wireless transmission of the energy from the 
| pri coils to the secondary bath. The single-ring 
sewed must be supplied with a single-phase current, 
whereas the double-ring type may be connected either 
| with a single-phase, or, if it is provided with double iron 
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cores, with a two-phase system. The double-ring furnace 
may also be supplied from a three-phase dynamo by trans- 
forming the current into two-phase, which can be done 
either directly through the furnace - transformers or 
through special transformers, if such should be necessary 
on account of a too high voltage of the line. 

For the supply of small furnaces an existing direct- 
current plant may also be utilised, either by the erection 
of a rotary, consisting of a direct-current motor with 
slip-rings, or by providing the direoct-current dynamo 
= elip-rings, from which the alternating current can be 

erived. 

As induction furnaces have a very low power factor at 
the normal frequencies of 25 to 50 cycles, it is only in 
exceptional cases advisable to connect them directly to 
existing plants. It will in no case be economically justi- 
fiable to connect furnaces for steel of over’3 tons and for 
ferro-manganese of over 6 tons capacity toa supply system 
of 25 cycles. An example will demonstrate this. It shall 
be assumed that a 3-ton furnace for the refining of steel 
is required, and that it is to be decided whether a single- 
ring—or respectively double-ring single-phase furnace 
with a special dynamo, ora double-ring two-phase furnace 


kw.-hour will exceed that of the single-ring furnace by 
45 x 7000 x 0.25 
12 
would be sufficient fully to repay the first costs of the 
dynamo, including interest, in about five to six years. 
There seems to exist amongst steel-works owners an 
objection to the use of special dynamos for the supply of 
electric furnaces, and very often this question is more 
keenly discussed than the question of economy. It has 
even: been said that induction furnaces are impossible 
because they cannot be connected to existing power 
lants. 
. With regard to the suitability of the arc furnace for 
direct connection to existing plants, it has not generally 
been found practical to connect them direct to the net- 
work, as the heavy su of current occurring in these 
furnaces react injuriously on the voltage of the network, 
and thus on other consumers. For this reason it has 
generally been found necessary either to install a motor 
generator or to use a special dynamo for the furnace. In 


= 6500s. per annum, an amount which 





TABLE II. 


the first case no advantage is gained over the induction 
furnace at all. In the latter case the only advantage is 


Single-Ring Furvaces for Steel. 





Capacity in tons .. 











10 1.5 2.0 3.0 5.0 7.5 10.0 | 12.5 | 15.0 | 20.6 








Normal power consumption .. ee os kw.| 80 125 180 225 280 75 640 750 | 950 | 1150 | 1850 | 1750 
Normal uency, cycles per second .. - --| 80 25 15 12 10 6 5 i 5 5 by 
Power factor at normal frequency... os ..| 0.53 0.66 0.70 0.70 0.70 0.68 0.67 0.63 | 0.56 0.51 0.47 0.39 
Radiation loss at 1500 deg. Cent. - .. kw.) 85 54 78 90 04 120 140 | 160 180 200 | zBu 
Electrical losses’ .. oo oe oe - pe! 90 6.5 6.2 5.7 5.6 4.7 4.2 33 | 3.2 3.0 3.0 8.1 
Maximum efficiency at 1500 deg. Cent. o aoa 47 56 56 59 (64 70 7% | 77 79 | 79.56 | 8t 
Efficiency, if stops 25 per cent. of total time oo | 2 30 37 43 46 53 61 | 67 | 70 72 73 | 75 
Maximum weight of cast, cold charging .. tons) 0.10 0.25) 0.50 0.825 1.2 1.95 38.55 5.6 7.7 9.9 12.1 16.5 
TABLE III. 
Double-Ring Furnaces for Steel. 
Capacity intons .. and on oa se .-| 0.6 1.2 2.0 3.0 4.0 6.0 10.0 | 15.0 | 20.0 | 26.0 | 30.0 | 40.0 
Normal power consumption .. .. .. kw.| 145 | 225 | 320 | 420 520 690 | 1020 1400 | 1800 2200 2600 | 3400 
Normal frequency, cycles persecond.. .. ..| 50 | 25 15 12 10 8 | 6 A 6 | 5} 6 5 
Power factor at normal frequency... +e --| 0.53 0.66 0.70 | 0.70 0.70 0.68 0.67 | 0.63 0.56 | 0.51 | 0.47 | 0.39 
Radiation loss at 1500 deg. Cent. oe -. kw.) 61 91 115 134 152 168 206 238 267 | 295 | $21 374 
Electrical losses, per cent., single-phase... --| 75 | 60) 6 5.5 5 45 | 3.5 3 8 |27 |25 | 26 


- ie sue gtane = oof -@ } 2 
Maximum efficiency at 1500 deg. C.,p.c., single-phase 45 50 | 
- ° 99 e two-phase.. 44 | 49 
Efficiency— | 
If stops 25 per cent. of total time, p.c., single-phase 28 34 | 
a 9 99 2 two-phase..| 27 33 | 


71 65/| 6 5 | | | 8. 
5a | 6 | 62 | 68 | 73 | 77 | 79 | 
53 | 59 | GL 67.5 | 72 | 76.5 78.5 | 80.5 | 


a 
oa 
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o 
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oa 
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40 47 50 58 64.5 , 70 73 | 75 
39 46 49 | 57.5 | 64 69.5 | 72 
| 








TABLE IV. 








gee Furnaces for Ferro- 


| 
anganese. 
| 











Capacityintoms .. .. .. .. « «| 03 | 06 | 10 | 15 | 20 | 20 | 06 | 12 | 20 | 80 | 40 | 5.0 
— — — - - . es | ee | eS | ES | | | | | —— 
Normal power consumption os kw.| 70 120 | 170 | 225 280, 390) 130 | 220 | 820 425 | 540 | 750 
Power-factor at 25 cycles per second .. .| 0.86 | 0.81 | 0.70 | 0.60 | 0.54 | 0.45 0.86 0.81 | 0.70 | 0.60 | 0.54 | 0.45 
Power-factor at 50 cycles per second .. oe --| 0.67 | 0.57 0.44 | 0.36 | 0.30 | 0.24 | 0.67 | 0.57 | 0.44 | 0.36 | 0.30 | 0.24 
Radiation loss at 1350deg. = .. .. «. kw.| 29 | 44 | 55 | G4 | (73/ 85) 50) 72| 91 | 106) 120) 188 
Average electrical losses .. - i -- pc} 130) 85 | 80 | 7.7 7.6 | 7.2/ 180) 85] 82/ 7.9) 7.7) 7.8 
Efficiency, if stops 4 hours in 24 hours - we | ae | @; @ 59; 65|; 30, 47) 54} 60} 63; 68 
Kilogrammes of ferro-manganese per hour at fall) 
power = es ee es ee ..| 100 | 205 320 | 450} 580 870 200 405 | 640, 900 | 1200 | 1800 
Maximum weight of cast kg.| 150 | 350 650 | 1050 | 1450 | 2100 300 700 | 1300 | 2100 | 2900 | 4200 


| 








to be supplied from an existi: lant of 25 cycles—is to 
be preferred. es 


Type of Furnace. 


Single | Double | Double 
Ring. | Ring. | Ring. 
Capacity of furnace oe -. tons . ). oe 
Number of phases of current os 1 1 2or3 
Normal power required to produce 

equal work nie ow oo 





375 420 420 
25 


Cycles per second .. es eal wd 8 12 
Power factor, cosine¢ .. am --| 0.687 0.7 0.447 
Size of dynamo in k.v.a. .. ee --| 550 600 | 940 





The price of a 550-k.v.a. dynamo of 8 cycles single- 
phase will undoubtedly be higher than the price of a 
940-k.v.a. two-phase dynamo of 25 cycles. If, however, 
the extra cost of 45 kw. for the power plant and the 
higher price of the furnace are taken into account, it will 

found that the single-ring single-phase furnace as a 
rule is cheaper in first cost, and much more economical in 
use, on account of the lower radiation loss. On the other 
hand, the difference in first cost between a double-ring 
single-phase and two-phase furnace will hardly come out 
to the advantage of the latter, the lower price of the 
dynamo being more than outbalanced by the more than 
— higher cost ot o iron core. 

n comparing the different systems the comparative 
costs of the line must not be left out of consideration. In 
the above instance the line will have to carry 940 k.v.a. 
as against 550 k.v.a., or respectively 600 k.v.a., and must 
be Fag = 2.9, or respectively aa = 2.4 times heavier 
in the case of the two-phase furnace than in the case of 
the single-phase furnaces at the same voltage, disregard- 
ing the higher loss due to the higher f uency. 

annual cost of current for the doclte-cieg urnaces 
working for 7000 hours a year at a price of only 3d. per 


that no special spare dynamo is needed for the furnace. 
To obtain the same reserve for an induction furnace one 


_|of the existing engines would have to be provided with 


one extra dynamo for the furnace. It has, however, been 
found in many plants that, with the correct design of 
dynamo, no stand-by is n , one reason for the 
reliable working of engines and dynamos in the case of 
induction furnaces being the absolutely even load without 
any sudden shocks or variations. 

In any case the only disadvantage for the Frick furnace, 
as compared with arc furnaces, would be the ges | of 
an extra dynamoas astand-by, the effect of which on first 
cost decreases as the number of furnaces installed in- 
creases. But even with an extra dynamo, the first cost of 
oe hae perce v t will be lower ee that < an - 

urnace of any of the existing types, considering the mu 
smaller plant needed by the Frick furnace, on account of 
its higher efficiency. Y 

The normal frequency of the furnace is given in Tables 
IL., III., and IV., and varies between 15 and 5 cycles for 
steel furnaces above 1 to 2 tons capacity. Furnaces for 
melting ferro-manganese are generally smaller, and may 
with advan be connected to a system of 25 or 50 
cycles. All furnaces can, without great alterations, 
be designed for other frequencies than the normal. A 
low frequency offers ap) iable advantages with wget 
to the electric losses in the coils and in the iron core. e 
lower loss in transformer cores at low frequency is well 
known. But the great increase of the loss in the coils 
with increased frequency has not yet been fully recog- 
nised. From a number of measurements on different coils 
the author has found that the apparent resistance of the 
coils increases by about 7 to 7.5 per cent. for each cycle. 

Voltage.—The Frick furnace can be constructed for any 
ay up to 5000 volts, and higher for larger furnaces. 
The furnace at Essen has been in operation for nearly 
five years with a current of 5000 volts, the high-tension 
parts being all insulated in such a way that it is impossible 
to come in contact with them. One advantage of a high 
voltage is that the cables are smaller, less costly, and 
easier to fix. 





Load Factor and Uniform Power Conswmption.—A great 
advantage of the induction furnace is the high load factor 
and the absolute uniformity of the load without shocks 
or variations. In this respect the induction furnace 
differs favourably from arc furnaces, which, even when 
nies. liquid metal, give rise to serious short-circuits. 
especially when the metal is boiling, as during the oxida- 
tion period. The only way to reduce these short-circuits 
is by lengthening the are and reducing the load. The 
load factor is of no little influence on the production, and 
thereby on the cost per ton of steel. 

In comparing a 15-ton 1750-kw. arc furnace with a Frick 
furnace of the same capacity and power, it is certainly 
not unfavourable to the arc furnaces to assume a load 
factor during the heat of 90 cent., as against a 
load factor of 100 per cent. attainable by the induction 
furnace. But this means 10 per cent. — production 
and 10 per cent. lower cost per ton of steel. 


(To be continued.) 





METALS, CRYSTALLINE AND 
AMORPHOUS,* 


By Water Rosenuat, B.A., D.Sc., F.R.S., of the 
National Physical Laboratory. 


THE conception that metal in an amorphous condition 
plays an important part both in the surface films pro- 
duced by polishing and in the interior of metals hardened 
by strain, has come to bea familiar one, and to be regarded 
as definitely established and generally accepted among 
English metallurgists. Within the last few years several 
workers have independently felt the need tor a further 
extension of our views as to the function of amorphous 
metal by putting forward the hypothesis that an amor- 
phous film exists in the intercrystalline boundaries of a 
pure metal, and the present author has devoted a con- 
siderable amount of attention to an endeavour to find 
ljefinite experimental evidence in support of the existence 
of such an amorphous film or cement. Some of the 
results are to be briefly described in the present paper. 

Meanwhile, however, a review of the whole question 
on broad lines has become necessary, owing to the atti- 
tude towards the conception of amorphous metal which 

m assumed by some eminent workers abroad, 
notably by Heyn,t of Berlin, and Tammann,t} of Git- 
tingen. These authors desire to avoid the conception of 
amorphous metal entirely, and try to explain such of the 
phenomena as have come under their notice without 
reference to the views of Beilby§ and of others who have 
further develo the amorphous theory. In view of 
this attitude, which has recently been quoted by certain 
— writers, it seems desirable to review actual 
evidence and to restate the old problems and to state 
certain new ones in order to arrive at a just conclusion 
Mn. true present state of knowledge on the whole 
subject. 

The ‘‘amorphous” theory, as it now stands, based 
rincipally on the earlier work of Beilby and on the 
ater work of the present author and his collaborators,| 
appears to consist of three distinct propositions. The 
first of these is that mechanical disturbance of the 
material at the surface of a piece of stalline metal, 
locally ——e the crystalline nature of the material and 
produces on the finished, polished surface a thin film of 
amorphous metal. 

The second is that, just as friction and polishing of a 
metal surface produce a thin amorphous layer or film, so 
the internal rubbing which takes place on surfaces of 
internal slip when crystalline metal is plastically strained, 
will also bring about local disturbance resulting in the 
formation of a thin layer of amorphous metal. This 

amorphous metal is ed as being less dense and 
much harder than the crystalline variety, and its forma- 
tion is regarded as explaining the changes in hardness 
and density which are known to accompany plastic 


strayn. 

The third proposition is that where the constituent 
crystals of a metal meet, thin films of residual liquid 
metal will remain under circumstances which render 
them ay ay of pa aoe so that they will consti- 
tute thin films of undere liquid or amorphous metal 
acting as an intercrystalline cement. 

The question which has now to be considered is how 
far these three positions can be regarded as bei 
either established by experimental evidence or rende 
probable by their power of affording a simple explana- 
tion of series of known facts. In ral terms, it may 
be said at once that the first proposition is strongly sup- 

rted by the direct experimental evidence first pub- 
Fished by Beilby and in many respects familiar to every 
worker in metals. Even the opponents of the more 
generalised theory have not so far attacked the amor- 
phous theory of polished surfaces. The second proposi- 


* Paper read before Section B of the British Associa- 
tion at Birmingham, September 11, 1913. 

+ Heyn; Report on the Progress of Metallography 
from 1909 to 1912. Sixth © of the International 
Testing Association, New York, 1912. ’ 

t Tammann ; Zeitschrift fiir Elektrochemie, vol. xviii., 
No. 16, July 15, 1912, pages oe to 601. 

§ Beilby has publis a large number of papers on 
this subject. € full list is given in the paper by 
Rosenhain and Ewen referred to below. Some of the 
more important are :—Phslosophical Magazine (6), VIII, 
258 to 276, 1904. Proceedings of the Royal ety of 


London, A, 72, 218 to 226; 74, 462 to 79, 463. Journal 
of the Institute of Metals, 1911, I. (May Lecture). 

|| Rosenhain and Ewen; Journal of the Institute of 
Metals, 1912, IJ., and 1913, II. Rosenhain and Hum- 
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tion, however, rests on a somewhat different basis, since 
direct experimental evidence is hardly available. While 
one can examine and test the nature of the surface layers 
of polished metal, it is scarcely possible to watch the 
formation and examine the nature of minute inter- 
crystalline layers of amorphous metal, and consequently 
the case for this proposition depends upon its power of 
explaining the many and complicated phenomena with 
which it is concerned. The third proposition, concerning 
an amorphous intercrystalline cement, is somewhat inter- 





mediate in character, from the point of view of evidence, | 


between the other two, of which it is, be it noted, prac- 


tically independent except in regard to the fundamental | 
question whether an amorphous metal can exist atall, and | 


what are its properties if it does exist. 

The first proposition named above—concerning the 
nature of polished surfaces—has never seriously 
challenged since the publication of Beilby’s work. The 
evidence brought forward by Beilby is so well known that 
only the briefest review is required here. ‘The evidence 
consists, in the first place, of the microscopic features of 
metal surfaces as seen during the process of polishing, 
which show striking signs of flow and of the action of 
surface-tension forces which result in the smoothing and 
rounding of all angles and ed Beilby has even shown 
the manner in which a surface film is ly drawn 
across cavities and furrows, and that it may even be thin 
enough to be transparent and to allow signs of the pre- 
sence of the cavity beneath to be perceived on the sur- 
face. On the other hand, the present author has shown 
that when a film of iron is smeared over a copper surface 
during certain polishing operations the film of iron is not 
thin enough to mt. Perhaps the most 
striking confirmation of the theory of a surface film differ- 
ing in — and chemical behaviour from the crystal- 
line metal beneath is obtained when a polished surface is 
etched. If the surface has been prepared by somewhat 
vigorous polishing, then the surface film usually covers 
the traces of the previously existing cavities, furrows, 
and scratches. e polished surface appears quite 
featureless, but on etching lightly the grooves an 
scratches beneath are again made evident, and only by 
repeated alternations of polishing and etching can these 
traces be removed. This observation proves very clearly 
that the polishing process does not consist in the very 
gradual grinding away of all minute surface irregularities, 
and it shows that there is a marked difference in 
solubility in the etching reagents between the smooth 
surface film and the irregular crystalline metal beneath. 

To these observations of Beilby, some observations 
made by the present author may be added. The opinion 
has long been held by the author that, although 
essentially of a mechanical nature, processes of a 
more or less chemical character enter into the actions 
which occur duri lishing. It has been pointed out 
that the chemical viour of sensitive glass surfaces 
depends markedly upon the nature of the _polishi 
medium which has been employed—+.e., that glass whic 
has been polished with rouge behaves differently, as 
regards dimming or staining, from a piece of the same 

lass which has been polished with alumina or magnesia. + 

t would further appear evident that if the action were 
purely of a mechanical nature there would be no need for 
using special Cer ater or, indeed, any polishing- 
powder or paste at all; mere friction with a cloth or other 
adaptable surface would be sufficient to bring about the 
desired surface flow. In practice, however, 1b is found 
that the rate of polishing depends very largely upon the 
nature of the polishing medium employed, and that this 
is not merely a question of using a powder of any kind in 
a sufficiently fine state of division. It is at least a curious 
fact that all widely-used polishing powders are oxides, 
such as rouge, alumina, magnesia, putty powder, &c., and 
the author’s own attempts to employ finely-divided salts, 
such as barium sulphate and others, led to no satisfactory 
results in polishing. 

From the theoretical point of view it is not difficult to 
understand that actions of a chemical nature may be 
involved. In metals, and still more in glasses, many 
oxides are decidedly soluble, particularly in the molten or 
undercooled-molten (amorphous) state. But the mobility 
of such substances is usually decidedly increased by the 
addition of dissolved substances, as witness the depression 
of the freezing-point. It would thus seem reasonable to 
suppose that some of the molecules of the polishing 
powder may be forced to enter the surface layers of the 
svlid which is being polished, and may thus contribute to 
the breaking up of the crystalline structure and to the 


mobility of the amorphous film thus produced. In most | 4g® 


cases one would expect the resulting surface film to retain 
some of these foveign molecules, and in at least one case 
there is strong evidence that this actually occurs. The 
phenomenon in question is sometimes met with by those 
engaged in the polishing of silver for industrial purposes. 
In this industry it is found, in the first place, that the 
colour of the polished silver is cifferent according to the 
nature of the polishing materia! employed—that rouge 
yields a ‘* blacker ” polish than lime or alumina. Further, 
it sometimes occurs that silver is polished with a sample 


of rouge which is too ‘‘soft”—i.¢., has not been suffi- | porary 


ciently heated before use. The resulting polish is quite 
good, and the articles may be put aside as finished with a 
perfectly ‘‘black” polish. But in the circumstances 
named, if the articles are kept in a dust-proof case, after 
a time which varies with the exact condition of the rouge, 
and probably also with the temperature, the surface of 





* Rosenhain ; ‘‘ Deformation and Fracture in Iron and 
Steel,” Journal of the Iron and Steel Institute, 1906, 


II., pen to 228. 

+ hain ; Discussion on paper by Lord Rayleigh, 
O.M., F.R.S., on “ Polish.” Proceedings of the Optical 
Convention, 1906. 





such silver is found to be covered with minute dots, which, 
on careful inspection, turn out to be minute particles of 
rouge. We have here an example of a case where the 
lishing material has entered the surface film and has 
at first retained by it, but subsequently—perhaps 
owing to partial re-crystallisation—the film has rejected 
the foreign matter, or at least the excess of it, and this 
has become visible as rouge particles on the surface. 

The evidence that polishing produces a very py 
changed surface layer will probably be admitted as suffi- 
ciently complete, but it remains to consider what ground 
there is for describing the surface layer as ‘‘ amorphous.” 
As our definition of ‘‘amorphous” we may well accept 
the view of Beilby, who regards amorphous or vitreous 
materials as extremely undercooled liquids, like glass or 
vitreous silica. The question, then, is, What is the change 
which the surface layer undergoes as a result of the mecha- 
nical disturbance, aided by the chemical effect of the 
polishing material? That it must be a breakdown or de- 


struction of the crystalline arrangement of the particles is 


evident, and if we consider that the fundamental dif- 
ference between solids and liquids consists in this very 
crystalline arrangement, then when the crystals are 
broken up the result is a reversion to the “liquid” 
arrangement of the particles. On the other hand, we 
may suppose that crystallisation implies not only the 
regular arrangement of the molecules, but also a group- 
ing together of the ‘‘liquid” molecules into larger 
groups which we may call either “‘ crystal units ” or ‘‘ solid 
molecules;” on this view, reversion to the liquid state 
would require the disruption of these ‘‘ units” or “‘solid” 
molecules, and in such a process the interpenetration of 
molecules from the polishing material may well play a 
part. It follows, at all events, that if the crystals near 
the surface are broken down, the resulting material is in 
a state which, if it is not quite that of the undercooled 
liquid, is at least a step in that direction. But there is 
an additional argument which justifies the further con- 
clusion that the step towards the state of undercooled 
liquid is really complies. This is the consideration that 


d| the altered surface material exhibits one of the funda- 


mental properties of liquids—viz., that of flowing in such 
a way as to produce a smooth “ polished” surface. 

If we consider the origin of the various kinds of 
‘*smooth” surfaces known to us, we find that there are 
only three types to be met with. 

One is the class of artificially polished surfaces whose 
nature we are discussing ; the second are the smooth sur- 
faces of freely-grown crystals and their cleavage planes ; 
and the third and largest class are the surfaces of liquids. 
The second class we may safely leave out of consideration, 
because it is obvious that in a polished metal surface we 
are not dealing with the natural face or the cleavage face 
of a single crystal. But the third class is of special in- 
terest, since it is met with in all ordinary liquids and in 
many undercooled liquids, and depends upon the power of 
surface-tension forces to smooth out the smaller irregulari- 
ties of afree surface. The surface of water or of mercury 
at rest is the best example of a “‘ polished” surface; if we 
roughen such a surface or ‘‘ scratch” if by disturbing it, 
then surface-tension ——. smooths out the irregularities. 
If we use a more viscous liquid, then the smoothing out 
still occurs, but more slowly. Beilby has drawn attention 
to the manner in which surface-tension obliterates the 
brush-marks in varnish, and has shown the close analogy 
between brush-marks in varnish and scratches on a metal 
surface. But perhaps the most interesting case is the 
production of what is known as “‘ fire polish ” in ordinary 
glass. Quite a rough surface of glass can be rendered 
smooth and bright by exposing it to heat and allowing the 
nn to soften sufficiently to permit the surface-tension 

orees to smooth out the roughnesses. We thus see that 
the pa of smocthing out small surface irregularities, 
which is so rt present in the altered surface film 
of a polished metal, is one of the essential properties of 
the viscous flow of liquids, so that there is good justifica- 
tion for supposing that the nature of the ered surface 
ne ig y very closely akin to that of an undercooled 
iquid. 

e now turn to a consideration of the second proposi- 
tion, which indicates that at every surface of internal slip 
within a strained metal a thin layer of amorphous metal 
will be formed. When we consider that on a free surface, 
even in the absence of any accelerating polishing medium, 
the crystalline structure can be definitely disturbed by a 
very hight stroke with the finger, it appears obvious that 
where twointernal metal surfaces are ca to move over 
one another under the action of powerful forces and 
inst the opposition of powerful attractions, some 
similar disturbance must be produced. The question is 
what evidence is available to show that this is really the 
case, and if there is no direct evidence, then what pheno- 
mena can be —— by the supposition in question ? 
Since the inte: surfaces of slip in a metal cannot be 
directly observed, itis difficult to obtain any direct evi- 
dence on this point, but a little is still available. This 
evidence points to the view that when the amount of 
strain is comparatively slight, the resulting disturbance at 
the slip-surfaces is very slight , and even of a tem- 
character, but when there is violent distortion of 
the crystals, traces of internal disturbance and of disrup- 
tion become permanently evident. Thus the author* has 
shown that if a piece of iron is first polished and then 
strained so as to develop typical slip-bands, and the sur- 
face is re-polished some time after the straining, and even 
if it is su uently etched deeply, no signs of the pre- 
viously-existing slip-bands make their appearance. On 
the other hand, he has found that if the iron is re-polished 
immediately after straining, and if great care is taken to 





mhain ; ‘* Deformation and Fracture in Iron and 
Steel,” Journal of the Iron and Steel Institute, 1906, 
Part II., pagee 189 to 228. 


avoid any heating during the operation of re-polishing, 
traces of the more strongly-marked of the previous 
existing slip-bands can be found on deep etching. This 
observation tends to show that there is an altered layer 
on these surfaces of slip, but that—if the strain has not 
been severe—this altered layer disappears after a time, 
and especially after gentle heating. This observation 
will be referred to again in connection with the corre- 
sponding changes in mechanical properties. 

If the strain been severe, on the other hand, it 
seems that the thickness of the altered layer, or the 





intensity of the disturbances produced on the surfaces 
of slip, is too great to allow of any complete return to the 
| origival condition merely through lap-e of time or by 
| gentle heating, and accordingly un re-polished and etched 
| specimens traces of the most prominent slip-bands are 
seen ; in the immediate vicinity of a tensile fracture, 
where there has been much loca! elongation and reduction 
of area, such signs are generally to be found. It appears, 
then, that internal crystalline slip, if severe enough, 
| leaves behind a layer of altered material, which can he 
distinguished by etching. Is this likely to be a thin 
|layer of amorphous metal? The suggestion has been 
Benedicks, in conversation with the author, 
that on every surface of slip the metal undergoes twin- 
| ning, and that these etched traces of previous slipping 
| may in reality be due to the presence of twin lamellz. 
The disappearance of these traces with time, or after 
heating to 100 deg. Cent. in the case of moderate strain, 
however, appears to negative this idea, since twin 
lamellz are known to have no tendency to revert to their 
former orientation ; indeed, when a twinned material is 
annealed, the twinning increases rather than decreases— 
in fact, there is now g reason to doubt that mecha- 
nical twinning ever occurs in metals. The formation of 
twinned lamellz, in the most carefully-stucied cases, 
such as lead and silver, appears to occur not during 
straining but during the process of annealing after strain- 
ing. The suggestion that the ‘altered layer” is of the 
nature of twinned crystal layers may therefure be dis- 
missed as extremely improbable. 

On the other hand, on the internal surfaces of slip, the 
breakdown of the crystalline arrangement is not facili- 
tated by the presence of inter-penetrating foreign mole- 
cules such as those of a polishing material on the surface, 
and therefore some con~ideration must be given to the 
contention put forward by Heyn* and Tammann,} that 
the formation of ov layers on surfaces of internal 
slip is contrary to thermodynamic considerations and 
equilibrium diagrams in general. The root of this objec- 
tion lies in the idea that at the ordinary temperature the 
crystalline phase of a metal is the stable phase, and that 
such a stable phase cann«'t be transformed into another 
Pac or condition (¢.e., that of amorphous under-cooled 
iquid) without cros-ing one of the lines or surfaces of the 
equilibrium diagram. The fact that the under-cooled 
liquid phase can in many cases be retained in the meta- 
stable condition at temperatures far below the normal 
py ay by a process of under-covling, does not 
remove the difficulty, since it is no longer a question of 
retaining an unstable phase in the meta-stab'e condition, 
but of producing it at a temperature where it is not 
stable. 

Although at first sight a formidable objection to the 
whole theory of the production of amorphous metal by 
mechanical means, the difficulty is not so serious as it 
ap In the first place, our knowledge of the equili- 
bria of metals is largely confined to equi.ibrium diagrams 
prepared for constant pressure only, and in only a few 
cases do we know the effect of pressure upon the equi- 
librium curves of metals. Tammann rightly indicates 
in this respect tnat as the amorphous phase is regarded 
as being of lower density than the crysta/line, increase of 
pressure would render it less stable than it would be at 
atmospheric pressure. A suggestion for an answer to 
this difficulty has been thrown out by Jobn+on and 
Adams,t who have discussed the effect of what may be 
termed partial or “unequal” pressure—i.e., pressure 
which can be applied only to the solid phase and not 
to the liquid phase, which results from the actions taking 
place. Vader such conditions it can be shown thermo- 
dynamically that no very high ** partial” pressure of this 
kind is required to bring about the melting of most metals 
at ordinary temperatures, and the American authors just 
named suggest that the transition from the crystalline to 
the amorphous under strain may accompanied by 
actual temporary melting of the metal under the action 
of the forces set up. etal thus temporarily melted 
would be instantly chilled by the surrounding metal and 
might thus be expected to solidify in the under-cooled 
liquid or amorphous state. 

Apart from these special considerations, which require 
further elaboration and the support of experimental 
evidence before they can be definitely accepted, two other 
considerations may be mentioned. In the first place it 
is by no means certain that the effects of plastic strain on 
the internal slip surfaces are necessarily identical with 
the effect of a general bydrostatic pressure such as that 
pre-supposed by Tammann’s view as to stability. In 
gaseous and liquid phases, unless the latter are very 
viscous, we can only speak of positive pressures, but in 
very viscous liquids and in solids it is possible to con- 
ceive of negative pressures up to quite a considerable 
value, and of the influence of these on the equilibrium 
temperatures we are quite ignorant. At all events, 
general thermodynamic considerations at once show that 


|made by 
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for such pressures Tammann’s a pe is reversed, 
and the phase of lower density would be the more stable. 

Another consideration relates to a point taken from 
Tammann’s own work. In his remarkable book on 
‘*Crystallisation and Fusion,”* that author deals with 
the tendency of undercooled liquids to crystallise, and 
shows how the number of spontaneously formed nuclei 
and the linear velocity of crystallisation vary with tem- 
perature, and as one conclusion from these considerations 
it is shown that even under constant pressure the curves 
of the stability of the liquid and solid phases, which cros3 
at the freezing-point, may cross again at a temperature 
far below the freezing-point, so that, in Tammann’s own 
pte very low temperatures, ‘‘ the liquid phase may 
again be the more stable.” Are not most metals at the 
ordinary temperature sufficiently far below their freezing- 
points to have attained this condition? 

Without committing himself to any one of the con- 
siderations just advanced, the author feels that they are 
enough to render the fundamental objection of Tammann 
and | insufficient as a bar to the amorphous peer 
Further evidence is required, but it appears to be merely 
one of those difficulties with which every theory must 
meet for want of a more complete knowledge of the facts 
involved. If, therefore, the theory can be justified on 
other grounds, this objection may safely be set on one 
side for the present. : 

If we accept for the moment the poy en of Beilb 
that a thin layer of amorphous material is formed at eac' 
surface of internal slip in a metal which undergoes plastic 
strain, we may consider what consequences are to be 
drawn from that view. Beilby begins by making the 
further supposition that the amorphous metal is very 
much harder and stronger, but also more brittle, than 
the same metal in the crystalline form. On what evidence 
is this supposition based’? Beilby implies rather than 
states this a and the line of thought which he has 
followed is indicated by his use of the terms ‘‘amor- 
phous” and ‘‘ vitreous” practically as synonymous. 
Glassy or vitreous substances are ray and 
brittle, and Bsilby’s conception extends this idea to all 
amorphous materials. A priori, such an extension is not 
perhaps justified, any more than we could conclude, from 
the fact that crystalline salt or sugar are brittle, that all 
crystalline materials must be brittle. On the other hand, 
there appears to be solid ground for the view that any 
extremely undercooled material, existing at a tempera- 
ture far below that of its normal stability, is likely to be 
hard and brittle. It is well known in metallography 
that every solid solution which is kept in existence by 
enforced undercooling through quenching oe cooling) 
is considerably harder than the same material if allowed 
to attain the equilibrium condition ; it would therefore 
appear that the forcible retention of a substance in a 
meta-stable condition is in itself cause for a considerable 
degree of hardness and brittleness, which may, perhaps, 
be due to internal stresses arising from the ‘‘ incompat- 
ability” of the condition with the temperature. Further, 
Tammann, in the book already referred to, gives the results 
of viscosity measurements on a considerable number of 
severely undercooled liquids, and the shapes of these 
eurves, which are extremely similar for all liquids investi- 
gated, show that the viscosity increases very rapidly as 
the temperature falls below the normal freezing-point, 
until at the ordinary temperature such a liquid would 
possess a viscosity of the same order as that of glass, 
and that its apparent hardness towards rapidly-applied 
forces would be similar! ly great.t 

There is also another line of reasoning which indicates 
why it is rational to expect an amorphous metal to be 
hard and non-ductile, even if the crystals are very soft 
and ductile. The mechanism of ductility in metals is 
now well understood ; the crystals accommodate them- 
selves to the new shapes imposed upon them by plastic 
deformation by means of a large number of slips occurring 
on the gliding planes of each crystal. The property of 
plasticity is thus an essentially crystalline one, and if the 
metal is so treated as to destroy the crystalline arrange- 
ment, the power of undergoing slip will be destroyed, and 
that portion of the metal will become stronger and 
harder, but, at the same time, incapable of plastic de- 
formation—i.e., it will also be brittle. It therefore follows 
that the disturbed layers on the surfaces of slip, whether 
we regard them as consisting of truly amorphous material 
of the same nature as undercooled liquid, or whether we 
think of them as in a condition intermediate between the 
crystalline and the liquid, will not possess the crystalline 
property of plasticity by slip, and will therefore be 

arder and stronger than the crystals near them. 

On the basis of the hardness and brittleness of the 
amorphous form of metal, BeiJby applies his theory to the 
explanation of the hardening of metals by plastic strain. 
He even undertook experiments in the direction of 
endeavouring to determine the strength and other pro- 
perties of metals in the amorphous condition by endea- 
vouring to convert the metal entirely into that condition 
by the application of extreme deformations, such as wire- 
drawing or hammering into sheet or foil. But, as might 

ve been antic pited from the nature of the case, 
these attempts never resulted in anything like a com- 
plete conversion of the metal into the amorphous condi- 
tion, as the amorphous material formed in the earlier 
stages of the process soon assumes the shape of a species 
of skeleton which prevents, by its hardness and rigidity, 
the further plastic deformation of the mass as a whole. 
Beilby makes some estimates of how far the conversion 
from the crystalline into the amorphous state has been 





*Tammann; ‘“‘ Krystallisieren und Schmelzen,” 
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carried in certain cases, but these are based on the 

smenaien ent anon | to pee pea mapa 5 

y between y amorphous stalline regions, 

a distinction which the present po from ie one 

experience, regards as difficult to make with any certainty. 
(To be continued.) 





StanpDarRD Rims For Motor Veuicies.—In our issue 
of August 1, e 150, we published five diagrams of 
standard rims for motor vehicles, which had been issued 
by the Society of Motor Manufacturers and Traders, 
Limited. This society has now issued a series of cards 
giving the dimensions, &c., of seven standard rims, in- 
cluding two of larger section than those we published in 
August. At the same time the society has issued a set 
of six cards showing the dimensions of standard rim- 
gauges, and also one card showing the proportions of the 
seven standard rims in tabular form an 
tolerances. The particulars thus given have been ap- 
proved by the Institution of Automobile Engineers, 
the Royal Automobile Club, and, so far as tyre dimen- 


sions are concerned, by the Sub-Committee H of the Engi- | 1 


neering Standards Committee. 


TANG-SHAN ENGINEERING CoLLEcE, Nortu Cuina.— 
We understand that the following donations were either 
made or promised by British firms to the Chinese Govern- 
ment Engineering College at Tang-Shan, in North China, 
up to August last:—Lantern-slides from the Lea rder 
Company, Manchester; the Westinghouse Brake Com- 
pany, Limited, mdon ; Messrs. Cochran and Co., 
Annan ; Messrs, Glenfield and Kennedy, Kilmarnock ; 
the Campbell Gas-Engine Company, Halifax; the Globe 
Pneumatic Engineeri Company, London; Messrs. 
Reavell and Co., Ipswich; Messrs. Lancaster and Tonge, 
Manchester ; Messrs. Davidson and Oo., Belfast; the 
Ingersoll Rand Company, London ; Messrs. G. Cradock 
and Co., Wakefield ; the Daimler Company, Coventry ; 
Messrs. Babcock and Wilcox, London ; Messrs. J. Taylor 
and Son and Santo Crimp; Messrs. Alfred Herbert, 
Coventry ; Messrs. Alley and Maclellan, Glasgow ; the 
Stirling Boiler Company, London ; Messrs. Boving 
and Co, Limited, London ; Messrs. G. Kent, Limited, 

don. Books from Messrs. Macmillan and Co., 
London, the Technical Publishing Company, and Messrs. 
Longmans and Co.; Well-Thompson Train-Signalling 


Apparatus from the Railway Signal Company ; a centri- 
fugal =. from the Pulsometer Engineering Company, 


Limited, ing ; electric time-switches from Venner’s 
Time -Switches, Limited; oil or gas engine (not yet 
arranged reg Bae = the Campbell Gas-Engine Com- 
pany, par Lerma 3h Psy ic ae or ee 
pump (not yet which) from Messrs. Boving an 

Co., London ; carburettor from the Zenith Carburettor 
Company ; forges from the Leeds Forge Company, Leeds; 
tools from Messrs. Darwin and Miller, Sheffield ; iron and 
steel fractures from Messrs. Thomas Firth and Sons, 
Sheffield ; chain samples from Messrs. Hans Renold, 
Manchester ; screw samples from Messrs. Guest, Keen 
and Nettlefold, Birmingham ; injector (not yet ~~ 
from Messrs. Holden and Brooke, Limited, Salford ; anc 

geological sections and specimens from the Chinese Engi- 
neering and Mining Company, Tientsin (Kailen Mining 
Administration). e understand, also, that generous 
offers at cut rates have been made by other firms, but for 
financial reasons these cannot yet be accepted. 





Brrston SzweraGe.—The Local Government Board 
inquiry into the application of the Beeston Urban Dis- 
trict Council to borrow the sum of 27,000/. for se 
and sewage-dis works was recently held at Beeston 
by Mr. R. G. Hetherington, the Local Government Board 
inspector. An injunction having been granted requiring 


the Council to take immediate a to prevent the 
sew: backing up the sewers and damaging property, 
the Council had instructed Mr. W. H. ford, C.E., 


of Nottingham, to prepare a scheme, and he advised the 
execution of various works uired to bring the system 
up to date and provide for the future requirements of the 
district, the population having more than doubled since 
the existing works were carried out, about thirty years 
ago. The main outfall sewer will be relaid with improved 
gradients, and several new sewers constructed. A new 
brick storage culvert will also be constructed at the new 
pamping-station, giving a total s capacity of 192,000 
ons. The present pumping-station is too near the 
population, and will be disused. At the proposed new 
umping-station the sewage will raised from a sump 
y two 6-in. and two 8-in. centrifugal pumps, according 
to Seueonneaan, the total capacity of the —_ + being 
160, ons an hour, which equals more than fourteen 
times the dry-weather flow, this large provision being 
made in order to comply with the injunction requiring 
the sewers to be fame « f out during storms. After the 
sewage has been screened it will be pumped into three 
large circular Dortmund tanks of special design, having 
a very long length of weir to obtain quiescence, these 
tanks holding 301,000 gallons. The effluent from the 
a pam —s up to mane times oe pe aa marae flow, 
ill pass on to four specially-desi circular percolatin 
filter-beds with revolving Gtauien, having speci 
arrangements for flushing and cleaning the beds. The 
effuent from the filter-beds will pass through humus- 
tanks, and then be disc’ into the river. Storm- 
water, above three times the dry-weather flow, after 
ing through the Dortmund tanks, will go on to the 
ney which will be divided up into storm-water areas, 
with a se te area for di ing of the mud from the 
Dortmund tanks. The total cost of the works is esti- 
mated at 22,000/., the remainder of the loan providin for 
the purchase of the disposal site, engineer’s fees, legal 
expenses, &c. 


one card of | [I 





FOREIGN ENGINEERING PROJECTS. 
We give below a few particulars on several foreign 


en projects, taken from the Board of Trade 
Journal. Further information ing these projects 
can be obtained from the Commercial Intelli ranch, 


Board of Trade, 73, inghall-street, London, E.C. 

Italy: The Gazzetta Ufficiale, Rome, notifies that 
tenders for the construction of a quay and breakwater 
at San Leonardo will be opened on October 23 simul- 
taneously at the offices of the Ministry of Public Works, 
Rome, and at the Prefecture of Catanzaro. The upset 
price is put at 476,000 lire (19.040/.). Although the fore- 
going contract will probably be awarded to an Italian 
firm, nevertheless the carrying out of the work may 
involve the purchase of materials outside Italy. 

Russia: H.M. Chargé d’Affaires at Sb. Petersburg 
reports that, according to the official “‘ Bulletin of Laws, 
mperial sanction has been given for the raising of loans 
as follows :—Voronesh.—193,100/. for the construction 
of an electric tramway. Kiev.—A loan of 655,660/., 
including 88,145/. for the construction of schools; 
46,2002. for canalisation and drainage works ; 9585/. for 
street improvements; and 293, for the construc- 
tion and improvement of public buildings, including 
custom house, hospital, _— court, and library. 
In both these cases preference will given to 
Russian factories and works, and foreign material may 
only be purchased with the special sanction of the 
Minister for the Interior, acting in agreement with the 
Minister of Cx ce and Industry. In addition to 
the above, the Council of Ministers have sanctioned 
the raising of a loan of 370,370. by the town of Perm, 
and 1,313,440/. by the town of Kharkov. The purposes 
for which these sums of money are required are not men- 
tioned. H.M. Consul at Batoum reports that, according 
to a notification in the local Press, tenders are invited 
for the construction of two reinforced-concrete jetties at 
the port of Batoum, at an estimated cost of 244,026 
roubles (abou 25,700/.). Sealed tenders will be received, 
up to noon on October 27, at the Poti and Batoum Port 

orks Offices, Poti. A preliminary cash d it of 
12,000 roubles (about 1262/.) must be paid to the Treasury 
of the town of Poti. Full ticulars of the work can be 
vbtained from the Poti and Batoum Port Works Offices 
at Poti. H.M. Consul adds that there is not much likeli- 
hood of this contract being awarded to a non-Russian 
firm, although there is no absolute rule against it. The 
Bulletin Commercial, B states that the i 
Legation at St. Petersburg has reported that the Imperial 
Russian Government is considering a series of applica- 
tions for concessions for the construction of new railways. 
It is proposed to lay down a new line, together with 
branch lines, from Terméze and along ht bank of 
the Amou-Daria to Saraia ; a line from Naou-Chatkar, on 
the Bokhara line, to Schirabouda; and a line from Oren- 
burg to Nikola-Zaloma, with a branch line of 1200 versts 
about 795 miles) to Renzelinsk and Séménoff to cross the 

mara Slatoousk line, and extend as far as Bougoulina 
and Madamische. 

Turkey : The Lieferungs-Anzeiger, Vienna, states that 
several Austrian engineers have been investigating con- 
ditions with a view to laying down a line from Valona 
across Durazzo to Scutari, with a branch line to Elbassan 
and Berat, and also to exploiting the economic possibili- 
ties of the country. Some Italian engineers are said to 
be concerned in this investigation, so that the ing 
out of the works may probably be in the hands of an 
Austro-Italian company. 

Mexico: With reference to the contract entered into 
between the Ministry of Communications and Public 
Works and Sefior Eduardo Lobaton for the construction 
and working of a standard gauge railway to connect the 
stations of Quatro Ciénegas, on the Mexican National 
Railways, and Sierra Mojada, both in the State of 
Coahuila, H.M. Legation at Mexico City reports that 
the contract has been reecinded by mutual consent. 








Tue LATE Mr. Ospert Cuapwick, C.M.G.—We regret 
to have to record the death, which occurred on Saturday, 
the 27th ult., of Mr. Osbert Chadwick. Mr. Chadwick 
was the son of the late Sir Edwin Chadwick, and was 
born _in 1844. After studying at Woolwich, he joined 
the Royal Engineers in 1864. He left the Service in 
1873, and took up the position of civil engineer ; he acted 
in the capacity of consulting engineer to the Colonial 
Office, mainly in regard to sanitary work for the Crown 
Colonies, and spent many years in Hong Kong, Mauri- 
tius, and other colonies. In the ‘eighties of last century, 

Chadwick constructed the Malta Water Works, and 
for his services in this connection he was made a O.M.G. 
in 1886. The deceased was a member of the Institution 
of Civil Engineers and of the Institution of Mechanical 
Engineers. 





Srreet TrRarFio AND Raitway AccipEnts.—In the 
week ended Saturday, October 4, thirteen persons were 
killed by vehicles in the streets of London, while in the 
previous month thirty lives had been similarly lost, so 
that in five weeks forty-three lives have been lost in this 
way. This is nearly two and a half times the av 
number of passengers killed in train accidents on all the 
railways of the United Kingdom in a year ; or, looked at 
from another point of view, persons are killed in street 
accidents at a rate per week twenty-five times as great as 
the rate at which passengers’ lives are lost in railway 
travelling. Yet to street accidents the daily Press seldom 
accords more than a paragraph summarising the Regis- 
trar-General’s returns, but a railway accident fills columns 
of the ey mage for many days in succession. In this matter 
we consider the railways suffer great ieee, the public 
having, asa result, come to regard railway accidents in 
a wholly exaggerated light. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d, 

The date of the advertisement of the t of a Comp 
Specification is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 
= may, at og ee within “4 months Srom the date of 
t 7 t " of a yplet ificati 
give notice at the Patent O, of opposition to the grantgof a 
Patent on any of the ee aes in the Act, 


RAILWAYS AND TRAMWAYS. 


23,146/12. J. Metcalfe, R. D. Metcalfe, and J. C. 
M le, miley. Vacuum - Brake Apparatus. 
{2 #igs.} October 10, 


1¥12. —This iaventiou relates to ejectors for 
vacuum-brake apparatus of railway and like vehicles. I tofore, 
ejectors have been provided with annular and with cylindrical 
jet orifices for producing annular or solid jets, and proposals have 
been made for causing the steam jets to draw in air at more than 
one point. This invention comprises the combination with steam 
and air-control yalves overa by a single-control handle, and 
non-return valve arranged between the ejector-nozzles and the 
train-pipe, of large and small steam-nozzles producing solid jets, 
either or both of which is or are adapted to draw in air at a 
plurality of points in passing to exhaust. Steam and air-inlet 
valves are provided, controlled by the driver's handle @ in the 
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ordinary manner, the steam from the steam-valve passing to the 
large ejector-nozzle b. The steam supply to the small ejector is 
controlled by the valve d. Each of the steam-nozzles has two or 
more air inlets ¢, f anes on the exterior of the jet issuing 
from the nozzle. The air drawn in by each steam-jet isaues into a 
nozzle g, g!, the throat of which is suitably proportioned with 
relation to the area of the steam-jet issuing from ite steam-nozzle 
80 as to ensure the production of a high vacuum in the air-inlet 
passages. Air inlets ¢ are formed in the nozzles g, g!, and a 
further air inlet of annular formation is provided between each 
of the nozzles g, 7! and the ejector-casing h. The discharge end 
of the nozzles g, g! is of smaller cross-sectional area than the 
throat of the conical portion of the ejector-casing into which the 
jet issuing from g, g' passes. (Sealed September 18, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


26,628/12. Babcock and Wilcox, Limited, and K. W. 
Branczik, London. Steam-Generators. (3 Figs.) Nov- 
ember 20, 1912.—This invention relates to water-tube steam- 


generators of the type comprising upper and lower drums coupled 
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to nests of steeply-inclined steam-generating tubes and down 
comer tubes, the lower ends of the generating and down-comer | 
tubes being connected directly to a single Looer drum or to | 

The invention comprises the | 
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interconnected lower drums. 


adaptation,to a water-tube steam-generator of the kind referred to, 
of headers provided with hand-hole fittings connected to the upper 
ends of the tubes of either or both nests and to the upper drum. A 
indicates the steam and water-drum, B the nest of tubes of the 
front steam-generating section or sections connecting through 
headers © with one side of the steam and water-drum A, and E 
the nest of tubes serving as down-comers and connecting the steam 
and water-drum A with the common water-drum or mud-drum F, 
to which the lower ends of the nest of tubes B are also connected. 
ci resents the hand-hole fittings located opposite the upper 
ends of each of the tubes of the nest B and of the nest K. In the 
space between the nests B and E and the steam and water-drum 
A is located a superheater. The water is fed into the steam and 
water-drum A in the usual manner, and passes, in accordance 
with the construction shown, through the down-comer tubes E 
into the drum or drums F. After reaching the drum or drums F, 
it in an upward direction through the tubes of the sections 
B, and thence by the connection or connections D into a steam- 
drying device L disposed above the water-line in the steam and 
water-drum A. (Sealed September 18, 1913.) 


10,974/13. Fried. Kru Aktien-Gesellschaft Ger- 
maniawerft, Kiel-G: Germany. Steam-Gen- 
erators, (2 Figs.) June 5, 1912.—This invention relates to 
improvements in oil-furnaces for steam -generators in which 
furnaces liquid fuel (such as oil, masut, or the like) is supplied 
under pressure through atomising nozzles placed in the front wall 
of the Lioting-ehamber. In furnaces of this class there is formed 
in front of the nozzle a jet of combustible gases which spreads 
out in the heating-chamver in the form of a cone, and it has been 
found that—in a water-tube boiler, for example—those tubes 
which are directly played upon by the jets of flame from the 
om eg | nozzles very soon become corroded and have to be 
replaced. The object of the invention is to overcome this dis- 
advantage by a special arrangement of the atomising nozzles, and, 
according thereto, the fuel-atomising nozzles, or at least those 
which lie next the wall of the boiler to be heated, are inclined 
thereto at such an angle that the marginal jets of the cone of the 
burning gases do not strike directly against the wall of the boiler. 
















N - 

Es SS A 
oe oo 
PS QRAWAMAAQGA IMMA A-dSdAOHQoQao_ou4» 


{i 
\ 
iy 
WH SS WW, Kcss= 


dl Wr Vi 


The water-tube boiler consists of an drum A and two lower 
drums B, C, which are connected to the upper drum by groups of 
tubes D, E. The front wall G of the heating-chamber, which 
receives the atomising nozzles F, is curved cylindrically (see 
Fig. 2), and the nozzles F are directed radially to the curvature of 
the front wallG. The curvature of the wall G is so selected that 
the outer marginal jets of the cones of burning gases, issuing from 
the outer nozzles, cannot strike the inner rows d!, el of water 
tubes, but, as is shown in Fig. 2, run parallel, or nearly parallel, 
to these rows of tubes. By this arrangement of the nozzles, 
therefore, injurious corrosion of the inner rows of water tubes is 
avoided with certainty. Instead of curving the wall G, a straight 
front wall may be provided, and the injecting nozzles may 
through it in an oblique direction, whereby, if the nozzies be 
ee inclined, the same result can be obtained. The 
invention is equally well applicable to all systems of boilers, and 
may also be applied with advantage to fire-tube boilers. (Sealed 
September 4, 1918.) 


16,353/12. Societe Anonyme des Etablissements 
St. Denis, France. 


Delaunay ce. Water- 
Tube Steam-Generators. [4 Figs.) April 12, 1912.—The 
present invention relates to two-spi 


















water-tube steam-genera- 
tors of the type in which the lower boxes of the vaporising ele- 
ments are arranged in such manner that the production of steam 
between the two systems of tubes of each element is equalised, 
the point of departure of the first tube of the lower front box of 
the second spiral being situated outside the first spiral, whilst 








two vertical lower rear boxes are employed one for each spiral, so 
that the entire nest of tubes is raised by the height of one box, 
except the first tube of each spiral. According to this invention, 
a stay having the height of a box is interposed between the lower 
front box of the second spiral and the second box of the first 
spiral. Also, the boxes are arranged horizontally instead of 
in an inclined manner, as formerly. The vaporising tubes of 
an element end on the facade, and on the back of the boiler, 
at boxes resting one upon the other. These boxes are marked 





as follows :—A! is the lower front box of the first spiral; B! is 
the lower front box of the second spiral; C is the lower rear 
box of the first spiral ; is the lower rear box of the 
second spiral; E is a stay interposed between the first front 
box of . second spiral and the second front box of the first 
spiral. The tubes are —— by the letters a for the first spiral 
and b for the second. h exponent indicates the row of the 
tube in its spiral in the upward direction. In Fig. 1 each letter 
a or b with its exponent indicates the heading of the tube in 
the corresponding order in the upward direction in each spiral. 
In the first fork of the first spiral the first tube a! proceeds from 
the front box Al and passes to the rear box C. This box C is 
vertical, the left-hand part being only a support ; the water rises 
from a to a in the box U, and the second tube proceeds from this 
point a2 and ends at a? on the front box (Fig. 1), a box higher 
than if the rear box were horizontal ; then the horizontal boxes 
are superposed and alternate uniformly with those of the other 
spiral. In the first fork of the second spiral the tube b! proceeds 
from the left hand of the front box B! and ends in rising at 5! of 

e rear D, which is the first lower rear box of the second 
spiral. This box D is vertical, the water rises in it from b! to }2, 
from which point the second tube proceeds and, in rising, ends 
at the point 5? of the front boxes, higher by one box than if the 
rear box were horizontal. Between the second and first front 
box there is vacant space corresponding to the height of a box; 
this absent box is replaced by a stay E shown in broken lines. 
(Sealed September 25, 1913.) 


TEXTILE MACHINERY. 


4137/13. E. Nigh ale and E. Nightingale, Rams- 
bottom. Looms. (7 Figs.) February 18, 1913.—This inven- 
tion has reference to improved warp-beam weighting or warp- 
beam tension mechanism for looms. In a warp-beam weighting 
and warp-beam tension combination, according to this invention, 
more or less vertically arra springs are used along with 
ordinary pivoted levers and a simple rock-shaft arranged 
below, the springs extending from .the pivoted levers to adjust- 
able contrivances carried on the r shaft and adjustable 
around the rock shaft, the adjustable contrivances co-operating 
with a lever and pressure-bowl bearing on the warp beam. 
The warp beam 1 is supported in bearings 2 in the side- 
frames, and has the usual cast-iron drums 3. Passing partly 
around the beam are seen the chains 4, 4, and these are 
anchored at 5, and attached at Ge se 6 to the levers 7 
fulcrumed at 8 The levers are loaded by springs 10. In 
brackets 11 is ted a shaft 12 square in cross-section, but 
with turned ends, so as to be capable of partial rotation, and upon 
the shaft are annular ratchet devices 13. Each annular ratchet 
device has a square passage-way to engage the shaft 12, and the 
central periphery bears teeth over abouc half the circumference. 
The ratchet devices are turned with bosses on each side, and 
upon these bosses fit the bored sheaths of the rotatable spring 
regulating means. Such spring regulating means consist of two 
lever-like castings 15, 16, held together bya bolt. The bolt forms 
the pivot-pin for a pawl 18, the forward end of which engages the 
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ratchet teeth. A spring keeps the pawl in engagement. To 
each bolt is attached the lower end of the spring 10. Now it is 
obvious that each annular ratchet device 13 can be pushed with 
ease laterally along the shaft 12, the lever-like castings 15, 16 
sliding with it. Thus the hooked ends of the springs 10 can be 
easily brought over any notch on the levers 7, and the desired 
leverage obtained. To regulate the tension of each spring 10, it 
is necessary to adjust the lever-like castings 15, 16 about the 
ratchet ; as, for example, if it is desired to put on more tension, 
the braced levers are pushed downwards either by hand or foot, 
or by the insertion of a tool in the hole at 16a. This has the 
effect of causing the pawl 18 to traverse the teeth downwards 
until it locks behind the teeth giving the desired adjustment. 
ent that movement of the braced lever castings 15, 16 





It is a) 

is tpmen dy dep ~ of Ay. : — = Age pew 13, _ = 
the ngs 10 are ten juite ependent of movement 
the shaf st A shaft 12 is a lever-handle 20, and in a 


t 12. — the 

socket 21 in this lever-handle 20 is secured the foot of the sup- 
port 22 which carries the pressure-bowl 23. When the _warp-beam 
is entirely full (see the outer dotted line, Fig. 2) it is apparent 
that the disposition of the bow! puts the spring 10 under greater 
tension than is the case when the bow! more nearly approaches 
the face of the warp-beam as the warp is gradually consumed, 
and so it is seen that the automatic inward movement of the bow! 
automatically reduces or regulates the load or pressure on the 

. But, from this, the tension of the springs is at any 
time independently capable of adjustment by mere movement ot 
the br: lever castings 15, 16. (Sealed September 4, 1913.) 
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PLATE XXX. 
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Fore THE COMMONWEALTH EDISON COMPANY OF CHICAGO. 
\ND (9, LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE. 


esoription, see Page 513.) 
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25,000-KILOWATT PARSONS TURBO- 
ALTERNATOR. 


THeRe has been despatched from. the Heaton 
Works at Newcastle-on-Tyne of Messrs. C. A. 
Parsons and Co., Limited, the largest turbo-gene- 
rator yet completed. It is designed for a continuous 
load, at 750 revolutions, of 25,000 kw.;"at a power 
factor of 0.95, the periodicity of the three-phase 
current being 25 complete cycles per second. Its 
claim to distinction, however, does not depend 
solely on size. The steam consumption guaranteed 
is even more notable, as it marks an epoch in 
steam plant. With steam at an initial pressure of 
200 lb. per sq. in., superheated to the extent of 
200 deg. Fahr., and an absolute pressure in the 
condenser equivalent to 1 in., the steam consump- 
tion guaranteed at 20,000 kw. is 11.25 lb. per 
kilowatt output from the alternator; at 25 per 
cent. over or under the normal load, 11.65 Ib. 
per kilowatt output ; and at half-load, 12.5 lb. per 
kilowatt output. The penalty for any excess is, 
we understand, 5001. for each one-fifth of a pound 
over 11.25 lb.; but any improvement on the result 
will be rewarded by a bonus of equal rate. The 
steam consumption guaranteed for this turbine set 
—the largest ever fitted to a single shaft—is equal 
to 8.1 lb. per shaft horse-power per hour, a result 
not hitherto attained in marine practice. The 
full significance of this figure will be appreciated 
when the deduction is drawn that this steam con- 
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sumption, were oil fuel used in the boilers, would 
make the fuel consumption about 0.6 Ib. per shaft 
horse-power per hour, if ample boiler capacity were 
provided. Asthere is no mechanical obstacle to the 
realisation of corresponding efficiency in marine- 
turbine practice, it will be recogni that the 
advantage of the internal-combustion engine, from 
the point of view of radius of action in warships, is 
thus steadily being reduced. This e turbo- 
alternator is also interesting in view of the im- 
provements introduced in design. Indeed, in its 
design and construction there are accumulated the 
suggestions of great experience in such work. 


Proeress IN Siz—E AND Economy or Lanp 
TURBINES. 


It may not be inappropriate, therefore, to glance 
retrospectively at the steady advance in size of 
separate units, and at the improved economy of 
turbo-electric machinery, as well as at the enormous 
increase in the — of the Parsons turbine as 
& prime mover, alike for land and marine purposes. 
Fig. 1 is a diagram showing the collective power 
of Parsons land turbines in use at the end of each 
year. It will be remembered that the first turbine 
was produced in 1884, being a 6-electric-horse-power 
machine. At the end of the first five years the total 
power in use was only 60,000 horse-power. In the 
next five years the Hon. (now Sir) Charles A. Parsons 
was precluded from manufacturing his parallel-flow 
turbine, and was engaged ly on experimental 
work, and the total power produced in these years 
—1889 to 1894—was only 10,000 horse-power, all 
of the radial-flow type. rom this time onwards, 
however, after the rights to make the parallel-flow 
turbine were recovered, there was a steady develop- 
ment, not only in the collective power, but par- 
ticularly in economy, owing to improvements in the 
material and form of blades, in governing, and in 
the attainment and economical utilisation of higher 
vacua, as well as to increase in dimensions of the 
machines. Thus in 1904—twenty years after the 
first turbine had been built—the collective horse- 
power of such machines on land stations at home 
and abroad was 840,000. In the next five years— 











1905-1909—there were constructed turbines for land 
stations of 3,890,000 horse-power, while durin 
the last four years—1909-13—the output equalle 
3,570,000 horse-power. 

Progress in economy has exercised an important 
influence in this remarkable development in the 
use of the turbine. Fig. 2 is a diagram showing 
the size of the largest land units at different periods 
and the steam consumption of units at correspond- 
ing epochs. The first large units were of 75 kw. 

wer, made in 1886 for the Newcastle and 

istrict Electric Lighting Company. These are 
non-condensing turbines, and are coupled to single- 
phase alternators producing current at a periodicity 
of between 80 and 85 per second. The turbines 
run at the great speed of 4800 revolutions per 
minute. In 1891 there was introduced the first 
condensing turbo-generator, and this machine, of 
100 kw. output, when tested by Professor (now Sir 
Alfred) Ewing in December of that year, gave 
exceedingly good results. With a boiler- gauge 
pressure of 1031b. per sq. in., and with steam 
ae to the extent of 56 deg. Fahr., and 
exhausting into a vacuum of 27.6 in., the steam 
consumption was only 28 lb. per kw.-hour. This 
turbine was of the radial-flow type, as were also the 
largest turbines of 1892, which were of 150 kw. 
capacity, built for the ae 


Electric Supply Companies. ese were also of 


and Scarborough | reali 





the condensing type. 

Soon afterwards Mr. Parsons was able to resume 
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the manufacture of the parallel-flow turbine and 
to continue his improvements of this type. The 
turbine as a consequence established its superiority 
in many respects over the reciprocating engine for 
driving dynamos, as vibration difficulties were expe- 
rienced in connection with these. In 1894 the first 
of several 350-kw. el-flow non-condensing 
turbines was fitted in the Manchester i Power- 
Station of the Metropolitan Electric Supply Com- 
pany, and five years later another large step in 
size was made when the now famous 1000-kw. 
turbo-alternators for Elberfeld were commenced. 
These were the first of the tandem design of re- 
action turbines, and were, in fact, generally the 
agg of the 25,000-kw. set just completed. 

e berfeld machines were tested in their 
position at the power-station in 1900, and the 
steam consumption was found to be 20.1 lb. per 
kilowatt hour, the boiler pressure being 140 lb., the 
superheat 20 deg. Fahr., and the vacuum 28.47 in. 

Another distinct advance in size was marked 
within the next fow years by two 4000-kw. turbo- 
alternators, built in 1906 for the Carville Power- 
Station of the Newcastle-on-Tyne Electric Supply 
Company. These turbines were of the single- 
cylinder, lel-flow, reaction type, running at 
1200 revolutions per minute, driving three-phase 
alternators. As a result of the efficiency of these 
sets, six more, of a similar but improved design, were 
ordered almost immediately. With steam at 200 lb. 
pressure, 120 deg. Fahr. superheat, and a vacuum 
of 29 in., the low steam consumption of 13.28 lb. 








per kw.-hour was obtained with these plants. An 


important feature of these machines was the very 
large overloads with which they were designed to 
deal, as they were intended to cope with the electric 
passenger service which the North-Eastern Railway 
Company had introduced between Newcastle and 
Tynemouth, and which involved sudden demands 
when trains started. In 1907 two 5000-kw. sets 
with alternators were supplied to the New South 
Wales Government for the Ultimo Power-Station ; 
they were single-cylinder turbines, and ran at 750 
revolutions per minute. 

In the two following years six 6000-kw. tandem 
reaction turbines were installed at the Lot’s- 
Road Power - Station of the Metropolitan Dis- 
trict Railway and the London Electric Railway 
Company, being coupled to the existing ee 
house alternators. These sets also were remarkab 
for the high overload which they were designed to 
take, as they could run up to 9000 kw. and even 
10,000 kw. In their case the steam consumption 
was 14 lb. on a normal full load of 6000 kw. In 
1909 also two similar sets, complete with alter- 
nators, were made for the Randfontein Estates Gold 
Mining Company's power-station in South Africa. 
This brief record of cxttahiinn work, illustrated 
in the curves in Fig. 2, is suggestive of the greater 
potentialities of the turbine which are now being 

ised 


In addition to the 25,000-kw. set just completed, 
Messrs. Parsons have under construction at the 
present time six 12,500-kw. turbo - alternators 


Steam Consumption Lbs. per K.W. Hour. 


in connection with the electrification of the Mel- 
bourne Suburban Railways. ‘These are of the 
tandem reaction type, generally similar in design 
to the 26,000-kw. machine, and run at 1500 revolu- 
tions per minute, generating three-phase current, 
having a periodicity of 25. The normal steam 
pressure is 200 lb. per sq. in., superheated to 
600 deg. Fahr., and the plants are designed for a 
vacuum of 28} in. The arrangement of the con- 
densing plant of these machines is somewhat novel, 
inasmuch as the exhaust steam comes out at each 
end of the low-pressure turbine, each exhaust-pipe 
being connected to a separate condenser, with a 
large connecting pipe between the two to equalise 
the pressure. he steam consumption guaranteed 
is 12 lb. per kw.-hour at full load. There is 
under construction for the Metropolitan District 
Railway Company and the London Electric Railway 
Company an 18,000-kw. turbo-alternator, which will 
be installed at the Lot’s-Road Power-Station. This 
plant is also of the tandem reaction type, driving 
an alternator at 1000 revolutions — minute, gene- 
rating three-phase current at 33} iods. The 
normal steam pressure is 185 lb. per sq. in., with 
120 deg. Fahr. superheat, and the plant is designed 
for a vacuum of 29 in. The steam consumption 
guaranteed is 12 lb. per kw.-hour at full load. 


Procress in Power, Size, aNnp EFFicreNcy oF 
Marine TURBINES. 

Reference may also be made to contemporaneous 

progress in marine installations, which has been 

most marked since the beginning of the century, 
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in view of the high economy and e degree of 
reliability of the steam-turbine, established first in 
1905 by the cruiser Amethyst and the destroyer 
Eden, and in 1906 by the performance of the 
Dreadnought, and later in high-speed ocean and 
Channel merchant ships. These results, however, 
are now well known. The diagram, Fig. 3, shows 
the total power of Parsons marine turbines in ser- 
vice at the end of each year up to April, 1912, the 
aggregate now being over 10,000,000 shaft horse- 
power. The progress is due in part to the great 
advance in speed and, consequently, in power in 
each ship, particularly for war service. Indeed, it 
has long since been r ised that, but for the 
advent of the steam-turbine, the 25 knots speed of 
battleships, the 30 knots speed of cruisers, and the 
35 knots speed of destroyers would have been 
absolutely impossible of realisation. Now, in naval 
practice, turbine installations in warships have 
worked up to 10,000 shaft horse-power. The full 
significance of this is established when it is recalled 
that the first turbine ship, the Turbinia, was com- 
pleted less than twenty years ago, that ten years 
ago the highest power in warships was only 7000 
shaft horse-power, and that five years ago the most 
powerful installation was of 42,000 shaft horse- 
power. Similar progress has been made in the 
case of turbines for merchant ships. In this con- 
nection it may be of interest to put on record 
approximately the dimensions of the low-pressure 
turbine-casings in successive vessels. 


Approximate Dimensions of Low-Presswre Turbines 
in Successive Years. 














, Over-All Extreme Dia- 

Ship. Year. Length. meter. 

ft. in. ft. in. 

King Edward .. --| 1901 | 16 6 40 
The Queen .. ..| 1908 | 9% 6 6 0 
Virginian ee --| 1906 | 28 0 10 6 
Carmania oa --| 1906 | 50 0 140 
Mauretania... --| 1907 54 «(0 17 6 
Olympic. . es --| 19M | 49 (0 22 0 
Aquitania oe --| 1918 61 0 18 0 





As regards economy, there has been a steady 
reduction in steam consumption, due in part to 
increase in size and power of installations, and in 
part to modifications in the design of the turbines 
as the outcome of experience. In the case of the 
Amethyst and contemporary turbines of 19065, 
although no actual measurements were taken of the 
shaft horse-power of the turbines, the water con- 
sumption per shaft horse-power for the turbines 
only worked out at about 13 lb. to 13$ lb., accord- 
ing to the estimated power developed. In some of 
the latest large-powered vessels the consumption 
per shaft horse-power is in the region of 12 lb. 
With some of the later large mercantile vessels 
fitted with the four-shaft arrangement of turbines 
in series—i.e., one high-pressure, one intermediate- 
pressure, and two low-pressure turbines—a con- 
sumption of about 114 lb. per shaft horse-power 
for the turbines only is being realised. These rates 
of consumption are for saturated steam. With 
superheated steam the improvement in marine 
turbines would correspond to that obtained with 
turbine installations for land purposes. 

The use of gearing between the turbine and 
the propeller opened a new era, which will have a 
great influence not only in speed but also in 
economy, since the turbine may run at the rate 
most conducive to thermal efficiency, while the rate 
of revolution of the screw can be reduced to give 
the best propeller efficiency. The system is now 
coming into use in practically every type of ship, 
from the high-speed destroyer and cruiser to the 
slow-running cargo ship. Indeed, few realise how 
quick and widespread has become the recognition 
of the advantages of the system. This can best be 
shown by stating that the total turbine power now 
applied or in course of construction for transmis- 
sion through gearing is 380,000 shaft horse-power 
for marine pu and 30,000 for land stations— 
the running of rolling-mills, dynamos, and the like. 


Tue Cuicaco Power-Srations. 


These facts abundantly justified the responsible 
officers of the Commonwealth Edison Company, of 
Chicago, in placing the order for a 25,000-kw. set 
with Messrs. C. A. Parsons and Co., Limited, as, 
apart altogether from financial considerations, there 
was the advantage that the plant would be manu- 
factured under the direct supervision of Sir Charles 
Parsons. At the same time the recognition con- 


veyed by the placing of the order by an American 





Corporation, a the greatest collective 

wer-station in the world, is gratifying. The 

ommonwealth Edison Company, when they com- 
plete their scheme in a few years, will have plant 
of a producing capacity of 480,000 kw. The new 
Parsons set is to be installed in the Fisk-Street 
Station of the company; this was built in 1903, 
and is now being enlarged to a total capacity of 
210,000 kw.; the Quarry-Street Station, built five 
years later, has a capacity of 84,000 kw.; while 
the new North-Western Station is to have a total 
capacity of 160,000 kw. With miscellaneous plants 
and storage batteries the collective capacity of the 
company’s undertaking will become 480,000 kw. 
Already there have been installed at the North- 
Western Station two turbo-alternators of the Curtis 
type. It need scarcely be said that the Chicago 
Station is designed to achieve a high degree of 
efficiency in respect of coal consumption, steam 
evaporation. &c. The progress of the company in 
the distribution of electricity is largely a conse- 
quence of the efficient management by the presi- 
dent, Mr. Samuel Insull, as well as of the prescience 
of the consulting engineers, Messrs. Sargent and 
Lundy, Railway Exchange, Chicago, with whom 
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there has béen associated in this country, in con- 
nection with the 25,000.kw. set, Messrs. Merz and 
McLellan, of London and Newcastle. 


GENERAL CHARACTERISTICS OF THE 25,000-Kw. Set. 


We reproduce on our two-page Plate XXX., on 
the single-page Plates XX XI. to XXXVIII., and 
on e 516, drawings and perspective views illus- 
trative of the 25,000-kw. machine. As we have said, 
it is the largest installation of the kind yet con- 
structed, and the greatest power-unit ever placed on 
one shaft. Fig. 4, on Plate XXX., gives a complete 
section of the set, which includes a high-pressure 
and a low-pressure turbine arranged in tandem and 
coupled together through a rigid coupling, the flanges 
being forged solid with the shafts ; an alternator 
connected to the low-pressure turbine rotor through 
a flexible coupling of the well-known Parsons claw 
type; and at the extreme end an exciter. The 
condenser is suspended from the low-pressure tur- 
bine, its weight being also partly carried by springs, 
as shown. The low-pressure turbine is of the 
double-flow type, the steam entering at the centre 
and passing, to right and left, through successive 
stages of expansion, exhausting at both ends, and 
flowing thence into the condenser through a rect- 
angular orifice. At the high-pressure end there is 
mounted governing gear, designed to keep the 
variation in speed within very fine limits. The 
over-all length of the complete plant, as illustrated 
in Fig. 4, is 76 ft. 2 in., the greatest width is 18 ft., 
and the height from the base of the condenser to 
the highest portion of the turbine is 30 ft. Of this 
latter, 20 ft. is under the floor level. 

The plant as completed at the Heaton Works of 
Messrs, Parsons is illustrated in the views on Plates 
XXXIIL. to XXXVIIT, Fig. 32 is a view from an 





elevated ae near the high-pressure turbine, 
showing the top of the set, the cover of the low- 
pressure turbine being suspended from the crane, 
while Fig. 34 is a view on the floor level showing 
the governor gear in the foreground, the steam 
connection between the high and low-pressure 
turbines being a prominent feature, while the size 
of the alternator in the distance is impressive. 
Fig. 35 is an end-on view showing the gear- 
wheels of the governors and the valves alongside. 
Fig. 36 shows a view from the electric end, the 
exciter being in the foreground. The view in 
Fig. 37 gives a good idea of the size of the turbines; 
both high and low-pressure turbines are seen with 
the upper part of the casings raised. 

Before describing the details we may give a list 
of the tests specified for materials :— 


Chicago Machine. 25,000-Kw. Turbo-Alternator. Tests 
of Material. 


Tensile Elonga- Maximum 


Parts from which Test- | Breaking | tion, per | Gauge-Length 





Piece is Cut. | Strength. | Cent. | of Test-Piece. 
|tng p. sq. in.| 

Turbine rotor forgings..| 35 to 40 20 2in. x 0.564 in, 
Alternator rotorforgings, 35 to 40 20 diameter 
Shaft forgings (if sepa- 

rate oe ee oe 40 17 Do. 
Steel castings .. a 28 20 Do. 
Mild steel .. we 28 to 30 29 8 in. 


Cast iron shall be close-grained, tough, and uniform in character, 
and ehall be cast from the best grey pig and scrap iron, and shall 
be of such quality that a machined test-pieee, 0.798 in. diameter 
by 3 in. long, shall have a tensile strength of not less than 11 tons 

r sq. in. A rectangular bar shall also cast with each 

mportant casting. This bar shall, when machined to 1 in. square, 

and supported on knife-edges 1 ft. apart, sustain a load of 
2500 lb. applied at the centre without breaking. Gun-metal shall 
contain not less than 10 per cent. of tin, not more than 2 per cent. 
of zinc, and the remainder shall be copper. 


Tue Hicu-Pressure TuRBINB. 


Turning now to the details of the plant, we may 
begin with the ie 6 mage turbine, which is of 
the single-flow parallel type, the end pressure being 
balanced by means of three dummy pistons of the 
Parsons standard design. This turbine, which 
has six stages of expansion, with sixty-four rows 
of blades, is designed for rather less than half the 
total load. Fig. 5, on Plate XXX., is a section of 
the rotor, and the blading is shown on the main 
section, Fig. 4, and on the perspective view, Fig. 33, 
on Plate XXXTII. The body of the rotor is of 
forged steel, the shaft at the steam inlet end being 
forged solid with the turbine drum, while at the 
exhaust end the drum is shrunk on, and securely 
bolted to, a separate forged-steel shaft (Fig. 49, 
page 516) in order to prevent any possible relative 
movement due to changes of temperature. The 
blading in the high-pressure turbine ranges in 
length from 2? in. to 64 in. for the six stages, and 
each blade was caulked in separately, along with 
its distance-piece. 

The casing is built up in four sections, two below 
and two above, as shown in the perspective view, 
Fig. 38, as well as in Fig. 4. e material used 
for the high-pressure end is cast steel, and for the 
remainder cast iron. Cast steel has been used for 
that part subjected to the high temperature of the 
superheated steam, as experience has shown that 
with such high temperatures the growth of cast iron 
is invariably experienced. 

Several views of the high-pressure turbine and 
rotor in course of construction are given in Plates 
XXXIII., XXXIV, and XXXVI. Fig. 33 shows 
the rotor completely bladed and shows also the 
governor worm-wheel. Figs. 35 and 38 show the 
turbine with the cover in position, and the pinions 
engaging with the worm on the shaft for driving the 
two governors. The connections for the equalising- 
pressure pipes are seen in these two last figures. 


Tue Low-PressureE TURBINE. 


The low-pressure turbine, as we have already 
stated, is of the original Parsons double-flow 
design. The steam from the high-pressure turbine 
passes through two 30-in. diameter pipes connected 
to a central chamber on the low-pressure turbine 
(Figs. 39to 41). The steam, entering the casing at 
a pressure of 25 lb. absolute, divides, part passing 
to the right through twenty-four rows of blades 
in six stages of expansion, and part to the left 
through a similar number of rows of blades. This 
is specially well shown in Fig. 41. The steam 
finally reaches the condenser through a rectangular 
orifice 21 ft. long by 12 ft. wide. 

The construction of the low-pressure turbine drum 
is illustrated by Figs. 6 to 16, on Plate XXX. The 
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special feature is the provision made for the 
relative degree of axial expansion between the 
drum and the main shaft. In order to accommo- 
date the temperature variation due to difference 
in load, an expansion joint has been introduced 
between each end of the drum and the shaft. 
This consists of a flexible diaphragm, which is con- 
structed of mild steel, in the form shown in Fig. 8. 
The method of attachment is shown in Fig. 9. It 
will be seen that the diaphragm is held Sedeeon 
two rings, the faces of which are corrugated in 
order to ensure a good grip, the whole being 
riveted together as shown in the main section 
(Fig. 6). By this provision the outer tube is free 
to expand or contract independently of the main 
shaft. The support afforded to this turbine-drum 
by the steel casting (Fig. 6) at the centre of its 
length ensures additional stiffness at this part, 
where the blades are shortest and small blade clear- 
ance important. 

The casing of the low-pressure turbine is of cast 
iron throughout, the total weight being about 150 
tons. The bottom portion is built up in four 
sections, the top in two sections. The section is 
well shown in Fig. 4, and the various photographs 
shown on Plate XXXVI. assist towards a better 
idea of the particular form of the low-pressure 
turbine-casing. Fig. 39 is an interior view of the 
low-pressure casing as seen while the bottom part 
of the casing was in the boring mill. Fig. 40 shows 
the complete casing in the boring-mill. Fig. 41 
illustrates one part of the casing bladed. Fig. 47 
shows the shaft for the rotor in the lathe. 


BLaDING. 


The blading in this, as in the high-pressure 
turbine, is of the separate reaction type, held in 
place by single or double caulking, according 
to the height of the blade and the depth of the 
groove. The blades in the low-pressure turbine 
are arranged in six stages, ranging in height from 
2} in. to 19in. The blades subjected to super- 
heated steam in the high-pressure turbine are of 
copper, and the remainder of brass. All blades 
are thinned at the tips, and are reinforced circum- 
ferentially by binding-strips, silver-soldered to 
them. Steam - packed glands of the Parsons 
standard type are fitted at each end of the low- 
pressure turbine, the steam for these glands being 
taken from the exhaust of the governor steam- 
relay; as will be explained later. 

Between the high-pressure and low-pressure 
turbines there is fitted a rigid coupling, longitu- 
dinal expansion being provided for at the inlet end 
of the high-pressure turbine. This is effected by 
allowing the foot of the turbine to rest on the 
pedestal between slipper side guides. 


THE CONDENSER. 


The surface condenser, which has a cooling sur- 
face of 39,300 sq. ft., is of special interest, both as 
regards size and arrangement. Fig. 4, on the two- 
page plate, shows it in part section and in part 
elevation. The appearance and construction are 
further illustrated by Fig. 45. The shell, which 
was constructed to the requirements of the Parsons 
Company by Messrs. R. and W. Hawthorn, Leslie 
and Co., Limited, and is an excellent example of 
high-class boiler-makers’ work, is built up of steel 
plates, and, as will be observed from the illustra- 
tions, is stiffened externally, and not internally, in 
order to eliminate, as far as possible, obstructions 
to the flow of the exhaust steam from the turbine. 
The sagging-plates and water-ends are of cast iron, 
and the tube-plates are of naval brass. The tubes 
are of 1 in. external diameter, being rather larger 
than usual, to obviate deposits from the circulating 
water. They are arranged in two nests; the cir- 
culating water enters at the bottom through a rect- 
angular orifice, 5ft. 9 in. by 2ft. 2in., and, after 
passing through the lower nest of tubes, flows to 
the upper nest, and out through a 48-in. diameter 
discharge-branch. As already explained, and as 
is shown by Fig. 4, the condenser is suspended 
from the low-pressure turbine-casing, but a large 
proportion of the weight of the condenser and 
circulating water contained therein is borne by 
eight spring supports under the condenser. In 
the hydraulic tests in the erecting-shop about 
38,000 gallons of water were required to fill the 
condenser and low-pressure turbine-casing. The 
a did not form part of the contract with 

essrs, Parsons. 





* These we hope to illustrate in a subsequent issue. 





THe VALVES AND SpPEED-GOVERNING GEAR. 


The steam-admission valves, the steam-governor 
valve, the emergency and by-pass valves, and the 
chest containing them, are steel castings, which, 
like the cast steel forming the portion of the tur- 
bine-casing subject to superheated steam, were 
annealed before and after rough machining. They 
are mounted together at the high-pressure end 
of the turbines, as shown in the views on Plates 
XXXIII. and XXXIV. There are two governor 
shafts, each driven bya separate worm-wheel, engag- 
ing with the same worm ; this. worm, together with 
the thrust, is of forged steel, mounted on the end 
of the turbine-shaft. The relative positions of the 
worm and wheels are clearly shown on the engrav- 
ing, Fig. 35. The mechanical governors are of the 
Parsons standard design, one acting as the main 
regulating-governor, and the other as an emergency- 
governor, cutting off steam automatically when the 
speed of the turbine exceeds the normal by 12 per 
cent. The regulating-governor is also provided with 
electric actuating gear to allow of the speed of the 
plant being controlled from the switchboard. This 
gear comprises a motor, which can run in either 
direction, operated by a switch on the board. 
This motor raises or lowers the governor sleeve in 
such a way as to increase or decrease the speed 
of the turbine. This adjustment can also be 
carried out by hand if desired. It is specified 
that the regulating-governor shall be designed so 
that the steady speed shall not vary more than 
3 per cent. between no load and a load on the 
alternator of 25,000 kw., and not more than 
5 per cent. momentarily. In addition to the two 
governors described above, an additional mechanical 
safety-governor is attached to the end of the high- 
pressure turbine-shaft, independent of the main 
governors, making the plant independent of the 
worm-wheel governor. The emergency-valve is 
capable of being tripped by hand from the engine- 
room floor level. Steam resetting gear for this 
valve is provided. All loads exceeding 20,000 kw. 
are taken charge of by an automatic overload 
by-pass valve controlled by the main governor and 
arranged so as to admit steam direct to the second 
expansion of the high-pressure turbine. 

The governor gear and the steam-distributing 
chest are illustrated on Plate XX XI. In Figs. 17 
to 19 the governors themselves are shown. The 
mounting of the controlling-governor and the 
emergency-governor on independent spindles, as 
shown, is to ensure that the emergency-governor 
shall not in any way be influenced by failure of 
the controlling-governor. Incidentally it will be 
noted from Fig. 18 that the oil-pumps are actuated 
also by the spindles of these governors, as this was 
found to be a convenient arrangement. Each 
governor shaft can be removed without in any way 
affecting the oil-pump. . The connection between 
governor and pump is a square-sleeve coupling, 
and the removal of the oil-pump is effected by 
unscrewing the nut at the bottom and withdrawing 
the pump-spindle. 

e action of the governors is made clear by 
reference to the section, Fig. 18, the controlling- 
governor being to the left, and the emergency- 
governor being to the right. The emergency-valve 
is shown to the right of the section, in order to 
illustrate the lever connection between the governor 
and the emergency-valve (Figs. 17 to 19). On the 
machine there is placed, at right angles to the 
centre line joining the governors, the steam-chest, 
in which are three valves. These three valves 
are shown in section in Fig. 21; the first is the 
emergency-valve, the second the main governor- 
valve, and the third the overload by-pass steam- 
valve. These are automatic in their action. 
Normally the position of the main governor-valve 
is maintained by means of the steam pressure at A 
under the piston in the relay-cylinder acting 
against the oad of the spring on the piston. 
This chamber A is connected to the main steam- 
chest by the needle-valve B, shown on _ the 
right. The steam pressure under A is regulated 
by the position of the relay-plunger C, the position 
of this plunger, in turn, being controlled by the 
mechanical governor, according to the s and 
load of the machine. When the speed of the 
machine rises, due to any reduction in load, the 
governor lifts the relay-plunger C, thus opening 
the port D, and permitting the steam in A to 
escape into the exhaust E. The force of the spring 
above the piston then lowers the main governor- 
valve and reduces the steam supply to the turbine. 





When the speed of the maehine falls, due to an 
increase of load, the governor lowers the relay- 
plunger ©, and closes the port D, permitting an 
increase of pressure at A to raise the piston and 
the double-beat valve against the force of the 
spring. A connection is made from E to the main 
gland packing of the turbine for the escape of the 
steam and its utilisation for sealing the glands, as 
already mentioned. 

The whole of the controlling governor-valve parts 
are kept in a state of motion by means of a cam on 
the governor-spindle acting on the lever which 
connects the governor and the relay-plunger, so 
that the latter is always oscillating, and causes 
steam to escape from A through D to the exhaust 
at E. Thus the pressure at A continually fluctuates, 
and the piston is thereby kept in a state of motion 
and freedom. The valve B is connected to the 
steam space on the boiler-pressure side above the 
main goveruor-valve, so that the governor relay is 
supplied with steam on opening the main stop-valve. 

he emergency-governor, shown in section in 
Fig. 18, is adjusted to begin to lift when the speed 
of the turbine exceeds the normal rate by 12 per 
cent. The movement of the balls raises one end of 
a lever, which acts on a bell-crank at the other end, 
liberating a small trip-lever as shown, and this again 
releases the main lever connected to the emergency 
steam-valve. This emergency-valve is of the mush- 
room type, as is shown in Figs. 18 and 21, and 
therefore, when it has been closed by the governor, 
it can only be opened by closing the main steam- 
valve and relieving the pressure below it. The 
governor does not close the valve directly, the 
spring above it being provided for this purpose, 
and coming into action when the governor trips the 
series of levers, A dashpotis provided in order to 
reduce the momentum of the parts when the mush- 
room valve closes, owing to the combined force of 
the spring and the pressure of the steam behind 
the valve. 

The by-pass valve shown to the right of Fig. 21 is 
designed to pass steam to the second stage of the 
turbine independently of the first stage, in order to 
increase the pressure at the second stage and 
thereby increase the output. In order to ensure 
that this will be done automatically the space F 
under the piston is constantly in communication 
with the first stage of the turbine, while the space 
G above the piston is connected to the main boiler 
pressure. The latter is, of course, always higher 
than the pressure in the space F. In order to 
balance these two pressures, the piston is assisted 
by a spring, which is so loaded as to maintain 
the |“ in equilibrium when, and so long 
as, the steam pressure in the first stage of 
the turbine is at a predetermined amount. When 
this pressure is exceeded, indicating an overload 
in the turbine, the pressure in F also increases, 
and then, as a result of the combined effect of the 
steam pressure in F and the lifting force of the 
spring, the by-pass valve is automatically opened 
and allows steam to pass direct into the second 
stage of the turbine. In this way there is ensured 
automatically a higher economy for an overload 
than would otherwise be the case, because the full 
pressure is maintained on the first expansion and 
the pressure on the second expansion is incre 
as required by the action of the automatic by-pass. 

The steam supply to this by-pass valve is through 
and under the main valve, there being a connection 
in the chest between the bottom of the main 
governor-valve and the top of the automatic by-pass 
valve. This has the double advantage that the 
actual boiler pressure is to the by-pass valve 
and the complete action of the control and governor 

ear is utilised when the by-pass valve is in action. 

n the by-pass valve there is at H a steam needle- 
valve in order to damp down any little fluctuations 
in pressure at the first stage of expansion. The 
connection of this aasllie-selve leads into the space 
of the main steam-chest above the by-pass valve, 
and from that to the space below the main steam- 
valve leading to the first expansion of the turbine. 

It will be seen that every emergency has been 
provided for in the governing and distribution of 
steam, and, further, that the governors are very 
powerful. As indicating the close regulation and 
stability in actual work of this system of governing, 
we reproduce on Fig. 20 part of a chart obtained by 
means of a Horn tachograph from a governor of a 
2000-kw. machine. In this case the permanent 
variation between no load and full load is only 2 per 
cent. The time rate is shown on the same scale in 
intervals of five seconds, from which it will be 
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seen that the speed becomes steady within an 
interval of between seven to ten seconds after full 
load is thrown either on or off. The horizontal 
lines on this chart equal a variation of 1 per cent. 
in speed, and the vertical marks on the base periods 
of five seconds. 


FLexrsLe CLaw-CouPLING BETWEEN TURBINE AND 
ALTERNATOR, 


Figs. 22 to 30, on Plate XXXII , show the con- 
struction of the flexible claw-coupling used between 
the low-pressure turbine and the alternator. The 
coupling is also fitted with a pinion, as shown in 
Fig. 4, on Plate XXX., for turning the turbines by 
electric motor when they are opened out for in- 
spection. Fig. 22, in half section, shows that the 
two shaft ends D and D, are connected by means 
of two half couplings, C and C,, and two half 
sleeves, S and §8,. The half couplings C and 
C, are shown in half section in Figs. 25 and 26. 
The sleeves S and S, are shown in section in 
Fig. 27. Fig. 23 shows the method of engage- 
ment of the half couplings C and C, and sleeves 
S and S,, the spaces in the coupling being milled 
out to suit the projections on the sleeves. In 
Fig. 22 it will be noted there are, at F and F,, 
two rings mounted on the sleeve, which serve to 
locate the sleeves radially on the half-coupling 
projections. The projections in the half couplings 
are radiused in order to permit a certain amount 
of angling of the sleeve. The sleeves S and S§S, 
are arranged in halves in order that they may 
be divided to give facilities for lifting one shaft 
independently of the other. The couplings C 
and C, are secured to the shaft by means of 
three keys, these being carefully machined to a 
jig to secure even distribution of driving torque ; 
these keys are secured in position by check- 
plates G and G,, shown in Fig. 29. Fig. 24 shows 
the end plates at E and E, in the half-section, 
Fig. 22, which serve to locate the sleeve end- 
ways on the half couplings. One half of Fig. 28 
shows a plan of the sleeve and the bolting 
required to secure the two halves of the sleeve 
together, as well as an end view of the sleeve pro- 
jections. 


Tue ALTERNATOR AND EXcITeER. 


The alternator is shown in elevation and longitu- 
dinal section in Fig. 4, and in cross-section in Fig. 31, 
on Plate XXXII , while several photographic views 
are reproduced in Figs. 42 to 44, on Plate XXX VIL, 
to illustrate the magnitude of the machine and 
some interesting details. In designing an alter- 
nator having a continuous capacity of 25,000 kw. 
at 4500 volts when running at 750 revolutions per 
minute, there were not only electrical and mecha- 
nical problems to solve, but additional difficulties 
were encountered owing to the limits of weight and 
dimensions permissible in view of transportation. 
The heaviest portion of the whole machine is the 
bottom half of the stator-casing, which, when 
packed ready for shipment, weighed 60 tons. 

The alternator carries an ordinary three-phase 
star-connected winding, the end windings being 
arranged in two banks. Two of the phases are 


carried across the magnetic joint in the stator- 





casing, and in the case of these phases each con- 
ductor is provided with a separate bolted joint to 
enable the top half of the stator to be lifted away. 
The rotor may be described as being of the cylin- 
drical type with former wound coils, the ends of 
the coils | oes carried by massive bronze end-bells. 

The casing, which is of cast iron, is made in 
four sections, two sections bolted rigidly together 
forming the bottom half, and two forming the to 
half, the core being divided along the horizonta 
centre line (Fig. 31). The core is built of stamp- 
ings of thin sheet-iron arranged in forty-four 
groups or sections, with a ventilating space adjacent 
to each. The total length of the core is 92 in., and 
the diameter of the bore 75 in. The weight of 
one half of the stator, without windings, is 
112,000lb. There are 84 stator-bars. The bars are 
10 ft. long, and are drawn into completely closed 
slots, measuring 4} in. by 1,'; in., there being one 
conductor per slot. The outside insulation of the 
bars is moulded to gauge in order to ensure that 
they would be so wedged in the slots as to prevent 
movement. The end windings are of copper strip. 

The rotor is of the slotted-core type, consisting 
of 32 forged-steel discs mounted on a forged-steel 
shaft. Fig. 46 shows the shaft as it arrived at 
the Heaton Works from the forge. It will be 
noticed that the air-passages for axial ventilation 
are rough-machined out of the solid. The over-all 
length of this shaft is about 30 ft., and the maxi- 
mum diameter 3 ft.6in. Fig. 42 shows the discs 
with the coil-keys fitted, mounted on the shaft. The 
field-windings are former-wound. The embedded 
portions of the coils are placed in troughs of 
leatheroid, and, after being pressed down by means 
of hydraulic jacks, are firmly secured against the 
action of centrifugal force by brass keys. Fig. 42 
clearly shows the keys in position. The leading 
dimensions of the rotor are : length over end-plates, 
10 ft. 10} in. ; pole-face, 7 ft. 6} in. ; diameter, 
6 ft. 2in. The rotor is carried in two bearings, 
each 18 in. in diameter by 48 in. long, Fig. 4. The 
total weight of the complete rotor is 110,000 lb. 
Fig. 48 shows the completed rotor of the alternator 
with the exciter armature mounted in position. 

The alternator is completely enclosed, cast-iron 
shields being bolted to each end of the stator- 
casing and jointed to the bed-plates. These shields 
form the conduits for the cold air, which is sup- 
plied by a motor-driven fan and conveyed through 
ducts formed in the foundations. The air after 
passing through the stator and rotor is discharged 
through an orifice formed in the bottom of the 
stator-casing. Provision is made for the passage 
of 80,000 cub. ft. of air per minute to ensure that, 
after continuous running at 25,000 kw. and 4500 
volts, no part of the alternator shall have a tem- 
perature rise exceeding 70 deg. Fahr. The fan is 
capable of supplying the above quantity of air at 
a pressure of 34 in. of water. 

The exciter is of the overhung type mounted 
direct on the alternator shaft (Fig. 4). ‘The magnets 
are carried on a flanged extension cast on the 
alternator end-bearing pedestal. The exciter is 
arranged as an ordinary shunt-wound 4-pole 250- 
volt self-excited generator. 

It will thus be recognised that the fullest ex- 





perience has been utilised, not only in the design 
of the plant, but also in its manufacture, to ensure 
reliability, the highest efficiency, and at the same 
time a plant which will give the maximum of 
stability and require the minimum of attention 
when running on rapidly-fluctuating loads. 
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Liquid Air, Oxygen, Nitrogen. By Grorces Ciaupr. 

‘Translated by Henry E. P. Cotrrett. With a Preface 

by D’ArsonvaL, Member of the Institute of France, 

English edition, corrected and brought up to date by 

the Author. London: J.and A. Churchill. [Price 18s. | 
Since M. Georges Claude is one of the recognised 
authorities on the preparation of liquid air and of 
the sepiration of oxygen and nitrogen, this book 
will attract great and deserved attention, but at the 
outset some little difficulty may be experienced in 
separating the work of the translator from that of 
the authur, but where both are excellent one is 
content to accept the result without inquiry. 
Nevertheless, such expressions as ‘‘ No more should 
we recommend another experiment of which Claude 
was the involuntary victim’ do leave one specu- 
lating on the personality of the ‘‘ we.” But the 
charm of tracing the history of an incipient indus- 
try, and watching the vigorous growth of processes 
by which ingenuity has carried difficult and costly 
laboratory experiments to a great commercial 
success, is so great that, one is content to be led 
whoever tells this tale, in which it is doubtful 
whether most to admire the practical application 
of science or to marvel at the almost limitless scope 
that awaits the future development of the industry. 

In some preliminary chapters are discussed those 
properties of gases that bear on this question, and 
an intelligent view of the principles underlying 
liquefaction is gained. All through the work 
theory and practice proceed pari passu, and no 
small portion of the interest arises from following 
the steps by which improved theoretical knowledge 
has assisted mechanical development. We can see 
the inventor at his work, we can note his 
difficulties, his discouragements and his triumphs. 
We can see what brought about the downfall of the 
scientist who imperfectly understood the behaviour 
of gases near a critical temperature, and wherein 
lay the stumbling-block of the physicist, who, in 
the method of expansion, seemed to have solved 
the probiem of liquefaction, if not of proper 
motion. Historical references to the researches of 
past workers therefore still further increase the 
fascination attaching to this new chapter of physical 
science. We are reminded of Faraday’s early 
experiments, in which he reached temperatures 
below -100 deg. Cent., and those still more 
practical devices of Siemens of half a century ago, 
that suggest the foundations of all the various 
apparatus designed for the liquefaction of ‘‘ per- 
manent gases.” Andrews’s epoch-making work 
receives due acknowledgment, as does many another 
from Mariotte to Van der Waals. These may be 
familiar to the English reader, but the work 
of Thilorier and Pictet, of Cailletet and Linde, 
and of others of less note, assume their proper 
perspective in this comprehensive survey. 

The gap that separates the achievement of 
practical manufacture from the experiments of the 
physicist in the laboratory is well illustrated 
by the small progress that followed the proposal 
of Siemens, who seemed on the threshold of 
success. Cailletet had come near to the lique- 
faction of hydrogen in one operation, and did pro- 
duce tiny droplets by availing himself accidentally 
of the principle of expansion, but Siemens had 
clearly perceived how this principle could be made 
available, and devised his system of ‘‘ exchangers of 
temperature.” He had shown mest convincingly 
that the atmosphere could be made to part with its 
heat till liquefaction was reached. The mechanism 
was neither difficult to construct nor to under- 
stand, and yet progress halted. The process so 
perfect on paper, whose apparent simplicity had 
aroused enthusiasm in so many experiments, pre- 
sented in practice difficulties that baffled every 
attempt am rendered fruitless the most ingenious 
devices. Solvay, a name well known in connection 
with the manufacture of soda by the ammonia pro- 
cess, attained with great difficulty a temperature 
of — 92 deg. Cent. Others were even less success- 
ful, and the realisation of the hopes so indisputably 
established in theory proved a keen disappoint- 
ment for some forty years. Nature always plays 





























Oct. 17, 1913.] 


ENGINEERING, 


517 











HACK-SAWING MACHINES. 


CONSTRUCTED BY MESSRS. CHARLES WICKSTEED AND CO., LIMITED, KETTERING. 


(For Description, see Page 519.) 




















Fic. 1. Sawrne-Macuine ror Founpry RunvERs. 








Fic. 2, Sawine-Macuine 


FOR Borer-PLate FLANGEs. 








rules with relentless decision, so that when a 
|certain degree of refrigeration was reached, such 
| moving parts as valves and stop-cocks became difli- 
| cult to work, and if the congelation proceeded still 
| further, these became quite refractory and brought 
the machine to a standstill... Uther difficulties 
arose in connection with providing adequate pro- 
tection to the expanding cylinder and its mecha- 
nism from the effect of external heat ; but these 
might have been surmounted if the lubricating 
materials had not refused to perform their proper 
function—a simple and effective cause of stoppage, 
and one not easily remedied. Many years later 
lubrication was effected with petroleum ether ; but 
we understand that, in the latest installations, 
M. Claude has succeeded in doing away with the 
necessity of lubricating altogether. The employ- 
ment of leather has solved the difticulty. Unlike 
most organic solid bodies, leather, suitably treated, 
does not become hard and brittle at a low tempe- 
rature ; but by preserving its qualities of supple- 
ness and of mechanical resistance has rendered 
great assistance at this crucial point, and proved 
once again that there is ‘‘ nothing like leather.” 

The difficulty of following the indications of 
theory may be illustrated by another fact in the 
history of low-temperature production. Hampson, 
employing the Siemens principle, constructed effi- 
cient apparatus, which still finds a place in many 
laboratories, and Professor Linde, as is well known, 
has erected many installations on a commercial 
scale. But both have allowed the air to expand 
without doing any work, which is bad, thermo- 
dynamically. Theoretically, as pointed out by 
Lord Rayleigh, it seems much better to allow the 
air during expansion to impinge on the vanes of a 
turbine, yet the Linde process was followed for 
some years, to the utter exclusion of the more theo- 
retically perfect method. Claude demonstrated the 
direct possibility of employing the second method 
—that is, expansion with external work—and the 
successful pursuit of this ideal constitutes Claude’s 
claim to grateful recognition. At the present day 
the two methods are currently applied in manu- 
factures on about an equal scale, so that the ques- 
tion of economy of production cannot yet be regarded 
as setat rest. Inthis book the methods of research 
pursued by Claude are followed in considerable detail, 
demonstrating alike his unflagging energy and his 
cunning ingenuity. We can say no more than that 
those who are interested in the production of liquid 
air, or in its application to the separation of oxygen 
and nitrogen from the atmosphere, will find the 
processes described with great lucidity and com- 
pleteness. 

We regret the more, therefore, that we are not able 
to follow the author on one point—namely, in his 
remarks on recuperation as one of the character- 
istics of expansion with external work. There 
seems to be a fallacy so evident that the author 
himself has been at some pains to repudiate it. If 
the cold produced and the energy recuperated are 
increased at one and the same time, it does not 
seem absurd to ask why it should not be possible 
to recuperate during expansion all the energy 
expended — poge emg ne in which case it 
should be possible to obtain liquid air without any 
expenditure of energy at all. The plausibility of 
this suggestion is increased, because there is no 
question here of creating energy. We are simply 
dealing with ordinary air, less some heat, and the 
heat thus abstracted could be made to perform 
work. Doubtless, just as it is easy to see that 
liquid air is not an accumulator of mechanical 
energy, 80, if we had the means of deriving exact 
quantitative results, the transparent fallacy would 
disappear. In any case, we are a to accept 
the assertion that ‘‘Carnot’s principle, which has 
faced many another attack, can still stiord to con- 
sider this fallacious attempt to get round it with 
unruffied calm. This seems to be, in the matter of 
perpetual motion, the last boat to leave the shore, 
a boat in which, we must acknowledge, many 
passengers have embarked.” 

There are other fallacies or vulgar errors that 
the author does well to a. Although the 
uses of liquid air are manifold, and will increase, 
it is not to be regarded as a substitute for ice. 
That would be an altogether unreasonable proposal, 
and arises from the mistaken impression of the 
‘* quantity of cold” stored in liquid air. There 
are those, we are afraid, who, misled by the ex- 
tremely low temperatures at which air or hydrogen 
liquefies, assert that a single drop in a glass of 
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water would serve to freeze the contents. Nothing 
of the kind. The heat of evaporation of liquid air 
is approximately 50 calories per kilogramme, so 
that 1 kg. of liquid air, when evaporated, produces 
noticeably less cold than 1 kg. of ice when melting. 
Various devices might increase the frigorific eftect 
of liquid air, but not to any great extent, and in 
any case the result would remain disappointingly 
small, Perhaps it is this peculiar property that 
enables minute organisms to accommodate them- 
selves to the low temperature when immersed in 
a jar of liquid air. A temperature of —190 deg. 
Cent. seems to invigorate Charrin’s pyrocyanic 
bacillus, who, after being submitted to this tem- 
perature, will, when restored to its ordinary sur- 
roundiogs, continue to secrete the blue matter 
from which it derives its name. This behaviour of 
a lowly bacillus, says the author, ‘‘ is a singular 
contribution to the seductive theory of the common 
origin of life in the universe, since it shows us that 
under the condition of a celestial catastrophe, vital 
germs could be transported from one world to 
another without being stopped by the enormous 
cold of interplanetary space.” The author, it will 
be seen, knows how to relieve the tedium of a long 
description by slight excursions into allied sciences. 





Land and Mining Surveying, as Applied to Collieries 
and Other Mines, for Students, Collsery Officials, and 
Mine Surveyors. By Grorce Liongt Leston. London: 
Crosby Lockwood and Son. [Price 63. net ] 

Tue author has written this treatise to supply the 

demand of students who complain that the books 

dealing with the application of surveying to mining 
urposes are either too elementary or too abstruse, 

Dut it is difficult to see how any book could be 

more elementary, or rudimentary, than the one 

before us. Of its class it is satisfactory, but no one 
can ever become an expert surveyor from book 
knowledge. So necessary is practice that it is 
difficult to see what kind of information a book 
can supply in the early practical stage. Not till 
very considerable proficiency has been acquired in 
instrumental manipulation does a book appear 
necessary, and it is precisely at the point when 
theory should aid practice that the author drops 
the subject. Mr. Leston gives some definitions of 
trigonometrical functions and formule for the 
solutionof plane triangles—information that is given 
in a hundred elementary text-books ; but he with- 
holds the peculiar treatment of these rudimentary 
propositions that would give them an interest and 
a value in this particular connection. The student 
surveyor should want to know why he avoids certain 
figures in his triangulation, or what amount of 
error he introduces when forced to select ill-con- 
ditioned triangles. One can imagine that the theory 
of instruments would be of immense utility, but 
this subject is quite neglected. Even of such a 
simple matter as the vernier, there is no general 
investigation of its principle, and figures and 
description have to be repeated ; similarly of the 
tacheometer, there is a description of the instru- 
ment and its method of use, but there is no 
adequate analysis of its theory. The level affords 
an instance of incomplete treatment in another 
way. Surely in accurate work, where the transit 
instrument is used, there should be an attempt to 
apply the corrections arithmetically rather than 
mechanically, but the author never endeavours to 
remove any error that might arise from imperfect 
construction. Of even more importance, as it 
seems to us, are the processes for deriving the 
most trustworthy results from imperfect data. 

Here practical training and mathematical analysis 

might well be combined, but little assistance is 

given in the higher grades of surveying. For 

example, the treatment of closing errors on a 

connected system of angular and linear measures 

can be handled in a very exact and instructive 
manner, but in one case where the problem 
crops up, in a very simple form, the author slurs 
over the difficulty in a way which is unsatisfactory. 

The accumulation of errors in certain kinds of 

work, of which instances will readily occur, is a 

matter em outside the elementary stage, but one 

into which the author might have entered, and 
thus have made his book more attractive. Prac- 
tically. it would have been of advantage to bring 
home to the tyro the fact that his observations are 
affected by both systematic and accidental errors, 
for the beginner is too inclined to trust implicitly 
to his instrument. 

By mentioning the limitations Mr. Leston has 
imposed on himself, one can easily infer what sub- 





jects will be found treated here. He deals in turn 
with chain surveying, plotting, compass surveys 
with loose and fast needles, traverses, levelling, 
all on simple lines, and then introduces greater 
accuracy by availing himself of improved instru- 
ments with greater optical power. In all the 
ordinary work of a surveyor’s office the author’s 
experience and familiarity make him an excellent 
guide. The accuracy may be suflicient, but it is 
not great. His knowledge of the mistakes that 
are daily made enables him to give excellent hints 
and advice to the novice. On two small points, 
however, we will venture to disagree with him. 
One is, he uses too many decimal places—a very 
frequent fault. He will work out some of his 
examples to the hundred-thousandth part of a link. 
In the trigonometrical examples he will employ 
seven-figure logarithms, though his angles can 
never be measured nearer than a quarter of a 
minute. Such an array of figures increases the 
arithmetical work and gives only a fictitious 
appearance of accuracy. In stating the pre- 
cautions in using instruments, he regards the re- 
webbing of an eyepiece as a very serious matter. 
It is not so, and it would have been better to have 
given directions for making the necessary repairs, 
though, of course, Mr. Leston is quite right in 
insisting on the exercise of caution in handling 
instruments of precision. 

The author describes some geodetical exercises 
such as the measurement of a base line, the deter- 
mination of azimuth and latitude—little needed if 
the work is to be of a purely elementary charac- 
ter. With regard to the last-named exercise, it 
would seem that with the instrument he has at 
command, the Talcott-Horrebow method would 
have led to a more accurate, as to a more intel- 
ligible, result than those given, for we hear no 
mention of an artificial horizon. We notice, too, 
that it is stated that an approximate meridian 
can be determined by observing when Polaris 
and « Urew Majoris transit a plumb-line. This 
must have been taken from some old book, and 
the precession of Polaris has been neglected. It 
would be much more accurate to observe simul- 
taneously Polaris and ¢ Urs Majoris. But we 
remember that students will be very rarely called 
upon to measure a base line with accuracy, or to 
determine a latitude. On the other hand, they 
may be frequently required to connect underground 
workings with the surface, to set up railway curves, 
to construct tunnels, or to determine the area and 
value of minerals worked from property on which 
royalty has to be paid. In all od practical matters 
we should have great contidence in Mr. Leston’s 
work and experience. He knows how to get a 
result, and a right result. We may think his 
methods here and there a little wanting in scientific 
accuracy, but we should accept his practical results 
without hesitation. Geodesy, we imagine, is not 
his forte, but in making large scale plans of com- 
paratively small areas, under difficult circumstances 
of measurement, he is no doubt an adept, and those 
who are trained under him may think themselves 
fortunate. 





Building-Stones and Clay-Products: A Hand-Book for 
Architects. By Hetnricu Rigs, Ph.D., Professor of 
Economic Geology in Cornell University. New York: 
John Wiley and Sons; London: Chapman and Hall, 
Limited. [Price 12s. 6d. net. ] 

Tuts book will prove more useful to the American 

architect and builder than to the English; for local 

conditions very materially influence the suitability 
of stone for building purposes. The general char- 
acteristics of a sandstone or a limestone may be 
the same in England as in the United States, 
but minute differences in the geological structure, 
as the amount of mineral matter present, may make 
or mar its usefulness for constructional work. 
Architects are very shy of using an unknown stone, 
and rightly ; for not only the life of a building, 
but its sightliness also, is likely to be affected by the 
selection of an injudicious material. Tests of 
quality are so unreliable that a careful builder 
would like to know where and how long a parti- 
cular stone has been in use. For this reason, the 
author has very wisely given a list of the more 
important structures in which a particular stone 
has been employed. But these buildings are in 
the United States, and the quarries are also there, 
so that the information is of little value to English 
readers. Further than this, a large part of the 
book is devoted to describing the districts in the 
States where granite, sandstone, limestone, slates, 





&c., are quarried to a commercial extent. From 
the point of view of economic geology this informa- 
tior is most desirable, but of little use in this 
country. 

The discussion, however, of such properties as 
texture, hardness, colour, density, capacity of 
resistance to frost, fire, or acid vapours, qualities 
on which the suitability of building-stone turns, is 
uninfluenced by local considerations, and the sec- 
tion in which these matters are dealt with will be 
more generally appreciated ; for the author's expe- 
rience is wide and informative. Unfortunately, 
the determination of these qualities cannot be 
effected with the same rigidity and exactness that 
obtain in some other constructional material, and 
the tests are not accepted with the same confidence. 
The want of homogeneity in the structure intro- 
duces a great difficulty. The hardness of a rock, 
and the hardness of the component materials, are 
two very different things. A rock may consist of 
hard quartz grains, and yet be bound together by 
so little cement as to offer comparatively small 
resistance to mechanical stress. Generally, in any 
direction in which test may be applied, it may be 
contended that the results apply only to the parti- 
cular sample under examination, and do not 
necessarily hold throughout a considerable extent 
of the quarried stone. Chemical analysis is of 
as little use as the mechanical. Tests will deter- 
mine whether a sandstone is pure or impure, or 
show the difference between limestone and a 
dolomite. They might, too, indicate the presence of 
pyrite in a rock, but if this impurity be present to 
an injurious amount ; that is, likely to bring about 
streak discoloration, or otherwise make the stone 
unsuitable, a simple microscopic examination will 
doas much. Therefore, testing and analysis have 
become somewhat discredited. The employment 
of a crushing test, the one most frequently used, 
has proved itself absolutely useless in practice. 
For a stone which is so weak as to be likely to 
crush in the walls of a building or in a pillar, would 
bear such visible marks of its unfitness as to 
deceive no one with more than a rudimentary 
knowledge of the subject. There are but few 
stones that show a crushing strength less than 
6000 lb. per sq. in., and some as high as 20,000 lb. 
The stone at the base of the Washington Monu- 
ment supports a maximum pressure of only 315 lb. 
per sq. in., so that the factor of safety under any 
ordinary circumstances is ample. A careful exami- 
nation of the stone in the quarry is thought by 
some to afford more useful information than a 
knowledge of its crushing or transverse strength ; 
and it is a point not to be neglected, wherever 
possible ; for careless methods of extraction and 
working will destroy much of the constructional 
value, and render the stone more vulnerable to the 
attacks of weathering. 

The varying power of different qualities of stone 
to resist the action of frost or fire, cannot be 
brought out very well by artiticial tests, because of 
the large number of contributing factors and the 
doubtful action of each. The size, shape, and dis- 
tribution of the pores in a rock, as well as the 
rigidity of the stone, will all influence the result in 
the case of a frost-test ; and if building stones are 
submitted to the action of fire, it is uncertain 
whether the disintegration produced is occasioned 
by unequal stresses set up in the stone, by the 
exterior of a block becoming highly heated while 
the interior is still comparatively cool, or whether 
the fractures are due to the application of a 
stream of cold water being applied to a highly 
heated surface. The flame-tests that have been 
applied would hardly indicate the probable effect 
of a conflagration upon the general body of 
the stone in a building, but they do serve to 
indicate in a rough way the relative refractori- 
ness of stone to a great heat. The finer the grain 
the more compact the stone, the simpler in mine- 
ralogical composition the better will it resist the 
effects of fire. The order of refractoriness seems 
to be: sandstone, fine-grained granite, limestone, 
coarse-grained granite, gneiss, and marble. But 
ordinary well-burned brick, of good quality, re- 
mains the most satisfactory fire-resisting material 
now used in building construction. But as we do 
not anticipate the destruction of a building when 
selecting a suitable stone for the fabric, these 
results are, perhaps, more curious than important. 
The one fact we would emphasise and impress on 
architects and engineers alike, is that tests can 
prove most misleading, and that a very considerable 
risk has to be run in adopting an untried stone 
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exposed to atmospheric and climatic conditions that 
can only be very roughly determined. 

The second part of the volume treats of clay 

roducts used in structural and decorative work. 
These include, first, brick in all its many forms 
that economy on the one hand and fashion on the 
other have demanded ; architectural terra-cotta ; 
tiles, again in variable and fantastic shapes and 
colourings ; sewer pipe ; sanitary ware, &c. These 
chapters are rather elementary, describing in a 
popular way the methods of manufacture employed. 
One has to remember thatthe book followsthe course 
of the lectures given to the students in the College of 
Architecture at Cornell, and that decorative and 
artistic effects are much in demand. It is, how- 
ever, not unimportant to note that in this subject 
technical manufacture plays a much larger part 
than simple stone. There are greater opportunities 
for the application of scientific methods, both in 
securing a desired result and in explaining and 
removing troubles that unexpectedly beset the 
manufacturer. As an example, we may refer to an 
annoyance that is often experienced in the manu- 
facture of terra-cotta. A greenish-yellow scum will 
frequently disfigure the surface, and cause the rejec- 
tion of the article. The cause of this was formerly 
unknown ; but chemistry has decided that this scum 
is caused by soluble compounds of the rare element 
vanadium ; and though the difficulty is not removed, 
the means of dealing with it successfully have been 
traced. 
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HACK-SAWING MACHINES. 

Two interesting hack-sawing machines, which have 
recently been introduced by Messrs. Charles Wicksteed 
and Co., Limited, of Stamford-road Works, Kettering, 
are illustrated on page 517. The first, shown in Fig. 1, 
is the firm’s latest and most powerful type of runner- 
Sawing machines for foundries. The example from 
which our illustration has been made will take a 
runner 12 in. by 12 in.; but the machine can be built 
to deal with runners 12 in. deep by 20 in. on the flat. 
_— the depth of the frame will take only 12 in., 
the blade itself can be lifted 18 in. above the table. 
As will be seen, the sawing-machine proper, along with 
its driving motor, is mounted on a compound slide, by 
means of which the blade can be brought forwards or 
sideways to its work. The length of the slide is such 
that the blade can be traversed to a position 12 in. 
beyond the side of the table, or 18 in. back over 
the top of the table. The end travel is en 
80 that the saw can be brought entirely over the end 
of the table. As will be seen, the table is so designed 
that castings can be bolted on two of its sides or on the 
top. Large castings, too big to be fastened on the 


table, may simply be packed up alongside it, and the 
blade brought up to the required position. If the cast- 
ing is properly packed, its weight will be quite suffi- 
cient to resist the pull of the blade. The machine is 
able to cut from 1 sq. in. to 2 “4: in. of metal a minute, 
and the attachment of the blade is arranged so that it 
is possible to saw flush up to the main a The 
stroke of the saw is 64 in., and the table is 5 ft. 6 in. 
long by 3 ft. wide by 2 ft. 5in. deep. If desired, the 
machine can be fitted with a collecting tray, suds- 
pump, and tank. 

The second machine, shown in Fig. 2, is designed to 
cut the flanges of boiler end plates to the proper 
depth at a bevel. It can work all round a flange at 
one setting at the rate of 14 in. to 2in. a minute. The 
machine is made in two forms, the one we illustrate 
being intended for cutting outside flanges and outside 
curves of the type shown at A, B and C, in Fig. 3. 





The second form of machine is intended to cut 
inside curves and circles, as shown at D, E and F, in 
Fig. 3. The outside cutting machine, which is 
shown in Fig. 2 — upon a flanged boiler-plate, 
is built to saw horizontally and at a bevel across 
the flange, instead of square, thus leaving a caulking 
edge. The blade is provided with an automatic 
release on the return stroke, and is pressed up to 
its work by a spring. Within a limit of 4 in. it is 
self-acting and self-feeding in every respect, like an 
ordinary sawing-machine, and is independent of the 
movement of the plate on the big table. The table 
is, however, provided with automatic and hand tra- 
verses which keep time, or thereabouts, with the 
rate at which the plate is being cut. 

The —s of the machine is very simple. The 
late is merely placed on two supports which are 
astened to the revolving table. There is no bolting- 
down, the weight of the plate being usually sufficient 
to resist the blade, and the plate being weighted if it 
is not. The saw is set to work at one end, and goes 
round the plate without resetting. If the plate is of 
the form shown at A in Fig. 3, the longitudinal and 
circular traverses are used. An indicator shows if the 
traverses of the large table are keeping time with the 
speed of the cut, and if necessary the attendant can 
manipulate them. Nothing of this sort is necessary, 
however, unless the traverse is pushed to its limit, 
because if the table does not teovel quite so fast as the 
saw is cutting, it simply means that not quite so much 
work is being done as could be done, and in this case 
the stop relieves the blade of full pressure, and causes 
it to cut slightly more slowly. If a careless operator 
allows the automatic traverse to overtake the blade, 
the worst that can happen is the breakage of the 
blade ; but even this would not necessarily take place, 
since the further the saw was forced behind the centre 
the more pressure the spring would put on it, thus 
giving extra cutting speed. 

If the plate is of the shape shown at B orC in Fig 3, 
the blade must be manipulated round the curves and 
must be kept as nearly as possible square with the 
work. To facilitate this operation the cross-slide of 
the sawing-head is mounted on a segment which can 
be thrown at any angle to the main table by means of 
a worm worked by hand. By working with this 
arrangement, in conjunction with the straight and 
circular traverses, corners of any sort can be cut with- 
out difficulty and without stopping the machine. As 
the blade is on a bevel it is clearly necessary that the 
distance between the plate and the frame should be 
constant. This is —— for by means of a copying 
roller, which is attached to the cross-slide on whic 
the sawing-head is mounted. The slide is constantly 
ae in the direction of the plate by a spring, and the 

lade, which cuts on the return stroke, also pulls the 
slide up to the flange. The sawing-head is mounted 
on a bracket with vertical sides, by which the blade 
is adjusted to the = height. The saw is worked 
A @ motor moun on the sawing-head bracket, 
while the table traverses are worked by an indepen- 
dent motor inside the main table. The table has two 
automatic working traverses in either direction, and 
a quick return. The circular traverse is in one direc- 
tion only. All three traverses have three speeds, 
obtained through belt-cones off the motor. The 
machine illustrated can deal with plates 7 ft. long by 
5 ft. wide, and the sawing s attained is 14 in. to 
2 in. @ minute. For dealing with plates having 
inside curves as shown at D, E, and in Fig. 3, a 
less expensive and simpler machine is used. It has a 
sawing-head mountedon a pillar with a circular 
traverse, the plate being supported by a table outside. 





Beioian_ Bwast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of October was 
fifty, as compared with forty-eight at the commencement 





of October, 1912. Eight furnaces were out of 





CAISSON FOR THE NEW GLADSTONE 
DOCK AT LIVERPOOL. 


WE illustrate on pages 520 and 521 the caisson and 
the hauling machinery associated with it for the new 
Gladstone Dock at Liverpool, which we described and 
illustrated in our issue of July 4 last (page 4 ante). 
This caisson, which was designed and const:ucted 
under the directionof Mr. A. G. Lyster, President-Elect 
of the Institution of Civil Engineers, was built by the 
Motherwell Bridge Company, Limited, Motherwell. 
It is of the sliding type, and is constructed wholly of 
mild steel. The caisson, Figs. 1 to 6, is 132 ft. long 
on the dock side, and 124 ft. long on the river side, 
with a moulded width of 25 ft., and a total depth of 
52 ft. 6 in., and is designed to withstand a head of 
water of 49 ft. 6in. It is divided by three longitu- 
dinal water-tight decks A, C and D, and two braced 
decks Band E. The air-chamber, which extends the 
full length of the caisson, is divided by a longitudinal 
water-tight bulkhead up the centre and by four cross 
bulkhe: making ten water-tight compartments, 
the two compartments at each end being used as 
scuttle and trimming-tanks. The caisson is designed 
so that no permanent ballast is required. The caisson 
is plated on the sides and ends from top to bottom. 
The bottom is left entirely open, allows the 
external water to rise up to the underside of the air- 
chamber (deck D); two open trunks are provided 
through the air-chamber (decks D) and C), and these 
allow the water to rise and fill the compartment 
above the air-chamber. By this arrangement the 
buoyancy of the caisson is reduced to a minimum when 
the tide rises above the top of the air-chamber. The 
caisson has been designed to float at a line 3 in. below 
the top of the air-chamber. 

The ballast water oo pee to destroy the buoyancy 
of the 3-in. freeboard, steel work, &c., above the 
air-chamber and the submerged portion of the motor- 
room, and also to give a sufficient preponderance at the 
highest tide, is admitted to the scuttle-tanks by means 
of sluice-valves worked from the motor-room (Figs. 7 
and 8), and is discharged when the caisson is required 
to float by means of electrically-driven pumps, described 
later. 

The water-tight face of the caisson on each side is 
formed of 15-in. by 9-in. greenheart sill and stem 
timbers, and the slides are formed of 2l-in. by 10-in. 
greenheart timbers. Suitable fender timbers of 
American elm are provided on sides and ends. Along 
the top of the caisson, as shown in Figs. 1 and 6, 
a gangway 6 ft. wide is provided, composed of 9-in. by 
3-in. pitch pine timbers, with a collapsible hand-rail 
on each side, and a folding stair at each end 4 ft. wide, 
each stair being operated by means of a hand-wheel and 
worm gearing. Deer grease-forcers are provided for 
lubricating the sliding ways, and also bollards, fair- 
leads, and all necessary air-pipes. 

The pumping machinery consists of two 10-in. 
centrifugal pumps, by Messrs. Gwynues, Limited, 
capable of delivering 50 tons of sea-water in five 
minutes against a tutal head of 32 ft. when running 
at about 700 revolutions per minute, and taking 
30 brake horse-power at the pump-spindle. Each 
pump is driven by a protected type continuous-current 
shunt-wouud motor of Messrs, Crompton’s make, one 
hour rated, capable of giving 33 brake horse-power 
when running at about 700 revolutions per minute on 
a 440-volt circuit, and provided with two self-oiling 
bearings. Each motor is coupled to its pump by a 
flexible coupling, and each set is mounted on 940m: 
bined cast-iron bed-plate. One subsidiary switchboard 
for controlling the two motors is fixed in the motwr- 
room, the — being supplied by means of twin 
flexible cables connected from a socket-box on the quay- 
wall to a socket-box on the roof of the motor-room. 

The hauling machinery for the caisson is illustrated 
by Figs. 7 and 8. It is designed to haul the caisson 
across the entrance at a tide-level of 10 ft. ubove 
the old dock sill by means of two wire ropes secured 
to cast-iron winding-drums, with grooves right and 
left hand. One end of each rope is secured to the 
caisson and the other to the winding-drum. The 
hauling machinery was constructed by Messrs. Carrick 
and Wardale, Gateshead, and is electrically operated. 
It consists of two cast-iron hauling-drums, with 
grooves machine-cut for wire-ropes, keyed on one 
shaft and driven by two independent reversible electric 
motors, with gearing in duplicate. Each is capable 
of moving the caisson for opening or closing the 
dock entrance, and dealing with a travel of 131 it. at 
a — of 32 ft. per minute. To each of these drums 
is fitted a heavy steel machine-cut spur-wheel. The 
first-motion pinion is fitted to the motor-shaft, and 
gears into a second-motion shaft through a steel spur- 
wheel, with machine-cut teeth running in an oil-bath. 
This second-motion shaft drives the main drum by 
means of a clutch-pinion. This gear is in duplicate, 
and is so arranged that either motor can be put into 

ration as may be uired, the arrangement of 
clutches being such that only one motor can be in 
operation at the same time. 

The motors are reversible, of 150 brake horse-power 
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plate of box-girder section, to which is fitted heavy cast-iron bearing- 
brackets for drum, counter-shaft, &. There are two controllers of the 
tramway type, switchboard and tell-tale, assembled ona raised platform, 
giving the operator a view of the caisson coming mto its chamber or 
closing the dock. 





Tue Mancuester Monicipat Scoot or TecHnoLocy.—The calendar 
for 1913-4 of the Manchester Municipal School of Technology has now been 
published, and gives full particulars as to the courses of study available at 
this excellently-equipped and staffed institution. Two alternative courses 
of study are provided—viz., whole-term, or University, courses and part- 
time courses, there being ample demand for both in great industrial centres. 
The University courses are intended for those who can devote the whole of 
their time to study, and degrees and certificates in technology are awarded to 
successful students in engineering, applied chemistry, the textile industries, 
and architecture. Probably the part-time courses are even of greater value 
to the district, as they enable en engaged in practical work to acquire 
a knowledge of scientific principles. Full particulars of these can be 
obtained on application to the school. 





“*Tur Sourh American YEAR-Book, 1913.”—This interesting volume is 
edited by Mr. C. S. Vesey Brown, M. Inst. C.E., M.I.E E., and is published 
by the proprietors, the Louis Cassier Company, Limited, 33, Bedford-strest, 
Strand, London, W.C. It measures 10} in. by 7} in., and contains over 
600 pages of interesting illustrated information on the ten Republics of the 
continent of South America, British, Dutch, and French Guianas, the 
Panama Canal, and the Falkland Islands. For each nation geographical, 
historical, and political information is given; also particulars on the 
industries and the chief products of the different provinces forming each 
nation ; details on the loans the nations have issued from time to time; 
tables of imports and exports, and other trade notes and figures ; weights 
and measures ; laws (mining) and other legislative enactments ; and numerous 
other data whieh will prove of very great value indeed to engineers, merchants, 
and statisticians. aps of railways and plans of harbours are given in the 
text ; the book contains also a detailed map of South America. 
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INDUSTRIAL NOTES. 


Tue Belgian Minister of Industry and Labour, says 
the Moniteur Industriel, has recently completed a Bull 
dealing with the appointment of committees for the 
settlement of labour disputes. These are to be pro- 
vincial committees; a central one is also to be 
formed to settle the disputes when the provincial 
organisations have not been able todo so. Each com- 
mittee is to consist of four members and a chairman; the 
latter and two members are to be appointed by Govern- 
ment, one member is to be elected by the representa- 
tives of the employers and one by those ot the men. 
The committees are to intervene in disputes at the 
request only of the two parties. If intervention is 
asked for by one party alone, the other is to be imme- 
diately informed of the fact and invited to consider 
an attempt at conciliation. If this cannot be arrived 
at, the two parties can ask for the decision of the com- 
mittee; but, in this case, if there occur a strike or 
@ lock-out, the committee is only to sit after resump- 
tion of work. 

The Bill forbids all intervention on the part of third 
persons. This is dealt with in clause 41, which says: 
‘* A fine ranging from 20s. to 20/. will be imposed upon 
any third person who, by donation, collection, sub- 
scription, indemnification, loan, or money advance, 
(a) has taken sides with the strikers, or the authors 
of a collective dismissal, as long as they have not placed 
the matter before the provincial committee, or when 
they do not take arene of the conciliation proce- 
dure ; (b) or with the employers in whose works there 
is a dispute, when the said employers refuse to agree 
to the demand for conciliation put forward by the 
other party ; (c) or, again, with the party against whom 
the committee has given an adverse decision ; (d) 
finally, in the case of an appeal, with the party that 
refuses conciliation by appeal. The Bill is to go before 
Parliament for discussion. It is doubtful whether 
it will be accepted by a majority. The composition of 
the committees, in which a governmental element will 
predominate, will make these bodies appear suspicious 
to one or other of the parties in dispute, and the ser- 
vices of the committees will be asked only after the 
failure of direct negotiations. Individual assistance 
on the part of charitable persons will be tolerated, as 
also will be the credit allowed by merchants to strikers ; 
further, trade unions are not considered in the light of 
third persons. 

The object of the Bill is evidently to provide that 
strikes be not made the starting-point of political agita- 
tion or of doctrinal propaganda. The interdictions are 
likely tointerfere both with liberty of opinion and the 
freedom of the Press. How can an orator of a trade 
union be prevented from uttering words that will be 
repeated to the public, and how far can a journal be 
found at fault when it undertakes a vigorous defence of 
one of the parties, and makes an appeal to professional 
solidarity ? As trade unions are not considered in the 
light of ‘‘ third persons,” how ean a philanthropist 
or a politician, for example, be prevented, through 
them, from helping one of the parties in a dispute ? 

The man who can cause all labour conflicts to cease 
will be considered a benefactor of humanity ; but our 
contemporary fears that such a man is not the Belgian 
Minister of Industries and Labour. 





A meeting of the Cleveland Iron-Stone Mine-Owners 
was held at Middlesbrough on Monday afternoon, 
under the chairmanship of Sir Hugh Bell, Bart., when 
the question of wages to be paid to the miners durin 
the coming quarter came up for consideration. Accord- 
ing to the formula adop’ for many years past, the 
employers were entitled, under the reduced price of 
Cleveland pig iron, to claim a reduction in wages of 
8} per cent. The miners’ representatives promised to 
put the matter before the men, and the meeting was 
adjourned until Monday, the 27th inst. 





Mr. Alfred Hayes, Principal of the Midland Insti- 
tute, gave on Sunday last, at the Birmingham Socialist 
Church, an address on ‘‘ Machinery as Friend and Foe,” 
from which we take the followin ss"... 
Of little use was it to cry to the stn of mechanical 
industry or to their captains, ‘ Back to the land’ ; it 
was the last thing they desired, and the exodus from 
lonely country - side to crowded cities continued un- 
abated. They must admit, whether they liked it or 
not, that machinery, with all it involved or might yet 
entail, had come to stay, and in the future supremacy 
must belong to those nations who could best adapt 
themselves to the new environments .... What 
could be adduced as a counterpoise against the grave 
disadvantages and dangers which the domination of 
machinery over modern civilisation had unquestion- 
ably caused? Machinery in itself was not the cause 


of the mass of poverty and dismalness with which it 
was at present associated ; it was the abuse of machi- 
nery by man himself that was responsible for that. 
The fact that by means of machinery and the sub- 
division of labour a given number of people could be 
provided with the necessities of life in a shorter time 








had already enabled the hours of labour to be shortened. 
Machinery, moreover, was by no means devoid of 
beauty in itself ; there was a superb dignity in the 
slow lifting and falling of the arms of a great hydraulic 
pump; if the invasion of machinery had too often 
desecrated and polluted the land, it had at least 
stamped upon it, here and there, a splendour of its 


” 


own. 





The point as to whose work it is to build or fix 
rough concrete blocks for partition work was decided 
last week by Alderman T. Smith, of Leicester, who 
was appointed by the Board of Trade for the purpose. 
It formed the basis of a dispute between the Liver- 
pool and District branches of the Amalgamated Society 
of Operative Bricklayers and the Liverpool and Dis- 
trict branches of the National Association of Opera- 
tive Plasterers. Alderman T. Smith determined that 
this was bricklayers’ work, and his award, which was 
accepted by both parties, settled the point finally. 





At the Miners’ Conference, held last week at Scar- 
borough, the ballot taken for political action gave the 
following figures :— 


Total number of votes... 476,666 
Tn favour of political action 261,643 
Against political action ... 194,800 
Majority for political action... ... 66,843 
Unmarked papers in the ballot-boxes... 17,000 
Spoiled votes oo aa li eS 3,223 


The membership of the Miners’ Federation bei 
619,000, this total including 30,000 boys not entitled 
to take part in the ballot, the proportion of members 
who voted was 81 per cent. 

A resolution stating ‘‘ that, in view of the failure of 
rivate enterprise to provide housing accommodation 
or the people, Government be urged to amend housing 

legislation in such a way as to give improved facilities 
to local authorities to borrow money for longer periods 
at lower rates of interest, the amounts advan being 
increased from two-thirds to nine-tenths,” was carried. 
Several resolutions dealing with the Workmen’s Com- 
pensation Act were also carried. One was to the 
effect that this Act should be amended to secure the 
payment of the full wages when a workman was inca- 
pacitated from accident. Another resolution provided 
that the Act be amended so that compensation to 
injured workmen be stopped or suspended only upon 
an order granted by a county court judge. 

A number of other resolutions covering deductions 
from wages, combination in the matter of a general 
strike, and minimum wage, were also entered into. In 
regard to this latter point, the Federation decided to 
make an effort to secure a new minimum wage 
standard for the British coalfields 50 per cent. higher 
than the existing standards of 1879 and 1888, and 
to seek the continuation of the present Minimum 
Wage Act on its expiration, with a general advance 
on the minimum which was paid under the Act. When 
the present wage agreements terminate in March, 1915, 
the Miners’ Federation will endeavour to secure a 
National Board for the regulation of wages on the 
above basis, to replace the five Boards which now 

overn wages in the English federated area, in Durham, 
Tactnentiolend, Scotland, and South Wales. 


The Department of Labour Statistics at the Board 
of Trade has just issued its report on changes in rates 
of wages and hours of labour in the United Kingdom 
in 1912. It is satisfactory from this to learn that 
after a period of depression in 1908 and 1909, wages 
began to rise in sympathy with the improvement in 
trade and employment, the movement, however, 
being somewhat slow until about May, 1912. After 
that date it became more rapid, with the result that 
the number of workpeople whose wages were reported 
as increased during 1912 was in excess of that for any 
previous year, whilst the aggregate amount of the 
weekly increase in wages was exceeded twice only 
during the past twenty years—namely, in 1900 and 
1907, both years of exceptional prosperity. The 
weekly increase during the period 1896 to 1900 was 
438,000/.; during the period 1906-1907 it was 259,000/., 
and during the period 1910 to 1912 it was 188,000/. 

The net weekly amount of the advance for the year 
1912 was 139,000/., distributed among 1,818,000 work- 
people. Of this advance coal-mining accounted for 
77,000/., the textile trades for 15,000/., the engineering 
and shipbuilding trades for 11,000/., pig-iron manu- 
facture for 10,000/., and the building A. te for 8000/. 

The figures given are exclusive of changes affecting 

icultural labourers, railway servants, and seamen. 

e reports received showed, however, that advances 
in the w of agricultural labourers were granted in 
@ considerable number of districts, and that the average 
earnings of about half a million railway servants con- 
tinued to rise, whilst seamen fully maintained the 
higher rate granted in 1911. 

he changes in hours of labour during the year 1912 
affected 105,000 workpeople, whose weekly working 
time was reduced by a net amount of 211,000 hours in 
the aparegate. Since 1893, about 24 million workpeople 
had their recognised working time per week 








reduced by nearly 6 million hours, the principal 
changes having been brought about by legislation, 
affecting approximately half-a-million underground 
miners and over one million textile factory operatives, 

In 1913, so far, the upward movement in wages 
had continued at an accelerated rate, the total for 
the first eight months being greater than the whole 
gain in 1912, a fact which is most satisfactory to 
note. 





Employment in September, says the Board o, 
Trade Labour Gazette, though still good on the whole, 
showed a decline in the pig iron, iron and steel, ship- 
building, engineering, boot and shoe, building, brick, 
and glass trades. ao the other hand, there was an 
improvement in the tin-plate, printing, and pottery 
trades. The textile andcoal-mining rom 2 showed little 
change. There was a continuance of the demand for 
workmen in the shipbuilding trades, and 1n the engi- 
neering and building trades in some districts. A 
deficiency in the supply of women was reported in 
the cotton, linen, jute, woollen, and clothing trades, 
and in laundry work. ‘The upward movement 
in wages continued. Compared with a year ago, 
employment was not quite so good in the enginec r- 
ing, shipbuilding, and boot and shoe trades, and 
there was a marked falling-off in the pig-iron, iron 
and steel, tin-plate, worsted, and glass trades. ‘The 
printing, wood-working, and pottery trades showed 
some improvement. 

Trade unions with a net membership of 942,559 re- 
ported 21,801 (or 2.3 P ae cent.) of their members as 
unemployed at the end of September, compared with 
2.0 per cent. at the end of August, 1913, and 2.1 per 
cent. at the end of September, 1912. 

The percentage of insured workpeople unemployed 
at the end of September was 3.7, compared with 3.1 
at the end of August. 

Returns from firms employing 417,818 workpeople, 
in the week ending September 27, 1913, showed a 
decrease of 0.4 per cent. in the number of workpeople 
employed, and of 0.8 percent. in the amount of wages 
paid, compared with amonthago. Compared with a 
year ago, there wasa decrease of 1.1 per cent. in the 
number of workpeople employed, and of 0.2 per cent. 
in wages paid. 

The changes in rates of wages taking effect in Sept- 
ember were all increases, and amounted to nearly 
4000/. per week on the wages of 39,600 workpeople. 
The most important advances affected 14,700 plumbers 
and painters in London, 3650 deputies, mechanics, 
&e., in Northumberland, 5500 coal-miners in the Forest 
of Dean, 3400 puddlers and millmen in the North of 
— 3000 boilermakers on the Clyde, and 2500 
mill and factory workers at Arbroath. 

The number of disputes beginning in September 
was 124, and the total number of workpeople involved 
in all disputes in progress during the month was 
131,496, as compared with 80,626 in the previous 
month, and 27,918 in September, 1912. The estimated 
total aggregate duration of all disputes during the 
month was 1,449,800 working days, as compared with 
801,600 in the previous month, and 284,400 in the 
corresponding month of last year. 

Cases dealt with during the month include the dis- 
putes affecting transport and other trades in Dublin ; 
motor-omnibus employees in London; painters in 
London ; bricklayers and plasterers in Liverpool ; 
pottery workers in Glasgow and at Parkstone ; china- 
clayworkers in Mid-Cornwall ; shipwrights a1.d joiners, 
Southampton ; and boot and shoe operatives, Leicester. 
One appointment of a chairman under the railway 
conciliation scheme has been made, and an award in 
another case has been issued. 

The weekly number of vacancies notified to the 395 
labour exchanges which were open at the beginning 
of September, 1912, was, for the four weeks ended 
September 12, 1913, 21,612, compared with 20,603 in 
August, and 24,500 in September, 1912. The weekl 
number of vacancies filled was 16,224, compared with 
15,685 in August, and 18,779 in September, 1912. 


The report of the United Pattern-Makers’ Associa- 
tion for September shows that 415 members were out 
of work as against 277 unemployed at the end of 
August, an increase of 138, the chief cause of this 
increase was due to the moulders’ strike in Sheffield. 
As far as the pattern-makers were concerned, Sheffield 
was, in fact, in a state of complete disorganisation, 
owing to the moulders’ strike ; Rugby and Leicester 
were also threatened with the same complications and 
from the same cause. 





A conference between the Employers’ Federation 
and the representatives of the Sheffield moulders who 
are still on strike took place at the Royal Victoria 
Hotel, Sheffield, on Wednesday. The men now on strike 
are those employed by the federated firms. A mass 
meeting of the men also took place on Wednesday at 
the Stanley-street Chapel to receive a report of the 
proceedings at the conference. 


The Board of Management of the Federation of 
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Import and Export Trade of the Tyne met last 
week at Newcastle to consider the question of the 
tugboatmen’s dispute. A resolution was 

upon to the effect ‘‘that it be an instruction to the 
members of all affiliated societies connected with the 
Federation and employed on board steam-launches, 
steam-wherries, or any other craft, to refrain from 
assisting in any way in docking or undocking vessels 
during the dispute of the tugboatmen.” No help will 
therefore be given by any affiliated member in doing 
work which, in ordinary circumstances, would have 
been done by tugboatmen. Other meetings have been 
held this week, and hopes are expressed that an early 
settlement of the dispute will be arrived at. 





The Dublin Employers’ Executive Committee issued 
on Tuesday last their reply to the report of Sir a 
Askwith and the other Commissioners. In this reply 
the committee said they felt compelled again to refuse 
to recognise the Irish Transport- Workers Union until it 
had been reorganised on proper lines, with new officials 
who had met with the approval of the British Joint 
Labour Board. When this had been done—i.e., when 
Mr. Larkin and men of his stamp had been thrown 
overboard—the committee would recommend the em- 
ployers to withdraw the ban on the union, and to 
re-employ the workers as far as vacancies and condi- 
tions permitted. So far the men have refused to agree 
to the masters’ terms, and misery at Dublin is on the 
increase. 





The meeting at Bolton referred to on pege 495 ante 
was held on Thursday, the 9th inst. It was convened 
by the Operative Spinners’ Provincial Association, 
and was attended by over 200 delegates, represent- 
ing 6000 spinners in the Bolton area. The Iga- 
mation executive had decided to close the dispute at 
the Beehive Mill and to discontinue strike pay from 
Saturday last, the 11th inst. The Bolton Association 
had asked for a meeting of the Amalgamation, 
to appeal against this decision, their council mean- 
while recommending the payment of strike benefit 
from the local ram 5 After discussing the point, 
it was decided that strike benefit would be paid 
to the Beehive employees from the local funds pend- 
ing the meeting of the whole Amalgamation. The 
executive committee of the Operative Cotton-Spinners’ 
Amalgamation has arranged to call a meeting of the 
whole Amalgamation for to-morrow, when the dele- 
gates will invited to support the executive in 
putting an end to the strike at the Beehive Mill. It 
is hoped that the delegates will — to the action 
of the executive, also that all difficulty in regard to the 
Beehive Mill will be settled, and no general lock-out 
be declared. During the week several meetings have 
been held of different ‘‘ amalgamations” without any 
successful results. To-morrow’s meeting may clear 
up the situation completely and finally. 


An arrangement has been reached between the 
Kidderminster Carpet-Weavers’ Association and the 
manufacturers in the matter of an increased rate of 
a owes for weaving various kinds of fabrics, which 

ad been under discussion for some time past. In- 
creases were granted for almost all grades of work 
and arrangements agreed to for settling disputes. 
The manufacturers thanked the delegates for the fair 
and able way in which matters had been submitted 
by them, and expressed the hope that the good feel- 
ing which had existed for so many years would long 
continue. The president of the Weavers’ Associa- 
tion at the meeting expressed also the thanks of the 
delegates and the association to the manufacturers for 
their courtesy and consideration. 





Firg-Tests wits ‘* Luxrer” Execrro-Giazine.—Red 
Book No. 189 of the British Fire-Prevention Committee 
has recently been issued, and contains a report of fire- 
tests carried out on three windows fitted with ‘‘ Luxfer” 
electro-glazing, and supplied by the British Luxfer Prism 
Syndicate, Limited, London e object of the tests was 
to record the effect of a fire of 90 minutes’ duration, the 
temperature to reach 1500 deg. Fahr., but not to exceed 
1650 deg. Fahr., followed by the application of water for 
two minutes on the fire side, with the view of being 
classified as affording ‘‘ partial protection (Class A).” The 
results of the test were as follow :—Within two minutes of 
lighting the gas the glazing in each opening commenced to 
crack in various directions, and continued to do so during 
nn y - -— « ayn ae eo | peer fire nor 
water roug e ‘ing, and ‘‘ ial protec- 
tion” (Class A) was pvt mw y In the case of No. 2 
opening fire did not pass through the glazing, but on the 
application of water the force of the jet caused five 
small holes in the lower light—one in each of the five 
squares. For this the same classification as the above 
was ee. . = “es No. ; —. nor water 

roug) e g) , and ‘partial protection 
Class A) was obtained. ‘The results of these tests are 
remarkable in that the glazi the Committee's 
fire-tests of 90 minutes’ duration, followed by the appli- 
cation of water from asteam fire-engine, the panels tested 
measuring 3 ft. by 2 ft. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, October 2. 
Tue Pennsylvania Railroad has ordered fifty locomo- 
tives this week, and orders from other roads aggregate 
about as much. Car orders are rather slack. ithin 
the past 16 months the capacity, which was as high as 
96 per cent. of the total output, has decreased to 90 per 
cent., and by November 1 it may be as low as 85 per 
cent. The slowness in contracting for material just at 
pe is due largely to the knowledge that the Tariff 
ill will become law in a few days. Definite figuring 
will then be possible. The American Locomotive 
Company has booked five engines for export, and other 
export orders are now being figured on. There is quite 
an influx of small orders ranging from 100 tons to 
about 2000 tons. The Peruvian Central Railroad has 
ordered 1000 tons of rails for prompt shipment. The 
Bethlehem Steel Company has just captured a 
number of good-sized orders. Mills in and around 
Pittsburg are running to nearly maximum capacity. 
The decline, such as it is, is suffered by the indepen- 
dents. A very large amount of general construction 
work is pending, and it is believed that the adjust- 
ment of the tariff will bring much of this work to the 
front. In tin-plates, sheets, bars, merchant steel, 
and nails, fair activity prevails. The recent quiet in 
ig iron has been followed this week by large eales of 
oundry and forge for best possible delivery, and 
a are oe in, anes for 50,000 tons of low- 
e iron for pipe-building purposes, which the 
southern furnaces will aon Fm furnish. It has 
been generally believed that the present tariff of 
2.50 dols. ip ton will be removed, and that some 
English and Scotch metal will soon find its way here. 
The blast-furnaces and foundries are now buying coke 
more liberally, on account of a reduction of 0.25 dol. 
r ton. Some puddling-mills have reduced output 

use of slackening demand for bar iron. 

October 8. 
Negotiations are pending this week for the placing 
of contracts for 600,000 tons of steel rails. Orders for 
rails this week are 7500 tons taken by the Pennsylvania 
Steel Company ; the Burlington has increased its 
order from 25,000 tons to 60,000 tons, and another 
south-western road ordered 50,500 tons. Among the 
orders placed for railroad structural material are 9450 
tons, general construction orders 8475 tons. Orders for 
freight cars amount to 6100, of which 3500 are rebuilt 
cars for the Boston and Maine. Canadian bridge 
companies have placed orders for 12,000 tons of steel 
with American mills, and are negotiating for much 
larger tonnages. In crude iron, malleable is quite 
active, orders being — for supplies to extend 
over the first half of next year. Foundry irons 
are rather quiet, while basic iron is more active 
than last week. Shipments of the entire steel in- 
dustry during September are estimated as having 
exceeded new business by 800,000 tons. Car orders 
during September were greater than any month since 
May, 100,000 tons of steel having been called for to 
cover the car-building orders during that month. In 
_— er coaches September was the banner month. 
veral large steel-car orders were placed during the 
month, more are coming. The Tariff Bill was 
signed this week, and reductions have been already 
made in certain products, although there has been no 
noteworthy weakening in prices. The steadiness in 
business is largely due to the fact that a]l mills have 
an abundance of adie, and that the few who are 
running short of orders cannot book enough business 
to make any impression on the trade. Inquiries 
are out in Eastern markets for 50,000 tons of foundry 
and forge to supply pipe-mills and machinery, stove 
and hardware, and railroads and electrical equip- 

ments manufacturers. 





Tue Hometanp Hanp-Booxks.—We have received from 
the Homeland Association, Limited, Chandos Chambers, 
15, Bedford-street, Strand, London, W.O., a copy of their 
hand-book on Bath Abbey, giving its history, illustrations, 
depicting its chief architectural features, It is pub- 
lished at 1s. net. Copies have also been received of their 
hand-books, published at 6d. each, on Liskeard and Looe, 
with their surroundings, and on Fowey. These are of 
quite an interesting character. 





Tue Water Supriy or Vancouver, B.C.—The water 
supply for Vancouver has to be brought from mountain 
slopes on the opposite shore across the Burrard inlet. 
There are sixteen su maine of 12 in. to 18 in. in 
diameter now in service. The last, an 18-in. pipe, was 


laid on July 25 across the Second Narrows, a point where 
at low tide the water had a maximum depth of 75 ft., 
the distance shore to shore being rather less than 1000 ft. 


The pipe, fitted with flexible joints, was assembled on 
one ie a wooden chute, and the under-water len 

of about 1000 ft. was hauled across by tackle and a 
donkey engine on the other side. Four 1}-in. cables were 
attached to the pipe, all equalised through pulley-blocks, 
so that the strain came equally at four points in the length. 
Air under 40 Ib. pressure was maintained in the pipe durin 
the laying. The pipe was made up of 9-ft. lengths, an 
was 'y tested after assembling to 210 lb. pressure. 





MARINE INTERNAL - COMBUSTION 
ENGINES. 


AcCOORDING to the annual report of Lloyd’s Registry 
of Shipping, there are at the present time in service 
twelve sea-going vessels, classed with this Society, which 
are —— by Diesel engines, and there are twenty-five 
others being built under the inspection of Lloyd’s sur- 
veyors. Of two-stroke cycle engined ships completed, the 
Fordonian, of 2368 tons, after some pualiminasy trouble 
with her auxiliaries, made a non-stop run of twenty-six 
days’ duration from the Clyde to Quebec, is now engaged 
on ordinary service on the Great Lakes of North America, 
and appears from the latest reports to be giving complete 
satisfaction. The Hagen, of 5460 made a voyage 
to New York and back, but experienced some difficulty 
with her auxiliaries on the return voyage. In both these 
cases the main engines were satisfactory. The Wotan, 
of 5703 tons, has also two-stroke cycle engines. The 
ships with four-stroke cycle engines—Suecia, Pedro 
Christophersen, Siam, and Annam, as well as the 
Selandia and Christian X., previously built by Messrs. 
Burmeister and Wain—are giving satisfaction in their 
ordinary service. These builders have now in hand at 
Copenhagen and at Glasgow twenty-three sets of 
Diesel engines for fourteen vessels to be classed b 
Lloyd’s Register. It should be mentioned that wi 
further experience of these engines, inc economy has 
been effected, and the improvements have been such that 
they have also been applied to the older vessels. The 
confidence which has obtained as a result of the 
successful working of the earlier vessels has led the 
builders to reduce the number of cylinders in the later 
designs from _ to six per shaft, and at the same time 
to make the cylinders of such larger dimensions that a 
considerably higher — will be developed upon each 
shaft. It may also be mentioned that the Juno, as well 
as the Vulcanus, referred to last year, engined by the 
Nederlandsche Fabriek van Werktuigen en Spoorweg- 
Materieel, have proved so satisfactory in service that the 
owners have put them to work in their local trade in the 
East. In addition, these builders have now in course of 
construction at Amsterdam eleven sets of Diesel engines 
for six vessels to be classed with Lloyds. 

In some vessels fitted with Diesel engines there have 
been minor difficulties with details, such as pistons, cylin- 
der-covers, &c., but these to have been overcome. 
Tv was only to be expected that in the early stages of the 
application of these ines to sea-going purposes some 
troubles would arise. The Society’s surveyors are, how- 
ever, noting the results of the experiences which are being 
obtained from the engines now at work, and the facts are 
being collated and analysed by Mr. Milton, the ae 
chief engineer surveyor, who has devoted particular 
attention to, and le a special study of Diesel 
engines, upon which he is a leading authority. As the 
number of engines increases and experience accumulates 
there will doubtless be a eral improvement in the 
designs of details, which will thus be made more reliable 
to withstand the a ate conditions of high tempe- 
ratures combined with the heavy stresses they have to 
endure. This desirable end would be facilitated by « 
frank interchange of the individual experiences of those 
interested in this type of engine. the twenty-five 
Diesel-engine vessels building, referred to above, six are 
to the order of the Anglo-Saxon Petroleum Company 
and seven for the East Asiatic Company, of Cope > 
It is interesting to observe from the latest published 
reportof the latter company that they have also arranged 
to replace by Diesel ines the present steam-engines of 
three of their vessels. ese steam-engines will be fitted 
in three other vessels building for them, which will be 
engaged in a trade where it will be profitable to use coal 
instead of oil, but for which trade the present three 
steamers are not suitable. 





Sypnry UNDERGROUND Ralnways AND TRAMWAYS.— 
On Saturday last it was announced that a Bill authorisi 
the construction, at an estimated cost of 4.800,000/., o' 
underground railways and tramways in Sydney, had 

the New South Wales House of Assembly. On 
uesday last, however, this Bill was rejected the 
Legislative Couneil. 





Our Rais AsroaD.—There is now every prospect of 
our rail shipments showing a satisfactory increase this 
ear, although 1912 reflected a substantial advance upon 
911. It should be noted, however, that the shipments 
in September were not equal to those made in September, 
1911. The aggregate exports to ge 30 this year 
were 379,105 tons, as com witn 305,952 tons in the 
first nine months of 1912, and 263,356 tons in the first 
nine months of 1911. 


Tue Execrricat Surpty or Curistiania.—The city of 
Ca © at ape ois — an insufficient 
supply of tricity, an ing more adequate arrange- 
many works have had to consider several ‘makeshifts 
for getting over the difficulty. These com an offer 
of 4 from ¥.. 7 i of the electric tram- 
ways; the possibility uickly obtaining a large portable 
pm Aen a source of additional power ; negotiations with 

consumers of electric current for power purposes to 
back upon their steam power reserve, where available; 





d circularising customers, who do not use current in 
overloaded hours between 4 and 8 o’ about « reduc- 
tion in the supply. An extension of steam-power 


central station has been deemed necessary, while, in addi- 
tion, plans for purchasing or exploiting waterfalls or 
buying energy from such concerns are under considera- 
tion. Much’ dissatisfaction prevails on account of the 
matter not having been taken in hand in time. 
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HEATING AND COOLING CURVES OF 
MANGANESE STEEL.* 


By Sir Rosert A. Haprietp, F.R.S. 


In view of the presentation at this meeting of several 
interesting and valuable pa; on the critical change- 
points in steel when hea’ to temperatures exceeding 
about 700 deg. Cent., and also those noticed after heating 
and whilst cooling down, it seemed to the author that it 
might be of interest to present a brief account of a special 
steel which apparently does not show any critical changes. 
This steel is an alloy or combination of the metal iron 
with manganese, the product being that known as man- 
ganese steel, which the author first described to this 
Institute and the Institution of Civil Engineers in the 
year 1888. Whilst both Barrett and Osmond noticed 
many years ago that this material showed no recalescence, 
their experiments did not cover the particular ground 
now dealt with. 

One of the points in view, when making the present 
experiments, was to ascertain whether, upon heating 
manganese steel to a much higher temperature than that 
hitherto employed, the same absence of critical change- 
points won be observed as when heated to lower tempe- 
ratures. The author is not uware that any experiment 
of this nature has previously been made. Both cast and 


of two pieces, 1} in. in length by } in. in width b 
3 in. = t ee with grooves cut in one face of eac 
(see Fig. 2). 

Method of Attaching the Couple.—The couple wires 
were laid in the grooves, and the two pieces firmly bound 
together with platinum wire. 


Table of the Figures. 


No. 

1a. Heating curve . Forged material. 
2a. Cooling ,, (slow) .. oe ie re 

Sa. i» » (quick) 99 - 

48. Heating ,, jn ae ‘ Cast material. 
5p. Cooling ,, (slow) on om os a. 

6B. * »» (accelerated) .. ie pa 


Heating Tube.—This was a Salamander tube, } in. in 
diameter inside and 18 in. long, as used for carbon esti- 
mation, wrapped with two layers of asbestos cord. The 
ends of the tube were jroened with asbestos fibre. 

Method of Heating.—The heating of these specimens 
was carried out in a Fletcher gas-injector furnace. 

Method of Cooling.—For ordinary cooling the pieces 
were cooled with the cover on the furnace. Quick cool- 
ing was carried out by taking the lid off the furnace ; for 





accelerated cooling the air blast was left on. 
Method of Obtaining the Curves.—A reflecting galvano- 
meter of 1000-ohms resistance was used, and the curves 


| observed by the ‘‘inverse rate” method. An accurately 
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forged specimens of a pe steel were examined. The 
forged material ‘‘ A” had the following composition :— 


Per Cent. 
Carbon ... is = dee Pe ow nae 
Silicon ... ‘ge ee 2 % «a ae 
Manganese... = see as .. 13.38 

and the cast material ‘‘ B”’— 

Per Cent. 
Carbon ... se inn he Si « ae 
Silicon ... ne a bis Sco — 
Manganese... di os ... 10.88 


The specimens were made of the usual pattern adopted 
by Osmond—that is, two small grooved bars were wrapped 
together by means of platinum wire, with a thermo-couple 
between them. The size of each bar was approximately 
1} in. in length by } in. in width by } in. in thickness. 

The curves obtained are shown in the accompanyin 
Fig. 1, three of which were taken upon the forged materia 
**A” (Curves Nos. 1a, 2a, 3a) and three upon the cast 
material ‘‘B” (Curves Nos. 48, 7 6B). Nos. 14 and 4B 
represent the heating curves, and Nos, 2A, 3a, 5p, and 6B 
represent the cooling curves, 

pecimen No. 1A was examined in the condition “as 
forged,” and specimen No, 48 in the condition ‘‘as cast.” 
The experiments were made without any previous heat 
treatment or annealing. Ths heating of these specimens 
was carried out in a Fletcher injector-gas furnace. The 
bars were enclosed in a Sal er crucible, through which 
a stream of coal-gas was in order to prevent oxida- 
tion at the high temperature at which they were heated. 
The usual inversion curves were plotted from readings 
by the galvanometer. In cooling, the specimens were 
lowed to cool down with a cover on the furnace. Quick 
cooling was carried out by ta} ing the lid off the furnace, 
and for accelerated cooling the air-blast was left on. 
In order to make quite clear how these heating and 


* cooling curves were obtained the following is a descrip- 


tion of the method ones 

Size of Specimens.—The test specimens each consisted 

* Paper read before the Iron and Steel Institute at 
Brussels. : 

+ It may be of interest to add that the same method, 
with the slight exception that a carbon-combustion 
furnace was used instead of a Fletcher injector furnace, 
was adopted for determining the heating and cooling 
curves of the samples of steel submitted to the author 
by Dr. Stead, to be referred to by him in his paper on 
‘** A New Method for the Determination of the Critical 
Points Ar 1 and Ac 1,” presented to this meeting. (See 
page 354 ante.) 
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graduated millimetre scale was used, and the time taken 
over each millimetre was read to one quarter of a second 
by stop watch. The zero of the instrument was checked 
at the maximum temperature and at the completion of 
the cooling. 

Calibration.—The galvanometer and couple together 
were calibrated with the following fixed boiling and 
freezing points :— 


Deg. Cent. 

Water (boiling point)... ie tes 100.0 
Tin, under charcoal (freezing-point) ... 232.0 
Lead, under charcoal (freezing point) ... 327.0 
Zinc, under charcoal (freezing point) ... 419.0 
Sulphur (boiling point) ... ay 444.5 
Aluminium, under charcoal (freezing 

point) << ae Jes es es 658.0 
Sodium chloride (freezing point) <« oe 
Potassium sulphate (freezing point) ... 1070.0 


The full calibration was made before taking the heating 
and cooling curves, and the constancy of the readings 
was checked after the curves had been obtained by re- 
peating the sulphur, sodium chloride, and potassium 
sulphate readings, which agreed within 1 deg. for the 
first two, and within 2 deg. for the potassium a, 
The forged specimen represented by curve 14 was heated 
up to 1290 deg. Cent., and the cast specimen, curve 4B, 
7 to 1330 deg. Cent. The cooling curves are shown in 

ig. 1, and are numbered 2a, 3a, 5p, and 68. With 
regard to the forged specimen, curve 2a, in the first cool- 
ing this was cooled 1310 deg. Cent., and when 
young the point of 1200 deg. Cent. was cooling at the 
rate of 2.2 seconds per I'deg. of temperature; in the 
second coeling, curve 3a, the yg was cooled from 
1300 deg. Cent., at the rate of 0.7 second per 1 deg. of 
temperature. As om the cast specimen, the first 
cooling from 1355 deg. Cent. was at the rate of 2.3 
seconds per 1 deg. of temperature (curve 5s), and the 
second cooling from 1300 deg. Cent. at the rate of 0.5 
oe, 1 deg. of tem ture (curve 6B). 

It will be noticed that in the curves of both the cast 
and forged a no critical points of any kind were 
detected either upon heating or ee fm the . 
temperature of even 1355 deg. Cent.* ilst from the 
work done many years ago these results might have been 
expected, yet it is interesting to find that there appear 








* This remark refers to ordinary manganese steel. In 
view of the joint research work now being carried out 
by Professor Hopkinson and the author, it is possible 

t a critical point commencing at about 630 deg. Cent. 
exists in manganese steel which has been made magnetic 
by long soaking at about 450 deg. to 500 deg. Cent. 








to be no critical points of any kind when manganese 
steel is heated or cooled from even the highest tempera- 
tures and down to about 150 deg. Cent. In other words, 
if we are to be guided by curves of this nature, then this 
particular material—manganese steel—with its many 
peculiar properties, does not appear to indicate even the 
slightest trace of any internal change of structure during 
heating or cooling. Moreover, the same resulta are 
obtained even if the specimens are cooled more slowly or 
still more quickly by quenching in water. These results 
are the more curious use, as is well known, the 
physical qualities of the material itself are influenced 
in a very important manner by the rate of cooling. In 
other words, by slowly cooling manganese steel it remains 

uite brittle, almost the same as in the original condition. 

y quick cooling the material becomes exceedingly 
ductile, and can be bent double cold. Therefore, 
whereas with all ordinary as well as hardening or self- 
hardening steels these critical points are of considerable 
importance in guiding heat treatment, in manganese steel 
the heating and cooling curves are apparently of no value 
in this respect, and do not give any clue to the extra- 
ordinary change of structure which goes on in this 
material when it is transformed from its original and brittle 
state into that condition in which it possesses ductility 
not equalled by any other alloy of iron and steel. 

It is certainly very strange that the remarkable changes 


Fig.2. METHOD OF ATTACHING THE COUPLES 
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occurring in the structure, changes which so profoundly 
affect the mechanical qualities of the material when cold, 
are not indicated, apparently even in the slightest degree, 
by heating and cooling curves. 

It may be mentioned that all the specimens here dealt 
with, either on heating or cooling, remain non-magnetic. 
Important changes in magnetic qualities are, however, 
noticed with certain kinds of long-continued heat treat- 
ment, which the author went into very fully in his paper 
on ‘*The Results of Heat Treatment on Manganese 
Steel and their Bearing wd Carbon Steel,” read before 
the Institute in 1894. This is being further dealt with 
by Professor B. Hopkinson and the author in a joint paper 
which will shortly be submitted to the Institute fer 
consideration. 











Tue INSTITUTION OF AUTOMOBILE ENcGINEERS.—The 
first meeting of the session of the Institution of Automo- 
bile Engineers was held at the Institution of Mecha- 
nical gineers, Storey’s Gate, S.W., on Wednesday, 
October 8, when a large number of members listened to 
the presidential address of Mr. J. S. Critchley, entitled 
‘The Fuel Question.” According to the author the total 
output of mineral oils is now about 323,500,000 barrels 
yearly, of which 210,000,000 barrels represent the output 
of the United States, Russia coming a second with 
65,000,000 barrels. Much of the oil from the newer areas 
in the States gives very little petrol. ‘The import of the 
latter into the United Kingdom during 1913 is estimated 
at 100,000,000 gallons, and its price (retail) has risen from 
10d. per gallon in 1904 to from 1s. 7d. to 1s. 9d. per — 
Of this import 574 per cent. is obtained from the Dutch 
Kast Indies, 20 per cent. from the United States, and 
6 per cent. from Russia. Kerosene, Mr. Critchley stated, 
must now be regarded as the by-product, costing in the 
United States 60 per cent. less than motor fuel, and he 
stated that attempts were being made in France to 
modify the Diesel engine so as to be suitable for motor- 
car driving. As for benzol, the total production in 1906 
was only 4 to 5 million gallons, of which one-third was 
exported. This has now increased, the export for the 
first seven months of this year being 4,609,687 gallons, and 
the opinion of Mr. Shrapnel Smith was quoted that by 
the end of 1915, 70 million gallons of benzol may be 
available. Neither ether nor petroleum appeared, it was 
stated, to be suitable for use as a motor fuel, as the 

t cooling produced quickly stalled the motor. 
rior to the address, Mr. [. B. Browne, the retiring 
president, presented the Crompton Medal of the Insti- 
a to rer R. E. pe ee es Mr. =a Pe ae rere 
an ° a t-presidents of the Institution, 
in recognition of their ‘attintle services. It was announced 
that Dr. Dugald Clerk and Dr. Hele-Shaw, to whom the 
medal had also been awarded, were unable to be present to 
receive it personally. Mr. Browne also presented the 
izes awarded by the Council for the best rs read 
x graduates, the recipients being Mr. W. Petterton 
(Birmingham), first prize, and Mr. G. M. Junner 
(London), second prize. ‘Che prizes took the form of 
books in both cases. Among other announcements made 
at the meeting was one to the effect that Mr. Howard 
Marmon, president of the American Society of Auto- 
mobile Engineers, had been unanimously elected by the 
Council as the first honorary member of the Institution 
of Automobile i 1t was felt — oc tne woe 
would be a graceful way of recognising the great kindness 
and courtesy qometed +0 the members of the Institution 
by the Society of Automobile Engineers on the occasion 
hs their recent visit to America. At the Council meeting, 
held prior to the above meeting, it was decided that the 
summer visit of the Institution for 1914 should take place 
in June next, when some of the automobile works and 
steel plants in Belgium will be visited. 
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SO-CALLED ‘“ CRYSTALLISATION” 
THROUGH FATIGUE.* 


By F. Rocrrs, D.Eng., B.A., M.Sc. (Sheffield). 


For many decades it has been usual to describe a piece 
of wrought iron or steel which breaks in service with a 
bright crystalline fracture as having “‘ become crystallised 
through fatigue.” This diagnosis, especially in the case 
of iron, occurs quite as frequently nowadays as before 
the advance of metallography. Evidently upon its sound- 
ness rests largely the allocation of the responsibility for 
many failures, as between the maker of the iron, who in 
some cases at least knows that the explanation is incorrect, 
and the user, who should now be aware that there are ready 
means of systematic inquiry into such failures. Even 
amongst well-known writers such phrases occur as ‘‘evi- 
dently crystallised through fatigue,” and ‘‘ there is now 
ample evidence that fatigue has caused them to become 
crystallised and therefore brittle.” In no case, however, 
have I found any evidence in such papers that ~~ 
that is, the effect of repeated stress in any form, 
caused the metal to crystallise, or rather to become 
more perfectly or coarsely crystalline, or that repeated 
stress had caused any alteration of the structure other 
than directly destructive effects. : Pee 

It is not proposed to enter very deeply into existing 
knowledge of the mechanism of strain effects, parti- 
cularly since it is not proposed to offer any important 
novel material from this point of view, but it will be 
recalled that there are four well- ised principal 
types of effects—namely (1), slipbands ; (2) intergranular 
weakness ; (3) twinning, of which Neumann lamelle may 





Fracture oF DeEFectivE Iron Post 
ENLARGED About 4 DIAMETERS. 


Fie. 1. 


tentatively be taken to be a special case; and (4) change 
of structure. Of these the first is by far the commonest, 
and is almost universal. have found that typical 
fractures due to repeated slip under alternating stress in 
iron and steel are not of mar — crystalline appearance. 
The portion which finally suddenly breaks (if any) may 
have a ‘‘crystalline” fracture, but any other portion of 
the same sample broken by nicking and a blow has a 
similarly crystalline fracture, showing that the alternating 
stress has not produced the crystalline-breaking structure. 
_ The second can give rise to a fracture of highly crystal- 

line appearance. There is, however, no evidence that 
fatigue can give rise to crystalline-like intergranular 
fractures in a material which would not when quite new 
that is, by a single straining—break in the same manner. 

The third, twinning, excluding Neumann lamellz, only 
occurs to an unimportant extent in iron and steel of com- 
merce ; further, the ability to form twin crystallisation is in 
my experience found to be aseociated with great ductility 
rather than with brittleness. I have never been able to 
ascribe brittleness to this cause. 

The precise nature of Neumann lamelle is proble- 
matical.t So far as my observation goes, a fracture 
through a Neumann lamella is not essentially of a crystal- 
line appearance. Speaking broadly, however, it may be 
said that crystalline - like fractures may be expected in 
ferrite-containing materials which show Neumann lamelle 
under dynamic stress. Here again fatigue does not 
necessarily enter into the production of a crystalline 
fracture, 

The fourth of the effects, change of structure, has 
only been proved to occur in polyhedric nickel and man- 
ganese steels whose composition is near the border 
between martensitic and polyhedric structure, and is 
evidently not a typical case in point. 

During the past dozen years I have examined many 
samples in the hope of finding evidence on this point, 
and have come to the uniform conclusion that if a piece 
breaks in service with a crystalline-looking fracture, it 
would also have done so when new, and will also give 
similar crystalline fractures in parts which have not 

y: — read before the Iron and Steel Institute at 
Brusee! 

+ Humfrey ; Carnegie Scholarship Memoirs, vol. iv., 
1912, page 180. 

+ For example, an incipient fatigue fracture, which I 
regarded as caused by repeated slipping (of an ordinary 





slip-band) was considered by the late Mr. Osmond to be | th 


a Neumann lamella, 








been},materially fatigued,‘,and where! the material is of 
the same kind as that near the service fracture. Further, 
it is my experience that ron will not cause crystalline 
fractures in a material which initially gives only fibrous 
or silky fractures. Very sudden shock may, however, 
oe rise to a rather more crystalline appearance of the 

ture of some such metals. The partly “crystalline” 
and partly fibrous fracture reproduced in Fig. 1, below, 
is of a type which is usually at once ascribed to ‘* crystal- 
lisation through fatigue.” The piece, which failed in 
use, was a wrought-iron centre post, around which rotated 
a heavily loaded overhanging arm. 

An examination readily proved that the crystalline 
appearance of the fracture could not have been caused by 
the fatigue which caused the failure. Some of the fol- 
lowing particulars are also relevant in other respects. 
When Conanel across elsewhere the fractures were, 
throughout the length of the post, of the same type, and 
contained crystalline and fibrous portions at positions 
corresponding exactly with those in the fatigue fracture. 
This showed that the piece had been built up of two or 
more distinctly different varieties of metal. é 

Examination of microscopic samples confirmed this. 
Corresponding to the crystalline fractures, coarse ue 

redominated, and the part which broke with a fibrous 
| eran consis of com: tively small grains. Such 
an observation is not novel, but is not intended to imply 
that coarse-grained metal is n ily always brittle, or 
fine-grained metal necessarily tough. The area of these 
grains was from ten to twenty times as great as 

that of the largest grains in best Yorkshire iron, which 
has an all-fibrous fracture. The amount of slag was rela- 
tively less in the coarse than in the fine-grained part, but 





Fie. 2. Ever or Fracture 1n DEFECTIVE 
Inon Post Maeniriep 200 Diameresrs. 


it was all iron slag throughout, thus disposing of an 
suggestion that this piece was a mixture of iron and steel, 
Neither cold work nor reheating to 900 deg. Cent. removed 
the relative brittleness of the coarse portion, nor refined 
the microstructure, nor caused it to give fibrous fractures. 

Upon fracturing, by a blow, a piece after polishing, it 
was seen that the effect typical of the brittleness of the 
coarsely crystalline part was a breaking straight across the 
grain, such as is shown in Fig. 2, above. This sharp edge 
lies at about the middle of the large grain in which it 
occurs, and is about parallel to the direction of the very 
slightly apparent slip-bands in the same grain. It is the 
edge of one of the brilliant facets which _ the crystal- 
line appearance to the fracture at this place. 

I found no instance of Neumann lamellz, or of inter- 
granular weakness. Analysis gave the following figures :— 


Phos- 


| 
— Carbon. Sulphur phorus. 





per cent per cent|per cent 
Portion with crystalline fractures ..| 0.05 0.02 0.10 
Portion with fibrous fractures .. --| 0.05 0.01 0.22 


' 





These figures offer no tangible explanation of the cause 
of difference between the two portions. 

A piece of the defective post was submitted to test in 
the author’s shock-testing machine, reproducing on a small 
scale, the usual falling-weight test upon anaxle. This 
is attained by supporting the unnotched sample at both 
ends and giving it one suitable blow at the centre from 
a falling weight, then reversing the piece and giving two 
blows, then reversing, and again giving two blows, and 
soon. The sample was tested with a crystalline portion 
downwards, so as to be in tension at the first blow. The 
crystalline part cracked through at the first blow. Upon 
reversing, the sample broke in two pieces at the next 
blow. For comparison some simi samples of best 
Yorkshire iron were similarly tested; they gave prac- 
— constant deflections per blow, and showed no sign 
of failure after seven blows, when the test was discon- 
tinued. ee nicking and breaking at the centre (or at 
any point) gave maar iy | fibrous fractures, despite 
the severe straining caused by the test. en t 
Yorkshire iron is tested under less severe alternating 
stress than this, one does not expect it to break with a 
fracture of crystalline Rgpenennee, whether it breaks 
under test or is subsequently broken for examination at 
@ most severely stressed section. This was further 
yerified in the guthor’s rotating cantilever machine 





(Wéhler type), in which a piece of best Yorkshire iron 
was submitted, without failure, to 10,000 reversals of a 
stress of 7 tons per sq. in. at a speed of 1200 reversals per 
minute. en subsequently nicked and broken, the 
fracture at the most severely stressed section was still 
perfectly fibrous as before. 

Summarising, it is clear that the coarse crystallisation 
of the defective iron could not have been caused by the 
fatigue which caused its failure. The original bar was 
mw Ay up of city aoet and very bad irons. The precise 
reason why the iron was bad is not positively indi- 
cated in the test results given, but they suggest defective 
manipulation of the bad portions previous to piling with 
the good portions. Annealing did not cure the so-called 
“crystallisation produced by fatigue.” In another 
instance I have readily traced the cause of a crystalline- 
looking fracture of iron, accompanied by brittleness, to 
the presence of some steel in the iron. is steel would 
doubtless enter in the form of scrap. The admixture of 
steel scrap with iron is admitted to be a hopelessly bad 
practice, even by iron manufacturers. 

am indeb to Messrs. Taylor Brothers and Co., 
Limited, of Leeds, for the samples of best Yorkshire iron 
upon which the comparison tests were made, and for 
their kind permission to publish the results of those com- 


parison tests. 





Tae Batpwin Locomotive Works’ 40,000rTH Looo- 
MOTIVE.—A handsome pamphlet has been published by the 
Baldwin Locomotive Works, of Philadelphia, Pa., U.S.A., 
in celebration of the completion of their 40,000th loco 
motive. This engine happens to be a large ‘* Pacific’ 
eee type locomotive for the Pennsylvania Railroad. 

he Baldwin Works turned out its first locomotive in 
1832, but it was not until 1861 that the 1000th engine was 
completed. The 5000th was completed in 1880. In 1902 
the 20,000th was built, and now the 40,000th has been 
turned out. The pamphlet in question gives ee 
of engines built in the ’sixties for the Pennsylvania Rail- 
road, for comparison with recent engines built for that 
system. The contrast, as might be expected, is striking 
and interesting. The latest engine has a weight of 
293, lb., exclusive of tender. It is fitted with a 
superheater and with a Crawford mechanical stoker. The 
present works of the company are in Philadelphia, Eddy- 
stone, and at Burnham, the latter being the Standard 
Steel Works. In Philadelphia the plant covers 17 acres 
of ground, but has a floor area of 38.4 acres. At Eddy- 
stone the works have an acreage of 225, large shops for 
various classes of work having any | been erected on 
this site. At present the company has a capacity of 
2500 locomotives per annum, 19,000 men being employed, 
the principal departments being run 23 hours per day. 
The coal consumption week is 3850 tons, and oil to 
the extent of 125, aiiene week is also used for fuel. 
About 6000 tons of iron and steel and 2500 tons of other 
materials are worked up each week. At Chicago a site 
for further extensions has been secured, and here, also, 
locomotive works and plant for turning out tyres and 
wheels are to be laid down. 





Cuapwick Pusiic Leorurss.— The following is a 
syllabus of the Chadwick Public Lectures, which are to 
be delivered during the autumn. Abt the Bristol Univer- 
sity, Dr. Leonard Hill, lecturer at the London Hospital 
Medical School, will deliver a course of lectures on 
‘**The Physiological Principles} of Heating and Venti- 
lation,” which will include three separate lectures—-the 
first, on Thursday, October 23, at 5 p.m., on ‘* The Quali- 
ties of Expired Air and Air in Crowded and Confined 
Spaces ;” the second will be on Thursday, October 30, at 
5 p.m., on ‘‘ Radiant v. Convected Heat ;” and the third, 
on Thursday, November 6, at 5 p.m., on ‘The Influence 
of Open Air and Exercise on Health.” At the University 
of London, South Kensington, Sir Geo: Newman, 
M.D., chief medical officer, Board of ucation, will 
deliver a course of lectures on “The Place of the 
Open-Air School in Preventive Medicine,” which will 
include three lectures—the first to be delivered 
on Tuesday, November 4, at 5 p.m., on ‘The Histor 
and Meaning of the Open-Air School Movement ;” 
the second, on Tuesday, November 11, at 5 p.m., on 
“The Present Position of Open-Air Schools ;” and the 
third, on Tuesday, November 18, at 5 p.m., on “‘ The 
Purpose and Place of the Open-Air School in the Future.” 
At the Hartley University Coll Southampton, Sur- 
geon-General G. J. H. Evatt, C.B, will during Nov- 
ember deliver a series of lectures on ‘‘ Mili yei 3 
The History of Physical Efficiency in the Army,” including 
the following three lectures :—First, on Thursday, Nov- 
ember 13, at 5 p-m., ** Physical Conditions of the Pre- 
Crimean Army ;” second, on Thursday, November 20, at 
5 p.m., on “The sore | Revolution of the Era of 
Florence Nightingale” ; and the third, on Tuesday, Nov- 
ember 25, at 5 p.m., on me 4 th Conditions and 
their Instructional ing on itary Evolution in the 
Nation.” At the Institution of Civil ineers, Great 
George-street, Westminster, S.W., Mr. W. Addi 
Willis, LL.B., will, in November and December, deliver 
a series of Jectures on ‘‘ House-Drainage Law,” including 
three lectures, the first to be delivered on Monda: , Novem- 
ber 17, at yo nak sey on ‘* The Pipe of Dissension ;” 
second, on Monday, November 24, at8.15 p.m.,on “Ri hts 
and Responsibilities of Citizens and Councils ;” and the 
third, on Monday, December 1, at 8.15 p.m., on ‘The 
Combined Problem.” At Toynbee Hall, 28, 
Commercial-street, Whitechapel, E., Dr. Killick Mallard, 
D.Sc., medical officer, Leicester, will deliver a series of 
lectures on ‘‘ Vaccination in the Light of Modern Experi- 
ence.” These lectures will be delivered in January, but 
the dates are not yet fixed. Admission to these lectures 
will be free, and they will be illustrated by diagrams and 
lJantern-slides, 
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WATER-COOLED CLUTCH AND SLIPPING 
GEAR FOR OIL-ENGINE DRIVES. 


Ont of the great advantages of the steam-engine, 
as compared with the internal-combustion engine, has 
been its faculty of being self-starting, even under its 
full load. For certain purposes, no doubt, this quality 
is of minor importance, as when power under nearly 
uniform conditions is needed for a long continuous 
ran; but in other cases the lack of elasticity, charac- 
teristic of the internal-combustion engine, constitutes a 
drawback of a very substantial character. Many 
tishing-boats have been fitted with oil-engines which 
have proved quite satisfactory so far as the mere 
question of propulsion is concerned; but the oil-engine 
as applied to the hauling-in of a couple of miles of net 
ina bit of seaway, in which the torque on the shaft may 
vary from zero up to two or three times the normal, 
has up to the present been far from proving popular 
with the crew. If such an abnormal torque is suffi- 
ciently prolonged, the engine comes toa dead stop, and 
has to be restarted afresh. 

In order to get rid of this drawback to the general 
usefulness of the oil-engine in the fishing industry, 
the Griffin Engineering Company, Limited, of the 
Kingston Iron Works, Bath, have recently introduced 
the special form of self-slippiog clutch which we 
illustrate on page 528, Figs. 1to5. The clutch proper 
is shown on the right of Fig. 1, and is, as will be 
seen, entirely enclosed in a water-tight casing. Both 
the driving and the following shafts enter this casing 
through stuffing-boxes; the clutch, in fact, runs sub- 
merged in water supplied from the tank seen above. 
The surfaces which engage are of different materials, 
and work satisfactorily with water as a lubricant. By 
adopting this plan of water-cooling the clutch can be 
slipped continuously for long periods without becoming 
heated or suffering from excessive wear. 

The pressure between the two elements of the clutch 
is maintained by the helical spring best seen in Figs. 4 
and 5, the thrust being taken in ball-races as shown. 
The amount of this thrust is regulated, in the first 
place, by the screw gear shown to the right of Fig. 2, 
which operates a forked lever engaging with a slid- 
ing collar on the follower shaft. In addition to 
this there is, however, a safety device which auto- 
matically separates the clutch surfaces whenever an 
excessive torque is applied by the load to the driven 
shaft. 

This safety device is shown at Z to the left of Fig. 1 


and also in Fig. 3. As there shown, the clutch shaft | q 


does not drive the shaft A direct, but through the 
intermediary of the two stiff springs, shown in Fig. 3. 
As a consequence, if an excessive torque is applied 
to A, this shaft can ‘‘over-run” the clutch-shaft, 
compressirg the springs in question. This ‘‘over- 
running” action is utilised to separate the clutch 
surfaces, by having between the two discs, con- 
stituting Z, a series of balls, as shown. If relative 
motion of the elements takes place, these balls run up 
inclined planes, thus forcing the two elements apart, 
and bringing the clutch surfaces either entirely out 
of engagement or sufficiently so to let slipping occur. 
No abnormal load can therefore come on the engine. 
The clutch merely slips until the load diminishes, 
when it automatically comes into engagement again. 

The arrangement just described is specially adapted 
to certain sea services, in which much surging of the 
load has to be provided for. There are, however, 
many other cases to which the water-cooled clutch is 
applicable, and in Fig. 6 we illustrate this clutch 
as applied for the working of hoists, winches, and the 
like. In this case it will be seen that the sliding 
portion of the clutch has a double cone, which, by 
means of a screw gear shown, can be brought into 
engagement either with the driving shaft on the left 
or with the fixed casing of the cone, in which case it 
serves as a water-cooled brake. Another purpose for 
which the clutch is likely to prove useful is the pro- 
tection of electric motors from injury by an overload. 
By fitting the slipping clutch, the load is automatically 
taken from the motor, and the danger of burning out 
the armature eliminated. 





Tur Pactric Steam Navigation Company’s TRIPLE- 
Sorew Passencer Streamer ‘*Orpuna.”—The triple- 
screw mail and passenger steamer Orduiia, built to the 
order of the Pacific Steam Navigation ae gg 
pool, was launched at Belfast, by Messrs. Harland 
and Wolff, Limited, on the 2nd inst. The new vessel 
is 569 ft. 3 in. in length over all, 67 ft. beam, and 
will have a gross tonnage of about 15,600 tons, and 
designed for service to South America. 


has been 
The vessel has a double bottom throughout, ten 
water-tight bulkheads, and seven steel decks. Accom- 


modation has been provided in all for over 1100 
passengers — first, second, intermediate, and third 
class. The Ordufia has a combination of recipro- 

ing engines and low-pressure turbines. She will 
be the largest steamer engaged in the service between 
Europe and the West Coast of South America. Two 
mail steamers similar to the Ordujia are now being built 


ad the company, and they will be named Orbita and 
rca. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The want of life which has 
characterised the Fi ne son market of late was again | 
noticeable last ursday morning, when Cleveland 
warrants opened with a weak tone. Dealings were 
limited to 2000 tons at 53s. 1d. cash, 53s. 3d. eight 
days, 53s. 4d. one month, and 53s, 8d. January 2, 
and closing sellers quoted 53s. 2d. cash, 53s. 5d. one 
month, and 53s. 94d. three months. In the after- 
noon the weakness was accentuated, and the prices at 
which business was done were 53s. cash, and 53s. 3d. 
one month. The turnover was 1000 tons of Cleveland 
warrants, and sellers’ closing quotations were 53s. 04d. 
cash, 53s. 3d. one month, and 53s. 8d. three mont 
The market was quiet and easier on Friday morning, 
when one lot of Cleveland warrants changed hands at 
53s. 6d. three months, with sellers over at that figure, 
and at 52s. 10d. cash and 53s. 14d. one month. In the 
afternoon a further decline of about 3d. took place in 
Cleveland iron, and 2000 tons were dealt in at 52s. 9d. 
seven —. and from 52s. 104d. to 52s. 9d. one month. 
At the close sellers named 52s. 7d. cash, 52s. 10d. one 
month, and 53s. 3d. three months. On Monday morning 
there was little demand for Cleveland warrants, and prices 


fell — to the extent of 7d. per ton. The turnover 
consis of 1500 tons at 52s. three days, and from 
52s. 3d. to 52s. ld. twenty-four days, with closing 


sellers quoting 51s. 9d. cash, 52s. one month, and 
52s. 5d. three months. The afternoon session exhibited 
a somewhat steadier tone, but dealings were still on the 
small side and only amounted to 1500 tons of Cleveland 
warrants at 51s. 9d. sixteen days, and from 5ls. 9d. to 
51s. 94d. twenty-four days. The closing quotations were 
unchanged from the morning. An improved tone pre- 
vailed on Tuesday morning, when 4500 tons of Cleveland 
warrants were done at 5ls. 11d. cash, 52s. ten days, and 
52s. 24d. one month. The close was stronger, with 
sellers at 52s. O}d. cash, 52s. 34d. one month, and 
52s. 74d. three months. In the afternoon Cleveland 
warrants continued firm, and although dealings were 
limited to 2000 tons at 52s. 1d. ten days and 52s. 34d. one 
month, sellers’ closing prices were 52s. 1d. cash, 52s. 4d. 
one month, and 52s. 83d. three months. When the market 
opened to-day (Wednesday), the tone was strong, but the 
business was confined to 1500 tons of Cleveland warrants 
at from 52s. 3d. to 52s. 5d. eight days, and 52s. 6d. one 
month. At the close sellersnamed 52s. 44d. cash, 52s. 9d. one 
month, and 53s. three months. The afternoon session was 
dead idle, and Cleveland warrants were easier, with sellers 
at we 3 24d. cash, 52s, 6d. one month, and 52s. 10d. three 
months. 


Sulphate of Ammonia. —The sulphate of ammonia marke’ 
is much weaker this week, and there is a very limited 
emand. Quotations are to-day no better than 131. 5s. 

r ton for prompt delivery, Glasgow or Leith. The 
orward price is also easier. 


Scotch Steel Trade.—The continued scarcity of new 
business in the Scotch steel trade is somewhat alarming, 
and unless a turn for the better comes quickly, producers 
will be faced with the necessity of eau down their 
works until conditions improve. One of the causes ad- 
vanced for the present local depression is the tightness 
of money on the Continent, and this is necessitating 
makers to export a large amount of their surplus output 
to Britain at ridiculously low cash prices. There is a fair 
amount of work on hand in the various shipbuilding 
yards, but the demand for plates is, nevertheless, very 
poor indeed, and, apart from the fact that agents and 
merchants are unloading at shillings a ton under the 
associa makers’ prices, consumers only seem to be 
buying for their more immediate requirements. Makers 
of black and galvanised sheets, and of structural 
sections are also ly off for specifications for the home 
market, but these branches are, however, not so dull pro- 

rtionately to some others. The export trade is not over 

risk, although one or two spots are fairly busy and are 
ordering on moderately good quantities of miscellaneous 
material. All round the outlook is rather depressing, 
and unless producers are prepa to take business at 
cost price, or even at a loss, there seems nothing for it 
but to give their workmen an undesired holiday for a 
little while. 

Imports of Iron and Steel Material During _— 
The quantities of certain kinds of iron and steel imported 
during the month of September, at Glasgow, Grange- 
mouth, Leith, Dundee, and Aberdeen, from the Con- 
tinent and the United States, were fairly heavy, but 


more especially from the former. The following are the 
figures :— a ihhiads 
X- x-United » 
Continent. V*!™*- ““gtates, Value. 
tons £ tons £ 
Iron bars, angles, &c. 3182 20,124 -- _ 
Steel bars, angles, &c. -. 1068 11,894 _ 
Iron and steel hoops and 
strips .. és ot oo Se 9,634 366 5217 
Iron and steel plates. . 2417 17,648 252 1980 
Totals $904 59,300 618 7197 


Malleable-Iron Trade.—The lower prices arranged by 
the malleable-iron makers last week have not had the 
desired effect of bringing forth much in the way of 
increased business. One or two orders which were pend- 
ing have since been placed, but these were not sufficient 
to stem the tide, and so the industry is still no better. 
More of the establishments in the West of Scotland are 
likely to cease operations at an early date if conditions do 
not speedily improve, as no little difficulty is at present 
being experienced in ax oy | some of them even par- 
tially > Inquiries for export lots are exceed- 
ingly limited, despite the price being round 6/. 10s. per 





ton net. The recent reduction now brings the 
quotation for “‘crown” bars down to 71. e 6d. ie on, 
less 5 per cent. local delivery. F 


_ Scotch Pig-Iron Trade.—No pressure of any co 
is being felt by the makers of Scotch pi, 
home or export account, and only ate 
vail. Prices are inclined to be easier. 
‘or hematite has certain! 
there is little sign in that di 


2 quence 
iron, either on 
rate conditions 
) The demand 
nov ~— and, indeed, 
f rection. © following are the 
market quotations for makers’ = 1) iron : — Clyde, 
72s. 6d.; Calder, Gartsherrie, Summerlee, and g- 
loan, 73s. (all ship; at Glasgow); Glengarnock (at 
Ardrossan), 73s.; Shotts (at Leith), 73s.; and Carron 
(at Grangemouth), 73s. 6d. 





H.M.S. ‘‘Revence.”—It has been decided that the 
new battleship provisionally ordered of Messrs. Vickers 
Limited, is to be named ‘‘ Revenge,” and not ‘‘ Renown,” 
as previously announced. 





Tuer CopreR Market.—In their monthly report dated 

the Ist inst. Messrs. James Lewis and Son state that the 
optimistic reports circulated with regard to the statistical 
position of copper and the diminution of supplies, due to 
temporary causes, induced very active buying of standard 
during the first half of the past month, and valuesrapidly 
rose from 711. 5s. for cash to 75l. 23. 6d. on the 8th ult., 
followed by a fall to 72/. 10s. on the publication of the 
American refiners’ returns—although they were considered 
favourable — large sales being made on Continental 
account. A reaction ensued to 75/. 7s. 64. on the 16th, 
from which point values gradually fell away to 72/. 5s. on 
the 25th, down to7I1l. 15s. being accepted for three months 
prompt. The market subsequently showed little anima- 
tion until the 1st inst., when the reduction of 1894 tons in 
the European stocks induced an advance from 72/. 103. to 
741. 1s. 3d. for cash, and 72/. 7s. 6d. to 73/. 16s. 3d. for 
three months. The sales amounted to a total of about 
54,000 tons. The demand from both American and Euro- 
pean consumers for refined yd had lately almost died 
out, the requirements of the latter being fully supplied 
from the large shipments from the United States, amount- 
ing to 34,314 tons for the past month, and by purchases 
for forward delivery made some timeago. The New York 
quotation for electrolytic had been reduced 4 cent per 
—? to 16? to 16§ cents, and it was offered by dealers 
or December delivery at 164 to 162 cents without sales 
resulting. There appeared to be every prospect of con- 
sumption falling off materially in conjunction with that of 
iron and steel, the demand for which, both in the United 
States and Europe, was now on a much reduced scale, the 
English official price of steel having been lowered 1/. per 
ton. For the six months of this year the production of 
the Katanga mines was 2100 tons, and for the months of 
July and August 1900 tons. Australian production for 
August was 3289 tons. English stocks had been reduced 
by the shipment of 500 tons of copper from London and 
1000 tons of ore from Liverpool to the United States. 


THe Parsons Marine Sream-Tuesine Company, 
Liuitep.—The report of this company, submitted to the 
sixteenth annual general meeting of the shareholders, 
held in Newcastle-on-Tyne, on Wednesday, the 15th inst., 
gives many details of the extended application of tur- 
bines, geared turbines, and turbines in combination with 
reciprocating engines; but as the subject is referred to 
fully on page 514 of this issue, the details of the report 
need not here be given. The report states that during 
the year experiments have been made with the propeller- 
tank to investigate the effect of pitch ratio upon efficiency, 
with the object of determining the most suitable ratios of 
reduction to adopt with geared-turbine installations on 
board ship. Experiments have also been made on various 
forms of propeller-blades with and without cavitation, 
which insome instances have led to an increase of efficiency. 
In foreign countries the application of turbines of the 
Parsons type continues to extensive for war vessels, 
trans-Atlantic liners, &c. The geared system also is 
being adopted for several vessels now in course of con- 
struction. In order to cope with the changing condi- 
tions of manufacture, due to the introduction of geared 
turbines, it has been necessary to make considerable 
additions to the company’s works and plant ; the direc- 
tors have also decided to increase the sum provided for 
experimental and pioneer work to 30,000/., in order to 
maintain the position of the company in relation to such 
work. The profits for the year, after providing for 
depreciation on buildings, plant, machinery and office 
furniture, upkeep of patents, &c., transferring 33,733/. 
10s. 1d. to the experimental and pioneer work account, 
and 5000/. in reduction of patent rights account, amount 
to 32,182/. 8s. 11d.; the amount brought forward from the 
last balance-sheet is 18,810/. 2s. 4d.; the total amount 
available for distribution is thus 50,9927. 11s. 3d. This 
the directors recommend should be appropriated as fol- 
lows :—(1) In payment of a dividend at the rate of 10 per 
cent. per annum, absorbing 21,128/.; (2) in payment of 
a bonus of 5 per cent. (free of income-tax), 10,564/.; 
(3) leaving as a balance to be carried forward, 19,300/. 
lls. 3d. @ directors place on record the great loss the 
company has sustained by the death of their valued 
peemee gr Sir William H. White. Sir William White 
joined the board in July, 1905, about three years after 

is retirement from the position of Director of Naval 
Construction and Assistant Controller of His Majesty's 
Navy. ‘‘He brought his wide experience in naval matter= 
to bear on the affairs of the company, and the directors 
deeply regret the loss of so brilliant and charming 2 
personality.” The Hon. Geoffry L. Parsons and Mr. 
A. A. Campbell Swinton have been re-elected directors 
of the company. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The tonnage record for the col- 
lieries during the month has increased, the outstanding 
figure being that of Denaby and Cadeby, who sent 50,000 
tons more than a yearago. Imports into Hull for the past 
nine months amount to over six million tons—better than 
the same period a yearago by 850,000 tons. The month’s 
imports were 630,034 tons, an advance over last year of 
14,000 tons. Foreign trade has decreased by 120,000 tons 
from that of September, 1912. The Baltic ports received 
132,335 tons, which is 40,000 tons Jess than a year ago. 
The exception is with South Russian ports, which have 
taken greatly increased tonnages. A drop of 15,000 tons 
is recorded in the coastwise trade, which amounted to 
65,463 tons. Amongst the increases in colliery a 
the new pits in the South Yorkshire area are rapidly 
coming forward. Comparing the past month with a year 
ago the Bullcroft Colliery has increased its output by 
15,000 tons, and Maltby and Brodsworth have produced 
5000 tons and 8000 tons more respectively. 


South Yorkshire Coal Trade.—There is not much 
change to record in the position of the local coal trade. 
High prices and a continuance of mild weather have held 
back inquiries for house coal to a considerable extent, and 
dépéts are quieter in this branch. Nevertheless, col- 
lieries are on full time, and are not accumulating stocks 
to any appreciable extent. This is largely due to the 
steady demand from the gas companies. e hard 
market is firm. Increasing quantities are being taken 
for home industrial consumption, and activity continues 
in shipping, the Baltic and other ports still remaining 
open for supplies. Small coal has a weakening tendency, 
but quotations are kept - Coke is quiet, but an im- 

rovement may be expected. Quotations :—Best branc 
fand-picked, 16s. to 17s.; Barnsley best Silkstone, 14s. 6d. 
to 163. 6d.; Derbyshire best brights, 12s. to 13s. 6d. ; 
Derbyshire house, 11s. 6d. to 123. 6d.; best nutes, 
lls. to 12s.; best small nuts, 9s. to 10s.; Yorkshire 
hards, 11s. 9d. to 12s. 9d. ; Derbyshire hards, 10s. 9d. to 
lls. 9d.; rough slacks, 7s. to 8s.; seconds, 5s. 9d. to 
6s. 9d.; smalls, 4s. to 5s. 


Tron and Steel.—Though the iron market is improving, 
development is not rapid. Quotations, however, main- 
tain the firmness of the past month. Forward buying is 
not upon any extensive scale. Slackness in forged irons 
is less pronounced, and a similar change is noticed in 
foundry business. Pig-iron specifications are coming 
forward more freely, and the demand is better. The bar- 
iron position is more promising, buying being on a ~ 
scale. The price of 8/. 10s. for bars remains unchanged by 
the Yorkshire Association. The outstanding feature of 
Sheffield’s industries this week is the prosperity obtain- 
ing in railway steel manufacture. he demand from 
abroad has become such that the effect of the poor 
home demand is almost negligible, and the present 
and prospective state of this branch of business gives 
cause for much satisfaction. Contracts are expected 
to flow in freely before the end of the year, and 
Indian demands keep wagon -builders busy. With 
regard to armaments, the moulders’ and other strikes 
have hindered work in the large Kast-End shops. In 
shells and castings difficulty has been created by the pro- 
tracted stoppages, for the works have in hand some 
heavy contracts from the Home Office and Admiralty. 
Generally, the city’s trade is healthy, and a large volume 
of work is coming on. From Russia inquiries are on foot 
in connection with a contract for the State. railways 
there. It is expected that a considerable amount of it 
will be placed in Sheffield. Tramway orders are fairly 

lentiful, and steel-work in connection with Buenos Aires 

ramways is being done largely in Sheffield. Wagon 
building for home companies is poor, but an improve- 
ment is expected before the new year. 





“‘Tue Paper-Maxker.”—The annual number of this 
journal, which deals extensively with the paper and 
wood-pulp trades, contains a total of 368 pages, covering 
interesting descriptions of pulp-mills and other special 
works, an account of the Ghent Exhibition, and numerous 
articles dealing with the manufacture of paper in all its 
branches. It is admirably printed and illustrated. It is 
pr egy at the journal’s chief offices, 47, Cannon-street, 

.ondon, E.C., at the price of 2s. 6d. 





Tue Roap Boarp.—During the months of July, 
August, and September, 1913, the Road Board, with the 
approval of the Treasury, have made advances amount- 
ing to 340,667/. from the Improvement Fund to 
county councils and other highway authorities. The total 
grants up to September 30, 1913, are as follow :— 


£ 

For road crust improvements .. oe -. 1,862,261 
For road widenings and improvement of 

curves and corners ° oe - oe 133,847 
For road diversions ile os ve én 33,928 
For reconstruction and improvement of 

bridges .. os a a oi ~ 59,337 
For construction of new roads and bridges. . 83,498 


During the same period advances by way of loan have 
also been arranged to the sum of 126,467/., making the 
total sum a to be advan on loan up to Sept- 
ember 30, 356,119. In addition, further advances 
amounting to about 1,593,8067. have been indicated to 
highway authorities towards works of road construction 
and improvement:— 
The total amount paid into the Road Im- & 


provement Fund from the constitution of 


the Board up to September 80 smounted to 3,930,606 — | 
Total advances made and promised up to 

September 30 .. os os ee .. 8,622,787 
Balance now available for grants and loans... 307,819 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—There is er more inquiry 
for Cleveland pig iron, and with considerable arrange- 
ments yet to make for supplies to meet requirements over 
the fall of the year. some good sales should be recorded 
at an early date. Up to the present, however, business 
continues on only a very limited scale. At the same 
time many traders express the belief that prices have now 
touched bottom, and if the market is not disturbed by 
renewed fluctuations in warrants, buyers are likely to 
come forward. That trade is languishing all round, how- 
ever, cannot be denied, and the dearness of money 
assists materially to shake confidence and eee the 
situation. This week as low as 52s. f.o.b. has been 
named for No. 3 g.m.b. Cleveland pig, but 53s. has 
also been quoted, and the price has now settled to 
f2s. 9d., whilst No. 1 is 55s. 3d. to 55s. 6d.; No. 4 
foundry, 52s. 6d.; No. 4 forge, 52s. 3d. ; and mottled and 
white iron each 52s.—all forearly delivery. It is reported 
t three vessels have been fixed at 6d. for con- 
veyance of Cleveland pig from Middlesbrough to Phila- 
delphia, but it is difficult to understand how under pre- 
sent conditions Oleveland pig can compete successfully 
with American iron in United States markets. East 
Coast hematite pig is very quiet, and mixed numbers 
are obtainable for either early or forward delivery at 65s., 


-coal | 2nd, in fact, that price is said to have been shaded, but, on 


the other hand, some makers are disposed to hold out 
for rather higher figure. Foreign ore is a little easier. 
Rubio of 50 per cent. quality is 19s. ex-ship Tees, 
and business has recently been recorded on that basis. 
Freights are still high, but are coming down. Steamers 


h | have been fixed at 5s. 7s. Bilbao-Middlesbrough. It had 


been anticipated that coke prices would ease with redu 
local consumptions, but this has not occurred, output of 
coke having n curtailed until current needs are with 
difficulty met. Ave kinds of blast-furnace coke are 
fully 18s. delivered at Teesside works. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores continues to be 
steadily drawn upon. The quantity held there now stands 
at 168,264 tons, or 4572 tons less than at the inning of 
the month. Shipments of pig iron from the Tees are on 
a moderate scale. To date this month they average 3144 
tons per working day, the total despatches being returned 
at 40,880 tons. To the same date last month the loadings 
amounted to 43,965 tons, or a daily average of 3382 tons, 
and for the corresponding part of October last year the 
clearances reached 57,289 tons, or an average of 4406 tons 


per working day. 
Manufactured Iron and Steel.—Little new can be 
re concerning the manufactured iron and steel 


industries. Orders are scarce, but producers are busy 
on running contracts. Principal market quotations :— 
Common iron bars, 7/. 10s. ; best bars, 7/. 17s. 6d.; best 
best bars, 8/. 5s.; packing iron, 6/. ; iron ship-plates, 7/. ; 
iron ship-angles, 7/. 15s.; iron ship-rivets, 8/. 10s. ; 
steel bars, 7/. 5s.; steel ship-plates, 7/. 5s.; steel ship- 
angles, 6. 17s. 6d.; steel strip, 7/. 5s.; steel hoops, 7/. 10s. ; 
steel joists, 6/7. 12s. 6d.—all less the customary 24 per cent. 
discount ; cast-iron railway chairs, 4/. 15s. ; light iron 
rails, 7/.; heavy steel rails, 6. 10s. ; steel railway sleepers, 
71. 10s.—all net; and galvanised corrugated sheets, 11/. 
f.o.b.—less the usual 4 per cent. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce just issued show that at 
the end of September of 77 blast-furnaces built in the 

t of Middlesbrough 55 were in operation and pro- 
uced during the third By of the year 667,000 tons 
of pee of which 407,000 tons were Cleveland and 
260, tons hematite, spiegel, basic, and other special 
irons. For the previous quarter the make of pig was 
715,000 tons, 415,000 tons being Cleveland and 300,000 
tons hematite, &c., and for the third quarter of last year 
the output was 590,000 tons, 380,000 tons being Cleve- 
land and 210,000 tons hematite, &c. Imports of foreign 
iron ore into Middlesbrough last quarter amounted to 
549,211 tons, as com with 749 tons for the 
previous quarter, and 627,851 tons for the third quarter 
of 1912. e value of goods, other than coal and coke, 
exported to foreign and colonial destinations from 
Middlesbrough last quarter was 3,028,084/., or 165,464/. 
less than for the corresponding quarter a year ago. 





Some Important Puysicat ConsTants.—In the August 
issue of the Physical Review, Professor R. Millikan sums 
up the results of a series of experiments on the value of 
the elementary charge of the unit of electricity, in which, 
by gradual elimination of residual errors, a very high 
degree of accuracy has at last been obtained. His final 
value for e, the charge carried by an ion in electrolysis, is 

e = (4.774 + 0.009) x 10-9 
electrostatic units. The number of molecules in a cubic 
centimetre of gas at 0 deg. Cent. and 760 mm. of mer- 


cury is 
nm = (2.705 + 0.005) x 109, 
The average kinetic energy of a molecule of the gas under 
the same conditions is 
E, = (5.621 + 0.010) x 10-4 ergs. 
= (2.058 + 0.004) x 10-16 T ergs., 





where T denotes the absolute temperature in Centigrade 
units. The value h of Planck’s constant, or the ‘‘ Wirk- 
ings quantum,” is 

h = (6.620 + 0.025) x 10-27 
whilst ¢., the constant in Wien’s displacement law, is 
Cg = (1.4470 + 0.0030), 


NOTES FROM THE SOUTH-WEST. 


Cardi f.—The steam-coal trade has been generally quiet, 
but there has been little change in prices. Stocks are 
reported to be heavy, and some sellers are showing 
anxiety to secure prompt orders so as to release trucks 
without delay. lliery-owners, however, who have 
enough ready tonn to meet immediate requirements 
are not inclined to reduce — The best Admiralty 
large steam coal has made 19s. 6d. to 20s. ; best secondary 
qualities, 18s. 6d. to 19s. ; other secondary ipti 
17s. 6d. to 18s. ; best bunker 
and cargo smalls, 7s. to 7s. 6d. per ton. The best - 
hold coal has been quoted at 19s. to 20s.; good households 
at 17s. to 18s.; No. ls 


per ton. Special foundry coke has t 283. to 
5 goed Seunday colee, Ma. to Ste. 3 end rnace coke 
19s. to 2is. per ton. As regards iron ore, Rubio 


has wr 19s. Fy i A .~" u 
cent. of iron, an inclu 
&c., to Cardiff or Newport. 

Welsh Coal Exports.—The exports from the six principal 
South Wales ports—Cardiff, Newport, Swansea, Port 
Talbot, Neath, and Llanelly—in the first nine months of 
this year were as follows :--Cardiff—foreign, 14,389,471 
tons ; coastwise, 2,284,016 tons; total, 16,673,487 tons. 
Newport—foreign, 3,479,106 tons ; coastwise, 559,070 tons; 
total, 4,038,176 tons. Swansea—forei 2,575,960 tons ; 
coastwise, 292,621 tons; total, 2, 581 tons. Port 
Talbot—foreign, 1,436,875 tons ; coastwise, 112,426 tons ; 
total, 1,549,301 tons. Neath—foreign, 150,848 tons; 
coastwise, 97,583 tons ; total, 248,431 tons. Llanelly— 
—— 182,336 tons; coastwise, 48,248 tons; total, 
230, tons. The aggregate shipments for the nine 
months were, accordingly, 25,608, tons. 

Baldwins, Limited.—This company, which carries on 
business in iron and steel, galvanised, back, and tin sheets 
and tin plates, and which also owns colliery properties, 
made record profits in 1912-13, the total coming out at 
260,360/., as compared with 202,377/. in 1911-12 ; 195,6930. 
in 1910-11; 139,3362. in 1909-10; 143,715/. in 1908-9; 
122,044/. in 1907-8 ; and 137,071/. in 1906-7. The dividend 
for the past financial year is at the rate of 10 percent. per 
annum, as compared with 10 per cent. in 1911-12 ; 74 per 
cent. in 1910-11; and 5 per cent. in each of the four 
previous years. 

Welsh Railway Traffic.—The revenue of the principal 
Welsh railways shows a considerable increase this year : 
first, because it compares with the reduced receipts fol- 
lowing the labour difficulties of 1912; and, secondly, 
because the companies have been making rather increased 
charges in connection with their goods and mineral 
trafic. The receipts of the Barry company to the last 
available date this year were 654,600/., as compared with 
549,656/. in the first forty-one weeks of 1912. The receipts 
of the Brecon and Merthyr Railway were 100,658/., as 
compared with 85,114/.; those of the Great Western 
Railway, 11,657,000/., as compared with 10,804,000/. ; 
those of the London and South - Western Railway, 
4,072,400/., as comparcd with 3,928,000/.; those of the 
Midland Railway, 10,801,000/., as compared with 
10,052,0007,; those of the Rhondda and Swansea Bay 
Railway, 104,038/., as compared with 94,932/.; those of 
the Rhymney Railway, 300,112/., as compared with 
257,254/; and those of the Taff Vale Railway, 833,556/., 
as compared with 752,115/. The imposing amplitude of 
the figures which we have given is explained by the fact 
that railway companies now only make up their accounts 
once a year. 

Dowlais.—The Siemens and Bessemer furnaces have 
effected a large production of eteel, and the Goat Mill 
has, in consequence, been y, and has turned out a 
large quantity of steel rails, tin-bars, and billets; the 
steel-sleeper press has also been actively at work. The 
Big Mill has been fully occupied upon sole-plates, fish- 
plates, and tram-line sleepers of about 3 ft. each. The 
collieries have been well employed and the quantity of 
coal raised has been above the average. 





THE Late Mr. Josepn Corpetr.— We tb to have 
to announce the death of Mr. Joseph rbett, the 
borough engineer of Salford, which occurred suddenly at 
his residence, Whaley Bridge, on Thursday evening, 
October 9. Mr. Corbett was returning home from busi- 
ness at the Salford Town Hall when he was seized with 
an illness which ended fatally immediately after his 
arrival home. Mr. Corbett was appointed borough engi- 
neer of Salford in the year 1892, prior to which he was a 
Councillor for the old St. John’s Ward of Broughton, 
Salford, a t he risigned to me a candidate for 
the borough engi:eership. He was in private practice 
before entering public service, being a member of the 
firm of Corbett, Raby, and Corbett, engineers, &c., 
Albert-square, Manchester. During his term <f office 
with the Salford Corporation he had been engaged upon 
many im t works, the yo of which Was 
the remodelling of the Salford Sewage Works. Mr. 
Corbett was the first engineer of note to a iate the 
possibilities of bacterial purification, and simultaneousl 
with his own private researches work had been cnesied 
out in America by the Massachusetts Board of Health. 
He had long “yo as an authority upon 
sewage purification, and the works at Salford have been 
visi i representatives of practically all countries in 
the world. Last week the Japanese 
sentative paid a jal visit to Salford to see the se 
works. Besides is work in sewage purification, Mr. 
Corbett designed model lodging-houses, and the complete 
installation of electric tramwa; He was greatly 


vernment repre- 





ys. 
esteemed by his staff and by all who knew him. 
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WATER-COOLED CLUTCH 





AND SLIPPING GEAR FOR OIL-ENGINE DRIVES. 


CONSTRUCTED BY THE GRIFFIN ENGINEERING COMPANY, LIMITED, BATH. 
(For Description, see Page 526.) 
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Fig. 3. ELEVATION OF THE PLATE Z. 
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Fie. 5. 


“Tur Ipgat Copg-ConpDENsER.”—We have received a copy 
of the second edition of ‘‘The Ideal Code-Condenser,”” pub- 
lished by the Central Translations Institute, 16, Eastcheap, E.C., 
at the price of 1/. 1s. This telegraphic code-condenser is arranged 
by Mr. A. Kolkenbeck, and the accompanying instructions are 
printed in English, French, and German. The code enables two 
phrases, usually sent as two words, to be condensed to one word by 
means of their figure equivalents, and, in addition, provides a 
two-figure check. It further allows the use of individual phrases 
from several different codes in one m so that composite 
coding can be performed while retaining sufficiently clear indica- 
tions to enable de-coding to be easily executed. 


THe CommerciaL Mortor-Ussrs’ AssociaTion.—The first of 
the series of lectures to drivers in the employ of members 
of the Commercial Motor-Users’ Association was delivered on 
Wednesday, the 8th inst., at the Royal Automobile Club by Mr. 
G. W. Watson, M.I. Mech. E., M.LA-E. inspecting engineer 
of the Association. Mr. E. 8. Shrapnell-Smith, hon-treasurer, in 
the absence of the chairman of the Association (Colonel R. E. 
a, C.B.), ided over a gathering of nearly 200 drivers. 
The lecturer dealt in simple language with the working of 

trol a timing, compression and cooling, and illustrated 

is remarks by experiments and diagrams, and the utmost 
enthusiasm wasshown. The first lecture on steam will be given at 
the Royal Automobile Club on Wednesday, the 22nd inst., from 
8 to 9 p.m., and drivers may still register on application to Mr. F. 
G. Bristow, A.C.I.S., Secretary, Commercial Motor- Users’ Asso- 
ciation, 89, Pall Mall, 8. W, 
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TURBO-ALTERNATOR; GOVERNING GEAR. 


PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE. 


(For Description, see Page 513.) 
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DETAILS OF 25,000-KW. PARSONS TURBO-ALTERNATOR FOR CHICAGO. 


CONSTRUCTED BY MESSRS. C. 
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A. PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE. 


(For Description, see Page 513.) 








































Fics 22 ro 30. Fiexiste CLaw-CoupLInc BETWEEN TURBINE AND ALTERNATOR. 
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Fie. 31. Section oF ALTERNATOR. 
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25,000-KW. TURBO-ALTERNATOR FOR CHICAGO. 


CONSTRUCTED BY MESSRS. C. A. PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE. 
‘For Description, see Page 513.) 
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Fic. 32. GENERAL View IN THE Erectinc-SHop at Heaton Works. 


























Fic. 33. Tue Rotor ror THE HicH-PrRessure TURBINE. 
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PLATE XXXIV. 


25,000-KW. TURBO-ALTERNATOR FOR CHICAGO. 


A. PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE. 


CONSTRUCTED BY MESSRS. C. 
(For Description, see Page 513.) 
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Fic. 35. View sHowinc STEAM EnNp or TURBINE, WITH GOVERNOR-GEAR AND VALVES. 
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25,000-KW. TURBO-ALTERNATOR FOR CHICAGO. 
CONSTRUCTED BY MESSRS. C. A. PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON.TYNE. 


(For Description, see Page 513.) 
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95,000-KW. TURBO-ALTERNATOR FOR CHICAGO. 
CONSTRUCTED BY MESSRS. C. A. PARSONS AND CO., LIMITED, HEATON WORKS, NEWCASTLE-ON-TYNE, 


(For Description, see Page 513.) 

















Fic. 46. Tae SHAFT FOR THE ALTERNATOR, 




















Fic. 47. Tue Sprnpte or tHe Low-Pressure Tursrne-Roror. 
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Fic. 48. Rotor or ALTERNATOR WITH ExciTteR ARMATURE Movuntep IN Position. 
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SOME ASPECTS OF ENGINEERING. 


Tue Manchester Association of Engineers, having 
been founded nearly sixty years, is one of the oldest 
of our engineering societies, and it has, we may say, 
been remarkably successful in securing papers and 
addresses of permanent interest. Amongst recent 
valuable contributions to its proceedings we may 
note the important paper on the milling-machine 
experiments of Messrs. Alfred Herbert and Co., 
read by Mr. P. V. Vernon in 1912, whilst, to go 
still further back, the late Dr. Nicolson rendered 
invaluable service to the profession generally by 
calling attention to the importance of Osborne 


~ | Reynolds’s theory of lubrication. Osborne Reynolds 


was a remarkable man, but for one reason or 
another much of his most valuable work failed to 
attract the attention it deserved. Fortunate as 
has been the Manchester Association of Engi- 
neers in securing dissertations of merit and worth, 
it has been equally happy in its presidents. This 
year that post is occupied by Dr. Edward Hop- 
kinson, amongst whose other claims to distinction 
is that of having been the first engineer to accurately 
predetermine from the drawings the output and 
efliciency of a dynamo. The path thus entered 
on nearly thirty years ago has led into what has 
proved a most fertile region. 

In his interesting address, delivered on Satur- 
day last, Dr. Edward Hopkinson recalled the fact 
that the 100-horse-power Edison dynamo exhibited 
in the 1881 Exhibition weighed no less than 17 
tons. Ten years later, a machine of the same output 
and a much higher efficiency weighed only 7 tons. 
The improvement from an efficiency of some 75 per 
cent. up to 94 per cent. was effected fairly easily 
and rapidly, but any advance beyond this figure 
has been attained with much travail. Indeed, the 
famous French motto that ‘‘it is only the first 
steps which cost” is almost daily falsified. A 
temperature of — 170 deg. Cent. or so can, for 
example, be attained fairly easily. Each successive 
advance towards the absolute zero becomes, how- 
ever, more and more difficult, and though but 
6 deg. Cent. lie between the boiling-points of 
hydrogen and helium, several years’ work were 
necessary to the bridging of the gap. In the same 


7 way each successive improvement in the efficiency 
29| of machinery is at once less profitable than its pre- 


decessors, and more difficult to secure. In economics 
there is a logarithmic law that the benefit a man 
derives from an increase of wealth is proportional 
to the difference between the logarithm of the value 
of his possessions after and before the accession, 
and a law of a similar character seems to hold very 
generally. 

Dr. Hopkinson claimed for the electrical engi- 
neer the popularising of the conception of efficiency 
in its scientific sense, not merely amongst engi- 


597 | neers, but amongst our writers on sociology and 


politics. Possibly he is correct, but there is cer- 
tainly vast room for further education on this 
head. The claim, for instance, is frequently made 
that the Post Office service is an ‘‘ efficient one,” 
but the writers who sustain this view have obvi- 
ously not the slightest conception of the scientific 


544 | meaning of the term “efficiency.” Whether the 


service be efficient or not, there is, in fact, no 
means of knowing, since in economics “‘ efficiency ”’ 
consists in the te effectively for, say, 1/. some- 
thing which would cost 21. or more with inefficient 
arrangements. Where a service is constituted a 





legal monopoly there is no standard with which its 
cost can be compared, and there is thus no basis 
for estimating its efficiency or the reverse. We 
are, however, wholly in agreement with Dr. Hop- 
kinson in believing that a realisation of the scien- 
tific meaning of the term “‘ efficiency” would be 
of the greatest advantage to sociologists and 
economists, and, in fact, would go further and 
maintain that an engineer is by his training par- 
ticularly well qualified to express an opinion on 
these and cognate subjects. 

British physicists have long been noted for 
regarding their subject from the standpoint of the 
engineer, and, unquestionably, much of their most 
valuable work has been the direct result of this 
mental attitude. Maxwell always wanted to ‘‘ see” 
how a conception worked, On the other hand, British 
engineering would undoubtedly gain if a greater 
regard were had for the purely scientific aspect 
of engineering, and Dr. Hopkinson maintained 
that the necessity of regarding electrical engineer- 
ing from a more or less mathematical point of 
view had been very largely responsible for the rapid 
progress made in this branch of the profession. In 
the routine work of the factory, experience forms, 
no doubt, a much more trustworthy guide than 
theory, since in applying such theories it is nearly 
always necessary to simplify matters by ignoring 
certain factors. 

It follows, therefore, that were engineering a cut- 
and-dried study like a dead language, fixed and 
immovable for all future time, theoretical principles 
would rightly find very little application in the 
machine-shop, the accumulated experience of years 
being all-sufficing. In actual fact, however, new 
problems are always arising to which past experi- 
ence is only fe ly applicable, and an ignorance 
of theoretical knowledge invariably results in un- 
necessary waste. Hence, whilst experience suftices 
for the work of ‘‘ to-day,” an adequate acquaint- 
anceship with scientific principles is essential to 
meet the needs of an inevitable ‘‘ to-morrow.” 

Dr. Hopkinson claimed, and, we think, justly, 
that the development of electrical engineering had 
had great influence in extending a knowledge of 
these scientific principles. Whilst the aphorism 
that ‘‘science is measurement” is no doubt some- 
what too sweeping to be wholly acceptable, it is 
undoubtedly true that so long as measurement is 
impossible, knowledge is imperfect, and the great 
facility with which Tastdlaal snaenenepante can be 
made has had a marked influence for good in every 
branch of engineering. 

The improvement of the steam-engine was un- 
doubtedly retarded by the difficulties attendin 
measurements of its output and consumption, | 
even to-day absurd figures are put forth in absolute 
good faith by engineers inexperienced in the pre- 
cautions necessary to secure reliable results. ere 
is a well-known story of an engine-driver who on 
several occasions had had fitted to his engine various 
experimental devices. Since he always reported 
favourably on these, his chief determined to test 
the man’s value as a witness. This he did by 
painting the chimney of the locomotive red, and 
asking for a report on the result. As before, 
this was highly favourable, but for the future, 
when novelties were under trial, another locomo- 
tive and another driver were selected. This story, 
no doubt, may be ben trovato rather than vero, 
but it is really not a very great exaggeration of 
the absurd reports sometimes formulated by respon- 
sible engineers as to the effect of new connect- 
ing-rods, new valve-gears, and the like on the per- 
formance of reciprocating steam-engines. Electrical 
engineers, with their extraordinary facilities for 
accurate measurement, are less easily misled, and 
have set a standard in these matters which has not 
been without influence in other branches of the 
profession. 

Dr. Hopkinson alluded to the fact that the 
— electrical generators were belt-driven, it 

ing necessary to up the reciprocating engines 
then available. Next me 4 time—that of the 
high-speed engine—when a fair accord had been 
established between what the steam-engine maker 
was prepared to pg ee what the electrical 
engineer demanded. e advent of the steam- 
turbine created a new state of affairs. Here the tur- 
bine-builder would have been glad to run at speeds 
above those to which the electrical engineer was then 
prepared to go. So faras alternators are concerned, 
this condition has passed away, and, if anything, the 
electrical designer is now —— to go to higher 
speeds than his coadjutor. With continuous. current 


53° 


ENGINEERING. 





[Ocr. 17, 1913. 








machines, however, there is still a difficulty in com- 
bining a high speed and a large output, a prcblem 
which in some cases has been solved by the use of 
gearing. Dr. Hopkinson related that as a boy he saw 
at his father’s works cogs prepared for the mortice 
gears of the steamship Great Britain. The present 
revival of gearing is undoubtedly one of the most 
important of recent developments in mechanical 
engineering, and has most successfully solved a 
whole class of difficult problems in power transmis- 
sion. As Dr. Hopkinson pointed out, however, we 
are still far from any satisfactory solution of con- 
tinuously variable gearing. 

Technically, no doubt, solutions can be obtained 
by hydraulic or electric means, but financial con- 
siderations seem likely to greatly limit the applica- 
tions of either system. There are, Dr. roe + mana 
stated, many analogous problems in physical science. 
The transformation of a small alternating current at 
high potential to a large low-pressure current is 
easy, but no equally simple solution has been 
found when the current is a continuous one. 
Again, he remarks, we know of no direct method 
by which blue light can be converted into red, 
though indirectly the transformation in question is 
effected whenever high-temperature radiation is 
absorbed by a material body. This, however, implies 
a great loss of availability in the ene thus de- 
graded, and no doubt the problem Dr. Hopkinson 
had in mind was the greatly desiderated direct con- 
version of sunlight into mechanical work. Were 
perfect reflectors available, the conversion of 
‘**blue” light into ‘‘red” would be quite feasible, 
at least theoretically, since it would suffice to re- 
flect the light backwards and forwards between 
mirrors mounted on the rim of a moving wheel and 
a series of fixed reflectors. At each reflection 
from the moving mirror the wave-length would be 
lengthened, and at the same time there would be 
& pressure on the mirror tending to propel the 
wheel. That a light-actuated turbine of this kind 
will ever be realised practically is highly improb- 
able, but it is at least interesting to note that the 
direct conversion of radiation into mechanical work 
is theoretically feasible, and it is quite possible 
that the future of our remote posterity is bound up 
with the discovery of some practical means of 
effecting the conversion. 

In this connection it may, perhaps, be well to 
add that the ‘‘light” turbine above in question is 
in no way analogous to Crooke’s radiometer. In 
this instrument, though motion is derived from 
light, the derivation is indirect, the movement of 
the vanes baing due to the presence of residual 
gases in the bulb. There is therefore a degradation 
of the radiant energy which is avoided in the 
imaginary ‘‘ light” turbine, and the efficiency theo- 
retically possible with the latter is thus incomparably 
greater than that of the radiometer. 





DEVELOPMENTS IN BATTLESHIP 
DESIGN. 

Tae warship Queen Elizabeth, which was launched 
yesterday at Portsmouth Dockyard, is difficult to 
class, because she has the offensive and defensive 
qualities of a ship of the line in association with 
a —_ which justifies her classification as a 
battle-cruiser. ndeed, the First Lord of the 
Admiralty, in referring to her in his programme 
speech in the House of Commons, indicated that 
the four vessels of the type which are being 
built will constitute a separate squadron of great 
power and speed, and from this it is assume 
that, in the Admiralty’s scheme of strategy 
and tactics, they will constituted a battle- 
cruiser squadron. 
ships whch have reached the launching stage, and 
although they are outclassed in size, and possibly 
also in fighting strength, by ships projected by 
some other Powers, notably by the United States 
and France, it remains to be seen whether the 
designs now under consideration in these countries 
will materialise. The Queen Elizabeth will, when 
completed, have a displacement, under normal 
conditions, of 27,500 tons, which is practically 
10,000 tons more than the Dreadnought of seven 
years ago ; but in America the Navy Board has sub- 
mitted toCongress proposals for a ship of 38,600 tons, 
and in France the authorities are preparing plaus 
for a vessel of 32,000 tons. But, as the American 
ship isestimated to cost, whencompleted, 4,144,000/., 
there is room for doubt whether the expenditure 
of such a large sum of money on one vessel is 
completely justified. The final estimate of the 
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cost of the Queen Elizabeth is not yet available, 
but there is every probability that it will approxi- 
mate to 24 million sterling. It is, at least, sig- 
nificant that the British authorities have not 
sought for the same high speed in the later ships 
now being laid down, so that their hull is not so 
long, and, consequently, there is not the same 
great expense involved in armour protection. No 
change, however, is made in the armament or in 
the effectiveness of the protection for the smaller 
ship, but the displacement tonnage is reduced to 
25,750 tons—a decrease of 1750 tons. 

The Queen Elizabeth, it is understood, will steam 
at 25 knots, which is from two to three miles per 
hour faster than any existing battleship. The 
length between perpendiculars has consequently had 
to be made 600 ft. This is due to the great length 
of the ship required for the machinery to propel 
the vessel at the speed named ; for, although the 
boilers are to be worked under oil fuel only, 
and are consequently to give an increased volume 
of steam per unit of weight, they still require 
& very considerable area. Increased length is, of 
course, also involved in the bigger magazines, 
to accommodate the projectiles and propellant 
ag so for the larger calibre guns fitted. There 

as been a continuous advance in the displace- 
ment of the British capital ships. The Dreadnought 
of 1906 had a length of 490 ft. and a displace- 
ment of 17,900 tons. This steadily increased until 
the Orion was launched in 1910, of 545 ft. long and 
22,500 tons displacement. The King George V., 
of the following year, was 10 ft. longer and of 
500 tons more displacement. The Marlboroughs, 
launched in 1912, were 580 ft. in length and of 
25,000 tons displacement ; and now the Queen 
Elizabeth is 600 ft. long, with a displacement of 
27,500 tons. The beam has increased in almost 
the same proportion, and the breadth of the vessel 
launched yesterday is 90 ft. 6 in. Throughout, 
however, it has been found necessary to minimise 
the draught as far as possible; and thus, under 
normal conditions, the Queen Elizabeth draws 
28 ft. 9 in., whereas in the earlier ships the 
draught was between 27 ft. and 28} ft. The ships 
ordered this year are 580 ft. in length, with a dis- 
placement of 25,750 tons. 

Practically ali the Powers have followed us in this 
increase in the size of ships, and most are building 
battleships of greater tonnage than the Queen 
Elizabeth, while all seem to desire to outdistance 
us in size. Thus the vessels being built at the 

resent time for the United States Navy—the 

ennsylvania class—one of which is building at 
Newport News and the other at New York Arsenal, 
will have a length of 600 ft. and a displacement of 
31,400 tons gross; but the proposal is to make the 
dimensions of the ship proposed to be laid down this 
year 750 ft. in length, 100 ft. in beam, the displace- 
ment being 38,600 tons at 28 ft. 6in. draught. The 
vessel most recently launched for the French Navy, 
the Loraine, has a length of 546 ft. and a displace- 
ment of 23,600 tons. The vessels last ordered— 
those of the Normandie class—are 574 ft. 3 in. long 
and of 24,800 tons. There are under consideration 
at the present time two designs—one for a vessel of 
557 ft. 9 in. in length, and the other for a vessel of 
590 ft. 6 in. in length, their respective tonnage dis- 
— being 27,000 and 32,000 metrictons. The 
atest German battleships in progress are of 27,000 
tons displacement, but no information is available 
as to future intentions. Japan has four vessels 
in course of construction of 31,500 tons. The 


d|new Russian ships now building, two at the Baltic 


works and two at the Admiralty works, are of 
32,000 tons displacement. The most recently com- 
leted Italian ships are 550 ft. in length and of 
19,400 tons, but larger vessels are being laid down. 
The four Austro-Hungarian ships now being laid 
down will closely resemble the British ships of the 
Queen Elizabeth class. It will thus be seen that 
all the first-class Powers are projecting ships which 
will considerably exceed the Queen Elizabeth in 
displacement tonnage. 

It becomes interesting to examine the offensive 
power of these respective ships, consequent on 
their greater tonnage. The Queen Elizabeth 
is the first to be floated of the vessels with 15-in. 
guns. Of these weapons, eight will be fitted 
in pairs in four barbettes on the centre line, No. 2 
turret rising at a higher level than No. 1, and 
No. 3 to a higher level than No. 4, so that four may 
fire ahead and four astern, and all may be trained 
on either broadside. This is the arrangement 
adopted in all our battle-cruisers, and this fact, as 





well as the high speed, justifies the view that the 
Queen Elizabeth is to be used as a ship of this 
type; but she is much more effectively protected 
than earlier battle-cruisers, the armour being of 
much greater thickness. Britain led the way also in 
the adoption of the 13.5-in. gun, and other Powers 
are following us in their ships now in progress, 
while some are out-distancing the step taken in the 
four ships of the Queen Elizabeth type. But it 
is necessary, in making —- to consider 
the length and weight of the projectiles used. 
Without definite knowledge on this point it would 
be a mistake to attach too much importance to the 
calibre of the gun. Another point has reference to 
the length of the weapons. In some cases the figure 
given includes the chamber as well as the bore, 
whereas in the British classification this is not the 
case. Indeed, it is doubtful if there is much differ- 
ence in effective energy between the 14-in. and 
15-in. guns ; but the lower velocity of the latter 
gun, for a given striking energy, conduces to longer 
life, while the larger diameter shell assists towards 
destruction after perforation. We continue to adopt 
the double-gun barbette system, and this is also 
the case with Japan and Germany, while Russia, 
the United States, Italy, and Austria-Hungary are 
fitting triple-gun turrets, although the last-named 
are reverting to two-gun turrets in their later vessels, 
and France is introducing four-gun turrets in her 
newer ships. The objection taken to fitting three 
or four guns in each barbette is the concentration 
in a short length of the ship of so much of its offen- 
sive power, as it is more liable to be disabled. 
Against this, there is gain in weight and also in the 
reduction of the length of the ship for a given 
fighting efficiency. 

In the ships now in progress for the United 
States Navy twelve guns of 14-in. bore are being 
fitted. In this case the four barbettes will each 
have three guns, and the position of these will 
correspond to those in the Queen Elizabeth. The 
United States authorities in the 38,600-ton ships, 
now under consideration, propose to adopt the same 
arrangement of turrets, each with three guns of 
14-in. bore. The French authorities are fitting 
in the Normandie class twelve 13.4-in. guns, but 
in this case there will be three turrets, each with 
four guns. All of these are in the centre line, as 
shown in a plan of the ship published on page 290 
of our issue of February 28 last. The central 
turret is amidships, and the guns cannot be used 
for direct ahead or astern fire, although they have 
a wide arc of training. It is now proposed, in the 
new designs to which we have already referred, to 
fit 15-in. guns, also four in each barbette. In the 
27,00U0-ton ship there will be two such turrets, and 
in the 32,000-ton ships three such turrets, the num- 
ber of guns respectively being eight and twelve. 
The Japanese are fitting twelve guns of 14-in. 
calibre in the ships now in progress. The Austro- 
Hungarians, in the ships which have recently been 

2d into commission, adopt twelve guns in four 
turrets, with three guns each, disposed as in the 
Queen Elizabeth ; but in their later ships they are 
adopting the Queen Elizabeth arrangement with 
eight guns of 15-in. calibre. The Italian ships 
having a displacement of 19,400 tons, now being 
ut into commission, have twelve 12-in. guns 
in four turrets, each with three guns. They are 
all in the centre line, but are arranged somewhat 
after the design of our earlier battle-cruisers, one 
triple- gun turret being forward and one aft, 
with two in the centre line amidships, to fire on 
either broadside, and with a considerable degree 
of training before and abaft the beam on the port 
and starboard sides. In the later ships, however, 
the Italians are fitting 15-in. guns, and it is under- 
stood that twelve of these will be fitted in triple- 
gun turrets. The Russians have also adopted the 
three-gun turrets in the ships which are now in 
an advanced stage of construction, twelve of these 
being arranged for, all in the centre line ; but in 
this case the guns are so disposed that only three 
can fire ahead and three astern, the turrets amid- 
ships being capable of discharging on either broad- 
side, with a considerable degree of training before 
and abaft the beam, although the funnels and 
superstructure of the ship prevent them firing both 
ahead and astern. In their new 32,000-ton ships 
there will be nine 14-in. guns in triple-gun turrets. 
In the latest German ships the 15-in. gun is also 
adopted, but, so far as we are able to learn, only 
eight of these are being installed, and the arrange- 
ment corresponds with that in the Queen Elizabeth. 

As regards the lighter guns, itis noticeable that 
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the 6-in. gun, or its equivalent, is now almost en- 
tirely accepted, and is being fitted in casemates ; 
the difference is only in the number fitted. In the 
immense ship proposed for the American Navy, 
twenty-one 6-in. weapons are suggested ; in the 
newer French ships, twenty-four of 5.5-in. bore ; 
in the Austro-Hungarian ships, sixteen of 5.9-in. 
calibre; in the Japanese ships, sixteen of 6-in. 
calibre ; in the Russsian ships, now nearing com- 
pletion, twenty of 4.7-in. calibre, but in the later 
vessels the larger gun is being adopted ; and in 
the German ships there are sixteen 5.9-in. guns. 

With the increase in the calibre of guns, there is 
a disposition to add to the thickness of the armour 
on the water-line, and now plates of 12 in. or 
13 in. thickness are quite common for a con- 
siderable depth of the hull, while above this there 
is 9-in. armour, reduced to 6in. at the extreme 
ends on the water-line. That is the arrangement 
adopted in the Queen Elizabeth, which is un- 
doubtedly the most effectively protected ship 
so far built. The Americans, in the proposed 
38,600 -ton vessel, contemplate the fitting of 
a belt of maximum thickness of 17 in., reduced to 
9 in. forward and aft, while the barbette armour is 
to be of 16 in., and the front plates of the gun- 
hoods 18 in., and the side-plates 9in. and 10 in. 
In this it will therefore be recognised that they 
have moved forward from the proposals embodied 
in the Queen Elizabeth, but their advance in this 
respect, as in others, will be severely criticised by 
many naval writers on the plea that the advantage 
may not justify the great cost. 

There is a great variety of opinion as to the most 
effective speed for ships of the line. The Queen 
Elizabeth, as we have said, is expected to attain a 
speed of 25 knots, which, it is contended by some, 
is too great for a battleship ; but, as Mr. Churchill 
has already made clear, the four vessels of the class 
are intended to form an mgs tn squadron 
with special functions in the Admiralty scheme of 
strategy and tactics. Without knowledge of these 
duties it is not possible to give a definite opinion 
as to whether this high speed is justified in associa- 
tion with the great armour protection to which we 
have already referred. The battle-cruisers of the 
Lion class, of which four have now been built, are of 
28 knots speed, and in their case this result in- 
volved some sacrifice in armour. Italian naval 
constructors have always been in favour of high 
speed, and in their newer battleships the rate 
anticipated is 25 knots, as compared with the 
designed speed of 23 knots in the vessels of the 
Dante Alighieri class, which were recently com- 
pleted. he French authorities, on the other 
hand, are satisfied with very much less speed, 
the designed power of the vessel launched a few 
weeks ago being 19 knots, as compared with 
21 knots in the vessels now being laid down. 
Austria-Hungary, like Italy, anticipates a speed 
of 25 knots in the four ships just begun. The 
Germans are satisfied with 21 knots, so far as 
ships already ordered afford clear indication of their 
views on this question. 

In all cases turbines have been adopted for pro- 
pulsion, and in the majority of instances these are 
of the Parsons type, but in some the Curtis 
turbine is being fitted. This applies notably to 
the Pennsylvania, which will have Curtis turbines 
and helical gearing. It isa notable fact, further, 
that in the latest ship for the American 
Navy Parsons turbines are being built at the 
New York Arsenal, the United States Navy 
having become licensees for this system, and 
having acquired the machinery for the construction 
of the turbines. The Queen Elizabeth will 
have Parsons turbines, which have been manu- 
factured by the Wallsend Slipway and Engineer- 
ing Company, Limited, Wallsend-on-Tyne. As in 
all our battleships, the turbines will work on four 
shafts, each of which has an ahead and an astern 
turbine, the low-pressure ahead turbines being 
mounted on the inner shafts, and the high-pressure 
on the wing shafts. For cruising there are 
two turbines, working through gearing at the for- 
ward end of the inner shafts, and arranged to 
exhaust through the main high-pressure and low- 
pressure turbines, thence to the condensers. This 
arrangement will give a satisfactory economy 
throughout a great range of speed, as it is possible 
to drive the ship at low speeds with the cruising 
geared turbines, while the main high - pressure 


turbine can be brought into action to take the 
boiler steam at any stage ; the valves are arranged 
accordingly, 





THE GAS EXHIBITION. 


In our issue of the 3rd inst.* we gave a short 
account of our first impressions of the Gas Exhibi- 
tion now being held at Shepherd’s Bush. Sub- 
sequent visits have not only proved the Exhibition 
to be interesting, but also, on account of the manner 
in which it is organised and run, in pleasant con- 
trast with some which we have been at times called 
upon to inspect. In scope it may be thought, 

haps, that such an exhibition is a little restricted ; 
ut if this one suffers at all in this respect, all will 
admit, we think, that a very commendable show 
has been made within the possible limits. In some 
ways this Exhibition is a model which might be 
copied on future occasions with great advantage 
to the visitors. In the first place, many of the 
exhibits are grouped so that in a section there 
may be found, within a comparatively small space, 
a variety of exhibits of one class by different 
makers. Such a method of staging has distinct 
advantages from the visitor's point of view. 
He can at once examine a number of appliances, 
and after discussing their relative fe re e8, 
decide which would be most suitable for his peculiar 
circumstances. Comparisons thus made are more 
reliable than conclusions arrived at by attempting 
to appraise the merits of appliances far apart. 

In the second place, though the matter is some- 
what outside our field, a good deal of pleasure is 
added to a visit on account of the general tidiness 
and the evident fact that no trouble has been spared 
to make the show attractive in a sensible way. The 
organisation appears to be of a character seldom 
attained, and the personnel generally is admirable. 
The sections are in the charge of an ample number 
of attendants, not only well informed, but of good 
address, so that the troubles of touting and other 
worries are abolished, and information is so very 
readily obtainable that a visit can scarcely fail to 
be instructive. 

The greater part of the Exhibition is naturally 
occupied with the domestic applications to which 
gas is so eminently suitable. ie and, gene- 
rally speaking, persons in touch with technical 
matters have, as arule, a pretty good idea of the 
possibilities of gas, each in regard to his own work. 
On the other hand, non-technical people have 
nothing to bring them into contact with advances 
made, and are slow enough to learn of, and slower 
still to adopt, them, unless they can be familiarised 
with the methods and a pliances through some 
such means as this Exhibition supplies. We do 
not think that many people will visit Shepherd’s 
Bush in the course of this month without deter- 
mining upon some improvement in their home 
arrangements, as soon as opportunity offers. To a 
large number the Exhibition will be in the nature 
of an enlightenment. There is a large variety in 
the heating appliances for rooms, &c., and, as 
would also be expected, for house and other light- 
ing. In addition to these accepted fields, in 
which, however, improvement is still being brought 
about, the Exhibition is designed to illustrate the 
uses to which gas may be put about a house, 
in the bath - room, kitchen, &c., the hospital, 
laundry, and so on. The effect of wall-papers on 
illumination is also demonstrated and generally 
the interest of the householder has been well 
catered for. 

With these matters we can, of course, only 
deal in a general way, but there are a few exhibits 
of rather more direct interest to our readers. We 
referred in our previous notice to the three large 
stands in the entrance hall at which gas-engines 
are shown. At one of these stands a number of 
‘* Natioual ” gas-engines are exhibited in sizes rang- 
ing up to 34 brake horse-power, some of the smaller 
driving Keith compressors for supplying high-pres- 
sure gas for lighting. At another stallare a number 
of Crossley engines, the largest being of 72 brake 
horse-power, while at a third stand are several 
Hornsby-Stockport gas-engines, of which the 
largest shown is of 63 brake horse-power. In the 
same hall are shown a number of gas-fired furnaces, 
some of which are at work. e of the most 
interesting of the crucible furnaces is shown by 
Messrs. John Wright and Co , Essex Works, Aston, 
Birmingham. This is a tilting furnace, from which 
the crucible does not have to be removed for 

uring. It has six adjustable Smith-Walter 

urners for high-pressure gas at from 7 lb. to 12 lb. 
pressure, the usual working pressure being about 





* See page 467 ante. 





11 lb. One of these furnaces has a capacity of 
300 lb. of copper. At the base it is fitted with a 
mouth and spout, through which the metal can be 
run off in case of accident to the crucible. The 
furnace, lined with firebrick, is mounted on trun- 
nions, and is tilted by a geared hand-wheel move- 
ment. Above the furnace is a preheater with a 
crucible lining, and above this in acover. The 
preheater and cover are mounted on a pillar on one 
side of the furnace, and when the metal is ready 
for pouring, by a single lever, these two are lifted 
vertically through about % in., and then swung 
clear of the furnace-top, allowing tilting to be 
performed. A tilting furnace of this type, but of 
rather smaller size, is to be seen at work at the 
aluminium foundry section, where casting is carried 
on by Mr. R. W. Coan, of 219, Goswell-road, E C. 

Among other furnaces to be seen is a small high- 
8 steel furnace for hardening cutters, &c. In 
this, a temperature of over 2500 deg. Fahr. can 
be easily reached. The small circular furnace 
stands on a tripod some 3 ft. or more from the 
ground and has a removable bottom. This bottom 
is carried on an arm pivoted on a bracket, which is 
moved up and down on two light pillars by means 
of rack and pinion and crank-handle. The bottom 
of the furnace can thus be lifted or lowered and 
also swung round clear of the body of the furnace, 
for charging. This is shown by Messrs. Fletcher, 
Russell and Co., Limited, 134, Queen Victoria- 
street, E.C. The same firm show various other 
furnaces, including a blast-oven furnace for harden- 
ing, &c., having a working space 2 ft. by 3 ft. by 
1 ft. This furnace is for use with low-pressure 
gas with air at about 4 lb. pressure; it is fitted 
with four burners on either side. A small two- 
chamber furnace, for use with low-pressure gas and 
air at 4 lb. pressure, is also exhibited by this firm. 
This furnace is on a pillar stand. It is made 
in various sizes suitable for tools, cutters, &. In 
the lower chamber temperatures of 1300 deg. Cent. 
are attained ; and in the upper chamber, by means 
of the waste gases from the lower, a temperature 
of about 600 deg. Cent. is reached. 

Several other types of furnaces are also shown, 
but for the rest there was comparatively little 
which came directly within our sphere. e may 
make mention of the testing-rooms and laboratory 
fitted up by Messrs, Alexander Wright and Co., 
1, Westminster Palace Gardens, S.W., in which a 
number of interesting Simmance and Abady 
appliances are exhibited, including photometric 
benches, recording calorimeters, gravitometers, &c. 
In connection with the effectiveness of gas fires a 
simple demonstration was to be seen in one section. 
In front of a glowing gas fire, andabout 3 ft. away, 
there were placed two thermometers. One of these 
was exposed to the radiant heat; the other was 
protected in a vertical tube, up which ed a 
current of air. A small anemometer on toto of 
the tube gave some notion of the upward current. 
The enclosed thermometer consequently measured 
approximately only the temperature of the air, which 
was about the same as that of the air surrounding 
the unprotected instrument. The difference in the 
readings showed clearly the value of radiant heat. 

A section of the Exhibition is devoted to street- 
lighting. In this the most prominent exhibits 
are typical lamp-standards. Other items include 
small compressor sets by Messrs. James Keith and 
Blackman Co., Limited, and by Messrs. William 
Sugg and Co., Limited. Among the high-pressure 
street lamps are examples fitted with Messrs. 
Keith and Blackman’s lowering and traversing 
gear. In this arrangement, as designed for cable- 
suspended lamps hung centrally above the road- 
way, the gas-pipe is attached to the suspension 
cable and terminates in a bracket in which the pipe- 
end takes a form approaching a hook. The actual 
end of this hook forms a ball joint, on which rests 
an inverted cup fixed above the lamp. The gas 
connection is formed through this ball joint. When 
the lamp, suspended from a trolley, is traversed out, 
on arrival at the bracket it is lowered slightly, and 
a guide-piece ensures the cup and ball comin 
properly together. Inside the ball is & smal 
spring-valve to shut off the gas when the lamp is 
removed. On replacing the lamp a small needle 
carried in the 7 presses this valve down, opening 
the supply to the lamp. The hook end of the 
gas-pipe is fitted with a small reservoir in 
which is collected any water of condensation 
forming in the overhead pipe. A cock is fitted to 
this reservoir which is tripped each time the lamp 
is traversed for attention, and may, moreever, be 
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tripped by only moving the lamp 3 in., in the event 
of other attention being unnecessary. A by-pass 
is fitted to these lamps, operated by pressure. 
While there is low pressure in the pipe the pilot- 
light only is supplied, the supply to the main 
burner being cut off. When full pressure is ad- 
mitted, the main valve to the burner is auto- 
matically opened, and the pilot-light is shut down 
to a very small size. Relighting the pilot-light 
after the lamp has been lowered is accomplished by 
a small spirit-lamp with an asbestos wick. This is 
lit before raising the lamp, and on connection 
being made, and the supply to the pilot-burner 
re-established, the pilot-light is rekindled from the 
spirit-lamp. 

Concurrently with the Exhibition, a series of 
conferences are being held at Shepherd’s Bush, at 
which a variety of subjects have been and will be 
discussed. Among other subjects, a discussion 
was introduced by Professor S. P. Thompson, on 
Saturday last, on the ‘‘ Brightness of Light.” Ina 
short paper he had prepared, Professor Thompson 
discussed first the question of illumination or 
candle-power, but subsequently to the ques- 
tion of intrinsic brightness or luminosity. The dif- 
fusion of light over a comparatively large luminous 
area was an advantage. A value of intrinsic bright- 
ness was obtained by reducing the candle-power to 
candje-power per square inch of area of luminous 
surface. Thus a standard candle had an intrinsic 
brilliancy of 2.5 ; an Argand gas flame, 8.6; incan- 
descent gas-mantle, 80 to 250; carbon-filament 
lamp, 50 to 200; tungsten-filament lamp, 700 to 900; 
and an electric arc 1030. It was this high intrinsic 
brightness that caused bedazzlement by powerful 
lights, including the sun. Other and kindred 
phenomena also affected the vision. Smooth paper 
reflected a bright spot of light, and prevented a clear 
view of printed matter. This was described as 
‘‘glare.” Professor Thompson, after discussing the 
optical effects of white lines on black grounds, and 
black lines on white lines, passed to the subject of 
interior lighting as affected by the surrounding 
surfaces. He stated that for economy in lighting 
ceilings should be white, and the walls of the palest 
tints. Though we do not imagine that such sugges- 
tions will be universally adopted, however advan- 
tageous, since people incline to what are termed 
‘* warmer tones,” some figures on this point given 
by Professor Thompson are interesting. He pointed 
out that white cartridge paper absorbed and wasted 
about 20 per cent. of the light falling upon it; a 
white-washed wall absorbed 30 to 40 per cent.; 
yellow or buff wall-paper, 50 to 60 per cent.; deep 
scarlet or crimson paper, 70 to 75 per cent.; brown 
paper, 85 to 88 per cent. 

cently, Dr. Thompson continued, the Illu- 
minating Engineering Society had prepared a 
report on School-Lighting. In this it was recom- 
mended that for reading and writing the illumi- 
nation on a desk should not be less than 2 candle- 
feet—i.e., illumination equivalent to that of two 
candles set 1 ft. away. For drawing or stitching 
4 foot-candles was desirable. For blackboard 
illumination 2 candle-feet was sufficient only for 
small class-rooms, where students would not be 
more than 20 ft. away. The diffusion of light on a 
blackboard was essential. Indirect illumination 
had great advantages, but as it abolished shadows 
it destroyed the impression of solidity. It was 
good for reading and writing, but direct illumina- 
tion was preferable where the presence of shadows 
was advisable for this reason. 





NOTES. 
THe Panama Canal, 

On October 10 the temporary dike, built at 
Gamboa in connection with the construction of the 
Panama Canal, was blown up by dynamite, thus 
admitting water to the Culebre Gut The charge 
was fired by President W. Wilson. from Washing- 
ton, D.C., U.S.A. The Gamboa Dike was built in 
1908 to protect the work in the Culebra Cut from 
flooding by the Rio Chagres. In 1909, during a flood 
on that river, the water rose so high that sluices 
in the dike were opened and water was admitted to 
the other side, in order to prevent a break. As 
the water was impounded in the recently formed 
Gatun Lake, this dike was strengthened consider- 
ably by nang. widened and raised. Four 26-in. 
pipes were laid underneath it for use in con- 
nection with pumping the drainage water out of 
the Cut, and prior to its destruction these were 
opened for some days, so as partially to fill the 





canal with water. On September 10 the last of 
the dry excavation on the canal proper had been 
done, though shovels will be kept at work for some 
time on the sides above water-level. By Septem- 
ber 13 practically all the remaining railroad tracks 
had been removed, and shortly after the drainage 

umps at Gamboa were dismantled, and the pump- 
Semis destroyed by dynamite. Prior to the flooding 
of the canal a battery of drills was engaged sinking 
holes 30 ft. deep in the dike, for the dynamite charges. 
It is stated that about 400 charges were exploded. 
Dredgers shortly afterwards set to work removing 
the debris. A considerable amount of work remains 
to be done in the Culebra Cut, and before flooding 
much drilling and blasting of the bottom had been 
carried out, in order to loosen the material for the 
dredgers. The slides also have not yet been 
mastered, that at Cucaracha still stretching across 
thecanal. This will be handled by suction-dredgers, 
the discharge of which is to be carried through a 

ipe-line over into the valley of the Rio Grande. 
Poot month it was estimated that 600,000 cubic 
yards would remain in the Cut to be removed by 
dredgers after flooding, exclusive of slides and certain 
inclines used for the spoil-trains during construction. 


Tue ‘‘ Move. Encineer” EXxursirion. 


Model-making, although usually taken up as an 
amusement, is a form of activity which may lead 
to useful results. As an amusement, at the worst 
it is harmless, and at the best it may be quite 
instructive. For most engineers who have left 
boyhood behind, the claims of larger interests leave 
no time for an occupation which, in one light, may 
appear ineffective ; but some even of these, if their 
work takes them far from the manual opera- 
tions of the workshop, may find relaxation and 
interest in turning their activities to the construc- 
tion of models of this or that. Pre-eminently, how- 
ever, model-making is an occupation for boys. 
From it they may learn something of the qualities 
of materials, and, perhaps, still more of the 
methods of operation of the simpler forms of 
engine. Above all, they may obtain the begin- 
nings of a dexterity in the use of tools which 
is likely to serve them well in after life. Whether 
a boy ultimately become an engineer or not, 
he will find it no disadvantage to be able to 
make an approximate shot at the head of a nail 
with a hammer, or to have some vague notion of 
which way to turn the screwdriver round in order 
to get a wood-screw out. For those interested in 
model-making an excellent opportunity to keep in 
touch with the subject is furnished every two years 
by the ‘‘ Model Engineer ” Exhibition, the fourth 
of which was opened at the Royal Horticultural 
Hall on the 10th inst. This exhibition, as cthers 
that have proceeded it, contains matter of much 
interest. e made no attempt to count the 
number of models shown, but there are certainly a 

eat many, the favourite field evidently being 

ts, aeroplanes, and steam-engines of one type or 
another, The workmanship shown naturally varies 
greatly among the various exhibits, which range 
from examples obviously constructed by amateurs, 
with few appliances at command, to excellent 
examples turned out with the aid of modern 
machinery. From among the exhibits of this latter 
class we would particularly mention the beautiful 
engine models shown by the ‘* Model Engineer ” 
Instruction Workshop, of 66, Farringdon-street, 
London, E.C. In addition to models, the exhibi- 
tion contains displays of lathes, &c., by various 
tool-makers. In most cases the appliances seem 
to be of a workmanlike character, but naturally do 
not, as a rule, embody features of novelty. From 
among these exhibits we may, however, mention a 
new treadle-driven sensitive drilling-machine on 
the stand of Messrs. Drummond Brothers, Limited, 
of Guildford, and some really excellent-looking 
screw-cutting foot-lathes shown by Mr. Henry 
Milnes, of Bradford. 


APPROVED SocreTiEs AND WORKMEN’S 
CoMPENSATION. 


It is not always easy for an employer who is pay- 
ing weekly compensation to a workman to com- 

und his payments for a lump sum. Not only is 
it difficult to come to terms with the workman, who 
naturally prefers to be a pensioner for life, but 
the opinion of a County Court Judge has also to be 
taken. If he does not think the proposed agree- 
ment fair and equitable, he can place his veto upon 
it. A new complication is introduced by the 
National Insurance Act. It is a principle enun- 





ciated in that Act that a man shall not be entitled 
to both compensation and sickness benefit. The 
Insurance Act, 1911, provides by Section 11 that 
‘*no sickness benefit or disablement benefit shall 
be paid to such person in respect of that injury 
or disease in any case where any weekly 
sum, or the weekly value of any lump sum, 
paid or payable by way of compensation or 
damages, is equal to or greater than the benefit 
otherwise payable to such person, and where any 
such weekly sum is less than the benefit in ques- 
tion, such only of the benefit shall be paid as, 
together with the weekly sum or the eed vides 
of the lump sum, will be equal to the benefit.” 
The Act further provides that if an insured person 
is entitled to compensation and fails to take 
proceedings for its recovery, an insurance com- 
mittee or society may, at its own expense, 
take proceedings in the name and on behalf of 
the person so entitled. Until quite recently 
we have not heard of any intervention by an 
approved society in workmen’s compensation cases. 
That they are prepared to act, however, appears 
from the case of Rankine v. Baird and Co., which 
was recently heard in the Dumbarton Sheriff Court. 
The claimant was a man who had sustained injury 
in a mine in December, 1912. He agreed to accept 
1001. in full discharge of his employers’ liability 
under the Workmen’s Compensation Act. The 
claimant being a member of the Ancient Order of 
Oddfellows, that society lodged an objection to 
the settlement on the ground that it was inade- 
quate, and the first question for the Court was 
whether the society had a right to intervene. 
In giving his decision, the Sheriff pointed out 
that, in effect, the Act of 1911 provided that an 
insured person should not come on the funds of 
his society in respect of injury or disease, except 
in respect of the balance which was not covered by 
workmen’s compensation. In the circumstances, 
he said, ‘‘ An approved society has a clear interest 
both to see that one of its members injured by 
accident, or suffering from a disease within the 
meaning of the Compensation Act prosecutes his 
claim, and to see that where, instead of proceeding 
to arbitration, he settles his claim, the payment is 
adequate.” If the example of the Sheriff who decided 
this case is followed south of the Tweed, Englisch 
employers and their insurance companies will soon 
have to reckon with a third party in their attempts 
to settle compensation claims. Such settlements 
have never been easy to effect, and the presence of 
the zealous secretary of a friendly society will make 
them no less difficult. At present, those who 
frame the County Court Rules in England have 
made no provision for this kind of intervention ; 
but we trust that when such rules do come to be 
made they will provide that those who improperly 
intervene shall be penalised in costs. 


Tue OstwaLp Nitaic Acip Process. 


The nitrogen problem is ever before us now, and 
a@ company has actually been formed in this 
country for producing calcium carbide and calcium 
cyanamide, for gaining ammonia from the cyana- 
mide, and for oxidising the ammonia to nitric acid 
by the Ostwald process. There are quite a number 
of carbide and cyanamide works, of course, and 
the cyanamide is treated with water to yield 
ammonia (and calcium carbonate); these works 
have been combined and the rights in the Ostwald 
es acquired by Nitrogen Products and Car- 

ide Limited, who propose to use cyanamide as 
the material for production of nitric acid and 
ammoniated nitrate. The possibility of the re- 
action was proved in 1830 by Kiihlmann, who 
was a “see segee man. He oxidised ammonia by 
atmospheric oxygen, using platinum as a catalyst ; 
but ammonia was expensive in those days. 
About 1900 Professor Wilhelm Ostwald, the famous 
theoretical chemist of Leipzig, took the problem 
up again, together with his assistant, Dr. Brauer, 
and an experimental plant was started after some 
years of laboratory research. Some 150 tons of a 
dilute nitric acid were produced per month ; but 
nothing seems to have been done on a commercial 
scale. The reaction itself is very simple. Ammonia 
and oxygen combine to form water and nitric 
acid or other nitrogen oxides; the oxidation may 
go further and yield nitrogen, and that was one 
of the chief difficulties to be overcome. Ostwald 
noticed that the ammonia and the platinum should 
not remain too long in contact, lest the oxidation 


should proceed too far, and that hence the gas cur- 
rent must be fairly rapid, and the contact material 
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should consist both of grainy and of spongy plati- 
num. Platinum sponge (black platinum), he 
observed, favoured the thorough oxidation, while 
smooth platinum yielded chiefly nitric acid. He 
therefore recommended, in his patent specifica- 
tions, that the platinum should be partly covered 
with platinum black, and that the gas current 
aod pass, at the rate of from 1 to 5 metres per 
second, through a length of 1 cm. or 2 cm. of 
contact substance, at temperature of about 300 deg. 
Cent. It was found unnecessary to heat the plati- 
num, since the reaction alone raised the tempera- 
ture of the gas sufficiently. A high velocity of 
the gas current appeared advisable, and the actual 
contact between the gas and the platinum should 
not last longer than one-hundredth of a second. 
The ammonia, it is proposed, should be mixed with 
about ten volumes of air, which is more than the 
theoretical amount needed for the oxidation. The 
raw material may, of course, be gas liquor from 
gas works ; some purification of this ammonia by 
lime is required, but the organic impurities do not 
appear to disturb the reaction. Now, however, 
cyanamide—the cheapest source of chemically _— 
ammonia—is being used, and works have nD 
organised in Belgium, and others are to be built 
at the cyanamide works above Dagenham on the 
Thames, Trafford Park, Manchester, in Scotland, 


and in Ireland. The catalysts, it is suggested, 
should be arranged on akind of series-parallelsystem, 
allowing of cutting out any section. e nitric-acid 


vapours are to be condensed in towers in which 
they meet nitric acid ; water need not be added, since 
it is formed during the oxidation of the ammonia. 
There is a considerable demand for this salt in 
explosive and chemical works, and it could cheaply 
be prepared by the Ostwald process. 





AccIDENT TO Goops TRAINS AT AcoRINGTON.—On the 
night of July 17 a collision occu between two goods 
trains owiug to the second train getting out of control on 
a steep incline not far from Accrington, on the Lancashire 
and Yorkshire Railway. The accident was due to a 
failure to stop at the regular point to pin-down brakes. 
As a result considerable damage was done to stock, and 
all lines at Accrington were blocked. As a result of the 
train-control system, no trains were delayed for more 
than 25 minutes. Twelve goods trains were diverted or 
broken up by instructions from the controller of the 
section at Manchester, and arrangements were made for 
a shuttle passenger service between Ramsbottom and 
Accrington Bay sidings, the controller uisitioning 
the engine and coaches for this purpose. The accident 
occurred at 2.8 a.m., and at 2.15 a.m. the controllers at 
Manchester were aware of it, and took steps to divert 
traffic. 





Gas-Enoing Trstinc.—The weekly informal discus- 
sion evenings of the Junior Institution of Kngineers were 
resumed on Friday. the 3rd inst, when Mr. W. A. Tookey, 
M.I. Mech. E. (vice-chairman), lectured, at the offices of 
the Institution, upon gas-engine testing. After ss 
to the usual objects in view when tests were conduc 
upon internal-combustion engines, the lecturer said that 
‘““tuning-up” was most interesting, and very valuable 
information could be obtained therefrom, which informa- 
tion, however, was recorded and fully appreciated sur- 
prisingly infrequently. Such trials had regard merely to 
the attainment of such mean effective pressures behind 
the piston as would enable the brake horse-power desired 
to be carried. In this country these were usually in the 
neighbourhood of 80 1b. per sq. in. Therefore, the tester 
contented himself in the majority of instances with setting 
the valves, the timing device, and the gas and air adjust- 
ments to attain this end. In the ordinary course of things 
this was all that was needed, but when, in addition to the 
output of power, it was desired to obtain the utmost 
efficiency, much more had to be done. The tester’s work 
then included such previous treatment of the charge as to 
result in combustion proceeding in the most efficient 
manner. No alteration of compression ure was 
possible, and he had accordingly to see that the most 
was made of the clearance ratio that exists by ensuring 
well-filled cylinders (and in a multi-cylinder engine this 
was no easy matter under some circumstances), and with 
a minimum dilution by hot residuals frem previous 
cycles. The latter point involved consideration of the 
area and length of exhaust piping and the disposition of 
the exhaust-box or muffler. By carrying the exhaust- 

ipe a reasonable distance away from the — and 
oS placing the exhaust-box at the extreme end of the con- 
nections, natural scavenging was secured, which made for 
the more efficient working of the e: in respect of fuel 
consumption. Mr. Tookey then referred in closer detail 
to the influence of mixture strength upon the thermal 
efficiency of internal-combustion engines, illustrating his 
remarks by references to a | y series of over 700 
tests with town-gas engines in the London district. He 
showed — the usual method i referring » the mix- 
ture “—.y > —so man ts of air to one of gas—was 
likely to quiieadin and was of ae vee for 34 
purpose of comparing t' ormances of engines. No 
two engines operated at om similar conditions, even 
though the compression ure and therefore the ratio 
pe clearance volume to the piston displacement might be 
identical. 





HYDRO-ELECTRIC POWER-STATION AT 
CHESTER. 


THE comparatively few hydro-electric power-stations 
in this country have recently been added to by the 
erection and equipment of a station on the River Dee, 
at Chester. ‘Ihe station has been built by the Cor- 
poration Electricity Supply Department, and will be 
officially opened on the inst. 

Apart from the interest which naturally attaches to 
the inauguration of a new hydro-electric plant in 
England, the station at Chester is of special interest, 
inasmuch as it is situated on a tidal river. In this res- 
pect the installation is, if not unique, certainly of a most 
uncommon type. The station is built on the north side 
of the river on the site of the old Dee mills, which existed 
in one form or another from Norman times until the year 
1910. The mills were operated by water-wheels, a 
head being obtained by a submerged dam or weir 
built across the river. This Norman weir, which is 
still in existence, has a vertical height varying from 
7 ft. to 10 ft. above the river-bed. The Dee mills 
were at work as flour-milis up to as recently as 1908. 
In addition to driving the flour-mills, the water im- 
o— by the dam was used, from 1600 to 1857, to 

rive pumps which supplied water to the city. The 
Dee mills were finally purchased by the Corporation 
and pulled down in 1910. At that time it was thought 
that the usefulness of the water at the weir for power 
purposes was finally at an end ; but, on the sugges- 
tion of Mr. 8. E. Britton, M.I. Mech. E., M.LE.E., 
the city electrical engineer, the possibility of using 
the water-power for electricity supply was investi- 
gated. As a result the new station has been built, 
and the impounded water, which since Norman days 
has — power to the city, is still to be employed 
to useful ends. 

The old weir which banks up the water, and so 

ives a working head at the power-station, is built 
iagonally across the river at the east side of the old 
Dee Bridge, and practically forms a channel to con- 
duct the water to the power-station. Sluice-gates and 
a strainer-rack have been placed in this channel. 
Below the weir the river is tidal, so that a specially- 
designed plant has had to be adopted capable of 
working efficiently over a wide variation of head, and 
consequently of speed, The amount of power de- 
veloped at any time depends upon the height of the 
river above the weir, which is, of course, a function of 
the rainfall, and the height below the dam, which 
depends on the state of the tide. It is calculated 
= these two factors will give average heads as 
ollows :— 


Feet. 
December... se aa = F 4.5 
Jan , February, and March ... ma 6.25 
April, y, October, and November ... 7.5 
June, July, August, and September 8.75 


The Electricity Committee have undertaken that in 
the working of the installation the water in the river 
above the weir shall not be lowered more than 6 in. 
below the mean height of the weir. The maintenance 
of this level will result in all interests in the river 
being in a better condition than was frequently the 
case in the days of the working of the old Dee mills. 

The new station is 89 ft. long by 24 ft. 6 in. wide, 
and measured from the bottom of the head-race is 
36 ft. high. Itis mainly constructed of concrete and 
steel, but is faced with sandstone. The under-water 
work forming the head-race, turbine-pits, and tail- 
race is also of concrete and steel. The strainer-rack 
across the head-race is built of flat wrought-iron bars 
24in. by gin. by 21 ft. long, and is made up in 
sections 2 ft. wide. Each section has five j-in. dia- 
meter bolts, on which the bars are threaded, a pipe- 
distance piece 14 in. long being placed against each 
bar. There are three sets of sluice-gates, each set 
consisting of two gates of the double-lifting type. The 
gatesare 11 ft. 6 in. high from the bottom of the head- 
race channel to the top, when closed. They are con- 
structed of pitch pine, the — leaves being 4 in. 
thick, and the lower 6 in. thick. 

The machinery installation consists of three vertical 
shaft Francis type turbines designed for working under 
ahead varyin m 1 ft. to 9 ft. Two of the turbines 
are each calito of passing 30,000 cub. ft. of water a 
minute under 9 ft. head, and will develop 415 brake 
horse-power at 50 revolutions per minute. The other 
will deal with 22,000 cub. ft. a minute under similar 
conditions, and develops 305 brake horse-power at 55 
revolutions per minute. The turbines drive horizontal 
shaft generators through Citroen helical bevel-gears, 
the gear ratio being 1 to 5. The generators are of the 
shunt-wound interpolar type, the a ones each 
having an‘ output of 225 kw. at 440-500 volts at any 
speed between 143 and 285 revolutions per minute, 
and the small one an output of 185 kw. at the same 
voltage range, and at any speed between 167 and 300 
revolutions per minute. Although the normal maxi- 
mum speed of all the generators is about 300 revolu- 
tions per minute, they are all built so that they will 
run safely at 500 revolutions per minute. This higher 
speed is given when the load is instantaneously thrown 





off the turbine, in the event, for instance, of a gene- 
rator circuit-breaker operating. 

The current generated in the station is conveyed by 
three lead-covered and steel-armoured cables laid 
directly in the ground to a substation at Chester 

As much of the current as is required in 
the area is distributed from this substation, and the 
balance is transmitted to the steam-generating station 
in New Crane-street, where it is passed through a 
reversible booster, and either sent out to other areas 
of supply or stored in a battery in readiness for the 
next peak-load. The ment allows of the neces- 
— | flexibility under the —s conditions of flow 
and head. ine machine will deal with the dry- 
weather flow, and two with the average, while three 
machines will be used at times of wet weather and low 
heads. It is estimated that the installation will yield 
about 1,250,000 units a year at a cost, including capital 
charge, of rather less than 0.3d. a unit. In conclusion 
we should say that the contractors for the water- 

wer installation were Messrs. James Gordon and 

., Limited, of 81-83, Knightrider-street, London, 
E.C., and that the particulars from which this 
account has been prepared were furnished to us by the 
courtesy of Mr. Britton. 





“THE EARTHQUAKE AT PANAMA,” 
To THe Eprror or ENGINEERING. 

Srr,—Referring to the article in last week’s ENGINEER- 
ING on the Panama earthquake, it is stated ( 498) that 
**seismic and volcanic activity are usually closely asso- 
ciated.” Is not this a return to the old idea, which was 
—— nearly fifty years ago, when I went toschool, when 
earthquakes were universaily attributed to volcanic action? 
They were regarded as incomplete efforts to establish a 
volcano, as a safety-valve by which an eruption is averted. 
But they are now almost universally regarded as being 
due to dislocations of the strata, as is stated towards the 
end of thearticle. The discussion of its possible connection 
with the earthquake area of Jamaica is also left out of 
account, but at the time of the occurrence of the Jamaica 
earthquake in 1906 several seismologists referred to a pos- 
sible relationship between the quake area of the 
Greater Antilles and that of Central America. A possible 
cause of the Panama earthquake was not referred to in the 
article—viz., the enormous lightening of load and the con- 
aoe transference of strains due to the excavations of 
Culebra. In 1912, the total excavations, wet and dry, for 
the whole canal were estimated at 212,504,000 cubic yards. 
This included about 16,000,000 cubic yards for slides in 
Culebra Cut, but did not include the excavations by the 
French companies before the Americans took over the 
work. This enormous removal of material, and its depo- 
sition elsewhere, as well as the explosion of 20 tons of 
dynamite at Mirafloresdam, may have had some influence 
in the causation of the earthquake. 


Yours faithfully, 
October 11, 1913. SEIsMos. 





PerRsonaL. — Messrs. Manning, Wardle and Oo., 
Limited, Boyne Engine Works, Hunslet, Leeds, have 
appointed Messrs. Scrivener, Breffit and Co., 34 Park- 
p Cardiff, to be mts for the sale of their loco- 
motives, &c., in South Wales.—Mr. Robert Onions, the 
general m r of Messrs. Richard Hornsby and Sons, 
Limited, of Stockport, who has been with that firm for 
a period of over twenty-three years, has now left them to 
become works manager to Messrs. Mirrlees, Bickerton 
and Day, Limited, oe Stockport.—With refer- 
ence to our description and illustrations of the Blake core- 
wire straighteners (see article on ‘‘ Foundry Plant and 
Machinery,” commencing on page 481 ante), we are in- 
formed that the Blake pany, of East Cambridge, 


Mass., has been ted with the Worthington 
—- Company. Limited, 153, Queen Victoria-street, 
London, E.C., for a number of years, and that any in- 


quiries for plant of this kind should be sent to the latter 
company. 





Hovsine Rerorm.—The first ‘‘ Chadwick lecture ” for 
1913 was delivered at Glasgow on the Ist inst. Mr. 
W. E. Riley, F.R.1.B.A., the superintendent architect 
of the London County Council, who chose as his sub- 
ject ‘‘ Practical Pro of Housing Reform.” He 
en some interesting results from an inquiry made at 

thnal Green, where out of 1007 persons examined, 
engaged in 109 different forms of employment, 21 to 4 
per cent. found it n to live near their work. The 
average weekly rent for single-room houses in tenement 
blocks varied from 3s. 54d. up to 5s. 14d., whilst for two, 
three and four-room houses the rent ranged from 3s. 3d. to 
2s, 5d. a room, the average being 2s. 97d. Dealing with the 
question as to whether municipalities could provide hous- 
ing at lower rates, Mr. Riley said this was im ible 
unless large sums were written off the site values. usin 
the case of the Bourn Estate the actual cost was 201,000/. 
This was written down to 44,000/., the difference being 
equivalent to 103/. per room provided. Hence the rents 
now charged only provided for 55 per cent. of the total 
cost of the site and d In his second lecture, 
delivered on Thursday, the 9th, Mr. Riley gave a further 
instance of the impossibility of treating central areas on 
commercial lines. He said that whilst a three-room 
cottage could be erected at Tooting ata cost of 263/. 10s., 
a three-room tenement in Holborn cost 760/., the land 
itself oe ay | 4541. Thus a family of six could be housed 
at Tooting for about five-eighths of the cost of the land 
alone in the central area, 
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THE EFFLUX OF STEAM FROM GUIDE- 
BLADES AND NOZZLES.* 
By Dr. Aveust LoscueE. 

In all previous experimental work on the efflux of steam 
from orifices it has ben assumed that the pressure pm at 
the discharge is equal to p2, the back pressure in thes 
int» which the discharge takes place, so long as this back 
pressure does not fall below a certain critical limit py: , 
which is proportional to the pressure p, in front of the 
orifice. Once pe» falls below this critical pressure, pm 
becomes constant, and equal to ps . This assumption 
forms the basis for the usual formule of discharge, 
which can, however, be reduced to the simple form:— 


G=y.F. 2, 

Vp, % 
where G denotes the weight passed per second in kilo- 
grammes, F the effective area in square centimetres 
through which the flow takes place, and 7, the specific 
volume in cubic metres of the steam in its initial state. 
Thecoefticient isa variable ‘‘effiux factor,” dependent pri- 


marily upon the ratio ”*, but also upon the law by which 
the steam expands inside the orifice. The theoretical 
values of or a well-formed friction-free orifice are 


represen in Fig. 1, the curve No. 1 being plotted for 
superheated steam and curve No. 2 for saturated steam. 


Fig./. EFFLUX FACTORS FCR STRAIGHT 
CONVERGENT ORIFICES. 
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According to the general view the actual ‘efflux factor” 


for convergent nozzles should not differ materially from the 
theoretical, the discharge with superheated steam being 
uniformly greater than it is with saturated steam at the 
same pressure, this “theoretical” excess amounting to 
about r cent. at the critical limit. 

In 1907 Bendeman published the results of experiments 
in which this theoretical conclusion was completely n 
tived, and he arrived at the conclusion that the “ efflux 
factor” ¥ was actually the same, whether the steam were 
saturated or superheated. His results are reproduced in 
Fig. 1, as the dotted line, which, it will be seen, lies above 
the theoretical curve for dry saturated steam for ratios 


of 2 less than 0.69, but for higher ratios the actual dis- 


charge is less than the theoretical. 

In discussing his results, Benceman suggested that 
the value of & in the formula = =e was, for superheated 
steam, much less than 1.33, being much the same as the 
corresponding value for saturated steam. is view, 
however, appears to be negatived by the researches on 
the specific heat of superheated steam due to Knoblauch 
and Jakob, and to Mollier and Callendar, which lead to 
a value for k of approximately 1.3. : 

In his own tests, the author desired, in the first i 
to repeat Bendeman’s experiments, and if the resu 
the latter were confirmed, then to extend his —— 
tions to the discovery of the cause of the anomaly. e 
nozzles to be tested were scre directly on to a steam 
trap. A differential mercury-gauge, 4 metres high, gave 





* Abstract, with emendations by the author, of a paper 
blished in : ift Vereines Deutscher Ingemeure, 
Seansey 11 and 18, 1913. 
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the pressure difference producing flow, whilst the abso- 
lute value of the initial pressure was read by an Eckardt 
double-pressure gauge, and its temperature by a standard 
thermometer having a Reichsanstalt certificate, and also 
by a thermo-couple supplied by Siemens and Halske. 
The initial pressure of the steam was regulated at the 


boiler, and the back pressure by a valve in the exhaust | 


to the condenser. The latter was worked at atmospheric 
pressure, no air-pump being available, so that the range 
covered by the experiments was to this extent restricted. 
The condensed steam was weighed. The initial wetness 
of the steam was not measured, since, from experiments 
by Sendtner, it could not, in the conditions of the 
research, have exceeded 0.5 to 0.6 per cent. 


Fig.2. 
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Fig.3. EFFLUX FACTORS FOR STRAIGHT 
CONVERGENT ORIFICES UNDER SMALL HEADS. 
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The simple nozzles used in the tests differed from those 
ef Bendeman in having a cylindrical section, 7 mm. long, 
added to the convergent portion (see Fig. 2). This con- 
vergent portion was formed with bolic curves. In 
determining the values of the efflux factor allowance was 
made for the expansion of the nozzle by heat, its tem- 
perature being taken as equal to the mean of the steam 
temperatures at inlet and discharge. The results showed, 
in agreement with Bendeman, that the discharge was the 
same whether the steam was superheated or saturated. 


For small values of 22 the agreement with Bendeman’s 


Pr 
results was good; but with higher pressure ratios the 
difference was considerable. This is well shown in Fi 
1 and 3, where the author’s results are plotted as full-line 
curves, and Bendeman’s as the dotted curves. 
: a < author's results can be represented by the 
ormula— 


va rapv1-0(t-2)- (BY 
” Wax. = 2,085 and 8 = 0.570. 


It having been shown that the usual theoretical formule 
did not give the discharge correctly, the author pro- 
to try and discover the cause of the anomaly. 

One suggestion made was that the abnormally high dis- 
charge was due to a transfer of heat from the steam to the 
s, and some researches by Batho (Proceedings of the 
Institution of Civil Engineers, vol. clxxiv., pages 317 to 
331) seemed to indicate that such an exchange might have 
an important effect upon the expansion curve of the 
steam. an eee cement: See vests both with a 
porcelain nczzle and with one having very thin walls of 


where 


| iron which were thoroughly lagged. The results obtained 
| with these were practically identical with those previously 
| recorded, and it appeared, therefore, that the anomaly 
| was not referable to a transfer of heat between the'steam 
and the walls. This conclusion might, in fact, have been 
| anticipated from theoretical considerations. 
Having thus disposed of this hypothesis the author 
| decided to find out whether any light on the anomaly 
| was afforded by measurements of the actual pressure 
| distribution within the nozzle, and in particular by the 
| pressure at the point of discharge. The first experiments 
| were made with the nozzle shown in Fig. 2. is had a 
| cylindrical addendum 7 mm. long, and into this a hole 
1.75 mm. in diameter was drilled, with its centre at a 
| distance of 1.75 mm. from the outer face. By means of 
the differential mercury pressure-gauge the difference of 
the back pressure p. and the pressure pz at this hole was 
determined. 

Putting Ap = pe. — pz, the value of AP found for 

Pi 


different values of ”- are plotted in the curves repro- 
duced in Fig. 4. 
duffy, 


.4. STRAIGHT CONVERGENT ORIFICE. 
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As shown in Fig. 4, with high ratios of m4 the value 
1 


of pz was always less than the back pressure, whilst 
with small values of the pone ratio the value of p «x 
was invariably above the pressure, which is whos 
would have anticipated from theory, but a com- 
perees with the two theoretical curves shows that the 
eviations from theory are by no means inconsiderable. 
With pressure ratios, in excess of the critical, the value of 


P= was 0.539, which is much below the theoretical value 


1 
of 0.577. 

Observations at hole No. 1 were recorded with values 
of p, equal to 4.7, 6.7, and 8.7 atmospheres (absolute), 
and the results indicated that the critical value of 


increases a little with increasing initial pressures, and 
this has, undoubtedly, some connection with Bendeman’s 
observation that the value of max. decreased with the 
initial re. 

Another series of observations was made with holes 
drilled into the cylindrical part of the nozzle at greater 
distances from the outlet. Of these hole No. 2 was 
6.75 mm. from the plane of discharge, and hole No. 3 
ag ea The —_ recta gy o— are ed 
in the corresponding curves, Fig. 4. pressure in 
both cases was higher than sh tate Mo. 1, so that the 
cylindrical part of the nozzle was responsible for some 
fall of pressure. 

Tests with superheated steam were next made with the 
same orifice, the results being plotted as dotted lines in 
Fig. 4. Here the deviation from theory was much 
smaller than with saturated steam. The nozzle was next 
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turned down so that the centre of hole No. 3 was brought 
to within 1.7 mm. from the plane of discharge, making 
the cylindrical part only 3 mm. long. 
On repeating the experiments the results previously 
obtained were confirmed. From these results it was 
ible to calculate the ‘‘ velocity coefficient ” for the 
nozzle ; that is to say, the ratio of the actual velocity of 
discharge to the velocity as calculated on the ordinary 
theory. The results are shown in Fig. 5. It will be seen 
that in the case of saturated steam issuing under high- 
pressure differences, the velocity coefficient is higher than 
unity, but for superheated steam it is less than unity, and 
for this therefore the curve represents possible values. 
The anomalies found in the case of saturated steam in 
respect to the weight discha and to the velocity of 
efflux, cannot be eliminated so long as the ordinary steam 
tables are considered as sufficient to determine the pro- 
rties of the steam during its expansion. It will only 
S possible to determine their nature and origin by 
devising means by which, in addition to the pressure, the 
temperature and specific volume of the steam can be 
found at each point of a nozzle, and such measurements 
are so difficult as to be almost impossible. 
It is obvious therefore that the two velocity co- 
efficient curves will not allow of any conclusion being 
come to as to the friction losses until the anomaly 


Fig.10. ZOELLY PATTERN GUIDE BLADE. 
HOLE N°. IN PASSAGE N°. 








Saturated Steam. 
------- Superheated Steam. 


Fig.73. PRESSURE DISTRIBUTION ON THE 
INTERIOR OF GUIDE BLADES WITH TOO 
HIGH A PRESSURE RATIO. 
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in question is cleared up; but perhaps the curves 
may be taken as indicating that the efficiency of the 
nozzle increases with the steam velocity. This view 
is in agreement with the results of Dr. Christlein’s experi- 
ments, whose further conclusion, however, that velo- 
cities of efflux from simple nozzles may reach 800 metres 
per second, is not confirmed by the author’s experiments. 

According to the author’s tests, the excess over the value, 
calculated by the usual formule, does not exceed 12 per 
cent., the maximum velocity recorded being 533 metres 
per second. Christlein obtained his results by measuring 
the reaction of his jets, but this method does not give 
correctly the velocity of efflux once the pressure ratio 
falls below the critical value. The author's experiments 
further show tbat the shortening of the cylindrical 
addendum to the nozzle increases the efflux factor y, and 
als» the velocity coefficient ¢, and a complete removal of 
this cylindrical portion brought up the efflux factor to a 
maximum value of 2.07, though for ‘=o ratios higher 
than the critical the effect was small. 

Errtux From GuipE-BLADES OF THE ZoRLLy TYPE. 

It has until recently generally been assumed that 
curved guide-blades, such as used in the Zoelly turbine, 
would behave quite similarly to straight nozzles. The 
back pressure for small pressure drops was assumed to 
be constant over the oblique section of the passage at the 
plane of discharge. With pressure ratios less than the 
critical value, Christlien observed velocities of over 800 
metres per second, which, he believed, occu within 
the interior of the nozzle, and attributed to a loosening 
of the steam current from the inner walls and to a 
further expansion in the clearance space. 

The author has investigated the efflux of steam from 
ruide-blades of the types shown in Figs. 6 to 8 and in 
Fig. 9. The former was of the usual Zoelly type, ha 
& cr ss-section which diminished very rapidly on proceed- 
ing from the inletend. In the sscond pattern the eection 
diminished regularly and gradually. . 

Holes for measuring the ures at different points of 
the guide channels were drilled through the side-walls, as 
indicated in Figs. 6 to 8. 


_ The observations made with pattern No. 1 are plotted 
in Fig. 10, 


Hole No. 1 had its centre 2 mm. from the plane of 
discharge in the case of passage No. 3, and at 3 mm. in 
the case of e No. 4. Thecurves in Fig. 10 show 
that until the pressure ratio became less than about 0.4, 
the pressure observed at this hole was not materially 
different from the nominal back pressure, whilst for 


smaller ratios of 2 the pressure observed at hole No. 1 
was uniformly equal to 0.335 p,. Experiments with super- 
heated steam showed that with the smaller values of ”? 


the pressure at hole No. 1 was always somewhat hi her 
than with saturated steam, whilst with the higher values 


of ”2 the converse was the case. The constant value 


attained with low-pressure ratios was in the case of 
superheated steam 0.275 p,. The curves in Fig. 10 show 


an interesting peculiarity. As the ratio ” is steadily 
diminished there comes a time when the value of Ap 


1 
diminishes abruptly. The irregularity is probably due 








to a recompression of the steam. 
Similar results were recorded with channel No. 4, in 


Fig.il. ZOELLY PATTERN GUIDE BLADES 
PASSAGES N°3 &4 OPEN. 





Saturated Steam. 
------- Superheated Steam. 
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Fig./4. EFFLUX FACTOR FOR ZOELLY PATTERN 
GUIDE BLADES. 
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Observations with r 


which, in addition to the outer hole, 3 mm. from the 





hel rif 
dle Blades . 


plane of discharge, a second, third, and fourth hole were 
drilled as indicated in Fig. 8. Of these holes, the fourth 
was, it will be seen, on the inclined wall of the passage. 
As all these holes were more distant from the plane of 
discharge than was the hole used for observations in 


passage No. 3, the values of oP are naturally higher 


throughout. The curves, Fig. 11, plotted from the observa- 
tions made in holes Nos, 2 and 3, comeagees precisely 
with similar observations made with straight nozzles, and 
there was no trace of the loosening of the jet assumed b 

Christlien. It further appears that with small bac 

pressures the pressure at hole No. 2 may be actually less 
than at hole No. 1, so that there is here a recom ion 
of the steam, and this, as shown by the curve for hole 
No. 4, is followed by a re-expansion in the oblique section. 

This expansion is clearly shown by the portions of the 
curves which d to discharges under Jess than the 
critical pressure ratio. The constant value of the ratio 
of the various observed pressures to the initial ure 
is, in the case of saturated steam, 0.602 p, for hole No. 
0.554 p, for hole No. 2, 0.386 Pe for hole No. 1, an 
(roughly speaking) 0.20 p, at hole No. 4. 

Further experiments with the second set of nozzles 
confirmed the above results. As before, the distribution 
of pressure in the omens was similar to that in a 
straight nozzle, wit ) 

a marked expansion of the steam in the oblique section, so 
that the steam first ‘‘over ex ” down below the 
nominal back pressure, and is then recompressed. This 
effect was accentuated on putting, as indicated in Fig. 12, 
a set of buckets in front of the guide-blades, at least so 
long as the buckets were longer than the height of the 


pate te. By reducing the length of the bucket to the 
eight of the guide-passages, the pressure in the oblique 
sections of the latter was increased ; and with low back 
pressures it was found that the actual pressure just inside 
the mae ager just as AW they formed a — 
extension 0; © gulde-passages. © OK ments show 
that the oblique section of of the Zoelly ty 
may act as a diverging addendum does to a stiaight 
nozzle, and enable high-pressure drops to be utilised. 
The isobars in the oblique section are, it appears, crowded 
together at the oblique angle of the passage, and thie corre- 
sponds with Fig. 13, which represents Stodola’s measure- 
ments in a set of guide-blades working with too high a 
pressure drop. If the approximate assumption is made that 
the isobars in the oblique sections are straight lines, then it 
can be shown (cf. Dr. Th. Meyer) that the constant pres -ure 
over a normal cross-section finally attained at any point 
in this t of the passage-way, depends solely on the 
angle which a line joining this point with the oblique 
corner makes with a line drawn perpendicular to the 
steam current from the oblique angle. From this it 
follows that the Zoelly type of guide-blade has a limit 
to the pressure drop it can effectively utilise just asa 
— nozzle has. With higher pressure ratios, there 
will be a further expansion of the steam in the clearance 








spaces and in the moving blades. Whether it is desir- 


Fig.12. N° GUIDE BLADE 
W/TH BUCKETS IN FRONT 
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able to build turbines with guide-blades in which an 
expansion of this kind occurs in the oblique section and 
in the clearances is a matter to be settled be experience. 
In consequence of this expansion in the oblique section, 
the steam current is, as is well known, finally delivered 
in the plane of discharge at an angle which is larger than 
the normal guide-blade angle. 

The discharge curves of superheated and saturated 
steam from guide-blades of this type are reproduced in 
Fig. 14, and, as will be seen, the value of ¥ 1s somewhat 
less than with straight nozzles, which was perhaps due 
to the fact that the latter were better finished. 

ConvVERGING-DIVERGING ORIFICES. 

Further experiments were next made with nozzles of 
the type represented in Figs. 15 to 17. Here it was 
found that, omitting the oblique section, the nozzle acted 
in accordance with the usual assumptione, there being a 
certain definite pressure drop appropriate to it. In the 
oblique section a still further ex jion of the steam was, 
however, ible, but a there was a fixed limit 
beyond which expansion d not be completed within 
the nozzle. In the throat of the nozzle the critical 
pressure ratio was 0.569, using saturated steam. Measure- 
ment of the weight discharged showed that at the throat 
the velocity coefficient was 1.003, whilst with a ratio of 


P2, equal to 0.3077, which was the limit at which the 





the exception that there was always | p, 


expansion could be fully completed in the nozzle without 
special expansion in the oblique section, the value of 
was 0.919 at the plane of discharge. The ral opinion 
is therefore eontueh, and it is shown that in the con- 
vergent part of such a nozzle, if well finished, the friction 
loss is small, whilst it is large in the divergent section. 
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AEROPLANE BOMBS. 


WE illustrate in Figs. 1 and 2, on the present 
page, the Marten-Hale patent aeroplane bombs, which 
are manufactured by the Cotton Powder Company, 
Limited, 24, Walbrook, London, E.C. The bombs are 
either simply hand-dropped from a flying-machine or 
are fired by a ——_ carried by the latter. The 
bomb we illustrate in Fig. 1 is of the shrapnel type. 
It has a total weight ot 20 lb., it has an explosive 
charge of 4 lb. 3 oz. of trinitrotoluol, the primer weighs 
4 oz., and the shrapnel contains 340 steel balls weigh- 
ing 5 lb. 12 oz. 

Sosvions to Soraptag or firing the bomb, the safety- 
pin A is withdrawn, this leaving the tail-piece B free 
to rotate under the action of the wind on the vanes C. 
In order to ensure safety against premature firing, the 
detonator-holder D is held away from the main charge 
by the steel balls G and G'. After the bomb has 
dropped some distance, the releasing spindle H, con- 
trolled by the tail-piece B, unscrews sufficiently to 
allow the steel balls G and G! to drop out of position, 
thus releasing the detonator-holder D, which is then 
free to move forward on impact and fire the bomb. 
The releasing-spindle H has then become automatically 
locked to the tail-piece B, owing to the end of the 
slot J in the spindle H coming in contact with the set- 
screw K in the tail-piece B. The bomb is thus under 
the control of the vanes and perfect steadiness in 
flight is obtained. On impact, the detonator-holder 
moves forward, and is prevented from returning by 
rebound, by the jack-in-the-box L. 

In the view, Fig. 2, are shown a number of bombs, 
being part of an order executed for a ay govern- 
ment. A trial order for the supply of these bombs has 
also been placed with the company by the British War 
Office Ordnance Board. 

If any bomb be hit when it is in the magazine of the 
air-craft whilst this is aloft, or should the airman 
descend, by accident or otherwise, violently to the 
ground, no explosion of the bombs can occur, as they 
can only be armed by the automatic rotation of the 
vanes whilst in open _ through the air. A mini- 
mum drop of about 300 ft. is required to arm the 
bomb, aa the firing mechanism is so sensitive that it 
leads to explosion on the slightest retardation of flight 
due to impact even on water, soft earth, or snow, at 
any angle of incidence as low as 5deg. When the 
bomb is fired from a spring-gun, the velocity of descent 
is greatly accelerated as compared with that which 
obtains by simply dropping it by hand. 

Apart from the bomb of the shrapnel type which 
we illustrate in Fig. 1, the Cotton Powder Company, 
Limited, also manufacture one for ‘‘all explosive 
effect.” This latter has a total weight of 16 lb. instead 
of 20 lb.—the weight of the shrapnel—and it contains 
an castes charge of from 6 1b. 12 0z. to 7 lb. instead 
of 4 1b. 30z. The principle on which both are based, 
and their external appearance, are the same. 

The ‘‘all-high-explosive” bomb is designed for 
dropping on warships and fortified positions where 
structural damage is the first consideration. The 
shrapnel type of bomb illustrated in Fig. 1 is for attack- 
ing trenches, camps, and an enemy in the field. The 
outside dimensions of both are:—Diameter, 5 in.; 
length over all, 2l in. They are made, however, of 
any dimensions and weight from 4 lb. upwards. 





THE YEAR’S WORK OF LLOYD’S 
REGISTER. 

Iris gratifying to learn from their annual report that 
the addition made to Lloyd’s Register of Shipping for 
the year ended June last is the greatest anne in the 
history of Lloyd’s. This addition is represented by 651 
new vessels, and the tonnage of 1,664,667 tons is made 
up of 1,643,250 tons of steamers and 21,417 tons of sail- 
ing ships. Of this total 60} per cent. were built for 
the United Kingdom and 394 per cent. for the British 
Colonies and foreign countries. The addition is 
nearly 200,000 tons more than that for the previous 
year, and 566,000 tons more than in the year 
ended with June, 1911. This addition to Lloyd’s 
Register is evidence of the confidence felt by the 
shipping community of the world in the Society’s 
rules for the construction of ships. A German trans- 
lation of these rules will shortly be available, and 
already there is in use a French translation. Twelve 
sea-going vessels with Diesel engines are now in service, 
and there are twenty-five others so fitted in course of 
construction to Lloyd’s survey. Another important 
point is the fact that of the 651 new vessels registered, 
120 exceeded 5000 tons, and nine exceeded 10,000 
tons, these latter ranging i to the two Canadian 
Pacific steamers built at Fairfield—the Empress 
of Asia, of 16,909 tons, and the Empress of Russia, 
of 16,810 tons. There are still in progress twenty 
steamers exceeding 12,000 tons, and many others 
between 10,000 12,000 tons. Not only do Lloyd’s 
provide for the normal passenger and cargo ship, but 
modifications and de; are arranged for, and 


during the past year plans have been approved for 
vessels of such types as a coastguard cruiser, a non- 
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ropelled rock-cutter barge, pumping steamer for 
be reclamation, a steel screw lightship, and a 
train ferry for service in Canada, besides dredgers, 
barges, motor-launches, &c. The most notable shi 
of the year, of course, was the Aquitania, launch 
at A 4 ebank, for the Cunard Company, which is of 
48, tons gross. Up to the end of June last, 
116 vessels, representing 552,845 tons, built on the 
Isherwood system of longitudinal framing, have been 
assigned the Society’s classification, and there are 
now under construction 85 similar vessels, repre- 
senting 451,344 tons. The twelve months’ list of 
oil-carrying steamers includes 45 vessels, of 202,005 
tons, while there are in progress at present 83, of 
381,410 tons. 

The Committee have had under consideration many 
problems, particularly in connection with the revision 
of the rules for the burning and carrying of oil-fuel 
the flash-point of which does not fall below 150 deg. 
Fahr. he developments in the use of oil have 
rendered such rules desirable, and the Technical 
Committee have made recommendations; but the 
use of oil-fuel with a flash-point below 150 deg. 
Fahr. has not yet become sufficiently general to 
warrant detail rules on the subject being formulated 
by the Society. The general committee, however, 
will give careful consideration to —— arrange- 
ments in any case in which it is desired to use oil-fuel 
of low flash-point. The services of the Society’s sur- 
veyors are frequently desired for the testing of steel 
material to specifications other than those prescribed 
under the Society’s rules, and there is to be an exten- 
sion of this practice. The Committee are prepared 
to authorise the surveyers to carry out tests of 
material intended for other marine purposes, and in 
connection with this the Technical Committee have 
formulated recommendations as to the most suitable 
tests for the materials in question. During the 
a 1,299,660 tons of ship and boiler steel were tested 

y the Society’s surveyors at home and abroad. This 
is 239,549 tons more than in the previous year. There 
are 80 steel-manufacturing firms in the United King- 
dom and 200 abroad which are recognised by the 
Committee for the production of steel for shipping. 

Additional surveyors have been appointed at Bilbao, 
Diisseldorf, Hamburg, Trieste, and Vienna, while 
there are now “exclusive” surveyors in Nantes 
and Quebec. Of chain cables 402,533 fathoms have 
been tested during the year, in addition to 9131 
anchors. Of ships for carrying refrigerated 
there are now 171, and on these vessels 1000 surveys 
have been made by the Society’s surveyors at loading 
and a during the past twelve months. Ten 
stores on have also been surveyed, and similar 
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inspection is proceeding or is to be arranged for in the 
case of thirty other stores. Freeboards have been 
assigned to 16,784 vessels, the addition during the 
year having been 491. There are now recorded in 
the Society’s register-book 1932 vessels fitted with wire- 
less telegraphic installations, as compared with 1392 
in June, 1912, while 806 are fitted with submarine 
signalling apparatus, as compared with 630 last year. 
The number of yachts classed is 701, and the tonnage 
115,599, an increase of nearly 15 per cent. Of this 
number, 70, of 5528 tons, are fitted with internal- 
combustion engines. 

It is gratifying to note that fourteen scholarships 
granted by the Society for the study of naval archi- 
tecture and marine engineering are keenly competed 
for. These include three scholarships in naval archi- 
tecture at Glasgow University, three in naval archi- 
tecture and three in marine engineering at the Arm- 
strong College, Newcastle-on-Tyne, three in naval 
architecture at Liverpool University, and two in 
marine engineering in connection with the Institute of 
Marine Engineers. 








Lonpoy INsTITUTION, Finspury Circus, E.C.—The 
following lectures will be delivered on Wednesdays, at 
5.30 p.m. November 12, ‘‘ Medieval Times and Places” 
(illustrated), by Mr. Edgar Bellingham. November 19, 
“* The Inside of the Cup,” a review with some reflections, 
by the Rev. William Manning, M.A. November 26, 
** The Beggar’s Opera,” by Sir Frederick Bridge, C.V.O., 
M.A., Mus. Doc. December 3, ‘“‘ Wireless Telegraphy ” 
(with experiments), by Mr. Richard Kerr, F.G.S8., 
F.R.A.S. December 10, ‘“‘The Coming of Arthur,” 
by the Rev. A. B. Boyd-Carpenter, M.A. December 17, 
“Songs and a of the ‘Seventies,” by Mr. Josiah 
Booth, A.R.A.M. 





THe Usr or Mopets.—In his presidential address to 
the Association of Engineers-in-Charge, delivered on the 
8th inst., Dr. R. ‘I’. Glazebrook, chief of the National 
Physical Laboratory, discussed mainly the use of models 
for solving problems in practical engineering. As is well 
known, the method has proved of especial value in naval 
architecture ; but Dr. Glazebrook held out hope that it 
would be of equally great service in aeronautics. It 
appears, however, that the coefficients involved in passing 
from the model to the full-sized structure are in this case 
not quite constant, being not wholly independent of abso- 
lute dimensions, the resistance of an area 4 ft. square, 
for example, being not exactly four times that of an 
area 1 ft. square. Lord Rayleigh, he stated, had shown, 
however, that the variation in question must be some func- 
tion of the product of the speed and the length, divided 
by the viscosity of the air, and experiments were now, he 
said, in progress at Teddington to discover what this law 
actually was. As for ship models, he stated that work 
done in the tank at Teddington, presented by Mr. 
Yarrow, had in some cases led se HB improvements in 
the form of hull originally suggested as to be equivalent 
to a saving of 3 per cent. up to, in one case, 16 per cent. 
of the power required for a given speed and displacement. 





A New Woop PRESERVATIVE.—A new preservative 
for preventing and removing dry-rot and other fungi 
destructive to wood is being introduced under the name 
of ‘*‘ Mykantin,” ‘by Meister Lucius and Briining, 
Limited, of 3, Jewry-street, London, E.C. Apart from 
the fact that ‘‘ Mykantin” possesses a highly destructive 
power on wood parasites, it isclaimed to have a number 
of advantages, all of which cannot be ascribed to the 
majority of the preservatives in use. The material does 
not volatilise like corrosive sublimate, and does not 
increase the combustibility of wood which is treated 
with it. Further, it keeps indefinitely, and does not 
affect the mechanical strength of wood, or attack 
fabrics, iron, zinc, &c. It carries no strong odour, and 
is readily soluble in water, so that a solution applied 
to wood easily penetrates some distance below the 
surface. In this latter quality it compares favourably 
with tar products, which demand high pressure if 
they are to be forced into the material. It is claimed 
that ‘‘ Mykantin ” is quite suitable for use on the wood- 
work of existing buildings, being applied in solution with 
a brush. The wood treated is stained a deep yellow, 
which gives an indication of the Ee which have been 
dealt with. Wood in the form of boards may, of course, 
be treated b stooping, or may be impregnated under 
pressure. The non-inflammable nature of the material 
should make it particularly useful for the treatment of 


pit-props. 
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THE WITTON-KRAMER LIFTING MAGNET. 
CONSTRUCTED BY THE WITTON-KRAMER ELECTRIC TOOL AND HOIST CO., WITTON. 








— 


Durine the last few years lifting-magnets have 
undergone great improvements both in design and 
construction, while their size has been very much 
increased. Their field of operation has also been 
greatly extended. The increase in size may be 
gathered from the illustration above, which represents 
what is said to be the largest lifting-magnet ever con- 
structed in this country. It has recently been made 
by the Witton Kramer Electric Tool and Hoist Com- 
pany, Witton, for whom the General Electric Com- 

ny, Limited, 69, Queen Victoria-street, London, 

q.C., are the sole selling agents. 

It has a diameter of 52 in., weighs approximately 
3 tons, takes 10 to 12 horse-power to excite it, 
and is able to attract at one lift from 60 to 70 half- 
pieces of pig iron, or from 35 to 40 full pigs, which 
constitutes a record lift with such appliances. Magnets 
of this size are now principaliy employed in the lead- 
ing steel works of South Wales, and in other parts of 
the country, for the purpose of discharging scrap iron 
and steel shearings, pig iron, &c., directly from the 
railway wagons into the charging-boxes, the results 
being so satisfactory that in one steel works, for 
instance, it has been found that three shifts of eight 
men each have been replaced by one of these Witton- 
Kramer magnets. When used on shipboard the 
magnet is lowered through the hatchway directly upon 
the cargo of pig iron or other magnetic materials, 
and discharges at the rate of from 20 to 30 cwt. per lift 
(without any manual labour) direct to the railway 
wagons. 

Another use to which one of these magnets (a 
42-in. one) was put was in dealing with the 
debris of a fire, a considerable amount of iron being 
contained in the materials. The magnet was rigged 
up on shearlegs, and after the larger masses of metal 
had been removed, smaller pieces were shovelled on 
to the face of the magnet, which retained everything 











magnetic, the residue sliding down a board into a heap 
of rubbish below. When the face of the magnet 
became filled, a box was placed underneath and the 
current switched off, so as to drop the ‘‘ load.” Our 
illustration shows the 52-in. magnet lifting a mass of 
pig iron. 








METALS, CRYSTALLINE AND 
AMORPHOUS.* 


By Wa rer Rosennaw, B.A., D.Sc., F.R.S., of the 
National Physical Laboratory. 
(Concluded from page 511.) 

THE question now to be considered is whether it is 
necessary, in order to explain the hardening of metals by 
plastic strain, to assume the production of a hard phase 
within the crystals. Both Heynt and Tammann} con- 
sider that the whole phenomena can be explained on 
a purely crystalline basis, and up to a certain point the 

resent author is in agreement with them. Indeed, 
_ Secelny in his lecture already referred to, pays Sir 
Alfred Ewing and the writer the compliment of employ- 
ing many of the results and views sta in their 
Bakerian Lecture of soos —_ > 4 a oe 

hotographs of slip- is, but only the photographs are 
naevieieed. But in the light of Beilby’s work, and 
of his own more recent observations, the present writer 
is inclined to consider that the explanation of the harden- 
ing of metals by strain, as put forward in the Bakerian 
Lecture of 1899, is not adequate when cases of severe 


* Paper read before Section B of the British Associa- 
tion at Birmingham, September 11, 1913. 

+ Heyn ; Report on the Progress of Metallography 
from 1909 to 1912. Sixth Congress of the International 
Testing Association, New York, 1913. vi 

t Tammann ; Zeitschrift fiir Elektrochemie, vol. xviii., 
No. 16, July 15, 1912, pages 584 to 601. : 

i in ; Philosophical Transactions, 


§ E and Rosenha: 
A, of ry “eee Society, London, 1899. 





deformation are to be considered, and that the view must 
be modified somewhat in the manner indicated in the 
author’s B nog before the Iron and Steel Institute in 
1906.* ese views may now be briefly considered. 

The fundamental fact is that moderate degrees of strain 
are found to produce slip in only a few crystals, which 
are so situated that they take a disproportionate amount 
of the stress or have their gliding es in such direc- 
tions as to facilitate movement. ese crystals may be 
described as having planes of favoured slip, and these 
favoured planes will be exhausted at a very moderate 
amount of strain. A higher stress will accordingly be 
required to bring about further slip, either on other 
planes of the same crystals or in other crys and thus 
the metal will appear harder—i.c., it will have a higher 
** yield-point” than it had before the first straining. This 
is to some extent a perfectly adequate explanation of the 
apparent hardening of metals by comparatively small 
amounts of plastic deformation, such as may result from 
the extension of a test-piece in a tension test ; but this is 
a very different matter from the effects of such operations 
as sheet-rolling or wire-drawing in the cold, and the 
mechanical effects of these operations are also much more 
marked. 

Further, accompanying the mechanical changes due to 
plastic strain are changes in density. Apart from the 
initial increase of density which arises from the closing 
up of blowholes and similar cavities, it is found that in the 
majority of metals the effect of cold work is to reduce the 
density by a small but appreciable amount. Tammann 

uts forward a very interesting and original explanation. 

e begins by suggesting that where different! y-oriented 
crystals meet there must be a number of minute cavities 
or interstices where the particles of different orientation 
will not fit or dovetail into one another properly. The 
first effect of strain will, he considers, be to slide the 
crystal elements about in such a manner as to fill these 
voids. On further straining, however, the effect of sli 
taking place in a variety of directions claubanncunly 
will be to leave within the mass of each crystal a con- 
siderable number of minute voids where the sliding 
lamelize have overlapped and met in such a way as to 
leave a small empty space—a sort of ‘* negative crystal” 
cavity. Tammann quotes some experiments with trans- 
parent crystal, in which it is stated that the formation of 
such voids can be observed. 

Even if this latter observation should be confirmed by 
further investigation, the suggestion of Tammann is 
difficult to accept, and ap to be contrary to much 
that is positively known about metals. Thus, in regard 
to the cavities at the intercrystal boundaries, in the dis- 
cussion on Tammann’s lecture, Guertler pointed out that 
this conception was contrary to the fact that the boun- 
daries of crystals were lines of strength, and not of weak- 
ness, and that fracture in normal metals rarely, if ever, 
followed a crystal boundary. This facet is now so well 
known, and has been established so very definitely by the 
present author’s earlier work and by the general experi- 
ence obtained in the microscopic study of a very great 
number of fractures, that it is extremely surprising to 
find that, in reply to Guertler, Tammann definitely 
stated that he considered that the view that the crystal 
boundaries were lines of strength was wrong, and that 
fracture normally took place along the boundaries. The 
only inference to be drawn is that Tammann’s observa- 
tions must have been made upon totally abnormal metal, 
and that if he will examine normal fractures by any 
satisfactory method be will have not the slightest 
difficulty in convincing himself that fractures do not 
follow the intercrystal boundaries except in very special 
vases where the intercrystal cohesion has been weakened 
by abnormal causes, such as the presence of a brittle 
eutectic, overheating, or burning, or some other action, 
resulting in the presence of oxide films in the boundaries 
or similar causes. 

It thus follows that the conception of interstitial 
8 8s in the boundaries must be abandoned, and, indeed, 
the present author, in order to explain the special 
strength of crystal boundaries, considers that we must 
suppose Tammann’s interstitial spaces to be filled with a 
residue of the metal in the under-cooled liquid or amor- 
phous condition. 

But with the idea of initial spaces at the boundaries, 
the whole of Tammann’s idea of internal cavities as an 
explanation of the reduction of density must be aban- 
doned, since in a crystalline te there is so much 
interplay of forces between adjacent crystals that any 
such cavity would be rapidly closed up under the pres- 
sure of the surrounding crystals. Observations on the 
behaviour of an isola crystal, whose boundaries are 
free except at the points where the load is applied, 
cannot be quoted to meet this objection. Further, if the 
reduction of density in a strained metal were really due 
to the formation of cavities, such strained metal would 
be weaker, and not stronger, as the result of the strain. 
The theory of planes of favoured slip can make no differ- 
ence to this objection, since the plane in any crystal 
which passes through such « cavity, or series of cavities, 
would, of necessity, be weaker than any other plane which 
passes entirely through solid — Consequently 
such a plane would be a plane of very much favoured 
slip, and hardening on that basis would be impossible. 

nm the other hand, the actual phenomena which occur 
in metals hardened by strain are much more com- 
plex than either the theories of Beilby or of Tammann 
would lead us to expect. To in with, while in a 
sense it is true that a metal is hardened by strain, 
that sense is somewhat limited, because the hardness is 
in reality limited to the particular direction in which 

* Rosenhain ; ‘‘ Deformation and Fracture in Iron and 
Steel,” Journal of the Iron and Steel Institute, 1906, 
Part II., pages 189 to 228. 
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strain has been applied. Thus, if the elastic limit of 
@ piece of steel is raised in tension by previous strain- 
ing in tension, the elastic limit of the piece in com- 
pression is at the same time lowered, so that while 
the metal has been “hardened” as against further 
tension, it has actually been ‘‘softened” as against 
compression. Oorresponding with this fact we have the 
further striking one that, so faras alternating stresses are 
concerned, the influence of ‘‘ hardening” by cold work is 
practically nil. As Bairstow* has shown, the raised 
elastic limit in tension, for instance, is rapidly lowered 
again by the application of alternating stresses, and the 
actual true elastic range of stress, the range over which 
the metal will bear an indefinite number of alternations 
of stress, is not at all inc by the “‘ hardening ” due 
to strain. On either of the theories discussed above, this 
behaviour of strained metal is very difficult of explana- 
tion, but with the ail of the theory of the existence of an 
amorphous cement between the crystals, a reasonable 
explanation becomes possible. This has been put forward 
by Humfrey,t who ame that the crystals, within 
their envelopes of amorphous metal, behave rather as if 
they were enclosed in a thin elastic membrane. Ib is not 
necessary to assume that this membrane is more elastic 
in regard to its material than the rest of the metal, but 
merely that it is a very thin layer of non-plastic matter, 
which is thin enough to accommodate itself to the new 
outlines of the crystals imposed upon them by the strain 
without undergoing rupture. The strained crystals are 
thus held in an envelope of amorphous metal which is 
under severe elastic stress, and therefore tends to pull 
them back towards their original shapes. The effect of 
this stress is to support the crystals against further 
deformation in the same direction as that already applied 
to them, but it will aid the action of any forces which 
may be applied in the fa direction. Consequently 
the material in this condition will have an apparently 
raised elastic limit in one direction (say tension) and a cor- 
respondingly lowered elastic limit in the opposite direction 
(say compression), while under alternating stresses the 
elastic amorphous envelopes will be able gradually to relax 
their tension, and will thus allow the metal to return to its 
normal elastic condition. It must, of course, be borne 
in mind that these observations apply principally to 
metal which has been subjected to a comparatively small 
amount of cold work, where, according to the author’s 
modification of Beilby’s theory, there not yet 
any permanent formation of yy" layers on -_— 
large number of slip surfaces. If the hardening in suc 
circumstances were ascribed to the formation of amor- 
phous layers on slip surfaces, we should be faced by the 
same difficulty as on the theory of exhaustion of favoured 
planes of slip, that hardening should be absolute and 
uite independent of direction, and that, at all events, 
there could be no softening in any direction. ; 
There is, however, another phenomenon associated 
with the hardening of metals by plastic strain which 
requires explanation by any theory dealing with this 
subject. This is the state of temporary semi-plasticity 
which occurs in strained iron and steel immediately after 
the removal of the straining load. It is this phenomenon 
which, in the author's view, affords the best support to 
the Beilby theory as against any puree crystalline view 
of the matter. ‘The phenomena themselves are, of course, 
well known. They were first described by Bauschinger 
in 1881, and have been summarised by Muir as follows :— 
“. .. primarily, the result of tensile overstrain is to 
make iron assume a semi-plastic state, so that the elastic 
limit, instead of being raised by stretching, is first of all 
lowered, it may be to zero. This plasticity may be shown 
by applying a comparatively small load to a bar of iron 
or steel which has just been overstrained by the applica- 
tion and removal of a large stretching load. When the 
small load is put on, the bar will be found to elongate 
further than it would had the material been in its primi- 
tive state ; and a slight continued elongation—a arg | 
—may occur after the small load has been applied. If 
this load be withdrawn, a quite appreciable permanent 
or semi-permanent set will be found to have been pro- 
duced ; a set which diminishes slightly, and, if small, 


may vanish, provided time be allowed for backward | pen 


creeping to take effect. It may also be shown that if 
the reapplied load be increased, the elongation produced 
will increase in greater proportion. Thus, if a stress- 
strain curve be obtained from a recently overstrained bar of 
iron or steel, it will show, even for small loads, a marked 
falling away from the straight line, which would indicate 
obedience to Hook’s law.” ; 

In the paper just quoted itis further shown that iron or 
steel will recover from this temporary state of semi- 
plasticity by mere lapse of time, and t this recovery 
will be made very rapid indeed by merely raising the 
temperature to 100 deg. Cent., but that etic or 
mechanical vibration has no effect in that direction. 

On the purely crystalline are | of slip unaccompanied 
by any disturbance of the crystalline arrangement of the 
molecules in the immediate neighbourhood of the surface 
of slip, it appears to be very difficult, if not entirely 
impossible, to offer an explanation for this group of 

henomena. On the basis of a slight modification of 
Beilby's theory, however, the present author offered an 
explanation of these phenomena in 1906. From the 
standpoint attained at the nt time, however, that 
explanation may be considerably amplified, and as it 
affords important support to the amorphous theory, it 
may be consid here. 

In the case of the amorphous surface films which arise 


* Bairstow; ‘‘The Effects of Cyclic Variations of 
Stress.” Philesophical Trans«ctions, Royal Society, 


London, A., 1912. 
+ Humfrey; Journal of the Iron and Steel Institute, 


Carnegie Memoirs, 1913. 


during the process of polishing we find that when first 
formed the film is able to spread out smoothly under the 
action of surface-tension forces, so that it must —— 
a short time at all events, a certain degree of mobility. 
Beilby, in fact, lays great stress on the occurrence 
of this temporary mobility. How far we are bound 
to assume that this mobility is really only temporar 

appears a little uncertain, since the only forces whic 

could call it into play appear to be those of surface ten- 
sion ; these, however, are in equilibrium as soon asthe 
film is spread out smoothly, and it is difficult to see how | 
mobility would manifest itself even if it persisted always. | 
For the pur of explaining the temporary semi-plastic | 
condition of freshly-strained metals, however, only tem- | 
porary mobility of the amorphous films need be assumed 





. | pani 


joint paper with Ewen,* has put forward a suggestion of 
the manner in which the crystal boundaries may 

formed on the supposition that the unit of which the 
crystal is built up is materially larger than the molecule 
of the metal in the liquid condition. This conception of 
what may be termed ‘‘crystal units” is opposed by some 
crystallographers, but supported by others, notably by 
Tutton, who hold that recent researches on the ge 
of Réntgen rays through crystals strongly confirm the 
view that crystals are built up of units large compared 
with the molecule. In one sense, such a crystal 
unit might be regarded as the ‘“‘solid” molecule, thus 
implying the conception—which is by no means new— 
that the act of solidification and crystallisation is accom. 
ed by polymerisation—+.¢., by the formation of a new 


According to this view, in the seamape Reap metal all and larger molecule or by the grouping together of a 


the surfaces on which slip has taken 
with extremely thin but mobile 


p will be covered number of molecules. 
yers of amorphous evidence has been obtained to show that metals, even in 


It is, of course, true that some 


metal. At the same time the amorphous crystal envelopes the solid state, are monatomic in their molecular con- 
will be stretched considerably, and as soon as the original | stitution, but much of this evidence applies only to 
straining load is removed these stretched envelopes will metals present in the form of dilute solid solutions, and 
exert their pressure on the elongated crystals. As the the fact that the dissolved metal may be present only in 
surfaces of slip are covered with the em mobile | the monatomic condition does not really affect the argu- 


layer, they will slip backwards slightly un 


er this pres- ment. 


Indeed, it is only necessary to suppose that the 


sure. Now let the small load be applied ; asmall amount grouping of molecules or atoms into the ‘‘ crystal unit” 
of fresh slip will occur on some or all of theold surfaces of | is of a different order of closeness from that of atoms in 


slip which are still, as it were, ‘‘ lubricated ” by the pre- | an ordinary molecule to remove ali difficulty from that 
sence of the amorphous films. Since these films consist | direction. 


It is not, however, at all necessary to pursue 


of viscous liquid which can only flow very slowly, exten- | the hypothesis of the *‘crystal unit” further in this con- 
sion by gradual creep sets in, and on removal of thesmall | nection, since it is not fundamentally necessary for the 


load this creep is slightly reversed, again by the pressure 
of the elastic crystal envelopes. 

With the lapse of time, however, the lubricating action 
of the mobile amorphous films disappears ; in the present 
author’s opinion the films probably di:appear by being 
re-absor into the crystals in which they have been 
formed, and this idea of their disappearance is supported 
by the fact that raising the temperature accelerates their 
disappearance, or, at all events, that of the phenomena 
with which we have supposed them connected. If it 
were merely a case of ‘* setting” in the amorphous condi- 
tion it is difficult to see how rise of temperature could in 
any way facilitate the process. In support of this view 
we have the microscopical evidence already quoted, 
where it was shown that when a =p of iron is re- 

lished and etched while still in the semi-plastic state 
ollowing upon recent straining, traces of slip-bands 
could be found by deep etching, but that such traces 
could no longer be found if the iron has been allowed to 
** recover” from the strain and to regain its ordinary 
elastic condition. 

The manner in which the amorphous theory affords 
rational explanations of a large number of the special 
phenomena which accompany plastic strain in me has 
now been considered, and while it must be admitted that 
there may well be a certain number of outstanding facts 
which this theory does not entirely explain, it must also 

borne in mind that in metals undergoing strain we 
are dealing with a very complex substance, and, probably, 
with a series of complex phenomena. For instance, 
we do not as yet know what it is that allows slip and 
therefore plastic deformation to take place to an extra- 
ordinary extent in some crystalline ag ates, such as 
lead or gold, while in others no Y we is manifested 
under ordinary conditions at all. In this connection 
we have the striking fact that practically all definite 
intermetallic compounds are extremely brittle. With 
so many fundamental facts still unexplained, it is not 
a poy that any theory of plasticity in metals should 
still be faced with difficulties. All that can be claimed 
for the ‘‘amorphous” theory, as the present author 

it, is that it offers an explanation for a larger 
number of facts than does the purely crystalline or any 
other theory known to him. 

We have now to consider the last of the three pro- 
—- into which the ‘‘amorphous” theory was to be 

ivided. This consists of the hypothesis that the 
crystals of a metal are held or ‘‘cemented” together by 
thin layers of the same metal in an amorphous condi- 
tion. To a very considerable extent this theory is inde- | 
dent of the first two propositions, except in so far as | 
it involves the existence of metal in the under-cooled 
liquid or amorphous condition. But even in this respect 
there is a distinction between the two, since in the case 
of the surface films or the amorphous films formed on 
surfaces of slip, the amorphous material must be regarded 
as being formed at or near the ordinary temperature, 
while in the case of the intercrystalline films the origin 
of the amorphous material dates back to the molten 
condition, and its existence is therefore a mere question 
of under-cooling and not of new formation. The thermo- 
dynamic objections raised by Tammann, therefore, do 
not apply at all to this aspect of the amorphous theory. 

The first point which may be considered is the question 
why one should suppose that an amorphous residue 
should. remain between adjacent crystals in a pure metal 
or other crystalline aggregate. In the most general 
terms it may be said that where two differently-oriented 
crystals meet, the conditions are such that there must be a 

ion, so to speak, ‘‘ between the two orientations” 
where the material will not be able to assume the orienta- 
tion of either. One may, following Bengough’s* ideas, 
regard this as a simple result of the opposing effects of 
the two systems of orienting forces, or one may suppose 
that the two crystals as they grow to meet one another 
leave interstitial spaces in which further orystallisation 
is impossible. The latter view is evidently that of 
a, but it = a — why it is not 
possible to suppose that ac interstitial spaces can exist 
in the intercrystal boundaries. The present writer, in a 








* Bengough ; Journal of the Institute of Metals, 








1911, I. 


boundaries play in resistin 
cently been pointed out by 
of the crystals by slip is hindered by the supporting 
effect of the boundaries, and Humfrey has also shown 
how, when the metal is so trea 
strength of the boundaries, the character of the slip- 


effect becomes evident. 
admitted fact that a minute or ‘‘fine-grained” micro 
structure is an advantage to a metal from the point of 
toughness and reliability. The ultimate breaking strength 
does not at the ordinary temperature in most metals vary 
very widely with crystal size, but the yield-point of iron 
and steel, for example, certainly becomes abnormally low 
if the crystal structure is allowed to become coarse. 
Indeed, the widespread industrial practice of ‘grain 
refining” by heat-treatment is sufficient proof that 
numerous crystal boundaries are an advantage, and not 
a source of weakness to the metal 


not tenable, and 
accepted the modified theory. 


for s 
search on the tenacity and mode of fracture of soft steel at 
high temperatures presented by the present author and 
Humfrey§ to the Iron and Steel Institute in May, 1913. The 
experiments there described show two series of factors 
which bear on the present subject. 
was found that over a certain range of temperature—t.e., 
between 600 and 900 deg ’ 

very soft steel was a direct function of crystal size, 
thus showing that in this region of temperature the 
——_ of the metal depends upon the number of crystal 

un 


amorphous cement” theory. That theory merely re- 


quires the presence between the crystals of thin films of 
amorphous metal retained in that condition by the cir- 
cumstances of its 
hampering itself with any difficulties which may be felt 
in 
**liqui 


intercrystalline situation, without 


peoorens the idea of a “‘crystal unit” larger than the 
” molecule. 
The fundamental fact which the ‘‘amorphous cement” 


theory explains is the marked strength of the crystal 
boundaries in pure metals. The fact that these boundaries 
are actually much stronger than the mass of the crystals 
is now 

slip-ban 
convey a strong impression of the part which the crystal 


goes accepted, and an examination of the 
8 in any piece of strained metal is sufficient to 


deformation. As has re- 
umfrey,t+ the deformation 
as to destroy the 


ds changes and the absence of the supporting 
Further, it is a universally- 


That the special strength of crystal boundaries requires 


some definite explanation will be at once admitted. 
Within the mass of any one crystal the normal cohesive 
forces are allowed their fullest, regular development. 
At the surface where two differently-oriented c 
meet, however, the molecules arranged on two different 
systems cannot place themselves in such close piling as 
to secure the same degree of mutual attraction, and the 
intervention of molecules arranged in a less orderly, but 
me adaptable, manner is required in order to bridge 
the ga 

pooh cohesion. The special strength of the crystal 
boundaries at the ordinary temperature, however, is not 
the only phenomenon which the ‘amorphous cement” 
theory is called upon to explain. 
series of facts 
on metals are conducted at higher temperatures. Ben- 
gough? encountered these in a researc 


tals 


which would otherwise exist in the chain of 


A still more striking 
become apparent when tensile experiments 


h on the be- 
aviour of non-ferrous metals at high temperatures, 


and put forward the theory of an amorphous cement 
in order to account for them. 
the present author and his collaborators, however, has 
shown that one of the suggestions put forward by Ben- 
= , that the intercrystalline cement disappears 


The later work of 


stallisation at a high temperature—is 


undergoing c 
© author believes that Bengough has 


y 


One group of high-temperature phenomena which calls 
ial explanation has been brought to light by a re- 


In the first place, it 


. Cent.—the strength of iron or 


aries which it contains per square inch of cross- 





* Rosenhain and Ewen; Journal of the Institute of 
Metals, 1912, II., and 1913, II. Rosenhain and Humfrey; 
Journal of the Iron and Steel Institute, 1913, I. 

+ Humfrey ; Journal of the Iron and Steel Institute, 
Carnegie Memoirs, 1913. 

+ Bengough ; Journal of the Institute of Metals, 1911, I. 

§ Rosenhain and Ewen; Journal of the Institute of 
Metals, 1912, II., and 1913, II. Rosenhain and Humfrey; 
Journal of the Iron and Steel Institute, 1913, I. 
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sectional area. At still higher temperatures this influence 
of the boundaries disappears, but a marked time-effect 
makes itself felt. This time-effect is ascribed to the 
gradual viscous flow of the amorphous cement, the 
“strength ” of a viscous fluid, as measured by tensile tests, 
being entirely dependent upon how fast the liquid is 
forced to extend. 

The most striking fact of all, however, is the change 
which occurs in the surface manifestations of deformation 
when the temperature is raised above 900 deg. Cent. in 
the case of iron, and in all metals at a correspondingly 
high temperature. In the case of iron, which has been 
most fully studied, it is found that up to 900 deg. Cent. 
the formation of slip bands occurs in much the same 
manner as at the ordinary temperatures, and fracture 
occurs in much the same way, the crystals being drawn 
out and local reduction of area taking place just before 
rupture. 

i temperatures above 900 deg. Cent. all this is 
changed ; the surface of the metal shows few slip-bands, 
the crystals are not appreciably elongated, and, on the 
other hand, the crystal boundaries show signs of exces- 
sive disturbance. The fracture also occurs without 
reduction of area, and has a characteristically different 
appearance from that obtained at lower temperatures. 

hese phenomena, however, are only seen if the rate of 
straining is slow; if very rapid straining is employed— 
i.¢., if the metal is forced to extend rapidly, then both 
the type of deformation and of fracture revert practically 
to the type found at lower temperatures. In other metals 
very similar features are met with, except that the tran- 
sition from one type to the other is more gradual instead 
of being abrupt, as in the case of iron. This latter 


difference is, of course, attributable to the allotropic | Th 


transformation which iron undergoes at 900 deg. Cent., 
which makes the crystals of iron harder and stronger at 
the higher temperature; the inter-crystalline cement, 
however, being in the undercookd liquid condition, 
undergoes no such allotropic changes, and therefore is 
suddenly left much softer than the crystals. 

The explanation of these phenomena, and of others 
which have been still more recently described, is best 
arrived at by the aid of a diagram connecting the 
‘*strength”’ of the crystals and of the cement with the 
temperature. In this di m (annexed) the full line A, B 
represents the ‘‘ strength” of the liquid, molten metal. 
Ia the case of most metals, which are very fluid imme- 
diately above the malting-point, this ‘‘ strength,” which 
is really only a function of viscosity, will not vary much 
with rise of temperature, but it will vary very widel 
with the rate of straining, so that some other curve, suc 
as the dotted line at X, would represent the ‘‘strength ” 
for a higher rate of straining. Now the crystals possess a 
definite strength as soon as they are formed, and it is 
probable that this strength is very considerable, and does 
not vary very much with falling temperature. This view 
is based upon the fact that the strength of an isolated 
crystal—i.e., its power of resisting slip must depend ~~ 
something very similar to solid friction, and this does 
not vary very rapidly with temperature. The full line 
BC represents the discontinuity in the ‘‘strength ” 
which occurs at the freezing-point, while the line C D— 
—drawn straight for nar but not intended to con- 
vey any suggestion of a law of direct proportionslity— 
represents the strength of an isolated crystal in relation 
to its temperature. The curved dotted line BEFG, 
however, represents the strength or viscosity of the 
undercooled liquid. The shape of this curve is similar to 
that found by Tammann* for the numerous liquids with 
which he experimented. For the present purpose the 
vital point is that owing to the discontinuity which 
necessarily occurs in the full line at the freezing-point, 
and the equally necessary continuity of the dotted line at 
that point, thecurve BE F lies to the left of the line CD. 
That the dotted curve must, however, cross the full line 
follows from the known properties of extremely under- 
cooled liquids, such as ® or vitreous silica and the 
corresponding crystals. In the case of glass particularly 
the superior hardness of the vitreous material over the 
corresponding crystalline minerals, such as felspars and 
wollastonite, is strongly marked. There is thus good 
ground for anticipating that the extremely undercook d 
liquid metal will a very much harder and stronger than 
the crystals, and this assumption is concordant with that 
of Beilby in regard to the nature of the amorphous metal 
formed by polishing or straining. 

The interpretation of the diagram leads to several 
interesting results. Thus, at temperatures below that 
corresponding to the point F, where the full line and 
the dotted curve cross one another, the inter-crystal- 
line cement in the boundaries will be stronger and 
stiffer than the crystals themselves, and both deformation 
and fracture will occur primarily within the mass of the 
crystals. This is precisely what is found to occur in the 
‘‘low-temperature type” of deformation and fracture. 
On the other hand, at points above the temperature corre- 
sponding to F, the crystals will be stronger than the 
boundaries, and deformation and fracture will tend 
to localised in the boundaries themselves. This 
is what occurs in the “high-temperature” type of 
deformation and fracture. ith a more rapid rate 
of straining, however, the dotted curve BE FG will 
be shifted to the right, as already explained, to 
some such position as that of the curve X ZY. For 
points lying between the temperature corresponding to F 
and that corresponding to Z, therefore the type of defor- 
mation which occurs will depend upon the rate of strain- 
ing, and this again is precisely what was found to occur 
in the case of iron at temperatures in the neighbourhood 
of 1000 deg. Cent. 

It will thus be seen that, on the basis of the ideas ex- 





* Tammann; ‘‘Krystallisieren und Schme:zen,” Leipzig. 





pressed in the diagram below, the amorphous cement 
theory offers a simple explanation of the complex pheno- 
mena found in the deformation and fracture of iron and 
soft steel at high temperatures in the researches of the 
a author with Humfrey. The inferences derivable 
rom that diagram can, however, be carried considerably 
further, and they have led to the prediction of certain 
experimental results which have been obtained in a strik- 
ing form by a still more recent research by the present 
author in co!laboration with Ewen.* 

_ As the temperature rises above the point correspond- 
ing to F in the diagram, the difference between the 
strength of the crystals and of the cement increases 
rapidly at first and afterwards more slowly—although the 
exact rate and distribution of this difference is not accu- 
rately known, since the exact shapes of the two curves 
are not yet known. It follows, however, that with in- 
creasing temperature a stage will be reached where the 
cement is very much weaker than the crystals, and at 
that stage it should be possible to pull the crystals apart 
from one another without materially distorting them— 
t.e., the metal should exhibit a brittle, intercrystalline 
fracture, even though, in the ordinary state, it is an 
extremely ductile metal. It should be noted that this 
inference can be reached without reference to the diagram 
below, by the simple consideration that an amorphous 
cement, being of the nature of undercooled liquid, must 
soften gradually, and will therefore be practically fluid 
at temperatures not very far below the melting-point, 
whereas the crystals undergo sudden softening (melting) 
only at the actual melting-point. Just below the melting- 
point there must, therefore, be a region where we have 


solid crystals held together by practically liquid cement. 
is reasoning is, of course, the same as that expressed 
in the diagram, but the latter, by its definiteness, implies 
certain assumptions which the general reasoning avoids, 


i” 
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The deduction from the amorphous cement theory, that 
just below the melting-point metals, and, indeed, a’ 
crystalline aggregates, should exhibit intercrystalline 
brittleness, has been verified in a striking manner by 
gradually heating bars of various metals while - were 
exposed to a very small load (of the order of 70 lb. per 
sq. in.). Inall the cases so far tried—viz., gold, lead, tin, 
aluminium, and bismuth—the expected result was ob- 
tained on every occasion; the metals broke without 
showing any signs of plasticity, and with a perfectly 
brittle intercrystalline fracture. The detailed evidence 
has been fully published in the Journal of the Institute 
of Metals (Ghent meeting, 1913), and is too bulky to 
reproduce here. 

t is important to notice that the fractures always took 
place at temperatures just below the melting-point—the 
interval varying from 0.5 deg. Cent. in the case of the 
eutectic alloy a lead and tin to about 20 deg. Cent. in 
the case of aluminium. The smallness of this interval is 
noteworthy, because it ludes the intervention in 
these phenomena of fusible impurities which might be 
sup to exist as thin eutectic films in the crystal 
junctions. Apart from this consideration, however, the 
observations were made on the purest obtainable samples 
of metal, so that the intervention of impurities is almost 
entirely precluded on that ground alone. 

Yet another set of experimental facts has been pre- 
dicted by a deduction from the amorphous cement theory. 
This relates to the bebaviour of the intercrystalline 
boundaries of pure metals on prolonged heating in high 
vacua. The deduction in question is based on the view 
that if the intercrystalline cement is amorphous, under- 
cooled liquid, it will probably possess a higher vapour 
pressure than the crystalline material, just as Beilby has 
shown that the amorphous surface layer is more — 
soluble in chemical reagents than the crystalline metal. 
A very common phenomenon furnishes another example 
of the same kind of difference between the crystalline 
material and the aay veneer cement in a crystalline 
aggregate of a totally different character. Ordinary lump 

is a typical example of a ——— aggregate, 
and when this is gradually dissolved by immersing it in 
hot water—or, as the experiment is more frequently 
made, in hot tea—it will be seen that the lump does not 





* Rosenhain and Ewen; Journal of the Institute of 
Metals, 1912, II., and 1913, II. Re ainand Humfrey ; 
Journal of the Iron and Steel Institute, 1913, I. 





dissolve uniformly, but that the crystalline te is 
broken up into its constituent crystals before these them- 
selves dissolve. This simply means that the cementing 
material which holds these crystals together—probably 
vitreous or amorphous sugar—is more soluble than the 
crystals of sugar themselves. 
_ Owing to the very minute thickness of the amorphous 
invercrystalline cement in metals, it was not attempted to 
demonstrate experimentally the greater solubility of 
these films, but experiments were made by the present 
author, in collaboration with Ewen, to test the analogous 
property of vapour tension or volatility. For this 
purpose, companion specimens of various metals, such as 
silver, zinc, and copper were prepared, the two specimenr 
in every case having approximately the same dimensions 
and weight, but differing widely in regard to the size of 
their constituent crystals. The specimen consisting of a 
few large crystals would necessarily contain a lesser area 
of crystal boundaries and would therefore contain also a 
lesser quantity of intercrystalline cement as com 
with the specimen conristing of a large number of minute 
crystals. When two such specimens were exposed to an 
equally high vacuum at the same high temperature and 
for the same length of time, the piece consisting of many 
small crystals should, in accordance with the indications 
of the theory, lose more weight than the coarse-grained 
specimen. peated experiments with the metals named 
gave results entirely in accordance with the predictions 
of the theory, and in some cases it was found possible to 
show that the process of volatilisation in vacuo re- 
moved enough of the intercrystalline cement to render 
the boundaries mechanically weak, thus giving the metal 
the unusual property of intercrystal brittleness. This 
was found particularly in the case of silver. Beyond 
these facts, microscopic study of the surfaces of the speci- 
mens which had been heated in racuo showed that the 
intercrystalline boundaries had been deeply eroded as 
the result of the volatilisation, but that at the same time 
the boundaries between the twin lamella of the same 
parent crystal had suffered no erosion whatever. This, 
in, is in striking accord with the indications of the 
theory, since at a twin-boundary there is no want of 
crystalline continuity, no want of accurate “fitting” of 
two differently-oriented crystals, with the consequence 
that there should be no amorphous cement at such a 
boundary. 

To the experimental results briefly summarised above 
only one serious objection has been raised. This refers 
to the fact that the differences in the losses by volatilisa- 
tion, as between a coarsely and a finely crystalline speci- 
men, are too great to be accounted for by even the entire 
removal of the amorphous film postulated by this theory. 
This, of course, depends upon an assumption as to the 
probable thickness of such a film, but it must be admitted 
that the thickness implied by the actual figures is 
decidedly anaes than the present author would care to 

as my ble. The difficulty is, however, readily 
explained by the fact that once the amorphous film has 
been removed by evaporation, further volatilisation will 
occur from the crystalline matter at the interfaces of the 
crystals, thus giving rise to the microscopically visible 
erosion already mentioned. It is, of course, ible 
that such volatilisation might occur at or near the sur- 
faces of the specimens, without the previous intervention 
of any amorphous films; but, in that case, why should it 
not occur to an equal extent at the boundaries of twinned 
lamelle ? Electro-chemically—t.e., as etching— 
the boundaries of twin bands are at least as strongly 
marked as ordinary crystal boundaries, and if the local 
volatilisation at the boundaries is to ascri merely 
to the juxtaposition of two differently-oriented i 
this should also occur where two twin lamella meet. 
We are thus faced with either accepting the simple 
eqpeagiion offered by the amorphous cement theory or 
of leaving the phenomena practically unexplained. 

The three principal propositions of the amorphous 
theory have now been reviewed in th to the 
assumptions involved and to the experimental evidence, 
both direct and indirect, which can be brought forward 
on their behalf. This review has shown that the assum 
tion that metals can exist in an amorphous metastable 
condition, and can be thrown into this condition even at 
the ordinary temperature by m ical means, affords a 
simple and rational explanation of a very | series of 
phenomena. The rival explanations offered by other 
theories have aleo considered, but in the opinion 
of the present author these other explanations, taken 
singly, cannot stand careful criticism, while the fact 
that each of the sets of facts covered by the amorphous 
theory requiries a different and independent explanation 
on any other basis isalone sufficient to throw the balance 
of probability very markedly to the side of the one 
general theory. With to the theory of an amor- 
phous intercrystalline cement in ee a the weight 
of experimental evidence is steadi ¢, Fowing, and that 
part of the theory has already justi its utility by lead- 
ing to the investigation and the determination of new 
and somewhat unexpected facts. 





THE ELECTRIC REFINING OF STEEL IN 
AN INDUCTION FURNACE OF SPECIAL 
TYPE.* 

By Orro Frick, London. 
(Concluded from page 509.) 
Tue METALLURGICAL REACTIONS IN THE INDUCTION 
FURNACE. 
Amonest metallurgists the conviction is that 
the induction furnaces are not and cannot be suitable for 


* Paper read before the Iron and Steel Institute at 
Brussels, somewhat abbrevia 
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refining. This view is based upon the opinion that the 
first and most important condition for su lly carry 
ing out refining reactions is that the s should be thin 
and liquid. As, however, the slag in the induction fur- 
nace is colder than the bath, it is impossible for it to be 
both thin and basic enough. This opinion about the im- 
portance of a thin slag has its origin from the experience 
with open- furnaces. ‘ P 

In the case of the open-hearth furnace it is certainly 
correct, that a penstionl veining is not possible without a 
thin slag. The author is, however, of the opinion that 
the thinness of the slag is in this case only of importance 
for the heat transmission from the hot gases to the bath. 
If the slag were thick, it would act as an excellent heat 
insulator, and the bath would cool down. The result of 
this is that in an open-hearth furnace one is not at liberty 
to choose the composition of the slag only with a view of 
obtaining the quickest refining, but must also take into 
consideration that the slag must be thin enough not to 
prevent the heat transfer to the surface of contact between 
metal and slag, at which surface the reactions take place. 

Owing to the fact that in an induction furnace the 
heat is generated in the steel itself, the temperature at 
the contact between steel and mes independent 
of the thinness of the slag, which may be given such a 
composition as will best ensure the reactions aimed at. As, 
on the other hand, the temperature at the contact must 
be the same in any furnace for the same temperature of 
the steel, it becomes evident that the induction furnace, 
far from being a poor refining age aoe in reality offers 
decided advantages over all other furnaces. If the de- 
phosphorisation is first considered, this can only take 
place if the phosphorus in the steel has an opportunity to 
combine with oxygen in the presence of a slag rich in 
basic substances, ferably lime, and the reaction will 
take place so much quicker the richer in lime, and conse- 
quently the thicker, the slag is. The richer the slag is in 
lime, and the thicker it is, the greater is its avidity to 
thin and to become more easily fusible by the absorption 
of acids, and as it is necessary for a pe | dephosphorisa- 
tion that most of the silicon should have been previously 
eliminated, the only remaining acid to satisfy the slag is 
the phosphoric acid, which, under these conditions, is 
most ily formed. . 

As to the desulphurisation, the idea of the importance 
of a thin liquid slag has apparently been strengthened 
by the experience with the open-hearth furnace, where 
it has been found next to impossible to eliminate the 
sulphur down to any low value. It is, however, to be 
remembered that the difficulties in the open-hearth 
furnace are only based on its character as an oxidising 
furnace. As — as sulphur is combined with iron or 
manganese it will be unstable, and will travel between 
steel and slag. To bind it firmly calcium is necessary, 
but how can it be expected that any calcium should 
combine with sulphur as long as it has an opportunity 
to combine with oxygen’? The oxidising atmosphere of 
the open-hearth furnace, and the impossibility of ridding 
the slag of the oxides of iron and manganese, are the true 
causes why no desulphurisation is possible in the open- 
hearth furnace. 

Concerning the arc furnace, it has been stated that 
desulpburisation is only possible after the temperature 
has been raised so high as to enable the formation of 
calcium carbide. The publications on the Héroult fur- 
nace in this direction has undoubtedly had an influence in 
spreading the theory of the importance of a thin slag for 
the desulphurisation. The formation of calcium carbide 
in the Héroult furnace is, however, not a necessity for 
the desulphburisation, but is rather to be regarded as an 
undesirable reaction which only absorbs energy for no 
purpose ; it is only a sign that the conditions are favour- 
able to desulphurisation. As long as the slag is not 
deoxidised there is no chance for CaC, to be formed. 
Equally, if the slag contains any excess of SiQ., the 
carbon will sooner reduce the silicon than calcium. If, 
however, CaC, is formed, it is evident that calcium will 
still more eagerly combine with sulphur if it is given an 
opportunity. 

The conditions for an effective desulphurisation are 
three : First, the slag must be perfectly deoxidised, as it 
cannot be expected that lime will be reduced before other 
more easily reduced oxides, as FeO, MnO, or P,O;, which 
ure present ; secondly, tho slag must be of such a com- 
position that it has a desire to become more easily fusible 
and more fluid, in an exactly analogous way as for the 
dephosphorisation. It will then try to reduce its lime- 
content by giving up its calcium to sulpbur and its 
oxygen to the ucing agent, the presence of which is 
the third condition for the desulphurisation. This 
reducing agent may be either carbon or silicon. In arc 
furnaces carbon, and in induction furnaces silicon, have 
mostly been used. A proof of the correctness of these 
views is the fact that it is not possible to desulphurise in 
- arc furnace if the slag is too liquid from an excess of 

ica. 

According to the above explanation, supported by 
experience, it is of no ay ea to work with a thin 
liquid slag ; although, on the other hand, the slag should 
not be too thick, but its melting point to a certain extent 
should be lowered by the addition of CaF),. or other 
suitable fluxes, which do not interfere with the reactions. 
In an are furnace it may be of more importance to have 
a thin slag, as in this type of furnace the heat has to be 
transmitted through the slag to the metal, but in the 
induction furnace it is 4 
the best slag composition for the elimination of sulphur. 
Altogether excellent results with regard to desulphuri- 
sation have been obtained in induction furnaces, amongst 
which those in Dommeldingen might be mentioned. 
where, according to analyses published in Stah/ und 
Eisen of 1911, steel of 0.012 per cent. sulphur to traces, 


with an average of 0.008 per cent. sulphur, has been 


only necessary to have regard to | ts 


produced out of a raw material containing about 0.04 
per cent. sulphur.* : 

Energy Consumption and Efficiency.—The electric 
a“ supplied to an electric furnace is spent in— 

1. Electrical losses. 

2. Radiation losses. 

3. Various losses, as through open doors, &c. : 

4. Theoretical or useful energy consumption, spent in 
melting and heating to the tapping temperature of metal, 
alloys an elag. ; ; 

By a careful study of these different items on which 
the energy has to be spent, it is possible to make exact 
calculations in advance with regard to any process which 
may be desired to be carried out in the electric furnace. 

E’ectric Losses.—The electric losses = ae of 
the nominal power in kilowatts absor are given in 
Tables II., III., and IV., on page 509 ante. ey vary 
between 6 and 2.5 per cent. in steel furnaces of 1 to 40 tons 
capacity, and between 8 and 7.2 per cent. in furnaces for 
ferro-manganese of 1 to 6 tons capacity. f 

Radiation Losses.— After deduction of the electric 
losses the whole of the energy supplied to the furnace is 
transmitted into the metal and spent as heat. In most 
metallurgical, not electric, furnaces, the heat carried 
away by the gases is so great that the radiation losses 
become of less importance. This is partly the reason 
why no care is taken to heat-insulate such furnac’s. On 
the other hand, the source of heat—coal—is compira- 
tively cheap. In electric steel furnaces, from which only 
very little gas escapes and which use a much more expen- 
sive source of heat, the radiation losses me of the 
greatest importance, well worthy of careful considera- 
tion. The radiation losses of the Frick furnaces at an 
average temperature of the metal of 1500 deg. Cent. are 
given in the Tables II., III., and IV. To determine the 
actual radiation loss during a certain metallurgical pro- 
cess, it is _ necessary to determine the average tem- 
perature at which the bath will be during the operation. 

As the heat conductivity of refractory materials in- 
creases with the absolute temperature, and the difference 
of temperature between the bath and the outside of the 
furnace very nearly increases with the temperature of 
the bath, the radiation loss at different temperatures wi 
very nearly vary as the — of the temperature. 
Taking the loss at 1500 deg. Cent. as unity, the radiation 
loss at other temperatures will be :— 


Radiation loss at 1300deg. C.=0.75 radiation loss at 1500deg. O. 
1350 5 


* oe » =08L x ” » 1500 ,, 
” ” 1400 _—,, =0.87 x ” ” 1500 ,, 
9 ” 1450 ,, =0.9385 x ” » 1600 ,, 
” ” 1500 ,, =L0 x ” ” 1500 ,, 
” ” 1550 ” - 1.065 x ” ” 1500 ” 
” ” 1600 __,, =114 x ” ” 1500 ,, 

ae 1660 , =121 x ’ » 1500 ,, 


” 


_In calculations it has to be remembered that the radia- 
tion losses go on as long as the furnace is hot, whether it 
is standing idle, between heats or over Sundays, or work- 
ing, whereas the electrical losses only occur while the 
current 1s on. 

Various Losses.—Besides the above-mentioned radia- 
tion losses, the losses due to direct radiation while the 
doors are open have to be considered. Such losses will 
be considerably less in an induction furnace than in arc 
furnaces, in which the enormously high temperatures in 
the arc exist above the slag. For approximate calcula- 
tions these losses may be assumed to be a certain amount 

r heat, expressed by the following formulas, in which 

= capacity of the furnace in tons. For single-ring 
furnaces with four doors :— 


Loss through doors: perheat ... = 3+2G kw.-hours. 
per tonof steel= 3 +2 ” 


” ” 


For double-ring furnaces with six doors :— 


Loss through doors : per heat =3.6+24G 
” ” per ton of steel = as +2.4 


Further, the losses which consist in the heat carried 
away with gases and fumes from the furnace may have to 
be considered. In arc furnaces, with their enormous 
temperatures, these losses are not insignificant. In the 
induction furnace they can be kept sufficiently low to be 
negligible if care is taken to keep the furnace tight. 

ical Energy Conswmption.—Under theoretical 
energy consumption the whole of the useful work done in 
the furnace is to be understood, or the difference between 
the energy contained in the materials leaving the furnace 
and the energy contained in the materials charged into 
“ei fospeee. P is — — — a 

ting and superheatin; the steel or ferro-man 

nese charged ; melting pon os 
melting and superheating of the slag; providing the 
necessary heat required for the chemical reactions taking 
place in the furnace. he energy required for these 
reactions is, however, small. The only reaction requiring 
any ap jable amount of heat is the decarburisation, 
which, however, is generally small, and mainly occurs in 
melting cold stock, when some of the carbon is lost through 
oxidation by the scale. In melting cold, rusty scrap, and 
in using bydrated lime, care should be taken to expel 
the water before charging into the electric furnace, as the 
energy required for this purpose is considerable. 

The following figures, Pased on theoretical studies and 
ted in practice, are sufficiently exact to allow the calcu- 





* Here follows in the paper an account of the chemical 
reactions involved in:—1. Decarburisation; 2. Desiliconis- 
ing; 3. Dephosphorisation ; 4. Deoxidation ; 5. Rephos- 
phorisation ; 6. Desulphurisation; 7. Recarburising ; 
8. Alloying with silicon, manganese, nickel, chromium, 





tungsten, &c. This is omitted from reasons of space. 


superheating of the alloys ; | slag 





lation of the theoretical energy necessary for any steel- 
es process for which the electric furnace may be 
wanted. For the sake of simplicity, all energies have 
been expressed in kilowatt-hours at 857 kilogramme- 
calories :— 


Total energy in 1000 kg. of steel at 1400 deg. 
Cent. - 


Kw.-Hours. 


Energy neces to raise the temperature of 
1000 kg. molten steel by 1 deg. Cent. = 0.4 
Average total energy in 1000 kg. of molten 
at 1400 deg. Cent., taking into account 
the heat of formation of the siag .. = 
Energy necessary to raise the temperature 
of 1000 kg. molten slag by 1 deg. Cent. = 0.6 
Energy to expel the carbonic acid from 
1000 kg. of limestone, not including the 


heat necessary to raise the temperature of 

the lime or the carbonic acid.. oe = 500 
Energy to decarburise 1 kg. carbon or 0.1 

per cent. from 1000 kg. steel, including 

melting and heating of the ore necessary = 7 


The energy for melting and superheating the alloys 
can be assumed to be the same as that for steel. 

The alloys used in deoxidation, rephosphorisation, and 
desulphurisation, as FeSi, AlSiFe, and the like, do not 
require any electric energy for melting and heating, as 
their combustion provides sufficient beat for this purpose. 

The necessary weight of slag for different reactions 
has been given under ‘‘ Metallurgical Reactions in the 
Induction Furnace,” page 24. 

For approximate calculations the following figures 
may be used :— 

In melting cold stock without any refining, with 0.15 per cent. 
Siin the materials charged and 2.1 kg. FeSi at 50 per cent. for 
deoxidation : 14 kg. of slag per ton of charge. 

For dephosphorisation, assuming a slag with 2 per cent. P, or 
4.58 per cent. P20; : 50 kg. of slag per 1 ky. P in material charged. 

For the desulphurising and deoxidising slag not less than 75 kg. 
of slag per 1 kg. S to be eliminated. 


Of this slag— 
; Kg. per Ton of 
The deoxidation of the P/slag produces, if the Steel. 
product contains 0.02 percent. P_ .. < 10 


The deoxidation of the metal, if containin 
0.12 per cent. O, produces... » ae 
The rephosphorisation produces, if the pro- 


duct contains 0.02 per cent. P 2 
Total os i 21 
Sufficient to absorb 0.292 kg. S, or 0.0292 per 
cent. 8, from 1 ton of steel. 
Kg. slag per ton 
of steel. 
The desulphurisation of 0.0292 per cent. 8 
produces 3.1875 x 0.292 sn pm os 0.93 


Kg. pert ton of 
steel. 
The total amount of slag under the above 
conditions for deoxidation, rephosphorisa- 
tion, and desulphurisation will be .. i 21.93 
Part of this elag is derived from the phosphoric slag, 
and part of it consists of the oxygen from slag and 
steel, both previously heated to the temperature at 
which the phosphoric slag has been withdrawn. 
Kg. per ton of 
. steel. 
The weight of the rest of the P slag is he 
The weight of SiO. from deoxidation of the 
Pslagis .. ee os “ oe - 
The weight of SiO0. from deoxidation of the 
metal is .. va si os ‘ = 2 
The weight of SiO. from rephosphorisation is 0. 


Total weight of slag to be heated from tem- ne 
perature of P slag to tapping temperature 11.25 
The weight of slag additions for deoxidation 
1.5 


of the P oe ma és = os 
The weight of slag additions for deoxidation 

of metal is. . ie aa sis - “ 6.75 
The weight of slag additions for rephosphor- 

isationis . 1.5 


The weight of slag from the desulphurisation 
S a se we cs oe ow oe 0.93 
Total weight of slag to be melted and super- 
heated to tapping temperature for deoxida- 
tion, ee orisation, and desulphurisa- 
tion if— 
P - product. . * 
Oin a ve 
8 to be elkninated .” = nung 10.68 


If more sulphur is to be eliminated, the necessary 
amount of extra slag will have to be 75 kg. for each kilo- 
mme of sulphur. As it is very important that the 
th be perfectly covered, it may be necessary to use still 
more slag than calculated above. For an inclination of 
the surface of the bath of 5 deg., the single-ring furnaces 
require 22 kg. and double-ring furnaces about 28 kg. of 
per ton of steel, to be completely covered. e 
weight of the alloys to be added has to be calculated 
from the analysis of the product desired and of the alloys 
employed. © increase of temperature which has to 
produced in the electric furnace depends on the tapping 
temperature, and, with liquid charge, on the temperature 
at which the charge has been delivered to the electric 
furnace. 
The following may be looked upon as good average 
tapping temperatures :— 
Tapping temperature of 80 per cent. ferro- 


0.02 percent. 
.12 


Huu 


manganese - a - = -- 1350 deg. C. 
Tapping as of 12 per cent. man- 
ganese stee as ~ - «- 1450 deg. C. 
Tapping temperature of high-carbon steel .. 1530 deg. C. — 
1580 deg. C 
Tapping temperature of low-carbon steel and 
for special alloyed steel and steel for steel 
castings .. es - - 1580 deg. C. - 
1680 deg. C. 


As a rule the temperature of the steel from the con- 
verter, or from the open-hearth furnace, is as high, and 
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sometimes higher, than the tapping temperature from the 
electric furnace. By each degree Centigrade by which 
the metal charged is hotter than that tapped, an —_— 
of 0.4 kw.-hour per ton of steel has been delivered to the 
furnace. ly in most of the electric furnaces at 

resent working on liquid charge the metal is somewhat 
| aera when charged than when tapped. For approxi- 
mate calculations under such conditions it is preferable 
to neglect the energy thus delivered to the furnace. With 
an electric furnace of such high efficiency as the Frick 
furnace it can, however, be good economy, when nue 
in combination with open-hearth furnace, to tap the me 
from the open-hearth furnace as soon as the oxidising 
reactions are terminated and the steel has reached a 
sufficiently high temperature to allow its transfer into 
the electric furnace, where the final heating of the metal 
is produced. The valuesgiven above, while not pretend- 
ing to be absolutely correct, have been tested by calcu- 
lating a great number of heats and comparing the results 
with those actually measured. 

To give a general idea of the theoretical energy con- 
sumption of various treatments in the Frick furnace, some 
examples have been calculated in Tables V., VI., and 
VIL., page 542, giving the total amount of heat in 1 ton of 
steel or slag at different temperatures, the theoretical 
energy consumption per ton of steel in melting cold stock 
without refining, and the theoretical energy consumption 


100% 


% of TiME 
WITH CURRENT ON 


EFFICIENCY OF FURNACE % 


_»> © 
SS 


Praccat Ewéacy consumprion Aw Houps Per Jon of STEEL 
& 


EFFICIENCY OF 


% oF Time 
W/TH CURRENT ON 


per ton of steel when working on liquid metal under 
various conditions. Those tables emphasise the t 
difference in energy consumption as between cold a hot 
charging. The theoretical energy consumption with cold 
stock varies between 310 and 460 kw.-hours per ton of 
steel, as against only 20 to 65 kw.-hours when hot metal 
is charged, or, say, 7 to 20 times more in the first case 
than in the second. 

Efficiency.—The efficiency of the Frick furnaces can 
easily be calculated from the values given in Tables II., 
IIL., and IV. for radiation and electrical losses, taking 
into consideration that the electrical losses amount to a 
certain percentage of the whole energy delivered to the 
furnace, and that the radiation losses during stoppages, 
as well as during the working of the furnace, have to be 
made e by the electric current during the working. 

In this manner the efficiency of the different furnaces 
abt an average temperature of 1500 deg. Cent. for steel and 
1350 deg. Cent. for ferro-manganese have been calculated ; 
in the case of steel, both without any stoppage and on 
the assumption that the stoppages, during which the 
furnace has to be left without current, amount to 25 per 
cent. of the total time, and in the case of ferro-manganese 


to a 4 hours’ stoppage in 24. 
Tables II., IIL, and IV. show the difference in the 
efficiency Of the various furnaces :— 





| Single-Ring | Double-Ring 
— Furnaces. Furnaces. 








Capacity intons.. .. .. .. 08 6.0 |20.0 0.6 |10.0|40.0 
Maximum efficiency per cent. .. 42 | 70 | 81 | 45 | 73'| 88 
Efficiency, if stoppages=25 per cent. } | 
oftime .. os s ee --| 24) 61 | 75 | 28 |64.5/78.5 
1 

















In the di in Fig. 14, curves re ting the | 
efficiency of both ety Bay double - ring single- | 
phase furnaces at 1500 deg. t. average temperature | 
and for stops in different lengths in per cent of total 
time have drawn. The efficiency of two - phase 
double-ring furnaces is 0.3 to 5 per cent. less than that of 
double-ring furnaces for single-phase current. 

Duration of Heats, Duly Production, and Practical 
Energy Consumption.—T hese depend on so many different 
factors, as theoretical energy consumption, duration of 
stoppages, average temperature of furnace, and tapping 
temperature, that a complete table for all conditions 
would become too cumbersome. For approximate caicu- 
lations the diagram in Fig. 13 provides values for the 
practical energy consumption per ton of steel at an 
average es a , the furnace of 1500 deg., and —_ 
stoppages of varying duration ees in percentage o 
the total duration of one heat. If it be required to find 
the pas energy consumption per ton of steel for a 
single-ring furnace of 15 tons capacity for a process neces- 
sitating a theoretical energy consumption of 4° kw.-hours 
per ton, and stoppages amounting to 15 per cent. of the 
total duration of the heat, the efficiency of the furnace 
for 15 per cent. stoppage is first found to be 77.2 per | 
cent., and then from the curve for a theoretical energy | 
consumption of 40 kw.-hours per ton the practical power | 
consumption will be found to be 52 kw.-hours per ton. | 


Fig.t4. 





Form 4. Total kw.-hours per heat : 
K (Z - z) = KZ(1 - v). 
Form 5. Theoretical kw.-hours per heat : 
= - " a ‘i “e q ~ 
EG =K(Z - 2) { seg SZ + 8+ eK )}. 
Form 6. 


=KZ(1- 0) -{ 6.824 e+ eKZ(1-»)}. 


In this equation the values of K, G, and S are known 
from the Tables II., III., and IV., page 509 ante. 

Tn this equation the value of E has to be calculated for 
the process under consideration. 

In this ¢quation the value of ¢ has to be estimated. 

In this equation the value of s can be calculated accord- 
ing to formula 1. 

Tn this equation the value of z has to be assumed, either 
as a certain time per heat or as a certain percentage, 1, of 
the total time. 


Then :— 
Z= EG +s+Kz(l - e) 


Rag «2 8 
Ibuv? 


COMBINATION OF OPEN-HEARTH & ELECTRIC 
FURNACE EFFICIENCY CURVES. 
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K = ae Cees 4 1 agg (at maximum produc- CO = 24/Z n= EP. 
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G = Weight of cast in tons, with liquid charge = capa- 
city of furnace ; with cold stock = capacity of 
furnace less residue for next heat. 

S = Radiation loss through walls at 1500 deg. Cent. in 
kilowatts. 

s= a loss through doors in kw.-hours per 
eat. 
t= |, ae temperature of bath during heat in deg. 
ent. 


E = Theoretical energy consumption per ton of steel, 
kw. -hours. 
F = Practical energy consumption per ton of steel, 
kw. -hours. 
Z = Total duration of one heat, hours. 
s= ame of stops for one heat, hours. 
v = 2/Z. 
100e = Electrical losses in percentage. 
100n = Total efficiency in » 
C = Number of heats in twenty-four hours. 
P = Production in twenty-four hours, tons. 


Form 1. Loss through doors per heat : 
=s =3 + 2G in single-ring furnaces. 
=3.6+2.4Gin doutloving furnaces. 
Form 2. Radiation losses during one heat : 


“2 
iso" SZ +s. 
Form 3. Electrical losses during one heat 


eK (Z - 2) =eKZ(1-»). 





pa K(Z-2)_KZ(1 - ») 
G G : 


Cases may arise in which the furnace cannot be worked 
with full nominal power. For instance, in treating liquid 
steel with very little refining and small theoretical en 
consumption, the duration of the heat Z might become 
too short to allow the necessary manipulations. In such 
cases the duration of the heat Z has to be assumed. The 
same may happen in such cases where the electric furnace 
is depending on other furnaces having a given time 
heat. Under such conditions, it may be required to find 
the smallest power K in kilowatts for which the furnace 
has to be designed. The value of K is 


; e 
E SZ 
EG + Feo +8 


k= (Z—z) (l-e) 
e 7 

i. mind + ison 82 + 8 
Z(1 - v) (1 - e) 


A 3-ton double-ring furnace for ferro-manganese is able 
to produce during six days, if 23 5 hours are lost for sto 
between heats, 98.7 tons of liquid ferro-manganese, the 
practical energy consumption being 542 kw.-hours per 
ton. A 10-ton furnace for melting cold scrap is able to 
produce 37 tons in 24 hours if absorbing kw., the 
practical energy consumption being 587 kw.-hours per 
ton. In refining liquid steels, the practical energy con- 
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sumption will, as a rule, be less than 90 kw.-hours per 
ton of steel. 


CoMPARISON BETWEEN DIFFERENT Types OF ELECTRIC 
FuRNACES WITH REGARD TO PracricaL ENERGY 
CONSUMPTION AND EFrriciENncy. 

Earlier in this paper the results obtained by the various 

systems of electric furnaces at Krupp’s works and their 

application to the melting of cold stock have been dis- 
cussed. Ib is, however, of greater interest to study the 
comparative energy consumption and efficiency of the 
various types of furnaces when treating liquid steel, and 
in the first place, the three types which have been used 
at Essen will be compared, assuming the same capacity 
of 12 tons for all, and a power consumption of alterna- 
tively 65 kw. per ton capacity, as actually used by the 

Frick furnace, and of 100 kw. per ton capacity, as actually 

used by the Girod furnace. The reactions to be carried 

out ej assumed to require a theoretical energy consump- 

tion 0 

60 kw.-hours per ton in the Girod and Frick furnaces, 


an 
80 kw.-hours per ton in the Kjellin furnace, 


the higher figure in this latter case being due to the 
greater amount of slag required to cover the bath, on 
account of the greater inclination of the bath-furnace. 
As the respective proportions of the electric and radia- 
tion losses in the Girod and Kjellin furnaces are not 
known, it will be assumed that the losses S are constant 
during the whole of 24 hours, and amount to— 

For the Girod furnace of 12 tons capacity = 580 kw. 

For the Kjellin furnace of 12 tons capacity 


Rapes 
= 257 Je = 295 ~ 300 kw. 
For the Frick furnace of 12 tons capacity 
4 
= 186 we = 213 ~ 220 kw. 


Further, it bas been assumed that the stoppages during 
and between the heats= z = 20 minutes = 0.33 hour. 
The formula for Z, the time for one heat (page 541), is 
then simplified as follows :— 

7_EG+2K 

="K-38° 
This comparison brings out the fact that a Girod fur- 
nace, if worked with only 780 kw., or 65 kw. per ton 
capacity, would have an efficiency of only 20.2 per cent., 
while a Frick furnace of the same capacity and power 
consumption would have an efficiency of 65 per cent., 
roducing 164 tons of steel against only 59 tons in the 
tirod furnace. This comparison demonstrates the great 
importance of not working an arc furnace with too low a 
power. It would evidently be wrong to operate a 12-ton 
arc furnace with as little as 65 kw. per ton capacity. But 
even if it be operated with 100 kw. per ton capacity, it 
will still show results inferior to the induction furnace, 
its efficiency only increasing to 40.5 per cent. against 
73.6 per cent., and the daily production being increased 

to 159 tons as against 250 tons. 


Practical Energy Consumption and Efficiency of Different 
Types of Furnaces when Treating Liquid Steel. 








Capacity of furnace 12 tons 12 tons 
Power consumption 
per ton capacity 65 kw. 100 kw. 
K=total power con- 
sumption of fur- 
nace 40 oe 780 kw. 1200 kw. 
z=stop during and 
between heats .. 0.83 hour 0.33 hour 
z.K=.. “a <a 260 kw.-hours 400 kw.-hours 
Type of furnace ..|Girod , Kjellin ,Frick |Girod Kjellin Frick 
E = theoretica) 
energy consump- 
tion, kilowatt-hrs 
perton.. af 60 80 60 60 80 60 
E.G = theoretical 
energy consump. 
tion per heat, kilo 
watt-hours : 720 9F0 720 | 7 960 720 
E.G+2z.K= ; 980 | 1220 980 | 1120 | 1860 | 1120 
8 = losses in kilo. 
watts ie ..| 580 300 220 | 580 300 220 
K - *=useful power, 
kilowatts .. . | 200 480 5€0 | 620 900 980 
gz -E-G+z. = 
K-8 P 
devition of as 4.90 | 2.54 1.76 | 1.808| 1.512 1145 
heat in hours | 
Z-—z=time with cur. 
rent on, hours 4.57 2.21 1.42 | 1.478} 1.182 | 0.815 
K .(Z-2z) = energy | 
a per | 
heat kilowatt-hrs.| 3560 1722 | 1108/1778) 1420 977 
F - K .(Z- 2) _ 
See 
practi energy | 
consumption, 297 | 148.5 | 925) 148) 118.3 | 81.5 
kilowatt - hours 
per ton | 
24 
C= Zz =number of 
heats in 24 hours..; 4.9 9.45 | 13.7 | 13.26) 15.86 | 20.9 
P = 0.G.=produc- 
tion in 24 hours 
tone 59 118 164 159 190 260 
n 29.5, o@ei- 
ency of furnace in } 
percent. .. -.| 22 55.7 | 64.9 | 40.5 67.6 73.6 
Total energy con- 
sumption in 24 
hours, kw.-hours| 17,440) 16,280 | 15,200) 23,500) 22,500 | 20,400 




















labour, interest, and depreciation amount to 50/., the 
cost per ton will be 4s. per ton in the case of the induction 
furnace, as against 6s. 3d. per ton in the case of the arc 
furnace, or a saving of 2s. 3d. per ton, or 28/. per day, by 
the induction furnace, not taking into account the costs 
of the electrodes. 


Various ComBINaTIONS OF ELEcTRIc FURNACES WITH 
Opgen-HEARTH FURNACES OR CONVERTERS. 

In considering the combinations of the electric furnace 
with premelting furnaces, the aim should be to make 
such dispositions as to utilise the specific advantages 
of the different furnaces as fully as possible. 


Therefore, | 


aid of the formula for z, the curves, Fig. 14, page 541, 
have been drawn. 

The curve giving the value of the efficiency of the open- 
hearth furnace during the heat falls from 50.3 per cent. 
at the start, when the charge is cold, to 5.6 per cent. 
when the metal has become hot, a value which is less 
than one-third of the average efficiency, 20.4 per cent. 
The curve showing the average efficiency from beginning 
of heat drops from 50.3 per cent. to 20.4 per cent.— 
that is, by shortening the time of the treatment in the 
open-hearth furnace the average efficiency can be raised. 

Now, turning to find the total efficiency of an electric- 
furnace plant, using the same producer-gas as the open- 





TABLE V.—TueoreticaL Enercy tn Kitowatt-Hovurs per 1000 Ke. or Steet or Siac at 
DIFFERENT TEMPERATURES. 




















P P | | | 
Casting temperature in degrees Cent. .. is a = ei 1450 1500 1520 | 1550 1580 1600 | 1625 1650 | 1680 
Increase of temperature in degrees Cent. above 1400 deg. Cent. -50 50 100; 120; 150; 180, 200 225 | 250| 280 
Kilowatt-hours for increase of temperature of 1000 kg. steel -—20 | +20 40 48 | 60 | 72 80 90 | 100 ae 

és »» melting of 1000 kg. steel at 1400 deg. Cent. 330 330 330] 330/ 330! 330, 330 330 | 3830) 330 

pa »» in 1000 kg. steel at casting temperature 310 350 3870| 378| 390! 402; 410| 420] 430! 442 

eee | eee | ee] eee | ome | nen | en | cee | | meee 
Kilowatt-hours for increase of temperature of 1000 kg. slag -30 30 | 72; 90; 108) 120] 135| 150! 168 
o » melting of 1000 kg. slag at 1400 deg. Cent. 500 «500 8500 | 500 | 500 500 500/ 500| 500; 500 
a in 1000 kg. slag at casting temperature .. os! 470 «530, «560 | 572) 590 | 608 620/ 635) 650) 68 
TABLE VI.—TxHeoreticaL Enercy ConsumPrTion In Mettinc CoLp Stock wiTHOUT REFINING aT 
DIFFERENT CasTING TEMPERATURES. 
— a je sy ar sd 
lgo 2 23 
5-558 
Kind of steel .. eh Bs og Oarbon and Alloyed Steel. 
\Ros hae 
lomm aD 
ig™" iA 
Casting temperature in deg. Cent. 1350 | 1450 | 1500 1520 | 1550 | 1580 1600 | 1625 | 1650 | 1680 
Kilowatt-hours for melting 1000 kg. steel or alloys .. 310 | 30 | 870 378 300 | 402 410 | 420 | 430 442 
% i 14 ,, slag a aes — ri @| 8 83} 8.5 7| 8 | 8 
Tota} theoretical kilowatt-hours per 1000 kg. of steel 310 | 357.4/ 377.9 886 (398.3 410.5 418.7 | 4289 439.1 451.4 
Kilowatt-hours for decarburisation of 0.18 percent.O.  .. el — 12 12 12 12 12 12 12 12 12 
Total theoretical kilowatt-hours per 1000 kg. of steel at | 
0.18 per cent. C. carburised =... “s - “ oe] 369.4 | 389.9 398 | 410.3 | 422.5 430.7 440.9 451.1 463.4 








TABLE VII.—TueoreticaL Enercy ConsumMPTION WITH Liquid CHARGE AND DEPHOSPHORISATION TO 
0.02 per Cent. P THEORETICAL AND 0.025 PER Cent. P Practica.. 





all oxidising reactions should, as far as possible, be carried | 
out in the oxidising furnace, and the electric furnace 
should mainly be used for desulphurisation, deoxida- 
tion, and alloying, or for such reactions which require a 
reducing or neutral atmosphere. The electric furnace may 
also wit t advantage be used for raising the tem- 
perature of the steel from that necessary for the oxidising 
reactions, up to tapping temperature. This is especially 
the case when the electric furnace is operating in com- 
bination with an open-hearth furnace. The efficiency of 
the electric furnace is not very much influenced by the 
temperature of the meta]. A 20-ton ss furnace 
has, for instance, a maximum efficiency of 81 per cent. at 
1500 deg. Cent. and of 78.8 per cent. at 1600 deg. Cent., 
thus a very small reduction. Be 

In an open-hearth furnace the conditions are very 
different, because of the fact that the useful heat has to 
be transferred from the gases to the steel. With in- 
creasing temperature of the steel the transfer of heat 
becomes less, and finally becomes nil, when the difference 
of temperature between the gases and the steel has 
become so low as to allow only so much heat to be trans- 
mitted as is necessary to cover the radiation losses from 











the bottom of the surface. At this stage the efficiency 
of the furnace is 0. This question of the efficiency of 
the open-hearth furnace is of considerable importance 
for the appreciation of the possibilities of the electric | 
furnace, but so faras the author knows no complete study | 
of the open-hearth furnace with to its efficiency | 
during various stages has ever been published. From 





Assuming that the daily expenses for current repairs, 


observations of actual conditions, however, and with the | 

















| | | Steel with 
| (0.8 per Cent. 
poe dla nag | Soft Steel without Steel with 0.8 per | Alleys and 
Seoel | Alloying. Cent. Alloys. | 50 Deg. 
, < | | Increase 
Temperature 
Changing temperature “ os a6 .. deg. Cent. 1550 1600 1600 | 1600 | 1600 1625 , 1626 | 1625 | 1550 1550 
Temperature of phosphorus slag withdrawn... ma 1550 1550 | 1550 | 1550 | 1550 | 1580 | 1580 | 1580 | 1550 | 1550 
Casting temperature of steel and sulphur slag .. ae 1450 1450 | 1600 1600 1600 | 1625 1625 | 1625 | 16.0 | 1600 
Increase of temperature of steel... m a= i. - 100 -160 | — _ a -- — _ 50 60 
Increase of temperature of phosphorus slag not withdrawn .. -100 -100 | 50| 50 50 45 45 45 50 50 
Percentage of phosphorus in metal charge: “ .. 0.06 0.06 | 0.08 | 0.06 | 0.04 | 0.08 0.06 | 0.04 | 0.08 0.06 
os sulphur to be eliminated .. * os 0.03 0.03 006 | 0.04 0.02 0.06 0.04 | 0.02 | 0.04 0.03 
io carbon and alloyed metals in product .. es 12 12 —_j—- _ 0.8 08 08 | 08 0.8 
Weight of liquid metal charged oe oe - -- kg. 850 850 | 1000 | 1000 | 1000| 988 988 | 988 |} 988 | 988 
o cold alloy additions in 6 eo 150 150 a —- _ 12 12 12; 12 12 
* phosphorus slag per 1000 kg. steel 30 80 | 40 30 20 40 30 20; 40 30 
on »» mot removed .. se me - 6 6 6 6 6 6 6 6 | 6 6 
pe slag additions for deoxidation and sulphur slag, kg. 16.5 165 | 39, 2] 16; 39 2%] 16] 2%) 165 
Kilowatt-hours for heating liquid steel .. ea - 34 —41 — _ _ — — — |19.8 | 19.8 
Pa » for melting cold alloy additions. . 62.5 52.5 _— — -- 5.04 6.04| 5.04!) 4.91 | 4.91 
ee pas for melting phosphorus -~ = +a ie} 17.7 | 23.6 | 17.7 | 11.8 / 24.3 18.2 | 12.15 | 23.6 | 17.7 
a » for superheating not withdrawn phosphorus | 
slag ee oe ae os on ae os os -. 0.36 -0.36 | 0.18) 0.18 0.18 018 0.18) 0.18) 0.18) 0.18 
Kilowatt-hours for melting deoxidation and sulphur slag 8.8 88 | 24.1 | 149, 99 246 15.1 | 10.1 | 14.9 | 10.25 
Ranier 
Total kilowatt-hours per 1000 kg. steel in single-ring | | | 
‘urnaces.. Ps e sé a aa .. 44.64 | 27.64 | 47.88 | 82.78 | 21.88 | 54.12 | 38.52 | 27.47 | 63.49 | 52.94 
Extra kilowatt-hours for melting extra sulphur-slag in double- oll ad 
ring furnaces .. ei ons “< ee pia - --| 292 292 | — -- 3.72) — “= 3.78 | _ 3.41 
Total kilowatt-hours per 1000 kg. steel in double-ring | | 
furnaces we a on “ oe ee -- 47.56 80.56 | 47.88 | 32.78 | 25.60 54.12 38.52 | 31.25 i 63 49 56.35 








hearth furnace, the following figures give a fairly 
correct result for a large well-designed plant :— 

















— Gas Power. Steam. 
per cent. per cent. 

Efficiency of boilers — 80.0 
Efficiency of engines 26.0 16.0 
Efficiency of dynamo he a oe 90.0 90.0 
Efficiency of electric furnace during heat 80.0 80.0 
Total efficiency of power-plant and elec- 

tric furnace ee a Pee -— 18.7 | 9.3 


' 


These figures show that the total efficiency of the 
electric-furnace plant is higher than the efficiency of the 
open-hearth furnace towards the end of a heat. From 
tho diame it will be found that the lines representing 
the efficiency of the electric furnace for gas-power and 
steam respectively cut those representing the efficiency 
of the open-hearth furnace, and that the efficiency of the 
electric-furnace plant exceeds that of the open-hearth 
furnace after 3.5 come in the case of gas-power and after 
6.2 hours in the case of steam. Another curve in Fig. 14 
gives the total coal consumption per ton of steel. If the 
operation could be so arranged as to keep the steel in the 
open-hearth furnace for only 3.5 hours, the lowest coal 
consumption of 230 kg. per ton, or 23 per cent., would 
result, thus a saving of coal of 23.4 per cent. on the coal 
consumption in case the whole treatment is carried out 
in the open-hearth furnace. , 

The scope of the sbove example is to demonstrate how 
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the electric furnace, on account of its higher efficiency, 
may be able to compete with the open- furnace 
even as concerns -consumption. This is especially 
the case when blast-furnace gas is available at a lower 

rice than producer-gas coal at the same calorific value. 

‘o bring out the economical possibilities of the com- 
bination of the induction furnace with an open-hearth 
furnace, the costs of treatment may be compared in a 
general way as follows :— 

Assuming an open-hearth steel, costing 16s. per ton to 
produce by the usual open-hearth process requiring 
$ hours, and assuming that a treatment is adopted by 
which the steel is transferred to an electric furnace 
after 5.5 hours for the final treatment. The costs 
in the open-hearth furnace will then be reduced from 
16s. to ae x 16 = lls. per ton. The cost of the 
treatment in a 25-ton Frick furnace operating in connec- 
tion with three or four open-hearth furnaces of the same 
capacity, will in case of cheap current from blast-furnace 
gas be about oN mg ton, including the costs for the 
ladle for the transfer of the steel to the electric furnace, 
slag additions for desulphurisation, deoxidisers, lining, 
labour, and royalty. 


TABLE VIII.—Catcutatr 


| Kind of charge 





between 6s. and 12s. per ton. The electric treatment in 
the induction furnace costs from 5s. to 8s., or possibly 10s. 
per ton, according to the amount of refining wanted, the 
size of the t, &e. : " 

Ferro - Manganese.—In discussing the future of the 
electric furnace in the steel industry, its use for the melt- 
ing of ferro-manganese, to be added to steel from the 
open-hearth furnace or from the converter, ought to be 
mentioned. 

The advantages of using liquid instead of cold ferro- 
manganese are, —— ~ quicker and more reliable de- 
oxidation, ter uniformity of the composition of the 
steel, avoidance of hard spots in the ingots, due to un- 
dissolved FeMn, and thus higher quality, greater security 
that all FeMn is absorbed by the steel, and thus less loss, 
which in the case of FeMn in lumps may become con- 
siderable through some of it getting stuck in the slag. 

The advantage of the electric furnace for the melting 
of ferro-manganese over other furnaces is again based on 
its non-oxidising atmosphere, thus avoiding loss of metal. 
Comparing the induction furnace with the arc furnace for 
the melting of ferro-manganese, the advan of the 
former type are still more evident than in the case of 
steel-melting. The high temperature of the arc becomes 





on or Cost oF PRopUCTION. 








| | 














ty | $Opercent. | Cold | Liquid | Liquid | Liquid 
e Mn. | stock — metal metal metal 
% | Typeoffurnace .. sl ie D. R. |; & RK | SR. &R. | DR. 
Zs Capacity of furnace oo . tons 3 | 10 15 15 25 
Z, | Greatest weight of cast .. pm 2.1 | 7.7 15 15 26 
Z; | Power consumption oo BR 425 900 13£0 1350 2110 
Ze | Time for one heat .. .. hours 3.025 5.0 1.0 1.172 | 1.5 
Z; | Stops per heat a en ee ee ie es 0.5 0.167 0.388 0.25 0.5 
Za | Theoretical energy consumption 7 .. kw.-hours per ton 810 440 40 60 | 65 
Zg | Practical energy consumption, kw.-hours per ton, including 542 587 63 86 88 
current for Sunday os os = oe oo Ja oe 
Zo | Production in 24 hours .. tons 16.7 36.9 307.5 400 
Z\, | Production in one week .. “~ 98.7 215.6 2070 1845 2400 
Zi2 | Production in forty weeks : 3950 82,800 | 74,000 | 96,000 
Z\3 | Power of fan for cooling coils .. Saeed ee kw. 4.5 9.5 11.0 11.0 | 17.0 
Z,4 | Kilowatt-hours for fan per ton of steel = tas x % 83.5 | 6.6 0.8 0.9 11 
4 
Z5 | Kind of lining . : Frick Frick | _ Tar- Frick Tar- 
Dolomit Magnesit 
Zi, | Cost of lining, including current for heating shillings 1800 3300 2700 4,500 5500 
Z; | Productionon onelining.. .. .. .- ..  «. tons 1is0—ts«|:«s(1290 «|S 4140 11,050 9600 
Z)3 | Weight of slag additions. . <s re kg. per ton of steel — 14 CO 55 80 65 
Zi9 ” FeSi for deoxidation, rephosphorisation, and desul- 
hurisation a es - .s kg. per ton of steel _ 2.0 4.8 4.9 4.8 
Zon | Weight of aluminium for final deoxidation ao ~ a 0.2 | 02 0.2 0.2 
Zo, | Priceof current .. ue és .. Shillings per kw.-hour 0.03 | 0.04 | 0,02 0.03 
Cost of production per ton of steel :-- 0.02 
Zon Cost of current for the furnace shillings 16.26 23.48 1.26 1.72 1.76 
Zo; - lining .. ts re o 1.53 2°05 0.66 0.41 0.68 
Loy an current for fan ‘ jo %9 0.11 | 0.26 0.02 0.02 0.02 
os — 2. a — a _ |} 0,35 1.37 2.00 1.62 
o leoxidisers at 220s. per ton FeSi 
* :  . daniben ™ _ 0.72 1.34 1.36 1.37 
- labour, crane, analysis, and management o app. 1.50 4.00 1.33 1338 | 0.95 
ie ladle, tools, and sundries . oi ae ja 0.77 0.68 0.68 =| 0.58 
sapiens apented sciemeamvementiing 
Total operating costs os ee = = 23.40 32.50 6.66 7.52 | 6.85 
Cost of interest, upkeep, and depreciation of furnace | 
and building with crane . ars + he _ app. 4.60 | 3.10 0.45 0.50 =| 0.60 
Total cost or production per ton shillings 28 35.60 7.11 8.02 7.45 
Or 28 85/7 7/14 8/0 7/54 








The total costs of production by the combined process 
would thus be only 2s. per ton higher than by the ordi- 
nary open-hearth process, and considering that such steel 
has been desulphurised and thoroughly deoxidised in the 
electric furnace, an increase of 23. per ton must be con- 
sidered low, and the process ought to find a wide appli- 
cation for certain purposes. A combination between 
electric and open-hearth furnaces may be arranged in 
several ways, of which the following are given as examples: 
Two to six open-hearth furnaces and one electric furnace 
of the same individual capacity, applicable to productions 
of more than 100 tons electric steel per day. Two to six 
open-hearth furnaces and two electric furnaces of half 
the capacity of an individual open-hearth furnace, to be 
employed in case the capacity of the open-hearth furnaces 
is greater than 40 tons. One fixed open-hearth furnace 
and one electric furnace of the same or smaller capacity 
to be used in cases where the demand for electric steel is 
small. One tilting open-hearth furnace, used as a mixer, 
and one or more electric furnaces. This arrangement is 
applicable where smaller electric furnaces are requi 
for the production of smaller quantities of various steels. 
In combination with basic open-hearth furnaces the 
best wow is to arrange so that the dephosphorisation is 
completed in the open-hearth furnace, so that the phos- 
phoric slag may completely removed during the 
transfer into the electric furnace, thus tly es te | 
the operation in the electric furnace. If the open-heart 
furnace is an acid one, or if a small further dephosphorisa- 
tion of basic steel is wanted, a certain amount of dephos- 
phosiention may be obtained by the use of a small oil- 

eated transportable or fixed intermediate furnace, and 

reventing the entry of any acid slag into it. It should 
be a basic-lined vessel, in which a suitable dephosphoris- 
ing slag, perhaps preheated, should be applied. Although 
the electric furnace undoubtedly will come into extensive 
use, in combination with open-hearth furnaces, its import- 
ance will, however, be much greater to the present 
Bessemer acid and basic process. 
_ In districts rich in ores suitable for acid or basic work- 
ing, it is probable that the open-hearth furnace will soon 
totally — as the electric steel can be uced at 
& price equal to or less than that of open-hearth steel, and 


of higher quality. The difference in cost of production 











Remark.—The costs of raw materials and alloys are not included, nor the royalty. 


volatility of the FeMn. The advantage of the shape 
of the bath of the arc fu allowing a repair of 
the slag line between the heats in the same manner as 
with the open-hearth furnace, becomes negligible, as no 
slag is wanted, and thus no cutting of the lining occurs. 
The induction furnace for ferro- ese has a further 
advantage over those for steel—namely, the power-factor 
is higher, not only on account of the higher electric 
resistance of the FeMn, but also on account of the muc 
smaller capacity of the furnaces for a certain daily output, 
due to the small casts required. The power factor is 
sufficiently high to warrant the connection of furnaces 
for ferro-manganese to existing eee lants of 25 or 
50 cycles (see Table IV., page ante). The melting 
costs vary between 20s. and 30s. per ton, or between 
10 and 15 per cent. of the value of the FeMn. Experience 
with liquid FeMn demonstrates that a saving of 20 to 40 
per cent. can be made com with cold addition. By 
pre-melting the FeMn in the electric furnace, not only an 
improvement of the quality of the steel, but also a saving 
in cost may be grin varying between 5 and 30 per cent. 
of the value of FeMn, say 10s. to 60s. per ton of FeMn. 

Cost of Production.—The various items influencing the 
cost of the electric steel are shown in Table VIII., where 
the costs have been calculated for various conditions, so 
as to convey an idea of the amounts involved in melting 
or treating steel in an up-to-date induction furnace. 





Cost or Furi To British Raitways.—The cost in 
round figures of the coal and coke consumed upon the 
railways of the United Kingdom during the ten years 
ended with 1912 inclusive was as follows :— 


Year. ar Year. om 

1903 4,959,000 1908 6,539,000 
1904 4,874,000 1909 5,544,000 
1905 4,510,000 1910 5,613,000 
1906 .. 5,048,000 1911 .. .. 5,661,000 
1907 6,175,000 1012... 6,201,000 


It will be seen that the most costly year was 1908 ; since 
then a small amount of additional mil has been 
brought into operation ; but, comparing 1912 with 1908, 
railway fuel cost less by 338,000/. last year, the cost per 





between Bessemer acid and basic steel may be said to vary 


ton having fluctuated in the meantime. 


even more disadvantageous on account of the greater | .} 


bh | onarches in Nantes Harbour. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and foreign 
enginee projects, taken from the Board of Trade 
Journal. Further information concerning these projects 
can be obtained from the Commercial Intelli sobesnah, 
Board of Trade, 73, Basinghall-street, London, E.C. 

South Africa: H.M. Trade Commissioner reports that, 
according to the South African Mining Standard, Johan- 
nesburg, the Rand Water Board has approved a scheme 
for securing an adequate additional supply of water from 
the Vaal River. is project will take four years to 
complete, and is expected to cost over 1,300, The 
pro is that the water shall be pumped from the river 
to the existing Water Board pumping-station at Zwart- 
ee there has lately m a diminution of 

00,000 gallons daily—and thence it will be passed through 
pipes to ncing tanks and reservoirs already in use in 
the distributing centres. H.M. Trade Commissioner adds 
that at present the Rand Water Board is supplying 
about 12,000,000 yee 4 of water daily to meet the 
requirements of the mines and municipalities. During 
the past season the possibilities of a serious water 
ortage were felt, and as the demand is increasing 
rapidly, the Water Board has decided to take steps to 
place itself in a sure position for meeting the demand. 

Australia: With reference to the pre tions being 
made for the construction of the Kalgoorlie-Port Augusta 
Railway, the Australian Mining Standard states that, 
according to a recent report by the Federal Railway 
Engineer, the material ne | contracted for, and in 
received, represents a sum of 1,405,769/., not including 
freight from West Australian ports to Kalgoorlie, or the 
value of supplies obtained locally by the supervisi 
oe _1t is estimated that an additional sum o' 
210,200. will be expended on the — yet to be 
ordered, which includes six 8500-gallon water - tank 
wagons, estimated at 850/. each ; twelve guards’ vans at 
1000/. each; ten internal-combustion locomotives at about 
8000/. each ; four ee | at 250/. each ; four pas- 
senger-cars at 2500/. each; and ten “louvre” vans at 

002. each. 

Spain: The Gaceta de Madrid notifies that tenders will 
be opened on November 5 for the establishment of water 
works for supplying water to the inhabitants of Ferrol, 
and for working the same during a period of seventy-five 
years. A deposit of 58,469 pesetas (about 2160/.) will be 
required to qualify any tender. Tenders should be 
addressed to the Alcaldia Constitucional del Ferrol, 
Ferrol, whence conditions of tender, &c., can be obtained. 
Local representation is practically necessary. H.M. 
Consul at Corunna writes, in reference to the foregoing 
contract, that United Kingdom firms interested in the 
pro water works should communicate with either 
the British Consulate at Madrid or the British Vice- 
Consulate at Ferrol. 

Italy: The Gazzetta Ufficiale, Rome, states that the 
Italian State Railway authorities in Rome will open 
tenders on October 29 for the construction of a further 

-mile portion of the Rome-Fiume Amaseno section of 

e line in course of building from Rome to Naples. The 
upset price is put at 3,455,000 lire (138, 200/.). The Gazzetta 
also states that tenders will be received, up to Novem- 
ber 4, by the Direttore Generale delle Opere Marittime, 
Ministero dei Lavori_ Pubblici, Rome, for the extension 
of the outer mole in Gallipoli harbcur by an additional 
length of 250 metres. The upset price is put at 816,800 
lire (32,672/.), and a deposit of 30,000 lire (1200/.) is 
required ogeey ong Sete. Although the foregoing 
two contracts will doubtless be awarded to Italian firms, 
nevertheless the carrying out of the works may involve 
the purchase of some materials outside —_ 

France: The British Vice-Consul at Nantes reports 
that tenders are invited by the Prefecture of the Depart- 
ment of the Loire-Inférieure for the construction of quays 
Sealed tenders, e out 
on stamped paper, will be received by M. le Préfet de la 
Loire-Inférieure, Nantes, up to 5 p.m. on October 29. 
The estimated value of the contract is put at 3,237,199 
francs (about 129,500/.), and a deposit of 50,000 francs 
(2000/.) is required to qualify any tender. Foreign firms 
will be permitted to tender, but local representation is 


neogssary. : 

Portuguese East Africa: H.M. Consul - General at 
Tourenco ques reports the publication of a Presi- 
dential Decree, dated July 19, authorising the munici 
authorities of that place to raise a loan of 480,000 escudos 
(about 91,0007.) for the installation of a sewerage system, 
and to invite public tenders for the work. , 

Argentina : The Beletin Oficial, Buenos A an- 
nounces that a contract between the Minister of Public 
Works and the Argentine Railway Company has been 
approved, in which the latter has undertaken the con- 
struction and working of a line from the town of Santa 
Fé for a distance of about 25 miles to a point north-west 
of Presidente Roca, together with several branch lines. 
The construction work is to be completed in 18 months, 
and a guarantee of 200,000 (about 17,5007.) has been 
deposited in the National k of Argentina. 





ENGLISH AND GReRMAN GLossaRY.—We have received 
a copy of a pocket glossary of English-German and 
German-English technical terms, for ineers and manu- 
facturers, by Mr. Joseph G. Horner and Mr. Otto Holtz- 
mann. It is published at the price of 3s. net by Messrs. 
Crosby Lockwood and Son, 7, Stationers’ Hall-court, 
London, E.C. This is really a ‘‘ pocket ” glossary, since 
it measures 4 in. by 24 in. ; it contains in all 300 
of technical terms in the two languages, it is carefully got 
up and printed, and will prove a useful help to metal- 
lurgists, engineers and merchants of both countries. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 


illustrated. 

Where i: tions are icated abroad, the Names, &c., 

e of the ne er te are age Sa Le a Ofice 

ies of Specifications may r att ‘atent , Sales 
oe A 25, Southam: Buildings, Chancery-lane, W.C., at 
the uniform ayes of 

The date of the advertisement of the mee of a Complete 
porary weg is, in each case, given after abstract, wnless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete ification, 
give notice at the Patent O, of ition to the grant of a 

Patent on any of the grounds mentioned in the Act. 





ELECTRICAL APPARATUS. 


14,270/12. H. Leitner, London, Electric Switches. 
(4 Hiys.] Jane 18, 1912,—This invention relates to electric switches 
intended for alternately making and breaking an electric circuit, 
for inserting or cutting out resistance, for changing over from 
one circuit to another, and for other similar pu , either 
singly or in combination, and to that class of switch in which a 
reciprocating oqenating member is adapted to act in alternate 
strokes in one direction upon a rocking-switch arm which carries 
an engaging member adapted to be moved so as consecutively to 
be engaged by the operating member at points on either side of 
the pivot of the rocking-switch arm, whereby reversal or 
ome of the switch contacts is effected. According to 
this invention, the applicant provides in connection with the 
operating member a rectilinearly-reciprocating piece adapted to 
engage Or operate upon a pin or stud carried by the lower end 
of the engaging member which is pivoted on a right-angled ex- 
tension of the switch-arm, and is free to swing symmetrically 
on either side of the switch-arm axis or pivot, so that in one 
position the pin or stud engages with the reciprocating piece on 
one side of the axis or pivot, and in the other position similarly 
engages on the other side. a is a solenoid which has a plunger 
core ) normally pressed downwards by the spring c, and consti- 
tuting the operating member. d is the rectilinearly-recipro- 
cating member which is secured to the lower extremity of the 
core b, and is of a triangular shape with a prolongation or 
stem d! engaging in the fixed guide e. When the electro- 
magnet a, b is energised the reciprocating member d is pulled up- 
wards, and when the electro-magnet is de-energised the Sommer te 
urged downwards hy the spring c so that the motion is simply 
a vertical rectilinear one along its own axis. / is the pin or stud 
with which the reciprocating member d engages, and g is the 





| Fig. 7. 
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vertical arm or link to the lower end of which the pin is fixed, 
and which is pivoted at its top end to the extension h of the rock- 
ing-arm i. is ere yw carries at either end the switch 
contact-pieces j, j} which bear against and slide on the contact- 
plates k, 1, m,n, 0, p. The operation of the device is as follows ; 
—Assuming that the are in the position shown, and that 
the electro-magnet a, bis energised, the reciprocating member d is 
thereby drawn upwards, and by its en ment with the pin / 
it operates upon the rocking-arm i which it carries into its other 
posltion in which the contacts | and m, and o are con- 
nected. By this operation the extension arm A will be carried 
over to the opposite side of the central axial line, as indicated 
in Fig. 2, but the pin / remains in its position relatively to the 
rocking-arm i, having simply been moved u in a vertical 
direction. The arm g will thus be inclined at an angle, but as 
soon as the u pressure upon the pin / is relieved by 
the de-energising of the electromagnet a, b it will swing by 
gravity so as to again assume a vertical position, on the opposite 
side, however, of the central axis, so that the pin / will now be 
at the other corner of the reciprocating member d, and in this 
position will be enabled to give the rocking-arm a reverse move- 
ment the next time the elect: et is energised. Instead of 
depending upon gravity to carr: the arm g and pin f from the 
one position to the other, this operation may be positively 

ffected b: hanical means, for instance, by providing the top 





y 
of the arm g with a T or cross-piece forming rigid extensions 
r a either of which bears the pin s at the of the recipro- 
cating member d, By this means the down motion of the 


‘ 


r will force the T-piece to assume a hori- 
zontal position, and consequently will place the arm g and pins 
in Sere for the next upward stroke. (Sealed - 
em a 





7651/12. The Electric Construction Company, 
Limited, and N. Pensabene, Wolverham: z 
-Electric Machines. (2 Figs.) March 2, 1912.— 
This invention relates to a rotary converter for transforming 
direct-current to alte -current of any freq i 
verad, or alternating-current to altern 
vol! or periodicity, or direct-current 
direct-current of variable voltage, or vice versd. The appl 
employ a dynamo-electric machine having a field system consti- 


ps of poles of the same polarity excited individually 
vely so as to induce electromotive forces in at least two 
separate windings wound for different numbers of —., and the 
invention consists in the use of a eo flux inducing a back 
electromotive force in a winding or windings having a larger 
number of poles and inducing an additional electromotive force 
in a winding or windings having a smaller number of poles, for 
the purpose of varying the voltage ratio between the circuits con- 
nected with the windings. The drawing, which is given by 
way of example, illustrates the case of a machine having an 
armature A with a 4-pole direct-current winding w? with com- 
mutator, and a 12-pole alternating-current winding w! with 
slip-rio The main poles are plainly shown in the drawing and 
marked N. N. north poles, and 8. 8. south poles, and each 
of two small poles or projections n. n. 8. 8 These poles 
are fixed to the yoke Y and are provided with the excitin; 
windings E fed by the direct-current supply. The widt 
of the small projections is slightly less than one-twelfth of the 
circumference, to allow for the commutating zone. The brushes 
belonging to the two windings are marked respectively + B, - B, 
connecting the commutator to the leads + K, -K, and bd, b con- 
necting the yy to the leads H, H. Assuming that when 
this machine is fed through the leads + K, - K by a direct 
current supply, it revolves at, say, 300) revolutions per minute ; 
then the winding 2! will be induced with voltage of a periodicity 
of 300 complete cycles per second, which correspond to the 
periodicity given at such a by a 12-pole generator. If the 
machine were used as an ordinary converter, by having slip-rings 
ted to suitable tappings in the winding w?, the periodicity 
of the voltage between these slip-rings would be only 100 cycles. 


tuted by 
or coll 








Also this voltage would bear a fixed ratio to the supply voltage 
according to the number of phases, and this ratio would not alter 
by altering the excitation. In the illustrated arrangement, on 
the contrary, the vol of the winding w! can be chosen at 
will and can be varied by varying the excitation. In fact, the 
leakage flux bet two projections on the same main pole 
affects one-third of the winding by inducing a back electro- 
motive force sans am awe to its strength. The resultant 
electromotive force induced in this winding is therefore the 
difference between the electromotive force induced in two-thirds 
of the conductors by the eight projections n and s minus the back 
electromotive force induced by the other one-third by this leakage 
flux between two projections of each main pole. Assuming that 
the path of the flux in these projections is saturated, while the 
leakage part is not, then by increasing the excitation the leakage 
flux will increase in more rapid proportion than the useful flux. 
Therefore as the of the armature would go down in conse- 
quence of the total flux cutting the direct-current winding in- 
creasing, the net result would be a reduction of the alternating- 
current voltage. This variation in voltage involves, in this case, 
variation in speed and frequency. In some cases it is desirable 
that the voltage should be altered without altering the frequency, 
and for this purpose there is shown in the drawing, by broken 
lines, a simple mechanical device fitted to the top pole, by which 
the lea! flux can be varied by moving a block of iron M 
which is slidably fitted between the two — n, Ne h 
may be similarly fitted with a block M. It is obvious that if 
t is desired to keep the frequency constant the must be 
kept constant. and therefore the main flux must te kept con- 
stant. For this purpose, if the leakage fiux is increased, the 
useful flux in the main poles must be reduced by suitable reduc- 
tion in the excitation. (Sealed September 18, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


9436/13. Fried. Krupp Aktien 

maniawerft, Kiel- Germany. Internal- 
Combustion Engines. [1 Fig.) May 31, 1912.—The supply 
of cooling-water to the pistons of internal busti gi 
is ordinarily effected through the medium of the crosshead, 
and the circulation of the water has been hitherto carried 
out hy introducing the cooling-water into the piston through 
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the twohollow crosshead-pins and through a 4 
and allowirg it to pass through 
piston-rod, concentric with 


accordance wi 








the hollow crosshead-pins before it enters the piston-rod. The 
crosshead A is attached to the hollow piston-rod B by means of a 
collar bland a nut ©. The pins a! and a? of the ciosshead are 
hollow, and carry branches E and F for the admission and esca; 
of the cooling-water. In the passage formed longitudinally 
through the piston-rod B is inserted a tube D of smaller diameter 
than the passage, and retained centrally therein by means of a 
tightly-fitting collar. This tube D enables the water to be 
admitted in the well-known manner to the piston, while the 
annular space between the tube and the inner wall of the piston- 
rod serves for the return of the cooling-water. In the passage in 
the crosshead, which passage receives the piston-rod, are turned 
three grooves which form, together with the piston - rod, 
annular passages G, H, J. Of these passages, the annular passage 
G communicates bene passages K and L with the hollow 
spaces of both crosshead pins a! and a2, while the annular pas- 
sage H communicates through a passage M with the water outiet 
branch F, and through passages d? with the hollow in the 
piston-rod. Finally the annular passage J communicates by a 
passage N with the hollow space in the right-hand crosshead-pin 
a2, and by passages d? with the interior of the tube D. To the 
branches E and F are attached flexible tubes which supply and 
carry away the cooling-water. The course which the cooling- 
water traverses is shown clearly in the drawings by the direction 
of the arrows inserted therein. (Sealed September 4, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c, 


27,824/12. J. Graham and A. Graham, Jun., Glas- 
ow. Reducing-Valves. [4 Wigs.) December 3, 1912.— 
is invention has reference to reducing-valves, and consists in 
the adaptation of means for producing a wider opening of the 
valve, and consequent a of a much larger volume of fluid 
than has heretofore been the case. According to the present 
invention, cup leathers or the like are substituted for a flexible 
diaphragm, and instead of vertical springs acting directly to raise 
open the valve, this is effected by levers and toggle-links 
acted on by horizontally placed oprings, the object being to allow 
of the valve having a very large lift without causing the reduced 
pressure to vary greatly in cases where it is desired to pass a large 
volume of fluid. In carrying this invention into effect or practice, 
the valve 1 is balanced by a piston 2 secured on the valve-spindle 
8, and working within the cylinder 4 formed in the valve-casing 5, 
and secured thereon by the nut 6 screwing on the spindle 3 
against the boss of the disc 8. This disc 8 is formed with a 
ndent annular flange or wall 9, which is carried outward, and 

8 reverted in the form of a vertical annular flange 10. The space 
bet the p t and vertical flanges forms an annular con- 
trolling chamber 11 in communication with the low-pressure 
side 12 of the valve by means of the duct 13. The upper part of 
the controlling chamber 11 is closed by a ring 14 secured to 
the lower flange 15 of the valve-casing. Instead of flexible 
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diaphragms cup leathers 16 and 17 are employed to form 
fluid-tight joints between the balancing piston 2 and the wall of 
its cylinder 4, and between the ring 14 and the vertical flange 10. 
The balancing piston 2 and the disc 8 with its annular flanges 
9 and 10 are thus free to reciprocate vertically on the lower flange 
15 of the casing, and so control the opening of the valve. Hori- 
zontal springs 18 are employed ed on the rod 19, which is 
through the bearing 32, and secured to it by the pinching- 
screw, and sapported by the bracket 29, pressure-regulating nuts 
21 being screwed on to the rod 19at eachend. The springs 18 
abut against rings 22 loose on the rod 19, and these ri 22 
press on the free ends of the levers 23, which engage with the 
—— Lg ge act = - Bm ge | of heed bar S to 
t er the pressure 0! e ngs. pro ion 26 on 
the bar 25 enters a notch in the bridge-piece 27 which is connected 
by the vertical rods 30 to the bottom cross-head 31. The action 
is as follows :—The springs 18 acting on the levers 23 and le- 
links 24 raise the piece 27, which, by its vertical 
or connecting-rods 30, raises the disc 8, balancing Pgs and 
the valvel by means of the cross-head 31, when the high pres- 
sure will pass from the inlet 28 to the outlet 12. When the pres- 
sure on the low-pressure side exceeds that for which the valve 
is set, by adjusting the springs 18 it passes through the duct 13 
and acts in the annular controlling-chambers 11 to pull down 
the valve spindle and close the valve. (Sealed September 25, 1913.) 
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THE PANAMA CANAL.—No. VII. 


Wirut the last few weeks several events have 
occurred which mark the — of very definite 
stages of the construction of the Panama Canal. 
We have in previous articles described and illus- 
trated* the important engineering features of the 
canal works. We now give numerous illustrations 
showing the appreciable advance made in recent 
months. The canal now, in fact, is beginning to 
look like an actual waterway. With the removal 
of the various obstructions which afforded the 
necessary protection for certain sections for work 
which had to be carried out in the dry, the water- 
way, though not completed, now extends from ocean 
to ocean. A great deal of work has yet to be done; 
this and the general clearing up will occupy some 
time yet. But the events of the past few months 
have marked the close of the chief construction 
period, and the work still to be faced will be 
executed by an ever-decreasing staff until the main- 
tenance and operating staff only remains. 

Recently works, which have been done in the dry, 





cranes which were first used at Pedro Miguel, and 
then at Miraflores, was begun in July last. The 
lock-gates are, to a large extent, completed. Those 
in the west flight of locks at Gatun, and in the east 
flight at Pedro Miguel, have been ready for the pas- 
sage of vessels since eee 20. The west flight 
at Miraflores was completed at the beginning of this 
month. All gates at Gatun and Pedro Miguel are 
scheduled to be completed by January 1, 1914, and 
those at Miraflores by March 1, 1914. In Fig. 154, 
Plate XXXIX., we give a view of the gates 
in the upper lock at Miraflores. The electrical 
operating machinery is not nearly so far advanced, 
but is going ahead as fast as the material arrives. 
It was reported at the end of September that con- 
nections could be made at any time in half a day, 
which would allow the e of a vessel through 
one set of locks at Gatun and Pedro Miguel, and 
that at Miraflores the work was similarly advanced. 

A good impression of the present state of the 
work may be obtained from Figs. 151 to 153, on 
the present and following pages, and Figs. 155 
to 159, Plates XXXIX., XL., and XLI. Fig. 151 





wide and 8 ft. above sea-level across the canal as 
long as possible. The track was finally removed 
on September 2, and two steam-shovels, six loco- 
motives, a number of box and flat cars and other 
plant were then left on the west side. The 
was finally cleared at the beginning of this month. 
Fig. 156 is a view of the Gatun Locks from the 
end of the lower approach-wall, and shows very 
well the flight of three locks with the ramps running 
from one level to another, up which the towing- 
locomotives are to work. Ships are to bring u 
alongside the ap h-wall, from the end of whi 
this view was taken, and whieh is shown again, but 
looking away from the foot of the flight of locks, 
in Fig. 157. Fig. 152, page 546, is a nearer view of 
the forebay of the east flight of the Gatun Locks, 
showing the water up to its full level and the lower 
ard-gates closed. Figs. 158 and 159 give a good 
idea of the a ce of the works at the upper 
end of the locks. The upper guard-gates were 
completed in June. In Fig. 155, Plate XXXIX., 
we give a view of the Gatun spillway, of which 
a fully illustrated description was given on page 











Fie. 151. 


have had water admitted to them for the first time, 
thus bringing them to a state more nearly akin to 
that in which they will ultimately perform useful 
service, and the change carries with it a promise of 
utility which was not so easily conveyed by the 
sight of the large works standing unsubmerged. 
By an engineer, of course, the value of the huge 
structures would be appreciated as well in one state 
as the other ; in fact, he would probably prefer to see 
them before water was admitted, as he would then 
see more of what was of peculiar interest to him. 
But to the engineer also, we believe, the views we 
= on this and the following pages, and on 

lates XX XTX. to XLI., in this issue, will like- 
wise convey the pleasurable. sensation that the 
greatest engineering accomplishment the world has 
seen has now entered upon its last stage towards 
completion. 

e flooding of the different sections depended 
largely upon the state of work at the locks. Of these 
structures we have already given full descriptions. 
Mass masonry was completed at the Gatun and 
Miraflores locks in May last, and at Pedro Miguel 
some months previously. The last concrete for the 
locks proper, at Gatun, was placed on August 16. 
The final dismantling of the large berm and chamber 

* See ENGINEERING, vol. xcv., pages 622, 689, 761, and 
831 ; and present volume, pages 70 and 139. 








gives a view of the Atlantic end of the canal, 
leading to the Gatun Locks, while Figs. 156 to 
159 show the locks themselves. Across the canal 
will be seen, in Figs. 151 and 157 a barrier which 
was maintained so that work in the forebay of the 
locks could be carried out in the dry, this foreba 
having been pumped out by a dredger whic 
grounded as the water-level fell. The barrier also 
served to carry @ rai track across the canal. 
After the construction of the centre approach and 
wing walls and the completion of the lower guard- 
gates, the latter were closed on June 14, and imme- 
diately two suction-dredgers commenced filling 
the forebay with water from outside the barrier, 
that section of the canal having by that time been 
completed by pipe-line suction-dredgers. Sea- 
level was reached inside the barrier on June 20, 
and on the following day the dredgers began to cut 
their way through. ring the night of June 
23-24 both the dredgers outside were able to 
through into the forebay and were engaged subse- 
uently in removing the barrier from the inside. 
e barrier, as noted above, carried a railroad 
track, which it was desirable to preserve as long as 
possible in order not to isolate too much construc- 
tion plant on the west side of the canal. It was 
therefore decided to work from the inside, removing 
all but 180,000 cubic yards of the total of 1,060,000 
cubic yards, thus leaving an embankment 75 ft. 














Nort (Atiantic) Enp or Canal, NEAR Gatun Locks. 


831, of vol. xcv. of Enoineerinc. The present 
view shows the — completed and all the sluice- 
gates in place. e fourteen gates of the spillway 
were in position and the machinery was completed 
by September 25. The progress at the spillway 
and the completion of the upper guard-gates at 
the Gatun Locks made it ible for the water 
to be allowed to rise in the lake between the 
Gatun Dam and the Gamboa Dike at the entrance 
to the Culebra Cut. The spillway contains low- 
level sluices, which have been utilised during 
construction to pass the water of the Chagres 
River. On June 27 the last of these valves was 
closed to bring about the final rise of the lake. 
The water then stood at 48.25 ft. above sea-level. 
By August 26 a height of 56.28 ft. had been attained. 
On the same day the first large vessel passed 
through the lake channel. It was the er 
No. 82, which had been waiting inside the lake for 
the water to rise sufficiently to enable it to proceed 
to a site near the Gamboa Dike. The 24-mile trip 
through the lake was accomplished without inci- 
dent. Based on normal rainfalls, it is estimated 
that the 85-ft. level will be reached by December 1. 
The Gatun Locks were used for the first time on 
September 26. On the 25th of that month all the 
valves for the west flight of locks at Gatun were 
tested under service conditions. On the 26th a 
tug-boat, conveying various officials, was passed 





546 


ENGINEERING, 





[Ocr. 24, 1913. 








from the lower end through the three locks into the 
lake, the operation occupying 1 hour 51 minutes. 
On the following day the boat was passed down 
again successfully in a shorter time. 

The top of the Gamboa Dike stood at a level of 
71 ft. for some years ; but in 1912, as a sequence to 
a very high flood, it was raised to 78.2 ft., and con- 
siderably widened. ements were made for its 
destruction on October 10, and an account of that 
operation was given in our issue of last week.* 

he operation was completed, and water admitted 
to Culebra Cut, according to programme. 

Turning now to the Pacific end of the Canal, 
its recent history has been as follows :—At the end 
of November, 1912, excavation in the canal between 
Miraflores and the sea by hydraulic sluicing was 
suspended. To the beginning of November of last 
year, about 2} million cubic yards had been removed 
on this section by this method, the material disin- 
tegrated by the monitors being pumped out through 
& pipe-line, much of it to be distributed on tidal 
swamp-land, with the result that about 110 acres of 
land were reclaimed. The cost of this hydraulic 
work was 0.5564 dol. per cubic yard. The actual site 
for the Miraflores locks was also chiefly excavated 
in this way. In the middle of December last there 
was quite a fleet of dredging vessels at work at the 
Pacific end of the Canal. It included the old French 
ladder-dredgers Mole and Badger, the dipper- 
dredger Cardenas, the suction-dredger Culebra, the 
new ladder-dredger Corozal, which has made a 
record of 13,700 yards of excavation in a day of 
19 hours 50 minutes, and the drill-barge Teredo and 
Lobnitz rock-breaker Vulcan. These were working 
up to a barrier beyond which work was done by 
steam-shovels. Subsequently the dredging opera- 
tions were extended towards the locks at Miraflores, 
those works being protected by a fresh barrier. The 
space between the two barriers was filled with water 
in the middle of May of this year, the water being 
admitted gradually through large pipes. The 
original barrier was blown up on May 18. The 
water in the pit was slightly lower than that in 
the channel outside. The blast did not open a 
channel. In the blast 32,750 lb. of dynamite were 
used in 120 holes, some of them 70 ft. deep. The 
dredger Corozal at once started demolishing the 
debris. 

The lower guard-gates at Miraflores were completed 
and closed on August 20. At that time the steam- 
shovels working in the 5000-ft. length of the 
channel between the lower gates and the barrier 
keeping out the Pacific had been reduced to four, 
though they had numbered eight previously. On 
August 23 the water from the Rio Grande diver- 
sion was turned into this length of channel, but 
it only filled slowly, and by the 31st, the date 
on which the barrier was to be destroyed, it was 
only 15 ft. deep. The barrier was destroyed by a 
blast of 37,000 lb. of dynamite in 541 holes, 
having an average depth of 30 ft. At the moment 
of the explosion the water outside the barrier was 
30 ft. to 35 ft. higher than that within. The blast 
did not result in a channel being made, but with a 
shovel a man soon ran a small trench across it, and 
water began to pour in quickly, widening the gap 
in the loosened soil. In 40 minutes the opening 
was 30 ft. wide, and in 1 hour 25 minutes after the 
first flow the section was filled, and the gap had 
become 400 ft. wide. Dredgers immediately moved 
up to the remains of the dike, and commenced 
removing them from both sides. 

The concrete work in the locks proper at Mira- 
flores—the locks nearest the Pacific—was begun 
in July, 1910, and ended on May 17 this year. The 
upper guard-gates were pone in the middle of 
June. We give two illustrations on Plate XLIL., 
in Figs. 160 and 161, of the spillway at Miraflores. 
This is of the same section as that at Gatun, which 
was fully illustrated in a former article,+ but it has 
a straight crest, and has to provide for a much 
smaller discharge. It has been sufficient, there- 
fore, in this case to provide a spillway 432 ft. long, 
with eight gates, giving 45-f>. openings between the 
piers. The crest of the ogee is 38.67 ft. above 
sea-level ; the lake level above is to be maintained 
at about +54.6 ft. The discharge capacity is 
90,000 cub.-ft.-seconds. The gates are identical 
with those at Gatun, and were described and illus- 
trated in the article just referred to. Fig. 160 gives 
a view of the spillway while the concrete work was 
in progress. Fig. 161 shows the concrete work prac- 


* Page 532 ante. 
+ See ENGINEERING, page 831, vol. xcv. 





tically complete, and one of the gates in position, 
with others well advanced. The lake above is now 
being allowed to rise. 

At Pedro Miguel the first concrete was laid in 
September, 1909, and was practically completed in 
two years. The upper guard-gates were closed on 
September 1, 1912. The finishing of all the gates 
at these locks is about 80 per cent. completed. In 
Fig. 153, subjoined, we give a rather striking view, 


taken looking across these locks under the arches | 


ing to 1} in. The 10-yard dipper will have four 
teeth with hardened points. The dipper handle is 
to be 72 ft. long, of Oregon fir reinforced with 
steel-plating. The dredgers will be able to excavate 
to a depth of 50 ft. The two main boilers are to be of 
the Scotch marine type. Other equipment includes 
electric-light plant, fuel-oil system, &c. These 
dredgers are to be used, we understand, on the 
' Cucaracha slide now blocking the Culebra Cut, at 
one place to the +73 ft. level. At the beginning 

















Fig. 153. Virw unver Ramps at Pepro Miauet sHowine Sourn Guarp-GarTeEs. 


carrying the ramps for the towing-locomotives, and 
showing the tops of the southern guard-gates closed. 
These arches are of reinforced concrete and have a 
span of 80 ft. 

As a large quantity of dredging remains to be 
done to complete the work, a contract was placed 
some time ago with the Bucyrus Company, of 
South Milwaukee, for two powerful 15-cubic-yard 
dipper-dredgers, to be delivered at the Isthmus in 
December and January next. These dredgers will 
have hulls 136 ft. over all in length, 44 ft. in 
width, and 15 ft. deep. The main engines will be 
of the twin-tandem compound type, with cylinders 
16 in. and 28 in. in diameter and 24 in. stroke. 
The boom will be 62 ft. long. There will be two 
forward spuds and one astern. The former will 
be 72 ft. long and 48 in. square, and the latter 
80 ft. long and 30 in. square. Each dredger will 
have two dippers, one of 15 and one of 10 cubic 
yards capacity. The 15-yard dipper will be built 
of ?-in. plate, with stiffening at the back and edges, 
the lip being of manganese steel 2 in. thick, taper- 


of September there still remained some 6} million 
cubic yards of excavation to be done in the Culebra 
Cut. 





THe Gotp Megpat or THE RoyaAL METEOROLOGICAL 
Socrety.—The Council of the Royal Meteorological 
Society have awarded the Symons Gold Medal to Mr. 
W. H. Dines, F.RS., in recognition of the valuable 
work which he has done in connection with meteoro- 
logical science. The medal will be presented at the 
annual meeting of the Society on January 21, 1914. 





Tin in AusTRALIA.—It is generally admitted that the 
Northern Territory of Australia possesses wonderful 
mineral resources, but that these have not yet been pro- 
perly developed. A report has just been received from 
the Administrator (Professor Gilruth) to the effect that 
an extensive find of tin has been made at Beswick Creek 
by two prospectors. The scene of the find is 70 miles 
from Horseshoe Creek, where the nearest battery is 
situated, and about 110 miles from Pine Oreek, the 
terminus of the railway. The Government geologist has 
| examined the find, and is of opinion that it is a perma- 
| nent lode, and probably extends 10 miles. Stone treated 
| at the Horseshoe Creek battery yielded 45 per cent. of tin. 
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THE TATA HYDRO-ELECTRIC POWER- 
SUPPLY SCHEME, BOMBAY. 


Tue genesis of the Tata hydro-electric power 
scheme for Bombay was the necessity that Bombay 
should attain some cheaper form of power to run 
its many mills. There were eighty-three cotton- 


mills, with well on to 50,000 looms and nearly | 
3,000,000 spindles, requiring many thousands of tects of Bombay, with the idea of making use of the 
brake horse-power to drive them, which were depen- | heavy rainfall on the Ghats, he was ee 

dent for fuel upon coal at one guinea per ton. the possibilities of the scheme, and to determine 


| that in four 








helped toward thecommercial prosperity of the place. 


Naturally, this pioneer of the cotton-spinning indus- 
try lent a ready ear to any project to furnish him 


with the coveted power for which he was looking, 


and when, eighteen years ago, he was approached by 
Mr. David Gostling, one of the best-known archi- 


y to weigh 
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Fic. 2. Map sHowinc THE THREE Lakes. 


These mills had to compete with rival cotton- 
spinners in a foreign country who secured their 
fuel at 12s. 6d. per ton less. Further, hundreds 
of thousands of spindles in competing: countries 
were being electrically driven by steam-generated 
currents, and the question that faced manufacturers 
in Bombay was how could they secure electric 
power cheaply, and so obtain full advantage from 
their own abounding native labour. 


Mr. Jamsetji Tata had alread: —— inguished 
himself by the introduction of the ‘* ring e” 
into his mills, a step that found so many imitators | 





its materialisation. Unfortunately, death removed 
him from the scene, but the mantle of Jamsetji fell 
upon his sons, with a double portion of his spirit, 
and they proceeded to get the scheme into being. 
The original scheme was to bring to Bombay a 
supply of electrical power equal to 40,000 horse- 
power at less cost than coal-generated engine-power, 
and cheaper than steam-generated electric —. 
The undertaking, however, clearly involved finding 
at least a million and a half of capital, and this cer- 
tainly would not be risked without expert advice. 
So, in 1905, a syndicate was formed by Mesers. 


years over 500,000 spindles were added 
in Bombay, while the adoption of the “‘ flat card” 





Tata and others, and —— in London as the 
Bombay Hydro-Electric Syndicate, Limited. 

The first step taken by them was to appoint Mr. 
Alfred Dickinson, M. Inst. C.E., of Birmingham and 
London, their consulting engineer and adviser, It fell 
to him to ascertain how far Mr. David Gostling’s 
original idea in connection with hydraulic works 
could be realised. In 1905, Mr. Dickinson there- 
fore sent out Dr. John Mannheim, as an electrical 
expert, and Mr. R. B. Joyner, C.I.E., M. Inst.C.E., 
as an expert on —— engineering, to survey 
and investigate. r. Joyner had had thirty years 
in the Public Works Government Service, and was 
familiar with the Bombay district, and in reliance 
on their report the scheme that has now been 
developed as the ‘‘ Tata Hydro-Electric Power 
Supply Company, Limited,” was founded. 

e Hon. Sir Sassoon David, completely con- 
vinced of ee before the project, now 
stepped forward and helped Messrs. Tata by guaran- 
teeing to take up a large proportion of the horse- 
power once it had been supplied, and a licence to 
carry through the undertaking was — for by 
Sir D. J. Tata and Mr. R. D. Tata. e Govern- 
ment, at the end of 1906, decided to grant it, 
declaring that Bombay ‘‘ could do well with 100,000 
horse-power for power purposes,” and the licence 
became a fact early in 1907. By the end of the 
year the London syndicate had almost secured the 
necessary capital, when a crisis in the American 
market suspended negotiations fora time. Nearly 
three years went by before a definite offer from a 
firm ° London financiers was received, but even- 
tually the whole of the capital required was secured 
in India, largely in the Bombay Presidency itself. 
Messrs. Tata were appointed ing agents ; 
the chairman of directors is Sir D. J. Tata ; and 
amongst the directors are the Hon. Sir Sassoon 
David. Mr. R. D. Tata, Sir 8. B. Broacha, the Hon. 
Lalubhai Samaldas, Mr. P. D. Pattani, Mr. V. Y. 
Vanikar, Mr. H. J. Bhabha, Mr. W. H. White, 
C.8.1., the Hon. Sir Vithaldas Damodher Thacker- 
sey, and Mr. Narottam Morarjee Goculdas. 

The Scheme Itself.—Hydro-electric schemes have 
already been carried out in India—notably that of 
the General Electric Company at Cauvery Falls, 
near Mysore, started in 1902, There the energy 
is conveyed 35 miles to Mysore, 60 miles to 
Bangalore, and 92 miles to the Kolar Gold-Fields. 
Strinagar, in Kashmir, has a hydro-electric station, 
and there is one at Mussoorie, another at Wellington 
on the Nilghiris, others at Munnar and Gokak, in 
South India, and there is the State plant at Nepal. 
But the Tata scheme is the largest by far of all the 
Indian undertakings, and if one considers the 
colossal quantity of water — together, it will 
be the largest in the world dependent on stored 
water. 

The Western Ghats rise up precipitously in hori- 
zontal layers of trap-rock to a height of about 2000 ft. 
to 3000 it. above sea-level, liel to the coast-line, 
at a distance of 30 to 40 miles inland. Upon these 
Ghats, rain falling on the west of their edge 
runs down directly to the Arabian Sea unutilised. 
Thirty years’ records of rainfall taken at stations 
in the centre of the locality give an average annual 
fall of nearly 200 in. The project was to store and 
utilise the water from this heavy rainfall, which 
occurs annually during the south-west monsoon, in 
order to drive turbo-generators situated in the 
plains nearly 2000 ft. below. The catchment areas 
are on the edge of the Ghats, where the rainfall is 
heaviest. The locality is exceptionally favourable 
for collecting and storing the rainfall, the hills 
a the valleys being rocky and a 
and the valleys water-tight. During the monsoon 
period it is proposed to use water direct from the 
rainfall. It was, however, feared that after a cycle 
of deficient monsoons the original project would 
not provide sufficient water sto and Mr. 
Gostling explored the valley of Walwhan, east of 
Lonavla, and prepared a plan of it. The final 
scheme is to store water in the higher valleys at 
Lonavla, which, being conveyed by gravity to the 
edge of the plateau at Khandala, and conveyed 
thence through pipe-lines to the foot of the Ghats 
at Khopoli, will thus create a fall that gives a head 
of water of 1734 ft.—one of the largest in the 
world. This water is now being collected in three 
storage lakes—the Lonawla, the Walwhan, and the 
Shirawta (see Figs. 1 and 2, annexed). 

The Lakes—The Lonawla is a storage lake pro- 
vided for the “burst” and ‘* b ” of the 
monsoon; the capacity is sufficient to — 
water for the requisite power through the longest 
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Fie. 3. Currine at Lonawia Lake. 

















Fie. 4. Russte Masonry Dam unpEeR ConstRucTION at Lonawia Lake. 
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Fic. 5. Watwaan Dam UNDER CONSTRUCTION. 











Watwuan Dam unpdER ConsTRUCTION, 
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SHIRAWTA DAM. 
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WALWHAN DAM, ee 


































Grourid Surface M.S.L. 


break on record. The area of this lake is 986 acres, | level. The full-supply level will be 2084 ft. above|ing, across the three valleys known as Lonawla, 
or 1.54 square miles, and the total i gre d mean sea-level, and the outlet level 2032 ft., giving | Walwhan, and Shirawta, dams with coursed rubble 
361,000,000 cub. ft., between outlet level and full- | a depth of water 54 ft. (see Figs. 8 and 11, B ste masonry faces and with heart of uncoursed rubble 
supply level. The full-supply level will be 2051 ft. | The second storage lake is Shirawta (see Figs. 7| masonry. Progress photographs of the construction 
above mean sea-level, and the outlet level 2032 ft., | and 10, above). The area of this lake when full is | of these dams are given in Figs. 3 to 6, on_pages 
giving a depth of water of 19 ft. For the rest | 3174 acres, or 5 square miles, and the total capacity | 548 and 549, and sections of the dams in Figs. 7 
of the year water will be drawn from two/| 6963 million cub. ft. between outlet level and full-|to 9, annexed. Two dams form Lonawla Take 
storage lakes, one of which is Walwhan. The/| supply level. The full-supply level is 2158 ft. above | —viz., a main dam, 3600 ft. long across the valley, 
area of this lake when full is 1535 acres, or| mean sea-level, and the outlet level 2084 ft., giving | and a smaller dam, in which the sluices are built, 
2.4 square miles, and the total capacity 2560) a depth of water of 75 ft. 1900 ft. long, the former being about 40 ft. high 
million cub. ft. between outlet level and full-supply| The Dams.—The lakes are formed by construct-| to bottem of foundations, and 36 ft. above lowest 
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Fic. 12. Watwuan Dam Doct Suuvices. 


level of valley across the head-waters of the Indre- 
yani River. The dam will be provided with ample 
waste-escapes, scouring-sluices and outlet sluices, 
and the top will carry a roadway with parapets 
on each side (see Fig. 9, page 550). All the dams 
- built upon solid water-tight trap-rock founda- 
ions. 

Walwhan Lake, near the village of that name, is 
formed by constructing a dam (Figs. 8 and 11, 
page 550) 4500 ft. long and 75 ft. high to bottom 
of foundations, and 68 ft. above the ground level 
at lowest part of valley. The dam will be provided 
with waste-escapes and ample sluices of large dimen- 
sions, and the top will carry a footpath and a 
tramway, with parapets on each side (see Fig. 12, 
above). 

Shirawta dam will be 8000 ft. long, and will 
have a height from surface of regular profile to 
footpath level of 92 ft., and 100 ft. to bottom of 
foundations (see Fig. 7, page 550). The dam will 
a with . haat: at ft. long, and 
wul carry a footpath on top wit: ts on each 
side. The dams are so peter that the resultant 
of the water pressure and of the dam weight, at 
any height, cuts the base at that height within 
the middle _third of the thickness, the weight of 
masonry being taken at 156 lb. per cubic foot, 
and at no point, either with lake full or empty, 
is the pressure on either edge to exceed 6 tons 
per sq. ft. 

The outlet of the Shirawta Lake is at the same 
level as the full-supply level of Walwhan Lake, with 
which it will be connected by a tunnel 5000 ft. long 
through the hills, the formation being of hard trap- 
rock, At the head of this tunnel will be a beat 





wall (Figs. 14 to 19, page 552), containing ample 
sluices to allow Shirawta he being discharged into 
Walwhan Lake as desired to meet the required con- 
ditions of draw-off. The vastness of the mye 
will be appreciated when it is understood that the 
volume of water stored by the three lakes would 
fill a canal 20 ft. wide, 10 ft. deep, and 9370 miles 
long. 

The Duct.—From Walwhan Lake the water is led 
to the forebay (Figs. 20 to 23, page 552) at the 
edge of the Ghats by a masonry duct, traversing 
a total distance of nearly 4 miles, through diffi- 
cult country, requiring the construction of aque- 
ducts, tunnel, cuttings and embankment crossing 
the Bombay-Poona road and the Great India Penin- 
sula Railway (see Fig. 1). The duct has a total 
capacity of 120,000 horse-power, and terminates 
at the forebay, which is built in masonry in a small 
valley at the edge of the cliff, near Khandalla. 
The forebay and duct have provision for escape of 
water at times of sudden load fluctuations causing 
excess of water. The duct from Lonawla Lake 
(Fig. 25, page 553) is 2150 ft. long, and joins the 
Walwhan duct at a point 2.45 miles from Walwhan 
dam. The calculations of supply have been based 
on minimum rainfall, full deductions being made 
for all losses of head due to friction in the ducts 
and pipes, &c., and also in the turbines, and the 
works must be capable of gradual expansion. All 
the work is of solid masonry in hydraulic mortar, 
founded on rock. 

Messrs. Pauling and Co., London, are contrac- 
tors for this section, comprising dams, ducts, and 
forebay, including pipe-line track and masonry 
supports, 








Fie. 13. Scourtne-Siuice on THE WaLWHAN Dam. 


Pipe-Line.—From the forebay, the pipe-line, 
one of the largest horse-power lines ever built for 
a water-power plant, conveys the water down the 
cliffs and steep slopes to the power-house situated 
in the plains below, near Khopoli (Fig. 24, page 
553). The scheme has been designed in two sec- 
tions, two upper and eight lower pipe-lines. The 
present installation (half the scheme) comprises 
one upper pipe-line, a distributing- pipe, and 
four lower pipes, the total route-length is about 
13,000 ft., 8 ft. of upper and 4800 ft. of 
lower pipe-line. The first section of the upper 
pipe -line, starting at the forebay, is of riveted 
steel tube, 824 in. in internal diameter and # in. 
thick (Figs. 26 and 27, page 553); the second 
section, of riveted steel tube, 76? in. in internal 
diameter and # in. to i in. thick ; and the third 
section (ending at the distributing-pipe) is of lap- 
welded steel tube, 72 in. in internal diameter and 
{} in. to }# in. thick. The distributing-pipe con- 
sists of a bend and straight pipe, 72 in. in internal 
diameter and }{ in. thick, about 46 ft. long, with 
four branches 42 in. in internal diameter, and one 
spare 42-in. branch, fitted with blank flange, and 
provided with a cover for a diameter of 72 in., to 
allow for connecting and additional upper pipe-line 
at a future date. The first section of the lower 
pipe line, starting from the distributing pipe, is 

uilt of lap-welded steel tube, 42 in. in internal 
diameter and 4 in. to }} in. thick ; and the second 
section (connecting up to the turbines) is of lap- 
welded steel tube, 38 in. in internal diameter and 
% in. to 1} in. thick. Near the power-house, 
exciter-turbine pipe-line connections are provided 
by means of three straight lap-welded pipes, 16 in. 
in internal diameter and in. thick, between 
the 38-in. diameter pipes, with 10-in. internal- 
diameter pipe connections to exciter-turbine valves. 
Both riveted and welded pipes are made from 
open-hearth Siemens - Martin steel plates, the 
formed having a tensile strength between the 
limits of 28 to 32 tons per eq. in., and an elonga- 
tion of 20 per cent., and the latter a tensile 
strength between the limits of 24 to 28 tons per 
sq. in., and an elongation of 26 per cent., the 
welded joint having a strength of 90 per cent. of 
the solid plate. The factor of safety in upper and 
lower pipe-lines, calculated on minimum tensile 
strengths and static heads, is not less than 4.5. 
The whole of the pipe-line is laid above ground, 
proper provision being made for variations of tem- 
perature from 50 deg. to 127 deg. Fahr. by ex- 
pansion joints inserted between fixed points in 
case of the upper pipe-line, and at each thrust- 
block in case of the lower pipe-line. In all the 
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Fic. 25. Cur anp Cover Way; THE Duct 
FROM LONAWLA TO THE FoREBAY. 


pipes angle-iron rings are riveted to the pipes at 
the fixed points, and anchored securely to the 
masonry by means of iron bars, the thrust-blocks 
being strengthened by the introduction of I-beams 
in the concrete. The waste-weir level at the fore- 
bay is 2032 ft., and the power-house floor-level 
307 ft. above mean sea-level ; this gives a static head 
of 1725 ft. to the centre of the yee with a 
corresponding pi ressure of 743 lb. per sq. in. 
With Sous ree cout at 11,000 horse-power 
each, the total loss of head is approximately 
66 ft. The pipe-line is capable of supplying water 
simultaneously to four 11,000-horse-power turbines 
and two 850-horse-power turbines, with provision 
for connecting one additional 11,000-horse-power 
turbine to the upper pipe-line. Messrs. her 
Wyss and OCo., Ziirich, are contractors for this 
section, including erection, complete with anchor- 
ages, apparatus and valves, construction railway, 
and hetheste equipment. 


(To be continued.) 





TWENTY YEARS’ PROGRESS IN MARINE 
CONSTRUCTION.* 


By ALexanpER Graciz, M.V.O., M. Inst. C.E. 


I sHOULD like at the outset to say how much I have 
appreciated the invitation to deliver the twenty-first 
James Forrest lecture. The late Sir William White, 1 
understand, had been asked to do so, and I fully realise 
how valuable and instructive a lecture has been lost to 
us through his untimely death. I feel it to be a very high 
honour indeed which been = me, and I may say 
that it was only after a considerable amount of misgiving 
that I undertook the task. 

The subject prescribed by your Council—that of twenty 


years’ progress in mercantile marine construction—is so 


comprehensive that it would require a whole course of 
lectures to do it adequate justice, whereas I must com- 
press it within the limits of an hour’s address. I have 
therefore only dealt with the subject in a general manner, 
a —_ not entered into —_— hich hes 

n order to appreciate fully the progress whic’ 
been made during the last twenty years in the design and 
construction of vessels for the mercantile marine, it will 
be useful to consider briefly the factors for and against 
advance, so as the better to realise in what direction 
forward steps have been and may still be possible. The 
driving forces towards all progress are healthy discontent 
with what has been done and the satisfaction derived 
from greater achievement, _- as much as the hope of 
material gain. The aim of the shipowner, the naval 
architect, and the marine engineer is ever towards 
increased comfort, speed, and economy. 

Increase in size is undoubtedly the most valuable re- 
source of the naval architect, as it is directly conducive 

* The James Forrest lecture, delivered before the 
Institution of Civi] Engineers on Thursday, October 23. 











Fig. 26. Upper Parr or Prpe-Lre. 


to the attainment of these three desiderata. The greater 
the length of the vessel in proportion to her total weight, 
the smaller becomes the power in relation to her displace- 
ment and s Greater size gives more deck s 

for Lager p ood accommodation, greater height above 
water, and less disturbance due to wave motion ; hence, 
greater comfort. The earning factors, space and dis- 
peers, are increased in greater ratio than the cost 
actors, and thus economy is obtained. 

A concrete example illustrative of these principles may 
possibly be of interest. I will take the case of a cargo 
vessel having a speed of 13 knots at sea over a 3000-mile 
voyage. On a length of 400 ft. we can construct a vessel 
weighing 3700 tons, which would carry 4000 tons of cargo 
and consume 500 tons of coal. Each 100 tons of cargo 
therefore involves 924 tons of constructive material, an 
124 tons of coal voyage. A vessel 500 ft. in length 
would weigh 6750 tons, would carry 8700 tons of cargo, 
and consume 700 tons of coal. Each 100 tons of in 
this case requires only 774 tons of vessel and 8 tons of fuel. 

The practical success of the large vessel depends, of 
course, upon the volume of passenger and cargo traffic 
she can command, and these vary greatly on the dif- 
ferent trade routes They are notably greatest upon 
the Atlantic, and it is in this trade that we find the 
greatest growth in dimensions. 

It is the continual aim of the naval designer to realise 
the test dimensions which the shipowner can utilise 
on the least possible weights of hull, machinery, and fuel. 
Every improvement in the quality of his materials, every 
advance in the better distribution of those materials 
towards the end in view, every reduction in the weight 
of machinery and of fuel in relation to horse-power, and 
every progression towards the more effective use of 
the power developed, is a step towards the ideal large, 
powerful, and comparatively light vessel. 

The introduction of iron about the year 1820, of steel 
about 1870, of the compound engine in 1854, and of the 
triple-expansion engine in 1881, were the most notable 
epoch-makers of the first eighty years of steam naviga- 
tion. The study of the strength problem by means of the 
‘‘girder” theory, and the labours of the classification 
societies, have shown how to combine strength with light- 
ness. The introduction of the experimental tank method 
of research gave us a definite means of designing form 
and propellers so that the least possible amount of power 
is — and the greatest possible amount usefully 
a lo 

p to the beginning of the period under consideration, 
the changes which had taken place in marine engineering 
had shown in a gradual development of the simple 
type of reciprocating oumenee. ane sroming know- 
ledge of the theoretical principles involved in design, the 
higher standard of materials available for construction, 
and the steady improvement in machine-tools, had 
enabled engineers successfully to make use of higher 
steam pressures. The advance marked by the successful 
introduction of the compound engine about the year 1854 
had been followed, in 1881, by the introduction of the 
triple-ex ion type of engine, and the three-crank 
design of the latter proved itself so fit a variation that it 
has survived, unchanged in all essentials, to the present 
day. Thus twenty years ago the triple-expansion engine 
was in the position of rapidly superseding the compound 
type in almost all services, and was being successfully 
constructed to work in conjunction with steel cylindrical 
boilers working at a pressure of 160 lb. per sq. in.; both 
engines and boilers being, in general design, not greatly 








different from those of the same type which are being 
built at the present time. I can best convey to you the 
condition of marine construction at the beginning of the 
twenty-year period immediately under review by recall- 
ing some of the most notable ievements of that time, 
On the Atlantic the premier vessel was the Campania, 
then as “‘ monster” ship. It was thought by 
many that the limit of size had been reached, and that 
so | a vessel could never be made commercially suo- 
cessful. She was 600 ft. in length, with a beam of 66 ft. 
and —— of 41ft.6in. Her tonnage was 13,000, 
her trial speed 22 knots, and her horse-power 30,000. 
She was, of course, fitted with twin-screws, and her 
engines were of the triple-expansion t with five 
cylinders working on three cranks. e condensers 


dj were of cast iron, and, as was usual at that time, 


formed part of the engine framing. No arrange- 
ments were made for cing the inertia effects 
of the reciprocating parts. The main boilers were 
of the double-ended cylindrical type, with a work- 
ing pressure of 165 lb. per sq. in. She burned about 
14 Ib. of coal per indicated horse-power per hour, 
and 480 tons daily. Of her displacement, 48} per cent. 
was devoted to weight of hull, 214 per cent. to machinery, 
14} per cent. to fuel, 44 per cent. to stores, 
and water, and 11 cent. to cargo. She carried 570 first- 
class, 300 second-class, and 600 third-class passengers, and 
a crew of 400. Her first-class public rooms were six in 
number ; they occupied a total area of 9214 sq. ft., or an 
average of about 16 sq. ft. per pomeneee, while the avera 
state-room area was about 17} sq. > o> pee The 
average number of persons per room was 3.2. Second- 
class passengers had each but 8 sq. ft. of public room, and 
14 aq. ft. of state-room. with most modern 
v of large size the Campania was shallow in relation 
to her length, the ratio of length to structural depth 
being 14.45. In uence of her shallowness as a 
irder the scantlings of her gunwale and bottom had to 
very heavy in order to obtain the necessary longi- 
tudinal s , and it was some years before ships were 
built in which the up member of the strength 
irder was raised to a hig deck. The Kaiser Wilhelm 
er Grosse, built in 1897, surpassed the Campania in 
length by 25 ft.; but although her sides amidships, as 
in most subsequent vessels, were plated one deck space 
higher than in the Campania, the plating was com 
tively light, the deck to which it extended was mobpinted 
over, and the top member of her strength girder remained 
at the upper deck, the length-depth ratio being slightly 
in excess of that of the Campania. Her ocean was 
about 222 knots, with 30,000 indicated horse-power. Her 
coal capacity was 4600 tons. She had accommodation for 
600 first-class, 300 second-class, and 800 third-class 


passengers. 

In 1900 came the Deutschland, 663 ft. in length, similar 
in appearance and structural arrangements to her imme- 
diate predecessor, her length - depth ratio being over 
15, and the main girder stopping at the upper-deck 
level 44 ft. above the keel. Her horse-power was in the 
neighbourhood of 35,000; capacity for 4800 tons of coal 
was provided, and her ocean 8 was about 23} knots. 
Her engines were of the greatest actual dimensions 
reached in the pomtonecetas § pe, and were of the four- 
crank quadruple design. utschland accommodated 
700 first-class passengers in 266 rooms, an + of 
about 2.6 persons per room ; 300 second-class, 290 
third-class passengers. Luxuries were beginning to creep 
in, some of the state-rooms having private bath-room 
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pe while od the suites as much as 250/. was 
c or a single voyage. 
In 1901 length was increased by 20ft. in the Celtic, built 
for the White Star Line. She was 680 ft. in length, witha 
beam of 75 ft., and a depth of girder of about 52ft. In 
this, as in most vessels of the White Stur fleet, only a 
comparatively low speed was provided. The consequent 
smallness of horse-power reduced both first coet and fuel 
consumption, while the fuller form gave roomier deck 
and greater dead-weight carrying capicity. Since 

e total dead-weight was augmented, and the proportion 
given up to coal reduced, there was a twofold source of 
increase in the weight of Ley mate gery | cargo. § 
is an expensive item. On the length of 680 ft. a 16-knot 
vessel can carry 12,000 tons of cargo on an expenditure 
of 2000 tons of cal over an Atlantic voyage, while an 
advance in spee] to 22 knots would reduce cargo to 3000 
tons, and involve a coal consumption of 3500 tons, besides 
raising the first cost by about SF oed cent. 

Next year came aiser Wilhelm IT.,684 ft. long and 
44} ft. in depth to her upper di but with her sides 
all fore and aft up to the level of » continuous promenade 
deck 8} ft. above the upper deck. Her depth of girder was 
thus 524 ft., and her een pare ratio only 13. A better 
distribution of structural material was realised and exces- 
sively heavy local scantlings avoided. Besides having ber 
main structural weights higher than usual, she had one 
deck more above her main structure than any of her pre- 
decessors, and these additions tothe weight and height of 
her neger structure necessitated a proportionate increase 
in breadth, which was made 72 ft., as compared with the 
Campania’s 65 ft., and the Deutschland’s 67 ft. Similar 
increments in transverse dimensions in relation to length 
have characterised all subsequent advances, and the 
number of a Spemennng og has steadily increased in order 
to afford deck space for the greater numbers of public 
rooms and more spacious cabin accommodation by which 
each successive vessel was rendered more attractive than 
the last. The Kaiser Wilhelm II. had four engine-rooms, 
in which were Sones about 45,000 indicated horse- 
power, and a speed of over 234 knots was maintained at 
sea. Her coal capacity was 5000 tons. Accommodation 
was provided for 770 first-class, 350 second-class, and 780 
third-class passengers ; 400/. was charged for a suite of 

rooms. 

The power transmitted per shaft in this vessel was about 
25 per cent. greater than in the previous unit, and two 
three-crank quadruple engines were fitted to each line 
of shafting in order to reduce the dimensions of the 
cylinders and working parts, a scheme which lent itself 


naturally to more complete subdivision into water-tight | bo 


compartments. This arrangement, which was also tried 
in some naval vessels, was, however, not repeated in 
later practice. The machinery of this ship represents 
the largest power of any installation of reciprocating 
engines in the merchant service, the next advance in 
total power being with turbine machinery. 

Within the next few years there appeared the Cedric, 
Amerika, and Kaissrin Augusta Victoria, all about 680 fo. 
in length, and carrying still further the development in 
number and extent of superstructures, public rooms, and 
in luxurious cabin accommodation. The Amerika had six 
decks above the water-line as compared with the Cam- 
pania’s four. In none of these vessels was high speed 
attempted. 

The further oncom of the reciprocating engine 
since the beginning of the period under survey has been 
in the use of still higher initial pressure, and in the exten- 
sion of the series-expansion _—< in the quadruple- 
re er type of engine. The use of higher pressure 
followed naturally upon the success of the triple engine, 
and for pressures above 180 Ib. per sq. in. the quadruple 
type became necessary in order to take the fullest advan- 
tage of the increased heat energy available in the steam. 

Compared with the gain in fuel economy effected by 
the triple- expansion over the compound engine, the 
further improvement due to the increase in steam - 
sure to 215 lb. or 220 1b. is naturally small, being about 
7 to 8 per cent., and against this has to be put the 
increased weight, cost, and upkeep of the quadruple 
type. For ships trading on long voyages, and more 
especially for passenger ships, or large units, where a 
four-crank engine would be fitted, in any case, on 
account of its greater smoothness in ane, the quad- 
ruple engine has now superseded the triple-expansion 
type, but in the case of cargo-carriers, where low first 
cost and easy supervision are primary conditions, the 
triple engine still holds its own. 

n theessential design of the reciprocating main engine 
improvements seem difficult to attain. Some changes, 
however, may be noted. densers are now usually 
kept separate from the main framing, and, in order 
better to withstand extremes of temperature, are fre- 
quently constructed of mild steel, instead of being cast 
as formerly; much more attention is also given to their 
design with a view to better the thermal results. Air- 
pumps have been improved in design, and in most large 
or fast-running machinery are row fitted as separate 
auxiliary engines instead of being driven from the cross- 
h Attention has been directed to devising means 
of balancing the engines in order to reduce vibration 
troubles. e@ first attempt to solve the problem of 
balancing was made by Messrs. Yarrow, and the method 
known as the Yarrow-Schlick-Tweedy system is now 
adopted in most engines of the four-crank type. This 
method consists in arranging the relative positions of the 
various reciprocating and revolving masses, by adjusting 
the angles between the cranks, so that the inertia effects 
are redu to a minimum. Reduction in fuel con- 
sumption has been obtained by the collective effect of a 
number of small savings; by the improved condenser 
and air-pump ; by the utilisation of the auxiliary exhaust 
for feed-heating ; and by heat economy in various ways. 





In the constant endeavour to provide greater intensity 
in power uction, increase in piston speed and rate 
of revolution has been achieved through experience in 
design and a better quality of material and workmanship, 
but, where conditions of exceptional power, or lightness 
per unit of power, or both of these, have to be considered, 
the limitations of the reciprocating type of engine become 
apparent. In addition to the difficulties of construction 
ani eenagrenne® of very la units, the reciprocating 
engine , a3 already remarked, reached a point where 
further improvement in steam consumption was not 
easily attained; while further reduction in weight in- 
volved increase in of rotation, with its attendant 
difficulties. Thus the introduction of the steam turbine 
proved coe providing a way to further pro- 

in rege lightness, and the construction of very 

rge units, while at the same time eliminating vibration 

troubles and relieving difficulties of engine-room manage- 
ment. 

The turbine entered the Atlantic lists in 1905, when 
the Victorian and Virginian, 520 ft. in length, took u 
their stations, and in 1905 the 650-ft. Carmania also u 
the new motor. 

The 700-ft. mark was passed in 1906 by the building of 
the White Star liner Adriatic, 709 ft. by 75 ft. by 56 ft., 
with twin-screw ape at began engines of about 
15,000 indicated horse-power. Her speed was but 15 knots, 
and she carried 450 first-class, 500 second-class, and 1400 
third-class passengers, 2500 tons of coal, and 6500 tons of 
cargo. Of her total displacement, the hull claimed about 
56 per cent., machinery 10 per cent., fuel 8 per cent, cargo 
21 per cent., passengers, stores, and water about 5 per 
cent. A compari of these approximate figures with 
those already given for the Campania shows that, per 
annum, the Adriatic could carry twice as many passen- 

rs and three and a half times as much cargo per ton of 

uel as the Campania. ‘This well illustrates the cost of 
speed, and justifies the enhanced rates charged those 
availing themselves of the faster vessels. 

The turbine, having proved its worth in the realm of 
high power and fast steaming, was boldly adopted by 
the Cunard Company in the Lusitania and Mauretania, 
built in 1907. These vessels surpassed all others with a 
length of 760 ft., a beam of 88 ft., and a depth of girder 
of 604 ft. Thegirder ratio was thus about 12, and for the 
first time high tensile steel was utilised in the upper 
member to meet the higher stresses. Some lightening of 
structure was thus obtained. These ships were the first 
mercantile vessels to have four lines of shafting, and prac- 
tically the whole of the vessel’s length was occupied by 
jlers, machinery and fuel. About 68,000 horse-power 
was developed, and an ocean speed of between 25 and 
26 knots regularly maintained, on an expenditure of about 
5000 tons of coal per voyage. Although already surpassed 
in dimensions, these two vessels retain their supremacy 
in speed unchallenged. 

In 1908 a further step was taken, with a view to securing 
a greater reduction in steam consumption per effective 
horse-power. This consisted in the combined use of the 
reciprocating steam-engine and turbine in order to retain 
the low speed of revolution of the reciprocating engine 
with its accompanying favourable oa care efficiency, 
while at the same time effectively utilising the expansion 
of the steam down to the condenser pressure. The first 
ship to be thus fitted was the Otaki, a vessel of 464 ft. in 
length and about 9900 tons dead-weight capacity ; and 
a comparison of this ship with a sister ship fitted with 
ordinary twin-screw quadruple-expansion engines showed 
a difference of about 20 per cent. in steam consumption 
per effective horse-power in favour of the combination 
‘ype of machinery. , 

he system is principally suited to vessels of fairly 
large power, moderate speed, and for service on long 
voyages. The usual practice has been to fit the recipro- 
cating engines on the wing shafts, and the exhaust tur- 
bine on a centre shaft, an arrangement being made for 
exhausting the steam from the reciprocating engine direct 
to the condenser, and thus cutting out the turbine duri 
manceuvring. Combination machinery, ascompared wit 
all reciprocating machinery, involves more complexity 
and cost, and a slight increase of weight in the engine- 
room; but the improved economy realisable allows of 
reductions in the boiler ne, and in boiler-rooms and 
fuel weights, which more or less compensate for this. 
The influence of the last item is dependent on the length 
of voyage. 
In 1911 a length of 850 ft. was ‘reached in the White 
Star liner Olympic. This luxurious vessel measured 
852 ft. by 92 ft. by 64 ft., and has a s of 21 knots with 
46,000 horse-power combination machinery driving three 
screws. She carries 735 first-class, 674 second-class, an 
1026 third-class passengers, and has the following public 
rooms: gymnasium, reading and writing-room, lounge, 
smoke-room, verandah and palm-court, restaurant, — 
tion-room, dining-saloon, racquet-court, swimming-bath, 
and Turkish baths. Her finest suites each consist of sitting- 
room, two bed-rooms, bath-room, and clothes-room, and 
each occupies a space of 1600 sq. ft., or 40 sq. ft. per 
person accommodated. 

To-day the largest vessel afloat is the Imperator, 880 ft. 
by 90 ft. by 63 ft. Her girder ratio is 10.7, and she has 
eight decks above her water-line. With boilers of the 
Yarrow type and turbines of 62,000 horse-power driving 
four shafts, she has an ocean speed of 22} knots. She 
carries 900 first-class, 800 second-class, and 2700 third- 
class rs, with a crew of 1200, or 5400 persons in 
all. er accommodation is the latest word in spacious- 
ness and luxury. For first-class gers there are two 
large and three smaller dining-saloons, restaurant, grill- 
room, ladies’ room, l-room, winter garden, smoke- 


room, gymnasium, swimming-bath and Turkish baths, 
the total area given up to public rooms being 36,000 
sq. ft., or about 40 sq. ft. per passenger. She has 446 





first-class state-rooms, ntating te suites, the average 
number of persons per room being thus practically two, 
and the average room area 80 sq. ft. Say person. 

In the all-turbine installation for the merchant service 
the turbines have been mostly of the compound type— 
that is, with the steam passing through two turbines in 
series; the usual arrangement being a three-shaft one, 
having one high-pressure turbine and two low-pressure 
turbines, with the exhaust from the high-pressure turbine 
as through the twolow-pressure turbines in parallel. 

in some few cases has a twin-screw arvangemehs 
been adopted—that is, with the high-pressure turbine on 
one shaft and the low-pressure-turbine on the other ; but 
a similar arrangement, duplicated, has been applied to 
many of the largest installations, both naval and 
merchant, by fitting two independent sets, of two turbines 
each, working on four lines of shafting. With a view to 
py any the steam economy in the all-turbine system, 
a A ate has ‘been a in some 
recent ships 0! power having a four- t arrange- 
ment, b ing the steam through three turbines fa 
series. @ steam passes through the high-pressure 
turbine to an intermediate-pressure turbine, and then 
through the two low-pressure turbines in parallel, there 
being one turbine on each line of shaft. The result 
of this is that for the same over-all length of each turbine 
unit (a matter of some practical moment) the steam 
through a greater number of rows of blades, and a con- 
dition of improved efficiency is gained, while a reduction 
of the blade-leakage is obtained due to the relatively 
increased length of blade as compared with the alterna- 
tive two-series design. The improved turbine efficiency 
resulting from this arrangement thus increases the range 
of 8) at which anall-turbine set can successfully compete 
with the reciprocatingengine. Several ships with turbine 
machinery of this three-series type have lately been put 
on service with very satisfactory results even at compara- 
tively low s. 

The rapid development of the large, luxurious, and fast 
liner, which I have just traced, has been due to the 
exceptionally favourable conditions of the Atlantic route. 
Here there is a large and steady stream of passenger 
traftic, a demand for expensive and luxurious accommo- 
dation, and a comparatively short distance between 
terminals. Fuel of the best quality can be readily obtained 
on both shores. Upon the other great ocean highways 
of the world these advant do not exist. The Pacific 
lane from Vancouver to Nagasaki is 67 per cent. longer 
than that from Liverpool to New York, Vancouver to 
Melbourne 148 per cent. longer, London to Melbourne 
315 per cent., and Southampton to Cape Town 95 per 
cent. Neither Japanese, British Columbian, Australian, 
nor South African coal is equal to Welsh coal in calorific 
value; but on the Pacific o1] fuel is easily obtained, and 
is already beginning to be largely used. In no case 
does the volume of passenger traffic approach that across 
the Atlantic. As a consequence competition is less keen, 
there are fewer vessels, a less auaker of voyages per 
vessel, and the vessels themselves are smaller and of less 

Nevertheless considerable progress has been made 
in size, accommodation, comfort, speed, and economy, 
although the advance in speed has not been so marked as 
that between Britain and America. 

No less interesting than vessels of the “liner” class 
are those smaller passenger carriers known as “ cross- 
Channel” steamers. Between different ports in the 
United Kingdom and between Britain and Continental 
ports there always been a large passenger traffic, and 
the competition between the various railway and other 
companies has developed a large fleet of small vesse!s 
whose speeds vie with those of Atlantic liners, and whose 
ratios of 5) to square root of length are greatly in 
excess of “liner” practice. The conditions of these cross- 
Channel services differ materially from those of the liners. 
The distances are much shorter, ranging from 21 to 120 
miles only, and the number of times the vessels enter 
harbour is much greater. 

The amount of fuel which must be carried is therefore 
much less, and economy of consumption is relatively 
of less influence. It is of greater importance to keep 
down tonnage, to save dues, and to reduce weight 
wherever possible, in order to obtain high speeds upon 
small dimensions. Very few of the vessels are classed, 
and the scantlings, in all cases, are kept as low as possible. 
In many cases harbour accommodation imposes severe 
restrictions upon length and draught. Twenty years ago 
the majority of these vessels were paddle-steamers. 
These were gradually replaced by twin-screw steamers, 
and these again were superseded by turbine-propelled 
craft, which to-day are practically universal in the 


d|Channel services. Typical vessels in 1893 were the 


paddle - steamer Calais Douvres and the twin - screw 
steamer Ibex. 

The Calais Douvres was 324 ft. in length, 36 ft. in 
breadth, and 14 ft. deep; of 1065 gross tons and 6000 
indicated horse-power, she had a speed of 20.64 knots 
and a speed-length ratio of 1.15. She was unclassed, her 
hull weighing 805 tons, her machinery 650 tons (9} 
indica horse-power per ton), and she carried 103 tons 
of coal. Her weight was accounted for as follows :— 


Per Cent. 
Hull... eis 48 
Machinery 39 
Passengers, stores, and water 7 
100 


Her accommodation consisted of ten deck state-rooms, 
furnished with sofas only, and large open saloons below 
deck. She carried 580 first-class and 300 second-class day 


passengers. 
The Thex, of 1062 gross tons, measured 265 ft. by 324 ft, 
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by 154 ft., and with 4200 indicated horse-power realised a 
— of 19.37 knots, the speed-length ratio being 1.19. 

er machinery developed 10} indicated horse-power per 
ton, and her weight was thus accounted for :— 


Per Cent. 
me... aid 60 
Machinery 30 
Passengers, stores, and water 
100 


Her accommodation consisted of two private cabins 
and a number of open saloons with sleeping accommoda- 
tion on sofa berths. She carried 292 first-class and 265 
second-class day passengers. Other notable vessels of 
this period were :— 





! 








| 

: Ton- Speed- 

Name. Machinery. | Length. Speed. | i 

| Ratio. 

ft. knots 

Princesse Henriette) Paddle 300 §=1100 | 20.50 1.18 
Leopold II... oe * 340 867 | 22.00 119 
Princess May Sf ” 280 1123) 20.00 1,19 
Tamise ..| Twin-screw 269 892 | 21.35 | 1.30 
Frederica .. me par 265 1059) 19.50 1.20 


During the succeeding ten years many other similar 
vessels were put into service, their length ranging from 
about 270 ft. up to 300 ft., and their speeds from 19 to 24 
knots. The most remarkable of these Maggy oer the 
four screw steamers Connaught, Leinster, Munster, and 
Ulster, which on a length of 360 ft. attained a speed of 
244 knots, a speed-length ratio of 1.28, and the Empress 
Queen, 360 ft. in length, still the largest paddle vessel 
in this country, and of 21} knots s ; 

In 1903, encoura; by the success of the turbine- 
steamers King ward and Queen Alexandra, built 
respectively in 1901 and 1902, for service on the Firth of 
Clyde, the first turbine Channel steamer, the Queen, was 
placed on the Dover-Calais route. This notable vessel, 
310 ft. by 40 ft. by 25 ft., of 1676 gross tons, has turbine 
machinery of about 8500 horse-power, and attained a 
speed of 21.8 knots, equal to 1.24 times the square root of 
her length. In the same year the turbine-steamer 
Brighton, 274 ft. in gr steamed 21.37 knots, giving 
a speed-length ratio of 1.29. The success of these two 
vessels led to a rapid development of turbine propulsion, 
and the almost total abandonment of paddles and twin- 
screws in the Channel services. In 1905 the Princesse 
Elizabeth, with turbines and water-tube boilers, made 
24 knots on 357 ft., and the Dieppe, with turbines and 
cylindrical boilers and classed at Lloyd’s, brought the 
speed-length ratio up to 1.31, with 21.65 knots and a 
length of akg . ee " ; 

o attain high speeds in relation to length, saving o' 
weight is of vital importance, and the advantrges of 
water-tube boilers in this respect are considerable. All 
that prevented their more general adoption was their 
lack of robustness and the greater care and ski uired 
in handling them, as com with the well-tried and 
well-known Scotch type of steam-raiser. By their use in 
the turbine-steamer Newhaven, built in 1910 as successor 
to the Dieppe, a trial — of 23.85 knots was obtained 
on @ length of 292 ft., the speed-length ratio being raised 
to 1.4. This result was made possible by the extreme 
lightness of the machinery installation in relation to 
the power Sevenanees 13,000 horse-power being obtained 
from a weight of only 590 tons. Thus 22 ‘t horse- 
power was got per ton, about 24 times that obtainable from 
paddle machinery, and double the output of twin-screw 
engines, The total displacement of the Newhaven was 
1510 tons, or only about 200 tons in excess of that of the 
Dieppe, although the later vessel was 18 ft. longer and 


twice as powerful. 

The outstanding difficulty in aig Oo steam-tur- 
bine to marine propulsion has always been that while 
high speed of rotation is necessary to obtain the maxi- 
mum turbine efficiency, the propellers are most efficient 
at = much lower speeds. Electric, hydraulic and_| 
gear-wheel transmission have each been tried in order to 
combine a high-speed turbine with a slow-running pro- 
peller, and thus to obtain the maximum efficiency of each. 

Where a suitable gear-ratio can yo not only 
can improved propeller efficiency and decreased con- 
sumption of steam per unit of power develo be 
ebtained, but it is possible, by overspeeding the tur- 
bines at full , to maintain the economy over a 
larger range of the ship’s — than could be done with 
a direct-coupled turbine. ith the mechanical method 
of s reduction, that of gear-wheel transmission, a 
considerable amount of experience now been 
obtained, and, up to the present, two small cargo vessels 
and seven cross-Channel steamers have been put on ser- 
vice, while four sets, each of about 12,000 horse-power, 
are at present under construction, two for ocean liners 
and two for swift coasters. 

In 1911 the Channel steamers Norinannia and Hantonia 
were each fitted with four turbines, two running at 2000 
and two at 1400 revolutions, and connected by means of 
toothed-wheel gearing to two propeller-shafts running at 
310 revolutions } ag minute. The experiment was a 
notable success, the coal consumed per trip being only 
43 tons, as compared with the 70 tons used by the imme- 
diately precedirg ships, which were of the same capacity, 
but propelled by direct-driven twin-screw turbines. 

Last summer the Channel steamer Paris, 2934 ft. in 
length, and vet ep propulsion, attained 
the remarkable of 25.07 knots on a run from New- 

aven to Dieppe, the speed-length ratio working out at 
a _ result which has only been surpassed by torpedo 





The introduction of toothed gearing for the main drive 


has been looked upon by many as a retrograde . The 
conditions are, however, in no way similar to those in 
which De vy gearing up was Fees and where a 
very valuable turning moment in tbe reciprocating engine 

to be cotentelt wi The loss in woe is 
small, being probably not more than 2 per cent. of the 
power transmitted, and the wear on the teeth is inappre- 
ciable. Some objection has been raised to the noise 
caused by the gearing, but. although doubtless not so 
silent as the direct-driven turbine, yet the geared-turbine 
installation can compare —— with the reciprocating 
engine in this respect. The actual vibration transmitted 
through the structure of the ship is ina jiable ; the 
effect of the gearing being felt altogether in an air 
vibration in the engine-room itself, and this will be 

uced to a minimum with the more accurate meth 
of gnc recently introduced. 

he large speed reduction which can be effected makes 
the system suitable for ships of low speed and moderate 
power, and it is almost certain that this method will 
greatly extend the usefulness of the steam-turbine for 
marine propulsion. 

In Germany the hydraulic transmitter invented by Dr. 
Féttinger has lately been developed. The principle of 
the transmitter is that of combining a high-speed turbo- 
centrifugal pump with a water-turbine designed for a 
lower speed of revolution. The former is coupled direct 
to the steam-turbine, and the latter to the propeller- 
shaft, the 7 and water-turbine being placed in one 

igned that the frictional and 


casing, and they are so d 
eddy losses are reduced as far as possible. Some small 
transmitters have been fitted for marine and 


ur, 
lately a transmitter has been tested with a o of 10,000 
shaft horse-power. It is proposed to fit several large Ger- 
man vessels with the system. A transmission efficiency of 
about 90 per cent. is claimed at full load, with a slight 
reduction at light loads. The ratio of primary to secon- 
dary speed is normally about 5 : 1, but transmitters could 
be designed for larger ratics. 

Electrical transmission has now been applied to several 
vessels. Alternative schemes have tried in which 
the power is generated by steam turbo-generators and by 
generators driven by Diesel oil-engines, and applied to 
the propeller by alvernating-current motors. Considering 
the transmission etticiencies likely to be attained and the 
increased weight and initial cost of the installation, it 
does not appear probable that a system of this kind will 
be able to compete successfully, in ordinary cases, with 
the direct-driving engine or mechanically-geared turbine. 
Where, however, power has to be provided for other than 
propelling purposes (in which case the same generating 
plant could be available), it is possible that this system 
would have advantages. 

Within the period under review vessels built solely for 
the purpose of carrying cargo have undergone notable 
development. The principal object of the owner of such 
vessels is to secure improved economy in each successive 
addition to his fleet, speed and accommodation being 
secondary considerations. And here again I have the 
same = to tell—the story of increase in dimensions 
— of reduction in fuel-consumption in relation to work 

one. 

The following table shows the steady advance in the 
vessels of one well-known line of cargo tramps :— 


Year. Dead-Weight. 
tons 
1895 6400 
1899 7200 
1905 8200 
1912 9300 
1913... ne ‘as ata site .. 9600 

The bas remained practically constant at 11 knots ; 


but while the 6400-ton dead-weight carrier of 1895 deve- 
loped 1400 indicated horse-power, and consumed 24 tons 
of coal daily, her successor of to-day can carry 9600 tons 
and steam at the same s on an expenditure of only 
32 tons daily for 2300 indicated horse-power. Fifty per 
cent. more dead-weight is carried and 64 per cent. more 
power developed, but only 33 per cent. has been added 
to the fuel consumed. coal rate has fallen from 1.6 Ib. 
per horse-power per hour to 1.3 lb., while for a 3000-mile 
voyage the dead-weight carried per ton of coal has in- 
creased from 23.5 tons to 26.4 tons. 
Rapid loading and discharge of cargo are of vital im- 
rtance to the tramp vessel, and itis evident that the 
ess the —~ has to moved horizontally along holds 
and ’tween decks before coming under the hatchways to 
be lifted, the more rapidly can it be handled. Hatches 
have therefore increased tly in size, and in some 
vessels are now almost continuous, and in breadth nearly 
= - half a — § With the a — 
facilitating the passage of cargo to and from the 
hatchways, hold pillars have almost disappeared, and in 
place of the double row of slender pillars at intervals of 
about 4 ft., we find argo o> holds and decks supported 
by continuous longitudinal girders under the beams and 
only four large plate-and-angle pillars. 
he steam-winch still remains the best means of hand- 
ling cargo, being more robust and less complicated than 
either electric or hydraulic plants. The winches them- 
selves have been greatly improved, and instead of a single 
6-in. by 10-in. winch at each hatch and chain falls, we 
find a pair of 8-in. by 12-in. machines, with helical gear- 
ing and wire-rope pendants. The normal derrick is now 


| of Mannesmann steel tube for a 6-ton lift in place of the 


old 3.ton wood derrick, while a special steel derrick at 
each end of the vessel can handle a load of 30 tons. At 
the same time the size of the drums has increased from 
12 in. to 24in., and the working pressure from 50 1b. to 
100 lb. Larger wearing surfaces have been provided, and 


locomotive-type valves fitted, so that the cargo-winch of 
to-day is not only more powerful and more rapid than its 


geedeeua, but has also greater immunity from break- 
wn. 


lo 
Crew’s accommodation has been greatly improved. 
Comfortable mess-rooms are now provided y 
from sleeping quarters; galvanised-iron berths have re- 
placed wooden bunks; steam-heating and stoves are pro- 
vided ; each man has a locker fitted with drawers for his 
clothes, and his chest goes to a separate store-room ; there 
are plunge and shower-baths for seamen and for firemen, 
as well as for the captain, officers, and engineers, and a 
"The eke hospital is provided. 

The triple-expansion engine still holds its place in the 
engine-room of the cargo-tramp. The fourth cylinder of 
a quadruple engine would mean additional complication 
and one or two additional engineers. Three main boilers 
of equal size are used, two under forced draught for pro- 
gelve pu the third under natural draught for 

ealing with cargo and to assist the others in cases of 


emergency when a little extra yy is called for. 

In empareee with the 1 tons of coal consumed 
daily by the swift liner, the 30 tons of the cargo tramp 
appears so small that it would seem hardly worth while 
to attempt to reduce it; but the 4 lb. of oil per brake 
horse-power per hour of the Diesel engine, ther with 
the saving in weight and space and in time for kering, 
is already attracting the attention of the owners of 
cargo vessels, and the economy of the geared turbine 
proposition is also being considered. 

In numbers and dimensions there has been a rapid 
development of vessels built for the carriage of petroleum 
in bulk. In 1893 Lloyd’s Register contained the names 
of 47 vessels pectin | in carrying oil cargoes, and 17 
were in course of construction. The t on service 
was the Turbo, 350 ft. in length, and capable of ing 
5000 tons of oil in bulk. To-day there are 370 vessels on 
the Register, the largest being San Fraterno, 530 ft. 
in length, and loading 15,700 tons of oil. 

Vessels specially fitted with refrigerated holds for the 
carriage of perishable such as fruit and meat, 
have also been greatly developed and improved. 

The steam-yacht has passed through structural changes 
not dissimilar to those which have affected mercantile 
vessels, Dimensions have y increased and super- 
structures have been added. The weather-deck is now 
further above water, and the principal accommodation 
and public rooms carried out to the ship’s side in place of 
being confined to a long deck-house. Turbine Ision 
has in many cases been adopted with success Ci of 
reciprocating engines. 

I regret that within the limits of the time at my dis- 
posal this evening I cannot refer in detail to many other 
notable changes which have taken place during the past 
twenty years, such as the disappearance of sailing 
ship, the wide application of hn es 4 to fishing- 
boats, barges, other small t, and the remarkable 
performances of the hydroplane boat. These would of 
themselves take up an entire evening. 


Comparison of Fuel Consumption and Weight of Machinery, 
1893-1913. For same Effective Horse- Power. 


| 

















| Relative | Relative 
_ — | Fuel Con-| Machinery 
sumption., Weight. 
— | — 
1, Atlantic Passenger Ship. 
1803 Twin-screw triple-expansion engine ; 
cylindrical boilers .. ée -.| 100.0 100.0 
1913 Four-screw triple-series turbines ; 
cylind ers .. oe --| 90.0 81.0 
1913|Four-screw triple-series turbines; 
| water-tube boilers .. “ --| 940 60.0 
2. Intermediate Liner. 
1893) Triple - expansion comipocsating en- 
al sine; pe ge - --| 100.0 100.0 
1913, ruple - expansion procating 
engine cylindrical boilers. . --| 02.6 91.0 
1913| Combination, reciprocating and tur-) 
bine ; cylindrical boilers .. | 80.0 94.0 
8. Channel Steamer. 
1893|Twin-screw triple-expansion engine ; 
|" cylindrical boilers .. ..  ..| 1000 100.0 
1918 Three-screw direct turbines; cylin-| 
| cal boilers .. a oo . 87.0 74.2 
1918, Twin-screw geared turbines; cylin- 
|_ drical boilers .. es es --| 76.4 82.0 
1913|Twin-screw geared turbines ; water.) 
tube boilers .. =... +. =| 76.0 60.0 
4. Cargo Tramp Steamer. 
1898 Single-screw triple-expansion engine ;| 
|_ cylindrical bollers os *s -»| 100.0 100.0 
1918 Single-screw triple-expansion engine ; 
cylindrical boilers, with super-| 
| heater .. ms 7 s | 85.4 100.0 
1918 Single-sorew geared turbines; cylin-| 
drical boilers .. as Ba --| 76.0 84.4 
With regard to the changes in boiler ign and con- 


pe oe have — _ The Ly an Some 
as remain most unc in gen ign duri 

the last twenty years. Boiler shell-plating, oule to the 
higher pressures now adopted, is much heavier, and 
where weight is a consideration is often of high tensile 
steel. Boilers of the water-tube type, which have entirely 
superseded those of the eylindricel typein warships, have 
made but little a? in the favour of the average ship- 
owner, and have adopted only to a very limited 
extent in merchant ships in this country. tly, 
however, their great advan in lightness have secured 
their adoption in several nel steamers, and some 
smal] Australian vessels have been fitted with boilers of 
the Babcock and Wilcox type. A considerable departure 
has been made in the fitting of the large German Atlantic 
vessel Imperator with boilers of the Yarrow type ; and in 





a large liner at present under construction on the Clyde, 
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Babcock and Wilcox water-tube boilers are being adopted. 
The increasing cost of fuel, and the economy obtain- 
able by the use of superheated steam, has tended to 
hasten development in that direction ; and a fair number 
of ships, including the liner under construction just 
referred to, are being fitted with superheaters. A saving 
of from 10 to 15 per cent. in fuel consumption has been 
shown 0 be possible, and it is likely that superheating 


will be much more widely adopted in the near future. 


With regard to the gain in fuel economy, brought about 
by the developments which have taken place, it is diffi- 
cult, owing to the bx dom factors invulved, to state this 
in general terms. Taking, however, the classes of ships 
separately, the average values are given in the table on 
the preceding page. 

The blem of mechanical stoking, which has been 
su ully solved for the less severe conditions of land 

ractice, stil] awaits solution as regards conditions afloat. 

deal conditions in this ré would be more easily 
reached by the extended use of liquid fuel, the advan- 
tages of which are obvious, Much progress has been 
made in perfecting apparatus for the proper combustion 
of oil, and its use would very rapidly-be extended but for 
the sufficient reason that the present relative prices of oil 
and coal are such as to make the use of oil for burning in 
furnaces, except in specially favourable instances, out of 
the question Np pees wy | On the eral economic 
question of the oil supply depends also the rate of future 
progress of the latest development in marine propulsion 
Of the large internal-combustion engine. __ : 

The application of the internal-combustion engine to 
marine propulsion is no new development, small engines 
having constructed for this purpose more than 
twenty years ago. During the last decade, however, 
rapid progress been made with small engines using 
the lighter petroleum spirits and oils, and the extent to 
which the a has been superseded in small 
craft, such as launches and pinnaces, is apparent. For 
this class of work the advantages of the internal-combus- 
tion engine in lightness, smallness, and general con- 
venience are such as to make the steam-engine almost 
obsolete. The problem of producing a reliable engine of 
the internal-combustion type of r power, without 
undue complication of design, and sufficiently low in first 
cost and maintenance to be able to compete successfully 
with the steam-engine or geared turbine, is a much more 
difficult one. Much experimental work has been done 
with this end in view, and there are many attractive 
possibilities. : : 

Comfort on shipboard has vastly improved during the 
past twenty years. Spring mattresses and brass bed- 
steads have replaced the old wooden bunks, improved 
systems of heating and ventilation have been introduced, 
sanitary arrangements are tly superior both in 
quantity and in quality, while the furnishings of the 
public apartments and the attractions of the dining-saloon 
vie with those of the finest hotels on shore. Third-class 

: rs have a pee cabins each for fom, six, or 
eight persons, in place o open ’tween-deck 5 
filled with tiers of i beds and accommodating wh 
In place of benches and tables along the sides of the 
sleeping quarters, separate dining-saloons, smoke-room3, 
and music-roomsare provided. 

Anti-rolling devices have been greatly developed. The 
use of free-water chambers, first su ted by Sir Philip 
Wa.tts in 1875, and adopted in H.M.S. Inflexible and the 
City of Paris, have been reintroduced on an exact scien- 
tific basis by Herr Frahm; while Herr Schlick in Ger- 
many, and Mr. Sperry in America, have successfully 
applied the gyroscope to the reduction of rolling motions. 

Wireless telegraphy, introduced in 1896, is now fitted 
in over 1800 ships and 270 shore stations. By its agency 
each steamer can keep in direct touch with her sisters or 
with the shore. Already this power of communication 
over long distance has proved of inestimable value to 
vessels in distress by enabling them to summon imme- 
diate assistance. ireless telegraphy is probably the 
greatest boon ever given to those in peril at sea, 

As a preventive means, submarine sound-signalling has 
proved itself to be of immense value, especially where 
the mariner is surrounded by his most dangerous enemy 
—fog. It is well known that during fog both light and 
ordinary sound-signals © very unreliable, whereas 
the state of the atmosphere has no effect upon sound 
transmitted through the sea, The first submarine 
was installed in 1901, anc to-day there are about 140 
fixed bell-stations and over 1000 vessels fitted with 
listening apparatus. _— sai 

The important questions of freeboard, subdivision, and 
lifeboat accommodation have all received a considerable 
amount of attention in recent years, and special com- 
mittees have lately been appointed to investigate each of 
these intricate problems, so that nothing ¢ human 
skill can devise may be left undone to secure the safety 
of human life and property entrusted to the vessels of 
our mercantile marine. 

The 1892 Bulkhead Commi‘tee set as its highest 
standard the ability to remaim afloat with any two 
adjacent compartments simultaneously flooded. The 
Campania was one of the first vessels to comply with 
the conditions laid down, and the Scot was also a “‘two- 
com ent” ship. Since that date not many ships 
have fully met the requirements, which were found in 
many cases to interfere too much with passenger and 
cargo facilities. The new Empresses on service in the 
Far East and the new Allan liners have been made into 
**four-compartment” vessels, and it is more than probable 
that the new Bulkhead Committee will set a higher 
standard of safety than their predecessors. ; 

One of the most appalling at sea is that of 
fire, and in recent years many new systems of mee’ 
this emergency have been introd . The now univ 


replacement of candles and oil illumination by electric 





light has eliminated one of the most frequent causes of 
conflagration; and should fire occur, systems of piping 
led into every part of the ship can quickly convey water, 
steam, carbonic-acid gas, sulphurous vapour, or the ex- 
haust gases from the funnels, so as to deprive the flames 
of the oxygen which is their life. 

In the course of my remarks I have made no reference 
to failures, as these have been but rare among so many 
notable successes. Nevertheless, much has been learned 
from failure, as each one, if read aright, indicates some- 
thing to be avoided in future work. The solid progress 
recorded, with but little assistance from that manual 
labour which to-day claims to be the sole producer of 
wealth, the inevitable result of the persistent 


intellectual effort, ameunting at times to € omen of the | 


many men whose names are as household words among 
us, and will live imperishably in the annals of our profes- 
sion. It is im ble to review the history of marine 
construction without being forcibly impressed by the 
greatness of the debt we owe to such men as James Watt, 
Scott Russell. Brunel, John Elder, Sir William Pearce, 
Sir William White, Dr. a the Froudes, the late Dr. 
Denny, and many others who have passed away, as well 
as the Hon. Sir Charles A. Parsons and others who 
are still fellow-workers with us. Active and daring minds 
have ever been questing forwards, and no opportunity for 
advance, no probability of new development, has hove 
allowed to pass without thorough sifting and examination. 
The needs of the coming years have been anticipated, the 
engineer has ever been in the van, and not in the rear, of 
material progress. We have seen how the ocean liner has 
steadily advanced in dimensions and s The only 
apparent obstacles to continued increase are those con- 
nected with finance and with the sizes of docks and 
harbours. In view of past experience, he would be 
bold indeed who would place any limit upon what the 
future will bring forth. 





THE STRENGTH OF BLOCKS. 
To THe Epiror oF ENGINEERING. 

Sir,—We should be very much obliged if any of your 
readers could let us know, through the medium of your 
valued paper, what is the usual method of calculating the 
safe load on blocks, such as are used on derricks for dis- 
charging cargo. , Lie 

The point we are not quite clear on is this: should the 
load on the hauling part be taken into account in fixing 
the safe working load on the block? For instance, a 
block may be designed to lift a nominal load of 5 tons, 
with a factor of safety of 5, making the ultimate load 
25 tons. aos | the pull on the hauling rope into 
account, the total working load will be 10 tons, which 
reduces the factor of —_ to 24. 

Again, taking a pair of four-fold blocks working in com- 
bination, each ve, let us say, capable of lifting 5 tons, 
the total load on the swivel eyes would be 40 tons, plus 
the pull of 7 tons, making 47 tons in all. Should five 
times this latter figure be taken as the ultimate load ? 
From observations which we have made, it would appear 
that makers very often neglect the unseen load on the 
hauling part in arriving at their factor of safety. We 
trust we have made ourselves clear, and that you will 
publish this, as it is a question which, we think, should 
prove of general interest. 

Thanking you in ee. 

e are, yours truly, 
** DERRICK.” 
Glasgow, October 20, 1913. 

[The pull on the hauling rope should certainly be in- 
cluded as part of the load when calculating the strength 
of the blocks.—Ep. E.] 





“THE EARTHQUAKE AT PANAMA.” 
To THE Enpitor oF ENGINEERING. 

Srr,—In reply to the letter by ‘‘ Seismos” in your last 
issue, it may be stated that pa the great majority 
of earthquakes are ‘‘tectonic”—that is, are connected 
with the structural changes by which the crust of our 
planet is being continually modified—yet there are some 
of apparently volcanic origin. Some of the “ voleanic” 

quakes are related to neighbouring volcanoes, in 
which case, although the shocks incidental to the volcanic 


bell | explosions may be locally violent, they are never far- 


spreading. In other cases these ‘‘ volcanic” earthquakes 
seem to related to volcanoes at a great distance, like 
the association of the Jamaica earthquake with volcanic 
activity in the Lesser Antilles. 

The complex seism ms, which are recorded at Panama 
during the slight shocks and ‘‘echoes” which are prevalent 
there, would seem to show that the seismic focus is 
far distant, and that the seismic waves have therefore 
to travel through a heterogeneous variety of rocks. 
Whenever granite is overlaid, as in the Canal Zone, with 
shales, clays, sandstones, and other tertiary accumula- 
tions, interpenetrated with dykes of basalt and volcanic 
cores or ‘‘ necks ” of andesite, the earthquake waves are 
not recorded by the seismographs in their exact original 
shapes. At every breach in the continuity of the rocks the 
traverse they are variously shattered and transformed. 
Their periods of vibration, as well as their rates of travel, 
are cl ; some, turned aside by total reflection, may 
be lost to observation, while others may reach the surface 
as ‘‘echoes.” These “ echoes ” may be reverberations of 
earthquakes which have occu on the Costa Rica 
plateau, or even in far-off Jamaica. ‘ 

** Seismos” rightly refers to the ‘‘ enormous lightening 
of load, and the et transference of strains due to 
the excavations at Culebra” as a possible cause of the 

earthquake. Up toa certain point the crust of 
the earth can resist the strains continually arising through 
surface agencies, whether these arise from the processes 





of Nature or from the engineering operations of man. 
Wind and water remove materials from one part of the 
surface to pile them up over another; one region is 
lightened by denudation, while adjacent tracts are weighted 
by deposition. In great engineering operations man does 
the same. The American engineers removed materials 
from Oulebra Cut, piling them up et Tabernilla, 
Corozal, and other per at Gatun and Miraflores dams, 
and at the Balboa and Punta Toro breakwaters. In the 
construction of the concrete locks they have assembled 
millions of tons of rock, sand. and cement at Gatun, 
Pedro Miguel, and Miraflores. Relative changes of level 
are the arenes means for righting this disturbance of 
equilibrium, but they can seldom take place until the 
prolonged accumulation of the load finally renders tension 
insupportable. There is then a sudden snap, an abrupt 
settlement, and the news is announce i at the surface by 
the waves of an earthquake. In this connection it is 
perhaps significant to note that the Panama earthquake 
occurred just at the close of the engineering operations, 
when the stresses had attained their maximum, and when 
the blasting of a dam had presumably added to the strain 
which the rocks had to bear. 
Yours truly, 
THe WRITER OF THE ARTICLE. 





THE MONUMENT TO JOHN WILKINSON. 
To THE EprTor oF ENGINEERING. 

Srr,—Some years ago you had in your columns (see 
ENGINEERING, December 4, 1908, page 741) an article on 
John Wilkinson, the celebrated 18th century ironmaster. 
Mention was e therein of an imposing cast-iron 
monument erected by his executor to his memory on his 
estate at Oastlehead, near Grange-over-Sands. Forty 
years ago this monument was re-erected by public sub- 
scription at Lindale-in-Cartmel, by the roadside. Since 
then it has been looked upon as public property ; but last 
week the owner of the estate is Pileged | by the local press 
to have sold the statue to a dealer in scrap iron. This has 
aroused indignation in the neighbourhood, and steps are 
being taken to prevent the alleged act from being con- 
summated. 

My present object in writing to you is to give the 
matter —— and to get into touch at once with all 
those who may be interested in saving the monument. 

I am, Sir, yours obediently, 
‘ H. W. Dicxryson. 

5, Salisbury-road, Wimbledon, October 20, 1913. 





SaFgty ON THE Rartways.—In the United States there 
has for some time been a popular demand for the aboli- 
tion of level, or, as they are there called, ‘‘ grade,” cross- 
ings on the railways. This demand is meeting with 
compliance on the part of the railways where possible in 
congested centres, and the last few years has seen many 
improvements undertaken with this object. The Penn- 
sylvania Railroad since 1902 has eliminated 1052 level 
crossings at a cost of 13,328,260/., but the company 
point out that their complete suppression is quite impos- 
sible, as there are over 13,000 on its system, and the cost 
would amount to about 120,000,000/. 





Travian Burtt Torpepo-Boat DestTroyers.—We give 
below a few data concerning the performance of three 
Italian destroyers which are propelled by steam-turbines 
supplied by the firm of Franco Tosi, Legnano. The 
principal dimensions are :— 








Length . 73 m. (239 ft. 6 in.) 
Breadth .. ee "a 7.320 m, (24 ft.) 
Displacement at the trials .. 613 tons 
- under full load. . - 680 ,, 
Armament. . a va oe . One 120-mm. (4.7-in) gun; 
four 76-mm. (3-in.) guns ; 
2 torpedo-tubes 
ig/|4i¢ 
‘itil | = a 3 
|s/2¢ 
| & | s 5 
Ave " speed at full power .. kno*s| 35.068 | 35.040 | 35.796 


Shaft horse-power . .. «| 17,080 | 17,780 | 17,640 
Maximum reached.. _. knots) 35.630 | 35.740 | 36.039 
Revolutions of turbines at full power, 

average speed .. - -, reva.; 690 | 692 698 
Oil-fuel consumption per shaft ho 

power hour at full speed o 


¥ 
rse- 
.. Average, 0.590 kg. (1.3 lb.) 


In the course of the trials it took from 9 to 14 seconds, 
according to the speed on the ships, to reverse the turbines 
from ah to astern, and from 5 to 7 seconds to reverse 
from astern to ahead. The eight new 700-ton Italian 
destroyers are also to be propelled by Tosi steam-turbines; 
these will develop 9000 shaft horse-power for running 
ahead, and 3500 for running astern. Messrs. Tosi are 
now building for the Pattison yard, Naples, for four 
Roumanian 1450-ton destroyers, eight turbines to develop 


Length... “ “~ os -. 94m, (308 ft. 5 in.) 
Breadth .. as ty . oh 9.46 m. (31 ft.) 
Meandraught .. fad oe 3 m. (9 ft. 10 in.) 
Displacement atthe trials .. ed 1330 tons 

9 under full load. . + 1450 ,, 
Contract speed .. S ee 3 35 knots 


:. Three 120-mm. (4.7-in.) 
guns; six 76-mm. (3-in.) 
guns ; 2 torpedo-tubes 

each 20,000 shaft horse-power for running ahead, and 

6500 for se astern. The contract speed is 35 knots. 

The principal dimensions of these Roumanian destroyers 

are given in the table above, 


Armament. . 
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THE BALDWIN STANDARD MAXIMUM TRACTION TRUCK. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, PA., U.S.A. 
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A New standard design of maximum traction truck | the plate pedestals or horn-blocks, the forged-steel 
for street-cars has recently been brought out by the side frames, and the malleable-iron wearing gibs fitted 
Baldwin Locomotive Works, Philadelphia, Pa.,U.S.A., to the horn-blocks are of a type previous ly utilised. 
and of this we give illustrations in Figs. 1 to 11, The castings employed in the truck are few in number, 
above. Though this truck is of new design in some and the remainin parts are built up of merchant 
respects, other features are similar to those of patterns sections bent to shape. The pedestals are cut from 
which have been in use for some time. For instance, boiler-plate. These features will be appreciated by 




























| all who have had experience of executing repair work 
with only restricted resources available. 

The most radical departure from previous designs is 
the form of suspension adopted for the swing bolster. 
Instead of the more common groups of elliptical springs 
placed transversely and carried on a bolster-beam sus- 
pended by links from the transoms, the present desi 
embodies a long agi es on either side 
placed longitudinally and inverted. This spring at its 
centre supports the bolster, and is itself suspended by 
two deep stirrups.carried over the upper member of the 
side frame. The arrangement wil clearly seen in 
our figures, of which Fig. 1 gives a side elevation of 
the truck, Fig. 2 a half plan, and Fig. 3 a half cross- 
section. Figs. 4 to 9 are details, while Figs. 10 and 
11 give views of the truck taken from different ends. 
Of the details, Fig. 5 shows the manner in which the 
malleable-iron wearing-gibs are attached to the horn- 
blocks, and Fig. 6 shows the horn-stay. Fig. 7 shows 
the method adopted of suspending the spring-stirrups 
over the upper member of the side frame. Fig. 8 is a 
detail of the inverted cups in which the spiral —- 
over the boxes are held. Figs. 4 and 9 refer to the 
brake-rigging. 

The advantage of the adoption of longitudinal half- 
elliptical springs lies in the fact that the arrangement 
allows of a long spring-base, and at the same time 
i? the height of the centre and side bearings to 

lowered, in conformity with the requirements of 
modern car-body design. Coil springs are carried over 
the axle-boxes and take up vertical movements of the 
frame. The motor sus jon is carried by a bent 
angle-iron end frame balted to the side frames. The 
brake-rigging of this truck is very simple. The 
brakes for the drivers are hung from brackets attached 
to one of the angle-iron transoms. The brake-beam 
and suspension for these wheels may be seen in Fig. 3. 
The suspension in the case of the small wheels is from 
an angle-iron cross-piece running between the lower 
members of the side frames. This is shown in Fig. 9. 
Fig. 4 shows a detail of the brake-rod and beam trans- 
mitting the braking power from the main brake lever 
to the blocks of the small wheels, Absence of chatter- 
ing is claimed to be a feature of this type of gear. 

he truck has been designed as a stan , and 
there are certain features in it which may be altered 
to suit the requirements of the purchaser without 
interfering with the design. These are as follow :— 
(1) The distance between the side frames may be 
arranged for any gauge. (2) The wheel-base may be 
altered between the limits of 48 in. and 60 in. (3) The 
motor suspension can be designed to suit any ordinary 
type of street-car motor. (4) The height of the centre 
bearings, the side bearings, and the distance between 
the side bearings may be arranged to suit the design 
of any car-body. (5) The carrying = are 
——— for centre pin-loads of 16,000, 8,000, and 
20, Ib. (6) The diameter of the driving-wheels 
may be varied between 28 in. and 34 in., and the small 
wheels between 20 in. and 22 in. 





DamaceE TO Ratways BY FLoops.—Some interesting 
figures have recently been issued by the Pennsylvania 
Railroad Company relating to losses on the Pennsylvania 
lines west of Pittsburg, m March and April of this 
year. The system to which the figures relate is one com- 
posed of 3015 miles of line. On this system 24 bridges 
were lost and 50 damaged, 39 spans being carried away 
and 48 othersdamaged. The length of single-track line 
represented by these bridges lost and damaged was 
10,557 ft. The cost of replacing them was 1,027,116 dols. 
The length of road equivalent to single track gee 
repairs was 189.6 miles, the cost of which repair wor 
was 1,396,290 dols. Repairs were required to telegraph- 





lines , equipment, stations, &c., amounting to a further 
262,690 dols. 
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THE DEVELOPMENT OF KOREA. 


WE have from time to time directed attention to the 
very methodical and well-arranged Financial Annual 
issued by the Finance Department of the Japanese 
Government, which gives a very complete account of 
the financial, commercial, and icdustrial conditions of 
Japan, and is therefore of very great value to all 
interested in that country. Since the annexation 
of Korea (or Chosen, as named by the Japanese), 
the admioistration of the peninsula has been con- 
ducted through the Government -General and its 
affiliated offices, and most interesting reports of 
the pro which has been made, have been issued. 
These should be studied, together with the reports of 
the British Consul-General, by those wishing to kee 
themselves informed of the developments whic 
are taking place in that part of the world. These 
developments are not only important in themselves, 
but as Korea is now, for all practical pur , & part 
of the Japanese Empire, they will also have an im- 
portant bearing on the conditions in Japan isself. 
The report of last year stated that the Imperial 
Government, in order to secure more permanent 
peace, to advance the interests of natives as well 
as foreigners, and to guarantee the well-being of 
the ex-Imperial family of Li (Yi), had abolished on 
August 29, 1910, the Protectorate carried on since 
1905, and had assumed the responsibility of direct 
administration, annexing the Empire of Korea to 


Japan. 

Phe details of the organisation of the Government- 
General and its affiliated offices yng at the 
end of the fiscal year 1911 are given in the report, 
to which, however, we must refer those of our 
readers who are specially interested in such matters. 
Information will also be found therein relating to 
foreigners, such as the arrangements of consulates and 
the regulations regarding taxation. We, meantime, 
are concerned with the developments directly or 
indirectly affecting commerce and industry. 

The late Emperor of Japan, being desirous of 
foatering the prosperity of his new subjects, gave 
authority, on the eve of the annexation, for the issue 
of bonds for an extraordinary Imperial donation 


amounting to 30,000,000 yen,* of which 17,398,000 
yen has n distributed among twelve prefectures 
and 317 districts, as permanent funds. The annual 


interest of these funds is to be distributed in order 
to afford the means of livelihood to the literati class, 
many of whom had no permanent means of support 
or property, as well as to provide the means for en- 
couraging public common schools, or private schools 
in districts where public common schools are not 
yet firmly established, and to ensure a relief fund 
in case of famine or other calamity. The Japanese 
recognise that it is to the system of education which 
has been established in Japan, that a great deal of the 
progress which has been made is due, and they are 
determined to give the same advantages to Korea. 
The nobility, too, received the treatment of peers, and 
were favoured with liberal Imperial grants. They are 

roperly managing their estates and maintaining their 
Signity and integrity. The people in general, being 
freed from the extortions formerly practised, are now 
engaging in their respective ful avocations with- 
out anxiety, enjoying security of life and property 
under the new régime. With the encouragement of 
industries, productive labour, and the saving of 
money, the habitual idleness and spendthrift ten- 
dency of the people are gradually being successfully 
combated, and the ill-feeling of Koreans towards 
Japanese, and the maltreatment of Koreans by 
sg ogee have become things of the past. 

h 


e result has been a rapid improvement in ad- | \edal 


ministration and a considerable development in com- 
merce and industry. The Budget shows an increase 
of 4,150,427 yen over the previous year, the total 
national expenditure —os to 52,892,209 yen. 
It is interesting to note that 23.46 per cent. of the 
total revenue cumes from the land taxes. The cur- 
rency of the country, which was in a most chaotic 
state, has been reformed, the process extending from 
1905 to 1911. Banks both for commerce and agricul- 
ture have been established, as have also ‘‘ people's 
banks,” so that facilities are offered for carrying on 
trade and industry of every kind and grade. As in 
Japan, Government carry on a considerable number 
of monopolies, the protits of which go to swell 
the national revenue. Among the more important 
of these are the production of ginseng (a m«diciae 
much used: in the Far East), salt, coal-mines, 
and lumber. A considerable amount of civil engi- 
neering work is carried out, and the administration of 
this work, which was formerly carried out by different 
offices, according to the nature of the work, is now 
entrusted to a Civil Engineering Bureau in the 
Governor-General’s Secretariat, the only exceptions 
being the works belonging to the Railway Bureau and 
Communications Bureau. Harbour works have been 
undertaken at Fusan, Jinsen, Chinnampo, and smaller 


*Thevaluccl eyes’. . 








| worksat other plices. Rivers have been improved, roads 


constructed, and the streets taken in hand, so that some 
of the towns are already beginning to have quite an 
imposing ap ce. The Government buildings in- 
clude the offices, official residences, warehouses, &c., 
of the Government-General, local governments, law- 


courts, prisons, police-statio:.s, hospitals, schools, and | 5 


model farms. 

The total length of railway lines open to traffic, 

senger or freight, was 767 miles at the end of the 
fiscal year 1910. Tramways and light railways are 
being developed; and the postal, telegraphic, and 
telephone service are being expanded and improved 
as i as the expenditure of the Budget permits. 
Advantage is being taken of streams and rivers to 
establish hydro-electric stations, to be used for sup- 
plying power for industries of various kinds. 

Of eourse, these developments have led to a great 
increase of foreign trade. The combined exports and 
imports in 1911 amounted to 72,944,637 yen, as com- 

red with 22,161,345 yen in 1902. Great attention 
is being paid to the improvement of agriculture, and 
there has been established a model agricultural and 
industrial farm, a cotton-planting station, horti- 
cultural garden, ae stations, sericulture training 
stations, &c. Limited liability companies of various 
kinds, with a total capital of 24,978,500 yen, have been 
established, and considerable progress is being made in 
industrial preduction. Special attention is being paid 
to forestry and fishery, to both of which more import- 
ance is attached in the Far East than in the countries 
of the West. Amid all these developments there has 
been introduced a general measure of hygienic 
administration, which is having a considerable effect 
on the health of the people. The new educational 
system for natives, which was evolved after a 
careful investigetior, was finally brought into being 
by the promulgation of an Imperial Ordinance in 
August, 1911. The educational system being founded 
on the fundsmental 7 a set forth in the 
Imperial Rescript on Education, issued for Japan 

roper some years ago, the objects and methods 

followed in Korea are similar to those in Japan, 
of which we have from time to time given some 
account. 

The school education is roughly classified into three 
kinds—namely, common, industrial, and special, and 
in each of these departments considerable progress has 
been made. The Government adopted the measure 
of emphasising the necessity of sound common educa- 
tion and industrial training at the outset, in order to 
establish a solid basis on which industrial develop- 
ment might be subsequently built up, and with a view 
to gradvally extending special education, imparting 
knowledge of the higher branches of sci and art, 
along with the advancement of the standard of living 
and condition of the people. The study of events in 
Korea is a very interesting one, not only on account 
of their intrinsic importance, but also because of the 
part which they play in the evolution proceeding in 
the Far East. 








Tue Institurion or Civit ENGInzERS: AWARDS FOR 
Papers.—The Council of the Institution of Civil Engi- 
neers have made the following awards for papers 
published in the Proceedings without discussion during 
the session 1912-13:—A Telford Gold Medal to Mr. 
James Mackenzie (Johannesburg); Telford Premiums to 
Mr. H. Hawgood (Los Angeles), Mr. J. K. Robertson 
san dg Mr. G. 3S. Perry (S. meee N.S. W.), and Mr. 

rvaise Purcell, B.A. (Los Angeles); and the Cramp- 
ton Prize to Mr. William Mason, M.Sc. (Liverpool). 
The Council have made the following awards in respect 
of students’ papers read before provincial associations of 
students during the past session :—The James Forrest 

edal and a Miller Prize to Mr. P. M. Chadwick, B.Sc. 
Birmingham); and Miller Prizes to Mr. A. J. 8S. 

ip (Bristol), Mr. T. P. Geen (Bristol), Mr. C. F. 
Ho -—, B.Sc. Geto) Mr. J. W. Burns (Glasgow), 
and Mr. B. A. E. Heilig (Birmingham). 





Sarety Evectric Switcues ror Mings.—The Technical 
paper No. 44 of the United States Bureau of Mines is a 
preliminary account, by H. H. Clark, of tests made 
with electric switches in highly explosive mixtures of 
natural ‘ ot air. ae Cem ery bed of —_ 
types. e A-typeswitches were supposed to have n 
rendered explosion-proof by being encased with gauze or 
other metenale i 


in such a way that an explosion started 
inside the casing by the arc could not travel te the out- 
side. These -swi were automatic or non-automatic ; 


a to a certain a but the mecha- 
ni protection was insufficient; the non-automatic 
switches failed. The O-type switches are oil-immersed. 
The various kinds of the oil-switches, rated at 50 and 
100 amperes, were sub: to very severe tests on 
225-volt circuits, which stood very well. Theswitches 
were operated at the rate of from 8 to 12 times per minute; 
one or two sets of contacts were sometimes burnt. Asa 
result the oil took up from 3 to 4 per cent. of carbon, 
and some oil was ejected by the operation ; but there was 
no explosion so long as 0.25 in. of oil remained above 
the contacts, al the maximum instantaneous cur- 
rents rose to 1000 amperes, and some switches were 
operated 75,000 times. The contacts deteriorated more 
rapidly than the oil. 





NOTES FROM THE NORTH. 
; Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The dullness in the Glasgow 
pig-iron market still continues, and last Thursday morn- 
ing no dealings of any kind were recorded. Prices fell 
away, and sellers of Cleveland warrants quoted 52s. cash, 
2s 3d. one month, and 62s. 8d. three months. The tone 
was steady in the afternoon with sellers unch from 
the morning, but with buyers’ quotations a little up. 
The turnover was 1000 tons of Cleveland warrants at 
52s. 24d. cash and 52s. 8d. three months. On Friday 
morning the market was lifeless, and no business was 
transacted. Sellers’ quotations were nominally unchanged 
at 52s. cash, 52s. 3d. one month, and 52s. 74d. three 
months, with buyers naming 51s. 9d., 52s., and 52s. 44d. 
respectively. eakness prevailed in the afternoon, 
and one lot of Cleveland warrants was done at 
5le. 114d. one month, and at the close sellers quoted 
51s. 94d. cash, 52s. 04d. one month, and 52s. 6d. three 
months. On Monday morning the market was firmer, 
and 2000 tons of Cleveland warrants were dealt in at 
5ls. 104d. cash, and 52s. twenty-two days. Closin 
sellers named 51s. 11d. cash, 52s. 2d. one month, an 
52s, 8d. three months. The afternoon session was still 
quiet, and Cleveland warrants were the turn easier. 

usiness was limited to 1000 tonsa at 52s. 14d. and 52s. 1d. 
one month, and the market closed with sellers at 51s. 10d. 
cash, 52s. ld. one month, and 523. 7d. three months. On 
Tuesday morning the market was nominally firmer, but 
only 1000 tons of Cleveland warrants changed hands at 
52s. 7d. three months, and at the close sellers’ quotations 
were 51s. 11d. cash, 52s. 14d. one month, and 52s. 74d. 
three months. In the afternoon no dealings were re- 
corded, and sellers of Cleveland warrants quoted 51s. 10d. 
cash, 52s. 1d. one month, and 52s. 6d. three months. 
When the market opened to-day (Wednesday), Cleveland 
warrants were harder, but dealings were confined to 1000 
tons at 52s. 1d. nine days and 52s. 14d. twenty-six days. 
Closing sellers quoted 52s. 1d. cash, 52s. 34d. one month, and 
52s. 9d. three months. The afternoon session was just 
the turn easier, and only one lot of Cleveland warrants 
changed hands at 52s. 9d. three months, and at the close 
there were sellers at 52s. cash, 52s. 3d. one month, and 
52s. 84d. three months. 

Sulphate of Ammonia.—There has been practically no 
change in the sulphate of ammonia position during the 
og week, and the demand is quietly steady. Inquiries 
or forward parcels are coming in, but nothing of any 
great moment has transpired. The current price for 
prompt lots is 13/. 5s. per ton, Glasgow or Leith. 


Scotch Stecl Trade.—The depressed state in the Scotch 
steel trade has not been relieved in any way during the 
past week, and specifications are as scarce as ever. ith 
no immediate prospect of higher prices there is no 
inducement for consumers to enter the market, with the 
result that current business is reduced almost wholly to 
immediate requirements. The Continental competition 
is still very keen, and if producers in Germany and 
Belgium are willing to deliver their material here so 
cheaply, then there seems no other help for the local 
maker, who cannot afford to throw away his goods for 
next to nothing, than to rest on his oars for a little. The 
makers of structural sections are again fairly well occu- 
pied and have, in most cases, quite a good tonnage 
on order. The demand for black sheets is of a hand- 
to-mouth character, and while makers cannot see any 
distance ahead, they are ~~ to keep their 
establishments moving along from day to day. The 
outlet for galvanised sheets is very satisfactory, especially 
on export account, and the various works are well em- 
ployed. Foreign trade all round is not brisk, and although 
there is always a large business doing, it is at present 
very much less than what could easily be undertaken, as 
many of the orders which usually come here are being 
secured ~ Continental makers. Prices are officially 
unchanged. A reduction of 10s. per ton has now been 
made in the Scotch steel trade, with an additional 5s. to 
buyers availing themselves of the rebate system. 

Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig iron has fallen off considerably, 
and for ial brands it is only of moderate dimensions. 
Business is therefore very r at the present time, and 
unless ee increase there is a probability of more 
furnaces bei damped down shortly. For hematite 
there is an absence of demand, and deals could be 
made in the neighbourhood of 70s. The following are the 
market quotations for makers’ (No. 1) iron : — Clyde, 
Se 
oan, vi at ; at 
Ardrossan), 73s.; Bhotts (at Leith), 73s.; and Carron 
(at Grangemouth), 733. 6d. 

Clyde Shipbuilding.—The placing of new shipbuilding 
orders has not been very heavy for some time, but several 
new contracts have lately been secured by builders on the 
lower reaches of the Clyde. Messrs. Murdoch and Murray, 
Port Glasgow, have booked orders for three vessels, each 
of 135 ft.; and Messrs. Dunlop, Bremner and Co, Port 
Glasgow, have also secured orders for two steamers. 
Other contracts are understood to have been fixed up by 
local builders, but no confirmation has yet been obtained. 





Ratiway Construction In Iranian Tripoti.—Nearly 
60 km. of railways are said to have been built in Tripoli 
since the war of the Italians against the Turks. Most of 
these lines are short and serve for connecting the har- 
bours of Tripoli, &c., with the towns and outlying dis- 
tricts. A narrow gauge has been adopted, but the 
sleepers are those of standard-gauge lines, with the idea 
of securing better support in thesand. There is talk of 
the construction of long lines—e.g., one of 2000 km. up 
to the Lake Tsad ; but these are schemes of the future. 
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South Yorkshire Coal Trade.—The local position, so 
fay as house is concerned, does not show much 
activity. Merchants report a considerable weakness at 
dépéts, but the tone of the market is not much affected, 
since this condition of things can only be temporary. 
Furthermore, the merchants did record business last 
month, and so were prepared for a measure of slackness. 
Country orders, following upon the close of harvesting, 
provide the most substantial item. Gas companies are 
taking svoplies freely, thus providing an outlet for 
surplus production and enabling the collieries to main- 
tain regular working. The London demand is quiet. 
The quantities going for shipment are on a much bigger 
scale than is usual at this period of the year, and | 
industrial demands are upon the up grade. There is 
very little, if any, improvement to be traced in coke, 
but a check has been p upon weakening influences. 
Quotations :— Best branch hand-picked, 16s. to 17s. ; 
Barnsley best Silkstone, 14s. 6d. to 16s. 6d. ; Derby- 
shire best wate, 12s. to 13s. 6d.; Derbyshire house, 
lls. 6d. to 12s. 6d. ; best nuts, lls. to 12s.; best 
small nuts, 9s. to 10s.; Yorkshire hards, 11s. 9d. to 
12s. 9d. ; Derbyshire hards, 10s. 9d. to lls. 9d.; rough 
slacks, 7s. to $s.; seconds, 5s. 9d. to 6s. 9d.; smalls, 
to 5s. 


Iron and Steel.—Despite a further reduttion of prices 
in the local iron market, little business is being done, and 
of forward buying there is practically none. Manu- 
facturers of forge irons, finding little or no profit accrue 
from the present low quotations, are in some cases reject- 
ing business. Asa quence stocks are accumulating. 
Hematite is quoted a shilling less, and locally East Coast 
mixed numbers are to at about 71s. A rather 
bigger reduction has taken place in West Coast prices. 
One bright spot of the market is “ye 4 iron, which 
is in demand, owing to the briskness in the 
engineering trades. Bar iron is still depressed, but relief 
is expected now that rolling-stock construction is im- 

roving. The heavy steel industries of the city continue 
oot and prosperity in the armament departments is 


stable. Spain has p’ with a Sheffield firm an order 


for armour-plate sufficient, it is stated, to keep them |}, 


busy for three years. The outlook in railway steel has 
considerably en, owing to the increased demand 
from abroad. In the iighter branches of the steel trade 
work is plentiful, large orders coming from Russia, India, 
South Africa and South America. The London County 
Council have ordered a large quantity of shovels, picks 
and hammers, and large boat funnels are being —F for 
a Belfast firm. For the East India Raiitway a heavy 
supply of wheels, files, and springs is in hand. Tool-steel 
rm oe ordered by Australia and Manila. Several valu- 
able contracts have been divided between local firms by 
the London and North-Western Railway, pemsiony for 
crank-axles. Orders from abroad generally give evidence 
of a prosperous winter export e. Billets meet with 
an improved demand, though bookings for future use are 
not very frequent. The prices of acid billets have declined 
slightly, but basic material maintains firm quotations. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppLEsBRoucH, Wednesday. 
The Cleveland Iron Trade.—There is a steadier feeling 
so far as Cleveland pig iron is concerned, and buyers are 
placing rather long-delayed orders to meet the end of 
the year requirements. At the same time traders still 
act with caution. Producers of pig iron declare that 
current quotations are unremunerative, and unless a 
change occurs, either by the reduction of cost of output or 
by improvement in pig-iron prices, more blast-furnaces 
are likely to be put out of operation. Fairly good sales 
of No 3 g.m.b. Cleveland pig have been recorded at 
52s. 6d. f.0.b., and that is the general market quotation 
for the ruling quality ; whilst No. 1, which is by no means 
too plentiful, is firm at 553. ; No. 4 foundry is 52s. ; No. 4 
forge, 51s. 9d.; and mottled and white iron each 51s. 6d.— 
all for early delivery. Anything but satisfactory accounts 
are given of the East Coast hematite branch of the staple 
industry. A further fall in = has failed to tempt 
customers into the market. th makers and merchants 
now offer Nos. 1, 2, and 3 freely at 64s. 6d. for either 
early or forward delivery, and, in fact, business has 
occurred at 64s. 3d., whilst some buyers are not disposed 
to offer more than 64s. There is nothing passing in 
foreign ore, and, in the absence of transactions, quota- 
tions are purely nominal. Market rates are still based 
on 19s. ex-ship Tees for Rubio of 50 per cent. quality, 
but consumers will not buy on such terms. The scarcity 
—_ os veoh — as = —_ local —_ are not 
8a . Average t-furnace ities are full: 
18s. bd. delivered at Tees-side works. * : 
_ Stocks and Shi of Pig Iron.—The quantity of pi 
iron in the ublic warrant stores here } date a 
166,545 tons, 6291 tons wg withdrawn since the 
beginning of the month. the stock, with the ex: 
tion of 43 tons which is standard iron, is No. 3 Cleveland. 
Shipments of pig iron from the Tees are on a satisfac 
scale. To date this month they average 3478 tons per 
working day, the total d es returned at 
66,095 tons. To the same date last month the total 


oadings amounted to 72,777 tons, or a dail average of 
3830 tons, and for the t; part of "Octobes last 
year the clearances 84,766 tons or an average of 


4461 tons per working day. 
Manufactured Iron and Steel.—So far as can be 


e are no new features of moment i 
various branches of the manufactured iron ye 


tory ser BORE 1912, loss, 36422. 





industries. Producers are kept busy on running con- 
tracts, but orders are scarce. Princi market quota- 
tions stand :—Common iron bars, 7/. 10s. ; best bars, 
71. 17s. 6d.; best best bars, 8/. 5s.; packing iron, 6/.; iron 
ship-plates, 7/.; iron ship-angles, 7/. 15s.; iron ship- 
rivets, 8. 10s.; steel bars, 7/. 5s.; steel 49% 
7/. 5s. ; steel ship-angles, 6. 17s. Gd.; steel strip, 7/. 5s.; 
steel hoops, 7/. 10s.; steel joists, 6/. 12s. 6d. less the 
customary 24 per cent.; cast-iron railway chairs, 4/. 15s.; 
light iron rails, 7/.; heavy steel rails, 6/. 10s. ; steel rail- 
way sleepers, 7/. 10s,—all net; and vanised corru- 
gated sheets, 11/. f.o.b.—less the usual 4 per cent. 





Tue British CommerciaL Gas AssociaTion.—The 
British Commercial Gas Association, which was founded 


ocal | in 1911 under the auspices of the Institution of Gas Engi- 


neers, exists for the advancement of the gas industry, 
and works by the collection and dissemination of infor- 
mation bearing on the economic and bygienic applications 
of e The Association held its second annual conference 
in London, on Tuesday and Wednesda 
On Tuesday meetings were held at the Guildhall, when, 
after a reception by the Lord Mayor, there was an address 
by the President, Mr. Edward Allen, M. Inst. C.E., and 
aga |S on i. oy ort, &c. be ages | = 
spent on the and discussion of papers, and the 
annual dinner waste in the evening. Over 400 members 
and guests were present at the latter function, which was 
followed by a lecture by Professor Vivian B. Lewes, on 
“The Development of Gas as an Illuminant and as a 
Fuel: A Century of Research and Invention.” Professor 
Lewes’s lecture was a racy and my mg | review of the 
progress of the application of gas from the days of the 
cock-spur burner to those of modern = gy light- 
ing. On Wednesday, meetings were held in the Con 
Hail of the National Gas Exhibition, at Shepherd’s Bush. 
Papers were read and discussed both in the morning and 
afternoon, while lunch was served to the Association 
by invitation of the Brentford and Commercial 

— 5 the Gas Light and Coke Company, and the 
South Metropolitan Gas Company. 


ARGENTINE Raitway Arrairs.—It is not a little dis- 
couraging that after capital to the amount of 124,610,773/. 
as been expended by the three ly Argentine 
railways—viz., the Buenos Aires Great Southern, the 
Buenos Aires Western, and the Central Argentine—a 
Bill has been passed by the Legislature of the province 
of Buenos Aires authorising the vincial government 
to build a network of 3000 miles of railways covering the 
ter part of the zone occupied by the two former. 
eanwhile, however, British Argentine railway under- 
takings may be said to be prosperous, the working of the 
Buenos Aires Great Southern having been attended with a 
profit in 1912-13 of 2,873,849/., as compared with 2,387,228!. 
in 1911-12. The ratio of working ex to traffic 
receipts for this line works out at 56.31 per cent.; as a 
result a dividend of Fo cent. is possible. In the 
course of the past half-year the Buenos Aires Great 
Southern Railway opened 97 miles of new line for traffic, 
while a further extension from Neuquen to Zapala, 116 
miles long, is practically completed. The Buenos Aires 
Western ilway Company opened 120 miles of new 
line for traffic towards the close of 1912, and progress 
is now being made with further extensions, amount- 
ing to 45 miles. Stone ballasting has been intro- 
duced upon 282 miles of the Central Argentine system, 
- =" — have been = with moon ok —_ 
e ti Argentine m expen urther 
capital to the amount of 2,375,581. upon various new 
works last year. Extensions fi in this amount for 
822,450/., and previously ons permeate way for 
sone belies So COT, relaying slospeen, $2,0852 The 
stone , .; relaying sleepers, 52, e 
expenditure on further rolling-stock was :—Locomotives, 
174,023/.; carriages, 68,218/.; trucks, 282,576/. 


ProritiEss CoAL-WorkinG.—The working of coal in 
the important Belgian province of the Hainaut has been 
attended during the last two yeais with profitless results, 
although an appreciable advance has been established in 
prices. The output of the province for the ten years ending 
with 1912 inclusive, and the value of the annual produc- 
tion in the course of that period, were as follow :— 








Production. Value. 
Year. Tons £ 

1903 _—titayx. _ ee os 16,544,570 8,668,719 
1904 ‘ss = op “e 16,152,560 7,999,502 
1905 15,158,730 7,508,360 
1906 16,694,980 9,883,022 
1907 17,027,090 11,267,896 
1908 16,751,590 10,579,482 
1909 16,694,810 9,380,708 
a. 2 - sa ‘i 16,950,470 778,442 
1911 be = is 16,485,100 9,616,880 
1912 ae 15,982, 10,701, 


It will be observed that poee were at their highest 
in 1907, and the effect of prices upon profits is seen 
in the outcome of the working of each year in the de- 
cade. This was as follows :—1’ t, 719,064/.; 1904, 

t, 415,812/.; 1905, profit, 468/.; 1906, profit, 
.171,7181.; 1907, t, 1,392,312/.; 1908, t, 875,294. ; 
1909, t, 389, 3 1910, t, 305,732/.; 1911, loss, 
e attenuation of the loss 
in 1912 was due to an advance in the average price 
realised from 11s. 8d. per ton to 13s. 1d. per ton; but 
this improvement was more than neu LB. . 
average advance of 10} per cent. in wages. It is probable 
that matters will adjust ves in @ year or two, so 


that a profit of some kind will again be realised ; but, for 
the time being, the dislocation of business has been so 
great that it has been impossible to secure a reasonable or 
satisfactory return upon the coal-mining industry of the 
province. 
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NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has continued to be 
adve affected by an unsatisfactory tonnage position, 
but production bas been sho 


y colliery sto’ pages, 
&c., and most of the leading coal-owners having full 
order-books, and little coal available, have been support- 
ing quotations with firmness. The general tendency of 
buyers has been only to meet immediate requirements 
and to delay the oe | of forward business. Orders 
for steam coal are stated to be still under negotiation 
for the French State Railways. Inquiries have been 
received from the Southern of France Railway Compan 
for 50,000 tons of smalls and 20,000 tons of patent fuel. 
House coal has shown firmness. The best Admiralty 
large has made 19s. 6d. to 20s. per ton; it secon 
dary descriptions have been quoted at 18s. 6d. to 19s. ; 
and other secondary qualities at 17s. 6d. to 18s. per ton; 
best bunker smalls at 10s. 3d. to 10s. 6d.; cargo 
smalls, 6s. 6d. to 7s. 6d. per ton. Best Monmouthshire 
black vein large has made 16s. 9d. to 17s. 3d., and 


"| ordinary Western Valleys 153. 9d. to 16s, 3d. ton. 
As coal e brought 


the best qualities hav 

7s. to 188.; No. 3 

13s. to 
12s. 


regards household the 
19s. to 20s.; good descriptions, 
Rhondda large, 16s. 6d. to 17s.; and 
13s, 6d. per ton. No. 2 Rhondda large has i 
to 12s. 9d., and No. 2 smalls 7s. to 8s. per ton. 


Newport Bridge.—After six years consideration of 
several rey the ae soem aes comecel pes Socided 
to accept the design for a new bri pre y Messrs. 
Mouchel and Partners, of Westminster. The bridge 
will be constructed of ferro-concrete, and will comprise 
three spans — viz., 138 ft. for the centre 5 and 
100 ft. each for the two side spans. The width of the 
bridge will be 70 ft. between parapets. The bridge will 
be surmounted with granite parapets, broken up with 
aa pilasters. The estimated cost of the works 
is . 


Messrs. Baldwins, Limited.—At the annual meeting 
of this company, Mr. Stanley Baldwin, M.P., in the 
chair, it was stated that the stocks held by the compan 
were larger. This was partly due to increased trade and 
partly to enhanced values; but the stocks throughout 
the business were taken on a low and reasonable i 
Having regard to the amount of cash required in busy 
times, the balance at the bankers was satisfactory, 
especially when the fact was taken into consideration 
that the directors had increased the value of the 
properties and the amount of the investments of 
the company. - The profits of the past year were 
the largest ever by the company, and the 

roprietors could not look for such returns every year. 

ey had been particularly fortunate during the past 
twelve months in having a good trade for nearly all the 
varied Ps they made, and this was a happy combina- 
tion of circumstances which seldom recurred. It had 
seemed good to the directors to take advantage of the 
larger profits and to attack the item of goodwill, which 
-> remained — Tr, Ste a = tion of 
the company. e able, rawipng 
to the extent of 50, O01. on the reserve rae f and partly 
by taking 115,000/. out of the profits of the year, com- 
pletely to write off the item of goodwill. They had also 
made a substantial addition to the amount set aside for 
depreciation. 

Gas at Olympia.—A party representing the Wales and 
Monmouthshire District Tnetitate of Gas ineers and 

rs has visited the National Gas Exhibition at 
Olympia. The ay was headed by Mr. H. D. Madden 
(Cardiff), president of the Institute.. They journeyed 
up from South Wales in sections, and met at the Exhibi- 
tion. 


Dowlais.—All departments have been well ope ed. 
The Goat Mill, in addition to a large tonnage of billets, 
tin-bar, &c., has been turning out a large tonnage of heavy, 
long steel rails; the sleeper press has also been well em- 
ployed. The big Mill has been employed upon fish and 
sole-plates, together with gutter-iron and light, short 
rails for trams. The collieries have had good outputs. 





Prevention oF Waste IN Om anp Gas WELLs.— 
Some notes on the ‘‘ Prevention of Waste of Oil and 
Gas from Flowing Wells in California,” compiled by 
R. Arnold and V. R. Garfiat, with the co-operation of 
J. A. Pollard and A. C. Mortenson, are of considerable 
interest to oil yoy The pe of fifteen pages 
forms Technical Paper 42 in Petroleum Technology 
of the United States Bureau of Mines. It describes 
various devices due to Pollard and Mortenson, and also 
to others, for the prevention of waste of oil in “‘ gushers” 
and of gas in “‘ gassers.” © situation of * ” and 
‘‘gasser ” strata in developed fields should be sufficiently 
known to the oil engineers to let them take ene 
measures in time. But even if they should be surprised 
by the rush of oil or gas, the ‘‘blow-out preventer” 
would allow them to control the flow, to seal artesian 
water or gas strata with the aid of rush water, and to 
ascertain whether the beds carry oil or not. The “‘ well- 
ame ” of also allows of tapping a burning 
well below the fire and diverting the oil into a safe 
channel ; a similar capper was described by F. Lauree in 
1910. The Pollard controller is a device for capping and 
sealing gas. The devices are of too special a kind and 
the descriptions too condensed to admit of profitable 
abstracting. The United States Bureau of Mines has 
taken the problem up for the purpose of minimising 
waste of natural resources, and in view of the great 
importance of the subject it asks for information on other 
methods which have been tried for similar purpcses. 
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THORNYCROFT WATER-TUBE BOILER FOR OIL FUEL 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LTD., SOUTHAMPTON. 
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O6a5A) 
Wr illustrate in Figs. 1 to 3, annexed, the latest type 
of Thornycroft water-tube boiler ; it is shown in detail 
in Figs. 1 and 2, the view in Fig. 3 illustrating a%set 
of three such boilers ready for delivery. These boilers 
are specially designed for torpedo - destroyer work, 
and embody several novel features which have been 
introduced both to save weight and to increase 
efficiency. The fuel to be is solely oil, which 
is sprayed into the furnaces on the Thornycroft 
system, a system which has been titted to war-vessel 
machinery segregating approximately two million 
horse-power. The following are the leading particulars 
of the boilers in question :— 


Heating surface, per boiler 6300 sq. ft. 
Combustion s ¥ 700 cub. ft. 
Generating tu two rows 


next to fire ... ... 1g in. dia., 10 L.S.G. thick. 
Generating tubes, _re- 
mainder ... on .«- 1} in. dia., 12 L.S.G. thick. 


The upper and lower barrels are of seamless steel and 
cylindrical in shape. This not only ensures a savi 
in weight, but owing to the omission of longitudinal 
seams in the lower barrels, the outer rows of tubes can 
act as feed-heaters without the danger of leaky seams 
met with in some types of boilers in which the water- 
pockets are not cylindrical and have a longitudinal 


seam. 

In this design of boiler, the bottom ends of the 
tubes are slightly curved to allow for expansion and to 
enable the cylindrical form for the bottom barrels to 
be retained; the curvature of all the tubes of one 
diameter being the same, all the spare tubes can be 
made to the greatest length and cut to suit any row. 
The tubes can be inspected th hout the whole of 
their length by holding light in the lower barrel. In 
designing the boilers care has been taken to arrange the 
tubes so that they can be readily cleaned. 

The burners fitted to these boilers are of the latest 
Thornycroft type, ten in number per boiler. The oil 
under pressure is a into the furnace by means 
of a special sprayer, one being produced within 
a steel cone which introduces and mixes the air and 
the oil spray in such @ manner as to produce perfect 
combustion. Any crude oil can be used ; it is stored 
in tanks located in any convenient part of the shi 
and is drawn to the stokehold by a pump whi 
forces it through the necessary strainers and the 
tubular steam-heater to the sprayers. Lighting up is 
effected with crude oil by means of a U-tube be a 
hand-pump. Steam can be raised in from half an 
hour to three-quarters of an hour. When this system 
is fitted to Thornycroft boilers of the latest design 
and of fairly large size, the makers are prepared 
to tee that the equivalent evaporation will be 
at least 16} lb. of water from and at 212 deg. per 
ee eS the rate of eva ion does 
not exceed 4 Ib. to 5 Ib. per sq. ft. per hour; and 
they can guarantee a maximum output of 16 lb. per 





sq. ft. per hour, from and at 212 deg., with an 








Fia. 


evaporation of 14 Ib. of water per pound of oil. This 
rapid rate of evaporation has no detrimental effect on 
the boiler. Combustion is smokeless up to moderate 
powers, and smoke is only just visible at the lowest 
—. Three men only are required for a stokehold 
eveloping 16,000 horse-power. 

This type of boiler is also being built and installed 
by Messrs. Thornycroft’s licensees in Italy, Russia, 
and elsewhere. 





X-Rays anp Crystaits.—In our summary on page 422 
ante of the communication which Professor Bragg, 
F.R.S., of Leeds University, made to Section A, at Bir- 
mingham, on ‘* X-rays and crystale,” we omitted to make 
it quite clear that in the work which he described he had 
the co-operation of his son, who was responsible for the 
crystallographic ideas. 


_ Workmen’s ComPENSATION.—The amount of compensa- 
tion for injuries paid to workmen last year in ten leadin 
British industries was 3,174,101/., as compared wit! 
3,056, 404/. in 1911, 2,700,3252. in 1910, and 2,274.238/. in 
1909. The serious and ive increase in the com- 
pensation paid in the last three years will nob escape 
attention. The compensation payments amounted last 
nr © &. 36. pes pean enginyed, as compared with 
10d. per person employed in 1909. 











3. 


Tue Farapay Socirty.—A general discussion on ‘‘ The 
Passivity of Metals” will take place on Wednesday, Nov- 
ember 12 next, in the rooms of the Chemical Society, 
Burli m House, mdon, . The meeting will be 
o to Fellows of the Chemical — Members of 

e Society of Chemical Industry, the Iron and Steel 
Institute, the Physical Society of London, and the Insti- 
tute of Metals. Others interested in the subject desirous 
of being mt should apply to the tary of the 
vies f iety. The President-elect, Sir Robert Had- 
field, F.R.S., will preside, and the following provisional 
programme has been arranged :—Dr, G. Senter will open 
the discussion with a general introduction to the subject. 
Dr. G. Grube, Ah ang will read a paper on “Some 
Anodic and Cathodic Retardation Phenomena and their 
Bearing upon the Theory of Passivity.” Dr. D. Reichin- 
stein, Zurich, will read a paper on Rn sang pe of 
Recent Experiments bearing on the Problem of the 
Passivity of Metals.” Mr. H. 8. Allen will read a paper 
on ‘Photo-Electric Activity of Active and Passive 
Irons.” Communications will be read from :—Professor 
Dr. G. Schmidt, Miinster ; Professor Dr. Max Le Blanc, 
Dresden ; Professor Dr, E. Schoch, Texas ; Professor Dr. 
Giinther Schulze, Reichsanstalt, Charlottenburg. The 
meeting will then be o for eral discussion. Sir 
Robert Hadfield, Dr. J. Newton Friend, and Mr. R. N. 
Lennox and others will show specimens of non-corrodible 
metals and alloys. 
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THE 


PANAMA CANAL. 


(For Description, see Page 545.) 
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Fic. 154. 


GaTEs IN THE Upper Locks at MIRAFLORES. 




















SER DON TENT Oe 














(To Face Page 546.) 





Fie. 155. 


Gatun SPILLWay, SHOWING GATES IN PosITION. 
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THE PANAMA CANAL. 


(For Description, see Page 545.) 














Fic. 156. Furieur or Locks at GATUN, LOOKING FROM Enp or Nortn ApproacH WALL. 























Fie. 157. Norra Approach WALL at GaTUN AND CANAL, LOOKING TOWARDS THE ATLANTIC. 
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PLATE XLI. 








THE PANAMA CANAL. 


(For Description, see Page 545.) 














Fic. 158. Sourn Entrance to Locks at Gatun; DAM AND SPILLWAY 


IN THE DISTANCE. 


























Fie. 159. Sourn Enp or Gatun Locks; Gatun LAKE IN THE BACKGROUND. 
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THE PANAMA CANAL 


(For Description, see Page 545.) 














Fic. 160. Mrrartores Spituway UNDER ConstRucTION, Down-STREAM SIDE. 
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Fic. 161. Murrarptores Sprttway, Up-Stream Sipe; Prers Compieren. 








(To Face Page 547.) 
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NOTICES OF MEETINGS. 
N OF MECHANICAL Enoinesrs.—Friday, October 24, 


" Tas Lystrrvtio. 
at 8 o'clock, in the Meeting Hall of the Institution. Paper to be 
read and discussed 


:—* Modern Flour-Milling Machinery,” by Mr. 
Robert B. Creak, of Manchester. 


British FoUNDRYMEN’S ASSOCIATION: BIRMINGHAM BRANCH.— 
ical 


a paper dealing with -Paris 
Pattern-Shop and Foundry,” illustrated with lantern pictures 
@ practical dem on. 

Tae IvstrroTs or Marine Eneineers.—Monday, October 27, at 
8 he . a = =. * ye nee pape Ss 
scope —_ ion in nee! Practice.” Wednes- 
day, October 29. To undation 
stone of the new buildi 
mony will be oe ate y the Lord Mayor of London, who will 
attend with the Sheriffs in state. 

Tue Minine InstiruTe oF ScoTLAND.—Tuesday, October 28, at 


5 p.m., in the Rooms of the Institute, 39, Elmbank-crescen 
Gl w. A special general m to consider the 

appl ion by the Institution of Mining Engineers for a Royal 
ga and the Draft By-Laws and Rules in connection there- 


Tae Instrrvtion or Locomotive Eneinssrs.—Saturday, Nov- 
ember 1, at 7 p.m,, at Caxton Hall, Westminster, a pa will 
be read by Mr. W. J. Bennett, on ‘‘The Examination, fects, 
and Repairs of Locomotive Boilers.” 
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THE LIMITING SIZE OF STEAM- 
TURBINE UNITS. 


In any really power-station the size of the 
units to be installed is a matter deserving of 
very careful consideration. In the earlier days 
of power-station development, great subdivision 
of the plant was natural, since breakdowns, com- 
plete or partial, being somewhat prevalent, security 
was sought in a somewhat minute subdivision of 
the plant into relatively small units. In general, 
however, the cost of providing for a given aggre- 
gate output is greater the greater the number of 
units. Por this there are several reasons, but 
one important factor at any rate is well brought 
out in the instructive paper on large turbine units, 
contributed last January to the Proceedings of 
the Rugby Society of Engineers by Mr. J. P. 
Chittenden. In that pa it was shown that 
what may perhaps be balled the ‘‘ non-effective ” 
costs of a steam-turbine are proportionately very 
much greater the smaller the unit. The costs in 
question comprise that of the governor and its 
gear, the valves, the oil-pumps, tachometer, and 
similar accessories. In the case of a 500-kw. unit, 
the cost of these amounts, Mr. Chittenden states, 
to about 45 per cent. of the total cost of construc- 
tion, falling, in the case of a 1000-kw. unit, to 
40 per cent., and in the case of a 10,000-kw. 
turbine to 30 per cent. Hence, even if the “‘ effec- 
tive fraction” of a complete turbine cost the same 
per kilowatt for a small unit as for a large one, the 
total costs would be more with the smaller sizes. 
Actually this argument understates the case for 
the larger unit. In fact, the same casing is some- 
times used for a 5000 kw. machine as for a 7000-kw. 
unit and at the same speed of revolution, so that 
the turbine costs proper are almost identical, 
though some saving results from a smaller condenser 
being required with the smaller output. At the 
same time, the floor 5 occupied will be greater 
the greater the number of units, and in general 
the efficiency of small prime movers is markedly 
less than that of larger ones. 

To this rule the internal-combustion engine forms 
an exception, the efficiency attained with an engine 
of about 60 horse-power beiag about as high as 
with an engine ten or twenty times aslarge. Hence, 
with stativns operated by gas or oil power, an 
increase of efficiency does not form one of the 
arguments to be adduced in favour of installing units 


565 | of large size, the lower limit in such a case being, 


in fact, fixed wholly by financial considerations. 
Whatever the agent by which a power-station is 
operated, there is, however, also an oP. r limit to 

e size of the unit which it is desirable to adopt. 
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the output with the same piston speed, requires the 


incorporation into the engine of eight times the 
weight. Moreover, cylinders of very large dia- 
meter are subject to extremely severe temperature 
strains, and it has generally been considered that 
about 48 in. constitutes the practical limit to the 


.|size of a gas-engine cylinder. This conclusion 


may possibly be, however, considerably modified in 
the future by Professor B. Hopkinson’s method of 
spraying water into the cylinder, as described in our 
issue of August 1 last. 

With some other forms of prime mover the limit 
of size is far less definitely circumscribed by purely 


b 
; | mechanical considerations. Theory shows thet such 


a limit must exist, since all prime movers are, in 
the ultimate, subject to the law that whilst the 
output increases as the square of the dimensions, 
the weights involved increase as the cube. For 
the present, at any rate, this consideration hardly 
affects the question as to what is the limiting size 
of a steam-turbine unit. This is, in practice, fixed 
by difficulties of transport and by the high cost of 
exceptionally heavy castings and forgings. If a 
power-station is intended to furnish a three-phase 
supply at 25 periods, the turbo - alternator must 
run at either 750 or 1500 revolutions per minute. 
If the former be chosen, the limits of size are 
pretty definitely fixed by questions of transport, 
the loading gauge on British railways restricting 
the diameter of a drum-rotor over the blades to 
— 8 ft. 6 ~ ee gee of a disc to 
about 13 ft.; though by making special arrange- 
ments, sizes a little larger can be transported at a 
pinch. As in land installations rail rt is a 
practical necessity, the question of the limiting 
size permissible is thus narrowed down to these 
conditions of transport. 

An interesting point which then arises is the 
maximum output ible with rotors of the dimen- 
sions stated. This output depends essentially on 
two factors : the centrifugal stresses and the vacuum 
obtainable. Condensing plants have been so much 
improved that with a barometer of 30 in. a vacuum 
of 29 in. should be realised during a large fraction 
of the year, as is, in fact, effected at some of the 
power -stations on the North-East Qoast. In- 
cidentally, it may be observed that the great 
economy of fuel which results from the systematic 
adoption of high vacua makes it imperative to fix 
all e power-stations at sites where an ample 
supply of condensing water is readily available. 
As delivered from an efficient turbine, however, 
the volume of 1 lb. of steam at a 29-in. vacuum 
is of the order of 600 cub. ft., making an average 
allowance for the wetness of the exhaust steam. 
If this steam is allowed to have an axial velocity 
at discharge of 440 ft. per second, and thé blade 
length is limited to one-fifth the mean diameter 
of the blading, the output of the turbine in kilo- 
watts cannot exceed the square of the mean dia- 
meter, in inches, of the last row of blades, assuming 
the very good steam consumption of 114 lb. per 
kw.-hour. If, therefore, we assume that the ist 
row of blades is carried on a disc 13 ft. in dia- 
meter over blade-tips, the maximum output pos- 
sible from a single-flow turbine operating with a 
29-in. vacuum, and with a ‘‘carry-over” loss of 
about 4 B.Th.U., would be about 130° = 16,900 kw. 
By admitting a carry-over loss of 9 B.Th.U., 
this output could be increased to about 25,000 kw. 
If the vacuum were limited to 28 in. the pos- 
sible output would amount to about 33,000 kw., 
with a carry-over loss of 4 B.Th.U., and to 
about 48,000 kw. with a carry-over loss of about 
9 B.Th.U. 

Allowing for a reheat factor of, say, 1.05, the 
heat available with steam at 200 lb. absolute and 
200 deg. Fahr. superheat, expanded down to a 
28-in. vacuum, is about 391 B.Th.U. per lb.; 
whilst if the expansion be carried down to the 
29-in. vacuum, the corresponding figure is about 
428 B.Th.U. An exhaust loss of 4 B.Th.U. 
amounts, therefore, to about 1 per cent. of the 
total energy available, and one of §'B.Th.U. per Ib. 
to about 2} per cent. To get 33,000 kw. out of a 
single-flow turbine with a 29-in. vacuum would 
necessitate an axial velocity at discharge of about 
880 ft. per second, and the carry-over loss would 
amount to nearly 16 B.Th.U. An increase of 
vacuum from 28 in. to 29 in. would therefore still 
result in a saving of steam, ‘since thé heat avail- 
able on expansion to the lower limit is about 
37 B.Th.U. more. An attempt to get 48,000 kw. 
out of the turbine with a 29-in. vacuum would, 
however, be futile, as the ‘‘ carry-over” losses 





would be so greatly increased as to cancel almost 
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the whole of the difference in the heat available 
with a 28-in. and a with a 29-in. vacuum. 

There would, of course, be no difficulty in 
running a wheel of the size proposed at 750 revolu- 
tions per minute. In fact, experience with the 
De Laval turbines shows that the speed might be 
raised te 1100 revolutions per minute without ex- 
ceeding limits of stress known to be safe in prac- 
tice. A 300-horse-power De Laval wheel has a 
mean diameter of 30 in., the blades being about 
1} in. in usable length, and the speed 10,600 revo- 
lutions per minute. If every part of the wheel 
were increased in direct proportion up to a mean 
diameter of 130 in., the stresses would be the 
same as before, provided the revolutions were 
reduced in the ratio of 30 to 130—that is to 
say, to 2440 revolutions per minute. The blade 


length would then be sata 130 _ 5.5 in. nearly. 


If the length of these blades were next increased 
to 26 in., which is } of 130, their weight and the 
stresses in them would be about 4j times as great, 
so that to bring down the stress to its original 
limit the speed must be divided by ./4.75, being 
thus brought down to 1125 revolutions per 
minute. If the ratio of blade speed to steam 
speed were the same with the 26-in. blades as with 
the 64-in. blades, the bending stresses produced 
hy the steam which drives them would be the 
same as before, and the margin of security as great 
as in the original De Laval wheel. This increase of 
blade length would, of course, involve a diminution 
in the size of the wheel disc, so that the total stresses 
in the latter would be less than they were in the 
original wheel. By constructing the low-pressure 
ortion of a turbine on the double-flow system the 
imiting outputs above stated may, of course, be 
doubled, and hence very great outputs are mecha- 
nically feasible in single units. 

For the present, however, the practical limit for 
a turbine running at 750 revolutions is probably 
about 25,000 kw., and if of the drum type questions 
of rail transport make it necessary to construct the 
rotor for such an output on the double-flow system. 
The casings’are lees difficult to deal with, as they 
can be built up in sections. The total weight 
of such a turbine would be between 250 and 
300 tons, that of the heaviest part to be lifted 
being between 30 and 40 tons. The sizes of 
the various forgings required would be, however, 
about up to the limit of what can now 
obtained, and the cost per ton of these very large 
forgi and castings 1s very considerably more 
than those of more moderate size. It is therefore, 
perhaps, open to doubt whether units of this size 
ace, save in exceptional cases, more advisable than 
those of about one-half to two-thirds the capacity in 
question running at the alternative speed of 1500 
revolutions per minute. The last row of blades 
might then have a mean diameter of 85 in., or a tip 
diameter of 8 ft. 6 in., and the output, without 
extravagant losses to the exhaust, might run up to 
fully 14,000 kw. If of the double-flow type, the 
highest economy could be attained with quite 
moderate stresses. The limit is, of course, the 
same for impulse as for reaction turbines, as was 
very clearly set forth in Mr. Gerald Stoney’s able 
contribution to the discussion on the very valuable 
paper read by Mr. K. Baumann before the Institu- 
tion of Electrical Engineers in 1911. As he then 
pointed out, the last rows of blades for a reaction 
turbine to be operated near its limiting output would 
be carried by discs, a well-known form of construc- 
tion preseuting no mechanical difficulties. A turbine 
of this output, at the speed stated, could be carried 
on rail without dismantling the rotor, and the 
top and bottom halves of the casing could be 
shipped complete. Its total weight would be about 
50 to 60 tongygnd that of the heaviest part would 

& 


not exceed 2 . It will therefore be seen that 
the output per ton is much more at 1500 revolutions 
than at 750 revolutions per minute, which is easily 


understood when it is remembered that the efficiency 
of a steam-turbine largely depends on the ‘‘ veloci' 
ratio,” or the ratio of blade to steam speed, whic 
again, with given steam conditions, depends on the 
‘*coefticient”’ or the revolutions? x mean diameter* 
x number of rows of blades. For a stated number 
of revolutions this coefficient is obviously approxi- 
mately proportional to the volume of the turbine- 
casing. It is thus seen that the volume of the 
turbine-casing, and therefore the weight, is only 
about one quarter for 1500 revolutions per minute 
of that required for 750 revolutions per minute. 





The smaller weights to be handled at the higher 
speed means, moreover, a much lighter construction 
of the engine-house, smaller cranes and less massive 
foundations. 

There would, it appears, be no difficulty in con- 
structing an alternator of this output to run at the 
8 named. S ing last year at the American 

iety of Mechanical Engineers, Mr. Hodgkinson 
stated that the Westinghouse Company were build- 
ing alternators to run at this speed with a normal 
output of 15,000 kw. and a maximum of 20,000 kw. 
At Marylebone the Oerlikon Company are installing 
a 3000-kw. machine to run at 3000 revolutions, 
capable of carrying an overload of 4200 kw. for six 
hours, which is equivalent to carrying it con- 
tinuously. Since the output of an alternator varies 
nearly as the inverse square of the revolutions, or, 
by the same law as that of the turbine, it should 
be as easily practicable to build a unit developing 
12,000 kw. to 14,000 kw. at 1500 revolutions per 
minute. In the discussion on Mr. Baumann’s paper 
already referred to, it was stated by Mr. Davis that 
the A.E.G. were building a number of alternators 
to give 5000 kw., or 5600 k.v.a. at 3000 revolutions 
per minute. 

Tn view of the ease of carriage, the light weights 
to be handled, and the facility with which the tur- 
bine could be dismantled when required, it would 
seem that the smaller high-s plant is really 
much to be preferred to the larger, and since the 
weight per kilowatt is less, the cost should also be 
lower, particularly in view of the high price of 
very large castings and very heavy forgings, to 
which attention has already been called. Moreover, 
with the very large structure, distortions, due to its 
own weight and to temperature variations, are more 
pronounced, making it necessary to adopt clear- 
ances proporticually larger in the larger unit, so 
that the smaller machine might actually prove the 
more economical under test, though data on this 
point are still lacking. 

When the supply has a periodicity of 50 per 
second, another possible speed is 1000 revolutions 
per minute ; but here again it is quite questionable 
whether, on the whole, a 20,000-kw. to 25,000-kw. 
unit at this speed is really to be preferred to two 
12,000-kw. to 14,000-kw. machines running at 1500 
revolutions per minute. Several plants giving 
15,000 kw. to 20,000 kw. at speeds of 1000 to 1200 
revolutions per minute are in hand both in this 
country and abroad. A photograph of one made 


be| by the A.E.G. to give 20,000 kw. at 1000 revolu- 


tions was included amongst the illustrations given 
in Mr. Baumann’s paper. 





ECONOMY IN OCEAN TRANSPORT. 
In his James Forrest lecture delivered last night 
at the Institution of Civil Engineers, Mr. Alexander 
Gracie achieved the success of many exponents of 
scientific subjects, in that he disclosed so much as 
to justify a general desire for more. Although his 
subject was ‘‘twenty years’ progress in marine 
construction,” nothing was said of the Navy, 
notwithstanding that there has been greater pro- 
gress in respect of propulsive and thermodynamical 
efficiency in this department of marine construction 
than in connection with mercantile ships. We 
understand, however, that the lecturer was requested 
to deal only with the mercantile marine. This is the 
more regrettable, since Mr. Gracie is not only chair- 
man of one of the most prominent warship-building 
companies, but has been a member of Admiralty 
Committees on design problems, and is therefore 
7 able to deal with recent progress in both the 
oyal and merchant navies. Nevertheless, the lec- 
ture, which is printed in extenso in another part of 
this issue, contained much that justified congratula- 
tion on the part of those engaged in design and con- 
structional work for ocean transport, and at the 
same time tended to stimulate refiection. We are 
glad that Mr. Gracie entered fully into the subject 
as it affects the humbler, ideas very numerous, 
units of the world’s over-sea carriers—the inter- 
mediate liner and cargo tramp ; because progress 
with such vessels is seldom, if ever, analysed. 
And yet, as a nation, we are largely dependent on 
ocean transport for food supplies and raw ma- 
terials for many industries. Thus the influence 
of economy in cargo-carrying vessels is far-reaching, 
and the incentive to improvement most senacrnaite 
Quite 80 per cent. of the world’s immense fieet 
of merchant ships may be classed as cargo-carriers, 
re er take a few passengers. The pinch 
of Parliamentary provisions is year by year more 





keenly felt : Load-line conditions, constructional 
requirements, lifeboat rules, and food and other 
regulations, along with the demands of labour and 
port authorities; tend to increase expense. Reason, 
to a great extent, and sentiment, to a less degree, 
ee such regulations as are made. On the 
other hand, competition leads to a reduction in the 
rofits of shipowning ; for, although lately there 
Eas been a period of high freights, the general 
trend is downwards. The shipowner, therefore, 
looks to the naval constructor to evolve means 
whereby the cost of propulsion can be reduced, for 
his interest is along the road towards improvement, 
as the rate of obsolescence of cargo ships has a 
direct effect on the demand for new tonnage, on 
the principle of the survival of the fittest. It 
becomes interesting, therefore, to analyse the past 
with a view to discover new lines of advance for 
the future. Mr. Gracie showed the effect of 
increased size on the economy of ocean transport. 
Assuming a 3000-mile voyage at 13 knots speed, a 
ship having capacity for 4000 tons of cargo would 
consume 12} tons of coal per 100 tons of cargo on 
the trip, while a ship carrying 8700 tons of cargo 
would only require 8 tons. hus the larger shi 

shows a saving of 36 per cent. in the fuel bill, 
which, with the price of coal increasing steadily, is a 
considerable gain in a yearly balance-sheet. Again, 
the constructional material in the larger ship is only 
77% tons per 100 tons of cargo capacity, against 
924 tons—a 16 per cent. gain upon the first cost, 
interest, and depreciation. Is it surprising that 
there has been a steady growth in the size of cargo 
tramps? In one 7 ine the growth in eighteen 
years is shown to be from 6400 tons to 9600 tons 
dead-weight carrying capacity. Less power and, 
therefore, less fuel consumption is required for a 
given speed with the larger ship. For 11 knots on 
a 3000-mile voyage 1 ton of coal carries 23.5 tons of 
cargo in the smaller, and 26.4 tons in the larger, 
ship for the full 3000 miles. 

he higher efficiency of present-day machinery 

is an important factor in the economy of ocean 
transport. Higher steam pressures and multiple- 
compound engines have had their effect. The rate 
of consumption of coal has in twenty years been 
decreased from 1.6 lb. to 1.3 lb. per horse-power per 
hour ; but the limit has been reached with recip- 
rocating engines, as it is doubtful if superheating 
the steam will be widely accepted in the tramp 
ship, because of complications or of difficulties with 
lubrication and with oil passing over to the boiler 
and superheater. There are far greater prospects 
for the turbine working the propeller through 
helical gearing. When well designed and accu- 
rately made with sound material the turbines and 
the gear, operated with a satisfactory lubricating 
system, require less attention, and, for that matter, 
less intelligence on the part of the watch-keeping 
engineer than the reciprocating engine ; so that 
although the first cost may at present not be on the 
side of the former, the gain in economy in the 
long run must be in favour of the geared turbine. 
Mr. Gracie shows that in coal consumption there is 
a oom of 24 per cent. in a single-screw geared- 
turbine tramp ship over the old single-screw triple- 
expansion-engined ship, while the weight of machi- 
nery is 15} per cent. less. In the case of two new 
vessels—Cairnross and Cairngowan—of about 9900 
tons displacement, identical in all respects, except 
that one was fitted with geared turbines and the 
other with the latest type of triple-expansion 
engines, the results of voyages simultaneously made 
in the same seas was an economy of 15 per cent. 
in favour of the geared turbine. There is economy, 
too, in respect of the lubrication and of wages, 
as the s is reduced. Herein lies a possible 
source of improved balance-sheets of tramp steamers’ 
Mr. Gracie also referred to improvements in cargo- 
handling gear, and to the advantages of larger 
hatches in reducing the extent of movement of 
cargo in the holds when being discharged, but it 
is difficult in such case to give a definite figure of 
gain in economy. 

Many data were given by Mr. Gracie as to im- 
provements in other types of ships in the direction 
of comfort, speed, and economy. In Atlantic liners 
the average state-room area per er has 
increased in twenty years from 17} sq. ft. to 
80 sq. ft., and the average area of public rooms from 
16 sq. ft. to 40 sq. ft., and the trial speed from 
22 to 26 knots, the girder ratio—the ratio of length 
to structural depth—has decreased from 14.45 to 
12.5, while the fuel consumption per unit of power 
is 10 per cent. less, and the weight of machinery 
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40 per cent. less. In Channel steamers equally 
great advance has been made. The has 
advanced from 20.64 knots to 25.07 knots, the 
speed-length ratio (the speed divided by the square 
root of the length of hull) going up from 1.15 to 
1.47, a result only surpassed , be torpedo craft. 
The fuel consumption in the twenty years has de- 
creased 24 per cent., and the weight of machinery 
40 per cent. The present-day results for Channel 
steamers were got with gered turbines and water- 
tube boilers in the Newhaven and Dieppe steamer 
Paris. 





‘NAVAL EXPENDITURE OF THE 
POWERS. 


Tue contention of the First Lord of the Admi- 
ralty, in his speech on Saturday last at Manchester, 
that the expenditure on our Navy now bore a less 
proportion to our oversea trade and national revenue 
than in past years was of greater significance, and, 
perhaps, will be of more lasting influence, than his 
suggestion that we should not lay down any of the 
four battleships of next year’s programme if Germany 
agreed not to begin the construction of the two 
embraced in the programme according to their Navy 
Law. The latter idea may be dismissed in the 
words of a semi-official communication issued from 
Berlin :—‘* Mr. Churchill has found little support 
either in the English or in the German press. at- 
ever may be adduced against the practicability of 
Mr. Churchill’s idea, there can be no doubt about the 
English Naval Minister’s good intention and the 
honesty of his utterances. Mr. Churchill did 
not say a word that could damage the friendly 
development of Anglo-German relations.” There 
are many reasons why Germany should not accept 
the proposal. In the first place, Germany is 
not our only possible combatant, nor are we the 
ouly possible combatant of Germany. The foreign 
ships building in England would afford us an advan- 
tage in the event of trouble arising, because these 
could then be commandeered for His Majesty’s 
Service. Moreover, battleships, to which Mr. 
Churchill’s — are confined, constitute only 
a part of the fighting fleet. These conditions alone 
create grave difficulty in making an arrangement 
for cessation of battleship keel-laying even for one 
year. Admiral von Tirpitz, the chief of the German 
Admiralty, has this week given his dictum that the 
German Navy Law will be carried on to its conclu- 
sion without hesitation. 

The annual return showing the total naval 
expenditure during the past ten years, issued this 
week, throws considerable light on the subject of 
proposals for temporary cessation of battleship 
keel-laying. The most suggestive figures in the 
return are those applicable to the expenditure on 
ships, propelling machinery, armour, and arma- 
wens rs meee vo _ votes of the different 

owers for the building and equipping of all t; 
of warships. By taking these pam ig it ie possib ieee 
eliminate variants and get down to the bedrock 
of naval strength. It is true that constructional 
work is undoubtedly less expensive in this country 
than in any other ; consequently our expenditure 
represents a greater degree of fighting strength. 
It is not advisable to make deductions on this 
score on the cost per ton of displacement of 
a ship when completed, because this displacement 
includes fuel and stores, and the result is vitiated 
by variation in practice as to the weight of 
fuel and stores carried by each ship. The tonnage 
of a ship ready for fighting, without such variable 
quantities as fuel and stores, is‘not available, and 
thus we are forced to be satisfied with the general 
conclusion that the British Admiralty get from 10 to 
20 per cent. greater value for expenditure on new 
construction than do other Powers. Instead of 
giving the figures for each nation, we have plotted 
them on the diagram which accompanies this 
article. 

It will be seen that in the first three years of 
the decade embraced in the Government return, 
practically all Powers decreased their expenditure 
on munitions of naval warfare, except only Japan, 
which embarked on a Sn, yr of new construc- 
tion in order to strengthen its fleet after the war with 
Russia. Of the Continental Powers, Germany was 
the first to show a marked increase in expenditure 
on warships. Their total for the year 1908.9 was 
nearly 1,900,000/. greater than in the previous 
year, and tae soy there was a further increase, 

© expenditure in two years having gone up from 
5,910, 9591. to 10,177,062). The putin for 





the United States, it will be seen, has been a 
markedly fluctuating one, and may be left out of the 
reckoning. No immediate response to the German 
action is visible in the expenditure curve for 
France, Japan, and Russia. But this country 
recognised in the action of Germany a distinct 
reason for increasing expenditure on new construc- 
tion. When one measures the relative need for 
naval construction in Germany and Britain in the 
light of the comparative extent of sea coast, size of 
merchant fleet and volume of over-sea trade of the 
two countries, the fact that Germany's expenditure 
on new warships was within 865,0001. of our 
expenditure of 1908-9 justifies the sharp advance 
in the British expenditure. From this time for- 
ward there was a rapid rise in Germany’s vote 
until 1910-11; in 1909-10 our expenditure was 
only one million sterlivg greater than Germany’s. 
In the following year, 191011, it became about 
3$ million sterling greater, and this excess has 
continued, the German expenditure on new shi 
having slightly decreased since 1911-12. For the 
current year our expenditure on new construction 
is 5 million sterling more. 

It will be seen that France only commenced in 


eeeerereee 





1910 to increase her expenditure, and that since 
that time the increase has been from 4,977,682/. to 
8,893,C641. Russia also began in 1910-11 to 
increase her naval vote, and one of the most 
remarkable features of the diagram is the advance 
made by Russia since that time. For the current 
year her expenditure is next to that of Britain, 
exceeding Germany’s by 834,000/. Indeed, the 
available building resources of Russia are over- 
strained, and it is said that the Admiralty is 
unable to spend the vote granted it by the Duma. 
The extraordinary increase in the Russian expen- 
diture is due to the fact that a great leeway 
has had to be made up for well-known reasons, and 
Russia has, rightly or otherwise, decided that all 
the ships should be built within the country. There 
is suggestion that a still further increase should be 
made by the beginning of a ten’s years’ programme, 
involving an expenditure of 100,000,0001. for the 
construction of eight Dreadnoughts and the other 
units required to make — fighting squadron. In 
this fact there is probably sufficient reason for 
hesitancy on the part of Germany to reduce the 
Navy programme already agreed upon by the Reich- 
stag. Italy and Austria-Hungary are undoubtedly 
important factors in the situation, but figures for 
Italy’s new construction for the past two years are 
not available, according to the British Government 
return ; so far as they are given they are included 
in the diagram. The Italian expenditure has greatly 





increased, probably at as great, if not a greater, 
rate than the Austro-Hungarian expenditure. For 
new construction the expenditure of the latter has 
doubled since 1910, being, for 1913, 3,285,4771., 
while in 1912 it was 5,105,000/., and in 1911 
3,125,0001. The average for the three years was 
thus 3.8 million sterling, whereas in 1906-8 it was 
under 1 million sterling. We are thus fast moving 
towards a competition in naval expenditure in the 
Mediterranean as well as in the North Sea. 





THE TRIAL OF PATENT CASES. 

Lerrers have recently been published by the 
Times wherein a demand is made for the establish- 
ment of a special court to hear patent and other 
edbuiest denis, ‘Ghat these too Senay and theteen- 
ing volume of litigation of this character must be 
admitted ; but whether it is properly dis of, 
and whether our present methods of dealing with 
it would be improved by the plan suggested, are 
questions well within the regions of controversy. 

The establishment of a special tribunal for 
the hearing of a particular c of case would 
be no new thing in legal procedure. The High 
Court of Justice itself is subdivided into water- 
tight compartments. The Admiralty Judge (albeit 
he is sometimes called upon to determine matri- 
monial causes and probate issues) has nothing 
to do with actions at common law ; while the 
Chancery Judge has never to try criminal causes. 
‘**Specialisation”’ in a more decided form has 
actually taken place in relation to the trial of 
certain kinds of patent actions. Thus a wide 
and exclusive jurisdiction has already been con- 
ferred upon a single judge of the Meg ene Divi- 
sion to deal with cases arising under the Patents 
Act of 1906. For instance, if a patentee desires 
to obtain a compulsory licence, he petitions the 
Board of Trade. Unless the Board of Trade is 
satisfied that no primd facie case is made out for 
the licence, the petition is generally referred to the 
Court, and, if so referred, is sent to the Patent 
Judge. It then becomes the duty of that judge to 
inquire whether the reasonable requirements of the 
public have been satisfied. 

So far as we are aware, this method of dealin 
with the rights of patentees has generally prov 
satisfactory ; and there appears to be no valid 
reason why the jurisdiction of the judge should not 
be extended so as to enable him to try patent cases 
all and sundry. Such a ‘Patent Court” might 
prevent interference with other litigants; but it 
would not get rid of two evils which now attend 
the hearing of patent cases. In the first place it is 
difficult to see that much time would be saved in any 
particular case merely because the judge was a little 
more familiar with the law of patents. Some savin 
there would be, no doubt; but inventions whic 
form the subject-matter of letters patent are so 
many and varied that a charge of infringement raises 
numerous questions of a novel character, which re- 
quire prolonged investigation. We may take, for 
instance, the Bassent case. A acientific judge might 
possibly have understood the technical points a little 
sooner, but no tribunal hearing that case would 
have been very much guided or assisted by pre- 
cedent. 

Another alleged evil of the present system, 
which could not be got rid of without a drastic 
amendment of the law of evidence, is the employ- 
ment of expert witnesses. Howsoever skilful the 
judge of the Patent Court might be, the technical 
expert could not be dispensed with, and we under- 
ro to say that no party to a dispute about an 
important patent would care to run the risk of 
doing without expert assistance. 

Without desiring to act the part of a mere 
laudator temporis acti, we are of opinion that the 
present system, whereby the patent litigant takes 
his chance of coming before any judge, is upon 
the whole the best that can be devised. It is 
notorious that the Chancery Division is not over- 
burdened with work, and many members of the 
bench have had considerable experience, as counsel, 
of patent cases. It is plain, however, that one 
or two minor changes which would make for 
expedition might be insisted upon. In the first 
place, the judges might be induced to avail 
themselves more freely of assessors. Nautical 
assessors facilitate the work of the Admiralty 
Division. Why should not scientific assessors 
— the like service in other departments ? 

e cases in which the Court has condescended 
to employ an expert are few and far between. 
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Indeed, we do not know that patent cases have ever 
been so tried. The one instance we can recall of 
a judge invoking outside assistance is the case of 
the National Telephone Company v. Baker (1893) 
2 Ch., 186, in which Mr. Justice Kekewich had 
to decide whether the Leeds electric trams had 
any il] effect upon the telephone system. Even 
then he did not summon anyone to sit with him 
as assessor, but he sent Mr. Macrory, K C., not 
as a lawyer, but as a scientific expert, to examine 
into and report upon the matter. This was only 
done with the consent of the parties. In his judg- 
ment. the learned judge treated Mr. Macrory’s 
opinion as final and conclusive. 

The exercise of a little more control over the 
expert who is called as a witness might also tend 
to shorten proceedings. This, at any rate, is the 
opinion expressed by Mr. Justice Neville in the 
case of Crosfield v. l'echno-Chemical Laboratories, 
Limited (1913), 29 T.L.R. 378. Having pointed 
out that it is not the function of the expert to 
express any opinion upon the issues involved in a 
case, or upon the construction of a specification, he 
went on to say that if the records of patent cases 
were examined it would be found that a large pro- 
portion of their contents were, either openly or 
under more or less skilful disguise, directed tu 
eliciting the opinion of the witnesses upon one or 
other of the issues in the case, or the construction 
of documents relied on. 

He then proceeded :—‘‘The amount of time 
wasted by this irregular method of trying patent 
actions must in the aggregate be fabulous, though 
I gratefully recognise that matters have much 
improved in the last few years. But the waste of 
time is not the whole of the mischief, for the 
admission of the opinion of eminent experts upon 
the issues leads to the balancing of opinions, and 
tends to shift responsibility from the bench, or the 
jury, to the witness- box. e evil of this becomes 
apparent when one considers that, whereas the 
expert witnesses called for the plaintiff almost 
invariably take a strong view in his favour on each 
and all of the issues in the action, the expert 
witnesses for the defendants are equally confident 
the other way. Tt is rare to find any substantial 
difference of opinion between eminent experts upon 
matters of science whenever it is ible to dis- 
sociate the question from immediate connection 
with the issues in the action.” 

If Mr. Justice Neville’s opinion is correct, it 
will be seen that a closer adherence to the rules of 
evidence would tend to shorten procedure. Upon 
the whole, then, it would seem that no very drastic 


measure of reform is necessary to bring about a | Pp 


very considerable improvement in the trial of 
patent actions. 





NOTES. 
Tae Formation or ANTHRACITE. 

A sHoRT time ago we commented on the researches 
of Dr. F. Bergius, of Hanover, on ‘* High-Pres- 
sure High-Temperature Reactions.” Dr. Bergius 

ain raised this question at the annual meeting 
of the Bunsen Gesellschaft, held at Breslau in 
August. He did not add much to the information 
already published. The experiments of Bergius 
and Specht, he said, had been repeated and ex- 
tended by Billwiller. The previous results were 
confirmed, and it was once more accentuated that 
the reaction would, at 340 deg. Cent., convert 
cellulose (filter paper) into a coal contuining a little 
more than 84 per cent. of carbon and 4.8 per cent. 
of hydrogen, but that a higher carbonisation could 
not . attained in this way. It was further pointed 
out that just one molecule of CO, was lost in addi- 
tion to several molecules of water under these 
conditions, and this was considered to strengthen 
the argument that the natural decomposition of 
cellulose or of peat would, in the course of thou- 
sands of years, yield this product and not an 
higher grade carbon or anthracite, unless high 
pressure were also used. The high pressure was in 
the new experiments, made with the assistance of 
the Continental Caoutchouc and Gutta-Percha Com- 
pany, raised to 5000 atmospheres at 340 deg. Cent. ; 


the escaping gas consisted of 70 to 80 per cent. of 
methane, CH,, 8 to 15 per cent. of CO,, and 10 to 20 
cent. of H,, whilst the gas collected in the first 


instance, when high pressure was not applied, was 
practically free from methane. It does not appear 
that the coal finally obtained, which was described 
as anthracite, contained more than 89 cent. of 


carbon. Dr. Bergius drew attention to the observa- 





tion that, where faults occur in coal- beds, anthra- 
cite and poor coal were found where the pressure 
had apparently been highest, and fat coal at spots 
of low pressure, and that the former layers were 
most dangerous as to gas, a statement which is 
perhaps too general. 


AGRICULTURAL MacHINERY 1N Russia. 


Russian agriculture is in all directions endeavour- 
ing to move more with the times, a movement 
which is most desirable considering its almost 
medizxval state in some respects, and that some 
four-fifths of Russia’s 165,000,000 inhabitants derive 
their livelihood from farming. The home manufac- 
turers of agricultural machinery and implements 
are exerting themselves, and they are meeting with 
helpful support on the side of the authorities ; the 
output has increased vastly during the last few 
years, but so have certainly the imports, as will 
appear from the following table showing the value 
of agricultural machinery and implements manu- 
factured within the country, and of the imports, 
during the five years 1907-1911 :— 


Value of the Value of the 
Home Output. Imports. 
roubles roubles 

1907 ... 24,000,000 17,512,000 
1908 ... 29,600,000 21,164,000 
1909 ... 35,000,000 31,861,000 
1910 ... 41,000,000 32,331.000 
1911 . 61,500,000 41,296,000 


Of the Russian production, about 21 - cent. refer 
to appliances for working the soil ; of the imports, 
about 41 per cent. refer to various harvesting- 
machines and'implements. The Russian factories, 
more especially the large concerns in Brjansk, 
Kolonna, and Charkow, also begin to compete with 
foreign makers in the matter of more complica 
machinery ; and in the Government of Perm, 
amongst other places, the home industry has applied 
itself to the making of sowing-machines (drills), 
which have secured a good market in Northern and 
Western Siberia. The colonial harvesters already 
play a prominent part in the farming of Southern 

ussia, and the production has been doubled in 
the course of four years—from a value of 7,100,000 
roubles in 1908 to 14,100,000 roubles in 1911. 
From the southern districts this speciality is making 
its way northward, and was, two years ago, taken 
up by the Ljuberezki Works, in the Government 
of Moscow, and the opinivn prevails that the 
manufacture of more perfect and up-to-date. har- 
vesting machinery has taken root in Russia. The 
system of encouraging this industiy by means of 
remiums will, no doubt, tend further to develop 
it. Also the home production of thrashing-machines 
and gears is rapidly increasing and now accounts for 
some 20 per cent. of the aggregate of agricultural 
machinery and implements made within the country, 
and the Russian-made articles of this kind have 
almost entirely ousted foreign-made machines of the 
same types. At the same time there is a ten- 
dency to discard the smaller thrashing-machines, 
with horse gear, for more complicated ones worked 
by means of motors. The agricultural demand for 
such motors amounted in the year 1911 to more 
than 7000. 


Coat-Dust Expiosion Test. 


The experimental mine for coal-dust explosion 
tests and other researches of the United States 
Bureau of Mines, ncar Pittsburg, differs from other 
experimental galleries chiefly in so far as it is a real 
coal-mine, not a tubular gallery above the surface. 
There is a surface gallery at Pittsburg, but it is an 
addition to the plant. Two galleries, about 9 ft. 
wide, have been driven almost horizontally into the 
Pittsburg bed; the ground being hilly, the two 
passages are llel to one another, leaving a coal- 
wall 41 ft. in thickness between them, more than 
700 ft. long, and the pa are cross-connected. 
From the one passage a third heading, 200 ft. in 
length, branches off obliquely, so that there are three 
entrances into the mine. All the three openings are 

vided with strong portals of reinforced concrete. 

n front of the last-mentioned entry, and on the 

same axis, lies a steel tube 6 ft. 4 in. in diameter 
and 122 ft. in length. Between the inner end of 
this external tube and the branch head there is 


a concrete passage, covered on the top by plates | posed 


resting loosely on rods, and weighted down by 
sand a ‘This passage, 20 ft. in length, serves 
as a relief-valve for the tube and the ventilating- 
fan. The tubular gallery can also be isolated 
from the branch for independent experiments ; 





for this purpose the inner 20 ft., adjacent to 
the e, can be rolled aside. ‘he tests 
described in Bulletin No. 56 of the Bureau of 
Mines, by G. S. Rue, L. M. Jones, J. K. 
Clement, and W. L. Egg, so far hardly bring out 
any novel point; and though knowledge may not 
spread so rapidly in a big country like the 
United States as it does in the United Kingdom, 
one is getting rather tired of hearing of special 
experiments conducted for the purpose of con- 
vincing miners that coal - dust explosions are 
dangerous in themselves, even in the absence of 
gas. This fact hardly requires any further demon- 
stration, and one is more anxious to learn how an 
explosion may be stifled. As to this point, the 
Pittsburg experimenters followed more or less the 
example of Taffanel at Liévin, in Northern France, 
who spreads stone-dust on shelves, which the 
concussion upsets, so that a stone-dust cloud or 
curtain is produced which quenches the explosion. 
Particulars are given in the Bulletin of fifteen 
tests, each comprising various determinations and 
analyses ; most of the experiments were made in 
January and February, 1912, and more material 
has since, probably, been collected. The Bulletin 
acknowledges that the research has not proceeded 
sufficiently far yet to justify general conclusions. 
The instruments used were mostly those of the 
British Coal-Dust Commission ; other instruments 
may ‘be designed. At Altofts these instruments, 
or the more delicate ones at any rate, were 
placed outside the gallery, which consisted of a 
long steel tube. At Bruceton—the site of the 
experimental mine is 13 miles south-west of Pitts- 
burg—the instruments had to be placed in protected 
recesses of the mine. Whether the advantages of 
experimenting in a real mine will outweigh the 


ted | considerable additional trouble that the tests in- 


volve under these difficult conditions, isa question, 
but it is certainly interesting that the additional 
trouble has been faced. One of the results to 
be noticed is that the ‘‘shock-waves” were dis- 
tinctly started by the shot of the gun discharged 
for raising a dust-cloud, and not by the explosion 
of the coal-dust ; four similar records were pro- 
duced by the gun discharge when there was no 
coal-dust to explode. These shock-waves travelled 
at velocities ranging from 1099 ft. up to 1139 ft. 
r second; the air was humid, but the dust 
The temperature averaged 42 deg. Fahr., 
and at that temperature sound-waves would be 
propagated at the rate of 1096 ft. per second. The 
velocity of the shock-wave was therefore practi- 
cally the same as that of the acoustic wave. In- 
directly this result indicates that the velocity- 
ra ge instruments were reliable. On the other 
d, the flame appeared to lag behind the front 
of the pressure-wave; that lag is probably ex- 
lained by the fact that the time-circuit breakers 
o not act before the flame has melted the 
tin-foil. But Taffanel’s experiments seem to show 
that the point of the flame is in advance of the 
flame y; Taffanel instruments are to be tried 
in America. 





American Raitway Accipents.—The Bureau of Rail- 
way News and Statistics has published figures showing 
that of the fatalities which have occurred on American 
railways in the past twenty-three years, 53.8 per cent. 
were due to trespassing, while another 25.7 per cent. 
occurred to employees through their own fault, or mis- 
chance. Analysing in another a 91.2 per cent. of the 
fatalities occurred through the fault of the persons whose 
lives were dst, and only 8.8 per cent. through train 
accidents. 





THE ANNUAL DINNER OF THE INSTITUTION OF CIVIL 
Enoinerrs.—The annual dinner of the Institution of 
Civil Engineers was held on Wednesday evening in 
the new building of the Institution, which was opened 
for the first time to the members. The ~~ num- 

250, and among them was the Right Hon. T. 
McKinnon Wood, Secretary for Scotland; the Right 
Rev. the Lord Bishop of Chichester; the Right Hon. 
Lord Devonport, P.C.; the Very Rev. the of 
Westminster ; Major-General Sir John Cowans, K.C.B.; 
and Major-General Von Donop, C.B. The toast of 
“The ences of the Empire” was proposed by the 
President, Mr. Robert Elliott-Cooper, and replied to 
by Major-General Sir John Cowans. The toast of ‘* The 
” was coupled with the names of the Right 


ues! 
Hon. T. McKinnon Wood and of the V Rev. the 
Dean of Westminster. The Bishop of Chichester pro- 


Groat bail of te Invtisetion, which io sasong the Inegust 
t the titution, which is among the 
apartments of the kind in London. After dinner the 

ests inspected the staircase and other rooms and 
fall. These excited much ee yes their archi- 
tectu lesign expresses in a singu appy manner 
the dignity and wanleloeen of this great inatiteton. 


























Oct. 24, 1913.] ENGINEERING. 565 
WET VERSUS DRY COMPRESSION IN| 224 using Dr. Grindley’s diagrams (Institution of INDUSTRIAL NOTES. 
REFRIGERATING-MACHINES. | hor6,'1912), the tolloying trereninate valves aro| Tux strike at the Beehive Mill was amicably settled 
J. Wemyss Anperson, M.Eng., M. Inst. C.E., | found :-— at a meeting which was held on Thursday afternoon, 


M.I. Mech. E. 


Many papers were read during the last session 
on refrigerating-machines before our learned in 
stitutions, and incidentally a great deal of light 
has been shed on the very vexed question of wet 
versus dry compression in vapour-compression 
machines. 

Mr. McDonald, in a paper on this very question 
before the Cold-Storage and Ice Association, said, 
in effect, that while he accepted the author’s theory 
on the p»int, he thought it had been built up on 
Jontinental results. Be this as it may, Professor 
Frewen Jenkin, Captain Riall Sankey, Dr. Grind- 
ley, and others have added materially to the theory, 
and the object of this article is to put into concrete 
form our present knowledge, which, in effect, shows 
theory and practice (as advanced by Mr. McDonald 
and others) in complete agreement, and indicates 
that the controversy in the past has been due to a 
confusion of terms rather than to real differences. 

Taking an outline view of the operations in a 
vapour-com pression machine, let the point D on the 
diagram represent the r—@ conditions of a unit 
mass of the refrigerant in the liquid state at r,. 

This liquid is, in practice, allowed to pass through 
a regulating-valve from the pressure corresponding 
to r, (which depends on the temperature of the con- 
densing water) to the pressure corresponding to 
tT, (which in turn reed « on the refrigerating tem- 
perature desired). in this operation a portion of 
the liquid is vaporised to cool the remainder, so 
that we do not start evaporating in the evaporator 
with a unit mass of refrigerant at A, but with the 
mass partly liquid and partly vapour represented 
by the point F, where the area EF H K is equal 
to the area DAE, E being obtained by drawing 
an adiabatic through D. The remainder of the 
cycle depends on the type of compression adopted. 

Wet Compression.—In wet compression the eva- 
poration is continued at constant pressure and r, 
to B, B being such that adiabatic compression 
will bring the vapour to a state C, where C is the 
intersection of the r, line with the vapour line. Con- 
densation takes place at r,, and the liquid is once 
more in the state represented by D. 

The heat taken up in the evaporator is repre- 
sented by the area F BG H, and this constitutes 
the refrigerating effect. The ratio of this effect, 
or ‘*heat removed,” to the ‘‘heat equivalent of 
work expended” gives a measure of the efficiency of 
the machine. This ratio, being generally greater 
than unity, is called the ‘‘ coefficient of perform- 
ance,” and is indicated by the Greek letter 7. The 
heat equivalent of work expended in this case is 
given by the area ABCD; hence 


_area FBG H 
1 = area A BOD" 

Dry Compression.-—In dry compression the liquid 
is allowed to vaporise completely, and its final con- 
dition in the evaporator is represented by the point 
L. The vapour is now compressed along the adia- 
batic L M, M being the point where the adiabatic 
through L meets the constant-pressure line through 
C. The condenser first cools the superheated 
vapour from M to C, and finally the unit weight of 
liquid is once more at D. 

The heat taken up during evaporation is repre- 
sented by the area F LO i, and this constitutes 
the refrigerating effect, while the work expended 
is represented by the area AL MCD, and conse- 
quently 

_ area FLOW 
2 = area AL MUD 

** Special” Cycle of Compression.* — Professor 
Jenkin has called attention to an important cycle, 
and to which he has given the name ‘‘ special.” 

In this cycle the vapour in the evaporator is 
allowed to vaporise to the point L, compressed 
adiabatically to N, and isothermally from N to C. 

The refrigerating effect in this case would be the 
same as in the cle—viz., F L O H—while the 
work expended would be A L N D, and 

_ area F LOH 
°” area ALN D* 

Taking au ammonia machine working between 

the temperatures 82.5 deg. Fahr. and 10 deg. Fahr., 


* Proveedings of the Institution of Mechanical Engi- 
ee Tg IV., 1912, page 1056. ENnGIngerinc, Novem- 





m = 5.8, ny = 5.2, and 93 = 7.3. 


These results are of outstanding importance. 
The so-called wet compression of practice falls 
away from the true wet cycle outlined, because 
superheabing, however slight, is allowed to take 
place during compression. On the other hand, the 
so-called dry compression of practice isan improve- 
ment on the true dry cycle by virtue of the heat 
removed during compression (usually by means of 
a water-jacket)— the adiabatic compression of 
theory assuming that no external heat is taken in 
or heat given out by the vapour during compression. 

The dry compression > practice leans towards 
the special cycle, and in ammonia machines (round 
which this controversy has raged) the heat removed 
by the water-jackets of the machines is al ways 
considerable, and the line followed by the vapour 
is perhaps something like that indicated by the 
dotted line in the diagram. 

Assuming for a moment that the dry cycle of 
practice + pees a mean between the true dry 
cycle and the special cycle, then the practical dry 
cycle would show a 20 per cent. advantage over 
even the ‘‘ true” wet. 
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always lack, as published, essential details, such as 
the temperatures of the refrigerant at important 
points in its circuit. In the meantime the ‘* wet” 
compression of practice is only approximately wet, 
while the ‘‘dry” is approximately ‘‘ special,” and 
yet, while the ‘‘ true wet” is better than the “‘ true 
dry,” there are practical results to show, and theo- 
retical reasons to support, that the “dry” of 
practice is better than the ‘‘ wet” of practice. 

It may not be out of place to point out that the 
refrigerating effect, owing to the losses at the regu- 
lating valve, have all been taken in the above 
cycles by areas to the right of the line FH. If 
an expansion cylinder (mechanically perfect) were 
fitted—it is not suggested practically—the refri- 
gerant in passing from a liquid at r, and p, to liquid 
and vapour at 7, and p, would restore to the ma- 
chine work equivalent to the area D A E, while 
the refrigerating effect would be greater by exactly 
the same area E F H K. The net work done would 
be D C BE, and refrigerating effect (wet compres- 
sion) E BG K. This would give a maximum co- 
efficient of performance :— 


area E BG K 

area DUBE 

EK 

ED’ 

but E K = 7, and E D = 7,—75, 


%= 


this being a reversed Carnot cycle. If by any 
external means the liquid at D could be brought 
to the temperature r, stillasa liquid, its state would 
be represented by the point A, and the refrigerat- 
ing effect would be taken by areas to the right 
of the line A P. In the Grindley cycle it is 
suggested that the returning cold vapour from the 
evaporator should be brought in contact (through 
pipes) with the liquid in the state D on its way 
from the condenser to the regulating-valve. This 
would allow the evaporator to be worked in a 
thoroughly wet state, the vapour being afterwards 
dried and superheated before entering the com- 
ressor, which in turn would allow the water- 
jackets and condenser to do their best duty, 





the 16th inst., and the men returned to work last 
Monday. They ted an assurance of the masters 
as to the future conduct of the overlooker against 
whom they alleged tyranny. The employers had de- 
cided on a general lock-out, which would have com- 
menced to take effect to-morrow ; the lock-out, 
fortunately, will not take place. The strike lasted 
nine weeks. 





The strike at the sugar refinery works, Battersea, 
belonging to Messrs Garton, Hill and Co., also came 
to an end on the 16th inst.; it had lasted three weeks. 
The men had struck work fur an increase of 14d. per 
hour. After several fruitless negotiations, Sir Richard 
Garton gave a definite pledge that he would look into 
the question of wages, promising to meet men from 
each department with a view to consider fully the 

rievances. On the understanding that there would 

no victimisation, the men accepted these ternis, 
and work was resumed immediately the machinery 
could be put in order. The men had received no strike 
pay, and the news that work was to be resumed was 
received with great jubilation. Sir Richard Garton 
gave 100/. to the strike fund to relieve the distress 
among the men’s families. 





Still another strike has come to an end—the strike 
at the Elswick Steel Works, which had lasted over 
& period of eleven weeks. Some strikers had returned 
to work; the remainder considered their cause to 
have failed, and, on the advice of the union, they 
decided to resume work. 





The Tyne tugboat men’s strike is also practically 
settled, and the men returned to work last Monday, 
pending arbitration. They have selected Mr. J. N. 
Bell, general secre of the National Amalgamated 
Union of Labour, and Mr. John Hill, general secretary 
of the Boilermakers’ Society, to act as their arbitrators. 
The owners appointed two representatives, and the 
four representatives selected a chairman. The arbi- 
tration court thus formed is discussing the points in 
the dispute—i.¢., an advance in and rates per 
hour for overtime. The strike had lasted five weeks. 





On March 31 of next year the ment as to w 
made between the <a and the Amalgamated 
Society of Engineers willcome to an end. This agree- 
ment had settled the following rates of pay :—Pattern- 
makers, fitters, and machine-men, 36s. ; coppersmiths 
and brass-finishers, 36s. 6d.; turners, 37s. Ata recent 
meeting held at Barrow it was decided that an in- 
crease be demanded on the termination of the - 
ment, the rate to be made 42s. per week for all the 
above trades. 





As stated on page 522 ante, the Sheffield moulders 
now on strike are those employed by the federated 
firms. At the recent meeting of both the Employers’ 
Federation and the men’s representatives the terms of 
agreement accepted by the moulders at Messrs. Had- 
fields, Limited, a non-federated firm, were put before 
the other employers as those upon which the men still 
on strike were prepared to resume work. The men 

inted out that the concessions made by Messrs. 
Hadfields, Limited, meant that this firm was paying 
8s. more per man ny week in w than any other 
employer in Sheffield. This firm the eight-hour 
system, whilst all the other (federated) firms the 
53-hour week. The men had unanimously resolved 
that Messrs. Hadfield’s terms were those which the 
federated firms should accept. The situation is very 
involved, questions of piecework and former resolu- 
tions also intervening. ere seems but little likeli- 
hood of an early settlement of the dispute. 





The G w Chamber of Commerce, at a meeting 
held last Monday, discussed a proposal emanating 
from the shipowners, and bearing upon the insertion 


in bills of lading of a clause making shippers and 
consignees bear partof the loss arising from the delay 
of vessels due to strikes or lock-outs. A committee 
of the Chamber appointed to inquire into the matter 
recommended: the passing of a resolution to the 
effect that whilst welcoming any steps to take joint 
action for mitigating such losses, they were of opinion 
that clauses inserted by shipowners in bills of ladin 

to coerce shippers and consignees to bear any part o 
the expense incurred in this connection would be 
most undesirable. Mr. T. Henderson, President of 
the Chamber, moved the adoption of the resolution, 
and Mr. W. J. Chrystal, seconded. Mr. R. J. 


Dunlop, shipowner, said the clause had not been 
decided upon finally, and added that the Chamber 
should delay action until full information was available. 
Mr. H, L, Seligmann stated that during strikes shippers 
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suffered heavy losses which shipowners ought to be 
called upon to share. The resolution was adopted. 





Matters are rapidly growing worse at Dublin. 
Farther trouble occurred at the commencement of 
the present week, when about seventy men employed 
by the Port and Docks Board refused to unload coal 
at the power-house, Alexandra Basin, coming from a 
firm which is on the black-list of the Transport Union. 
The coal was unloaded ultimately by the firm’s own 
staff, the strikers marching to Liberty Hall. Current 
for the electric light at the docks is generated at the 
Port and Dock Board’s station. 


According to the Moniteur Industriel the balance- 
sheets of the French savings banks show every year 
a regular decrease in deposits. On the other hand, 
the consumption of tobacco and alcohol is largely on 
the increase, and, further, the law establishing work- 
men’s pensions has greatly diminished, in a section of 
the population, the eagerness for thrift. When the 
State, says our contemporary, undertakes to take 
charge of the private individual’s future welfare, it is 
quite natural that the latter should forsake provident 
institutions. The payments which the workmen have 
to make to the State Pension Fund also decrease the 
amount at their disposal for personal saving. Further- 
more, according to the Moniteur, the laws governing 
the savings banks are antiquated, and do not answer 
present needs. They were passed more in the interest 
of the Treasury than in that of the depositors, and 
they never gave satisfaction to anyone. Matters 
have been in an unsatisfactory state since 1895, and 
conferences of savings-banks managers are being held 
to bring about improvements. 








In order that there might be no hardship on old and 
deserving employees, the Pennsylvania Railroad has 
slightly amended the method of procedure to be 
followed in the promotion of firemen and drivers. 
The original order was as follows :— 

‘« A fireman will not be promoted to driver unless 
he has had at least 528 days’ experience as a fireman. 
Promotion may be obtained from fireman to extra goods- 
train driver, provided he has had at least 132 days’ 
experience as s-train fireman, either on through 
or local trains immediately preceding his promotion. 
Regular goods-train driver may be promoted to extra 
passenger-train driver, provided he has had at least 528 
days’ experience as goods-train driver, not less than 
150 days of which must have been in goods-train ser- 
vice immediately preceding his promotion. A man 
going through the above grades must, of course, 
all the necessary examinations incident to each ae 

The foregoing has now been interpreted, in the 
interest of fairness to all the men, and without 
sacrificing any of the interests of safety which it was 
the purpose of the original rule to secure, as follows :— 
‘*It was the intention that this should be applied in 
such a way as not to work a hardship on old employees. 
As an illustration, a man who has fired in goods-train 
service for a considerable period or more than the 
required number of days, then goes into the passenger- 
train service for a short period, should not be com- 
pelled to return to the s-train service to work 
out the 132 days before being promoted ; but those 
who have never been in the goods-train service, or 
who have entered the service since July 28, 1913, 
should be compelled to go through the grades as 
indicated. The above should also apply to the drivers 
who have had a long experience in the goods-train 





embraced in the 185,000 cases mentioned relate to rules 
designed primarily to protect the safety of trains and 
employees. 





We read in the 7imes that in the course of an 
inquest held on Monday last, on a porter who was 
recently killed on the South-Eastern and Chatham 
Railway, near Bellingham Station, the railway com- 
pany’s solicitor, in reply toa juryman, said that fog- 
signals were intended to assist the signalling and the 
drivers of trains—not to protect men working on the 
line. The jury returned a verdict of ‘Accidental 
death,” to which they added a rider stating ‘‘ that the 
line was not properly F nage nrc against fog as relative 
to the servants of the company.” The company’s 
solicitor asked what the rider meant, whereupon the 
coroner replied that it meant that anyone working on 
the line should be warned, either by a detonator or in 
some other way, during foggy weather, of the approach 
of unexpected traffic. In regard to this the com- 
pany’s solicitor stated that if detonators were used for 
the purpose in question they would have to bring 
abvut a revolution in the signalling system. 





A conference of the National Society of Free Workers, 
Limited, was held last week at the Grand Hotel, 
Birmingham. Sir Henry Fairfax-Lucy, Bart., was 
elected President of the ference. The proceedings 
opened with a Reception on Friday, October 17, repre- 
sentatives being present from the Branch Societies in 
Bedford, Birmingham, Buxton, Carlisle, Hellifield, 
Lancaster, Leicester, Manchester, Newcastle-on-Tyne, 
Nottingham, Sheffield, Southport, Stratford, and 
Widnes. In the course of his address, Sir Henry 
Fairfax-Lucy, after referring to the mining disaster in 
South Wales, stated that the objects of the society 
were to protect by every means in its power the 
right of individual members to live and work in 
freedom, so long as they did nothing to interfere with 
the enjoyment of a like freedom by all others. 
Generally, to maintain the principles of personal 
liberty and personal responsibility, and do all such 
other lawful things as were incidental or conducive 
to the attainment of the above object. The society 
did not want to break trade unionism, as had been 
sometimes ridiculously stated ; its organisation was 
rather due to the failure of trade unionism to main- 
tain the liberty of the subject, and to carry out its 
contractual obligations. 

The President said, also, that he noted with much 
interest that on the agenda for the business meeting 
to be held on the foliowing day, the 18th inst., there 
was a notice of motion which read as follows :—‘‘ That 
this meeting of free workers welcomes the formation 
of the United Kingdom Employers’ Defence Union for 

ing out agreements individually with free 
workers or collectively with trade unions, inasmuch 
as the introduction of political Socialism into the 
unions has made it necessary for both employers and 
free workers to organise if this new policy—viz., 
coercion of workers, disregard of agreements, and 
intimidation during the progress of strikes—is to be 
successfully resisted.” This seemed to be a very 
natural proposal for submission to the members of the 
society, since the latter was established for the defence 
of personal liberty and personal res nsibility. If 
there was one thing which the Employers’ De- 
fence Union stood for it was freedom of action both 
for free workers and trade unions. It would defend 
those who desired to work, and would favour collective 
bargaining with trade unions which conducted their 
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Disputes Act on the Statute Book, and hereby resolves 
to petition Parliament to make such modifications in 
the Act as will ensure:—(1) That the number of 
pickets shall be strictly limited. (2) That every 
picket shall be distinguished by a badge or other 
means of ready identification. (3) That no one shall 
act as a picket unless duly authorised. (4) That there 
shall be no reference in the Act to the house or resi- 
dence of any workman. (5) That a clear power be 
given to the police to arrest any person charged with 
a breach of any of the above provisions.” 

‘* That this Conference strongly condemns the amaz- 
ing scheme soeempeod by the Industrial Council of 
the Board of Trade for extending agreements to persons 
who disapprove of them, as set out by that Council in 
the following words :— 

‘*Where an industrial agreement has been arrived 
at between representatives of one or more employers’ 
associations and representatives of one or more trade 
unions in a particular trade or district, it shall be com- 
petent for the parties to the agreement to apply (at 
any time during the currency of the agreement) to the 
Board of Trade to cause an inquiry to be held, by such 
authority as the Board of Trade may direct, to deter- 
mine whether or not the agreement shall be extended 
and its terms made obligatory upon persons not 
members of the associations represented by the signa- 
tories to the agreement.” 





The fourth annual National Conference on Sea- 
Training was held in the Council Chamber, County 
Hall, Spring Gardens, on Tuesday last, when the 
chairman, Mr. Geoffrey Drage, in moving the adoption 
of the report, said that the training institutions at 
present turned out 1000 boys each year, and they 
were now catering to a larger extent than ever for 
the needs of the Royal Navy and the mercantile 
marine. After three years’ hard work they had 
wena to get a grant of 10/. a head from Govern- 
ment for the training-ships. Lord Graham seconded 
the adoption of the report, whivh was adopted 
unanimously. The resolutions pledging the Confer- 
ence to use every effort to induce local education 
authorities to make additional grants in respect of 
sea-training institutions within their areas; calling 
the attention of Government to the desirability of 
some inducement being offered to shipowners to carry 
boys under special conditions ; and dealing with the 
adoption of a special syllabus in elementary schools in 
seaports and in districts bordering on the sea, were 
also adopted. 





Tue Royau Sanrrary Institrute.—The Right Hon. 
Earl Derby, G.C.V.O., has consented to accept the office 
of President of the Twenty-Ninth Congress of the Royal 
Sanitary Institute, to be held at Blackpool from July 6 
to 11, 1914. To-night @ provincial sessional meeting is 
being held in the Municipal School of Technology, 
Sackville-street, Manchester, when discussions will take 
place on ‘‘The Mechanical Filtration of Water Supplies 
and the Plumbo-Solvent Action of Water,” to be opened 
by B dag nee A. Sheridan Delépine, and ‘‘ The Working 
re) 


e Shops Acts,” to be opened by Mr. F. J. Rowe 
(Sanitar ment, Manchester). To-morrow a meet- 
ing will be held in the Council Chamber of the Town Hall, 


Rochdale, when Mr. 8. S. Platt, M. Inst. C.E., the borough 
engineer, will describe the new Sewage Works Extension, 
which will afterwards be visited. 





Lecrurges ON Reinrorcep ConcoreTg.— A course of 
six lectures on ‘‘ Reinforced Concrete, its Commercial 
Development and Practical Application,” will be given 
by Mr. H. Kempton Dyson, at 5.30 p.m., on the fol- 
lowing Wednesdays, November 12, 19, 26, December 3, 
10, and 17, 1913. The lectures will be given in the 
lecture-hall of the Concrete Institute, at Denison House, 
296, Vauxhall Bridge-road, Westminster (close to Vic- 
toria Station). Syllabus: 1. ‘“‘The Early History of 
Processes of Reinforcing Concrete;” 2. *‘The Develop- 
ment of Reinforced Concrete in its Modern Aspect ;” 
8. ‘Present-Day Systems or Methods of Reinforced- 
Concrete Construction ;” 4 and 5. ‘‘The Commercial 
Aspect, Forms of Contract, Quantities, Estimates, Safe- 

ards, Checking Designs, Execution of Work, Testing of 

aterials, and Finished Structures;” 6. The many and 
Various Applications of Reinforced Concrete.” 





PERSONAL. — The London Offices of the Coventry 
Ordnance Works, Limited, have been transferred to 3, 
Central Buildings, Westminster, London, S. W.—Messrs. 
Haseltine, Lake and Co., chartered patent agents, have 
removed to new offices at 28, Southampton Buildings, 
Chancery-lane, London, W.C.—Messra. Pyne, Hughman 
and Co., electrical and general engineers and contractors, 
of Calcutta, have opened a London office at Bank 

hambers, 329, High Holborn, W.C., and have appointed 
Mr. F. M. Short as their manager for Europe, with head- 
quarters at the above address.—Messrs. A. G. Graziani 
and Co., sole agents for the United Kingdom and Colonies 
of F.I.A.T. heavy-oil engines, inform us that they _re- 
moved on September 29 to 109, Victoria-street, West- 
minster, S.W.—The Bristol Company, Waterbury, Conn., 
inform us that they have made arrangements for the 
exclusive manufacture of the Goodwin patent dove- 
tailed hollow safety seb screws as successors to the 
Goodwin Hollow Set Screw Company. 

















; 
: 
’ 
: 
i 














ngewe a 


Oct. 24, 1913.] 


ENGINEERING. 


567 








100-BRAKE-HORSE-POWER JUNKERS 
MARINE OIL-ENGINE. 


Tur Maschinenbau Actiengesellschaft vorm. Gebr. 
Klein, Dahlbruch, who for several years have been 
builders of Junkers oil-engines, have recently con- 
structed a practinger = A, seed Junkers marine 
engine of a type which has n spauielay developed 
for the purposes of inland navigation. e illustrate 
this in the view, Fig. 1, herewith. 

The advantages of the Junkers engine for inland 
navigation, as compared with four-cycle and other 
two-cycle engines, are claimed to be the follow- 


end. It is driven by means of a crank on the vertical 

shaft between the cam-shaft and the crank-shaft. By 

means of a double lever both pistons are driven off the 

same crank. The lever also works the suction-valve 
8. 

The regulation of the fuel supply to meet the require- 
ments of the load, is effec y varying the length 
of time that the suction-valve is open during the pres- 
sure stroke of the fuel-pump. The speed of the engine 
can be controlled independently of the governor, 
directly from the engineer’s platform or the bridge, by 
varying the lift of the suction-valve. Seven pressure- 
gauges are arranged on the front of the scavenging- 








Fia. 


ing :—(a) Low weight, therefore rendering possible a| 
shallow draught. (b) Simple design, requiring less 
attention. (c) Absence of several parts which are fre- 
quently the cause of breakdowns. (d) Good balancing 
and light load on main bearings, and therefore a 
minimum of wear and no risk of overheating. (¢) 
Low fuel consumption, with resultant low running 
costs, and (7) small initial cost. 

The engine in question was ordered on February 21, 
1913. The drawings were prepared in Professor 
Junkers’ offices in Aachen, and the engine was run- 
ning on the test-bed on June 6. : 

It develops 100 brake horse-power at 300 revolutions 
per minute. The two working cylinders and the 
scavenging-pump are supported on and connected by a | 
continuous scavenging-air receiver. Both cylinders 
exhaust into one exhaust-box, arranged horizontally 
at the rear of the cylinders. The scavenging air is 
delivered at a pressure of 2.2 lb. to 2.9 lb. per sq. in.; 
the scavenging-pump is driven directly off the 
crank-shaft by a crank and connecting-rod. Com- 
pressed air for the injection of the oil-fuel and 
for starting the engine is supplied by a_single- 
acting three-stage compressor, the second stage 
of which is placed on top of the scavenging-pump, 
the first and third stages being arranged behind the 
pump. Each cylinder is fitted with a fuel-valve, a 
starting- valve, and a safety-valve. The two fuel-valves 
are operated by a cam-shaft running horizontally along 
the top of the scavenging-air receiver, driven by gear- 
ing from the conah- ahah. The cam-shaft is placed 
80 close to the fuel-valves that a single rocking lever 
suffices to transmit the motion from the cam to the 
fuel-valve needle. Inertia effects are thus reduced to a 
minimum, and smooth, reliable working is ensured. 
The gear can be adjusted with the greatest precision 
while the engine is running. The starting-gear is 
 settape with a device which prevents any fuel 

rom entering the cylinders while the engine is being 
started up on compressed air. The fuel- pump is 
fixed to the scavenging-sir receiver at the fly-wheel 
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air receiver ; two of these are connected to the starting- 
air cylinders and two to the compressor-receivers ; the 
others register the pressure of the injection air, 
scavenging air, and cooling water. At the front end 
of the engine are arranged a circulating-pump and a 
bilge-pump, both directly driven by the main engine. 

After having made certain that the fuel-supply pipe is 
filled with oil up to the fuel-valves, and that the valves 
connecting the air-cylinders to the starting-air pips are 
open, the only movement required to start the engine 
is to push over the starting-lever to the “ a. 
position, thus admitting compressed air to the 


cylinders. In a very short time—usually after two or 
three revolutions—the starting-lever is returned to 
the ‘‘ running” position, and the engine continues to 
run normally on oil, 


Thus the whole operation of 





starting consists in moving a single lever once forward 
and back again. 

The first trials were for the purpose of adjusting 
and testing the various parts. All parts ran satisfac- 
torily, and after the usual adjustments had been made, 
and the engine had been run light, a 24-hours’ trial 
was carried out on July 1; this also proved satisfac- 
tory. A few days later the acceptance trials were 
run in presence of a representative of the German 
Lloyd, Mr. Schulze, who, after a careful examination 
of the pistons, cylinders, &c., found the engine most 
satisfactory. The acceptance trials required by the 
purchasers were conducted on the Dahlbruch test-bed 
on July 11 to 13 by Professors Laas and Romberg, of 
the Technical igh School, Charlottenburg. A 
72 hours’ continuous trial was stipulated. The 
engine was started * at 8 o’clock on the morn- 
ing of Friday, July 11, and ran without stopping, 
except for a very short time, in consequence of 
a slight alteration to the testing-brake being neces- 
sary, until eight o’clock in the evening of July 13 
—that is to say, 60 hours altogether. e behaviour 
of the engine was such that it was not required to 
run for the complete period. During this trial 
the mean speed was : revolutions per minute. 
A sudden drop from full load to no load produced 
no rise in speed worth mentioning. The tempera- 
ture of all bearings remained normal, and nowhere 
was there any sigan of overheating. Practically the 
only noise that could be heard was that of the air in 
the suction-pipe. The pees. te ay worked with 
a comparatively low pressure of 0.2 atmosphere 
(2.9 lb. per sq. in.), and at this pressure very 
good scavenging was obtained. The exhaust was 
practically invisible. During the trial two hours were 
run at 10 per cent. overload, which was carried by 
the engine in a perfectly satisfactory manner. 

An air-cylinder of 125 litres (4.4 oub. ft.) capa- 
city), filled with air at 60 atmospheres (880 lb. per 
sq. in.) pressure was used for the manceuvring trials. 
After the engine had been run up ten times to full 
speed and full load from rest, the pressure in the 
air-cylinder had dropped only to about 40 atmospheres 
(590 lb. per tq. in.). The engine was reliable and 
easy to start. After the conclusion of the trials, on 
Sunday, July 13, the crank-chamber was opened out 
in order to examine the crank-pins and bearings. All 
bearings were found to be at a normal working tem- 


perature. 

During the following night all moving parts—pistons, 
main bearings, scavenging-pump, compressor-valves, 
and circulating-pump valves—were dismantled and 
carefully inspected on the morning of July 14, also 
with satisfactory results. 

The boat for which the engine was intended not 
being ready to receive it, the engine remained on the 
test-bed several days longer. During this time further 
trials were made with various t of atomisers and 
injection nozzles, in order to uce still further the 
consumption of fuel and injection air. The mean fuel 
consumption was 185 grammes per brake-horse-power 
hour (0.407 lb.) at the normal load of a 100 brake 
horse-power—a very low figure. The maximum output 
obtained was about 120 brake horse-power. 

In his report on the acceptance trials, Professor 
Romberg remarked :—‘‘ In consequence of its sound 
and careful design and accurate, sturdy construction, 
the engine promises to be a reliable and durable marine 
engine. 

igs. 2and 3 reproduce two of the indicator dia- 
grams taken during the official acceptance trials. 





Granp Trunk Eoonomics.—The current position of 
the Grand Trunk Railway Company of Canada is, upon 
the whole, disappointing. The company’s revenue shows 
a considerable expansion, but the working ex of all 
kinds are also growing. The increase in the working 
expenses in the past six months may be analysed as 
follows :—Maintenance of way and structures, 120/. ; 
maintenance of equipment, 64,423/.; traffic cha: 
12,5371. ; conducting transportation, 320,495/.; general 
expenses, 3114/. ; taxes, 13,1387. The aggregate increase 
in working outgoings for the six months was, accordingly, 
413,827/., the aggregate working expenditure in the first 
half of this year having been 3,207,112/., as compared 
with 2,793,285/. in the corresponding period of 1912. The 
ratio of the working expenses increased in the six 
months ended June 30 to 73.46 per cent., as compared 
with 72.85 per cent. ; the magnitude of the ratio will 
not escape attention. The receipts advanced from 
3,834,328. in the first half of 1912 to 4,365,637/. in the 
first half of 1913, but the net receipts only expanded to 
1,158,525/., as compared with 1,041,0492.; and in the same 
er the expenditure on capital account was increased 

1,317,9301. This represents an additional interest 
charge at 4 per cent. per annum of 52,717/., while the 
additional net revenue was no more than 117,483V., so that 
although the company may be earning more, it is also 
paying out more. The outlay of capital made by the 
company for new works and equipment in the past half 

ear was 668,352/.—viz., new works, properly so-called, 

,791l.; new rolling-stock, 455,0297.; new machinery 
and tools, 3750/.; land, 118,782. The completion of the 
system to the Pacific coast will probably improve 
matters. 
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THE KEITH INCLINED- TUBE THERMO- 
VENTILATOR. 


A NEw heater on the unit system, possessing some 
interesting features, has recently been introduced by 
the James Keith and Blackman pany, Limited, 27, 
Farringdon-avenue, E.C. ‘I'he heater is illustrated in 
Figs. 1 to 3, herewith, Fig. 1 being a vertical section, 
Fig. 2 a plan of the heater with casing top removed, and 
Fig. 3 showing the actual heating elements and fan. 
From these figures it will be seen that the heating ele- 
ment consists of a series of inclined hair-pin tubes fixed 
ina base casting. The heater is surrounded by a casing, 
and air is drawn in from above by a fan at the base, 
down through the heater, and is expelled below in such 
a manner that the heated air flows out laterally on the 
surrounding floor area. In the centre of the heater is 
an adjustable baffle. If this be closed, the air has to 
pass among the tubes of the heating element twice, 
the current Nene ay hag at the top. then bein 
deflected outwards by the baffle across the tubes, an 
a little lower being drawn in again to the centre and 
passed out by. the fan. The inclination and twist 
given to the large sheaf of heating-tubes ensures the 
contact of the air with the heating surface, and although 
the area is large, the actual freeway through which 
air might pass without coming in contact with some 
or other of the tubes is very small.. The tubes 
are expanded into the base casting, which is divided 
circumferentially by a partition, thus forming two 
com ents. Into one of these the live steam is 
admitted, the other being the drain header. One end 
of each of the hair-pin tubes is expanded into each 
vompartment or header, the holes receiving them being 
arranged so that a line passing. through the centres ot 
one pair of holes has a tangential rather than a radial 
direction, On account of the inclination of the tube the 
condensed steam, resulting from heat being given up to 
the air, keeps to the underside of the tube. The upper 
side, in contact with the fresh air, is therefore dry. 

The fan is run by a small electric motor and takes 
@ very small quantity of power for the air dealt with. 
We are informed that in tests recently made with 
steam at a pressure of 50 lb. per sq. in., the fan 
running at 800 revolutions per minute, with a 
consumption of 240 watts, 1700 cub. ft. of air per 
minute were raised from :63 deg. Fahr. to 150 deg. 
Fahr. This rise of 87 deg. Fahr. was accomplished 
with a steam consumption at the rate of 1524 lb. per 
hour. © At 430 revolutions per minute, 920 cub. ft. of 
air per. minute were raised from 63 deg. Fahr. to 
170 deg. Fahr.—a rise of 107 deg. Fahr. for a power 
consumption of 84 watts, and steam at the rate of 
89 lb. per hour. The ——— are so ample that 
the above volumes were handled with only a resistance 
of 0.16 in. and 0.04 in. water-gauge. The thermo- 
ventilator can be used either as a heater and circulator 
of air, or if a fresh-air duct is taken from the casing 
by to the outside of the building, it may be as 
a heater and ventilator. As already pointed out, a 
baffle or butterfly-valve in the body of the sheaf of 
tubes can be adjusted to pass any ——— proportion 
of the air over the heating surface. The heater is very 
—_- in construction. Any tube can be removed 
without interfering with the rest. 





ELECTRIC IRON-ORE SMELTING IN 
SWEDEN. 

Tue German metallurgical journals have recently 
dealt at some length with electric iron-ore smelting in 
Scandinavia, and a Swedish expert, whilst on the whole 
praising them for their thoroughness, points out a few 
misunderstandings, and gives some additional informa- 
tion about this interesting subject. The statement 
that Sweden’s raw material for good charcoal—that 
is, a sufficiency of suitable trees—is so much on the 
wane that it will deteriorate the quality of Swedish 
pigiron, is not correct. Nor does the change of eleo- 
trodes reduce the temperature of the electric furnace, 
inasmuch as the new electrodes are screwed on their 
holders and are gradually fed in. It is correct, as 
stated by the journals in question, that the size of the 
electric smelting-furnace is being increased, but not 
that the conical shape is a the cylindrical. A 
conical furnace has certainly been 
however, which requires somewhat less material in the 
way of bricks, but, on the other hand, involves a some- 
what more expensive iron construction, the smelting 

rocess is exactly the same as in the cylindrical type. 
he conical furnace, therefore, must be looked upon 
as an experiment, and not as a final adoption. 

At Hagfors there are three furnaces of 3000 horse- 

wer working, and the Uddeholm Company has 

ecided to build two more furnaces, but whether at 
Hagfors or Nykroppa has not yet been finally settled, 
so the German particulars in this connection are a 
little doubtful. 

Failing a sufficiency of large waterfalls conveniently 
located (and a furnace with 6000 tons annual produc- 
tion requires about 3000 horse-power), the electric 
energy can probably with advantage be generated by 
megas of peat or peat-dust, which is a cheap com, 


uilt ; in this type, | ¢ 
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modity on the spot and does not require an expensive 

_ In addition there is available the special 
éganiis process, with reference to which only scanty 

particulars so far have been made available. 

It is undoubtedly correct that. the Swedish electric 
furnaces have given favourable results in every respect, 
yielding a product which, in the matter of quality, 
excels that obtained by the old method, on account of 
the adjustable percentage of carbon, the smaller per- 
centage of phosphorus and sulphur, the possibility of 
using ore containing titanium, or ore difficult to reduce, 
the continuous working, the satisfactory durability of 
the furnaces and the small consumption of electrodes. 
In addition, the saving in wages, &c., amounts to 3 kr. 
50 dre (about 3s. 6d.) per ton. 

Another favourable circumstance of electric ore- 
smelting is the facility with which the gas produced 
in the furnace, after aiding to reduce the ore, can be 
used as a source of heat; two furnaces of 6000 tons 
capacity supply the heat requirements of a Martin 
urnace, representing a saving of approximately 
15,000 kr. (about 750/.) per year. 

The working at Hagfors has in every respect turned 
out satisfactorily. With Central Swedish ore, contain- 
ing 55 to 60 per cent. of Fe, the charcoal consumption 
of 40 to 42 per cent. being done away with, other 
items, with decreased wages bill, coming into play also, 





the ag: te saving per ton works out at 22 kr. 75 dre. 
Against this there is to be put :— 
Per Ton Pig Iron. 
horse-power at 42 kr. per year 14 kr. 
‘lectrode consumption, not above _ 
Total 16 kr. 
Or a saving of 6 kr. 75 dre 
(about 6s. 8d.) 


According to this the electric smelting of iron ore 
(apart from the higher quality) should be com- 














Fie. 3. 


mercially ible at a price per horse-power year of 
60 kr. inakenih of 42 kr. 4 3 = 

The Uddeholm Company, which possesses its .own 
waterfalls, estimates the cost of installation at 
3,000,000 kr. for 10,000 horse-power, and a further 
1,000,000 kr. for an additional 10,000 horse-power ; 
consequently making 200 kr. (11/.) per horse-power, 
which, reckoning 124 per cent. per annum for interest, 
sinking fund, and maintenance, comes out at 25 kr. 
(1/. 8s.) per horse-power on the first cost. 

An electric furnace of 6000 tons capacity entails a 
cost of from 285,000 kr. to 300,000 kr. (15,700/.), the 
cost of production per ton of pig iron being one — 


F. 
4 horse-power at 42 kr. 14 
Cost of furnace ... oa 5 
Electrodes in 1 sa ae ns 2 

2 tons of ore containing 55 per cent. of iron, 

at 10 kr. a we = - a 20 
20 hectolitres (about 70 cub. ft.) charcoal... 12 
Flux (lime, &c.) an a 2 
Management and labour 5 
Total ... ee 60 

(about 3/. 6s.) 


In 1910 Sweden produced 890 tons of electric pig 
iron, and, in 1912, 17,566 tons; the increase is to 
some extent attributable to the experience gained in 
working by both the officials and men. 





Heavy Os ror InTeRNAL-ComBpusTION ENGINES.— 
Technical Paper 37 of the United States Bureau of 
Mines, by Mawnan | C. Allen, on ‘‘ Heavy Oils as Fuel for 
Internal-Combustion Engines,” is a pamphlet of 36 pages 
The pamphlet does not record any new experiments. It 
states = ae can be a ,. a —- in <= 
engines, descri the properties of these oils, explains 
what Diesel “ea can accomplish, and concludes with 
a list of nearly 300 books, papers, reperts, &c., on fuel-oils 
and Diesel engines. Jt is a useful compilation, 
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KINETIC AIR-EJECTOR FOR THE COMMON. 
WEALTH EDISON COMPANY, CHICAGO. 


Wuewn the Commonwealth Edison Company, of 
Chicago, ordered from Sir Charles Parsons the 25,000- 
kw. turbine which has recently been completed at 
Heaton Works, Seunadiioun ivan, and which was 
described in our last issue, their consulting engineer, 
Mr. Frederick Sargent, decided to adopt a rotary 
air-pump, and selected the ‘‘Contraflo” kinetic type, 
manufactured by Messrs. Richardsons, Westgarth and 
Co., of Hartlepool. Tests of this apparatus have been 
carried out by the staff of the Wallsend Laboratory 
Company, under the directicn of Messrs. Merz and 
McLellan, the consulting engineers for the Common- 
wealth Edison Company in this country, and the 
results not only exceed the stringent requirements 
of the specification, but the degree of vacuum obtained 


kept full, as the overflow from it is equal to the 
quantity of steam condensed in the condenser at any 
given time. The air-ejector, shown in section, has 
chamber, into which the air is delivered by a steam-jet. 
A small quantity of the condensate is admitted to this 
chamber as finely-divided water-spray, with the result 
that when the aerated steam is brought into contact 
with the water particles, the steam is condensed and 
the air occluded. The air-enveloped water particles 
form, by coalescing, an aerated foam, which is delivered 
to the centre of an annular jet of water and so ex- 
pelled. The core of air thus formed in tke column of 
water is caught by a collecting-pipe, by which it is 
discharged above the water-level in the tank, and so 
obviates the aeration of the feed-water. 

A distinctive feature in the ‘‘ Contraflo” kinetic 


turbine. It consists of two units, which can be used 
independently or together. The steam used for the air- 
withdrawing jet is the exhaust steam from the 
auxiliaries, and under conditions of complete air- 
tightness it will raise the temperature of the feed- 
water about 3 deg. at full load and 8 deg. at half load. 
The exhaust steam therefore performs the double 
function of withdrawing the air by its kinetic energy 
and of heating the feed-water ; and it is important to 
note that, neglecting radiation, the thermal efficiency 
of the kinetic system is unity, there being no other 
heat loss whatever. 

Unlike a condense, an air-pump can, without diffi- 
culty, be tested for capacity as an independent unit. 
Its function under working conditions is to remove 











and the quantity of air withdrawn cover such an un- 
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usually large range that some very interesting data will 
be ovale when the plant is under load. The only 
mechanism employed in the kinetic system comprises 
two ordinary centrifugal water-pumps driven by either 
an electric-motor or a small steam-turbine. One of 
the pumps withdraws the condensate from the con- 
denser and discharges it into a tank. There are some 
special features in the construction of this pump, 
whereby it works reliably under a very small suction 
head, but otherwise it is a simple two-stage centri- 
fugal. The withdrawal of the air from the condenser 
involves a radical departure from ordinary practice, as 
it is accomplished by means of steam and water jets, 
the water for the latter being condensate and sup- 
plied by the second centrifugal pump. This depar- 
ture embodied two difficulties: (1) The retention 
of the heat in the steam-jet ; (2) the avoidance of 
any loss of the water represented by’ the vapour 
withdrawn from the condenser with the air. The 
solution was found in the use of the condensate for 
ejecting the air, the necessary stability being obtained 
by the continuous circulation of a predetermined and 
constant quantity of water through the jets. 

Fig. 1, annexed, shows the kinetic ap tus in 
elementary detail. A is the tank into which the con- 


densate is delivered, B an ordinary centrifugal pump 
which draws from the tank and discharges th h the 
water-jets again into the tank. The latter is 





ways 
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system is that the movement of the air is maintained 
continuously, uniformly, and linearly forward from ite 
entry into the condenser until its discharge to the 
atmosphere ; and as the air-expelling medium is con- 
densate, the total heat in the steam from the steam- 
jet and in the vapour withdrawn from the air is 
absorbed by the feed-water. 

The quantity of vapour withdrawn from any con- 
denser with the air depends on the degree of vacuum 
and the design of the condenser ; but as this vapour 
represents heat and distilled water, it should always 
be conserved, as both are valuable factors in the 
economics of power production. Although small in 
amount at 29 in. vacuum, the quantity of vapour 
increases very rapidly with a decrease in vacuum ; and, 
as @ fall in vacuum, especially when it is produced 
from causes other than additional air-leakage, has the 
effect of turning the air-pump into an efficient direct- 
contact condenser for vapour, there may be circum- 
stances, not at all unusual, when at 25 in. vacuum the 
vapour may represent as much as 10 per cent. of the 
total condensate, so that on warships steaming in 
tropical waters, if this vapour is lost, as would be the 
case if it were condensed by direct contact with sea- 
water, then the resulting loss of boiler feed-water may 
easily exceed by many times the entire capacity of the 
usual installation of evaporators. 





m0 = 





Figs. 2and 4 show the kinetic ejector for the Chicago 


from the condenser at a given vacuum a certain volume 
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of aerated vapour per unit of time. But the condens- 
ing efficiency of the tube surface, as affected by sir, is 
governed entirely by the volume and air ratio of the 
aerated vapour withdrawn by the air-pump, and as the 
air ratio depends on condenser conditions, it follows that 
the condenser must concentrate air at the air-outlet, and 
the air-pump must withdraw that volume of aerated 
vapour at the air ratio which will minimise the weight 
of air normally present in the condenser, and thus 
enable the tubes to transmit to the condensing water 
& maximum amount of heat in a given time. 

In order to test an air-pump as an independent unit 
it is necessary to approach as nearly as possible the 
conditions prevailing when it is connected to a con- 
denser. These are secured by blanking off the air- 
suction pipe, maintaining the desired vacuum with a 
known quantity of free air admitted to the suction 
system through calibrated nozzles, and with the same 
quantity of water at — temperature passing 
through the pump as will pass through when it works 
in connection with a condenser. Such was the method 
adopted when testing the Chicago kinetic plant, and 
Fig. 3 shows the results actually obtained. One re- 
markable feature in the results was that a vacuum 
of 29.8 in., barometer 30 in., was maintained with an 
air admission of 14 cub. ft. per minute, the tempera- 
ture of the water passing through the jets being 
74 deg. The temperature corresponding to 29.8 in. ig 
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36 deg., so that the water was actually 38 deg. in 
excess of that temperature. 

Another feature no less remarkable is that with an 
air admission of 160 cub. ft. per minute, equal to a hole 
Zin. in diameter, a vacuum of 28.6 was maintained 
with water at 85 deg. passing gos the jets. Some 
special tests were made in order to ascertain the 
effect on the air-withdrawing capacity of high-tem- 
perature water passing through the jets, and it was 
found that 29-in. vacuum could be maintained with 
water at 130 deg., the air admission being 96 cub. ft. 

r minute. The temperature corresponding to 29 in. 
is 79.5 deg., so the temperature of the ejecting water 
was in this case 52 deg. higher. Such a temperature 
is far beyond what may be expected in practice, but 
it indicates the great range of the apparatus. 

Assuming an air-pump that is able, under blanked- 
off conditions, to maintain a specified vacuum with an 
air admission equal to 8 cub, ft. per minute per 
100,000 lb. of steam condensed per hour, can also main- 
tain the same vacuum when connected to the condensing 
system, when all the joints are of first-class workman- 
ship and air-tight, then the Chicago plant has an air 
margin of two and a half times at 29.4 in. vacuum, 
with water at 80 deg. passing through the jets, which 
is a much higher temperature than will prevail in 
practice. Probably no such result has ever been 
attained before, and the extraordinary capacity of the 
apparatus is rendered more striking when it is realised 
that as the 160 cub. ft. of admitted air, as shown in the 
diagram, becomes, at 28? ir. of vacuum, 3900 cub. ft., 
it is this volume with which the kinetic ejector deals. 

At the discussion of the Boe pad on the subject of 
air-pump capacity, recentl by Mr. D. B. Morison 
before the Institution of Naval Architects, contribu- 
tions were made by Mr. Frederick Sargent, of Chicago, 
and Professor Weighton, of Armstrong College, New- 
castle. Each of these eminent authorities dealt with 
the question from a different standpoint—viz., from 
experience based on the commercial working of a huge 
aggregate of electric horse-power generated by steam- 
turbines, and from experience based on experimental 
scientific research. r. Sargent said that in his own 
practice he adopted 29-in. vacuum as a standard forlarge 
installations. In wintera higher vacuum wascarried, and 
therefore increased economy resulted, whilst in summer, 
when the vacuum was lower, the echeme of blading 
automatically became more liberal, and therefore re- 
latively more economical. The aim of the electrical- 

wer engineer was to produce electrical energy at the 
owest cost, and as a fall in vacuum from in. to 
28 in. increased the coal bill about 64 per cent., it 
could be taken for granted that no effort was spared, 
first, to attain, and then to maintain, the highest pos- 
sible vacuum consistent with the temperature con- 
ditions paneey 3 Ideal air-tightness could not be 
attained except the workmanship was of the highest 
class, and could not be maintained unless by great care 
and there was constant attention on the part of the 
operating staff. ven under such conditions air-leak- 
age was at times inevitable, and often required a long 
search to be located and stopped. Mr. Sargent, in 
conclusion, expressed the opinion that in view of the 
economic effect of vacuum, it was undoubtedly sound 

ractice to provide an air-withdrawing capacity at full 
Toad from two to three times ter than that asso- 
ciated with ideal conditions of air-tightness. 

Professor Weighton gave it as his opinion that all 
air-pumps should have a considerable air capacity in 
reserve. Obviously, said Professor Weighton, the 
slightest air-leak in the vacuum system overwhelms 
an air-pump with no reserve, and the vacuum falls. 
A pump of proportions above the minimum would cope 
with slight air-leaks without any fall at all in vacuum, 
and when the air-leak exceeded what may be 
termed slight, the large air-pump would prevent the 
vacuum from falling to the extent it otherwise would 
do. There was 
normal air-tight and full-power conditions he had 
always found that an addition to the air-withdrawing 
capacity of the air-pump above the minimum was asso- 
ciated with a definite increase in vacuum, provided 
always that the conditions prevailing in the condenser 
were suitable. In dealing with the effects brought 
about by large air-pumps, this augmentation of the 
vacuum under normal air-tight conditions, as well as 
its sustentation under abnormal air-leakage conditions, 
should therefore be included. 

It will be obvious that the lerge air capacity of the 
Chicago kinetic plant will enable data of very great 


value to ineers to be obtained, and we trust that 
Mr. Samuel Insull, the President of the Commonwealth 
Edison Company, to whom we are indebted for permis- 


sion to publish these results, will afford opportunities 
for the complete testing under load of this most 
interesting apparatus. 

The increasing attention now being given to the 
efficiency of ensing plant is undoubtedly due to 
a keener appreciation of the great effect sustained high 


vacuum has on the economy of the steam-turbine. 
The desire of the engineer is first to obtain, and then 
to maintain, the highest attainable vacuum from the 
use of a given quantity of circulating water and a 


an additional effect, as under | 41, 


moderate amount of tube surface ; and as its attain- 
ment in such a case depends primarily on the quantity 
of air present in the vacuum system, it is obvious that 


treatment of air become of paramount importance. 


Readings Taken at a Given Air Admission with Water of 
Increasing Temperatwre Passing through the Jets. 








! 
Air Admission. | Temperature of Water. Vacuum. 
cub. ft. per min. | deg. F. in. 
95.76 “Fis 29.26 
95.76 124 29.19 
95.76 132 29.06 





Although the effect of vacuum on turbine economy 
is well known, specific figures are always instructive. 
For example, in the Chicago turbine to which the 
kinetic air-pump under review is to be applied an 
increase in vacuum from 287 to 29} means a saving in 
coal of about 300 tons per month. 





COMPLEX STRESS DISTRIBUTION IN 
ENGINEERING MATERIALS. 


Certain of the More Complex Stress Distributions in 
Engineering Materials.—Renort of the Committee, 
consisting of Professor J. Perry (Chairman), Pro- 
fessors E.G. Coker and J. E. Prtavet (Secretaries), 
Professor A. Barr, Dr. C. Curex, Mr. GILBERT 
Cook, Professor W. E. Datsy, Sir J. A. Ewine, Pro- 
fessor L. N. G. Firon, Messrs. A. R. Futon and 
J. J. Guest, Professors J. B. Henperson and A. E. 
H. Love, Mr. W. Mason, Sir ANpRew Nosie. Pro- 
fessor Kari Pearson, Messrs. F. Rocers and W. A. 
Scosiz, Dr. T. E. Stanton, and Mr. J. S. Witson, 
appointed to report thereon.* 

Report on Combined Stress. By W. A. Scosiz, B.Sc. 
(The smail figures in the text refer to the bibliography.) 

Historical.—Coulomb! appears to have been the first 

to study the kind of strain we now cull ‘‘shear,” and he 
considered that rupture takes place when the shear of the 
material is greater than a certain limit. This is the first 
recorded theory of strength ; but, since it refers to rup- 
ture, the shear defined is a permanent set. Vicat® drew 
attention to the flow of metals when he discovered that 
the yield of iron is dependent on the time it is stressed ; 
but Tresca,® by his extended researches, kindled great 
interest in this subject, and he also stated that the maxi- 
mum difference of the greatest and least —— stresses 
is the measure of the tendency to rupture. Theories of 
molecular action were devised by various investigators to 
account for the viscosity and the elastic after-working.+ 
Love points out that the stress-difference theory of 
Tresca leads to a limit which is little different from the 
shear-strain hypothesis enunciated by Coulomb. The 
stress-difference theory was applied by G. H. in}s 
and Chree." It is probable that they were influenced by 
Tresca, andalso by the knowledge that a brittle material 
fractures by shearing when loaded in compression. 
The maximum -strain theory is usually named after 
St. Venant,® but he attributed it to Mariotte,? who 
wrote: “que c’est le degré d’extension qui fait rompre 
les corps.” St. Venant adapted this theory to the elastic 
breakdown of a material by assuming that after the limit 
of mathematical elasticity is reached, the body will 
ee be ruptured if it has to sustain the same 
load.t He also rejected Coulomb’s ane soe applied 
to rupture in compression, and followed Poncelet,® who 
ascri rupture by compression to the transverse stretch 
which accompanies a a squeeze. 

_ Lamé 4 assumed that greatest tension had a limit- 

ing value to ensure safety. This view was adopted by 

Rankine, who was followed by British and American 

engineers; but when known as the maximum - stress 

theory it is usually assumed to apply in compression as 
well as in tension. 

A modification of the stress difference theory was sug- 
= by Navier, and is based on the assumption that 
the shear stress at failure is modified by the internal 
friction of the material to an extent proportional to the 
stress normal to the plane of the shear. Perry§ has been 
princi exponent of this modified shear - stress 
theory in this country. He notices that cast iron, stone, 
brick, and cement fracture at angles ter than 45 deg. 
with the cross-section. For cast iron the angle is 54? deg., 
which corresponds to a coeffisient of internal friction 
equal to 0.35. Perry also su that is no in- 
ternal friction in wrought iron and mild steel, in which 
case the modification is eliminated, and the simple law 
holds. Mohr*® has —_ a further development of 
the shear theory to e account of the kind of stress 
which develo within the body. : 

Poisson’s ry indicated that the ratio which bears 
his name should be }. The early determinations b 
Wertheim’ have been noted here because they disprov 
the theory by giving different values, and thus had a 
great influence on the rariconstancy and multieonstancy 
controversy in the theory of icity. Me 

1. Theortes.—We desire to define the conditions which 





* Report discussed before Sections A and G of the 
= Association at Birmingham, on September 15, 
191 
+ See ‘The Mathematical Theory of Elasticity,” Love, 
second edition, 116. 

t Todbunter Pearson, ‘* History of the Theory of 
Elasticity,” vol. ii., Part L., 1 





page 107. 
toy ‘* Applied Mechanics,” 1898, pages 345 to 


condenser and air-pump conditions as affecting the a 


determine the failure of a material when subjected to an 
system of stress. Theories have been advanced whi 
suggest as a criterion of strength: (a) the maximum 
stress; (6) the maximum strain; (c) the greatest stress 
ifference, or shear stress or strain ; (d) the maximum 
value of the shear stress modified by a friction term pro- 
portional to the stress perpendicular to the plane of the 
shear. The shearing stress and the stress normal to the 
plane of the shear have received increasing attention, not 
always on the lines indicated by theoriesc and d, but these 
have to a great extent ecli the other suggestions. 

In a recent paper, Mallock”: 7° considers the limit of 

shear and the limit of volume extension as the funda- 
mental limits of a material, and failure is assumed to 
occur according to which is first reached. Too frequently 
the complexity of our subject has not ised, and 
confusion has followed the omission of conditions and 
limitations. This is particularly noticeable in early 
statements of theories, and has not been eliminated in 
some of the most important modern contributions. 
_ 2. Failure.—The laws of failure for materials are 
important to elasticians, experimentalists, theorists, and 
engineers, and we must inquire whether one definition 
of failure can be generally acceptable. The theory of 
elasticity is based on Hooke’s law, which holds to the 
elastic limit ; consequently the elastic limit is the fail 
point for the elastician, and also for the experimenter, 
who calculates his stresses from formule based on Hooke’s 
law. But the elastic limit is not a well-defined point 
even under the most favourable conditions,+ and many 
materials extensively used in engineering practice have 
no elastic range. In the case of steel, the yield-point has 
been taken for experimental purposes instead of. the 
elastic limit,?3 and modern tests under simple loading 
indicate that these points coincide for some steels initially 
in a state of ease. Engineers are justified in considering 
fracture,”® because in many structures the yield-point is 
exceeded locally (as in riveted joints), and where the 
stress intensity varies through the mass of the material 
the distribution at rupture is entirely different from that 
within the elastic range of the material. 

These considerations lead to the suggestion that, for 
the purpese of the present investigation, experiments 
should be arranged with uniform distribution of stress, 
and then important data will be obtsined at elastic 
failure and at fracture. Experiments which employ non- 
uniform stress distributions will give useful results at 
the elastic limit, and possibly at the new aig of the 
material; but the data obtained at fracture, or other 
complete failure in such cases, is of no value for the 
present purpose. 

3. Materials.—We have to consider materials with 
widely different mechanical properties, and it is certain 
that all materials do not behave similarly when tested 
under identical conditions. To the present the distinction 
appears to have been between ductile and brittle mate- 
rials, 41 which is better than the Sroquent neglect of this 
consideration ; but this is not a complete definition, and, 
furthermore, it does not readily enable the physical = 
perties of a material to be defined with exactness. It is 
possible that Mallock’s suggestions will lead to more 
accurate scales, and consequently to a knowledge of the 
relation between the elastic constants and the behaviour 
under any system of combined stresses. 

4. The Systems of Stress.—The stresses may be referred 
to the three principal stresses. Each principal stress may 
be either a tension or acompression. In cases of simple 
tension or compression two of the principal stresses are 
zero. With two-dimensional stress one principal stress is 
absent, and we can have combinations of two tensions, 
two compressions, or one tension and one compression. 
There are corresponding combinations for three-dimen- 
tional stresses, but in this case there is very little experi- 
mental evidence available. It is certain that some mate- 
rials do not fail in the same manner under all systems of 
stress, and Mallock’s double limit is an attempt to meet 
this difficulty,” by which the material is ~ to fail 
according to the limit which is first reached. It is prob- 
able that each of the principal theories contains a germ 
of truth if its application be properly limited. Difficulty 
has arisen because a theory has been assumed to apply 
under too wide a range of conditions. 

The experimental evidence will be shown later to indi- 
cate that a ductile body fails when the maximum stress 
difference (or shear stress) reaches a certain value. So 
far as is known, the intermediate principal stress is with- 
out effect on the failure. If the failure be limited to 
yield, this limit will apply for compressive as well as 
tensile stresses. A brittle material appears to fracture 
at a definite maximum principal stress when this is a 
tension. Under compressive stress failure seems to be by 
shearing modified by friction on the plane of the shear. 

Theories (a) and (d) are so far justified under definite 
conditions by the experimental evidence, and (c) is a 
particular case of (d), and not very different from it, 
which applies to ductile steels because the coefficient of 
internal friction is zero.™ 

It will be noticed that Mallock’s double limits cover 
all the above if the shear theory is modified by friction, 
and maximum stress is used to replace the volume exten- 
sion. The double limits apply to brittle materials, and 
the relation between them should be determined. It is 
difficult to conceive a volume extension limit, because in 
two-dimensional stress a material under tension in one 
direction would be strengthened by a compression per- 
pendicular to the tension. Further, the very different 
strengths of most brittle substances in simple tension and 





* The correspondence on this point should be consulted. 
+ Mallock”’ suggests relations between the unclassified 
mechanical properties, brittle, ductile, tough, &c., and 
the cama constants of the substances to which they 





are applicable, 
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simple compression are accompanied by very different 
pre no at fracture, and a maximum-strain theory could 
not always apply. It is clear that tests will be incom- 
plete unless they employ most of the possible combina- 
tions of the principal stresses. 

5. The Rate of Loading and Repeated Loading.—The 
most common and simplest method of applying the stresses 
is by a slow rate of increase, so that the material fails 
under sensibly static conditions. In me 
combined stresses are also applied under rhythmically- 
rapeated and shock conditions. The former is of 
interest use it is one of the most common cases of 
combined stresses, and causes fractures which resemble 
those of brittle materials under similar but static loading. 
It is probable that the practical cases which involve shoc 
will require special treatment, but some attention might 
be given to the matter in our investigations. ‘ 

6. The Mechanism of Failwre.—Consideration of this 
subject has been largely dissociated from that of combined 
stresses to the detriment of both. That there is the closest 
connection is evident, and it is ible that a study of 
the mechanism of failure might of assistance in the 
case of a material to which the more usual methods cannot 
be applied. The matter is noted here as a reminder 
rather than for present discussion. 


Previous RESEARCHES. 


7. Early Engineering Tests.—Reference has been made 
to the important experiments of Tresca,® which led him 
to support the stress-difference theory of rupture for 
ductile materials, and his conclusions have been generally 
accepted. Most modern researches have differed from 
Tresca’s because attention has been concentrated on the 
yield-point or the elastic limit of the material. _ : 

Experiments on steel by the Committee of Civil Engi- 
neers are of interest, because the tension and compression 
specimens were 1.5 in. in diameter and 10 ft. long, so that 
the longitudinal strains could be measured accurately. 
There was little difference in the stress at the yield-point 
in any case, a result which supports the contention that 
the coefficient of internal friction for steel is zero, and 
that Theory (c) is a particular case of (d) to suit ductile 
steels. 

Hodgkinson found that cast iron fractured abt stresses 
of 7 tons per sq. in. in tension, and 24 tons per sq. in. in 
compression. The form of the fracture in compression, in 
common with those of other brittle materials, has led 
to the acceptance of Theory (d@) under these conditions, 
in the absence of direct experimental evidence. It is 
remarkable that the great difference in strength and form 
of fracture did not lead to an earlier recognition of the 
possibility of two limits for failure, at least for brittle 
substances. 

The test of iron and steel in different ways by 
Appleby!’ and Kirkaldy!® were of great engineering 
importance, but, since results are given for fracture, they 
lead to no definite conclusions for our pu . This 
applies also to the later work of Platt and Gaecend,* 
which included tests of cast iron in tension, torsion and 
shear, because Scoble‘! has concluded that cast iron yields 
too much before fracture to allow the elastic formula to 
be used to calculate the true breaking stress in torsion. 
The results of the shearing tests are not acceptable. 

8. Experiments with Ductile Materials under Com- 
bined Stresses. —Wehage '* tested circular steel and 
wrought-iron plates supported round their edges and 
loaded at their centres. The extension at the elastic 
limit was about half that in —_ tension. 

Carus Wilson’s paper2° on ‘‘The Rupture of Steel by 
Longitudinal Stresses” describes an attempt to test the 
stress-difference theory (c) employed by Darwin.'* Ten- 
sion specimens of rectangular cross-section were tested to 
fracture when plain, with a V notch, and with a U notch 
on each side. e used the true mean stresses calculated 
on the contracted areas at fracture. The V-notched 
specimens were weaker and the U’s stronger than the 
original bar. The notches caused an uneven stress dis- 
tribution across the breadth of a bar, which tended to 
weaken it; they also reduced the tension area more than 
that which resisted the shear. He concluded that the 
material fractured by shearing. He also found that the 
shear stresses in tension, and in double-shear tests, 
agreed very well if the true stresses at tensile fracture 
were taken. 

Foppl*! tested materials under a uniform ure of 
50,000 Ib. per sq. in., and also with compression in two 
directions, and a third principal stress absent. His ex- 
periments led to no definite conclusions, except that the 
uniform pressures applied did not cause ruptures. 

Guest® conducted by far the most important early 
research. He distinguished between brittle and ductile 
materials, Thin tubes of steel, copper, and brass were 
tested to yield under combinations of tension, torsion, and 
internal fluid pressure. The principal stresses were 
two tensions, or one tension and one compression, with 
the third always very small. An abstract cannot do 
justice to Mr. Guest’s paper, which raised the experi- 
mental side of our subject to a higher level, and has 
directly suggested much of the more recent research. He 
concluded that the condition for initial yielding of a 
uniform ductile material is the existence of a specific 
shearing stress, and that the intermediate principal stress 
is without effect. 

Coker® studied iron and steel under torsional stress, 
and included some data in relation to torsion with tension 
or bendi This paper indicates the general character 


of the effect of tension and bending on a specimen 
ties to torque. 

él presented no new experimental results. He 
contended that although two tensile stresses at right 
angles counteract one another when the extensions are 
considered, their destructive effect on the material is 
really superposed. The previous experiments of Guest 





ve him to be wrong. Mohr’s theory is quoted as only 
Scustiesing the stress normal to the plane of maximum 


Hancock*™. 58, 43, 46, 55 first tested solid-steel rounds, and 
then steel tubing, in tension and torsion. His results 
have been adversely criticised, and certainly supported 
neither hypothesis, although the author favoured the 
shear-stress theory. Later tests under tension or com- 
pression with torsion indicated that the maximum tension 
was seldom greater than the tensile strength of the steel, 
but the maximum shear stress was often greater than its 
ahearing strength. 

Izod *7 tested materials to fracture in double shear. 
The discussion on his paper makes it clear that shearing 
tests of this type are complicated by cross stresses 
after yield. The ratio of shear to tensile strength was 
0.62 to 0.78 for iron and steel, the tensile strength 
being the maximum load divided by the original area of 
the cross-section. The results were confirmed by Good- 
man. Lilly beld the surprising view that only under ex- 
ceptional conditions was the shear strength less than the 
tensile, and that isotropic materials were strongest in 
compression, next in pure shear, and weakest in tension. 
There was a rough indication that ductile materials 
followed the shear rather than the maximum-stress law 
of failure. 

Frémont * modified the usual shearing test by filing 
away the sheared face from time to time to eliminate the 
friction between the steelings and the sheared faces. He 
then found that the shear stress at fracture was about 0.4 
times the maximum tensile stress for irons and steelx 
which had a range of tensile strength from 19 tons to 65 
tons per aq. in. oy Ss : 

Scoble “: §! employed combinations of bending and tor- 
sion on solid round steel bars. Yield was taken as the 
point of failure. The maximum sheer stress varied from 
29,170 lb. to 33,500 lb., and the maximum principal stress 
from 29,170 lb. to 64,600 lb. per sq. in., having the low 
values in pure torsion. The bending moment was not 
constant over the length of a bar, which would tend to 
mask the yield and give a high stress under bending. It 
was concluded tbat the maximum shearing stress was ap- 
proximately constant at yield, but it was also shown that 
_enee materials are not perfectly isotropic, and, 
consequently, have different shearing strengths in dif- 
erent directions. Later tests included steel and copper 
tubes subjected to torque and a uniform bending moment. 
The maximum shear stress again varied, being greater in 
bending than in torsion, but this deviation from the law 
is in the contrary direction to that required by theories 
7 (0). 

‘urner’s 5°. ® early experiments were modelled on those 
of Guest. He tested steel tubes in simple tension and 
under simple torque, and included a few tests under com- 
bined tensicn and internal pressure. The shear-stress 
theory was confirmed atelastic breakdown. Later he made 
a few experiments with solid mild, tool, and nickel steels 
in simple tension and torsion. The maximum shear stresses 
were :—For mild steel. 21,200 lb. and 24,000 lb.; tool 
steel, 33,900 lb. and 38,400 lb. per sq. in.; and for nickel 
steel, 40,600 Ib. and 40,800 lb. per sq. in. He says :—‘‘Itis 
clear that the shear theory is no general law which covers 
all elastic materials. The tool steel shows the greatest 
inequality of shear in the two distributions of stress ; yet 
even for it the theory that failure occurs through shear is 
obviously very much closer the tension hypothesis.” 

Three-dimensional stress was secured by the use of thick 
steel cylinders under internal b gcery and longitudinal 
tension. The tubes were so thick that the radial compres- 
sive stress was usually about 11,000 lb per sq. in., but in 
one case reached 17,200 lb. per sq. in. The a 
stresses were two tensions and one compression. The 
external diameter of the cylinder dec at yield. For 
one tube the extreme value of the maximum shearing 
stress was 16,600 in simple tension, and 20,900 under 
simple torque. He deduces from these experiments that 
the shear theory is not very far from true, but that it is 
sensibly untrue. The tube was used for several tests with 
intermediate annealing. The maximum shear stress for 
one test in simple tension was 18,500 lb. per sq. in. 

Smith ™. 5%. 6. 68 tested solid-steel specimens in tension 
or compression with torsion. He supported Theory (c). 
Experiments with non-ferrous metals demons t' 
a difficulties and did not lead to satisfactory 
results. 

Mason ™ extended the range of conditions by testing 
steel tubes in tension, compression, compression and hoop 
tension, compression and hoop compression. His experi- 
mental results show an approximate agreement between 
the maximum shear stress at the yield-point in compres- 
sion, and the yield-point stress in pure shear (obtained by 
equal tensile and compressive principal stresses), the 
mean difference in the tests of annealed specimens being 
about 3 per cent. ‘‘It appears, then, that mild steel in 
direct compression 9 by shearing; and to a first 
approximation that the value of this shear stress is in- 
dependent of any normal com ive stress on the planes 


of the slide.” The direct application of two compressive 
principal stresses to steel was an important advance. 
Cook and Robertson” determined the strength of 


thick hollow cylinders of cast iron and steel under in- 
ternal pressure. They concluded that the failure of cast- 
iron cylinders is determined solely by the maximum 
principal stress, and for mild-steel cylinders the ure 
1s about 20 per cent. in excess of that uired by the 
shear-stress theory, or midway between that indicated 
by Theories (b) and (c).* 

* These results differ from those of other observers. 
Cast-iron cylinders fractured according to the formula 
based on the principal stress law, but since this formula 
applied also to cal eolledom, there is no proof here that 
cast iron fractures according to Theory (a). The results 





Bridgman” 7 worked with extremely high-fluid pres- 
sures applied to the curved surface of a rod of circular 
section, on the outside of plugged hollow cylinders, and 
to the inside of heavy cylinders. All tests were to rup- 
ture. Brittle materials werealso tested. Little numerical 
data is given. The original paper should be consulted, 
since it does not lend itself to abstraction, and the results 
It is doubtful whether the deduc- 


are very remarkable. 
h are not valid under 


tions that all the theories of s 
certain conditions are justified by experiments. 

9. Brittle Materials under Combined Stresses.—Carus 
Wilson” found the tensile ttrength of cast iron to be 
10.4 tons per sq. in., and theshearing stress at fracture to 
be 5.46 tons per sq. in., ratio 1.9. Platt and Hayward 
found the ratio to be 2.2 The mean crushing strength 
was 41.5 tons per sq. in. The rupture of cast iron in 
compression by shearing is well known, and he appeared 
to consider that it also held for tension. 

Izod*’ gives the ultimate shear stress of cast iron from 
1.1 to 1.5 times the ultimate tensile strength. 

Scoble*': "4 fractured round cast-iron bars by combined 
bending and torsion. The calculated stresses followed 
neither law, but the angles of fracture well with 
the planes of maximum principal stress. On the assump- 
tion of a redistribution of stress by yield, the maximum 
principal stress varied 10 per cent. on either side of the 
mean value. Hardened cast-steel bars were elastic to 
fracture. At least two tests were made on each bar. The 
maximum principal stress was nearly constant at fracture 
for cach bar, and the bar broke along the plane of maxi- 
mum principal stress with extreme accuracy. 

Williams” attempted to determine the effect of fluid 

ressure on the strength of rock salt and bard aluminium. 

e (laimed to disprove tbe Poncelet theory, but the 
range of the experiments was too limited to draw further 
conclusions, 

Griible:®! used cement mortar formed reund a central 
shaft and covered by a clamp which carried torsion levers. 
The shear stress was the same at all points at the same 
distance from the axis. The cement failed by tension, 
but never by shearing. 

Karmdn™ compressed marble and sandstone and sup- 
plied lateral pressure by means of glycerine under pres- 
sure. He quotes Mohr’s law as the shear-stress law. 
With no side pressure these stones behave as brittle 
materials, but with a pressure of 700 atmospheres the 
material becomes perfectly plastic and the elastic limit is 
rai Further deformation is possible after the elastic 
limit if the lateral pressure is increased, but the effect is 
rapidly diminished at high pressures. The stones flowed 
on planes at 45 deg. to the axis. Permanent set may take 
place by relative shearing of the crystals for Jow values 
of the lateral pressure, or by internal changes in the 
crystals at high values. The first kind of failure occurs 
at a maximum value of the shear stress which depends on 
the normal stress, but the second form takes place at a 
limiting constant shear stress, and the material hardens. 

Adams,™ and Nicholson® and Coker® tested rocks in 
compression, and supplied lateral support by enclosing 
each specimen in a steel cylinder which bulged laterally. 
Marble flows as a plastic body under differential pressure 
by distortion of the calcite grains, and the deformed 
specimen retains 60 to 85 per cent. of its original com- 

ressive strength. Its specific gravity is not increased. 

y Kick’s process—in which the specimen is embedded in 
a fused salt, usually alum, to fit the retaining cylinder— 
minerals with hardness under 5 show plastic deformation, 
which is less pronounced, as they are harder. Still barder 
minerals, which do not flow, have their structure broken 
down and are powdered. Fine-grained massive lime- 
stones show combined flow and fracture. er rocks, 
like granite, crumble under pressure, but the flow structure 
is developed in these by greater differential pressure. 

10. The Friction Theory.—Many investigators have 
studied the internal friction of eolids, and, when not asso- 
ciated with combined stresses, the favourite method has 
been by the decay of torsional oscillations. Only a few 
references are given to the large volume of research of 
this type. Lord Kelvin’® pointed out that the dampin 
was caused by all the effects included under the class o 
hysteresis phenomena. Bouasse dealt with torsional 
oscillation, and paper No, 32 includes a review of his work. 
Ercolini® again pointed out that tho damping is due to 
Spenere, and not to molecular friction. Guye’s work is 
of a similar character. Reference has been made to the 
angles of fracture of brittle materials in compression, 
which probably suggested Theory (d), and to the equality 
of the yield stresses for steel in tension and com ion. 

In connection with combined stresses, Scoble. * con- 
sidered that the friction theory does not apply to steel. 
Gulliver‘ found that steel yields in tension at an angle of 
50 deg. to the axis (u = 0.176), but this is not confirmed 
by yield at 40 deg. in compression. A study of combined- 
stress experiments led him to the same conclusion as 
that of ble, since calculated values of ‘‘«” varied 
from -0.242to 0.38. Smith’s™ tests did not support 
the friction theory for steel, nor did thoee of Mason,™ 
which were oul well adapted to test it. 

11. Liider’s or Hartmann’s Lines.—These markings 
have been studied in this country chiefly by Gulliver® 
in relation to the friction theory, and by 70 in con- 
nection with his combined-stress experiments. Their 
< es will furnish references. 

2. Some other Considerations in Combincd-Stress Re- 
searches.—The peculiarities in the bebaviour of steel— 
variation of the elastic limit, hysteresis, &c.—have been 
discussed elsewhere. It is possible that their import- 
ance has been magnified, since the elastic limit and yield- 


for steel are ratios depending on the tensile strength, and 
would be high unless the first yield was detected. Their 
cylinders increased in diameter at yield, Turner's 
diminished. 
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point coincide approximately for thoroughly annealed 
steel, and the hysteresis effect is extremely small. The 
difficulties are intensified in the case of other metals, 
because most have no elastic — + and no well-defined 
yield. Apparently we must study the fracture of these 
materials under uniform stress distribution. Brittle sub- 
stances, like rocks, cement, &c., are probably simpler 
to deal with than non-ferrous metals, or even cast iron, 
to a first _—— ; but Bauschinger found that the 
strength of stone varies considerably with the proportions 
of the specimens,!? and that stone has no elastic limit, 
taking sets with small loads.’ Hard and dense stones 
are better in these respects, and all are better at higher 
loads. The difference in the strength of some rocks in 
different directions is re great. Nagaoka” also found 
rocks to be very imperfectly elastic, but Adams and 
Coker® consider their elasticity in compression to be 
better than that of cast iron, especially after they are 
loaded several times to attain a state of ease. The errors 
which are likely to be introduced in tests of rocks in com- 
pression are now well known, and the best-conducted 
tests leave some uncertainty regarding the true com- 
pressive strength.” It is impossible to deal fully here 
with the behaviour of the crystals in a material under 
stress. The researches of Ewing and Rosenhain are well 
known, and those of Beilby deserve notice. The dis- 
cussion on the papers of nm and Smith included a 
reference to this matter by Gulliver, and a most sug- 
gestive contribution from M. Osmond. Papers which 
deal with experiments made on rocks usually refer to the 
behaviour of the separate crystals. 

13, Alternating Combi Stresses.—The only onget- 
ments with which we are acquainted which have been 
intended directly to investigate alternating combined 
stresses are those of Turner. The plan of the research 
was not all that could be desired, but was probably the 
best that cculd have been done with the available facili- 
ties. Specimens were tested under alternating bending 
and torsion, but not combined. The torsion was taken 
as an example of combined stresses. The chief results 
are shown in the table. 


Tube Mild | T 
Material. | Steel. | Steel. | Steel. 
b 








lb, per | Ib. per | Ib. 
eq. in. | sq. in. | sq. in. | 8q. in. 
Elastic limit ..} 31,000 | 42,300 @F,000 | 81,200 \ Tension by 
Endurance ..| 29,000 | 40,000 | 50,000 | 59,000 | bending 
Elastic limit ..| 17,000 | 24,0C0 | 38,400 | 40,800 |} Shear 
Endurance ..| 16,000 | 22,000 | 38 sd 
gation (8) .. 24 | 29 YW 14 





Per cent. elon- 
At fracture. 











The tube and mild-steel specimens conformed to the 
shear-stress law under alternating stresses. The tool 
steel was particularly weak in alternating tension, and 
with nickel steel the drop in strength was greater in ten- 
sion than under torsion. The percentage elongations 
indicate that the more ductile steels obey the shear-stress 
law under repeated loadings, and the behaviour of the 
more brittle samples approaches more closely to that 
required by the maximum-strain and maximum-stress 
theories. 

Wohler tested steels under repeated tension and com- 

ression, bending, and torsion. It is difficult to compare 
Ris results for our purpose, since there were considerable 
differences in the material included under the same 
title—the elongation at fracture for Krupp’s cast steel for 
axles varied from 11.7 to 23.7 per cent. The range of 
stresses which he selected from all his tests probably 
refer to an average sample, and these for cast-steel axles 
are under tension, compression, or bending 13.38 to 
— 13.38, range 26.76 ; 23 to 0, range 23. Shearing or tor- 
sion, 10.5to — 10.5, range 21; 18.2 to 0, range 18.2. These 
figures would approximately fit the maximum-strain 
theory. It is evident that more work is required in this 
portion of our field. 

14, The Separation of Materials.—A distinction has 
been drawn between ductile and brittle materials. Fre- 
mont® has arrived at the interesting conclusion that 
steel is brittle or tough according to whether the ratio of 
the elastic limits in tension and compression is less or 
greater than one. It is quite ible that the usual 
classification is not along correct lines, and this should be 
discovered when greater attention is paid to substances 
of an intermediate character. The latter appear vemy | to 
introduce considerable complexity. For completely iuc- 
tile and brittle materials it spemeet possible that double 
limits would cover all the conditions, and these would be 
shear modified by friction, and possibly the maximum 
stress in tension. The intermediate steels appear to 
show an intermediate bebaviour, and then we cannot 
apply the two limits. Scoble has suggested that a 
criterion might be found of the form 

P, +m Ps =c, 
in which m depends on the degree of ductility of the 
material. This equation is a general expression for all 
the laws except that of maximum strain, which would 
require a P, term. For brittle materials m and c have 
different values in tension and compression. A micro- 
scopic study is particularly desirable to discover the 
mechanism of failure for the intermediate materials. 
since it is possible that it is not of a simple character, 
but a combination of that exhibited by the extremes. It 
is further necessary to give each substance its correct 
position in a scale b on those standard properties 
which determine its behaviour under combined stresses. 
15. An Engineering View.—Yield has been taken to 


denote failure in most tests of ductile materials under 
compound stress. The reason has sometimes been given 
that the yield stress, and, of course, certain other con- 
siderations, fixes the working stress, This is only partly 





correct ; the ultimate strength retains much of its old 
importance, and the relative bearing of the yield and 
maximum stresses depends on the conditions of the case 
under consideration. The real reason for the selection of 
the yield-point appears often to have been either that 
the scheme of the tests was such that they could not 
conveniently be continued to fracture, or that the stress 
distribution varied from point to point and could be 
estimated only within the elastic range. Although a 
knowledge of the ‘*‘ Law of Failure” is of great interest, 
it is not of great importance to the engineer in cases of 
simple static loading. He will prefer to fix his working 
stresses by tests which are modelled on the working con- 
ditions. en combined stresses are produced by the 
loading, the theories are liable to be misleading or of no 
assistance. Two examples will illustrate this contention. 

The yieid and maximum stresses are considered to fix 
a working stress for a sample of steel in tension. The 
yield stress should not be exceeded, and the excess of the 
maximum over the yield stress is a reserve of strength. 
The experiments which have been recorded indicate that 
a plain shaft subjected to combined bending and torsion 


should be designed for an equivalent torque, ./ M2 + T?. 


The maximum-stress theory gives M + ./ M* + 14. The 
latter oueetion the importance of the bending moment 
and bending yield is much more serious than torsion 
yield. As bending yield would cause a considerable 
deflection of the shaft, but a twist would fully stress 
more material with a strain of little importance. It is 
not at all clear that the formula which gives the equiva- 
lent torque to cause yield is the best for the purposes of 
design. The results of the repeated loading tests, at 
least for the harder steels, lend further support to this 
view. 

The important cases of combined stresses in practice 
are usually accompanied by a variable-stress distribution. 
We may assume that the shear-stress theory will allow 
the load at yield to be calculated, but the engineer 
requires to know the fracture-load to estimate the reserve 
of strength. Bridgman”. ™ states he found that he could 
raise the yielding pressure of a thick cylinder under 
internal oe a tenfold by giving it a set. The reserve 
strength here is not only due to the difference between 


the yield and maximum stresses, but also to the under- 1 


stressed material. A law of failure does not help an 
engineer to calculate to fracture in many such cases, and 
he must ve pe on experiments made under the condi- 
tions of each ease. 

The above considerations point to the advisability of 
confining tests on ductile steels to the elastic limit or 
yield-point, and of considering the importance of tests to 
fracture im cases of ‘‘special problems ” which involve 
complex stress distributions. 

16. Conclusion. — Most experimental work has been 
done on ductile steel, but more tests are required under 
three-dimensional stress, and particularly under compres- 
sive stresses. 

One point appears to have escaped notice. A material 
might appear to have different shearing strengths under 
different systems of stress, as in the case of cast iron in 
shear and under compression. The shearing stress has 
been shown to be approximately constant at the elastic 
failure of steel under modification of the same general 
type of stress distribution. Arethese maximum shearing 
stresses the same under all conditions of loading? 

They have frequently been compared with the tensile 
strength, and the differences do not seem to be great, but 
it would be of interest, and necessary for further refine- 
ment, to test exactly the same material under very 
different combinations of principal stresses. 

Few experiments have been made with the materials 
now classed as brittle. and those already made should 
mostly be repeated. Here we can assume that there is a 
clear field. The same applies to non-elastic ductile metals, 
and to those intermediate between ductile and brittle. 

The methods of experiment will require further con- 
sideration. Simple tension and compression are the most 
direct tests available. Longitudinal tension and internal 
fluid pressure applied to a thin, hollow cylinder appears 
to be the jest means of securing two tensions. Lon- 
gitudinal compression and external fiuid pressure have 
been used for obtaining two compressions, but it is hardly 
pewneer yer | for all cases, and might be replaced by ex- 
ternal fluid pressure on a solid specimen with free ends, 
as in Bridgman’s pinching-off test, but this requires 
extremely high pressures. A complete treatment of the 
problem in three dimensions appears possible only by the 
use of high-fiuid pressures. 

Cases of combined stresses in engineering practice 
should be the subjects for separate tests, and cannot 
entirely replace those which are intended to determine 
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Our Locomotive Exports.—There is now little doubt 
that 1913 will witness a considerable expansion in the 
locomotive exports, their aggregate value having 
carried to September 30, this year, to 2,067,316/., as com- 
pared with 1,430,977/. in the first nine months of 1912, 
and 1,612,659/. in the first nine months of 1911. Argen- 
tina took British locomotives to September 30, this year, 
to the value of 494,254/., as compared with 313,432/. and 
279,076. The colonial demand was represented by the 
following values :— 


Colonial Group. 1913. 1912. 1911. 

a £ £ £ 
British South Africa 96,831 148,442 27,170 
British India xi 811,910 298,996 445,054 
Australia .. 238,861 237,919 52,297 


Tt will be observed that the increase in the values to 
September 30, this year, was 636,339/., to which British 
India alone contributed 512,914/. The increase in the 
general demand value was, accordingly, 123,425/., which 
was more than represented by the increased shipments 
to Argentina. 


* | and to complete the drainage system. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Wr give below a few data on several colonial and foreign 
ye projects, taken from the Board of Trade 
Journal. Further information on these projects can be 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, inghall-street, London, E.C. 

New Zealand : M. Trade Commissioner for New 
Zealand reports, on the authority of the local Press, that 
a ratepayers of a have sancti & proposal to 
rrow 30,000/. for carrying out street improvements 
H.M. Trade Com- 
missioner also reports that the Public Works Depart- 
ment of the Dominion has placed a contract, valued at 
97,000/., for the construction of a tunnel nearly a mile in 
length, on the Stratford-Okahukura Railway, which will 
connect the provinces of Auckland and T: i, with a 
New Zealand firm, whose name may be obtained by 
United Kingdom makers of tunnelling plant on applica- 
tion to the Commercial Intelligence Branch of the Board 
of Trade, 73, Basinghall-street, London, E.C. 

South Africa: With reference to the Ordinance to em- 
power the Town Council of Durban to borrow not more 
than 960,000/. for the purpose of carrying out various 
public works in that town, the Imperial Trade Corres- 
pondent at Durban reports that the Ordinance in ques- 
tion has now received the assent of the Governor-General, 
and that the amounts specified are to be expended during 
the next seven = in accordance with estimates 


prepared by the Corporation. The works to be carried 
out include the following :— 
£ 
Storm-water drainage 100,000 
Water supply 100,000 
werage 000 
New town hall 75,000 
Baths... ou ane si 25, 
Infectious diseases hospital ... 25,000 
Telephone extensions _... aie .. 75,000 
New building, old market house site ... 30,000 
Abattoir and wash-houses Bes ... 25,000 
Zoological gardens improvements 10,000 
Electric light and power extensions 100,000 
Tramway extensions a 00,000 


Netherlands: The Nederlandsche Staatscourant pub- 
lishes the text of a concession granted to the Neder- 
landsche Tramwegmaatschappij, of Heerenveen, for the 
taking over and working of various local railways and for 
the construction and working of the following lines :— 

rredijk to Assen, Steenwijk to Oosterwolde, Meppel 
to Smilde, Drachten to Groningen, and Suameer to 
Leeuwarden via Quatre-Bras. The Sneek-Bolsward line 
is also to be altered so t main-line trains may 
run on it. The concession carries a considerable number 
of provincial and urban district subsidies, as well as a 
State subsidy. The Nederlandsche Staatscourant also 
announces that tenders will be opened on November 4, 
at the offices of the Ministerie van Kolonién, The 
Hague, for the supply of nuts, screws and washers, 
specification lit. D. 19; 110,650 kg. of mild steel and 

lvanised mild-steel rivets, &c., specification lit. E. 19 ; 
ight steel rails and anes, specification lit. F. 19; 
metal superstructures with accessories for four bridges, 
specification lit. G. 19; galvanised iron telegraph and 
telephone material, specification lit. H. 19; galvanised 
iron wire, specification lit. I. 19; 564,000 hooks-bolts, 
specification No. 608 ; 303,500 galvanised mild-steel dog- 
spikes, specification No. 609. The above-mentioned 
specifications may be purchased from Mart. Nijhoff, 
Lange Voorhout 9, The Hague, at the following prices: 
a gulden (4s. 2d.) each for lit. G. 19 and lit. H. 19, 
and 1 gulden (1s. 8d.) foreach of the remainder. 

Switzerland: The Feuille Fédérale Suisse contains the 
text of a concession which has been awarded to the 
Societé Ferrovie Luganesi, of Lugano, for the construc- 
tion and working of a narrow-gauge electric railway from 
Lugano to Montagnola and Agra. The concession is for 
eighty years. The line, which is to be single-track and 
to have a gauge of 1 metre, has to be completely finished 
and ready for working in eighteen months from the date 
of commencement of the work. The cost of construction 
is estimated at 600,000 francs (24,000/.). The same issue 
of the Feuille also contains the text of an eighty years’ 
concession age to a syndicate, represented by MM. 
Albin Beyeler, of Berne, and H. H. Peter, of Zurich, for 
the construction and working of a peszow gongs eotely 
rack and pinion) railway from Ulrichen to Airolo, at an 
estimated cost of 8,000,000 francs (320,000/.). 

Italy: The Gazzetta Ufficiale, Rome, notifies that tenders 
will be opened on November 5 at the offices of the Italian 
State Railways, Rome, for the construction of the second 


been | portion, about 5 miles long, of the Formia-Minturno 


section of the direct line in course of building from Rome 
to Naples. The upset price is - at 2,525,000 lire 
(101,000/.), and a deposit of 80,000 lire (3200/.) is required 
ja gee | tender. Although the foregoing contract 

ill probably be awarded to an Italian firm, nevertheless 
the carrying out of the work may involve the purchase of 
materials outside Italy. 

Bulgaria: Accrding to the official Drzhaven Viestnik, 
Sofia, the Bulgarian Government is applying for a credit 
of 440,000 francs (17,6007.) for the _——— of extending 
the Tirnovo-Tryevna-Borushchitsa way. 

Turkey, Crete: The acting British Consul-General at 
Canea reports that tenders are invited by the Cretan 
Government for the supply of five steam road-rollers 
weighing 12 metric tons each. The estimated price is 
about 16,200 francs (648/.) each, including accessories. 


Sealed tenders, in two envelopes, the inner marked 
‘*Offre pour la fourniture de cing rouleaux compresseurs 
a vapeur,” and the outer addressed to the Administration 





Générale de I’Ile de Créte, Canea, will be received there 
up to 5a.m. on November 24. Local representation is 
necessary. — tender must be accompanied by a certi- 
ficate proving the deposit of 3000 francs (120/. in the 
Bank of Crete or some other public bank in Crete, and 
by a certificate that the tenderer has satisfactorily exe- 
cuted a similar contract. The rollers will be admitted 
into Crete free of customs duty. 

Ecuador: H.M. Legation at Quito has forwarded a 
copy of the report for 1913 drawn up by the Minister of 
the Interior and Public Works of or, from which 
the following is taken:—The main line of the Bahia de 
Caraquez-Quito Railway is to be extended from Caloeta 
to Quito va the Solano River and the towns of Santo 
Domingo and Quevedo, and the harbour of Bahia de 

is a see Board of Trade Journal 
of July 31 last, page 249). Lines are to be built from 
Huigra to Cuenca (see 38 of the Board of Trade 
Journal of July 3 last), and between Puerto Bolivar and 
@ point (as yet undecided) on the River Zamora; the 
railway from Guayaquil to Playas is in course of build- 
ing, and the Government is taking steps towards a survey 
of the important line which is to connect Esmeraldas 
with Quito. Works are to be commenced at Esmeraldas 
with a view to impro the system of water supply, 
and at Quito much attention is being given to the aely 
of an adequate system of drainage. 





Canada : Tenders will be invited early in 1914 for the 
construction of works for the delivery of water from 
Shoal Lake to the Greater Winnipeg Water District. The 
following is a brief description o! proposed works :— 
1, Adyke and channel for the diversion of the Falcon 
River into Snowshoe Bay. 2. 85 miles concrete aque- 
duct. 3. 10 miles pipe-line (probably 1916 work). 4. 
900 lineal feet tunnel under River. 5. 85 miles of 
construction railway. 6. Telephone line. 7. Clearing 
and ditching, Particulars as to estimated cost of the 
work, and map of approximate location and profile of 
aqueduct, may be obtained from M. Peterson, Acting 
Secretary of the Administration Board, Greater Winni 
Water District, Cit; yg =e Ree (Estimated 
cost, 13,500,000.00 dols.). Note. py of report of the 
consulting engineers, plan and profile work, and typical 
details of design, may be seen at the office of ENGINEERING. 





Frencu Trans-ATLantic Navication.—The French 
Government has concluded a new working agreement with 
the French General Trans - Atlantic Company. The 
agreement is to continue for 25 years, and it provides for 
a weekly service*between Havre and New York, in which 
the company is to place four new steamers by 1916, 1921, 
and 1926. @ new steamers are to have a minimum 
displacement of 28,000 tons each, and their 
is to be 18 knots during winter, and 21 knots in 
summer. A subvention of 0002. per annum is pro- 
mised, but it is subject to revision later on. It is not 
altogether clear whether it will be possible to work the 
new steamers which it is proposed to employ, as the con- 
dition of the port of Havre is at present unsatisfactory. 





Tue ARGYLL SiEeEve- VALVE Encine.—Professor R. EK. 
Mathot, has recently carried out an exhaustive test of 
Argyll sleeve-valve engines. Three engines were tested, 
rated respectively at 15, 25, and 12 horse-power. Each 
was of the four-cylinder type. Professor Mathot remarks 
upon the fact that the power of the engine increased con- 
tinuously with thes; , even when this was up to 25 per 
cent. in excess of the desi standard. y, he 
remarks, the power of a motor engine falls off when the 
— rises to 10 or 15 per cent. in excess of the normal. 
he following figures were recorded at the trials :— 


Test of the 15-Horse-Power Engine. 
Size of my : cylinder bore, 80 mm. ; piston stroke, 130 mm. 





Corresponding power after the R.A.C. rating, 15.86 horee-power. 
| 

Duration of test hours and onal 5 hrs. 30 min. | 837 min. | 45 min. 

Average number ofrevolutions N/1204.5) 1512 1855 | 2086.8 

Maximum speed variation revs. # _ — _ 

” ” ” p.c. 1 oan ~—s oo 
Piston speed per minute..  ft.| 1027.4. 1294 | 1582.3 | 1780 
Compression pressure per | 

square inch - ~ te @& — — _ 
Average initial explosive pres- 
sure per square inch .. » | 360 _— _ - 
Back pressure on exhaust » | 28 —- | — 
Suction vacuum on inlet o | 28 _ —_ 
Temperature of outlet water 
deg. C.| 52 65 60 63 

” ” air » | 16 | io 16 16 

Ps » _ petrol »~ | 12 15 15 15 
Net weight on brake . Ib.) 165.1 | 160.3 146 139.3 
Corresponding effective horse- 

power on os b.h.p. | 22.67 | 27.7 | 30.87 83.14 
Corresponding consumption per | 

b.h.p.-hour of petrol at 12 deg. | 

Cent. and 0.72 gravity pints! 0.643 0.725) 0.871 0.836 








Test of the 25-Horse-Power Engine. 


Size of engine : cylinder bore, 101.5 mm. ; stroke, 130 mm. 
Corresponding power after the R.A.O. rating, 25.47 horse-power. 


Average number of revolutions N; 1425 | 1726 | 1900 2025 


Net weight on brake -» Tb} 191 181 175 166 
Corresponding effective power | 
b.h.p.| 40.65! 47.6 | 49.61 60.13 


Test of the 12-Horse-Power Engine. 


Size of engine : cylinder bore, 72 mm. ; piston stroke, 120 mm. 
Corresponding power after the R.A.C. rating, 12.81 horse-power. 





Average ber of revolutions N| 1975 | 2350 | 2560 2600 
Net weight on brake + Ib.) 123 121 15 | Ss 
Corresponding effective power | | 

33.43 32.60 


b.h.p. 27.69| $2.41 
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CATASTROPHIC INSTABILITY 1N 
AEROPLANES.* 


By F. W. LancHesrer. 


Tux object of the present pow is to call attention to 
and give a brief account of a form of instability that has 
up till the present time been virtually ignored. In the 
author’s ‘‘ Aerial Flight,” vol. i., page 277, the following 
note will be found :— 

‘* Tf, secondly, we suppose that the leading edge h:s 
too much ‘‘dip,” the want of conformity is in the oppo- 
site direction, and the surface of discontinuity springs 
from beneath the leading as depicted in Fig. 2 (in 
contrast to Fig. 1); the result of this is destructive to 
the whole peripteral system of flow, for the moment the 
pressure region commences to comapy the upper surface 
of the aerofoil a condition of instability arises, and a new 
system of flow is inaugurated which produces a down- 
ward instead of an upward reaction. This is a fact 
demonstrated experimentally ; a model in which the 
adjustment has been carried to its limits will behave in 
& most capricious manner, sometimes gliding perfectly 
and at others dropping suddenly in the midst of a flighd 
like a bird when shot.” 

So far as the author is aware the above is the only pre- 
vious mention of the type of instability discussed in the 
present paper. 

According to the suggestion contained in the quotation 
given, there should be a point when the attitude of an 
aerofoil is progressively changed, at which a sudden 
change in the direction of pressure takes place, a reversal, 
in fact, of the ‘‘lift” represented by a sudden change of 
sign—from positive to negative; with probably a region 
of ambiguity where two possible systems of flow exist.+ 

A large number of forms of aerofoil have been tested 
at positive and negative angles by many observers, 
including a comprehensive series of tests by the National 
Physical Laboratory, and (so far as the author is aware) 
no such sudden reversal or region of peripteral insta- 
bility has shown itself ; the curves in every case appear 
to pass without discontinuity from the positive to the 
negative region as the inclination of the aerofoi] is 
changed. A few typical examples are given in Fig. 5. 
It will be noted that the point of zero reaction is not 
usually that of zero angle; this is a point of no import- 
ance, it arises from the — arbitrary habit of measur- 
ing the angle of attack from the chord of the section as 
datum.} 

It is evident from the above that although the fact of 
catastrophic instability, based as it is on actual obser- 
vation, cannot be disputed, the explanation given in the 
author’s book as above quoted requires reconsideration. 
It is yet possible that forms of aerofoil will be found that 
will show discontinuity in the character of their pressure 
curve ; but in absence of positive evidence, nothing of the 
kind can with fairness be assumed. 

In the first instance we will revert to the study of the 
simplest of all gliding models—the ballasted aeroplane. 
This consists merely of a rectangular bea of mica,§ 
of aspect ratio = 4, ballasted by means of fishing-shot| at 
its forward edge, the centre of gravity being about one- 
quarter of its width from the leading edge. The author 
has frequently demonstrated these gliders in flight before 
an audience, and though it is usual 7 quite easy, at times 
they have a most provoking way of starting their flight 
on an inverted path. In connection with the present 
subject it is the relstion of thisinverted flight path to the 
normal flight path that we shall investigate. 

At the outset there is one feature of the ballasted plane 
to which attention may be drawn—namely, itssymmetry; 
briefly it has no Me > side up.” Now we know that 
if any aerodone or gliding model be launched upside 
down at or about its ordinary flight velocity, its flight 

th is entirely modified in character ; referring to Fig. 6 
Fig. 42 of the author’s ‘‘ Aerial Flight,” vol. ii.), a 


* Paper read before Section G of the British Associa- 
tion at Birmingham. 

+ Such unstable regions in the attitude of an aero- 
plane actually exist in certain cases. Recent experi- 
ments with a square plane in which, on the one hand, the 
angle is gradually increased from zero and, on the other 
hand, gradually decreased from 90 deg., show that two 
separate curves in reality exist, and that for over certain 
range of angle (between a, and a, in Fig. 3) a condition 
of instability exists, and the pressure reaction is liable to 
sudden change as the conditions from one curve 
to the other. Itisevident that such a condition of things 
implies that there are two distinct systems of flow ; it is 
probable that in this particular case the two systems are 
respectively characterised by vortices transverse to the 
line of flight for small angles, and vortices parallel to the 
ends of the plane for the larger angles ; the said vortices 
occupy the dead-water region. Between the limits of 
angle a, and a» either system may persist. The idea 
tacitly implied in the passage cited from the author’s 
** Aerial Flight” is that a simiar condition of instability 
exists about the region when vhe reaction changes from 

itive to negative, as shown diagrammatically in ~ 
his view is negatived by the experimental evidence that 
up to the present has been accumulated. 

} It is easy to see that the measurement of angles from 
the chord of section is an arbitrary measurement, inas- 
much as an extension of the aerofoil surface, forward or 
backward, to follow accurately the stream-line flow will 


.give an entirely new angle as measured to the chord 


without involving an essential alteration to the aerofoil 
from an aerodynamic standpoint. 

§ Mica is by far the best material available for the 
purpose, being as stiff as tempered steel, an 1 but one-third 
the weight. 

Lead shot split half-way through. 





number of plottings of the theoretical flight path are 
given, and by a comparison of curves 2 and 11, or 3 and 
10, for instance, we can appreciate the effect of the 
inversion of the glider at the instant of launching (at the 
vertical datum line these pairs of curves have the same 
velocity). Similarly, we might suppose an aeroplane in 
stable flight on a path, such as 2 in the diagram, 
saddenly turned over at the vertical datum line, so that 
its flight path becomes that numbered 11, which is past 
that which by convention we are accustomed to 

as the limit of stability, the machine is in the act of loop- 
ing the loop. It is well that in actuality a flying-machine 
is not liable to be thus suddenly overthrown. 

In the case of the simple ballasted aeroplane, however, 
we do not require to suppose the model turned over. It 
has no “‘ upside down,” and is in effect inverted by any 
cause that gives rise to a reversal of the pressure system : 
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this may easily take place owing to a gust or eddy, or, 
as the author has aeurperp caaeesel ' to his discom- 
forture, by a slight want of dexterity in launching. 

In Fig. 7 we take 0 to be the point of launching, the 
two alternative flight paths, the straight glide = the 
tumbler curve, are shown by the two lines O A and OB. 
In OC we have the ordinary parabolic trajectory of a 
heavy body having the same velocity ; it represents, in 
the equivalent case of an actual ine, the path that 
would be taken by the aeronaut or other heavy Sole not 
strapped in or secured to the machine. The pressure 
reaction in the case of the path O A being upward, the 
weight of the aeroplane is sustained. In the case of path 

B, the pressure reaction being downward, the curva- 
ture of the natural trajectory is ex; ted in the result- 
ing flight path. In Fig. 8 the alternative flight paths are 
represented more nearly as caren in practice appear ; 
the horizontal straight line of Fig. 5 becomes inclined at 
approximately 1/7, as representing the coefficient of 
resistance or gliding angle, and the tumbler curve 
rapidly degenerates into an oscillatory flight path, owing 
to damping, which, in the case of the ballasted plane, is 
considerable. The diagram roughly represents the flight 
= in its true proportion to the figure of a man depicted, 
‘or mica planes such as used for indoor demonstration.* 





* A mica plate about 2in. by 8 in.; weight with ballast 
about 6 grammes. 





It is evident from the foregoing that the ballasted 
pene, stable as it is in most respects, is an implement of 

ight totally unsuitable for aeronautical purposes ; it is 
using the title of the present paper, ‘‘ catastrophically 
uustable.” Any serious eddy comprising a sudden down 
draught, or even the reaction following an up draught, 
might at any time, without the least warning, reverse the 
peripteral-pressure region and invert the flight path, with 
almost certain disaster to the machine and its occupants. 
But it is not the ballasted plane alone that shows this 
form of instability ; the author has frequently seen a 
model, whose behaviour in the ordinary way is irre- 
proachable, suddenly, when launched in the open air, 
take it into its head to fly upside down. In one parti- 
cular case this frequently took place when the model 
reached the highest point in a tumbler curve flight 
otherwise at the highest point when looping the loop. At 
this instant the flight path curvature is greatest, and the 
tail 1 tends to modify the attitude of the aerofoil 
in such sense that catastrophic instability will be 
shown. In this case su uent flight followed an undu- 
lating path at considerably above the normal speed 
with the model in an inverted position.* There is, 
in fact, no reason why we should expect the pheno- 
menon of catastrophic instability to be confined to any 
one form or type of flight model, though there are certain 
types that both theoretically and experimentally appear 
to be immune. Up to a certain point the capacity of a 
model or machine to fly upside down may be taken as 
prima facie evidence of its being catastrophically 
unstable, but it is necessary to draw a distinction 
between ‘models and actual machines, inasmuch as 
the constants of an actual machine may be altered at 
the will of the pilot, and so when flown upside down 
it may not, in the sense of the present paragraph, be the 
same machine as when in normal flight.+ The change 
contemplated as actually made by the pilot is the varia- 
tion of the inclination of the tail-plane or elevator of his 
machine. The essential point here is whether with a 
single fixed setting of the tail-plane the machine is capable 
of being flown both the right way up and upside down. 
It is the setting of the tail-plane corresponding to high 
8 that will tend to catastrophic instability—i.c., 
the down-trend position. Thus it is that when an aero- 
naut acts to initiate a vol-plane, or to set his machine for 
a very rapid descent, especially where high velocity is 
intended, that the greatest danger from catastrophic 
instability is to be feared. It seems that there should be 
some check or limit prescribed to the turning downward 
of the tail members. 

In the case of the simple ballasted plane the natural 
velocity in its two alternative positions is essentially the 
same, but in the case of the aerofoil of pterygoid form the 
flight velocity of a model in the inverted position is 
commonly higher than when the right way up; in the 
latter, consequently, if reversal should take place, the 
downfall is ter. A rough estimate indicates that in 
the case of a flying- machine of ordinary proportions 
and flight speed, the extent of the drop in the event of 
reversal, if not corrected by the pilot, might amount to 
some 600 ft. or 700 ft. 

Having discussed in a | aap way the character of 
the type of instability under consideration, we will pro- 
ceed to examine more closely the conditions and control- 
ling factors on which it depends. We may assume that 
the result brought out as the general result of experiment 
to date, the absence of any discontinuity in the pressure 
reaction holds good in all cases, and that the pheno- 
menon under discussion therefore is not due intrinsically 
to any properties or individuality of the aerofoil. The 
following may consequently be laid down :— 

1. There must be a change of attitude of the aerofoil 
So and corresponding to the inversion of its 

t path. 

2. The change of attitude must take place in a sense 
that will cause the after or tail portion to move towards 
the pressure side—that is to say, when the pressure side 
of the aerofoil changes, the tail must swing in the corre- 
sponding direction. Conditions 1 and 2 are illustrated by 

e behaviour of the ballasted plane in Fig. 8. 

3. The model being by hypothesis rigid, the change in 
the attitude of the tail or directive member will be of like 
sense and — in degree (equal angle) to that of the 
aerofoil itself. 

4. A flight model or machine whose mass centre coin- 
cides peat with the centre of pressure of its 
aerofoil, fitted with a tail-plane of ample area, will be 
ss stable (example, author’s 1894 model, 
Fig. 9), for the directive member (the tail-plane) carrying 
neither positive or negative load, cannot change its atti- 
tude as necessitated by the reversal of the pressure 
reaction. 

5. A flight model or machine designed with the mass 
centre forward of the centre of pressure of its aerofoil, so 
that the tail-plane carries a negative-pressure reaction, 
will be catastrophically stable, for its change of attitude 
consequent on the reversal of the pressure reaction is the 
reverse to that laid down in (2). If it is capable of flight 
one way up, it cannot possibly be capable of flight when 
reversed. 

6. A flight model or machine designed with the mass 
centre aft of the centre of pressure of the aerofoil, so that 
the tail-plane carries positive-pressure reaction, behaves 
in accordance with condition (2) and may be catastro- 
am unstable. ; 

7. The conditions that define the limit of catastrophic 
stability are closely akin to those that define directional 





* Compare “ Aerial Flight,” vol. ii., section 175. 

+ In the recent experiments of M. Pegoud, for example, 
there is no reason to suppose that the tail-setting was 
fligh same in the inverted position as in the normal 

b. 
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stability in the vertical plane. If both aerofoil and 
tail-plane follow the Jaw that reaction varies as angle, 
and if the influence of centre-of - pressure ges 
i , and if the tail-plane be arranged clear of the 
wake stream, the limiting conditions may be regarded as 
identical, and it would be virtually impossible to design 
a model to be directionally stable and show catastrophic 
instability. ? : ; 
8. A model or machine whose tail-plane or member is 
loaded up to a point a ing the limit of directional 
stability (in a verti plane) may be catastrophically 
unstable as the result of one or all of the following 


causes :— 

(a) The aspect ratio of the tail-plane being relatively 
low when compared to the main aerofoil.* 

(b) The movements of the centres of pressure of both 
the main aerofoil and the tail-plane with changes of angle 


Fig. 6. 


yates 
be ane 








tu ly met with in actual flying-machines, 
it might be rash positively to assert that catas- 
instability has as yet been cause of disaster.* 
Ia the author’s opinion it would be wise to avoid the 
deliberate loading of the tail member, its function should 
be purely directive. The author hasalways found that in 

ractice a tail carrying no load or even re tive 
oad is preferable in model experiments. It would also 
appear to be desirable to pay attention to the tail member, 
giving og an aspect ratio comparably equal to the main 
aerofoil. 

With due attention to these two points, and with 
the reasonable curtailment of the fore-and-aft dimen- 
sion of the aerofoil, giving it a pterygoid section and 
aspect ratio (abandoning all idea of obtaining stability 
from the movement of the centres of pressure on the aero- 
foil and tail members in the manner of the ballasted 


THE PHUGOID CHART. THE FLIGHT PATH PLOTTED FROM THE EQUATION 
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plane), and with a ‘‘stop” or limit to the elevator or tail 

control, there can be very little danger in the future of any 
disaster from the cause under discussion. iments 
also might be made with scale models in a wind channel 





(owing to these movements contributing to the directional 
stability without contributing to the catastrophic sta- 
bility, as in the ballasted plane.) 

(c) The influence of the ‘‘ wash,” or downward wake 
stream of the main aerofoil, by its influence on the flight 
attitude. 

From the point of view of the present paper one is in- 
clined to direct a certain amount of criticism to some of 





* The importance of the relative aspect ratio of the 
aerofoil and tail member is due largely to the different 
character of the pressure law and the aenging values of 
the constants where the aspect ratio differs in any con- 
siderable degree. It is established that for aeroplanes of 
high aspect ratio the reaction for small angles is approxi- 
mately directly as the angle, whereas for aeroplanes of 
extremely low aspect ratio it more closely follows the 
= a I) tee (see ** a pom = = Sections 

0 an . Itis consequently possible by designing a 
tail like that of a pheasant, of Le aspect ratio, to mJ 
a condition of catastrophic instability without destroyii 
the directional stability in the vertical plane. A pa 
illustration of the effect of aspect ratio in the present 
connection is given by the author’s experiments of a 
falling “‘T,” as shown in his lectures before the Royal 
Society of Arts and elsewhere. 


h oscillations about 





to determine definitely the conditions as to upside-down 
fight, to prescribe limits of safe-load distribution and 

~ a. or elevator angles of adjustment, for any given 
model. 

Flexibility of the aerofoil has an important bearing on 
the catastrophic stability, classifying such flexibility as 
weather-vane flexibility (as in a bird’s wing) and drum- 
skin flexibility; it may be said in brief that weather-vane 
stability in the aerofoil tends to stability, and drum-skin 
flexibility to instability. 

Catastrophic stability is not definitely related to the 
other well-known kinds of stability involved in the 
problem of flight; in order to ise more completely 
the true position it is of interest to digress and review the 
different forms of instability known and comprised in 
the ordinary treatment (mathematical or otherwise) of 
the problem. aa 

ere is, firstly, the whole question of longitudinal 
stability, involving (a) the stability of the machine rela- 
tively to its transient flight path—namely, as in the 
stability of an arrow, and (b) the stability of the flight 
path itself in relation to the direction of gravity, as 
dealt with by the author in his “‘ Phugoid Theory.” Both 
the above (a) and (b) involve complex questions of 
the position of stable equilibrium 
and the damping of such oscillations as may be set 


* The recent accident to Major Merrick, which unfor- 
tunately cost him his life, and which took place some few 





weeks after the reading of the paper, appears to have 
| been clearly due to catastrophic insta ili 


bility. 





up by disturbing causes. Secondly, there is lateral 
stability (superficially analogous to the stability of 
a ship), in which, also, the problem is complicated 
by considerations of oscillatory motion; thirdly, 

ere is directional stability, inly with 
rotary motion about a verti axis; and, fourthly, 
there is a kind of stability known as spiral or rotative 
stability concerned with the interaction of motions 
separately considered under the last two a All 
these kinds of stability have been made the subject of 
previous study, both by the author’s method and by the 
mathematical method of Dr. Bryan, but the kind of in- 
stability dealt with in the t paper is entirely 
ex to the conditions on which the two lines of 
treatment mentioned are based ; it is umably owing 
to this fact that the possibility of what in the present 
paper is termed ‘‘catastrophic instability” has been so 
widely ignored. 

In the case of a machine or model that will fly either 
way up there are two entirely different sets of constants, 
hen 4 set giving equations satisfying the conditions of 
stability, but there is no necessity for relationship between 
the two; we may, in fact, look upon the model in its two 
pomens as two different models; in the case of the 

lasted plane and other symmetrical forms the two 
equivalent models may be regarded as duplicate. 

Although the existing theories of flight enable us to 
deal individually with either of the two systems of flight, 
of which a given model is capable, they take no account 
of the possibility of a translation from the one condition to 
the other ; any thing of the kind is tacitly ignored. 

Asa concluding illustration of the importance of the 
present study we may revert to the case of the ballasted 
plane and compare the magnitude of single t re- 
quired to destroy the longitudinal stability with that 
required to exceed the limit of catastrophic stability. 
Referring to the chart (Fig. 6) we know that the limit of 
stability for longitudinal oscillation is reached in the case 
of the semicircular path—that is to say, ,/3 times the 
natural velocity is the limit with the flight path horizontal. 
In other words, a head gust ./3 — 1, or, say, = 0.7 of 
the velocity of flight is required to bring about risk of 
disaster. Against this, in order to induce catastrophic 
instability, we only require a vertical tb well in excess 
of the vertical component of the angle of incidence, or, 
say, one-sixth of the velocity of flight, so that, in the case 
of the ballasted plane, in order to change entirely the 
system of flight and induce catastrophic instability, iv 
only requires a gust of about a quarter the magnitude 
that it requires to reach the limit of longitudinal stability. 
It is evident that where there are two systems of flight— 
that is to say, where a model will fly either way up—in 
no case can we afford to ignore the considerations raised 


by the present paper, and, in short, — | such model must 
= regarded with the gravest suspicion by the aeronautical 
esigner. 





Tue Grong Coppsr-Mines, Norway. — Preparatory 
work for these undertakings is being advanced; 4 miles 
of the road to Gjersviken have been made, but some 11 miles 
of road still have to be constructed. All the plant will 
have to be transported over this road. 





Tue Copper Market.—In their report, dated the 
16th inst., Messrs. James Lewis and Son state that stan- 
dard copper gradually fell away from 741. 5s. for cash on 
the 1st inst., and 74/. 7s. 6d. on the 3rd inst., to 701. 12s. 6d. 
for cash and three months on the 14th inst., on the 
realisation of ‘‘ bull” purchases and with “‘ bear ” sales, 
being depressed by the fall in the value of both copper 
and shares in New York, there being little or no con- 
sumptive demand. On the 15th inst. there wasa recovery 
to 71/. 17s. 6d. cash and 717. 15s. Od. three months. On 
the 16th inst., helped by the report of a strike at the Rio 
Tinto Mines, the price advanced to 72/. 12s, 6d. for 
December, the closing value being 72/. 10s. for both cash 
and three months. Sales amounted to about 22,000 tons. 
Both American and European consumers shown no 
inclination to buy refined copper, not having confidence 
in the maintenance of the present high level of prices, 
and being already well supplied for October and November 
delivery. Electrolytic has fallen } cent per pound, and 
was now quoted 164 to 168 cents, though obtainable from 
second hands below 164 cents. The ually extending 
decrease in trade activity and dearness of money 
was expected materially to reduce the consumption. 
Liverpool stocks had been reduced by the shipment of 
400 tons of Chile bars to the United States. American 
refiners’ returns for September did not prove as favour- 
able as was anticipated, the production showing prac- 
tically no reduction on the average of the previous eight 
mon the total for the nine months being 23,139 tons 
in excess of the same period last year, while the consump- 
tion was 3042 tons less than that of August. With con- 
tinued large exports stocks were reduced 3804 tons. The 
repairs to the main flue of the Washoe smelter, requirin 
ten days or a fortnight, did not affect the uction o 
the Anaconda Company, as the concentrating tand 
mines will run as usual, ore being sent to the Great 
Falls smelter. In the Lake Superior district the men on 
strike were gradually returning to work, and operations 
were being resumed. The output of the Cananea Com- 
+ pm smelter is at present 1500 tons per month, and the 

octezuma and Aguas Calientes smelters, in Mexico, 
were running well up to their capacity. During the 
month of September tons of bar copper were imported 
into the United States from Spain, presumably from 
Rio Tinto; 572 tons had also arrived from Swansea 
during the past month. ‘i‘he quantity returned as afloat 
from Australia represented only one month's uction. 
The German returns for August were delayed, and 
Messrs. Lewis and Son were not able to give them. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of viewsigiven in the Specification Drawings is stated 
4 each case ; where none is mentioned the Specification is not 
iliustrated. 
Where inventions are communicated from abroad, the Names, &c., 
Copia ss of Specifications; nay be obtained at the Patent Office, Sales 
ions ma ined ai , 
ranch, 26, Southampton Buildings, Chancery-lane, W.C., at 
the uniform = of 8d. 
The date of advertisement of the nee peed of a Complete 
ification is, in each case, given after abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two the date of 
Sie ndivertionment the ance of a Complete Speci, ion, 
ive notice at the Patent O, of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


16,846/12. C. Y. K t, Coventry. Internal-Com- 
bustion Engines. (2 Figs.) July 19, 1912.—This invention 
relates to valves for internal-combustion engines, and more par- 
ticularly of valves of the short-sleeve type, working in a space 
above the piston travel between an external cylinder-casing and 
an internal head. The invention consists in valve-means for 
internal-combustion engines of the type indicated, in which the 
valve carries a single broad pecking sine, which covers both inlet 
and exhaust ports in the cylinder-casing during compression and 
expansion. Figs. 1 and 2 are transverse sections in planes at 
right angles. In the form of the invention shown, a short 
cylindrical valve in the form of an u split ring @ is provided, 
adapted to slide between a water-cooled head b and the cylinder- 
casing c above the travel of the piston d. The valve carries upon 
it port-sealing means in the form of packing-rings ¢. The valve 
is also provided with a broad pociing tng k, wider than the ports 
in the casing around its lower portion, and this ring seals both 
ports during its compression and firing periods, and also the inlet 

rt or ports when the exhaust is opened, and vice versd. The 

ead preferably carries a similar packing-ring / around its lower 
portion, as is usual in sleeve-valve engines, and additional sealing- 
rings m may be provided on the valve itself above the port or 
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ports therein. It will be seen that the valve and head are so 
arranged that the whole of the internal surface of the valve at 
some period during the engine cycle sweeps over or comes into 
close proximity with a water-cooled surface. The head is provided 
with a water-cooled extension, so arranged that all parts of the 
valve may come tically into tact with the head. The 
head } is continued downwards on the inlet. side, and a passage r 
is formed therein to communicate when so allowed by the valve 
with the inlet port g in the cylinder-casing. The valve may be 
aon by any suitable means, giving a motion opening and 
closing the exhaust and inlet ports in accordance with the require- 
ments of the engine cycle, and may, for example, be connected to 
the operating-gear by rods » fastened to lugs upon the upper 
member of the valve. In the operation of the valve, in the case 
of a four-cycle engine, where the valve is given its movement by 
a combination of two approximately simple harmonic motions, 
the whole of that part of the valve below the port therein is in 
close a and passes the corresponding part of the head, 
so that heat very quickly and easily conducted away there- 
from. The necessity for the removal of heat from this point in 
particular is due to the diminishing of the available conducting 
cross-section of the valve on the inlet side by reason of the port 
opening therein. (Sealed October 12, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


4564/13. P. Brown and F. J. Bostock, Hudders- 
field. Forcing-Jack. {4 Figs.) February 22, 1913.—This 
invention consists in means for securing wheel blanks or like 
parts on arbors or spindles comprising a part detachably secured 
to the spindle, a washer or plate yieldingly attached to such part, 
a series of pivoted levers carried by such part and having cam 
surfaces pted to bear against the washer or plate, a cap 
arranged to bear upon the free ends of such levers, and to allow 
for any inaccuracy of the parts, and a ball-race intermediate the 











cap and the boss of a hand-wheel working upon a screwed exten- 
sion of the lever-carrying part, the hand-wheel being adapted to 
exert pressure upon the cap. Yieldingly connected to the part 1 
is a washer or plate 3 having a central opening 3!. The connec- 
tion between the ts 1 and 3 is effected by means of a series of 
headed screws 4, which screws project outwardly from the face of 
the washer or plate 3, and extend into openings or recesses in the 
part 1. Springs 5 are confined on the screws 4 between the heads 
of the screws and theinner ends of the recesses or openings. Move- 





ment of the washer or plate away from the part 1 is resisted by 
the springs, which serve to return the washer or plate to normal 
position. Pivoted to the 1 are a series of levers 6, in this in- 
stance, three in number, which levers have cam portions 6! adapted 
to bear against the outer face of the washer or plate 3, and curved 
portions 6? at their free ends adapted to bear against shoulders, 
or projections 71 on a 2 part 7 loosely mounted on the ex- 
tension of the part 1. e outer face of the part 7 is cupped as 
at 72 to receive a corres ay Oust ring 8. Between this 
ring anda ring 9 carried by the 10! of a hand-wheel 10 is 
laced a series of balls 11. The operation of the device is as 
‘ollows :—When the hand-wheel 10 is rotated in a direction to 
cause its boss to travel inwards on the part 1, the cap or part 7 
is moved inwards, and the projections 7! are caused to press upon 
the outer or free ends 6? of the levers 6. The turning of the 
levers on their pivots causes the cam surfaces 6! thereon to act 
upon the washer or plate 3, and by reason of the great leverage 
obtained, to force the washer or plate away from the part 1 
with enormous force. If, therefore, the inner face of the washer 
or plate 3 is caused to abut against the part to be secured on the 
— or arbor 2, as, for instance, against the 12, Fig. 1, 
which may be taken as representing a wheel blank, it will be 
obvious that the operation of the device will cause the part 12 to 
be firmly secured, whether it be by binding it against a fixed 
part on the spindle, or by pressing it on to a coned or tapered 
t on such spindle in usual manner. When the hand-wheel 
is rotated to cause it to travel outwards on the part 1, the 
springs 5 act to draw the washer or plate 3 towards the part 1, 
and the pressure of the washer against the cam surfaces 6! of the 
lever 6 causes the levers to turn on their pivots so that their free 
ends raise the cap or part 7 and cause the same to move out- 
wardly with the hand-wheel, as will be understood. (Accepted 
July 9, 1913.) 

10,034/13. H. H. Be: London, and the Unbreak- 
able Pulley and Mill Company, Limited, 
Manchester. Friction-Clutches. (3 Figs.) April 29, 
1913.—This invention relates to friction-clutches of the plate or 
friction-dise type, and consists in the provision, upon a castellated 
or nut-like part upon the clutch-shaft, of plates having enlarged 
hubs with end faces shaped to project oil away from the friction 
surfaces, the friction-discs being secured to a casing having in- 
ternal lips thereon, and — therein to assist in the dis- 
persing of the lubricant, the plates and discs being held in fric- 
tional engagement by springs disposed at each side of the levers 
which actuate the clutch through nuts having a spherical acting 
surface. The plates a, b, forming two of the driving or driven 
elements of the clutch, are cast integrally with enla' hubs 
ce, d, which are adapted to rotate with, but are free to slide upon, 
a castellated or boss-like part 1, keyed upon the shaft f. The 
clutch casing g, which may, if desired, form either a driven or a 
driving pulley, has two rings or discs h, i secured thereto by bolts 
which hold the two parts g of the clutch together. The discs are 
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free to slide lengthwise upon the bolts, but rotate with the casing. 
The plate ¢ normally holds the discs and plates}, h, and a in tight 
contact with one another, so that the driving effort of the shaft 
or clutch a is transmitted between the same by means of 
springs k, one disposed at each side of each clutch-actuating lever 
m. In the position shown the clutch isin operation. By moving 
the collar n away from the clutch, the levers m withdraw the 
plate i from its neighbour, so as to compress the springs & and so 
put the clutch out of action. The nuts q, by which the levers m 
are connected to the plate i, have a ephestenl surface for engaging 


+. 


it to a series of expanding ducts or an annular duct k 
formed within the fixed casi m surrounding the im- 
peller. The outlet end of such duct has in front of it 
a vertical wall or baffle m of suitable height, encircling the 
outlets of the expanding ducts k. With such an arrangement it 
is found that the extraining liquid clings to the inner surface of 
the baffle, flowing over the top of the same into the still-water 
part of ‘the tank a, the air being separated out by centri 

force — to the difference in density between it and the 
entraining liquid, and eng hg gee in an air-chamber situated 
above the level of water the tank, and connecting with a 
delivery-pipe. When the pum — bas, as shown in the 
soomne@ Co Teo}! of the c ter described in Speci- 
fication No. 4810, of 1906, it is found that any air in the water 





entering the impeller is liable to be separated within the impeller, 
and to obstruct the free flow of the iiquid through the eye of the 
same. To obviate this, passages o are formed connecting the eye 
of the impeller and the passage or passages g through which the 
air or yas to be entrained is drawn. In addition to the vertical 
fixed baffle n there may be provided a r>tating baffle-plate p, 
which more or less encloses the discharye opening of the cup- 
shaped space formed by the vertical baffle, the object of this 
rotating baffle being to promote the vortex motion within this 
-—-, and to deflect any spray, or the like, so that it will follow 
the path of the bulk of the entraining liquid up the face of the 
baffle and over the edge of the same into the still-water space of 
the casing a. This rotating baffle-plate is preferably provided 
with openings q towards its axis of rotation for the p ge of air 
into the collector. (Sealed September 25, 1913.) 


MISCELLANEOUS. 
18,586/12. H.Fottinger, Danzig,Germany. Water- 
Dynam 








eo 

ometers. [4 figs.) August 23, 1911.—The 
present invention relates to adjustable and reversible brake 
dynamometers for measuring the output of a machine or shaft 
which consist usually of a turbine-wheel driven off the shaft, a 
rotatably-mounted casing surrounding same, and a charge of 
liquid which transmits a power moment from the wheel to the 
casing, which is measured by a lever and a balance fixed to the 
casing, and in which means are provided for regulating the flow 
of the fluid. This invention provides a method of regulating 
water-brake dynamometers of the above type. The method 
consists in changing the direction of the admission of the liquid 
entering the turbine-wheel, and thereby imparting to the water 
admitted a positive or negative momentum, which can be : 
lated as desired. 1 designates the driving shaft, 2 the turbine 
wheel with admission orifices on both sides, and 8 the rotatable 
casing in which by the operation of the turbine-wheel a circula- 
tion of the water or other liquid is produced. The turning 
moment absorbed by the brake is measured by the lever-arm 4 
andabalance 5. The adjustable baffles 6 are arranged in proximity 





with the lever, so as to provide a universal joint n 
parts. To prevent oil from the centre bearing surfaces upon the 
shaft f from being thrown upon the friction-plates or discs, due to 
centrifugal force, the outer end faces of the hubs c, d are so in- 
clined t any oil which may gain access thereto is dispersed 
therefrom in an outward direction away from the clutch-faces. 
Lip-like projecting rings and apertures are also provided, whereby 
oil thrown off the hubs c, d is prevented from travelling radially 
along the casing, and is projected outside the clutch. (Seale 
October 2, 1913.) 


19,025/12. E.S. C. Rees, Wolverhampton. Air-Pumps. 
{1 Fig.) August 20, 1912.—This invention relates to a 
air-pumps or compressors in which the en ond is carried by 
a vertical shaft, and is enclosed within a casing containing the 
entraining liquid, which is thus used over again for the purpose 
of producing the requisite vacuum and providing the extended 
liquid surface or epray: whereby the air or other gas may be 
entrained in the liquid and delivered to a collector. Accordi 
to the nt invention, the separation of the entrained is 
effected by. centrifugal force and in a particular way, as berein- 
after described. As shown in the drawing, the tank a, within 
which the apparatus is losed, is in free communication with 
the eye » of a pump-impeller c, the periphery of which is pierced 
with outlets or nozzles d arranged in converging pairs, so that 
the streams of water each pair of nozzles will im- 
pinge and form a sheet of sprayed water which is directed across 
a space ¢ which isin communication with the air or gas f — 
a hollow part of the pump shaft. Blades or vanes A may 
fitted within the hollow shaft or duct g at the end thereof con- 
tiguous to the chamber ¢ for the purpose of promoting the flow 














(74586) 
to the inlet to the turbine-wheel, for example. They consist of 
elongated members, the longitudinal direction of which can be 
varied in any desired way. By these means also the direction 
of entrance of the fluid to the rotor is changed at will. For 
example, the adjustment may be effected by rotation around 
pivots arranged in the casing so that the several baffles are 
completely in contact in their end position, so that the flow of 
water is almost cut off. The arrangement can also be such that, 
as shown in Fig. 2, the baffles completely reverse the direction 
of momentum, so that, at the inlet to the turbine-wheel, the 
water moves either in contra-clockwise direction (Fig. 2), or in a 
clockwise direction. With this arrangement the power received 
by the brake or the ue or resist against rotation can 
vary within very wide limits; by this means the action is made 
aver gative ding to the position of the baffles. The 

es are preferably adjusted simul yusly—for ple, by 
means of projections 8—comprising an elongated slot in which 
pins mounted on a common adjusting ring 10 engage similarly to 
tice in regulating water-turbines. The adjusting rings 10 














of gas into the chamber. The ump-impeller is sur 
by a hood ¢ fitted with rim es in known manner, which 
act as extractors of the mixed gas and liquid and deliver 


e 
can be rotated relatively to the casing from the exterior in some 





suitable manner. (Sealed October 2, 1913.) 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


On Friday last, the 24th inst., the first ordinary 

neral meeting of the present session of the 
fostitution of Mechanical Engineers was held at 
Storey’s Gate, Westminster, the President, Sir 
H. F. Donaldson, K.C.B., occupying the chair. 

The President, prior to the ordinary business of 
the meeting, said that there was every hope that in 
a short time the building would be out of the hands 
of the contractors. The Council hoped that some- 
thing in the nature of a ‘‘house-warming” might 
take place in a month or so, and they had provi- 
sionally selected for this the occasion of the first 
‘Thomas Hawksley” lecture, to be delivered by 
Mr. E. B. Ellington on December 5 next, at 8 P.M. 
Ladies would be invited to attend at about 9.30 P.m., 
and details would be announced in due course. 

In response to suggestions which had been made, 
the Council had to have an autumn meetin 
in Manchester, the same paper being read an 
discussed in Manchester on Thursday, November 20, 
and in London on Friday, November 21. An invita- 
tion had been issued by the Council to members in 
the Manchester district to meet them (the Council) 
prior to the meeting, in order that they might gain 
some idea of what the Manchester members, as 
representative of those in the provinces, might 
consider to be to their advantage. 

With reference to the Benevolent Fund, Sir 
Frederick stated that at the termination of that 
ordinary meeting a statutory meeting was to be 
held to elect the committee and officers of the 
Incorporated Benevolent Fund of the Institution 
of Mechanical Engineers, the Benevolent Fund 
having been constituted a company under legal 
advice. He regretted that that fund had not been 
taken up so whole-heartedly as could be desired. 
It behoved them all to do what they could to 
place the Institution in a position to help those 
connected with them who might be in affliction. 
He felt that he could not commit this matter to 
the members with too much warmth, as the 
Benevolent Fund should be made a good and last- 
ing assistance to mechanical engineers who might 
be in need. Sir H. F. Donaldson then announced 
that the ballot-list for the election of new members 
had been opened and fifty-nine candidates had been 
found to have been duly elected. After these names 
had been announced, the President stated that the 
first examinations had taken place. Of the seven- 
teen candidates who had sat, seven had passed as 
graduates and seven as associate members. 


Mopern Fiour-Mitt Macuinery. 

A paper entitled ‘‘Modern Flour-Mill Machi- 
nery,” by Mr. Robert B. Creak, was then read by 
the author. We reprint this paper in full in 
another part of this issue, and therefore pass at 
once to the discussion. 

The President, after proposing a vote of thanks, 
said he was attracted by the various methods 
brought into play in order to secure pure flour ; 
such, for instance, as the nice adjustments neces- 
sary to make effective the use of the small currents 
of air, in the different degrees required ; and the 
mechanical sorting of one seed from another, and 
of the different sizes of seed. Those were matters 
of interest to all who had, although on a larger 
scale perhaps, to do similar work, in which auto- 
matic operation had to be aimed at, and in which, 
without proper automatic arrangements, financial 
disaster, at least, might result. Not long 
the daily papers had urged that it was preferable 
to use flour ground by stones. There could, how- 
ever, be no doubt that a finer and more even 
division of the grain was effected by modern 
machinery. The author had referred to the flour- 
bleaching process by ozonised air or other agent, 
and that for adding enriching products to the flour, 
as belonging to the domain of the chemist. He 
would like to ask what were the enriching pro- 
ducts left to the chemist? On the question of 
motive power the author had given a price at 
which electricity must be — in order to com- 
hey with steam. He would like to know whether 
ull credit had, in that comparison, been given 
to electricity for the saving in cost of land, of 
building s boiler-house, the chimney, engine, and 
so on, attaching to the use of a steam-power 
station? He was rather surprised at the pneu- 
matic system of handling grain being brushed 
aside as altogether too expensive in the modern 
mill, Although the power used might be great, 





he was surprised to find it was su great as to 
compensate for the increase in apparatus and in 
structure required in order to handle by band trans- 
mission. 

Mr. C. J. Robinson said that he was interested 
in mill engineering. The milling engineer aimed 
at making a perfectly pure article in flour. If the 
wheat berry were opened out as it ought to be, 
the flour would be absolutely pure. He would like 
to observe that his firm dissociated themselves from 
all such things as improvers and flour-bleaching. 
Flour-milling was certainly an intricate business. 
Although a high standard had been reached, finality 
in the matter of improvements had yet to be 
attained.. The pure particles of flour had to 
be taken from the inside of the wheat berry, 
which was clothed with various skins. The pro- 
cess of opening out this berry and converting it 
into flour was a very long one. The author 
had made-reference to the Americans. The Ameri- 
cans were, of course, our great competitors, but 
the most scientific milling anywhere in the world 
was to be seen in England. Here, all classes of 
wheat had to be dealt with, whereas in America 
there was only one class. In England it was neces- 
sary to mill any wheat that happened to be on the 
market or that it was worth the miller’s while to 
buy. The- milling processes required were there- 
fore much more complete, especially the cleaning 
process. A great amount of extraneous matter in 
the way of dirt and seeds had to be eliminated in 
the course of conversion into flour. Wheat of 
various characters had to be assimilated and made 
uniform. There also was a long process, to which 
the author had not alluded—namely, conditioning. 
After washing, elimination of dirt, and assimilating, 
came conditioning. This was something like a 
Turkish-bath treatment. After the wheat had 
been washed and heated, the dirt and dross had to 
be removed from the skin, which was scoured. 
If the skin remained dirty, the dirt which it was 
desirable to eliminate would, during the process of 
breaking down in the rolls, get into the flour. 

By the stone method of milling the wheat was 
broken down straight away into flour, the latter 
becoming contaminated with the skin. To avoid this 
the ‘‘ gradual reduction ” method was introduced. 
In the roller system a little reduction was done at a 
time, and the inside was got out without being 
contaminated with the skin. It was necessary to 
separate the middlings and flour from the wheat as 
gently as possible. To do that the cyclo-pneumatic 
separator had been introduced, the separation of 
the flour and middlings being effected purely by 
air. The plansifter, used for dressing out the flour, 
was intaoluced into England in a crude form many 
years ago, and although the principle was right, the 
mechanical construction was defective. As it gave a 
great deal of trouble, it was condemned, and was 
almost entirely superseded by the centrifugal form 
of dressing. Owing to great improvements the 
plansifter was coming to the front again. It was 
the most perfect form of dresser. The paper illus- 
trated a double-crank type of plansifter in addition 
to the usual type, which had one crank, the object 
being to give a more searching form of dresser. 
The climatic changes, such as arose in India in the 
monsoons, aftected the plansifter less than the cen- 
trifugal. In his opinion, there was no doubt that 
the best drive for a flour-mill was electricity. As 
compared with the best and most regular running 
steam-engine, electric driving gave an increase of 
74 per cent. on the output of the mill, the work 
done being infinitely better. 

Mr. Horace Boot was the next speaker. With 
regard to the speed of roils, he knew of the case of a 
modern mill, recently installed in London, where 
the rolls had been s ed up, and it was found 
that less power was absorbed, more work was done, 
and the product was, if anything, superior. He 
believed the principal reason why many mill- 
owners did not speed up the rolls was because the 
me was designed for a certain speed, and it would 

difficult to speed up without general alteration. 
As regards conditioning, he been greatly 
surprised, in his early experience of flour-milling, 
to find that millers, who had been running the 
whole of their plant by electricity, put down a little 
steam-boiler in order to make steam to heat air 
for the purpose of drying the wheat. That was 
a roundabout way of getting the required result, 
which was to drive the moisture out and con- 
dition the wheat. He thought the proper way 
—although some firms had tried and condemned 
it—where no boilers were available, and the mill 


‘running by electricity, was to heat the air direct 


with an ordinary slow - combustion furnace or 
similar type of generator. He believed the economy 
of this method would be ter. 

The author had referred to the suction elevators. 
His experience indicated that that method took at 
least 30 per cent. more power than the ordinary 
elevating plant of the bucket type. The author had 
said that the power required might be taken as 
13 horse-power per soak, The power per sack, 
however, varied enormously in different mills. In 
some better conditioning obtained, and a better 
cleaning plant was installed, with the result of a 
much better product; the horse-power per sack 
might be more, but the value received for the flour 
was greater. His firm had recently gone carefully 
into the question of the steam or electrical drive in 
the case of a large mill. Worked out with a hand- 
some margin for losses in the engine, and assuming 
a modern boiler plant with superheaters and high- 

ressure boilers, the price at which electricity would 
ve to be supplied to compete on even terms with 
a direct ro rive from a uniflow engine to the 
rolls, and electrical drive to the conditioning plant, 
would be in the neighbourhood of 0.33d. per unit. 
He assumed that the mill would run for 144 
hours per week, and have a very high load factor. 
With turbines and electrical drive the capital 
outlay would be, roughly, 70001. on the power 
plant, and the running costs would be If 
power were purchased at $d. unit, there would 
still be a capital outlay of 2704l., with running 
costs at 60001. With a modern type of engine 
and direct drive and a rope-race, the capital outlay 
would be 58901., and the running costs 33931. 

Mr. J. W. Speight followed. He said milling was 
not a simple system. It was frequently asked why 
such a complicated process was necessary / That could 
be answered by another question : hy had not 
someone invented a process so that the skin could 
be stripped from the wheat in a single operation ? 
That, if accomplished, would secure a fortune for 
the inventor ; but the shape of the wheat berry 
itself stood in the way. The berry had a crease 
which extended nearly three parts of the way into 
the wheat, and the skin of the wheat went into the 
crease. Any attempt to skin the wheat whole 
would leave skin inside the crease. That was 
one reason why the process was complicated. 
There had not | &- for many years so much divi- 
sion of opinion as once existed on the question of 
roll or stone milling, unless it were in connection 
with the introduction of the plansifter. Millers 
were again divided into two camps as to the adop- 
tion of the plansifter or the centrifugal. Millers 
claimed that the plansifter produced a very clear 
flour, such as could not be obtained by the centri- 
fugal. In the latter device a forcing and — 
action was introduced, the wheat being forced 
the time through the meshes of the sieve. In the 
plansifter the stock lay on the surface of the sieve, 
and was graded so that the lighter and impurer 

icles came to the top, and the pure flour sank 
down to the surface of the sieve, and passed through 
in its purest state. 

The author had shown both a two-crank plan- 
sifter and a one-crank machine. There had, 
however, been a development in this connection. 
In the latest type of plansifter practically the 
same form of machine was used with an almost 
identical type of spindle, crank, and balance- 
wheel on the shaft ; but the spindle was not 
fixed ; it was suspended from above by means of a 
swivel-bearing, and the only other bearing was in 
the rotating part on the plansifter. It was claimed 
for this machine that there was less vibration, and 
there were certain advantages in the sifting. 
He could not agree with Mr. Boot as to the ad- 
vantage of high speed of rollers, neither did he 
think it necessary to dry grain by steam-heated 
air. On the Continent a large number of mills 
were driven by water. ‘No steam was available, 
and air heated direct by a furnace was employed. 
The question of pneumatic transmission of the grain 
was not wholly one of cost of power. In discharg- 
ing grain cargoes it had considerable advantages, 
and the question of power was of lesser im- 

rtance. For such an installation as that shown in 

ig. 37 of the paper, the power required would be 
about 1} to 2 horse-power per ton of grain moved. 
Steamers could be very quicky discharged by fewer 
men with this system. The grain had not to be 
trimmed and brought to one point for the bucket- 
elevator; the flexible tubes were put into the 





grain. In certain classes of the grain trade cargoes 





578 


ENGINEERING 





[Ocr. 31, 1913. 








consisted of a number of parcels of different kinds 
of grain. Often these were in small lots, parted in 
the holds by tarpaulins or boards. With pneumatic 
discharge plant such small parcels were quickly 
cleared out, 

Mr. E. R. Dalby asked whether the white part 
was the only portion of the berry really fitted for 
human consumption, or whether it contained so 
much higher a percentage of nutriment than the 
rest that it was the only part worth eating? Or 
was it merely fashion which required flour to be 
white ? 

Dr. Hele-Shaw asked for more information on 
silos, which, when introduced, created a revolution 
in grain storage. The distribution in the silos was 
a highly important matter. Could the author 
explain more clearly why the heavier grains, unless 
the distribution were centrifugal, went down first 
and left the lighter grains behind? The arrows on 
the illustrations in the paper were not very clear. 

Mr. Creak, replying to the discussion, said he 
would leave the question of enriching materials 
to the Pure Foods Bill now being introduced. On 
the question of power, the figure of 0.4d. per 
B.T.U. which he had given covered capital outlay 
for power, with allowances for depreciation, up- 
keep, cost of chimney, buildings and stores, but 
did not include any figure for land. There were 
situations where the saving in land —— 
any question of economy, and then electric driv- 
ing was unrivalled. In the case of a mill not 
cramped for room, and where land was at a 
reasonable price, he thought that a modern steam- 
engine, with direct rope-drive, superheated steam, 
and high pressure, was the cheapest form of motive 
power. A minor consideration was that the ordi- 
nary millwright who looked after the milling 
machinery could also look after the upkeep of the 
engine, whereas electrical plant needed an elec- 
trician at a fairly high wage. In the case of pneu- 
matic elevating the cost did not count; the conveni- 
ence was paramount. In the case of many London 
mills, for instance, where the es were lying on 
the mud for a great part of the low tide, fixed boot 
elevators were obviously inconvenient, and the 
pneumatic elevator should be adopted. It was 
expensive in power, and was somewhat difficult to 
keep in repair. There was no better abrader than 
wheat mixed with sand; he had known it to cut 
through }-in. plate glass. 

The conditioning of wheat was both delicate and 
important ; indeed, he had heard it said, and was 
inclined to agree, that the conditioning-room was 
the most important and critical part of a flour-mill. 
No very radical improvement had recently been 
made in conditioning methods, and he had there- 
fore not dealt with the subject. He believed that 
to-day a large number of mills were not using 
heaters at all, but were conditioning with cold air ; 
that to a large extent surmounted the difficulty of 
the want of steam in electrically-driven mills. It 
was generally admitted that greater regularity of 
running was obtained with electric drive, but he 
was not aware that so marked an increase as 7} per 
cent. in output was obtained by this means. Mr. 
Boot’s figure of 0.33d. per B.T.U. for electric 

wer closely aeneeee his own figure of 0.4d. 

r. Speight had mentioned the free-spindle plan- 
sifter ; that was a beautiful improvement. The 
spindle, in place of being underneath, was sus- 
pended from above, and was attached to the roof 
timbers. The pulley was fixed and was driven 
there, but, beyond that, the spindle was free 
to swing like a pendulum. At the bottom the 
spindle was attached to a crank having a crank- 
pin at one end and a balance-weight at the 
other ; the action and reaction of balance-weight 
and plansifter gave a beautifully free swinging 
motion which did not shake the building. 

The President then announced that the next 
meeting of the Institution would take place on 
Thursday, November 20, in Manchester, while the 
next London meeting would be on Friday, Nov- 
ember 21. At both these meetings a paper entitled 
‘*The Cutting Power of Lathe Turning-Tools,” 
by Professor Ripper, would be read and discussed. 


BENEVOLENT Funp. 


The ordinary general meeting of the Institution 
having been concluded, the statutory meeting of the 
Incorporated Benevolent Fund of the Institution of 
Mechanical Engineers was held, the Secretary being 
called upon to read the report of the Committee of 
Management up to the present time. This report 
showed that to October 2, 4841. 14s. had been re- 





ceived, and, in addition, 3485/. 15s. in donations 
and 511. 9s. in subscriptions promised. The liabili- 
ties to that date were 143]. 2s. 6d. The accounts 
had been audited by Mr. J. P. Maginnis and Mr. 
Sidney Sharp. 

The report having been read and adopted, the 
President stated that the Committee of Manage- 
ment, as it stood, consisted of himself as Presi- 
dent, ex-officio, Mr. W. H. Allen, Mr. William B. 
Bryan, . Edward B. Ellington, Mr. Walter 
Hunter, the Right Hon. Sir William Mather, Dr. 
W. H. Maw, Lord Merthyr, Mr. Mark Robinson, 
Mr. Arthur Huson, and Mr. Edgar Worthing- 
ton. As a from the report, the Right 
Hon. Sir Wi iam Mather and Dr. W. H. Maw 
would retire, and were not eligible for re-election 
for one year. Of the nominees of the Committee 
which had been working, Mr. Charles Hopkinson 
had not yet replied to their letter asking if he would 
serve, neither had Mr. A. F. Yarrow, who was 
abroad. If, therefore, these two were elected, it 
would have to be subject to their consent. He 
would move that Sir Douglas Fox, Mr. OC. Hawksley, 
Mr. ©. Hopkinson, Mr. W. Weir, Mr. W. 
Worthington, and Mr. A. F. Yarrow be elected, 
subject to the reservation as to consent. This 
motion was carried. Mr. Arthur Huson was then 
re-elected honorary treasurer, and Mr. E. Worth- 
ington honorary secretary. Mr. J. P. Maginnis and 
Mr. Sidney Sharp were re-elected honorary auditors. 
The meeting then terminated. 





THE TATA HYDRO-ELECTRIC POWER- 
SUPPLY SCHEME, BOMBAY. 


(Concluded from page 553.) 


Power-House.—The scheme has been designed 
for a plant having a capacity of eight main units of 
11,000 horse-power each, two exciter units of 
850 horse-power each, eight banks of step-up trans- 
formers of 10,000 k.v.a. each, and the necessary 
switch-gear and auxiliary apparatus. The present 
power-house building, which is capable of extension 
as required, takes five main and two exciter sets, 
with five transformer banks and switch-gear, of 
which four are now being installed, whilst a fifth 
unit, together with its bank of transformers and 
switch-gear, is on order. (See sectional elevation 
and plan, Fig. 28, page 579.) The generator room, 
254 ft. by 48 ft., is spanned by a 67-ton Babcock 
and Wilcox electric travelling crane (Fig. 29), and 
the plant now being installed comprises four main 
units. These comprise Escher Wyss hydraulic 
impulse horizontal turbines, of 11,000 horse-power 
when running at 300 revolutions per minute, direct 
coupled to Siemens three-phase generators of 
8000 kw. capacity, connected through to four 
10,000-k.v.a. delta-delta connected step-up trans- 
former banks. Two exciter units, driven by Escher 
Wyss turbines of 850 horse-power at 600 revolutions 

r minute, are direct coupled to Siemens 600-kw. 

50-volt, compound-wound, direct-current gene- 
rators. 

The turbine-wheels, Figs. 30 to 32, pages 580 
and 581, consist of cast-steel discs with cast-steel 
buckets, carried by Siemens-Martin steel shafts with 
two ring lubricating bearings, each with water- 
cooling arrangements. The nozzlesare of cast steel, 
of the deflecting type, and the governors, of the 
oil-pressure type (Fig. 30), are each fitted with an 
hydraulic automatic servo-motor, guaranteed to 
limit the speed variation to 24, 5, and 12 per 
cent. when 25, 50, and 100 per cent. load is sud- 
denly thrown off. The deflecting nozzle is fitted 
in the inlet-pipe by means of two bearings, and 
is made water-tight on both sides by leather 
collars. It is operated by the servo-motor, which 
consists of a casing with a differential piston, of 
which the lower, small piston is under constant 
water pressure, and the upper, large piston is under 
variable water pressure. A dashpot connects the 
deflecting nozzle and automatic speed-governor, the 
needle only pee Le connected to the governor. 
The whole regulating mechanism is operated by 
this oil-pressure governor, the action being as 
follows :— 

In the event of a sudden closing movement the 
servo-motor of the governor lifts the lever of the 
main regulation shaft and also the dashpot. 
The discharge-valve located immediately below the 
latter opens a slot through which the water above the 





wheel, the levers being so arranged that during this 
operation there is no movement of the needle to 
close the nozzle, thus guarding against an increase of 
pressure in the pipe-line. The nozzle then begins 
to return to its normal position, the needle at the 
same time decreasing and closing the jet outlet. 
This movement is followed automatically by the 
action of the dashpot, the piston slowly sinking 
and closing the discharge - valve situated below, 
whereupon pressure-water enters the large cylin- 
der of the servo-motor by a pipe, in which an adjust- 
able —-_— « is fitted, in front of the inlet to the 
chamber. The servo-motor piston is thus forced 
downwards, and the deflecting nozzle returned to 
its normal een. With a slow-closing movement 
of the regulator the nozzle is not deflected, owing 
to the slow movement of the dashpot piston, 
the needle being slowly operated directly from the 
regulator. With an opening movement of the 
regulator the nozzle is simply opened, as in the case 
where no deflecting mechanism is used. The 
thrust in the inlet bend, caused by the deflection 
of the water, is taken up by a thrust-plate fitted 


B.|on the end cover of the outside bearing, the 


bearings being connected by four strong rods. 

The exciter turbines are tangential wheels with 
separately-fastened cast-steel buckets, with similar 
governors, guaranteed to limit the speed to 3 per 
cent., 6 per cent., and 16 per cent., when 25 per 
cent., 50 per cent, and 100 per cent. load is 
suddenly thrown off. The guaranteed full - load 
efficiency is 82 per cent. for the main and 79 per 
cent. for the exciter turbines. 

The main generators are designed for a continuous 
full-load rating of 8000 kw., at 4000 to 5300 volts 
between phases, with 50 cycles and 80 per cent. 
power factor, with a temperature rise not exceeding 
60 deg. Fahr. above the air at 110 deg. Fahr., and 
20 per cent. overload capacity for ten hours without 
injurious heating. The generators are artificially 
ventilated, a main inlet and outlet air-duct being 
provided, to which each machine is connected by 
an automatic electrically-operated shutter. The 
bearings are oil-pressure fed, with water-cooling 
arrangement, and each generator is provided with 
star delta horn-gaps and static dischargers to guard 
against abnormal rises of pressure. The regulation 
at unity power factor is 9per cent., at 80 per cent. 
— factor 22 per cent., and the guaranteed full- 
oad efficiency at 80 per cent. power factor is 94.3 
percent. The exciters, compound-wound machines, 
are designed for a full-load output of 600 kw. at 
210 volts and 20 per cent. overload capacity, and 
the guaranteed full-load efficiency is 93 per cent. 
The main generator excitation energy is 25 kw. at 
fullload and unity power factor, and 38 kw. at full- 
load and 80 per cent. power factor. Each step-up 
transformer bank consists of three General Elec- 
tric single - phase oil - immersed water - cooled 
static transformers, designed for a full-load output 
of 3333 k.v.a at 80 per cent. power factor. They 
are designed to step up from 5000 or 5250 to 
100,000 volts with a temperature rise not ex- 
ceeding 70 deg. Fahr. above the cooling water at 
75 deg, Fahr., with a water circulation of 950 gallons 
per hour, and will carry 20 per cent. overload 
for 10 hours, with a water circulation of 1200 gallons 
per hour, without injurious heating. The guaran- 
teed regulation at full load, with unity power factor, 
is 0.8 per cent., and at 80 per cent. power factor 
4.6 per cent., and the full-load efficiency at 80 per 
cent. power factor is 98.1 per cent. The trans- 
formers are of the shell type, having flat primary 
and secondary coils placed vertically, surrounded 
by a laminated sheet-steel core, the design and 
arrangement being such that the heat is conveyed 
from the interior to the water-cooling coils and the 
tank by natural circulation. The high - tension 
bushings are of the compound filled type. The 
dimensions and weights of each transformer are 
(Fig. 29, page 579) :—Height to top of high- 
tension lead, 16 ft., and to cover, 13 ft., with a 
diameter of tank of 8 ft., and a weight, when 
assembled and filled with oil, of 24 tons, the core 
and coils weighing 11 tons, and the quantity of 
oil required for filling being 2300 gallons, weighing 
8 tons. The oil used isa mineral oil od a —_ 
specially prepared for the purpose, and specially 
caved beta filling, and from time to time in 
service, in a drying and purifying outfit to remove 
moisture and foreign matters which affect or en- 
danger its insulating properties. When tested in 


piston can escape. The piston of the servo-motor | a standard testing outfit, after filtration, the oil is 
and the rear end of the complete deflecting nozzle are 
lifted, so that the jet is diverted from the runner- 


‘expected to show a breakdown at short intervals 
| at voltages of 36,000 volts, and a puncture voltage 
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of not less than 40,000 volts, across a gap of 0.2 in. station power and lighting service, with exciter| with their step-up transformer banks, the two 
between terminals. switch-panels and generator field switch-panels and | exciters, the two outgoing lines, of 100,000 volte 

The design of the switch-gear provides for remote- signal apparatus, focated on the generator - room | three-phase 50 cycles, 36,000 k.v.a. capacity each, 
controlled electrically - operated oil-switches and floor. The bench-board is a six-panel board, capable | and auxiliary apparatus circuits for the station 
other apparatus, operated from a bench - board of extension as required, built of blue Vermont | transformer, the testing transformer, and the water 
located on a gallery overlooking the generator-room | marble, with the necessary instruments, control- niggers | outfit. The auxiliary switchboard 
eae which will eventually be the centre of the | switches, and indicating lamps, mimic bus-bars,/|is a nine-panel board of blue Vermont marble, 





ing. There is also an auxiliary switchboard for &c., for controlling the four main generators| with the necessary bus-bars, instruments, and 
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switches for controlling the 440-volt three-phase 
50-cycle supply from the 312 k.v.a. 5000/440 volt 
station transformer, the lighting service being 
supplied from three 440/220-volt 30-kw. single- 
phase transformers. Two Willans Diesel-Siemens 
sets are provided as a stand-by to the station auxi- 
liary transformer, each being 100-brake-horse- 
power engines, 250 revolutions per minute, direct 
coupled to an 80-k.v.a. generator, 440 volts, 50 
periods, three-phase. Each has a transformer 
— six double-feeder panels, lighting panel, and 

ttery and motor-generator panel. The exciter- 
switch panels carry single-pole solenoid-operated 
prea ol and the generater field - switch 
panels, double-pole solenoid-operated field-switches. 
The generator field series rheostats, turbine govern- 
ors, and air-duct shutters are motor-operated by 
220-volt direct-current motors, supplied from the 
motor generator set (or from a 60-ampere, eight- 
hour capacity battery, if required), the air-duct 
shutters being interlocked with the generator field- 
switches electrically, so that when the fields are 
energised the shutters are open, and vice versd. 
The bus-bar system consists of low-tension 5000- 
volt transfer bus-bars, of copper-bar section, carried 
on insulators, and high-tension bus-bars, of copper 
tubing, carried on post-type insulators, each set of 
buses being provided with disconnecting switches. 

In compartments, opposite each main generator, 
are located the field-switch panels, oil - break 
switches, disconnecting switches, and current and 
potential transformers for each circuit, for con- 
necting each unit to its own bank of transformers, 
or through the transfer bus to any bank of trans- 
formers. These switches are non-automatic and 
consist of three single-pole, single-throw switches 
in cells, solenoid-operated with control relays. In 
the high-tension transformer circuits and outgoing 
lines, automatic oil- break switches‘aré used, each cir- 
cuit having three single-pole, single-throw switches 
i iron tanks solenoid-operated with control re- 
lays. These switches have a rupturing capacity of 
50,000 kw. each, automatic protection being afforded 
by series inverse time-limit overload re ys, and 
they are therefore capable of taking care of any 
fault developing in the system up to the full capa- 
city of the plant now to be installed in parallel on 
the bus-bars. 

The 100,000-volt oil-switch room is located on the 




















Fie. 33. Sewree CReEK CROSSING. 


floor above the transformer compartments (Fig. 29), 
the whole of this apparatus being connected up with 
copper tubing on post insulators. From the trans- 
former high-tension terminals the circuits are taken 
through the roof of the transformer compartments 
in compound-filled bushings to the disconnecting 
switches, oil-switches, and series relays up to the 
high-tension bus, which is suspended from the roof 
on post insulators. The — line circuits from 
the bus pass through similar disconnecting and 
oil-switches and series relays up and along the roof 
to the transmission line entrance in the side of the 
building, at a point which will eventually be the 
centre, the lay-out of the wiring being arranged for 
a phase-spacing of 5 ft., and a striking distance to 
the ground of 3 ft., the whole equipment forming a 
symmetrical lay-out. The lightning-arrester equip- 
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ment is for indoor service, and the horn-gaps and 
cells are located in the transmission-line tower. 

The control service is operated from the bat- 
tery at 220 volts, the control-switches on the 
bench-board being of the pull-button type, havi 
opening and closing contacts, for opening an 
closing the oil-switches, a green pilot-lamp indi- 
cating the open position, and a red lamp the closed 
— of the switch. Each outgoing line will 

protected with choke-coils and aluminium-cell 
lightning-arrester equipment, complete with horn- 
gaps, disconnecting switches, discharge-alarm, and 
discharge-recorders. Ground buses are provided 
running the length of the station, and ground 
plates for connecting up the lightning-arresters 
and apparatus. 

The General Electric Company of America are 
the contractors for the transformer and switch- 
gear equipment for the power-station and receiving- 
station, the whole of the apparatus being designed 
for an ample factor of safety. Varnished cambric 
insulated fireproof-treated cables are used for con- 
necting up the low-tension side of the plant 
generators to oil-switches and transformer ter- 
minals and the exciter system. 

Transmission Line.—The route of the trans- 
mission line is shown on the map (Fig. 1, page 547 
ante), from which it will be seen that it starts at 
the power-house at Khopoli, and terminates at 
the receiving station on the Island of Bombay, 
with a total length of 43 miles, crossing two 
tidal creeks, one 10,000 ft. wide and 42 ft. deep 
at high tide, a railway, and several roadways. 
There will be four transmission lines normally 
working in parallel, carried on two lines of towers 
(Figs. 33 to 36, annexed), two change-over stations 
with disconnecting switches being provided, divid- 
ing the line into three sections for cutting-out or 
interconnecting different sections as required. 

The present contract covers two transmission 
circuits carried on one set of towers, designed for 





a working pressure between phases of 100,000 
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volts. Copper conductors are to be used, each wire 
having a section of 0.095 sq. in., with an interaxial 
spacing of 10 ft. 6 in., carried on six-unit suspension- 
type insulators, The towers sre of Siemens-Martin 
steel having a tensile strength of 28 to 32 tons 
per sq. in., built in two sections, a superstructure 
and a base riveted at site. Three types are used, 
suspension, anchor, and special towers at cree 
crossing, about 500 in all being required. The 
suspension-towers are designed for any two con- 
ductors breaking, and the anchor-towers for all 
the conductors breaking on one side, a wind pres- 
sure of 26 lb. per sq. ft. being taken. The stan- 
dard towers are 66 ft. high, spaced 500 ft. apart, 
and the special towers are spaced 1175 ft. apart 
and have a height of 160 ft., to comply with the 
Government requirements that no part of the 
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transmission line shall be within 80 ft. of the water 
at high tide. In addition to allowing for wind 
strain, the anchor-towers are designed for a change 
| in direction from the straight of 30 deg.—that is, 
| up to an angle of 150 deg. in the horizontal or ver- 
tical direction. The sag of the wires is regulated 
‘to give a strain due to their weight of not more 


k than one-fourth of the breaking load at the mini- | 


mum wind pressure at a temperature of 50 deg. 
Fahr. Each insulator unit is designed to withstand 
a direct strain of 3 tons, and, when tested under 
conditions of service, must pass a test of 14 tons 
strain, and each unit must pass a pressure test of 
70 kilovolts when tested dry, and each assembled 
insulator a test of 300 kilovolts when tested 4 
and 200 kilovolts when tested wet, without flash- 
| ing over or showing any defects. 
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The contractors for the towers and insulators 
are Messrs. Bullers, Limited, London, and for the 
copper conductors, Messrs. Felten and Guilleaume. 

Receiving - Station. —The receiving - station (see 
Figs. 37 and 38, annexed) is situated at Sewree, in 
the Island of Bombay, about 2 miles from the 
docks. It has been designed with a view to an 
ultimate capacity of 74,880 k.v.a. in eight step-down 
three-phase transformer banks of 9360 k.v.a. each. 

The ent building will take five banks, of 
which te are now being installed, together with 
two incoming lines, and the necessary switch-gear 
and auxiliary station apparatus equipment. Each 
bank will consist of three single-phase, oil-immersed, 
water-cooled transformers, rated at 3120 k.v.a. 
at normal load output, and aoe. ove from 
85,800 to 6600 volta, le, delta-delta connected. 
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The transformers are designed for continuous full 
load, at a temperature rise not exceeding 58 
Fahr., above cooling water at 87 deg. Fahr., with a 
water circulation of 1200 gallons per hour, and 20 
per cent. overload for 10 hours, at a circulation of 
1450 gallons per hour. 

The guarantees are practically the same as for 
the power-house transformers, and they are of the 
same design, dimensions, and weights, each bank 
arranged in separate compartments connected to 
oil and water-piping service, and with provision for 
easy removal for repairs and overhaul. The 
switch-gear equipment, similar in design, arrange- 
ment, and lay-out to the power-house equipment, 
consists of remote-controlled, electrically-operated 
oil - switches, and other 6 gman: located for 
safety and convenience, and controlled from a 
benchboard centrally located, with an auxiliary 
switchboard for station power and lighting. The 
benchboard, capable of extension as required, 
is of blue Vermont marble, and contains twenty- 
three panels for controlling and operating the 
two incoming lines, four three-phase transformer 
banks, two synchronous condenser sets, thirty- 
two 6600-volt feeder - circuits, and a _ station- 
transformer circuit, fitted with the necessary 
instruments, control-switches and indicating lamps, 
mimic bus-bars, and relays. The high-tension bus 
consists of copper tubing, carried on post-type 
insulators and the low-tension bus of copper bar. 
Solenoid-operated oil-switches are used for connect- 
ing the incoming lines and the high-tension side 
of the transformer circuits, and motor-operated 
oil-switches for connecting the low-tension side of 
the transformers and the outgoing feeder circuits. 
The high-tension switches are of the single-pole, 
singlodinest type, in iron tanks, and the low- 
tension switches are of the triple-pole, single-throw 
type, in oil vessels, in separate cell compartments. 
All these oil-switches are automatic, protection 
being afforded by inverse time -limit overload 
series relays, for the solenoid switches, in the 
incoming line circuits, and inverse time-limit over- 
load and instantaneous overload relays, for motor- 
operated switches in the low-tension side of the 
transformer and feeder-circuits, these relays bein 
fixed on the back of the benchboard panels an 
operated from the secondary side of the current- 
transformers. 

The secondary relays of the transformer circuits 
are arranged to trip both the solenoid and motor- 
operated oil-switches. The auxiliary switchboard is 
a blue Vermont panel-board, fitted with the neces- 
sary instruments, switches, bus-bars, and connec- 
tions for controlling the 120-k.v.a. 6600 to 220-volt 
three-phase supply from the station transformer 
bank. It has a transformer panel, four double- 
feeder panels, lightning Pony and battery and 
motor-generator panel. e battery has a = 
city of 60 amperes for eight hours, and furnishes 
current for the remote-control supply at 220 
volts. The low-tension bus system is arranged 
in compartments on the ground floor, the oil- 
switches being located on a floor overhead, and 
connected through disconnecting switches and 
current-transformers to the buses and to the cable- 
distribution system by cables run on racks in an 
alley-way provided for the purpose. The low-ten- 
sion sides of the transformer circuits are connected 
up to the oil-switches by varnished cambric in- 
sulated fireproof - ta cables. Each incoming 
line is protected with choke-coils and aluminium- 
cell lightning-arrester equipment, and a ground 
bus running the length of the station connected to 
copper ground plates. The low-tension bus is 
provided with three-phase aluminium-cell static 
dischargers, operating mechanism chargipg resist- 
ance, and disc recorders. 

Mill Equipments.—In 1911 applications were 
invited from mill-owners and the general public, 
and the whole of the available power provided for 
by the first section of the oa ie hand was be- 
spoken in two months by twenty-six cotton mills 
and two flour mills. The terms of the agreement 
between the power company and the mill-owners 
cover the supply of en for power pu at 
0.55 anna per unit in the case of mills where the 
electric installation is provided by the company, 
and 0.5anna per unit in the case of mills supplying 
their own motors and equipment, the company 

roviding and maintaining the mill-transformers. 

nergy for lighting will be supplied at 1.25 annas 
per unit, the consumption being separately metered 
and limited in quantity to 20 per cent. of the 
energy supplied for power purposes in any year. 





The agreement is for a period of ten years. The 


deg. | question of the best system of drive to meet the 


requirements of the Bombay industry was carefully 
investigated, the textile mills in this country 
being visited, and the systems in use reported 
on, and after due consideration group-driving was 
adopted with direct-coupled motors at 290 and 
365 revolutions per minute. The motors are of the 
three-phase slip-ring type, wound for 2000 volts, 
50 cycles, in sizes ranging from 50 to 500 horse- 
power. In certain cases, where the starting condi- 
tions admit, syuirrel-cage-type motors are to be 
used in the smaller sizes ; 500-volt motors will be 
used in some mills. With direct-drive motors low 
speeds are inevitable, and the standard speeds 
adopted, although on the low side from the elec- 
trical point of view, are as high as it was possible 
to go in this electrification. 

"he motors are designed to give full-load rating 
continuously at a temperature rise of 70 deg. 
Fahr., with air at 100 deg. Fahr., and to carry 50 per 
cent. overload for periods of half-an-hour without 
injury. The 290-revolutions-per-minute motors 
will have full-load efficiencies and power factors 
ranging from 87 and 74 per cent. for 50-horse- 
power motors, to 92 and 82 per cent. for 500-horse- 
power motors ; and the 365-revolutions-per-minute 
motors, efficiencies and power factors ranging from 
86 and 75 per cent. for 50-horse-power motors 
to 92 and 84 per cent. for 500-horse-power motors. 
The feeder distribution system from the receivin 
station to the mills is designed for 6600 volts, 
cycles, to give three-phase supply with ungrounded 
neutral. The cables are Callender three-core paper- 
insulated lead-sheathed type, in sizes of 0.1 sq. in., 
1.15 sq. in., and 0.2 sq. in. section, laid on the 
solid system, in bitumen, in earthenware troughing, 
and capable of carrying the maximum load con- 
tinuously at a temperature rating of 145 deg. Fahr., 
and have to pass electrical tests at the makers’ 
works giving a factor of safety of 3. 

The mills are to be divided into groups, each 
group having a feeder to each mill and a ring-feeder 
or all the mills of the group for emergency. The 
three-core cables will be brought into the mill 
sub-station and connected to the switch-gear 
— trifurcating boxes and single-conductor 
cable. 

Three-phase oil-insulated air-cooled core-type 
transformers will be used, transforming from 6600 
volts 60 cycles to 2200 volts and 550 volts, where 
500-volt motors will be used, star-connected on 
both sides. They will be built in four sizes of 500, 
600, 700 and 900 k.v.a. output rating, each mill- 
equipment consisting, as the case may be, of one, 
two, or three transformers of the size required to 
meet the power requirements of the mill. The 
transformers are designed for full-load output 
continuously at a temperature rise not exceedin 
70 deg. Fahr. above air at 100 deg. Fahr., an 
for 50 per cent. overload for periods of half-an-hour 
without injury. They will have a full-load efficiency 
of 98 per cent. at 80 per cent. power factor, and a 

ulation of 2.5 per cent. 

e sub-station switch-gear equipment will 
consist of high-tension buses, to which the feeder- 
circuits and high-tension side of the transformer 
circuits wil] be connected, through disconnectin 
links, and of low-tension buses to which the low- 
tension side of transformer circuits will be con- 
nected, through disconnecting links. The motor- 
mill circuits will run from the low-tension buses in 
three-core paper - insulated, lead - sheathed and 
armoured cable, to the switch pillars, and in 
single-conductor cable from the pillars to the 
motors. The switch pillars will be of the ironclad 
interlocking design type, fitted with triple-pole 
automatic oil-break switches, with overload and 
no-voltage releases, ammeters and potential trans- 
formers, and isolating plug-boxes. The interlocking 
design prevents accidental contact with live parte, 
as the switch-lever has to be in the ‘‘ off” position 
before the pillars can be dismantled for overhaul. 
For the mill-lighting supply 2200 to 220 and 110-volt 
50-cycle three-phase transformers will be used, of 
the same type as the power-transformers, built in 
sizes of 10, 20, 50, 60, and 75 kw., from which the 

uirements of the lighting load for each mill 

ill be made up. These will be designed for similar 
output and temperature ratings, and having full- 
inal efficiencies, according to size, from 96 per cent. 
to 97.65 per cent., and regulation from 2 per cent. 
to 1 per cent. at unity power-factor. The trans- 
formers and motors have to pass electrical pressure 
tests at the makers’ works, which call for a factor 

ve 





of safety of 3, and the mill switch-gear and cabling 
throughout has a similar factor of safety. 

Messrs. Callender’s Cable and Construction Com- 
pany, Limited, are the contractors for the feeder 
system complete, the power-house and receiving- 
station connecting cables, and the whole of the 
cables required for wiring the mill equipments. 

The British Westinghouse Electric and Manu- 
facturing Company are the contractors for the-mill 
equipments, this being probably the largest mill 
electrification order ever placed, comprising sixty- 
four transformers aggregating 40,400 k.v.a., and 
205 motors aggregating 36,150 brake horse-power. 
The number of mills has now been increased to 
thirty-four. A feature of the motor equipment is 
that, with one design of motor, single and double 
driving has been provided for sixty-four of the 
motors, it being arranged for inserting in the mill- 
shafting and driving from both ends. 

Mr. Ta P. Gibbs, M.A.I.E.E., the chief repre- 
sentative in Bombay of Messrs. Alfred Dickinson 
and Co., is in charge of the whole work ; Mr. R B. 
Joyner, C.I.E., M. Inst. C.E., is the chief hydraulic 
engineer ; Mr. B. D. Richards, B.Sc., M. Inst. 0.E., 
is resident engineer on the hydraulic works ; and 
Mr. E. S. W. Moore, A.M. Inst. C.E., is the chie 
electrical adviser. 

During his tenure of office as Governor-General 
of Bombay, Lord Sydenham showed great interest 
in the project, and laid the foundation-stone of the 
first dam on February 8, 1911. 





PROCEEDINGS OF THE ENGINEERING SOCIETY OF THE 
Crry anp Guitps (ENGiIngeRinc) Cotiece, 8.W.—The 
first meeting of the session was held at South Kensing- 
ton on the 16th inst., Professor W. E. Dalby, F.R.S., 
M. Inst. C.E., dean of the coll being in the chair. 
A ag on “ Refrigeration and Cold ep ” was read 
by Mr. E. J. Darton, a third-year student of the college. 





Lectures TO Moror-Drivers.—The first of the series 
of steam lectures to drivers in the employ of members of 
the Commercial Motor Users’ Association was delivered 
on Wednesday, October 22, at the Royal Automobile 
Club, by Mr. G. W. Watson, M.I. Mech. E., M.I.A.E., 
inspecting engineer of the iation. The second 
petrol lecture will be held at the Royal Automobile Club 
on Wednesday, November 5. 


Tue Lonpon Roap Coneress Reports.—In conse- 
uence of the many ray which have been received 
or additional copies of the general reports which were 
submitted to the recent Road the local organ- 
ising council have arranged with the a ange commis- 
sion to print a further eupply: pies can now be 
obtained on application to the Honorary Secretary, Mr. 
W. Rees Jeffreys, Queen Anne’s Chambers, Westminster, 
8. W., at the _— of 1s. each copy, to cover the cost of 
reprinting and postage. 


Tue Work or THE British Association CoMMITTEE 
OF RADIOTELEGRAPHIC INVESTIGATIONS.—The committee 
has now inaugurated an extensive scheme for the makin 
of observations of natural electric waves by means o 
wireless-telegraph receiving apparatus, and are address- 
ing to wireless-telegraph experimenters an invitation to 
co-operate in the making of observations. The records 
will be collected by the committee and compared and 
reduced by them. These natural electric wave-trains 
produce troublesome noises in telephone receivers of 
wireless-telegraph stations. Some proportion of them 
are due to lightning strokes within a few hundred miles 
of the receiving station; but even when there is no 
thunder weather recorded over the whole Continent of 








& | Europe and the adjacent seas, they are received continu- 


ously by an antenna adjusted toa t wave-length. It 
has suggested that some of these wave-trains may 
be due to extra-terrestrial causes, and it dces not seem 
unreasonable to suppose that electrical discharges may 
occur in the sun, and may be source of a proportion 
of the natural electric wave-trains we receive. ere is 
little likelihood of que guiaies a knowledge of the causes 
at work until organised observations are carried out simul- 
taneously at numerous points of the globe, and collated 
ata single centre such as the committee now affords. 
Another and distinct inquiry which urgently needs pur- 
suing is the action of the earth’s atmosphere in causing 
variations of the electric waves used in transmitting mes- 
sages over long distances. The laws of these variations, 
especially in respect of their connection with weather 
conditions, with position on the earth’s gen 
with the time of day, would, if unravelled, probably 
throw light on the electrical conditions of the highest 
parts of our atmospbere. The committee have undertaken 
this inquiry also. In carrying on the work the - 
mittee looks — largely to private experimenters for 
the collection of data. But it has been a matter of 
tification to the Committee to find that the 
— avy and the British Post Office were willing 
to help. The Marconi Company also has promised to 
give its powerful assistance to the Committee. Thus the 
Committee can already make sure that data will be 
collected on their f in all of the world. Mean- 
while private experimenters who are willing to assist the 
Committee by making observations should communicate 
with the secretary, Dr. W. Eccles, University College, 
Gower-street, London, W.C. 
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30-40-HORSE-POWER SIX-CYLINDER CAR FOR THE OLYMPIA 


CONSTRUCTED BY THE 


WOLSELEY 











Tux Wolseley Tool and Motor-Car Company are con- 
tinuing their policy of reducing the number of models 
made and of producing those remaining in standard 
form practically for stock, although the t demand 
has, so far, prevented any accumulation whatever of 
such stock. No company has fuller experience of the 
requirements of the motoring public, and consequently 
they are able from time to time to anticipate the 
requirements so far as the design and power of these 
models are concerned. It becomes interesting, there- 
fore, to note that by the process of elimination the 
company have brought the number of their standard 
cars to three—viz., the 16-20 horse-power 4-cylinder, 
the 20-30 horse-power 6-cylinder, and the 30-40 horse- 
power 6-cylinder cars. The two cars first-named are 
not new ; they are a continuation from last year’s list, 
the public having shown unmistakably their apprecia- 
tion of these two models. In one or two respects slight 
improvements have been effected, but only in detail. 
Last year great interest was taken in the 50-horse-power 





TOOL AND MOTOR-CAR COMPANY, 


Fie. 1. 


Fig. 2. 





6-cylinder model exhibited at the Olympia Show ; but 
cars of this power were only built to special order, 
and this year there is introduced, to take the place 
of the 50-horse-power car, a new chassis with which 
the company have conducted a long series of experi- 
ments, extending over twelve months, in order that 
the design might be as perfect as trial and error, 
and the recognised experience of the company, could 
make it. Now these cars, like the two others of less 
power, are to be made in large numbers, manufac- 
turing arrangements having been made to this end. 
In addition to these three standard models of pleasure- 
cars, the company are producing commercial vehicles 
and others to suit Army service requirements ; but 
these are manufactured in separate machine-shops, 
while the new light car, which will be exhibited for 
the first time at the Motor-Cycle Show two or three 
months hence, is being made in large numbers in an 
entirely different factory. 

For the present, however, we are concerned only 


LIMITED, ADDERLEY 





SHOW. 


PARK, BIRMINGHAM. 








with the cars which are to be shown at the Olympia 
Show, which opens on November 7. We give, in 
tabular form, the principal dimensions of the three 
models now made by the company, and on this and 
the opposite Page, and on page 588, we reproduce 
photographs and drawings to illustrate the new 
car. The three cars, according to the rules of the 
Royal Automobile Club, are rated respectively 20.3, 
30.4 and 38.4 horse-power. The general principle 
underlying the design is the same in all cases, all of 
the cars including every refinement which experience 
has suggested to be acceptable, but in no case is 
there any of what is termed the ‘“‘racing touch” 
about them. “The more powerful chassis will prob- 
ably be the mostly used for closed bodies than for 
bodies of what are regarded as the ‘‘ sporting ” type. 
Both of the six-cylinder cars are fitted with com- 
sae gore starting-gear, but this gear can also be 
tted, according to the desire of the purchaser, to the 
four-cylinder car, so that for all practical purposes all 
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ENGINE FOR 30-40-HORSE-POWER SIX-CYLINDER CAR FOR THE OLYMPIA SHOW. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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will be seen that the bore of the cylinders of the 16-20 
horse-power and 24-30 horse-power cars is the same, the 
\ 2 difference in power arising from the increased number 
‘ of cylinders, the four-cylinder car having a 121-mm. 
Ni = suake and the six-cylinder car a 130-mm. stroke. The 
: 3} shorter-stroke engine, however, runs normally at 1200 

| ail —--— + revolutions per minute, while the six-cylinder motor 

| makes 1000 revolutions. In the 30-40 horse-power 





7 O o three cars are of almostexactly corresponding design. It 





























chassis the six cylinders are of 102 mm. bore, with a 
| 140-mm. stroke, and at normal speed the engine makes 
| 1000 revolutions. The wheel-base and chassis of the 

4 ' lar power car are naturally longer, but the width 

Al y and other similar dimensions are about the same. The 

oe f turning circle is thus affected, the smaller of the three 

| / cars having, with » 10-ft. 3-in. base, with standard 

; tyres, a minimum turning circle of 42 ft.; the inter- 

mediate-power car, with a wheel-base of 10 ft. 11 in., 

U has a turning circle of 48 ft.; and the largest-power 
| car, with 11 ft. 7 in. base, of 50 ft. The respective 
weights of the chassis empty, with standard tyres on 

| the wheels, are 174, 224, and 26 owt. The open body 
for these cars need not exceed 74 cwt., and the normal 

—————_—_—_—_—_—_————— cp brougham body, 9 owt. ; although, where extra luxury 

eee OEE is required, one more hundredweight may be added. It 
eee will also be seen from the table on page 586 that the 

=< —— — Sh — — — = two lighter cars have gearing to give four speeds, while 
SESE E————Ee the large-power car has gearing for three speeds—in 

Sse) all cases, of course, with a reverse. The range in speed 
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on the top gear on a level road is, for the 16-20-horse- 
wer car, from 7 to 45 miles per hour, for the 
-30-horse-power car from 7 to bo miles per hour, 
and for the 30-40-horse-power car from 8 to 55 miles 
r hour. In all cases the change of speed is operated 

y one lever in a selector-gate. 
Particulars of Standard Wolseley Cars. 

















Makers’ horse-power 16-20 24-30 | 30-40 
R.A.C. rating h.-p. 20.3 304 } 38.4 
Engine bore.. on Fr Sage om 3% in. (90 = 4 in, (102 mm) 
Engine stroke 4} in.(121 mm.) 5h in. (130 mm)'5} in. (140 mm) 
Engine, number of | 

cylinders .. es 4 6 | 6 
Engine, normal revo- } 

lutions ee 1200 1000 1000 
Wheel-base .. -| 10 ft. 3 in. on | 10 ft, 1Lin. ol 11 ft. 7in. or 

10 ft. 9 in. 11 ft. 5 in. 12 ft. Lin. 

Track .. és ..| 4ft. bin, 4 ft. 7 in. 4ft. 7in 

Body space .. ..|8 f& 8 in. by|/8 ft. llin. by/8 ft.11 in. b 
2ft. Sin. with) 2ft.10in.with| 2ft. 10in.wit 
10 ft. 3 in.| 10 ft. 11 in.) 11 ft. 7 in. 
wheel-base. | wheel-base. | wheel-base. 

Body space .. -|9 ft. 2 in. by|9 ft. 5 im. by/9ft. 5in by2 ft. 
2 ft. 8in, with) 2ft.10in.with| 10 in. with 
10 ft. 9 in.) 11 ft. 5 im.) 12 ft. 1 in. 
wheel-base. wheel-base. wheel-base. 

Number of gears .. 4 4 3 

Drive .. “ es Worm Bevel Bevel 

Road speed, miles per 

hour, at normal 
engine revolutions: 

a. o an aad st 103 
Second .. 14* 13+ 21t 
Third 21* 19+ $1y . 
Fourth .. si 28* 28t | _ 

Tyres (all wheels) ../815 mm. by| 895mm. by 895 mm. by 
105 mm. wit 135 mm. 135 mm, 

10 ft. 3 in. | 
wheel-base. | 

Tyres (all wheels) ..|820 mm. b ditto | ditto 
120 mm. wit 
10 ft. 9 in. 
wheel-base. 

Turning circle .. 42 ft. with 10ft. |48ft. with 11 ft. |50 ft. with 11ft 
3 in. wheel-| 10 in. wheel-| 7 in. wheel- 
base. base. base. 

44 ft. with 10ft. |50ft. with 11 ft. |52 ft. with 12 ft. 
9 in. wheel-| 10 in. wheel-| 1 in. wheel- 
ase, base. | base. 

Weight of chassis ../17} cwt. and|22 cwt. and 26 cwt. and 

184 cwt. 23 cwt. =| 27 ewt. 

Tax payable .. 6 68. £8 8s. | £10 108. 

* These s are for the 10-ft. 3-in. wheel-base chassis, in 


which the worm ratio is 9:37. With the 10-ft. 9-in. wheel-base 
chassis the worm ratio is 8 :35, which gives proportionately lower 


+ These speeds are for the 10-ft. 11l-in. wheel-base chassis, in 
which the bevel ratio is 18:65. With the 11-ft. 5-in. wheel-base 
chassis the bevel ratio is 16 : 65 which gives proportionately lower 


ay speeds are for the 11-ft. 7-in. wheel-base chassis, in 
which the bevel ratio is 18:58. With the 12-ft. l-in. wheel-base 
chassis the bevel ratio is 18 : 65, which gives proportionately lower 
speeds, 

We have contented ourselves with illustrating the 
30-40-horse-power six-cylinder car, because it is the 
latest, and is completely typical of the Wolseley 
standard practice in every respect. It is Pager weonr 
a replica of the 24-30-horse-power six-cylinder chassis, 
which has been on the market for a considerable time, 
excepting that it is proportionately larger throughout, 
in order to meet the requirements of a motor having a 
bore of 4 in. instead of one of 3,°, in., as in the case of the 
less powerful car. Fig. 1, on page 584, illustrates the 
chassis. The wheel-base is 11 ft. 7 in. or 12 ft. 1 in., 
according to the class of landaulette body required, and 
the over-all length is 11 ft. 7 in. without the body, or 
15 ft. 10 in. with the body ; but for the larger body these 
dimensions are 6 in. greater. The minimum road clear- 
ance under the sprung parts is 74 in., and under the 
centre of the rear axle 8} in. The width of the chassis is 
5 ft. 10 in., and of the track 4 ft. 7in. The front 
axle is of Vickers’ axle steel of I-section, and is of the 
usual drop type with inverted jaw-ends. The swivels 
are carried on ball-bearings. ‘I'he hubs run on com- 

und roller-bearings of the Timken type. The steering 
is irreversible through a worm and sector. The axle 
is of the live type, is driven by bevel-gearing, and 
has ball-bearings. The road-wheels adopted are of 
the Rudge-Whitworth detachable wire pattern, 34 in. 
in diameter, fitted with tyres 895 mm. by 135 mm. In 
addition to internal enclosed metal-to-metal double- 
acting shoe-brakes on the inside drums of the rear 
road-wheels, which are equalised on both sides 
of the car and are actuated by hand-lever through rods, 
there is the usual double-acting hinged strap-brake 
with positive release working on the drum of the gear- 
box countershaft and actuated by pedal. The springs 
of the front wheels are of the semi-elliptical type, 
while to the rear wheels the same type of spring is 
underslung in conjunction with the transverse spring. 
Another view of the chassis is given in Fig. 3, the 
forward end being slightly raised in order to give 
a better view of the ment of the machi- 
nery under the frame of the chassis. In this view 
are clearly shown the large countershaft brake, 
the reservoir for air storage for the self-starter, 
together with the arrangement of all the controls, 
as seen from the driver's seat. There is also obvious 
the spectacle plate which forms the rear end of the 

ine space, and is so arranged that any kind of 
tolp an be mounted upon the chassis. is view 


, | illustrated by the drawings reproduced in Figs. 4 and 


also shows a new type of filler fitted to the petrol- 
tank, which, by the yd has a capacity of 22 gallons. 
The cap of the petrol-filler, it will be noticed, is easily 
removable by undoing the locking-nut with the fingers, 
which enables the cross-bar to be partly rotated, when 
the cap comes bodily away. This arrangement pro- 
vides a perfectly tight joint, and is proof against 
leakage. The frame, it will be seen, is of the standard 
pressed-steel channel section, which has proved su 
satisfactory. 

The motor is shown in perspective in Fig. 2, the 
view being taken on the side of the machine where 
the magneto and the water-pump are located, the 
valve gear being on the other side. This view is par- 
ticularly interesting, as it shows the ‘‘ clean” appear- 
ance of the engine. The arrangement of the motor, 
and particularly the working parts, is further clearly 


5, on page 585. The details are so clearly shown that 
little description is called for. According to the in- 
variable Wolseley practice, each pair of cylinders is 
cast together. The ignition is by Bosch high-tension 
dual magneto and induction coil. The carburettor is 
of the automatic equalising type, and petrol is fed by 

ressure maintained by an air-pump on the engine. 

e circulation of the cooling water is by a centri- 
— pump, while the air is drawn through the 

iator by a fan mounted immediately behind it, and 
operated by belt from the main shaft. 

Leaving for a moment the system of lubrication 
and of self-starting by pneumatic power, we ma 
turn to the transmission, which is by the usual metal- 
to-metal multiple-disc clutch running in oil with a 





Fig.15. 

















for each cylinder of the engine. The starting-lever 
on the dash moves the tappet-levers into position 
between the starting-cams and the valve-stems, and by 
continuation of the same motion opens the air-admission 
valve,thereby starting the engine. This valve has a der- 
matine face, preventing leakage of the compressed air. 
The distributor has direct connection to the admission- 
valves, placed on each cylinder of the motor, as shown 
in the cross-section, Fig. 5. The pressure in the reser- 
voir is shown on a gauge on the dashboard, so that the 
driver can at all times see the amount of air in store, 
and control the operation of the air-compressor accord- 
ingly. The capacity of the reservoir is sufficient to 
run the car for a very considerable time with air, and 
after this there is no difficulty whatever in re-charging 
it during the running of the motor. The control of the 
motor is by means of a single throttle, controlled 
independently by pedal or finger-lever, while au addi- 
tional lever is provided for altering the mixture. The 
arrangement for operating the valves is shown on the 
section, Fig. 5. The adjustable head of the tappet is 
of pressed vulcanised fibre, the tappet itself being of 
case-hardened steel, while the valve is of a special 
steel, the composition being determined to obviate 
pitting or corrosion. The guide in which the valve 
works is bushed to facilitate replacement, and the 
springs and valve mechanism are entirely enclosed. 
Lubrication of the motor has had very special atten- 
tion, and the diagrams reproduced below in Figs. 15 
and 16 are of special interest, because they illustrate 
probably the most advanced application of the trough 
system, first introduced on a commercial scale in the 
Wolseley cars in 1906, and now generally adopted. The 
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a, Oil-pump. . Oil-strainer. 

b. Oil suction. ft Oil feed from base chamber 
¢e. Oil delivery. to strainer. 

d, Oil-trough feed. i, Oil return to crank-case, 

e. Oil feed to main bearings. k. Adjustment for oil flow. 

J. Connecting - rod dipper- l. Oil-indicator on dash. 


troughs. m, Oil-level cock. 
ball-thrast. There is a universally - jointed shaft 
coupled up to the gear-box, which latter is illustrated 
by the sectional drawing, Figs. 6 and 7, on page 588. 
As already mentioned, there are three speeds forward 
and one reverse, the third s being a direct drive. 
A second universally-jointed shaft transmits the power 
to the live axle through two enclosed universal joints 
and bevel-gearing. The long wheel-base chassis has a 
bevel gearing ratio of 18 : 65. 

All the cars of this type are fitted with the com- 
ressed-air self-starter, which was i new 
eature of the Wolseley cars introduced last year. This 

device has been most satisfactory, and has therefore 
been largely adopted, not only in this new car, but to the 
order of clients in even the smallest of cars. There 
is given in Fig. 8 a diagrammatic view of the arrange- 
ment of the self-starter. It will be seen that this con- 
sists of a two-cylinder air-compressor, which, through 
suitable valves, passes air to a distributor, whence it 
is led to a reservoir or to the admission port connected 
to each of the main cylinders of the motor. The 
compressors, which are illustrated in detail in Figs. 9 
to 11, are operated by chain-gear from the gear-box 
countershaft, and, with two cylinders of 14 in. in 
diameter and 1}-in. stroke, compress air up to 250 lb. 
per sq. in. The control of these air-cylinders is as 
shown in the diagram. The air passes to a cylinder 
suspended from the frame of the car. There is a pipe- 
connection between this reservoir and a distributor 
ge at the front end of the engine cam-shaft. 
“° distributor is illustrated in detail by Figs. 12 
to 14. 

The distributor combines an air-admission valve 

with double-seal and separate distributing- valves, one 














engine oil-base takes the form of a deep reservoir, and 
bridging this reservoir are narrow troughs, into which 
dippers on the connecting-rods splash. The main 
bearings also have troughs formed over them, which 
are pressure fed, and a further branch-pipe delivers oil 
directly on to the engine chain-wheels. The main 
body of the oil is carried in the reservoir and is drawn 
from it through a gauze filter by a small a? | = 
pump, which is driven from the cam-shaft. rip- 
indicator on the dashboard enables the driver to 
ascertain if the oy is working properly, as a con- 
tinuous stream of oil is visible. The oil passing the 
indicator returns to the crank-chamber, and is not 
depended upon to lubricate any bearing. It will be 
noticed that the oil-strainer is very neatly arranged, 
and that it can be readily removed for cleaning, as it 
is provided with a similar cap to that fitted to the 
petrol-tank. 





CANADIAN T1mBER.—The total area of land covered by 
timber in Canada is between 500,000,000 and 600,000,000 
acres, of which between 300,000,000 and 400,000,000 acres 
produce timber of commercial size. Distributed by 
provinces, the estimated acreage of commercial timber 
1s as follows :—Nova Scotia, 5,000,000 acres ; New Bruns- 
wick, 9,000,000 acres; Quebec, 100,000,000 acres; Ontario, 
70,000,000 acres ; Manitoba, Saskatchewan, and Alberta, 
100,000,000 acres; and British Columbia, 100,000,000 
acres. These totals make up an aggregate of 384,000,000 
acres. In the Maritime Provinces, Quebec, Ontario, and 
the ter part of British Columbia, the administration 
of the forests is under provincial control ; but forests on 
the public lands of the North-Western Provinces and 
within the railway belt of British Columbia are under 
the control of the Dominion Government. For many 

ears both the Dominion and provincial governments 
— adopted a policy of setting aside forest reserves for 
the purpose of providing a permanent supply of timber, 
of maintaining conditions favourable to a continuous 
water supply, and of protecting animals, fish, and birds 
within the reserve boundaries. Under successive enact- 
ments the total area of the forest reserves expanded from 
7,413,760 acres in 1901 to 139,068,480 acres in 1912. 
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INDUSTRIAL NOTES. 


Srr Rosert Romer, chairman of the Durham Joint 
District Board under the Coal Mines (Minimum Wage) 
Act of 1912, who recently acted as umpire to contin 
applications for variations in his decision of May, 1912, 
has now issued a new award. This establishes that 
on and from the 2lst inst. the wages of boys, other 
than underground enginemen, are to be the follow- 
ing :—Datal: under 15, 2s. per day, rising by 4d. per 
day for each year, to 4s. per day for those over 20 and 
under 21 years of age. Piece: under 19, 4s. ; over 19 
and under 20, 4s. 3d. ; over 20 and under 21, 4s. 6d. 
In the decision of May, 1912, the conditions were as 
follow :—Under 16, 2s. ; not under 16, but under 18, 
2s. 9d.; not under 18, but under 21: piece, 4s. ; 
datal, 3s. 6d. The term ‘‘ aged workmen,” for exclu- 
sion from the right to wages at the minimum rate, now 
means, in the case of hewers, men over 60 years of age 
(instead of 57), and in the case of any other workmen 
those over 65 years of age (instead of 63). Men on 

iece-work have to give notice of the cause of their 
ailure to perform work equivalent to the amount of 
the minimum wage before the end of the shift if prac- 
ticable, and, if not, as soon as possible thereafter. A 
workman will forfeit his right to the minimum rate if 
he unreasonably delays in going to his working place 
or work at the proper time, or leaves his working 

lace or work before the proper time, or, in, if he 
fails through his neglect or default to provide and use 
the tools which it is the custom for a workman to 
provide. Lord Mersey has issued a similar award for 
the County of Northumberland. 

We understand that the miners are greatly dis- 
appointed at the absence in the above award of any 
increase in the minimum wage for adult workmen. 





The moulders’ strike at Sheffield remains unsettled, 
and the federated works are compelled to decline all 
foundry business. It is to be hoped that orders for 
foundry work are being in part diverted to other 
British industrial centres; a portion of them must 
certainly be —* other countries, and a result of 
the dispute may be illustrated by stating that once a 
river course is diverted it is most difficult to cause it 
to return to its former bed. For this reason we fear 
that many of the orders for foundry work will fail 
to return to Sheffield in the future. 





The moulders at Rugby are on strike also. A con- 
ference took place at the Grand Hotel, Rugby, on the 
22nd inst. between representatives of the employers 
and delegates of the Beateanden and Core-Makers’ 
Society. At this conference the employers stated that 
they had replaced about 60 per cent. of the men who 
went out on strike by non-union men, and that they 
were willing to take on the remainder—40 per cent.— 
gradually as they were able to revert to their normal 
working conditions. No settlement was arrived at. 





At Dublin matters remain unsettled, but they have 
assumed another phase, and it may be that what 
common-sense failed to accomplish may be carried out 
by religious fears. Further, ‘the influence of Mr. 
Larkin, the secretary of the Irish Transport Workers’ 
Union, appears to be on the wane. Last week he was 
paraded ‘‘in oils ;” this week—on Monday last—he 
was sentenced to seven months’ imprisonment for 
uttering seditious lan e on August 29. This 
‘*mediator” of the strike, as he would be styled in 
France, a now in the position of an astra reduz, 
the Dublin dispute may possibly come to a close 
sooner. In the meantime Mr. Seddon, President of 
the British Trade Union Congress, has been worki 
energetically to bring about a solution, and both 
Archbishops are co-operating with him. Mr. Larkin’s 
action in moving for the placing of strikers’ children 
in public and private homes in England, an action 
which from the commencement has been strongly 
condemned by the Irish clergy, has no doubt had the 
advantage of directing attention to the children’s 
sufferings. 





A movement is on foot for establishing at Sheffield 
& juvenile employment bureau, which is to be under 
the management and control of a committee consist- 
ing of members of the Sheffield Education Committee, 
teachers, representatives of employers, and trade 
unions. The object is to secure suitable employment 
for young persons under seventeen years oF age, by 
assisting them in the choice of such suitable employ- 
ment. A head teacher, we are told, will ascertain 
the names of children likely to leave his school, and 
will notify parents to call and see him at some time 
that may be mutually convenient. He will, together 
with the class teacher, confer with the parent as to the 
child’s future, and in addition to giving general advice 
aod assistance, will Jay stress upon the importance 
of placing the child in some cugiegaaats which will 
train him to earn his living in after life, and not in 


one which will merely offer him = wages for the 
moment without giving him the chance of such train- 





ing. The child is also to be advised with regard to 
attendance at continuation schools or technical classes. 
We are always ready heartily to welcome the forma- 
tion of any institution or bureau whose action would 
tend to decrease the number of young subjects of the 
van-guard class, but we must confess that we fail to 
see what the Sheffield bureau in question could 
out which could not be carried out equally well by the 
head masters of Board Schools, as these are now 
constituted, and with the facilities that are now 
granted. There are, of course, boys and boys, but in 
those Board Schools in which the head master 
devotes the whole of his time to the work for which 
he is ape eschewing politics and all social work quite 
outside his province, the number of scholarships earned 
by the boys is a maximum, and hence the number 
of van-guards, messengers, and ‘‘telegraph boys” a 
minimum. 





The strike of bookbinders employed by Messrs. J. 
Burn and Co. has now lasted eleven weeks. In con- 
nection with this strike a deputation of the London 
Printers and Kindred Trades’ Federation has been 
sent to Edinburgh with a view to induce the printing 
firms of that city to refuse all work from publishers 
who are sending work to Messrs. Burn. The Glasgow 
employers met on Monday last to consider the dispute 
in the bookbinding trade, since the werkers had 
decided to hand in their notices to cease work on 
Wednesday. At this meeting it was decided that the 
employers throughout Scotland should act together. 
A meeting of the Scottish Alliance of Masters in the 
Printing and Allied Trades is to be held shortly. 


A strike of ineers at Burnley was started on 
Friday last, the 24th inst., and it may involve the 
whole engineering and loom-making trades of Burnley 
and neighbouring cities. The Amalgamated Society 
of Engineers have withdrawn their men at five loom- 
making firms at Burnley. The strikers are black- 
smiths, turners, fitters, and other skilled workmen ; 
moulders, grinders, and men en in other 
specialities will have to follow automatically if no 

ement is arrived at. The Amalgamated Society 
of Engineers had asked an advance of 2s. per week for 
the skilled workmen, making their wage 38s. instead 
of 36s., which the employers refused to grant. 


The National Free Labour Association was formed 
twenty-one years anos its founder and general secre- 
tary is Mr. W. Collison, to whom the Association 
presented, at a general meeting held on Monday last, 
@ life-size photograph of himself and an illuminated 
address, in recognition of the services he had rendered 
to it during the whole twenty-one years in question. 
At the meeting, Mr. J. J. Marrs, Camberwell, moved 
a resolution declaring that ‘“‘they viewed with de- 
testation, abhorence, and alarm the malignant and 
audacious conspiracy of boycotting and intimidation 
adopted by trade unions for the pu of terrorising 
non-unionists to join their ranks, and protested against 
the Government insolently ignoring the interests of 
the millions of free-labour wage-earners, and cringing] 
bowing the knee to the forces of anarchy, class hatred, 
and disintegration.” The resolution was carried. 
Other resolutions urged the repeal of the Trades Dis- 
putes Act and protested against the trade-union bias 
of the Board of Trade. 








The National Union of Railwaymen has decided 
not to allow strike pay to the men at Liverpool, 
Birmingham, and other cities who struck work with- 
out authority in support of the Dublin strikers. 
Resolutions of protest __ this decision have been 
passed by branches of the union in different parte of 
the country, and the men at Birmingham demand that 
the council of the union make at least a grant 
towards the loss in wages if it cannot allow full strike- 
pay. The men threaten reprisals if they are not 
given satisfaction. 





The decrease in the selling-price of Belgian coal has 
had for effect to bring this price too close to the actual 
cost price, and for this reason, says La Métallurgie, 
the Belgian collieries have been compelled to decrease 
—o The decrease in wages will be 10 per cent., 

will be put in force in November in all the Belgian 
coal districts. This reduction of 10 per cent. is to be 
made on the hewers’ wages ; the other underground 
workers will have their wages reduced =— per cent. 
The wages of the surface men are not to be reduced. 


The miners’ section of the Coal Conciliation Board 
for the federated mining districts of England and 
North Wales met at the Westminster Palace Hotel, 
London, on Monday last, to consider proposals for the 
establishment of a new wage standard. Mr. Stephen 
Walsh, M.P., Lancashire, was in the chair. The 
present ment with the coal-owners will come to 
an end in h, 1915, and the object of the meeting 
was to prepare the men’s case for p' is to draw 


up @ new standard to replace the present (1888) stan- 
dard, which regulates the wages in the area of the 


English Conciliation Board. The meeting agreed that 
the standard of 1888 was obsolete, owing to the very 
low wage on which it was based, and it was decided to 
ask the coalowners to agree to a new standard 50 per 
cent. higher than the existing one, by merging into the 
sentaal the present minimum wage of 50 percent. As 
is well known, all alterations in es are made on the 
basis wage, and not on the actual wage paid at the 
time, and are limited in extent to 5 per cent., either 
decrease or increase. Future alterations of 5 per cent. 
would mean 7} per cent. on the present standard. 
The coalowners will be asked to consider this proposal. 


As announced on 522 ante, the Cleveland iron- 
stone mine-owners and representatives of the Cleve- 
land miners held a meeting at Middlesbrough on 
Monday last, concerning the wages to be paid to the 
said miners and the Weardale quarriers during the 
ensuing three months. — to the reduced price of 
Cleveland | Big iron the employers were entitled to 
claim a uction in wages. The amount of this 
reduction was settled at 74 per cent. 


The question of collective agreements with employees 
as far as relates to public concerns has lately attracted 
much attention in Sweden. In Malmé the various 
municipal concerns, the financial committee, the har- 
bour authorities, the gas and electricity boards, &c., 
have declined to undertake any collective agreements 
with the men. 


Mr. C. E. Mulgolland, the secre of the National 
Joint Committee, a committee which re nts the 
Postal Trade Unione, has informed Mr. Herbert 
Samuel, the Postmaster-General, of the possibility of 
a strike breaking out at Christmas time, and has 
asked him to receive a deputation in regard to the 
Holt report. 





A number of officers of the Peninsular and Oriental 
Steam Navigation Company had refused to join their 
ships until several demands they had put forward in 
regard to wages, holidays and pensions had been 
to. The matter immediately received the attention of 
the Board of Directors of the company, and the secretary 
to the Board announced on a Ae that all officers 
concerned in the movement should attend at the ordi- 
nary meeting of the Board, on Wednesday, with a 
view to discuss thesituation. A meeting of the officers 
was held on Tuesday at the Cannon-street Hotel, 
under the presidency of Captain Walker, chairman of 
the Management Committee of the Imperial Merchant 
Service Guild. At Wednesday’s ting of the Board 
of the Peninsular and Oriental Company a satisfactory 
agreement was arrived at, and the officers have 
withdrawn their resignations. 








There is also discontent among the engineers of the 
Royal Mail Steam-Packet Company, several of whom 
have handed in their resignations ; they complain of 
the conditions in which they have to work on board 
ship, and ask for an increase in their salary. Most of 
the engineers belong to the Marine Engineers’ Associa- 
tion. 





The New Zealand Parliament contemplates making 
all strikes illegal and punishadle by fine, unless efforts 
have been made to settle the point in dispute by con- 
ciliation; when efforts at conciliation fail, the strike will 
have to be decided upon by a eS the workmen 
concerned, who are to e a secret ballot, the ballot 
| being supervised by the istrar of Industrial Unions. 

The right to strike, therefore, is not to be interfered 
| with, but this right is only to be exercised legally 
| on the failure of efforts at conciliation, after the secret 
ballot in question. 











Royat Commission on Rartways.—We are informed 
| by the President of the Board of Trade that a Royal 
| Comnnatenion has been appointed to inquire into the 
relationship between the railway companies of Great 
| Britain and the State in respect of matters other 
than the safety of workin conditions of oe 
ment, and to report what c if any, are desirable 
in that relatio ip. Our leading article deals with this 
subject. As to the membership of the Commission, 
Lord Loreburn, the chairman, is a former Lord Chan- 
cellor. Lord Derby was Financial mete AO the War 
Office from 1900 to 1903, and Postmaster-General from 
1903 to 1905. Sir H Primrose is a former chairman 
of the Board of Inland Revenue. Mr. Huth Jackson 
is a director of the Bank of and a former 
ea of the Institute of kers. Sir F. R. 

_ has successively been consulting engineer to the 

Government for Railways, Director of Rail- 
ways in India, Government Director of Indian Rail- 
ways, and Chairman of the Board of Indian Railways. 
Sir W. Plender is President of the Institute of Chartered 
Accountants. Mr. A. Balfour is the late Master Cutler 
of Sheffield, and managing director of Messrs. Seebohm 
and Dieckstahl. Mr. R. E. Prothero is t-in-chief 
to the Duke of Bedford, and Mr. D. J. Shackletun is 
the senior Labour adviser to the Home Office and an 





Insurance Oommissioner. 
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DETAILS OF 30-40-HORSE-POWER SIX-CYLINDER CAR FOR THE OLYMPIA SHOW. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
(For Description, see Page 584.) 
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THE FROUDE WATER BRAKE. 


CONSTRUCTED BY MESSRS. HEENAN AND 
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_TuE water-brake invented by the late Mr. William 
Froude, for use in his experiments on the propul- 
sion of ships, has been known to engineers for more 
than thirty years, but it is only of recent years 
that it has found extended application. This is 
largely due to the fact that the buyers of engines 
now demand tests of efficiency, and that technical 
schools and colleges are being equipped with engines 
of a size which cannot well be tried on the Prony brake. 
Further, the advent of the petrol and other oil- 
engines has put manufacturers on their mettle, and 
they are — to furnish trustworthy proofs of 
efficiency and durability of their enginxs, and for this 
purpose they need brakes that will run with very little 
attention and ~~ results that cannot be disputed. 
To meet this demand Messrs. Heenan and Froude, 
Limited, of Worcester Engineering Works, Worcester, 
have put on the market two classes of brakes—high 
duty and low duty—both classes being made in several 
a shown in our illustrations on this page and on 


The general construction of their standard brakes 





is illustrated on this page, in Fig. 1. The engine 


can be coupled to either end of the shaft, accordingly 
as it runs right-handed or left-handed, for this con- 
struction of brake only acts in one direction. Around 
each face of the rotor are a number of semi-elliptical 
annular channels, divided into a number of compart- 
ments by oblique vanes. The casing has also similar 
channels on each side of the rotor, divided in the same 
way. The channels on the rotor and casing thus form 
two complete annular channels, each channel being 
divided into compartments by oblique vanes, as shown 
in the developed view of Fig. 5. 

When in action the water in each annular channel 
is rotated continuously by thecentrifugal force imparted 
to it by the rotor, and passes from one compartment 
to the next, and so on. An exceedingly high speed 
of the water is obtained, and the power put into the 
a = spree is by this means conve into heat, 
which passes away into the water leaving the 
machine. 

For machines of the standard type a water pressure 
of 15 lb. to 20 Ib. is quite sufficient. For very high- 
8 work it is sometimes, however, necessary to 

low a greater pressure. The minimum consumption 
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of water is about 2 gallons per brake horse-power per 
hour, but 3 gallons are recommended. 

Fig. 1 shows the rotor mounted on ashaft driven by 
the engine or motor under test, and revolving within a 
casing filled with water. This shaft runs on ball- 
bearings fixed in the casing, the casing being supported 
at each side on ball-bearing brackets bolted down to 
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the bed-plate. The casing thereby tends to rotate, due 
to the action of the rotor and the slight frictional 
resistance set up by the shaft-bearings. This tendency 
to rotate is overcome by the measuring —— fixed 
at the end of the arm, shown in the illustrations on 
page 592, so that all resistance set up by the brake 
is accurately indicated. 

Fig. 2 shows the general construction of the stan- 
dard double-rotor reversible brake. The arrangement 
is similar to the brake described above, except that 
two rotors are keyed to the shaft, and the casing 
consists of two corresponding sets of divided channels. 
This machine is practically a compact arrangement of 
two dynamometers in one, one rotor acting in one 
direction and the other in the opposite direction, for 
as the vanes are arranged in opposite directions on 
the two rotors, only one rotor sets up resistance in one 
direction. 

In the case of special machines for testing petrol- 
engines, the brakes are always full of water, and the 

wer absorbed is regulated by a system of sluices. 

hese sluices, as shown in Fig. 3 on page 589, consist 
of two plates, which are interposed between the rotor 
and the casing, so as to regulate the amount of surface 
in action. ese plates are operated by hand-wheels 
and are geared together. 

Messrs. Heenan and Froude make several types of 
these Froude water dynamometers, elassified under 
three heads—viz.:— Standard, Single and Double- 
Rotor Reversible, and Sluice Gear. 

The Standard type is a non-reversing machine, fitted 
with an automatic valve, which can set to main- 
tain a constant torque in spite of slight variations in 
the running of the engine, or in the water inlet pres- 
sure. The automatic operation of this valve is arrived 
at by connecting the arm controlling the valve (which 
is fixed on the dynamometer) to the roller bracket, 
which is stationary ; thus, when the arm of the dyna- 
mometer rises the valve opens, and when the arm falls 
the valve closes. This type is useful in the testing of 
Diesel and other large engines, and is a great improve- 
ment on the old-type sluice gears. It has no internal 
mechanism, and needs practically no attention after 
once being set. This enables the attendant to devote 
practically all his time to the engine under test. 

The reversible type is specially designed to enable 
an engine to be tested in both directions of rotation 
without uncoupling the dynamometer. For moderate 
speeds and powers this is constructed as a single- 
rotor machine, the vanes on the two faces of the 
rotor being inclined in opposite directions. This 
machine is titted with a ball-thrust bearing on an 
extension of the brake-shaft to deal with the hydraulic 
thrust which occurs on account of the power being 
only absorbed on one side of the rotor. 

or high s , however, the centrifugal force of 
the balls in this bearing make this pattern of machine 
impracticable, and a different design is necessary. 
For high speeds and powers, therefore, a machine 
having two rotors with vanes facing in opposite 
directions and without any thrust bearings is used. 
In neither of these patterns of machines is there 
fitted an automatic valve. The erection of a water- 
supply tank to give a constant supply and regulate 
the torque by means of the outlet valve is preferred. 

The foregoing types of machines—viz., Standard and 
Reversible—are specially adapted for use with large 
steam -engines, steam-turbines, and internal - com- 
bustion engines. 

For petrol-engines, however, the firm have recentl. 
perfected the type known as the sluice gear, in whic’ 
the torque is entirely regulated by sluices which move 
between the faces of the rotor and casing, and increase 
or diminish their effective area. In this machine the 
torque varies as the square of the — and it is 
possible to hold an engine at any suitable speed with- 
out altering the torque. This point should appeal to 
all petrol-engine manufacturers who experience trouble 
with Prony and similar brakes. 

Finally, there has just.been placed on the market a 
small dynamometer for use as a running-in brake, to be 
used as & power-absorber, for tuning-up petrol-engines 
of all horse-powers. This brake is designed to take 
the place of fan and other small brakes, which store up 
energy and add considerably to the dangers of the 
breakdowns often experienced in testing. The brake 
is carefully calibrated, and the approximate power 
— by the engine is read off on the curve 
supplied. 

veral of these brakes are shown on page 592. 

Fig. 6 isan illustration of a group of brakes giving 
some idea of the large range of sizes manufactured. 

Fig. 7 shows a still larger standard type brake, 
which is capable of absorbing as much as 2480 horse- 
power at 200 revolutions per minute. 

Fig. 8 shows tne sluice-gear type machine specially 
adapted for testing petrol-engines, and is capable of 
absorbing 200 horse-power at 2000 revolutions per 
minute. ‘These machines, however, can be designed 
to absorb any horse-power at any speed. It will be 


seen that the manufacturers provide for the needs of 
all classes of users very fully, and that the Froude 
brake has a wide field o 


usefulness. 





SHALLOW-DRAUGHT RIVER-BOAT 
“ST. GEORGE.” 


Our two-page plate this week gives drawings 
showing the detail arrangements of the triple-screw 
shallow - draught river t St. George, recently 
supplied to the order of the Foreign Office for Govern- 
ment service on the Congo. The boat was built by 
the Ailsa Shipbuilding Company, Limited, of Troon, 
to the design and under the inspection of Messrs. 
Wells and Kemp, consulting naval architects and 
marine engineers to the Crown Agents for the Colonies 
and the Foreign Office. It has a length of 110 ft. and 
a draught of 3 ft., and is built in sections, to facilitate 
transport to and erection in West Africa. The boat 
was, of course, erected at the builders’ yard before 
despatch to the Congo, and trials were run on the 
Clyde. At the conclusion of the trials a very smart 

iece of work was carried out by the builders. 

he boat arrived back at the yard at Troon late 
on a Saturday night. Nothing was touched on the 
next day, Sunday, but commencing on Monday morn- 
ing the boat was dry-docked and dismantled, and by 
the following Wednesday evening the whole of the 
te together with the engines, had been packed and 
eft by train for the port of shipment. 

The general arrangement of the boat is well shown 
in the various figures. On the upper deck there are 
four cabins and a dining-saloon, together with a 
pantry, bath-room, clothes cupboard, and lavatory. 
As will be seen, all cabins are arranged with air 
circulation on both sides. There is a sun deck over 
all, on which the steering position is placed. The 
main deck aft contains the captain’s and engineer’s 
cabins, a bath-room and lavatory, and the Euro- 

nand native galleys. There is asun-deck covering 
the whole of the aft part of the main deck. The 
main deck forward contains a large space for carrying 
native porters, gear, &c., and has four steel store- 
rooms, all protected by slug-proof casing carried to 
the upper deck and provided with steel-sliding 
shutters. One of the store-rooms contains ice-makin, 
machines and refrigerators. At the forward end o 
the main deck there is an emergency steering-gear 
fitted behind a slug-proof casing. 

The boat is driven by three sets of 76-brake-horse- 
power British Kromhout marine oil-engines, driving 
three propellers. The engines were supplied by Messrs. 
Perman and Co., Limited, of 82 and 83, Fenchurch- 
street, London, E.C. They are fitted with reversing 
gears, which are operated by hand-wheels, as can be 
seen in Figs. 6 and 7. The engines run on petroleum, 
sufficient being carried for a trip of 3000 miles. The 

ition of the petroleum tanks is clearly shown in 

igs. 3 and 4. Phe auxiliary machinery consists of a 
dynamo and engine and a separate bilge, ballast, and 
general service pump. The auxiliaries are driven by 
petroleum oil-engines built by the Seal Motor Com- 
pany, of Hammersmith. The boat is lighted through- 
out by electric light, and an electric swivelling fan is 
fitted in each cabin, the saloon having two such fans 
in addition to a large slow-speed ceiling fan. In con- 
clusion, we should say that since the boat was delivered 
on the Congo, it has been decided to replace the 76- 
horse-power petroleum engines by 90- horse - power 
crude-oil engines. These new engines will be shipped 
early next month. 





German Coat-Mininc.—In the first nine months of 
this year the principal German coal- ucing districts 
delivered 116,523,699 tons, as com with 106,366,200 
tons in the corresponding period of 1912, showing an in- 
crease of 9.55 per cent. The production of the Ruhr 
group to September 30, this year, was 73,702,660 tons, as 
com with 65,793,390 tons; that of Upper Silesia, 
25,236,410 tons, as compared with 24,215, tons; of 
Lower Silesia, 3,260,330 tons, as compared with 3,237,070 
tons; the Sarre district, 7,780,380 tons, as compared with 
7,484,720 tons; the Rhine district (lignites), 4,471,000 tons, 
as compared with 3,711,640 tons ; and the Aix-la-Chapelle 
district, 2,672,900 tons, as compared with 1,923,390 tons. 


has been pleased 





Sarety or Lirs at Sza.—The Kin 
to approve the appointment of the following delegates to 
represent the British Government at the International 
Conference on Safety of Life at Sea, which meets on the 
12th proximo:—The Lord Mersey, late President of the 
Admiralty Division of the High Court, and President 
fl big of Inquiry into the loss of ~ > Titanic ; 

. E.G. oggrid Teaktnint Gemeteny or the Marine 
oO the Board 


Department of Trade; Captain A. H. F. 


Young, Professional Officer to the Marine Department | G 


of the Board of Trade; Mr. C. Hipwood, of the 
Marine Department of the of le; Mr. W. 
Archer, Principal Ship Surveyor to the Board of Trade ; 
Sir Archibald Denny, Chairman of the Departmental 
Committee on Bulkheads and Watertight Compartments; 
Sir Norman Hill, Chairman of the Merchant Shipping 
Advisory Committee ; Sir John Biles, Chairman of the 
Departmental Committee on Boats and Davits ; Captain 
Acton Blake, Deputy Master of the Trinity House. The 
delegates will be assisted by the following expert asses- 
sors :—Commander F. G. Loring, R.N., of the General 
Post Office ; Commander M. W. Campbell Hepworth, of 
the Meteorological Office ; Commander J. T. W. Charles 
and Mr. J. Havelock Wilson. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—No improvement in the tone 
of the Glasgow pig-iron market has yet taken place, and 
business is still confined within narrow limits. Last 
Thursday morning the dealings consisted of one lot of 
Cleveland warrants at 52s one month, and then prices 
fell away to 51s. 74d. cash, 51s. 104d. one month, and 
52s. 44d. three months seHers. In the afternoon no 
business of any kind was recorded, and at the close 
sellers quoted Cleveland warrants at 51s. 74d. cash, 
51s. 104d. one month, and 52s. 3d. three months. Friday 
morning the market was quietly steady, and 1000 tons of 
Cleveland warrants were done at 51s. 6d. cash, with closing 
sellers at 51s. 7d. cash, 51s. 10d. one month, and 52s. 4d. 
three months. There was little change in the afternoon, 
and 1500 tons of Cleveland warrants were put through at 
52s. 04d. two months. Sellers’ prices at the close of the 
day were called 51s. 7d. cash, 51s. 10d. one month, and 
52s. 44d. three months. On Monday morning the market 
was steady, and Cleveland warrants, amounting to 2000 
tons, chan ds at 51s. 74d. and 51s. 7d. cash, with 
sellers over at the latter figure, and at 5ls. 10d. one 
month and 52s. 4d. three months. In the afternoon the 
tone was the turn firmer, but quietness still prevailed. 
The turnover consisted of but one lot of Cleveland 
warrants at 51s. 104d. one month, with closing sellers 1d. 
up from the morning at 51s. 8d. cash, 51s. 11d. one month, 
and 52s. 5d. three months. On Tuesday morning Cleve- 
land warrants were stronger, and 1000 tons realised 
52s. 6d. three months, and closed at 5is. 104d. cash, 
52s. 14d. one month, and 52s. 7d. three months sellers. 
Prices were nominally unchanged in the afternoon, when 
one lot of Cleveland warrants was done at 51s. 10d. three 
days. Closing sellers quoted 51s. 104d. cash, 52s. 2d. one 
month, and 52s. 7d. three months. When the market opened 
to-day (Wednesday) the tone was steady, and buyers were 
more in evidence. The turnover was tons of Cleve- 
land warrants at 51s. 114d. six days, and 52s. 1d. and 
52s. 14d. one month, and at the close sellers named 
5is. 104d. cash, 52s. 2d. one month, and 52s. 64d. three 
months. Theafternoon session was dead idle, and sellers 
of Cleveland warrants quoted 1d. easier, at 51s. 94d. cash, 
52s. 1d. one month, and 52s. 6d. three months. 


of Ammonia.—Quietness prevails in the sul- 
phate of ammonia market this week, and prices are 
easier. The current quotation is now 13/. per ton for 
“ee delivery, Glasgow or Leith, and that price is only 
2s. 6d. per ton above the lowest point of the year. 


Scotch Steel Trade.—Little change can be reported in 
the state of the Scotch steel trade, and no buying move- 
ment has as yet followed the reduction in prices made 
last week. All the same a better feeling prevails in the 
home market, and although the price of German steel 
plates, delivered on the Clyde, is now exactly 18s. 14d. per 
ton under that of local makers, indications are not want- 
ing that the latter are likely to secure an increase in 
orders in the near future. e quantity of plates, &c., 
which has arrived in the Clyde from Germany durin 
recent weeks amounts to a very large tonn an 
several thousand tons have still to come forward. Fuel 
is a bit easier, and if pis iron were only a little more 
favourable from the buyers’ point of view, then the 
foreign competition would be less heard of. Black- 
sheet makers are very quiet, but there is a very satis- 
factory demand for structural material, and inquiries 
ey to some further expansion in that department. 

he export trade is improving, and there are fairly good 

ts of much of the business at present being 
inquired for being secured by local producers. The follow- 
ing are now the official prices of the Scotch Steel Trade 
Association :—Ship-plates, 61. 17s. 6d. per ton; boiler- 
lates, 7/. 12s. 6d. per ton; angles, 6/. 10s. per ton ; and 
rs, 7/. 10s. per ton, all less 5 per cent. delivered Clyde 
or equal. Export prices are from 10s. to 15s. per ton 
under these. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers report no change in conditions, and short 
time is all too prevalent. Only a very limited amount of 
new business is being booked —— owing to the severe 
competition from the Belgian producers. A meeting of 
the associated makers was held in Glasgow on Monday, 
when prices were under consideration. It was decided to 
make no further change in the meantime, and the basis 
— for crown bars remains at 7/. 2s. 6d. per ton, less 

per cent. 

Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
no increase in demand ean noted, as consumers 
are buying very sparingly, and do not seem inclined 
to take in more iron they actually require at the 
moment. he number of furnaces in blast is eighty- 
three, which is five fewer than at this time last year. 
Prices have not changed since last week, but have, if any- 
thing, an easier tendency. The following are the market 
ine for makers’ (No. 1) iron :—Clyde, 72s. 6d.; 

der, ie, Summer! and loan, 738. ; 

“~ —y (at Ardrossan), 73s.; Shotts (at Leith), 73e.; 
and (at Grangemouth), 73s. 6d. Hematite iron 


D. | is still rather dull, and almost no demand exists. The 


ice is no better than 68s. per ton, and even at that 
re stocks in makers’ yards are steadily increasing. 





Canapian Coat Exports.—The annual exports of 
ian coal show no progress in the last ten years. In 

1903 the exports stood at 1,979,950 tons. They have since 
fluctuated. In 1907 they were 1,285,346 tons. The maxi- 
mum was reached in 1911 with 2,315,171 tons. In 1912 they 
were 1,494,756 tons. This stagnation is explained by the 
growth of Canadian industries, which have needed all the 
coal represented by the actual expansion of the industry. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Science and Industry.—In the application of science to 
her industries Sheffield occupies a very prominent place, 
and another big forward step has been taken by the 
addition to the Applied Science Department of the 
University of buildings to provide for the non-ferrous 
trades of the city the same facilities as already exist for 
the iron and steel industries. The opening ceremony was 
performed on Saturday last by Viscount Haldane. On 
that occasion an interesting statement upon the pro- 
vision that is made for the scientific study of iron and 
steel was given Ss Joseph Jonas (chairman of the 
Applied Science partment). It is generally recog- 
nised that the —ae in Sheffield is one of the finest, 
if not actually the finest, in the world, and the — 
mental work that is done is of the utmost value to local 
manufacturers. There are appliances on a practical 
scale for the production of cast iron, crucible steel, 
Bessemer steel, Siemens-Martin steel, and electrically- 
made steel. These materials are passed forward and 
tested and used in an engineering department containing 
the most up-to-date types of machine-tools and power 
plant for the training of mechanical, electrical, civil, and 
mining engineers. One of ths latest additions to the 
department is a complete wireless installation. 


South Yorkshire Coal Trade.—The house-coal trade has 
been quiet during the past week, and there are reports 
of slackness at depdts. Country orders are fairly good, 
but the London demand is small. Prices, however, are 
firmly held. Best steams are active, and there is a 

retty good all-round inquiry for steam fuel. Quantities 
or shipment are less, but this is to be expected at this 
period of the year. Industrial demands are good, and 
pits are working a fairly satisfactory percentage of full 
time. Some ne ere have recently been renewed 
at advances of about 1s. a ton. Slacks are a quiet 
market, with stocks accumulating, and reductions have 
been offered on current business. Secondary sorts are 
affected ticularly by the disturbed state of the cotton 
trade. ke is also depressed. Quotations :—Best branch 
rw 2} 16s. to 17s.; Barnsley best Silkstone, 
14s. 6d. to 16s, 6d. ; Derbyshire best hts, 12s. to 
13s. 6d. ; Derbyshire house, 11s. 6d. to 12s. 6d.; best 
large nuts, 11s. to 12s.; best small nuts, 9s. to 10s. ; 
Yorkshire hards, 11s. 9d. to 12s. 9d. ; 4 +r hards, 
ate, Se, Se Soe Os Se Sas 3 seconds, 
5s. 9d. to 6s. 9d.; smalls, 4s. to 5s. 


Iron and Steel.—As has been the case for some weeks 
past, it is still a matter for speculation as to how soon a 
revival will come in the raw-material market. During 
the week there has been no marked change in the position, 
save that there were a few good orders in hematite and 
basic irons. Quotations are un , and at some 
furnaces stocks have begun to accumulate. The expected 
development in bar-iron business, through the demands 
of wagon-builders, has not yet taken place, but is stated 
to be imminent. Forward buyers are expected to come 
very soon into the market for pig, and already inquiries 
are on foot. 
have been taken by some steel-makers, and the demand 
for steel alloys generally is The steel industry 
itself, taken all round, is steady, though instances may be 
found where slackness has made i apparent. is 
condition is noticeable in several of the largest works. The 
fo: have an increasing amount of work, but booking at 
mills isonly moderate. Deslenomn tition has adversely 
affected business in railway axles. In spite of the expira- 
tion of old contracts, forward business in billets is at a 
— low ebb, but the outlook is expected to take on an 
early change. Loss of valuable work is becoming the most 
serious feature in the moulders’ strike, and there is little 
hope that some of the business in castings y lost will 
return. Fears are expressed that injury to the output of 
armaments will ensue should the strike be much more pro- 
longed, for the heavy ingot-producing foundries are at a 
standstill. There has been a lull in the booking of new 
business in the works. New orders are mostly on foreign 
account. tonnages of steel are required by Russia, 
and from India comes a good order for railway axles. 
The London and North-Western Railway Company have 
ordered a supply of springs. The labour market, outside 
the zone of strikes, shows the demand for men to ex 
the supply. 





Tae TROLLHATTAN Exxcrric IRon - Org- SMELTING 
Furnace.—The experimental electric furnace for the 
smelting of iron ore at Trollhiittan, which was built and 
for some time worked by the Jiarnkontoret, Stockholm, 
has on several occasions referred to in our columns. 
The Jirnkontoret worked it to October 1, 1912, when it 
was let to the Strémsniis Iron Works, who took it over 
from that date. The concern has now been transferred 
to the Trollhiittan Electric Furnace Company, which 
eee to be affiliated to the Stromenée Tron’ Works. 

he ori contract between the Jarnkontoret and the 
Waterfalls Board having expi a@ new agreement has 
been made, according to which the Waterfalls Board 
undertakes, for a period of 25 years from October 1 of the 
present year, to supply the new company with electric 
to the extent of 6000 horse-power. The company 
has _Secured a lease, with option to buy, of an ex- 
cellent site, formerly used by the Jirnkontoret, and the 
latter institution has sold the furnace and all appurte- 
nances to the meee. The amount of con- 
tracted for is twice that used by the Jirnkontoret for the 


furnace, and the new company will build an additional | Princi 


furnace of the same t is fact, coupled with the 


Ft sage ee ee es ae 
irection, points to satisfactory results obtained b:; 
the electric ing of iron ore. ” 


Several months’ requirements of tungsten | tha 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown a stronger 
tendency, tonnage arrivals having been of a substantial 
character and stocks having u The suppl 
of Admiralty coal is short, in consequence of extra nav: 
demands ; supplies will also be reduced by the terrible 
explosion at the Senghenydd pits. There has been little 
change in household coal, patent fuel, or coke. The best 
Admiralty large steam coal has made 20s. to 20s. 6d.; 
best secondary qualities, 19s. to 19s. 6d., and other secon- 
dary descriptions, 18s, 3d. to 18s. 9d. ; best bunker smalls, 
10s. 6d. to 11s., and cargo 7s. to 8s. per ton. The 
best household coal has brought 19s. to 20s ; good house- 
holds, 17s. to 18s.; No. 3 Rhondda large, 16s. 6d. to 17s., 
and smalls, 12s. to 12s. 6d. per ton. No. 2 zene bees 
has realised 12s. to 12s. 9d., and No. 2 smalls have le 
7s. to 8s. ton. Special foundry coke has quoted 
at 27s. 6d. to 30s.; foundry coke at 23s. to 26s.; and fur- 
nace coke at 19s. to 2ls. per ton. As regards iron ore, 
Rubio has made 18s. 6d. to 19s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 

Sale of a Colliery.—The Pontyrhyl Colliery, together 
with its fixed plant and machinery, bas just been sold. 
The get included all the coal remaining unworked 
in the No. 2 Rhondda seam, underlying 25 acres under 
Pantygog Farm, held for 21 years from April 1, 1906, the 
surface rent being 2/. 10s., the dead rent 50/., the royalty 
7d. per ton, and the wayleave 1d. per ton. The property 
further included all the unworked coal in the No. 2 
Rhondda seam, underlying a portion of Llest Farm and 
containing 8 acres ; also the unworked coal in the No. 1 
Rhondda seam underlying part of Llest Farm and contain- 
ing 76 acres, held for 21 years from October’1, 1911, ata 
dead rent of 50/. per annum ; a ee on coal, 
— 1d. per ton. The property ised altogether 
17 

Welsh Coal Contracts. —Ibt is understood that the 
French State Railway authorities have completed their 
arrangements for their current coal requirements, amount- 
ing to 380,000 tons of smalls for en A next year. 
For the Buenos Aires Great Southern Railway, a Mon- 
mouthshire firm is stated to have secured orders for 
340,000 tons of large Black Vein for delivery over the 

ear at 16s. per ton, free on board at Newport. The 

tral Brazilian Railway is understood to have 
for 120,000 tons of Welsh leaps steam for delivery over 
six months. The Southern of France Railway Company 
has for 50,000 tons of Port Talbot smalls for 
delivery at Bordeaux and Bayonne at 13s. 6d. per ton. 
The same French company has also ordered 20,000 tons 
of Swansea patent fuel. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Again there are rumours 
of sales of Cleveland pig to America, and it is stated 
t+ a steamer has m fixed at 7s. 6d. for con- 
veyance of 4000 tons to the States, but reliable confirma- 
tion of such reports is not forthcoming. At the same 
time the abolition of the duty on pig iron im to 
America has led to some end in this market on 
American account. A good deal of pig iron is being 
shipped from this district to Canada. October ship- 
ments of pig iron from the Tees are quite up to 
expectations. Only a moderate business is pass- 
ing in pig iron, traders continuing to act with 
much caution, and still hesitating to commit them- 
selves ahead. Most sellers put No. 3 g.m.b. Cleve- 
land pig at 52s. 6d. f.0.b., and some sales have occurred 
at that figure, but many buyers are not disposed to pay 
above 52s. 3d. No. 1 is none too plentiful, and is put at 
55s. ; No. 4 foundry is 52s.; No. 4 forge, 51s. 6d. ; and 
mottled and white iron each 51s. 3d. All the foregoing 
quotations are for early delivery. East Coast hematite 
pig customers are not tempted the concessions pro- 

ucers are prepared to make. h makers and mer- 
chants are rather keen sellers at 64s. 3d. for either early 
or forward delivery of Nos. 1, 2, and 3, and doubtless 
contracts could be made at 64s. Sellers of forsign ore 
were not a to give way. They adhered to quota- 
tions on the basis of 19s. ex-ship Tees for Rubio of 


r 
cent. quality, and, as a matter of fact, jee Ped has ion 
paid for best Rubio. Freights, Bilbao-Middlesbrough, 


are in the neighbourhood of 4s. 104d. Coke is still very 
scarce, and average blast-furnace kinds are fully 18s. 6d., 
delivered here. 


Manu Iron and Steel.—The various branches 
of the manufactured iron and steel industries t few 
new features of moment. Producers of most descriptions 
are well placed, and are turning out a large amount of 
work against running contracts, but orders are scarce. A 
little new work, however, keeps coming to hand, and this 
is most noticeable so far as ial i 
Messrs. Bolckow, Vaughan 
Works, of Australia, have divided an order for 27,000 tons 
of rails for the Victorian Government ; and hopes are enter- 
tained that part of the orders, at least, will be secured b 
firms in this district for railway material for Norway 
Siam, which are expected to be in the market very shortly. 
Quotations for most descriptions show a downward move- 
ment. Steel plates, angles, and bars have been reduced 
by 10s. per ton, and other articles are following the fall. 
Iron ship-plates and angles have also been lowered. 

inci market quotations now stand : mon iron 
bars, 7. 10s. ; best bars, 7/. 17s. 6d.; best best bars, 


AT ge by Et tes, 6/. 15s. ; iron 
ship-angles, 7/. 10s.; iron ship Ftets 8. 10s.; steel 





61. 15s. ; steel ship-plates, 6/. 15s. ; steel ship-angles, 


way material is le 
and Co., and the Lithgow | offi 





61. 7s. 6d.; steel strip, 7/. 5s.; steel hoops, 72. 10s.; steel 
joists, 6/7. 12s. 6d.—all less the customary 2) per cent. 
discount ; cast-iron columns, 7/. 7s. 6d. ; cast-iron railway 
chairs, 4/. 15s.; light iron rails, 7/.; heavy steel rails, 
61. 10s.; steel railway sleepers, 7. 10s.—all net at works; 
and galvanised corrugated sheets, 11/. f.o.b.—less the 
usual 4 per cent. 


Chveland Ironstone Miners’ Wages.—At a meeting held 
this week between the Cleveland ironstone mineowners 
and pepaonatagerae of the men, over — _ tytn 
Bart., ided, respecting wages to be paid at ve- 
land AA ms and Weardale quarries for the ensuing three 
months, a settlement was arrived at under which wages 
are reduced by 74 per cent. 





Supmaringr Mine Expertments.—In view of sensa- 
tional statements published in the Press, it is well to note 
that the staff of the Torpedo School at Portsmouth has 
been carrying out tests on su ine mines, one of which 
was recently against the Terpsichore, an obsolete light 
cruiser, in Stokes Bay. Two submarine mines were 
exploded under the vessel’s bottom, one on each side, and 
were fired by electrical contact from one of the Vernon’s 
launches moored close by. The object and result of the 
experiments are strictly confidential. 


E£nock’s Bortte-WasHine Macuine.—One of the diffi- 
culties encountered in re ing the _ ae of milk 
distribution by the modern method of ing it out to 
customers in sterilised bottles, securely sealed, has been 
the cost of satisfactorily washing and cleansing the 
bottles when returned to the dairy. An interesting 
solution of the problems involved has been worked out 
by Messrs. A. G. Enock and Co., Limited, who exhibited 
a complete plant for this purpose at the recent Dairy 
Exhibition. On the Enock system the bottles are handled 
in wooden crates, in which they are secured by galvanised 
spring cli Sach box is le to an accurate standard 
and to hold twenty half-pint bottles. The washing and 
sterilising of the bottles is conducted without removing the 
bottles from their crate. The washing-machine consists of 
a long tunnel of galvanised iron, open at the bottom, save 
for rails, on which the boxes of bottles slide. The crate 
containing the bottles is fed in ‘‘upside down” at one 
end of the tunnel by a step-by-step motion, each succes- 
sive crate pushing forward, by one stage, the line of 
crates which have previously entered the washing-tunnel. 
Underneath this tunnel is a galvanised trough, accom- 
modating seven series of jets, spaced so as accurately to 
match the bottles as held in the standard crates. Over 
each set of jets each box of bottles rests 20 seconds. The 
first set of jets delivers warm water, which washes off all 
the loose dirt. From the nextset a hot solution of soda is 
forced into the bottles, a dose which i ted at the 
cy he of jets. The remaining series of jets rinse out 
the bottles at temperatures which increase from set to set, 
the final scouring being effected with jets of high-pres- 
sure steam. The bottles, when delivered at the far end of 
the tunnel, are refilled by a machine which fills the whole 
twenty simultaneously. The bottles are finally sealed 
with fibre washers. 








Tue wate Mr. Ropert Epwarp Jounston.—We 
t to have to record the death of Mr. Robert Edward 
Johnston, M. Inst. C.E., son of the late Mr. Walter 
Johnston, of Ledsham, which occurred suddenly at his 
residence, 38, Devonshire-road, Birkenhead, on Sunday, 
September 28, at the age of seventy-two. Mr. Johnston 
who was a civil neer, began his career as an articled 
pupil to the late Mr. George Douglas in 1855, became 
is assistant engineer, and on the retirement of Mr. 
Douglas in 1863 was promoted to su him as engineer- 
in-chief of the Birkenhead Railway, and in 1866 the joint 
railways in the Shrewsbury district were placed under his 
charge. He was connected with the London and North- 
Western and Great Western Joint lines for a period of 
fifty-three years, and retired in December, 1908, Mr. 
Johnston carried out some very important work in con- 
nection with the Joint lines ; not only did he engineer the 
construetion of the tunnel between Birkenhead Town 
Station and Woodside, but he was responsible for the 
erection of Woodside Station itself. The work of widen- 
ing the line from Town Station to also devolved 
u him. This work included, am t other interesting 
eivil cnmipoesing @ rations, the building of new stations 
at Rock Ferry, eaten, Spital, Brom h, Hooton, 
and Ledsham. In connection with this work, the roofing 
of Rock Ferry Station covering the Mersey line was 
moved bodily 50 ft., to provide accommodation for that 
company. e constructed the Hooton and Helsb 
and Parkgate to West Kirby lines, and also 
me oe 5 in 1893, a work pms ps Rar 
isorganising La ae or trafiic. ub - 
haps the ou ing feature of Mr. Johnston’s work 
was the important extension a few years ago at 
Shrewsbury Station. At one time the approach to the 
station was up a sharp incline, and were made for 
ices to be erected underneath the existing station 
buildings. The upper part of the station front was under- 
pinned, and offices built, while lifts and staircases were 
provided for the use of the public. After all was finished 
the incline was cut —- leaving a level approach to the 
station. An extra line of rails was carried over the river at 
the other side of the station, an operation involving much 
difficulty, owing to quick-sand in the bed of the river. 
The work in this connection was also effected without the 
stoppage of traffic. Mr. Johnston became a member of 
the Institution of Civil Engineers in 1867, and was 


president of the Liv in 1892, 
the subject of his ina being “‘ The Develoup- 
ment of Railways and the Various Improvements in their 
Construction and Working.” 
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THE FROUDE WATER BRAKE. 
CONSTRUCTED BY MESSRS. HEENAN AND FROUDE, LIMITED, ENGINEERS, WORCESTER. 


(For Description, see Page 589.) 














Fic, 6. THree Sizes or BRAKEs. 
































Fig. 7. Stanparp Type Brake. Fie. 8. Stuice-Gear Type Brake, 
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THE RAILWAYS AND THE STATE. 


Goop must accrue from the investigations of the 
Royal Commission which has just been —_ 
by the King to inquire into the relationship be- 
tween the railway companies of Great Britain and 
the State. There is no more complex commercial 
problem in the world of industry than the manage- 
ment of railways. That they vitally affect the 
whole community in its commercial and social 
life is sufficient reason for the intense interest 
taken in the subject. They meet, too, with con- 
tinual criticism and complaint. It must be admitted, 
further, that opinion is growing in favour of the 
view that there is room for improvement. Public 
opinion, however, is not always to be relied 
upon by either the Legislature or the organiser, 
because it is swayed too readily by incidents 
which are exceptional, and by arguments which 
are not based on complete knowledge. It is there- 
fore of the highest importance that the light of 
truth, generated by a comprehensive and searching 
but judicially-controlled inquiry, should be thrown 
upon the subject of the management of railways 
and the possibility of making changes which will 
be for the lasting good of the whole community. 
We are glad that the inquiry is to be public, 
because the evidence given will be more easily 
digested day by day than were the statements 
by witnesses held back for publication along with 
the report of the Commission, when the record of 
fact and opinion would be too voluminous for full 
consideration by all except those intimately con- 
cerned. The membership of the Royal Commis- 








595 | sion, too, is commendable, as it includes men who 


have had experience in the investigation of truth, 
others with intimate knowledge of financing and 
accounting, and others again who have such a degree 
of common-sense as will enable them to differentiate 
between exceptional and abnormal conditions, and 
between arguments and complaints based on per- 


600 | sonal interests and others due to management for 


the benefit of the whole community rather than of 


1 | the individual. What might be termed the special 
interests involved in railway working are not 

ifically represented ; and there is advantage in 
this, because the inquiry is specially for the pur- 





of ascertaining the line of truth between the 
conflicting interests and for evolving such modi- 
fications of the existing state of affairs as may 
be best suited to the community. 

The scope of the inquiry is comprehensive. It 
excludes only the safety of working and the condi- 
tions of employment. Some are inclined to cavil at 
these limitations, but without, for a moment, dis- 
puting the importance of the subjects thus reserved, 
we are inclined to the view that the relation- 
ship between the railway companies and the 
State, and the prescribing of changes, if any 
are desirable in that relationship, are sufficient, 
if the work of the Commission is to be done with 
promptitude and with any degree of finality in the 
results. Indeed, it may be accepted that the aim, 
although it is not specifically stated, is to have 
a full and definite judgment, based on the careful 
sifting of all arguments and facts, on the important 

uestion of the nationalisation of the railways. 

ere, again, there must be widely-entertained 
satisfaction that this subject is to be dealt with in 
a thorough manner. All the interests at stake 
will be carefully measured, and the public will be 
educated in eve’ hase of the subject. Thus, 
more will be made known as to the operation of 
State-owned railways in other countries. The State 
ownership of the whole or part of the railways in 
some of the Continental States has been urged as 
an argument in favour of the absorption of the 
British system by the Government. It is too often 
forgotten that military, rather than economic, 
reasons have dictated this policy in Continental 
countries. There, to meet strategic and tactical 
needs, it has been imperative for the State to 
organise and control the lines, primarily for war 
purposes. Consideration of the influence of State 
management during peace upon the commercial 
and social life of the community ought to throw 
considerable light on possible results in this 
country, and we hope that this department of the 
subject will be carefully examined. We admit 
that any contrast between the conditions prevail- 
ing in other countries and those obtaining here, 
particularly if such contrast were not complimentary 
to foreign States, might not be considered politic 
in view of international relations. But under the 
special circumstance, there can be no room for 
misinterpretation of the motive of any such contrast 
or criticism ; the facts must be disclosed, and we 
hope that the Commission will boldly face the diffi- 
culty. Many of the colonies also own their railways, 
and here also the same investigation and comparison 
is desirable. 

The inquiry by the Royal Commission has been 
determined upon in a large measure as a result 
of complaints by traders, who contend that the 
railway companies seem to have quoted to some firms 
differential rates for corresponding merchandise or 
minerals as compared with those given to others. 
There is a strong demand for ‘‘equal mileage 
rates.” In this we have one of the instances of the 
importance of fuller knowledge being rendered 
available for the general public. The cry for equal 
mileage rates is about as defensible as the demand 
for, shall we say, an equal price for all ladies’ 
dresses, or an equal price per ton for all steam- 
ships, irrespective of the material used, the work 
done, or the resultant effect. We have referred to 
the complexity of railway management, and there 
is no department of it involving greater difficulties 
than the arrangement of the rates of freights. All 
freights are classified under eight departments, and 
it is too readily assumed that; this having been 
done, a standard rate for each per ton-mile can 
easily be arranged. The conditions, .owever, va 
considerably. The actual haulage charges consti- 
tute only one part of the cost of moving material 
from the consignor to the consignee. There is, 
first, the question of the relation between the 
weight of the material consigned and the tare of 
the wagon to convey it. It is curious that, although 
it is well within the experience of the layman that 
10 tons may be practically as cheaply conveyed as 
1 ton in a wagon, he fails to understand why the 
railway rate should not be the same per ton-mile 
for the one as for the 10 tons. In respect to 
agricultural produce, a deaf ear has been turned 
to this point. In Continental countries the practice 
of co-operation in the forwarding of dairy and fruit 
supplies has been extensively applied, but, for some 
reason, it has not been accepted by the agriculturist 
in this country. Otherwise it would be possible to 
consign so much of dairy produce, and of fruit, as 
would completely fill a wagon, so that the ratio of 
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ing to non-paying load in the transit would be 
nom This alah also covers the complaint that 
foreign produce is charged at lower rates. It comes 
in ship-loads, is forwarded in completely filled train- 
loads, and consequently the ratio of the non-paying 
load to the paying load is at its minimum. Moreover, 
the steamship owners themselves are willing to 
accept lower through rates for both ocean and land 
transport, because they are anxious that their ship 
should be filled up to its fullest capacity, since the 
cost of a voyage with 3000 tons in the hold is 
ractically as great as with 3500 tons, when this 
latter cargo can be taken. The owners are therefore 
willing to take an extra 500 tons at a lower rate, 
although they have to pay the railway companies 
rather more than they themselves receive. Again, 
as terminal charges bulk so largely in the total cost, 
especially where these include delivery in a large 
centre, the rate per ton per mile is not so great 
a determining factor as is sometimes assumed. 
Indeed, it may pay a railway company to convey 
for a much lower ton-mile rate a large consignment 
of goods for conveyance from one large centre to 
another, 100 miles apart, than were the distance 
only 10 miles. The disclosure of the economical 
effects to railways of such facts, and study of them 
by the general public as well as the trader, must 
tend to a clearer conception of the true relation of 
railways to the community. 

As regards passenger traffic, there will also be 
gain in the better understanding of the conditions 
prevailing on State-managed lines abroad. Only 
those who have travelled abroad completely realise 
the greater facilities afforded by the railway com- 
panies here, not only in respect of frequency of 
service, but also in fares, particularly in week-end 
and excursion rates. It will be well if a wider 
knowledge of such facts is disclosed. The hope 
of the advocates of nationalisation is that rates will 
be reduced alike for merchandise and passengers, 
and this expectation has been partly engen- 
dered by the working agreements recently entered 
into by some of the larger lines. Such agree- 
ments, it is contended, have minimised com- 
petition, particularly in country districts, where, 
it is said, the absence of competition has brought 
about changes in passenger and freight trattic which 
are not conducive to the prosperity of such dis- 
tricts. Comparison is made with former condi- 
tions, which it was found were unprofitable, largely 
as a consequence of the anenel expenditure due 
to Parliamentary enactments and labour exactions. 
Every railway is anxious to promote the pros- 
perity of each of its districts, because since capital 
expenditure has been made, every addition to 
traffic helps to provide a return on the capital. 
This incentive towards ——- trade might 
not be present in the case of State railways. 
Indeed, this is one argument adduced — State 
ownership. It will, therefore, be well for every 
such complaining community to have a com- 
parison not between the conditions obtaining 
now and ten years ago, but between their treat- 
ment at the hands of the railway companies now 
and the corresponding practice in districts of a 
similar nature in countries where the States own 
and manage railways. It is too often forgotten 
that even if at present a railway company has a 
monopoly, the change will be to a State monopoly, 
where the oflicials may have little or no ineentive 
to increase the traflic, because their reward is not 
proportional to the effortdisplayed, and their punish- 
ments for mistakes made are apportioned with less 

to the motive underlying the action, or to 
other similar extenuati circumstances. If a 
railway is to be economically managed, whether 
owned by companies or by the State, equal mileage 
rates will not do it. On the other hand, these will 
create monopolies for traders oe to lar, 
towns at the expense of such towns, use handi- 
capping the corresponding traders further removed 
from the towns. 

Another phase of the subject on which light is 
required is the relation of the worker to the rail- 
way company. It is true that the terms of refer- 
ence to the 1 Commission exclude the subject 
of the *‘ conditions of employment,” but economy 
in railway management involves so intimately the 
question of duplication of lines between, and of ter- 
minals in, large towns, and of agencies for the collec- 
tion of traffic, that the labour question cannot be 
entirely ignored. If railway rates for freights and 
passe are to be decreased, economies must be 
eff , since the present profit must be maintained 
to enable the State to meet capital obligations. 





At the present time, the proportion of net earnings 
to capital involved in the railways is only 3} per 
cent. Reduced gross revenue must be counter- 
balanced by reduced expenditure. On the other 
hand, the labourist welcomes the idea of national- 
isation only because he thinks it will lead to 
increased wages, reduced hours of labour, and other 
advantages. It is difficult to understand how these 
conflicting conditions can be brought abcut, unless 
by the elimination of duplicate services. We have 
used the word “duplicate” because there is no other 
which exactly represents the case, but it is not 
accurate. There are no true parallel railway lines 
in this country. There are railway tracks between 
two great towns, but at isheemesliede points they 
serve more or less important interests; and if one 
or other is closed, or if the services are reduced, it 
follows that the interests at intermediate points 
suffer. What is of greater importance, from the 
point of view of labour, is that the result of any 
such elimination or restriction of services will 
the discharge of men, and on this point the Com- 
mission will, no doubt, throw some light. It may 
be accepted that if any company or combination of 
companies proposed the closing of any such lines, 
the public and Parliament would have something 
to say. At present economy is realised by arranging 
the service between towns on ‘‘ duplicate” lines 
with more rd to the total volume of traffic than 
heretofore. e reduction in the service at inter- 
mediate points is the cause of some of the complaints 
of the present time. With nationalisation these 
disadvantages would be intensified if any effort were 
made to reduce expenses while increasing the wages 
and improving the working conditions generally. 

The only other phase of the subject to which 
reference need be made is that of the shareholder. 
His lot in the past has not been particularly fortu- 
nate, and yet he is entitled to full consideration, 
because without capital railways could not have 
been made, and without railways there could not 
have been national prosperity. No one in any re- 
— position contemplates the nationalisation 
of railways except on an eq itable basis, so far as 
the shareholder is concerned. Indeed, the Prime 
Minister himself has recently recalled the condi- 
tions laid down in the Act ed in 1884, by which 
there was reserved by the Government the right to 
acquire the railways subsequently made, the basis 
being a sum equal to twenty-five years’ purchase of 
the annual divisible profits, estimated on the average 
of the three ing years, — such rate 
did not ex 10 per cent. The presence on the 
Commission of accountants, and others having 
financial experience, will enable some idea to be 
formed, if such is desirable, as to the fair pur- 
chasable price of the railways. It is possible to 
conceive, without any stretch of the imagination, 
that nationalisation might not be disadvantageous 
from the point of view of existing shareholders, 
whose experience in the recent past and whose 
prospects in the immediate future are not en- 
couraging, in view of the Parliamentary exactions 
and labour demands increasing the working costs. 
The total paid-up capital of existing railways is 
practically 130,000,000. Much is said about the 
watering of capital, but, even if we exclude the 
capital which may not be scrupulously regarded 
as actual expenditure on track the total capital 
still remains at over 1200 million sterling. We give 
the latter figure, not because what is regarded as 
nominal capital should be eliminated, for it repre- 
sents in many cases accumulated interest otherwise 
denied to the shareholders at some date or other. 
The nationalisation of railways, therefore, contem- 
plates an expenditure of at least 1,000,000,000/., 
and everyone will await with interest the report of 
the Royal Commission, which must deal with the 
question whether this enormous addition to national 
indebtedness is justified. Nor can the great effect 
it must have on Government securities be lightly 
brushed aside. On the opposite side is only a pro- 
blematic gain in possible reduction of freight rates 
and other advantages for the trader and railway 
services, to be met by the restrictions in traffic, in 
order to limit working charges to meet lessened 
annual receipts. 





POSSIBILITY AND ACTUALITY IN 
ELECTRICITY SUPPLY. 

Neariy three years have since Dr. 
Ferranti, from the presidential chair of the Insti- 
tution of Electrical ineers, recounted his vision 
of a new Britain in which all our power, light and 





heat would be obtained from large electric generat- 
ing stations supplying current at an average price 
of about id. per unit. We need not deal with the 
methods by which Dr. Ferranti “ that a 
selling price of this order seen obtained. 
The general lines of his scheme are well known 
to engineers, or we may refer them to the 
original address.* It suftices to say that the scheme 
was technically consistent, and that although 
visionary, was in no way absurd. Indeed, in as 
far as the realisation of the benefits of Dr. 
Ferranti’s proposals would depend on the work of 
engineers, it is safe to say that, given the assumed 
conditions of working, they would be prepared 
to-day to construct plant and stations not differing 
greatly in efficiency from the ideal of the vision. 
We need hardly say that the benefits of centra- 
lised electric supply were not first brought to the 
notice of engineers and the publicin Dr. Ferranti’s 
address of 1910. The address, in fact, practically 


be | assumed these benefits as a postulate. Its value 


lay in the detailed and consistent scheme it pre- 
sented for the realisation of those benefits to the 
maximum extent which seemed possible in the 
light of modern knowledge. The value of centralisa- 
tion in electrical work has been recognised for 
many years, and as long ago as 1898 a joint com- 
mittee of the House of Lords and House of 
Commons, dealing with the matter, made recom- 
mendations, which, in 1900, resulted in statutory 
powers being given to several companies for the 
supply of electric current over very large areas. It 
may quite fairly be said that, apart from special 
circumstances, the case for the centralisation of 
power supply is so well made nowadays that no 
one with any knowledge of the subject, engineer or 
layman, would dream that the matter was open 
to argument. 

With the benefits of centralised supply admitted 
by engineers and the business world, and set forth 
in the colours of a new age by the genius of Dr. 
Ferranti, it might be assumed that the nation and 
those who rule it would be found making some 
effort towards the realisation of those benefits. 
Or if it be that Parliament is too busy with 
what it may hold to be graver matters, it might 
at least be expected that some of our large 
towns or manufacturing areas would make some 
effort towards the obtaining of those benefits for 
themselves. Instead of this what does one find / 
Not any general and widespread attempt to amalga- 
mate some of the numerous small supply systems of 
the country, but instead a continual individual 
extension of our 350 or so public stations, some 
40 per cent. of which are of less than 1000 kw. 
capacity. It is not that an example is wanted to 
show the benefits which may accrue to a locality 
from centralisation. One has but to think of the 
value to the North-East Coast of our most success- 
ful power company, which in ten years has in- 
creased the power supply in its’ area by over 3200 
per cent., and has added enormously to the pros- 
perity of its district. We minimise in no way the 
ability and energy which have directed the power 
companies of the North-East Coast, but it cannot 
be supposed that the difference between their 
increase of 3200 per cent. and the 433 per cent. of 
the whole of the country over the same period is 
to be put down only to ability of the personnel of a 
particular directorate. 

An interesting essay on British political methods 
might be written on the text of the possibility and 
actuality of our electricity supply. We will not, 
however, attempt it, but will content ourselves 
with the simpler task of pointing out some of the 
immediate causes of the backwardness of power 
supply on a large scale in this country. The poli- 
tical methods which dictate these causes we must 
pass over. Our task, a simple one, is rendered 
still simpler by the fact that it was done for us by 
Mr. C. Vernier in his inaugural address to the 
Newcastle Local Section of the Institution of 
Electrical Engineers, on the 20th inst. Mr. 
Vernier’s address was an unusually able one, and 
we are glad to quote from it. He pointed out 
that although the power companies have received 
powers to —— over large districts, the larger 
towns and industrial centres in those districts 
are usually excluded from the area of supply, 
while supply in bulk in the areas of other under- 
takers is usually made subject to their consent. 
Further, power supply on a large scale prac- 
tically always necessitates the running of over- 





* See ENGINEERING, vol, xc., page 712. 
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head wires, and yet such wires cannot be run 
without the consent of the local authority. In the 
case of a statutory supply company this consent is 
necessary even if the wires are erected entirely on 

rivate land. This latter state of affairs is amazing 
in view of the fact that a private individual or a 
non-statutory undertaker can run wires not only 
over private land, but even over public streets, 
without reference to anyone. This latter power 
may be curtailed by special local bye-laws, but 
such bye-laws are in existence in but very few 
places. Another difficulty under which the power 
company labours is that they have no statutory 
authority to acquire way-leaves for their wires over 
private land, and must content themselves with 
negotiating with private owners, who may suggest 
impossible conditions or even refuse a way-leave 
altogether. 

As the North-East Coast power companies have 
now 170 miles of overhead line, chiefly working at 
20,000 volts, it will, perhaps, appear that difficulties 
with land-owners and local authorities are not 
insuperable. We do notsuggest that they are, but 
they may, none the less, be a serious hindrance to 
electric development. Mr. Vernier stated that 
the North-East Coast companies had been specially 
fortunate in the fact that the land in their dis- 
trict was mainly in the hands of large private 
owners, whose interests were so intimately bound 
up with the industries of the districts that they 
had put no unnecessary restrictions in the way 
of the arrangement of way-leaves. To difficulties 
with way-leaves and the vetoes of local authori- 
ties, still other artificial hindrances to the spread 
of bulk supply must be added. For instance, a 
combination between two electric supply com- 
panies for the peapene of cheaper operation and 
the improvement of their load-factor is forbidden, 
as is a similar combination between a supply 
company and a local authority working under a 
Provisional Order. Even the supply from a single 
station to two districts scheduled under separate 
Provisional Orders, but operated by a single com- 
pany, is illegal without special liamentary 
authority. Finally, in dealing with the causes 
hampering development, one must not omit the right 
of purchase possessed over all companies, other 
than the power companies, by the local authorities. 

The various restrictions and regulations which 
hedge supply companies doubtless owe their origin 
ir the main to the idea that electricity supply is a 
form of public service which should be more or 
less under the direct control of public authorities. 
The soundness, or otherwise, of this point of view 
we are not arguing for the moment, but it is very 
pertinent to point out that if our public bodies 
use their powers to hamper the private development 
of a service of the first importance to the com- 
munity, it is only reasonable to expect that they 
should foster it under public auspices. Were 
this fairly done, the ultimate benefit of the country 
might equally be served. Unfortunately, one 
sees little attempt in any such direction. The 
spectacle of me towns of a few thousand inhabi- 
tants, each running its own power-station, with a 
load factor of 15 per cent. or so, and a works 
cost of say, 1.5d. per unit, shows no signs of 
coming to an end. e Electric Lighting Act of 
1909 affords facilities for the combination of a 
number of local authorities for electric supply, 
so that one fairly large and efficient station may 
replace half adozen or so small and inefficient ones. 
But of so little value has this facility been, that Mr. 
Vernier can only quote a single instance of such 
combination— that of the Stalybridge, Hyde, 
Mossley, and Dukinfield Joint Board—and we cer- 
tainly cannot add to the number. 

The eyes of our municipal authorities might well 
be directed to some work being done in Germany 
im connection with this matter. Mr. Vernier 
pointed out that electric su ply in that country 
developed on fairly similar aA to that of this 
country, in that many of the local authorities 
established their own works. To such an extent 
was the matter carried by small towns that in 
1909 it was estimated that 80 per cent. of the 
municipal works were of less than 500-kw. capacity. 

e inefticiency of this method of working is, how- 
ever, being recognised in some quarters, and the 
co-operation of municipal authorities is being | 
secured towards the buying up of municipal under- 
takings by power companies. In many cases the 
municipality is given a financial interest in the 
company, either in the form of ordinary or pre- 





ference stock. In some instances groups of 


urban and rural authorities hold as much as 40 or 
50 per cent. of the stock of the company. In 
all such arrangements the municipalities are 
directly represented on the boards. The town 
of Strasburg forms an interesting example. It 
takes the whole of its supply from a power 
company, which also supplies some seventy com- 
munes in Alsace-Lorraine. The town holds a large 
number of shares in the company, and in 1909 
received dividends amounting to about 38,000/., 
which, after deducting 4 per cent. interest on 
invested capital, left 21,000/. for the relief of 
local taxation. Two examples from the United 
States, given by Mr. Vernier, may also be quoted, 
although perhaps they will not appeal so directly 
to our municipal authorities. The Public Service 
Corporation of Northern Illinois supplies 46,000 
consumers in 150 communities, whose combined 
population is only half a million, distributed over 
a tract 150 miles long. The variable nature of the 
load results in a load-factor approaching 70 per 
cent. In the same State the Central Illinois Public 
Service Company is gathering into one management 
and system the electrical requirements of rural 
districts no less than 350 miles radius, and con- 
sequently larger than the United Kingdom. The 
area has a population of only a quarter of a million, 
and ninety small local —— stations will be 
replaced by a small group of modern central 
stations. If work of this class can be carried out 
in such sparsely-populated districts, how much 
more easily could it be done in our country, the 
density of whose population is 214 times that of 
the United States ? 





THE BENEVOLENT FUND OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Benevolent Fund of the Institution of 
Mechanical Engineers is now, we are glad to say, 
fairly launched, and an account of the formal pro- 
ceedings at the first public meeting held in connec- 
tion with it will be found on page 578 of our 
present issue. It now remains for members of 
the Institution to give to this Fund all the encou- 
ragement and support which it deserves. There 
is little need for us to enlarge on the value of 
such a fund, and our only excuse for doing so 
lies in the fact that human nature is apt to be 
somewhat dilatory in these matters. The actual 
need may be indisputable and undisputed, yet 
the support required is often only tardily forth- 
coming. Funds of this kind are always some- 
what slow in making headway at first; but we 
believe that members of the Institution of Metha- 
nical Engineers, now that they feel this fund is 
actually in being, will support it with all the 
cordiality and warmth of good feeling which is so 
characteristic of that body. 

The vicissitudes of life are, as is well known, 
apt to trip up even the ablest men. Matters 
beyond one’s control may, after years of success, 
reduce to a heap of ruins, at one blow, the little 
structure we have so laboriously raised. We do 
not wish to be pessimistic; and, fortunately, it 
is given to many men to enjoy in their latter 
days the well-won fruits of honest effort. To 
some, however, things fall otherwise. There is 
not one of us who, looking forward at the 
hazard of life, would not feel relief at the know- 
ledge that adversity, if it should come, might 
be softened by the kindly action of the pro- 
fessional brotherhood. We insure life to remove 
some of the anxiety which would fall on our 
immediate relatives in case of catastrophe to our- 
selves. A benevolent fund, such as that which is 
now being established, stands, if anything, for 
something better. It carries one beyond one’s 
own affairs. Its scope is wider, for it includes, so 
to speak, insurance, but covers also the privilege 
of helping the brother in adversity. It represents 
the neighbourly action of the Good Samaritan, 
and, as such, it is worthy of all commendation, but 
more especially still because it applies to those who 
are bound together professionally. 

Members of the Tstitution of Mechanical Engi- 
neers, holding ideals to a large extent in common, 
are treading similar, if not the same, paths, to the 
same ends. The Benevolent Fund should materi- 
ally strengthen such ties by linking together the 
supporters and beneficiaries. We cordially hope, 
therefore, that members will appreciate at once 
the advisability of extending generous support to 
this most commendable movement, so that the 





Committee of Management may not be straitened 
in its kindly offices. 

It is considered by the Committee that it is 
highly desirable that a capital sum of at least 
10,0002. should be raised to the scheme on a 
firm financial footing, and already about 4000I. 
has been promised by less than one hundred con- 
tributors. Considering that the Institution of 
Mechanical Engineers now numbers well over 
6000 members of all classes, there should be no 
difficulty in raising the sum desired. Of course, 
substantial donations will be welcomed, but the 
case is one in which the moderate, or even small, 
contributions of the many will effectively carry 
out the spirit of the scheme. 

It goes without saying that it is the intention 
that the Fund shall be handled in a way which 
will ensure strict privacy regarding the cases dealt 
with. At the meeting of the Institution held on 
Friday last, the President made an earnest appeal 
to members to help the Fund, and we repeat our 
hope that members will not be backward in provin 
in a practical way that the confidence with whic 
the scheme was inaugurated was not misplaced, 
and that it may be accorded the excellent send- 
off which it deserves. In conclusion, we may add 
that Mr. Edgar Worthington, the Secretary to the 
Institution, is the Honorary Seoretary to the Fund. 





THE FUEL, LIGHT, AND POWER 
EXHIBITION AT SHEFFIELD. 
WHATEVER may be the opinion in the city itself, 
Sheffield is by the country in general certainly 
as one of our smokiest towns. It is possible 
that this general opinion does the place some 
injustice, since although in the past there was 
much to warrant it, we believe that great im- 
provements have been made in recent years, largely 
owing to the activities of a local branch of the 
Smoke Abatement League. Clearly a town sur- 
rounded by hills and engaged in the types of 
manufacture for which Sheftield is famous, cannot 
well be other than more or less smoky; but 
to say this is not to suggest that much im- 
provement is not possible over the standard of 
to-day. In virtue of tho large number of small 
works in the town, it is probable that a well- 
directed campaign might do much to reduce smoke 
by: bringing about the substitution of electric 
motors and gas-engines and furnaces for small 
steam plants and small furnaces fired with solid 
fuel. ith gas at 1s. per 1000 ft. and electric 
power at 4d. per unit plus 10 per cent. per annum 
on the ratable value of a house, it should also be 
ible to do much to eliminate the domestic coal 
re which in all towns contributes so largely to the 
smoke trouble. 

It was, we imagine, chiefly with the idea of direct- 
ing the attention of small manufacturers and house- 
vo Poe to the advantages of electricity and gas that 
the Sheffield Branch of the Smoke Abatement 
League, in conjunction with the Sheffield Health 
Association, organised the Fuel, Light, and Power 
Exhibition which was opened at the City Exhibition 
Hall on the 24th inst. The title of the Exhibition 
is certainly comprehensive, and it may be that it is 
intended to cover much more ground than that we 
have suggested. If this is the case, however, it 
has hardly succeeded. The Exhibition is com- 
paratively small, and its display of engineering 
appliances is eked out with wedding-cakes, baby- 
carriages, and other miscellaneous matter which we 
have a difficulty in thinking can fairly be classed 
as either fuel, light, or power. Within its own limits, 
however, the Exhibition contains a fair amount of 
material, the adoption of which on a more extended 
scale than at present obtains might do much 
towards the solution of the smoke problem in 
Sheffield. With the more purely domestic exhibits 
we cannot deal in detail, since not only are the 
somewhat outside our range, but are also to an engi- 
neer of no great novelty. No doubt, however, the 
ordinary householder may learn much from them. 
One of the best exhibits of a purely domestic class 
is certainly that made by the City of Sheffield 
Electric Supply Department, which has a fine stand 
containing electric stoves, ovens, irons, &c. Other 
exhibits of the same class are shown by many 
makers of gas-fires, &. 

From an engineering point of view, the only 
branch of work well represented is that of boiler 
furnaces, stokers, superheaters, and kindred appli- 
ances, which are exhibited on some half-dozen 
stands. From among material of this class, we 
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may mention the Whitehead patent furnace, which 
is exhibited by Messrs. Whitehead Brothers, 
Limited, of Springfield Iron Works, Farsley, near 
Leeds. In this, angular section fire-bars are used, 
which lie across the grate, and overlap one another 
by about lin. An inclined is formed 
between successive bars in such a way that the air 
which is drawn in below the bars by means of steam 
jets passes upwards through the fire in the direction 
of the chimney. It is claimed that the overlapping 


stoker, is suitable for steady loads and ordinary 
bituminous fuels. It is claimed to be absolutely 
smokeless under fair conditions. The sprinkler 
coking-stoker has a wide sphere in places where 
the stoker would not be suitable, and can deal 
effectively with such fuels as fine slack, smudge, 
coke-breeze, wood-mush or saw-dust. A cross-sec- 
tional general arrangement of the ‘‘ Koker” stoker 
is given in Fig. 1, while a detail of the feeder 
mechanism to a larger scale is shown in Fig. 2. The 





bars allow very small fuel to be efficiently burnt, 





ram, as will be seen from this latter figure, is of the 
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without any of it falling through, and that the in- 
clined air-passages prevent blow-pipe action due to 
holes in the fires. 

Messrs. Meldrums, Limited, of Timperley, Man- 
chester, have a good display, including boiler- 
furnaces fitted with coking and sprinkling-stokers, 
and an example of their forced-draught furnace. 
We illustrate the coking and sprinkling-stokers in 
Figs. 1 to 4, cummed. Messrs. Meldrums fit 
one or other of these t of stokers, depending 
on the conditions of working and fuel available in 
connection with any particular installation. The 


coking-stoker, or, as the makers call it, the ‘‘ Koker” 





with self-cleaning bars, and the arrangement is 
indicated in Fig. 1. Each bar consists of a frame, 
open top and bottom, and filled in on the top side 
by small bars, placed lengthwise on the frame. 
These small bars are interlocked, so that it is 
im ible for them to become displaced, but any 
individual member of these surface-bars may be 
renewed at a trifling cost in case of damage. The 
sliding of the bars is brought about by cams on a 
shaft carried across the front of the grate, and 
owing to the multiple-frame system adopted, six 
cams only are required for the whole grate. The 
cams are interlocked with each other, so that it is 
im ible for the cycle of movement of the bars 
to be interfered with. The grate shown in Fig. 1 
is fitted with forced draught, and in this respect 
does not correspond with that shown in the Exhibi- 
tion. Forced draught can, however, be fitted to 
any stoker. 

The sprinkler stoker is shown in Figs. 3 and 4. 
Fig. 4 is a photographic view of the feeding mecha- 
nism, while Fig. 3 is a cross-section of the complete 
apparatus. The arrangement is a very simple one, 
and the feeding mechanism has but two moving 
parts. These, which are well shown in Fig. 4, 
are the measuring-valve which controls the supply 








| rocking type, which is claimed by the makers to have 


advantages over a sliding-ram from the points of 
view both of power used and wear and tear. The 
travel of the ram, and consequently the rate of 
feed of fuel, may be varied from zero to full travel 
while the stoker is running by altering the position 
of a peg in a quadrant. e arrangement of the 
coking-plate will be seen from Fig. 1. It is flat 
on the grate, and is convenient for hand-firing 
when starting up. The arrangement of the hopper 
and its regulating-slide will be clear from the 
figures. 

The furnace shown at the Exhibition is fitted 


of fuel from the hopper, and the distributor or 
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beater which revolves rapidly and delivers the 
fuel on to the grate. The situation of the measuring- 
valve in the base of the hopper can be seen from 
Fig. 3. A deflector is fitted above the beater, 
by means of which the fireman is enabled to direct 
the fuel on to any part of the grate. The deflector 
can be seen between the measuring-valve and 
beater in Fig. 4, but is better shown in Fig. 3. 
Fig. 4, however, clearly shows the external crank 
and rod by which the fireman alters the inclination 
of the deflector, and so the distribution of the fuel 
over the fire. Fig. 3 shows a grate with self- 
cleaning bars similar to that in Fig. 1, but the 
sprinkler grate at the Exhibition is actually fitted 
to a grate with fixed-on bars and a forced-draught 
system. The sprinkler stoker is, of course, applic- 
able to either type of grate. A further exhibit of 
Messrs. Meldrums is a new form of smoke-consum- 
ing bridge intended for Lancashire or other boilers. 
The bridge is of cast iron, and introduces air into 
the furnace through its top side. It operates on 
the regenerative principle, the heat from the fire 
imparting a high temperature to the air before it 
meets the unburnt gases _ over the bridge. 
The air supply is induced by a steam jet,.and the 
high temperature of the air is attained by causing 
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it to flow round one seme and against internal 
ribs on the bridge-walls. The steam supply is, of 
course, under control, since if more air than is 
necessary for combustion were allowed to pass, the 
efficiency of the boiler would be lowered. It is 
claimed that the apparatus will render any boiler 
smokeless. 

Other boiler exhibits are made by the Triumph 
Stoker Company, Limited, of Leeds, who show 
their sprinkler-type stoker, and Messrs. Babcock 
and Wilcox, Limited, of Renfrew, who have a stall 
containing one of their chain-grate stokers. The 
general lines of both these appliances are well 
known. Among other boiler matter we should 
refer to the superheater exhibited by Messrs. T. 
Sugden, Limited, of 180, Fleet-street, London, 
E.C., but which we need not describe, as we have 
dealt with it on more than one occasion. We 
should, however, mention an interesting magni- 
fying thermometer, also exhibited by Messrs. 
Sugden. It is intended for superheater work, and 
is made in standard ranges up to 700 deg. Fahr. 
The thermometer tube has a rectangular lens 
fixed in front of it, so that, seen from a distance, 
the scale and mercury columns are magnified to a 
large size. Arrangements are made for mounting 
an electwic or other lamp behind the thermometer 
when necessary. The instrument is likely to be 
useful in many cases of superheating work in which 
the thermometer has to be placed in a position 
which is awkward for reading. 

Among firms showing appliances for the boiler or 
engine-room we should mention the Lea Recorder 
Company, Limited, of 32, Deansgate, Manchester, 
and Messrs. Verdon, Cutts and Co., of Town Hall 
Chambers, 87, Fargate, Sheftield. The Lea Recorder 
Company show their well-known V-notch water- 
meters, which we have already fully described in our 
columns, and need not at present deal with further. 
Messrs. Verdon, Cutts and Co. show a very com- 
plete and interesting collection of water-meters, 
CO, recorders, pressure and vacuum recorders, 
calorimeters, &c., made by Messrs. Alexander 
Wright and Co., Limited, of 1, Westminster Palace 
Gardens, Victoria-street, London, 8S.W. The CO, 
recorders are of the Simmance and Abady type, 
while the calorimeters are of the ‘‘ Roland Wild” 
bomb type, and are fitted either for hot wire or 
electric firing of the mixture of powdered fuel and 
sodium peroxide in the bomb. Different instru- 
ments are also exhibited, arranged either for hand 
stirring of the water surrounding the bomb, or 
fitted with a clockwork driven paddle. 

The Alexander Wright water-meter, shown by 
Messrs. Verdon, Cutts, is of considerable interest, 
and we give three illustrations of it in Figs. 5 to 7, 
annexed. The instrument, which is known as 
the ‘* Precision” meter, is of the weir type, but 
differs in an essential feature from meters with 
a V-notch weir. In such instruments the discharge 
of water over the weir depends upon the square 
root of the head of water at the weir. Asa result, 
some mechanism has to be incorporated in the 
measuring part of the meter to translate the square- 
root law, under which the float moves, into a 
straight-line law for the pencil, so that the output 
curve which is produced may be read off from a 
uniform scale. This mechanism necessarily compli- 
cates the design and adds to the expense of the 
meter. In the ‘‘Precision” meter the necessity 
for this mechanism is avoided in a simple and 
very pretty way. Instead of incorporating the 
square-root correction into the measuring appa- 
ratus, it is incorporated with the weir. hat 
is to say, the weir is made of such form that the 
discharge becomes a linear function of the head of 
water over the bottom of the weir. From this it 
immediately follows that the recording pencil can 
simply be fixed on the float-rod and, working 
against a revolving drum, will produce a correct 
curve of discharge. 

The actual form of weir used, which is known as 
the ‘* Yorke” weir, is shown in Fig. 5, and can 
also be seen in Fig. 6, which illustrates a ‘‘ Pre- 
cision” recording meter. The simplicity of the 
arrangement of the meter will be at once clear from 
this latter figure. The meter in effect consists of 
nothing but a weir chamber containing a float which 
carries a pencil on a vertical rod attached to its 
centre. e pencil moves up and down over a 
paper-covered drum revolved by clock-work and 
traces the curve of output. As will be seen, the 
recording apparatus is covered by a glass case, but 
similar meters are constructed with the mecha- 
nism covered by a metal storm-proof case with a 





glace front, for use out of doors. When it is 
esired to add an integrating mechanism to the 
meter, an almost equally simple arrangement is 
possible to that used for the recorder. This 
arrangement is shown in Fig. 7, which illustrates 
an integrating and recording meter. The integrat- 
ing mechanism is similar to that in the meter 
shown in Fig. 6, but it will be seen that a disc is 
added above the clock, which drives the drum. 























Fig, 7. 


This disc, which is of und-glass, makes one 
revolution per hour. Above the disc there is a 
counter, which slides on a horizontal bar, and has 
a driving-pulley which lies on the surface of the 
glass disc. The counter is connected by a cord 
to the top of the float-rod. The cord is carried 
over two pulleys, and is weighted at the free end. 
The operation of the gear will be fairly obvious. 
As the disc rotates it drives the small pulley on 
the counter, so that the counter operates and 
in tes the revolutions of the ge and these 
revolutions correctly represent the flow over the 
weir at any time, since as the flow rises or falls, 





the counter is moved outwards on the disc or 
inwards towards its centre, so that it is correspond- 
ingly driven faster or slower. 

From the workshop point of view gas appliances 
are by no means so well represen at the 
Exhibition as steam plant. There is, for instance, 
but a single gas-engine. This is a 17-brake-horse- 
power Hornsby, which is shown in operation, and 
ae on the stall of Messrs. Roper and Wreaks, 
of Oval Works, 112, Arundel-street, Sheffield. 
Gas furnaces and ovens are also shown only on one 
stand, on which, however, an excellent display is 
made. The stand is that of Messrs. Thomas A. 
Ashton, Limited, of Norfolk-street, Sheffield, and 
the appliances shown are manufactured by 
Messrs. Fletcher, Russell and Co., Limited, of 
Palatine Works, Warrington. We need not 
describe the furnaces in detail, as we dealt 
with several of them in our recent notice of the 
National Gas Exhibition at Shepherd’s Bush. 
Among more miscellaneous matter exhibited we 
may mention the Heenan water-cooler shown on the 
stand of Messrs. Heenan and Froude, Limited, of 
4, Chapel-walk, Manchester. This is the same 
apparatus which formerly went by the name of 
Little’s water-cooler, and which was described 
at the time of the last Olympia Exhibition.* We 
may also mention a good display of transformers, 
motors, and auto-starters on the stall of Messrs. 
W. E. Burnand and Co., of Chippinghouse Works, 
Lowfields, Sheffield. This firm make a speciality 
of transformers, and has supplied some hundreds 
to the Admiralty for wireless-telegraphy work. 
They also build transformers for electric welding. 





THE HALF-WATT LAMP. 

Ir will be generally known to our readers that 
an incandescent electric lamp has been developed 
which gives 1 candle-power of light for an oo 
expenditure of about half-a-watt, as compared wit 
the one watt or one and a quarter watts of the 

resent “tungsten - filament lamp. We referred 
briefly to this matter in our issue of August 29 last, 
when some of the new lamps were exhibited by the 
British Thomson- Houston Company at their London 
office. We understand that the new half-watt 
lamps will be manufactured by a number of the 
prominent lamp firms in the country, and may be 
expected on the market in the course of a few 
months. The importance of this matter, from the 
point of view of the lighting industry, is clearly 
very great. It puts the incandescent lamp prac- 
tically on a level with the arc lamp, as far as current 
consumption per candle-power is concerned, and 
should hasten the remarkable progress that even 
now is being made in the application of the incan- 
descent lamp to street-lighting and similar work. 
Clearly also a half-watt lamp will be a powerful aid 
to the electrical industry in its competition with 
rivals in the lighting tield. 

As we indicated in our previous brief reference 
to this subject, the half-watt lamp is not in any 
sense a discovery, but is a development based on 
a long research definitely undertaken with the 
object of eliminating the factors which prevent the 
present tungsten lamp from being run at a higher 
efficiency to than about 1 watt per candle, One can 
hardly suppose, however, that when the research 
was undertaken it was hoped to produce a lamp of 
double the efficiency of its prototype. is 
remarkable success, nevertheless, owes nothing to 
chance, and is testimony to the ability with 
which the research was conducted. One is glad 
to be able to add that no mystery has been made 
of the matter, and that the engineering public 
has been put in ion of a very complete 
account of the work done. This has partly been 
published in the Journal of the American Chemical 
Society, while a paper dealing fully, but more or 
less briefly, with the whole of the research was 
read before the American Institute of Electrical 
Engineers on the 10th inst. This paper was 
divided into two parts: the first, by Mr. Irving 
Langmuir, dealing with the blackening of tungsten 
lamps and the method of preventing it, and the 
second, by Mr. Langmuir in conjunction with Mr. 
J. A. Orange, dealing with the new lamps which 
have been produced. The paper did not state 
where the work was carried out, but we understand 
that it was done in the laboratories of the General 
Electrical Company of Schenectady. The matter 
is of such interest that the purpose of this article 


* See ENGINEERING, vol. xciv., page 559. 
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is to summarise the main lines and the results of 

the research. 
Beginning with the well-known fact that the 
— tungsten-filament — can be run at much 
igher efficiencies than is usual, but that under such 
conditions the life of the lamp is short, the research 
was directed to the discovery and elimination of the 
causes which lead to the short life. Tungsten- 
filament lamps under normal conditions fail, in 
general, owing to breakage of the filament or black- 
ening of the bulb. In the early days the filament 
breakage was an important cause of failure, but 
with the best modern lamps the blackening of the 
bulb is the chief determinant of the length of life. 
The cause of this blackening, which is, of course, 
also a feature of carbon-filament lamps, has been 
the subject of much speculation. In general it was 
attributed to the disintegration of the filament 
owing to the presence of residual gas in the bulb, 
or possibly to evaporation of the filament. Some 
other authorities, however, considered it to be due to 
the so-called Edison effect—i.¢., to leakage of current 
across the s between the positive and negative 
ends of the filament. In the manufacture of carbon- 
filament lamps it has been found necessary to use a 
high vacuum, otherwise the lamp had a short life, 
owing either to blackening or discharges across the 
ends of the filament. Many years ago attempts were 
made to — blackening by a gases 

a 


into the bulbs, but resulted in complete failure. 
This led to a theory that an inert in the bulb 
t was called 


disintegrated the filament by w 
‘* washing,” the idea being that the rapid cireula- 
tion of the gas actually caused a mechanical disin- 
tegration. This theory, however, was ultimately 
abandoned, and the disin tion was put down to 
an electrical or chemical action of the 

The final result of this early work on the carbon 
lamp was that a high order of vacuum was aimed 
at, and at first mereury pumps were used. Later 
it was found that a sufticiently good vacuum could 
be obtained with mechanical pumps if some red 

hosphorus was introduced into the stem of the 

mps and volatilised just before they were sealed 
off. To obtain good results, however, it was neces- 
sary to heat the filaments at the time of sealing off 
to a temperature much higher than that at which 
they were run normally, while the bulbs had to be 
heated at the time of exhaust to drive off any gas 
condensed on the inner surface. The general 
experience with tungsten-filament lamps confirmed 
that with carbon lamps, and it was found that, to 
obtain the best results, every care had to be taken 
to obtain the best possible vacuum, and the opinion 
continued to be held that the blackening of the bulb 
was due either to minute traces of residual gas or to 
electrical discharges in the lamps. None the less, 
attempts to improve the life of es by obtaining 
a better vacuum than usual were not very successful, 
but the results obtained could not be considered 
definitely to prove anything, since the pressures 
in the bulbs being so low, it was impossible to 
measure them, and there was hence no proof that 
the new methods of exhaust tried really gave a 
better vacuum than older methods. 

In order to tackle the problem set in the research 
with which we are dealing, it was decided to inves- 
tigate,. firstly, the sources of gas within a lamp, 
and, secondly, the effect produced by various gases 
in alamp. To facilitate the work, an elaborate piece 
of apparatus was built, consisting of an improved 
— mercury pump, a sensitive McLeod gauge, 
and a vacuum oven in which lamps could be heated 
and exhausted without being subjected to atmo- 
spheric pressure from without. Provision was also 
made for the introduction of small quantities of 
any gas into a lamp, and for the analysis of ex- 
tremely small quantities of gas evolved within the 
lamp. In dealing with the sources of gas within a 
lamp, the four possible sources were treated sepa- 
rately. The first was the residual gas. It was 
found that the mechanical pumps ordinarily used 

roduced a vacuum of about 0.001 mm. This was 

ken to be the pressure of the non-condensable 
gases left inthe bulb. It was thought, however, 
that in addition there would be some water vapour 
and oil vapour, and, if the filament had n 
lighted during exhaust, some carbon monoxide, 
carbon dioxide, and hydrogen produced by the 
action of the filament on the vapours. It was 
considered that most of these gases were removed, 
or precipitated on the walls of the bulb, by 
the clean-up which occurs when the phosphorus 
is volatilised into the lamp. The work done on 


the estimation of the second source of gas evolved 





from the filament seemed to agree with the 

revalent opinion that metals heated to a very 

igh temperature in vacuum evolve very large 
quantities of gas. It was later proved, however, 
that the gas was not actually evolved from the 
filament, but was produced from the decomposition 
by the filament of water vapour or hydrocarbons 
present at extremely low pressure. It was found 
that the gas evolved from the filament was not 
more than two or three times the volume of the 
filament. The effect of the third source of gas, 
that from the leading-in wires, was found to be 
negligibly small. The fourth source of gas, that 
from the bulb, however, proved to be very im- 
portant. A bulb of a 40-watt lamp, heated to 
200 deg. Cent. for three hours, evolved cub. mm. 
of water vapour, 5 cub. mm. of carbon dioxide, and 
2cub. mm. of nitrogen ; by raising the temperature to 
350 deg. Cent. the figures became 300 m mm., 20 
cub. mm., and 4 cub. mm.; while by further raising 
the temperature to 500 deg. Cent. the figures became 
pot oe mm., 30 cub. mm., and 5 cub. = Fa 
each temperature the gas sto coming off after 
hallendeen, only to begin yas as soon as the 
temperature was raised. The results showed that 
gas given off by all other parts was insignificant as 
compared with that given off by the glass, and that 
the gases likely to be present in an exhausted 
bulb in the order of their importance were water 
vapour, carbon dioxide, hydrocarbon vapour, 
hydrogen, carbon monoxide, nitrogen, and, when 
phosphorus was used, various phosphorus com- 
pounds. 

The second part of the investigation, dealing 
with the effects produced by various gases in lamps, 
was treated in considerable detail in Mr. Langmuir’s 
paper, but we have not space to reproduce the 
matter in this article. Briefly, it may be said that 
water vapour was found to be much the most 
important agent in blackening lamp-bulbs, although 
neither of the constituents of water—i.e., oxygen or 
hydrogen, acting alone, produced any blackening. 
The explanation of the action of water vapour 
seemed to be that coming into contact with the 
filament it was decom , the oxygen combining 
with the filament and the hydrogen being liberated. 
The oxide formed then distilled to the bulb, and 
was subsequently reduced to metallic tungsten 
by the action of the atomic hydrogen. Attack- 
ing the oxide, the hydrogen formed water, which 
again formed oxide on the filament, and the cycle 
was continually repeated with a limited quantity 
of water, so that more and more metallic tungsten 
was deposited on the bulb. The result of all this 
work obviously suggested an attempt to eliminate 
water vapour fens ame bulbs, but with the unex- 
— result that lamps specially exhausted at a 

igh temperature in the vacuum oven gave test 
results but little better than the best lamps made 
under ordinary factory conditions. Finally it was 
decided that the results justified the conclusion 
that the blackening of bulbs of ordinary well-made 
lamps was not caused by imperfect vacuum. To 
conclude the experiments into the cause of blacken- 
ing, many experiments were made to determine if 
the effects were due to the evaporation of the 
filament, and the final conclusion arrived at was 
that ordinary blackening was due to such evapora- 
tion. 

The question of methods of preventing blacken- 
ing was then investigated, and the introduction of 
gases at high pressure was experimented with. 
Although it had been found in the past that the 

resence of a high-pressure gas caused an increase 
in the rate of disin tion of the heated metal, 
yet, assuming it established that in the case of 
tungsten the phenomenon was simply one of 
evaporation, there was reason to believe that the 
presence of a chemically-inert gas would reduce 





When this point was reached it was necessary to 
determine whether the decrease of evaporation of 
the filament was sufficient to off-set the heat lost 
by convection, since in the presence of a gas the 
filament was run at a considerably higher tem- 
perature than in a vacuum to obtain the same effi- 
ciency. A careful study was accordingly made of 
heat convection from filaments at high tempera- 
tures, and it was shown that the heat loss varied 
with the temperature according to a simple function 
of the heat conductivity of the , but that it 
also varied with the diameter of the wire accord- 
ing to a rather complicated equation. The form of 
this equation was such that it was nearly correct to 
say that the heat loss was independent of the dia- 
meter for small wires. The result of this is that the 
heat logs is proportionately much less important for 
large wires than small ones. So much is this so 
that for a 0.001 in. filament in nitrogen it would be 
necessary to run at a temperature of 3000 deg. 
Cent. to give an efficiency of one watt per candle. 
The life of a lamp under this condition would be 
about 20 minutes. With larger filaments, however, 
the convection loss becomes so much less serious 
that it has been found possible to construct lamps 
filled with nitrogen giving an efficiency of 0.40 watt 
per candle and having a life of over 2000 hours. 

The position reached at this stage of the experi- 
ments allowed of the production of the lamps which 
are now available, and which have an efficiency of 
about half a watt per candle. The lamps are filled 
with nitrogen at atmospheric pressure. It will be 
clear, however, from what has been said in reference 
to heat convection from the filaments, that lamps of 
large candle-power only are available, since large- 
diameter filaments are necessary. By winding the 
filament in the form of a spiral, however, an approxi- 
mation to a large filament is obtained with a small 
wire. Small lamps of 60 candle-power or so have, 
however, not yet been produced. The lamps 
likely to be manufactured at first will be of about 
1200 to 1600 candle-power, and will run on 
a fairly low voltage. Lamps of 11() volts, of 
several thousand candle-power, have also been 
made. There is a further point in connection 
with these nitrogen-filled lamps to which we 
should refer. It will be understood that the 
introduction of the nitrogen has not eliminated 
blackening, owing to evaporation of the filament, 
but has so reduced it that the filament may be run 
at a higher temperature while a long lamp-life is 
still retained. The presence of the nitrogen, how- 
ever, introduces a new factor, which has been taken 
advantage of. In vacuum lamps the atoms of 
tungsten given off by the filament travel in straight 
lines and adhere to the sides of the bulb, thus 
darkening the portion through which the major 
portion of the light is transmitted. With nitrogen 
present, however, convection currents make their 
appearance, and the evaporated material is carried 
to the upper part of the bulb. This phenomenon 
is taken advantage of in the new lamps by fixing 
the filament near the bottom of the bulb, so that a 
large upper portion is left available, on which the 
blackening may take place without seriously affect- 
ing the candle-power of the lamp. 





NOTES. 
THe Navat Poticy or CuHrna. 

Tue Chinese Government has decided to make 
another attempt to place their navy on a more 
satisfactory basis, and it is to be hoped that they 
will profit not only by their past experience, but 
also by the example of Japan, which, in a com- 
paratively short time, has built up a very effective 
navy. It is stated that it has been decided to estab- 
lish a naval college at Nimrod Sound, Shanghai, 
and to form a naval base there. There are already 


that evaporation. It had been demonstrated that | naval colleges of a kind at Tientsin, Nanking, and 


a low pressure of any gas, except water vapour, 

did not produce blackening, and therefore did not 

= any disintegration in the ordinary sense. 
x 


Canton, but it is believed that the new proposals 
aim at an institution of a more efficient kind and at 
an increase in the number of training-ships. Nothing 


iments were accordingly made with lamps | has yet been decided about the number of the new 
filled with hydrogen and nitrogen at atmospheric | training-ships, or where they will be ordered ; but 


ceo With hydrogen the loss of heat was 
ound to be so great that a lamp actually required 
17 watts per candle to run the filament at the same 
temperature as that of a 1-watt vacuum lamp. This 
pone, “wea afterwards found to be due to the fact that 
the heat conductivity of hydrogen at high tempera- 
ture was abnormally great. With nitrogen no such 
t loss was found, and it was possible to run a 
mp with its filament nearly at melting point with 
an efficiency as high as 0.24 watt per candle. 





evidently the Chinese now fully recognise the need 
of a navy if they are to maintain their position in the 
world. It will be remembered that after the trouble 
with the French in Annam in 1887 Li Hung Chang, 
among other developments in both the military 
and naval branches of the service, established a 
Board of Admiralty at Pekin, over which Prince 
Ch’un, the father of the Emperor, was appointed 
to preside, and they were fortunate enough to 
secure the services of Captain Lang, of the British 
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Navy, tocommand the northern division of the fleet. 
But neither on this occasion, nor after the war 
with Japan, were reforms regarded seriously, and 
Captain Lang soon found it impossible to work 
with such Chinese officers as had no zeal for 
anything but for filling their pockets, and whose 
ideas of discipline were of the vaguest nature. 
Captain Lang got the northern fleet into some- 
thing like order, and it displayed its sea-going 
qualities by a successful cruise, during which the 
ports of Saigon, Singapore, and Manila were 
visited, and outwardly, to all appearances, matters 
were going smoothly. But for a long time Cap- 
tain Lang had to contend with impertinences 
and insubordination, which he was only able to 
combat with tact. In the harbour of Hong 
Kong a glaring case of disrespect and insubordina- 
tion occurred, and this being reported to Li 
Hung Chang, he failed to support Captain Lang, 
and, indeed, made light of the affair. Captain Lang 
romptly resigned his commission in the Chinese 
avy, which was allowed to drift into inefficient 
ways, with the result that four years later, in the 
battle off the Yalu River, the northern fleet entirely 
disappeared, some of the vessels being sunk and 
the others captured by the Japanese. A great deal 
has happened since that time, and it is to be hoped 
that the Chinese authorities have become wiser. 


Panama CANAL AND THE PacirFic Coast. 


In a recent issue (see page 369 ante) we directed 
attention to the effect of the Panama Canal on 
Far Eastern trade, and pointed out that, among 
other things, the opening of the Canal will make 
the competition between British and American 
manufacturers keener than it has been. Although 
water has now been let into the Culebra Cut, it 
will probably be some time before lar inter- 
oceanic navigation can be established. The effect 
of the Canal on the railways of the United States 
is, however, even now being eagerly discussed. It 
is pointed out that at present the great majority of 
the emigrants from Europe never get very far from 
the ports on the east coast, but that with the opening 
of the Canal there is likely to be a considerable 
diversion of this traffic from Europe to the western 
coast of North America. This will mean that the large 
western areas, which are now s ly populated, 
will become more closely settled, and a large rail- 
way traffic will be developed in the Western States 
between the seaboard and the interior, and also 
between interior points. Therefore, although the 
railways may suffer in regard to the through traffic 
from coast to coast by reason of the competition of 
the Canal route, the loss will later, as the Western 
States feel the effect of the new emigration, be more 
than recouped by the enhanced local trade which 
will result. This view is now ised by the 
managements of the great trans-continental lines. 
These lines traverse large areas which are at present 


practically waste lands, but they will feel the effect | "8 


of any impetus given to the Pacific Coast trade by the 
opening of the Canal. The Japanese, as usual, are 
quite alive to the changes which are proceeding in the 
conditions affecting both railways and shipping, and 
the manager of one of the larger shipping lines 
recently been in the United States investigating 
this matter. With others he has come to the con- 
clusion that it is not likely that the itine: of 
passenger lines from Europe to the Far East will be 
transferred from the Suez to the Panama Canal route, 
because most of the lines trading between Euro 
and the Far East by the Suez route touch at valu- 
able og on the waysand tap the Indian trade, 
and also because it is only the northerly points of 
America that will be brought nearer by the Panama 
Canal. The larger Japanese shipping lines will prob- 
ably inaugurate cargo services Senthaee to Japan 
through the Canal, and also, perhaps, from New 
York to Japan. The most important effect of the 
new route, however, is likely to be the develop- 
ment of the Pacific Coast of North America. e 
Pacific Coast of South America will also benefit. A 
roportion of those vessels which at present trade 
tween Europe, the West Indies, and the Gulf of 
Mexico will also probably pass through the Canal 
to the ports on the western coast of North America. 





LicHT gee ag AM Board - Trade ~~ reves 
revised rules with respect to applications to the Light 
Railway Commissioners under the Light Railways Acts, 
1896 and 1912. Copies of these rules can be purchased, 
either directly or through the usnal agents, from Messrs. 
Wyman and Sons, Limited, Fetter-lane, Fleet-street, 
London, E.C. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 15. 
Since October 1 orders for steel rails foot up 115,000 
tons, and orders are pending for at least one half-million 
tons, to say nothing of pending inquiries for almost 
50,000 tons of structural material for bridge-work and 
general construction. Locomotive orders for the past 
week foot up forty-five, including twenty ‘“‘ Mikados.” 
There were no orders for cars, which is rather sur- 
prising. The steel trade is marking time, and many 
mills are almost out of orders. ose attention is 
being given to the possible imports of iron and steel. 
No orders have been placed abroad. In bars, plates, 
and shapes prices are held at old figures. Inquiries 
are being made across the water as to prices for 
delivery at tide-water. There is no point on the 
Pacific coast at which foreign sheets can be deli- 
vered cheaper than domestic. Prices for steel pro- 
ducts in car lots and larger from the mill to buyers 
are held at old quotations. Thus far the new 
tariff law has made no impression. American makers 
are prepared to make any concessions which may 
be necessary to protect their business. Pig-iron 
roduction is maintained at the full summer average. 
n fact, the total iron output for September was the 
largest ever ordered for that month. The Steel Cor- 
poration is booking business at the rate of 31,100 tons 
a day, with a capacity for delivery of 40,000 tons, 
and has still orders for 5,000,000 tons on its books 
calling for delivery from five to nine months ahead. 
Independent mills are holding their own finally, and 
will make no move until forced by absolute evidence 
that mill quotations can be underbid by European 
makers. The volume of available money is equal to 
all requirements. Crop conditions are uniformly 
favourable ; at least conditions have been so thoroughly 
discounted that there is no room for disappointment. 
Great activity still prevails in low-grade Ps iron for 
cast-iron pipe. The production of coke and anthracite 
iron for September was 2,505,927 tons; or at the rate 
of 83,531 tons per day. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and foreign 
gona, projects, taken from the Board of Trade 
Journal, Further information concerning these om 
can be obtained from the Commercial In: ce Branch 
Board of Trade, 73, Basinghall-street, London, E.C. _ 

New Zealand: With reference to loans for street im- 
provements, &c., in Dunedin, the Imperial Trade Corre- 
spondent in that city reports that the ratepayers of the 
borough of St. Kilda, a suburb of Dunedin, have given 
their consent to the proposal to borrow a sum of 25,000/. 
for road construction. 

Egypt: A London firm of merchants, aquevting engi- 
neers’ stores, and also confectionery, provisions, leather 
goods, soft goods, &c., is shortly sending the manager of 
1ts tian department to make an extensive tour 
embracing Port Said, Port Sudan, Suakim, Khartoum, 
and the surrounding districts, and staying at Cairo, 
Alexandria, &c., on the return journey. The firm would 
be glad to get into touch with United Kingdom manu- 
facturers desirous of establishing or increasing their trade 
with Egypt and the Sudan. Communications - 
i this particular inquiry should be add to 
the Statistical and Information Department, London 
Chamber of Commerce, Oxford-court, Cannon-street, 
London, E.C. 

France: The British Vice-Consul at Nantes reports 
that tenders are invited by the Prefecture of the Depart- 
ment of the Loire-Inférieure for the construction of quays 
on piles in Nantes Harbour. Sealed tenders, made out 
on stamped paper, will be received by M. le Préfet de la 
Loire-Inférieure, Nantes, up to 5 p.m. on November 7. 
The estimated value of the contract is put at 1,800,000 
francs (72,000/.), and a deposit of 27,500 francs (1100/.) is 
required to qualify any tender. representation is 


Portugal (Azores): The Nachrichten fiir Handel, Berlin, 
states that a group of English, French, and Portuguese 


financiers is trying to obtain a concession, which was | },, th, 


ven up in May of this year, for improvements at the 
bour of Horta. The syndicate pro to complete 
the works at the artificial harbour at Horta, which is to 
be supplied with the latest improvements, to build a 
harbour for warships in the Bay of Porto Prin, with work- 
shops and coal dépéts, to erect a meteorological and 
seismometric observatory and also a wireless telegraph 
station powerful enough to transmit and receive messages 
over @ distance of miles. 
Italy: The Gazzetta Ufficiale, Rome, announces that 
tenders will be opened by the Italian State Railways 
Authorities, Rome, on November 15, for the construction 
of the sixth portion of the Minturno-Naples section of 
the direct line in course of being laid between Rome and 
Naples. The upset price is ae at 3,900,000 lire (156, 000V. ). 
Tenders were opened on October 28 by the Signor Pre- 
fetto Commissario Civile, R. Prefettura di Potenza, 
Potenza, for the laying of water-mains, with the object 
of providing drinking-water for the inhabitants of Tolve. 
The upset price is put at 58,550 lire (2342/). Altho 
the f ing two contracts will probably be awarded to 
Italian firms, the carrying out of the work may involve 
the purchase of materials outside Italy. 
Netherlands: H.M. Minister of the Hague has forwarded 

a copy of a report (in English) regarding the scheme for 





reclaiming a portion of the Zuyder Zee, which has been 
drawn up by the Zuyder Zee Association. It is 
to construct an culeuhenn, 293 km. — 182 miles) 
Heil i co P odeepehior, * Wierinee 
wijksluis (Anna Paulo , via Wieringen, to 
Piaam (Friesland). A roadway and a double railway line 
will run along thisembankment. Within this em - 
ment four areas, mostly composed of clay or ane clay: 
will be drained with a total area of 211,830 hectares (523, 2 
acres), or 207,200 hectares (511,784 acres) excludi 
dykes, roads, &c. A large freshwater lake wi 
an area of 145,000 hectures (358,150 acres) will be 
left inside the embankment to serve as a storage reser- 
voir for the quantities of water flowing in from 
the Ijeel and o rivers, when high tides prevent the 
discharge of water from the lake to the sea through the 
sluice-gates in the canal which is to be dug through 
Wieringen. There will be thirty-three sluice-gates in 
this canal, besides two locks, a large one and a smaller 
one, for the traffic. Canals for navigation and for the 
regulation of the water-level will be dug along the coast 
in North Holland, Gelderland, and Friesland. The esti- 
mated cost of the work is 189,000,000 gulden (15,750,000. ), 
exclusive of interest, and it will take thirty-three years 
to complete. The embankment will take nine years to 
construct. By the end of the fourteenth year the first 
land will have been reclaimed, and in the seventeenth 
year portions of the land, fit for habitation and cultiva- 
tion, should be offered for sale. 

Russia: With reference to the peepee harbour im- 
provements at Vladivostock, His Majesty’s Commercial 
Attaché for Russia reports an announcement that the 
Mercantile Ports Department of the Russian Ministry 
of Commerce invites tenders for the widening and 
improving of Vladivostock Harbour. Particulars of the 
latest date for receiving tenders and of the conditions of 
contract will be published in due course. The total cost 
of the projec’ works is estimated at about 582,000/., 
and includes iand reclamation and the construction of 
quays, piers, &c, A further sum of about 50,3002. is to 
be — on wens soemntee and floating apparatus. 
By the terms of the law authorising this expenditure, the 

Linister of Commerce is allowed to place the contract 
with either a Russian or a foreign firm, as he may con- 
sider most advan and expedient. H.M. 1 
at St. Petersburg reports that the municipal authorities 
of that city have concluded arrangements for the raising 
of a loan of 66,500,000 roubles (about 7,020,000/.) for the 
construction of new tramway lines, the erection of 
hospitale, the installation of water-supply systems, the 
repair and renewal of filters, work on bridges, &c. Only 
28,000,000 roubles (about 2,955,500/.) are to be realised at 
—, and it is understood that the greater of that 
sum will be devoted to tramway extension, bridge con- 
struction, and water-supply works. 

Hayti: H.M. Chargé d’Affaires at Port-au-Prince 
reports that the official Moniteur announces the grant by 
the Haytian Government of the following concessions :— 
1. To Mr. D. St. Aude for the construction of a rein- 
forced-concrete wharf at Port-de-Paix, provided with a 
double railway-line and puvipmant for weighing and 
handling 2. To Mr. G. Desrosiers for the con- 
struction of a similar wharf at Cape Hayti. H.M. 
Chargé d’ Affaires also reports that a concession is said to 
have been granted for the installation of a telephone 
service at Port-au-Prince, but details are not yet available. 
Other laws have been granting large credits to the 
Department of Public Works for the repair of the tele- 
graph system, the construction of a water-supply system 
at Petit Gofive, and the construction of an archbishop’s 

ace and cathedral in reinforced concrete at Port-au- 

rince, at a cost of 12,0007. 

Bolivia ; H.M. Legation at La Paz reports that tenders 
for the construction and ae of the proposed rail- 
jon between La Quiaca piza will be received up 
to 3 p.m. on December 30, at the Ministerio de Gobierno 
y Fomento, La Paz, where further iculars may be 
obtained. A bank guarantee of 100,000/. must accompany 
each tender. All materials, machinery, and tools de- 
stined for the construction of the line may be imported 
free of Customs = 

- pa With eT — r he waa ae cutee 
works at Guayaqui a hargé d’ ires at Quito 
reports that the Chamber of Deputies has a ved wae 
of 2,000,000. for this purpose. The loan will bear 6 per 
cent. interest and 1 per cent. for sinking fund, and is to 
be issued at 85. In this connection it may be noted that 
the Telegrafo upc states that the chief works will 
@ laying-down of a good ~~ system and the 
provision of good drinking-water for town. The cost 
of the drainage, &c., is not to exceed 8,200,000 sucres 
about 820,0000. ). ' 

Brazil: The Diario Official publishes a decree (No. 
10,299) granting to Senh Olindo Caetano and Jacintho 
Ribeiro a concession for the construction and working of 
an extension of the Rio Grande - Santa Victoria do 
Palmar Railway—viz., from Santa Victoria do Palmar 
to some convenient point between San Miguel and 
Chuy near the Uruguayan frontier. 








bay Re oan eee yo! for the 
new ironclad Sverige, o tons KY t, 
now in course of construction at the dockyard at Stock- 
holm, wil] be made at the ie Steel Company’s 
iron works in Pittsburg. The thickest plates will be 
8in. A Swedish naval architect has been sent to inspect 


ugh | the manufacture. Messrs. Kermode’s, Limited, Liver- 


peel. have received the official order to fit their liquid- 
uel appliances on the battleship. The vessel will be 
fitted to burn liquid fuel in addition to coal, the oil fuel 
being used Dr the well-known Kermode patent pres- 
sure-jet liquid-fuel system. 
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ISOTHERMAL COMPRESSION IN 
GAS-ENGINES. 
To THe Epitor oF ENGINEERING. 

Srr,—On perusing a report of the paper by Professor 
Burstall entitled ‘‘ Liquid, Solid, and Gaseous Fuels for 
Power Production,” presented at the summer meeting 
of the British Association, before the Engineering Section, 
I was struck by the following statements regarding 
the efficiency of gas-engines:—‘‘In order to secure, 
efficiency the main mass of the air must be yeh 
compression before the principal heat supply is added. 
.. If the gas be compressed in a separate pump, there 
is a certain loss of heat due to n cooling. .. . 
Separate compression considerably increases the losses, 
so that in place of the negative work being one-third of 
the gross work, it would probably be at least one-half 
and perhaps more.” 

I submit that, in view of the recent researches 
which have been made into the behaviour of air, it is 
necessary to reconsider the relative merits of adiabatic 
and isothermal compression for gas-engines; the con- 
siderable increase in specific heat of air which has been 
shown to take place at high temperatures has, I 
contend, the effect of peng it possible that a prac- 
ticable engine with isothermal compression will be more 
efficient than a corresponding engine with adiabatic com- 
pression. 

Consider an explosion engine with a compression pres- 
sure of 150 1b. and a maximum pressure of 5001lb. Ap- 
plying the principles of thermodynamics, and a 
or the increase in specific heat, the corrected air-stand: 
efficiency of this engine can be shown to be 0.40; and this 
figure is confirmed by tests on actual engines. 

Consider now an engine in which air is isothermally 
com in a multi-stage water-cooled compressor to 
500 Ib., heated in a separate combustion-chamber at 
constant pressure to 1500 deg. Fahr., and then admitted 
through a valve to the working cylinder, and expanded 
to atmospheric pressure. 
as before, the corrected air-standard efficiency of this 
engine can be shown to be 0.48. 

Assuming, in engines of the above types, that the ex- 
haust opens when the cylinder pressure has fallen to 40 lb., 
then the effective mean pressure, after deducting the 
a compression pressure, will be in either case about 
110 Ib. 

It will thus be seen that, theoretically, so far from 
being a disadvan , a8 stated in the paper referred to, 
the use of isothermal compression for gas-engines appears 
to offer a decided increase in efficiency, besides allowin 
the use of comparatively low maximum eo" an 
retaining a high mean effective pressure. The advantage 
of reducing the maximum temperature has been re- 
peatedly pointed out, but no great advance in this respect 
appears possible while adiabatic compression is retained. 

So far as I am aware, no experiments upon an 
engine of the type referred to have yet been made, and 
as further progress in large internal-combustion engines 
seems to he in this direction, it is important that the 
question be cleared up. 

I am, yours faithfully, 
T. P. Suriston. 

46, Cameron-road, Ilford, October 28, 1913. 





**METALS, CRYSTALLINE AND 
AMORPHOUS.” 
To THE Eprror or ENGINEERING. 

Sirn,—The paper under the above title, given to the 
British Association by Dr. Rosenhain,* is an extremely 
valuable contribution to the discussion of the amorphous 
theory. His paper deserves the very careful attention of 
all metallurgical engineers for the fact that the ible 
existence and creation of amorphous cement and amor- 
phous metal is now being brought forward very ener- 
getically to explain a number of, as yet, illusive pheno- 
mena associated with the deformation of iron, steel, and 
other metals. The theory enunciated by Bielby and 
Rosenhain is one of those theories which are extremely 
difficult to demonstrate, but the very discussion of which, 
even should they ultimately be proved to be untenable, 
leads to advances in our knowledge of the problems which 
a are devised to explain. 

r. Rosenhain discusses the three principal proposi- 
tions which are the mainstay of the amorphous theory, 
and he certainly deals with the matter most exhaus- 
tively, giving _— ul consideration to the various 
objections raised by different authorities. He states, in 
conclusion, that ‘‘ with regard to the theory of an amor- 
phous intercrystalline cement in particular, the weight of 
experimental evidence is steadily growing, — of 
the theory has ——~— | pve its utility by leading to 
the investigation and determination of new and some- 
what unexpected facts.” It is therefore clear that whilst 
he seems in his own mind convinced of the tenability of 
the theory, he is desirous of further discussion. have 
very carefully studied this paper, and there are several 
points and a number of —— ef the question which I 
consider Dr. Rosenhain will still have to diseuss. 

To begin with: Dr. Rosenhain insists that the “‘ under- 
cooled liquid ” metal is of less density than the normally 
crystalline phase; he also considers that whilst the 
density is less the hardness is much greater. Whilst he 
supports this contention with various analogies, he 
apparently seems to have omitted to consider some very 
important experimental data furnished in the report of a 
research by Mr. J. D. Brunton (Iron and Steel Institute, 
1906, II., page 142). Brunton clearly demonstrates that 
during the process of cold drawing of a rod of steel con- 

° ENGINEERING, October 10 and 17, pages 509 
and 537. 


Applying the same principles. 





taining 0.75 per cent. carbon (to pick out a special case), 
the breaking stress increases rapidly with each pass until 
165 tons per sq. in. is reached, and that during this period 
the specific gravity increases. He, however, shows that 
on further drawing the wire falls in breaking stress, and 
and that a decrease in specific gravity synchronises with 
loss of strength. Be it, however, distinctly noted that 
although the specific gravity decreases when the critical 
int is reached, in no case during the whole of the wire- 
rawing did the ific gravity become anything like as 
low as the original specific gravity of the material. These 
actual data seem to be a definite obstruction to the 
amorphous theory. If the increased stress is in any way 
due to amorphous material produced during drawing, 
how is it that when the direct evidence of the existence 
of the amorphous mes apparent—viz., when the 
specific gravity decreases—this appearance of the amor- 
phous phase is accompanied by a decrease in stress? Itis 
considered that it will be found extremely difficult to 
employ the theory under discussion in solution of the 
facts outlined in Brunton’s report of his research. It 
is, of course, admitted that the stress is not absolutely a 
direct indication of the hardness of the material, but 
when the elastic limit and maximum stress are raised, it 
——— follows that the material may be considered as 
relatively increasing in hardness, and conversely. It may 
be incidentally also pointed out that these facts also 
support Tammann’s theory as to intercrystalline space, 
which theory Dr. Rosenhain is at considerable trouble to 
discuss. However, the whole of the facts brought out in 
this research on wire-drawing, to which reference is made, 
are of considerable interest from the standpoint which 
Dr. Rosenhain has taken upon himself to maintain, and 
it would be of interest to those who are following the sub- 
ject if he will show to us how his theory can be made to 
include the facts thus brought forward. 

In regard to the first proposition, I should like 
to say a word or two as to the suggested amorphous 
film created during polishing. Take the case of steel. 
If a section is polished dry, the surface is naturally sub- 
jec to the local heat of friction, the degree of which 
depends upon the actual method of polishing; if, how- 
ever, sufficient heat is generated, a recreation of the solid 
solution phase takes place (com the ‘‘ martensitic” 
structure on the'surface of a rail produved by friction). 
It must, however, be pointed out that this solid solution 
phase, whilst having the ‘‘ martensitic” hardness, has 
also a crystalline structure. It must therefore be 
necessary for this solid solution thus created to be 
further converted to the primary supposed under-cooled 
_—— phase. Granted the theory might be 
stretched thus far, it must be asked what happens when 
a section is polished under water? The polishing is more 
rapid and equally effective, and under these conditions 
I claim that the presence of the water, or even 
eer J of moisture, will be equal to preventing even a 
ocal rise in tem ture sufficient to create the amor- 
phous phase. Jt would alse, according to my view, 
appear necessary that it should be explained why all hard 
materials invariably polish much more readily than soft 
ones, notably in the iron-carbon alloys. 

With reference to this question of ptine, will Dr. 
Rosenhain please state exactly what happens, according 
to his conception, when an “amorphous, hard, under- 
cooled liquid” (a glass, for instance) is polished under 
water. Temperatures are kept very low, and yet a perfect 
polish can be obtained. In such a case the ‘“‘ amorphous” 
condition does not need creating. 

Dr. Rosenhain points out that ‘‘ when crystals near the 
surface are broken down, the resulting material is in a 
state which, if it is not quite that of the undercooled 
liquid, is at least a step in the right direction.” Probably 
so; we must agree that the heat Coyey will result in 
an attempt to produce phases stable at higher tempera- 
ture, but it has not yet in any way been demonstrated 
that the material is not crystalline, and hence the step 
forward is a very little one. It must be understood that 
the broken-down material, in the case of cold work, can 
be sometimes readily detected under the microscope, and 
it will be seen that Dr. Rosenhain states, in the paper 
under discussion, that he, personally, would not care to 
vouch for such matter being crystalline. 

With regard to the grr that the intercrystal- 
line friction will probahly temporarily melt the metal 
locally, and that this metal will be instantly chilled by 
the surrounding metal and preserved as an undercooled 
liquid, it is quite legitimate to urge that the same drastic 
chilling conditions which would quench sufficiently 
rapidly to preserve the undercooled conditions, would be 
equal to preventing the liquid phase ever being produced ; 
supposing, as Dr. Rosenhain suggests, that owing to 
suitable pressure the ‘‘ melting” did take place, the value 
of the surrounding metal as a quenching agent would 
presumably proportionately decrease. Another objection 
is that if the undercooled condition can be retained in the 
manner described, surely the gamma iron in a pure iron 
specimen might be preserved. This brings us to a con- 
sideration of how far are the magnetic properties affected 
by cold work. 

The author also asks, ‘‘Is it necessary to assume the 
production of a hard phase within the crystals?” In reply 
to this, I would say that conceivably it might be 
necessary, but a hard phase is far removed from the 
**hard, amorphous, undercooled liquid phase.” 

With regard to Mr. Hum 
“‘amorphous envelope,” and 
it is Be ped necessary to point out that really the 
hypothesis as to the existence of the amorphous phase 
under the conditions that are being discu is still only 


tentative. The crystal unit may be conceived to be a 
single molecule, or, at any rate, a very elementary aggre- 
gation of molecules, and it is not proved, and is hardly 
capable of demonstration, that with any pure metal at 


hrey’s su; tion of the 
: Rewanentets use of it, | Tref 


least individual molecules do not join the individual 
crystal. It is also to be proved that a complete film, such 
as is suggested, would be possible owing to the fact that 
the suggested crystal units would at very many points 
just ‘‘work out,” and so locally prevent any amorphous 
matter being left. 

It would also be of interest if Dr. Rosenhain would 
explain what becomes of the amorphous material between 
the crystals in perfectly pure iron during the — 
from yy to a or a to + (assuming § is buried). At the 
Ar 3 critical point Dr. Rosenhain will be prepared to 
admit that there is a change of crystallisation, and 
hence there must be a moment of transition. The mole- 
cular condition of the normal molecules in relation to the 
amorphous molecules at that moment is worthy of con- 
sideration. Crystal boundaries cease to exist and are re- 
created, and it is reasonable to suppose that the s ited 
amorphous molecule will have the ae of forming 
“crystal units.” Whenever a coarsely crystalline iron is 
rendered finely crystalline by heating above Ar 3, it 
follows that there has been a tremendous increase in the 
area of the crystalline junctions, and incidentally of 
necessity, according to the theory under discussion, must 
there not have come into existence numerous molecules 
of ‘‘amorphous” iron. If the number of ‘‘ spare” mole- 
cules is increased oving to such a change, they cannot 
be of the ‘‘undercooled liquid phase.” 

With to the volatilisation experiments, Dr. 
Rosenhain states that he cannot claim that the amor- 
phous films are thick enough to account for the weight of 
metal removed, and hence it is considered that his data 
require more conclusive reasoning by way of explanation 
than he has apparently been able to bring forward. 

I have here brought forward a few points which 
certainly require further discussion, and I am, un- 
doubtedly, still of the opinion that it may be possible 
to provide a more convincing theory in explanation of 
the phenomena which the amorphous theory is designed 
to cover. I should, however, like to record my ome 
ciation of the very thorough manner in which Dr. 
Rosenhbain has outlined the case in favour, but I will 
close by pointing out how much even an indifferent 
theory can be indebted to an able advocate. 

Yours truly, 
W. H. Harriecp. 

Sheffield, October 20, 1913. 








STEEL WATER-MAINS. 
To THE EpiTor oF ENGINEERING. 

Srr,—Our attention has been drawn to ‘‘ Water En- 
gineer’s” letter in your issue of the 10th inst. on the 
above matter. 

In the first place, ‘‘ Water Engineer” is quite in error 
in the inference he appears to draw from the report that 
the tubes were furnished with a protective wrapping of 
any kind. The allusion to the deterioration of the pro- 
tective covering obviously refers to the coating, <A as 
such, goes to bear out our contention that, having regard 
to the extremely corrosive nature of the soil, the tubes 
were inadequately protected. We would refer ‘“‘ Water 
Engineer” to a memorandum published by the Goldfields 
Water Supplies Administration, Perth, 1910, according 
to which these tubes were nothing but thin plates bent 
up and held together by lock-bars and asphalted, not 
jute covered. 

As regards the question of internal corrosion, there was 
no rusting through from the inside ; there certainly was 
internal corrosion, but the report quoted by your corre- 
spondent, and published in the technical press some time 
back, makes it clear that this was due to the conditions 
under which the main was working, particularly as to air 
in the pipes, and there is little doubt that the result 
would have been the same with cast-iron pipes. Even 
were it otherwise, we would point out that the tubes 
were made of an entirely different steel to that we use 
for our tubes; and that the conclusions drawn by the 
advocates of cast iron are not those of the responsible 
engineers is proved by the fact, already noticed, that 
Mannesmann tubes are to be used for the portions to be 


replaced. 
Yours faithfully, 
Tue British MANNESMANN TUBE Company, LIMITED, 
a J.T. ALLINGHAM. 
Salisbury House, London Wall, London, E.C. 





ber 24, 1913. 
PersonaLt.—Mr. W. H. Taylor has resigned the posi- 
tion of assistant electrical engineer at Walthamstow, 


having accepted an appointment under the Government 
of Western Australia as chief station superintendent at 
the new power-station at Perth. Mr. G. J. Hollyer has 

promoted to the position of station superintendent. 
—Messrs. Doherty and Bamber, of 25, Victoria-street, 
Westminster, have been appointed sole British agents for 
the sale of railway carriages and wagons, &c., as manu- 
factured by Messrs. La S. A. les Ateliers du Roeulx, Le 
Roeulx, Belgium. 





Om - CARRIER FOR THE Navy.—The Royal Fleet 
auxiliary, Trefoil, the first internal-combustion oil-carrier, 
built specially for the — Navy, was successfully 
launched at Pembroke Dockyard on the 27thinst. The 
oil, which is 300 ft. long with 39 ft. beam, has a 
oe of 18 ft, a dis naan of - tons, and an 
oil-carrying capacity o' tons. e propelling 
machinery is Seles constructed by Messrs. Vickers, 
Limited, at Barrow, and is of the internal-combustion 
Diesel type, of 1500 horse-power. The ship was laid down 
on January 15 last; she will be fitted with wireless tele- 





graphy plant. 

















Oct. 31, 1913.) 





ENGINEERING. 


601 








MODERN FLOUR-MILL MACHINERY.* 
By Rosert B. Creax, Member, of Manchester. 


Sunce the date of the last 4 on this subject, read 
before this Institution by the late Mr. Henry Simon in 


1889, considerable advance has been made in the art of | 
milling. The object of the present paper is to bring | 


together the leading developments since that date in 
wheat-preparing and roller-mili machinery. The modern 
tendency 








Fig.1. 
STANDARD 
MILL BUILDING 





(3592.4) 


Principal ports and to increase the capacity of the single 
plant, in each case with a view to economy in cost of 
Production. To-day ~ oe (each containing 280 lb. 
of flour) per hour may be taken as about the maximum 
output for a single plant. 

“+ common practice is to arrange the mill building 
with two separate 50-sack plants placed back to back. 

ig. 1, above, shows such an arrangement in cross- 
cpotonal elevation. The line of elevators is seen down 
— centre with the two ts on either side. The 

uilding has five floors. No.1 floor contains the line- 





* Paper read before the Institution of Mechanical 
Engineers on October 24, 1913. : 


to locate mills on the waterside at the | 


| shafts driving the roller-mills and the elevator-boots: 
| No. 2 floor carries the roller-mills in six lines. Nos. 3 
| and 4 floors contain lines of — No. 5 floor contains 
the centrifugal dressing-machines in two rows, the machines 
being piled three high. The elevator heads run up nearly 
to the roof ridge. Such a building, designed to contain 
two 50-sack plants with suitable wh 
at the far end, and a rope-race for main drives separating 
the two sections, would consist of, say, thirty bays, 8 ft. 
‘span. Frequently, for the sake of greater security from 
fire, and with a view to lowering the fire-insurance pre- 


CROSS SECTIONAL 
ELEVATION 






mium, the two plants are divided by a longitudinal wall 
down the centre of the cross-sectional view, in which case 
each plant would have its own line of elevators placed 
close along this dividing wall. 

In considering the above arrangement and the sub- 
sequent detailed description of machines, it is necessary to 
remember that the milling is entirely automatic. 
From the lifting of the wheat from the hold of the 
eats vessel, by means of a ship elevator, to the 
delivery of the finished products into the sacks, the wheat 

ins and the various mill stocks are never touched by 
he operative, as they gravitate by spout from machine to 
machine in the process, and in. their course are elevated 
from the bottom to the top many times,.and are conveyed 








horizontally considerable distances before completing 
their journey. From this it will be noted that the dis- 
position of the machines on the various floors is a matter 
of great importance, and requires considerable skill to 
avoid needless travel of the stocks. From the foregoing 
it follows that comparatively little attention is required 





re plants | to run the plant, and, in consequence, all large mills run 


day and night, without a stop for meals, from Monda 
morning till Saturday night. The up-to-date port mill 
admits of the classification of its processes shown on 
page 605. 


Fig.2. COCKLE CYLINDER, CROSS SECTION 





The author proposes to deal first with Sections B and 
C. Sections A and D, which involve the handling of 
large quantities of grain in bulk and sacks of finished 
products, moving these long distances horizontally and 
vertically, are dealt with on page 607. Group E, al h 
of the highest importance, does not rightly come into the 
~—— of this paper. 

e author will now proceed to describe the newer 
machines employed in Groups Band C. To appreciate 
their points, it must be borne in mind that the ideal of 
the wheat-preparing plant is to only clean and 
sound wheat grains to the roller-mill plant, and these in 
the most suitable condition for milling; and that of the 
roller-mill plant to remove the skin of the wheat berry 
in as large pieces as possible, leaving the kernel entirely 
free from adhering particles of this skin, whilst at the 
same time leaving no floury particles on the skin. The 
skinned kernel can then be reduced to fine white flour 
by the reduction rolls. Needless to say, the long series 
of machines comprising a modern-mill plant only approxi- 
mately fulfil these ideal functions. It must also be borne 
in mind that the British miller has the choice of all the 
wheats of the world, which differ widely from each other 
in characteristics such as colour, size, hn nog freedom 
from impurities, &c., and one of his most difficult tasks is 
to select those wheats which, when treated on the wheat- 
preparing plant and afterwards mixed together in suit- 
able proportions, shall give the required yields of the 
standard es of flour, and at the same time yield a 
profit on the cost of the mixture. 

A large port mill will seldom have less than three 
separate wheat-preparing plants running simultaneously 
and treating the different wheats grou into three 
classes, termed ‘‘ hard,” ‘‘ medium,” and “‘ soft.” ach 
group will receive its seeregeate treatment. For in- 
stance. hard wheats will be washed twice to soften them ; 
soft wheats perhaps not washed at all, or immersed in 
water for a very short time only ; and so forth. 

Wheat-Preparing Plant (Section B, on page 605).—The 
or ceieg processes consist generally of riddling for 
the removal of impurities and smaller than the 
wheat berries, of severe rubbing action, termed “* scour- 
ing,” for loosening dirt adhering to the skin of the grain, 
of ge | the grain to the action of brushes with stiff 
bristles, and at all points ——— f the grain to the 
action of wind currents to carry off the loosened light 
floating dust. 

Most wheats contain other seeds as impurities. Those 
seeds larger or smaller than the wheat berries can be 
easily separated by riddling. There are grains, such as 
the cockle seed, a small round black seed, barley, and oats, 
whose girth is the same as the wheat berries. Obviously, 
riddling is here ineffective, and use is made of a differ- 
ence in shape to make the separation. 

Cylinders slowly revolving on slightly-inclined axes are 
constructed of — pitted on the interior with indenta- 
tions, Fig. 2. @ grain to be treated is fed in at the 
upper end, and travels slowly down the inside of the 
cylinder. In the case of cylinders with small pits, the 
small round cockle seeds rest in and are lifted by the pits 
on the rising side of the cylinder. It will be clear that 
the wheat berries will roll out of the pits at the lower 
level than will the cockle seeds. If, now, an adjustable 
hopper or tray is fitted the full length of the inside of 
the cylinder, arranged so that its lip or edge lies almost 
touching the inner surface of the rising side of the 
cylinder, and if this edge be set at the right level it will 
catch the falling cockle seeds, whilst the wheat berries 
will roll out of the pits into the body of the cylinder 
before the 7 of the wey is reached. This action is 
illustrated in Fig. 2. With cylinders —_ large pits, 
|the wheat berries are lifted higher than the barley or 
oats, which, with the bearded end, are longer than the 
wheat berries. 
| This method is quite effective, but suffers from two 
|drawbacks. The wear on the inner pitted surface is 
rapid, and only a comparatively small surface of pits is 
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4ig.5. MUMFORD WHEAT WASHER, 
COMBINED WITH A WHIZZER. 






SECTIONAL VIEWS. 


Fig. 8. FOUR-ROLLER MILL. 
(STANDARD TYPE AS USED IN THE UNITED STATES & CANADA) 





n use at one instant. To mest these objections, a new 
type of machine has been evo'ved, illustrated in Fige. 3 
and 4. The essentials of this machine are the travelling 
band AA set in a frame at an inclination to the hon- 
zontal. This band is composed of plates pitted with 
small holes to contain and hold the round cockle seeds. 
As the band travels upwards, the frame in which it is 
carried is given a short stroke, but rapid cross sh 
The wheat, intermixed with the cockle seeds, is fed in at 
hopper 1, placed at the highest part of the band, and the 
angle of inclination is such that, with the agitation caused 
by the cross shake, the wheat grains roll down the band, 
and are collected in receptacle 5, while the cockle 
remain in the pits, and are carried over the head of the 
- band and. into the box marked 4. It is claimed 
that device makes a closer separation, and utilises 
tmore'of ‘the pitted surface. 





seeds | box can be moved al the length of 
to accommodate sy iri 





COCKLE EXTRACTING BAND 


Fig. 4. 


7. 

















Wheat-Washing.—The washing of wheat has become 
general in all British mills. It serves the twofold pur- 
of a cleanser and at the same time a softener of the 

er varieties. For wheats containing stones, washing 
affords the surest means of separating these. The 
‘**Mumford” wheat-washer and stoner recently brought 
out is illustrated in Figs. 5 and 6, combined with a whizzer 


shake. | or centrifugal dryer. The washer consists of the tank A 


filled with water up to a level about 2 in. below the top of 
the washing-worm C. Immediately below the washing- 
worm is the stone-removing.worm D, Fig. 6. Wheat is fed 
on to the ing-worm through the feed-box B. This 
a nya song Cc 
tender wheats requiring a very short 

immersion. The revolving of the ich egg the wept 
wheat 


Fa mote nh capeen edges ty cee 


stones, w: are a lit 
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heavier than the wheat grains, sink and are caught by the 
small stoning-worm D and onmeaget to and deposited in 
box E. The wheat floating on the surface of the water 
is carried along by the worm and by the flow of water 
along the worm-trough into the whizzer, whose function 
is to throw off surface moisture by the usual centrifugal 
action. Fresh water is constantly running into the tank, 
whilst the water thrown off by the whizzer drains back 
into the tank, a constant level being maintained by the 
overflow head at G. 

In other forms of wheat-washers, use is made of a 
plunger to produce pulsation, or the effect ve of 
gravity is relied upon to sink the stones, but in all cases 
the wheat is borne along by a stream of water flowing 
from head to tail of the machine over a weir. ; 

Flour-Manufacturing or Roller-Mill Plant (Section C, 
on page 605).—The roller-mill is used for two distinct 
purposes. In the earlier stages of the process it is fitted 
with fluted rolls of varying coarseness for breaking down 
the wheat berry, the upper and lower rolls of each pair 
being driven at different rates of revolution in the ratio 
of about 24 to 1 by means of machine-cut gear-wheels. 
In the later stages of the milling process, smooth rolls, 
with a difference in revolution of about 1} to 1, are used 
for reducing the purified semolina and middlings to flour. 

The standard roller-mill as made in this country is the 
4-roller mill—that is, one frame containing two pairs of 
rolls. These are placed with their axes in a plane 
inelined to the vertical. Up to comparatively recent 
times there was no uniformity in this matter. Some 
makers placed all four rolls in a horizontal plane, whilst 
others p! each pair in practically a vertical plane. 








the late Mr. H. Simon, Proceedings of 
Mechanical Enginecrs, 1889, page 148. 
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Fig. 11. Separations In Rotuter-Mua Hopper. 


Now the diagonal arrangement has become universal. 
Doubtless it is a compromise to secure the advantages of 
both the above arrangements. With the four rolls in the 
same horizontal plane an unduly wide machine is formed, 
which would prevent placing three lines of rolls with 
adequate passage ways in a mill building of normal width; 
this is a point of importance as affecting economy of 
space. Fig. 7 shows in cross-sectional elevation the 
diagonal placing of the rolls. It will be noticed that 
the upper rolls are of larger diameter than the lower. 
When this is the case, the rolls are fitted with equal gear- 
wheels, the difference in diameter of the rolls giving the 
necessary differential in peripheral speed. e@ more 
usual practice is to use rolls of 10 in. diameter throughout 
with the differential 

In the United States and Canada the type of roller-mill 
used is outlined in Fig. 8. The cast-iron body may best 
be descri as the “hobble-skirt” frame. e differ- 
ential is obtained by belt-drive from a countershaf 
running through the lower part of the frame. This 
countershaft acts as a tightening jockey-pulley to the 
single driving-belt operating the two oak rolls. The 
two pulleys on the opposite end of this countershaft 
drive the two slow ro There are variations of this 
drive given in the American catalogues, but they all show 
the differential obtained by belts and not by gears. All 
four rolls are ranged in a horizontal plane. 

Then, too, in the matter of s the practice in the 
two countries differs. Here the majority of rolls are 
10 in. in diameter, and the speed of the fast roll of each 
pair when breaking down is 350 revolutions, whilst for 
smooth roll reductions the speed for the fast roll is 210 to 

American practice is to run the fast rolls at 500 
revolutions per minute, whether on breaks or reductions. 
In English mills it is usual to run with thinner feeds, so 
that, on account of this and the lower spéed of running, 
an English mill has a longer roller ace he the 
Anisritan mill of equal capacity. .There is a teniexicy 
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Fig 12. CYCLO-PNEUMATIC SEPARATOR 
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here to increase the speed of the roller-mills, though not 
to equal the American speeds. This would ly be 
permissible with gear-wheel differential. 

The author believes that no exhaustive tests have been 
made as to ypriati ns of differen 
any information as to how the 





FLOUR-MILL MACHINERY. 


tg. 70. PNEUMATIC-SCALPING SYSTEM 


Sy I BREAK ROLL 







j Y — Light Stock 
—<— (Consisting of Infertor 


ry, ge Bes. ; 
4 Break Flour es 















































ing 
pe eneN 16 Ee . 
( 
Cc a — ea 
‘> —— —_ —_-—_—__—-» 
-” -_- = - © 
PURIFIER 
Hy 
(Ss —— 
Middlings \ Semolina _) 


REDUCTION 
ROLL 














FLOUR 
DRESSING 




















MACHINE AEN LE Seed a 
\/ VV \ i\/ \/ /\/ \/\/ : J\ 
A 
"5926) T 
+ 
Flour 


entials of to-day were determined Very probably they 
have been handed on as an accepted tradition, and this 
might well prove a fruitful subject for experimental test. 
he breaking down of the wheat-berry is usually accom- 
plished in four stages, with fluted rolls of varying coarse- 
ness ; twelve flutes to the inch would be used for the first 
break, while twenty-eight to thirty flutes to the inch for 
the fourth break. The reason for breaking down in 
successive stages is to avoid, as far as — the pro- 
duction of flour during this part of the process, as it 
is of poor quality and is apt to be discoloured by contact 
with the bran. It is therefore desirable to isolate this 
break flour as soon as possible. Attention has of late 
been concentrated on this point. Until recently it was 
usual to leave this break flour in contact with the general 
break product, passing it all forward by elevator to the 
scalper. The scalping process has for its object the 
separation of the good semolina and middlings from 
the break flour on the one hand, and from the wheat 
still unbroken on the other. In the early days of 
roller-milling, —e, was performed by a a 
machines of the type illustrated in Fig. 9.* Scalpi y 
centrifugal machines was a violent process. The ine 
consists of a slowly-revolving barrel about 2 ft. 6 in. in 
diameter by 10 ft. long, covered with wire or silk mesh 
as the case may require. Inside the barrel are 
shown in the illustration, which revolve at 200 
revolutions per minute inside the barrel. The stock 
from the break-roll is fed into the barrel at each end, and 


| is picked up by the beaters and thrown against the mesh 


covering the The finer stock is driven through 
the mesh and gathered in the hopper of the frame en- 
closing the barrel, whilst the large stock comes over the 
tail and passes to the next break, The author has 


neors, 18S, pie iis, xarmnmtive, Aig. 12 nnd We, 190. 
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a 
= —o 
described this machine at some length, as he will have to 
refer to it again when considering flour-dressers. 

For a considerable time milling engineers have been 
devising gentler processes of scalping, with the object of 
isolating the break flour as soon as made, thus avoiding 
discoloration by contact with the bran, and to avoid the 
making of more break flour by attrition due to rough 
treatment in the process. Hence the use of wind currents 
as part of the sealping process has become very general. 

Pasemetie scalping in its simplest form is illustrated in 
Fig. 10, page 603. The bresk roller-mills are provided with 
double hoppers. The inner hopper is subjected to a light 
suction froma fan. Asa result, the stock coming from the 
nip of the rolls is divided, the lighter inferior middlings 
with the break flour and light branny particles, or 
wing, fall short, and are drawn into the inner hopper, whilst 
the high-class heavy semolina and the wheat particles 
carry farther inst the air suction, and fall into the 
outer hopper. “eT hin separating action can be relied on 
without the use of any air suction at all applied to the 
inner hopper, but a hght suction makes the separation 
more certain. Fig. 11 shows clearly the separatin 
action on the stock coming from the nip of the ro 
as the result of gravity aided by a light suction. The 
high-class semolina and broken wheat would then be 
elevated and fed on to the spout-scalper, shown in general 
view in Fig. 12, and in section in Fig. 10. This machine 
is nothing more than an inclined sieve with hopper and 
feed-roll at the top to spread the feed evenly across the 
sieve. The sieve is clothed with a suitable wire mesh, 
which- tails over the broken wheat to the succeeding 
break, whilst the semolina passes through the mesh as the 
stock rolls down over the wire-cover. The collecting tray 
receiving the semolina passes its product on to the front 
of a vertical silk-covered screen. Whilst falling in front 
of this screen the product is subjected to a continuously- 
circulating air-current or air-belt, which removes all light 
impurities. From the semolina scalper ard duster the 
stock is ready for the purifier. 

Figs. 12 and 13, page 603, illustrate a cyclo-pneumatic 
separator for the treatment of break stock immediately 
after leaving the break-roll. This machine is arranged on 
the encl continuous air-current or air-belt principle. 
The stock from the rolls passes down the central feed-pi 
at the top of the machine on to the revolving plate A, by 
which it is spread, and forms an annular stream of stoc 
falling evenly all round into the fixed hopper immediately 
below. The revolving feed-plate is enclosed by a sheet- 
iron hood leading up to the eye of the fan. This fan 
causes the air to circulate in the direction of the arrow 
heads. It will be seen that the stock falling all round 
the plate is subjected to the circulating air-current, which 
carries up into and through the fan the light materials, 
such as break flour, light ny particles termed “‘ bees- 
wing,” and the light inferior middlings, leaving the heavy 
semolina along with the wheat particles requiring further 
granulation to out together, > & pe heerner 
separated on another machine, The air-current from the 
fan passes to the expansion-chamber B, in which are 
deposited the lighter middlings, whilst the flour is de- 
posited in the cyclone C. @ separations are made 
entirely on the air-belt systems, no outside air being 
required, thus preventing flour discoloration due to soot- 
flakes, but on the other hand the stock from the break- 
rolls has to travel to this machine before the break flour 
is separated from it. Whenever possible, the cyclo- 
pneumatic separator is placed directly below the break- 
roll it is to follow. 

No very sweeping changes have been made in the con- 
struction and arrangement of purifitrs There is a 
decided movement back to the old-fashioned plan of 
coupling the line of purifiers to one common exhaust- 
trunk, with an independent fan at the end coupled to a 
textile dust-collector. This system is largely replacing the 
so-called dustless purifier with a slow-running fan fitted 
to each purifier, and an elaborate system of dust-traps and 
settling-chambers provided in the upper part of the 
machine. The fans eventually discharged into the open 
purifier floor. It was found, however, that this arrange- 
ment, however carefully planned, pissed some fine dust 
out into the mill floor. © common exhaust-trunk has 
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high charges which used to 
away with the settling-chambers in the purifier, whic 


Fig 18.00U8LE CRANK PLANSIFTER 





been made possible by the improvements that have been | moths, and also obstruct the 
effected in textile dust-collectors and the relaxing of the| tion of the sieve surface. 
be made on such collectors 


Oe 16 “page, 604 h ifi 
1g. shows a puriner 
self-contained with {te own fan’ and « 





























Suction-Fitter Duct-CoLiector. 


DIAGRAM OF OPERATIONS IN A FLouR-MILL. 











c 
the defect of putting out any dust into 
the mill floor, and avoids the necessity | 
of using the large common air - trun 
and textile-dust collector. 

It must, however, retain the settling- 


chambers and the fan 


Figs. 14 and 15, page 604, show very clearly how the 
when placed in the mill. It has the advantage of doing | space above the sieves can be arranged to give a clear 


view of the working in a purifier 





light and the free examina- | 


DOUBLE CRANK PLANSIFTER 





part of the machine, making the sieve not so easily 
visible. 


In regard to the question of dressing out the flour after 


| the purified semolina and middlings have been through 
to couple up to | one or more pairs of smooth rolls, it is perhaps here that 
serve to retain dust in the corners, to the delight of the|a common exhaust-trunk, and therefore without a fan in | the sharpest cleavage of milling opinion occurs. Until 
| recently flour-dressing in this country has always been 
considered as the work of centrifugals.* But to-day 
‘ ; ia/there are practical millers who consider the plan- 
osed air-belt or circuit. This avoids | sifter a satisfactory machine for this work. Before 
discussing this question the author will consider the 

plansifter and its ents. 


The plansifter originated in —_ the mother 
t 


country of the roller-milling system. was introduced 
into this country some twenty years ago, but in this 
early stage of development it was not successful. Since 
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then it has made marked headway on the Continent, and 
especially in y; is now installed in several 
English mills. Used simply as a scalper and grader for 
treating break stock and preparing semolina and middlings, 
it is very orem | admitted by millers here to be an 
excellent machine, but it is as a flour-dresser that it has 
yet to win its way into favour with the British miller. 

Fig. 17, , and Figs. 18 to 21 illustrate the con- 
struction of the plansifter. The machine consists essen- 
tially of two sets of superimposed sieves, usually twelve 
deep, carried in a rectangular frame. This frame is 
either suspended from above or supported from the floor 
by four upright rods free to swing in any direction. The 
frame is set level, and a rotary motion is imparted to it 
in the horizontal by means of a vertical spindle and 
crank. The crank measures about 1} in. from centre of 
shaft to centre of pin, so that the frame swings in a 
circular path having a diameter of 34 in., and makes 
about 180 revoJutions per minute. 

The set of superimposed sieves at each end of the frame, 
lying twelve deep, are each divided into two compart- 
ments, making four separate sections capable of treat- 
ing four different stocks. Each sieve is suitably clothed 
with silk or wire as required, and each has a tray 
between it and the sieve below. The stocks to be treated 
are fed in at one end of the topmost sieves. It will be 
asked how the material travels along the silk if they are 
set truly horizontal. This is accomplished by fixing to 
one side of each run small tin projecting pieces, ing 





* See Proceedings of the Institution of Mechanical i- 
neers, 1889, page 148. ENGINEERING, Aug. 12and 19, 1889. 
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out at right angles to the sieve side, and almost touching 
the silk surface. These tin projections form stalls or 
pockets ranged along the side of the sieve-run. The 
oscillatory motion imparted to the sieve throws the 
stock irom one pocket to the next, and so on down 
the full length of the sieve until it arrives at the 
tail end. 

Between the underside of one sieve and the tray below 
it, travelling brush is made to pass down one-half width, 
and round and up the other half-width. The brush is 
bristled on both the top and bottom sides. It is guided 
by a slotted guide-rail running down the centre of each 
sieve-run ; the connection between brush and slot is by 
a ferrule working on a pin. The bristles are set at an 
angle to cause the brush to travel in a definite direction. 
The bristles on the top side brush the underneath of the 
silk above, and those on the underside brush up the 
throughs which have rained down on to the wep through 
the meshes of the silk, and they pass down as the feed to 





is urged by some that the plan-sifter will not dress, 
through fine silk numbers in our damp climate. The | 
author has seen some remarkable dressing through No. 17 
silk, which is a fine number even for a centrifugal. As 
against this, the claim so often made that the plan-sifter 
is gentler in action than the centrifugal is one that is — 
to question. When one thinks of the stock being pitched 
forward from compartment to compartment, one must 
admit that there is some rather rough treatment in the 
process. It is the balancing of these fine points that 
give rise to the difference of opinion as to the merits of 
this machine. 

Textile Dust - Collector. — This apparatus is coming 
into very general use, and is frequently placed on the 
suction side of the fan. As shown in Fig. 21, page 605, 
it consists of a number of vertical tubes of textile 
material, about 8 in. in diameter and about 14 ft. long. 
These are arranged in groups of eight to a compart- 
ment. The lower ends of the tubes are attached by 
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By this combined shaking action and reversal of air 
current, the dust — on the inner surface of the 
tubes is loosened and drops into the collecting hopper at 
the bottom. The reversal of the current plays a very 
important part in the automatic clearing of the tubes, 
which again is vital in a process making separations by 
means 0 aos air currents. 

Motive Power.—The choice of motive power is governed 
by two principal considerations. It is the usual practice 
to run the mill 144 hours per week, as the milling process, 
being automatic, requires so little manual attention. 
The load is constant, as all the machines must run to- 
gether to form an automatic plant. It is possible to stop 
the wheat-preparing D pg for an hour or so, if there be 
enough wheat in hand to keep the roller-mill plant run- 
ning, but the rule is to run the wheat-preparing and 
roller-mill plants continuously and together, the only 
stopping time being Sunday. Such a load is an excellent 
one for economical steam-driving with rope drives from 
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the next sieve below. All these details are very carefully | flexible connections to spigots in a tube-plate forming | fly-wheel to the several line-shafts on the different floors. 
worked out, and in practice are found not to give trouble. | the top of a hopper, whilst the upper ends are blocked. In the standard mill-building, the engine-house is placed 


The crank or cranks operating the plan-sifters carry 
balance-weights carefully adjusted, and — a common 
test is to run the plansifter with the holding-down bolts 
removed to show the perfection of balance attained. 


Amongst the claims put forward for the plan-sifter | 
as against the centrifugal mill are:—Saving in power, | 


saving in space, saving in wear and tear of silk, gentle 


treatment of stocks, reduced amount of elevating and | 
ment of superimposed | 


conveying consequent on the 
sieves, and less obstruction to light consequent on re- 
duced height. On the other hand, those who oppose, urge 
the accessibility of the centrif and ease of temporary 
repair in the event of the silk being holed, and accessi- 
bility of silk surface for brushing. 


Undoubtedly the plansifter has found great favour in | 


Germany. It is a very interesting machine from a 
mechanical point of view. It utilises the whole of the 


silk surface at one time, which is not the case with the | 


centrifugal. Fashion or custom and familiarity are 


werful factors affecting choice of machines, and | 


urther, —s of action and ease of accessibility in 
a night-and-day automatic process are highly esteemed. It 


| The suction-pi 


|ment opening at 


leads into the bottom hopper. Each 
is enclosed in an air-tight compart- 
the top into a head-piece or nozzle 
connected to the main air-pipe leading to the suction eye 
of the fan. In the nozzle there isa flap acting as a two- 
way valve. Normally the fiap-valve leaves the connection 
from the compartment to the suction-pipe to the fan 
throughthenozzleopen. In this position the dust-ladenair, 
entering the hopper at the bottom, passes into the interior 
of the sleeves, and strains through the texture to reac 
the nozzle leading to the upper suction-pipe. In straining 
through the texture of the sleeves the dust is left adher- 
ing to the inner surface. To remove this dust the sleeves 


set of eight tu 


|are intermittently shaken by means of tappet gear. 


Whilst a set of sleeves is being shaken, the flap-valve in 
the nozzle on top is thrown over, admitting air from out- 
side into the compartment, and at the same time closin 

the connection between that particular compartment an 
the top suction-pipe. a consequence, the suction in 
the lower hopper draws in fresh air from the room 
through the tubes of that particular compartment from 
outside at the same time as the tubes are being shaken. 


at the back of the main building with the rope-race 
| dividing the wheat-preparing section from the roller-mill 
section. These same conditions are also very attractive 
| to the Electric Power Corporation, as providing a market 
| for their power during the slack period between midnight 
| and 6 a.m. : 
Electric driving is making some headway, but it can 
be demonstrated that current must be supplied at some- 
thing like 0.4d. per Board of Trade unit before electric 


h | power can compete in price with steam. There is no 


field for individual driving, as the machines must start 
and stop and run together as a complete plant. The 
usual plan, where electric driving is adopted, is to put 
down a motor for driving the wheat-preparing plant, 
one for driving the roller-shafts on the bottom floor, and 
one for driving the upstairs line-shafting. There are 
abouta dozen flour-mills driven by electric power at present 
in this country, and these report very favouralily on the 
system. Greater papery ss speed is one of the claims 
made for electric driving. This is a matter of very great 
importance where so many separations are effected by 
the use of delicately-adjusted air-currents. Variations 
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in line-shaft speed | 

dealing with fans driven from them at high speeds. 
considerable saving in 8 
boiler-house, economiser-house, and chimney-stack. 


Of other prime movers, there are examples in the | vessel mo 
gas-engines. | advantage. 


London district of large mills driven b 
But the majority of the large mills are 
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A | laid parallel with the quayside, as in 
is made by the abolition of | With the elevator moun 
able to command any of the ~~ 
ing along the berth, which is of considerable | all 

en operating, the legs are lowered into | of the nature of deep wells with hoppered bottoms so as 
riven by com- | the hold of the vessel with the boot sufficiently buried in | to be self-emptying through an opening in the centre of 


’s holds without the 
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TESTS MADE IN SILOS WITH & WITHOUT THE FEED DISTRIBUTOR SHOWN IN Fig.28. 
SHOWING VARIATION IN LB. PER BUSHEL AT DIFFERENT DEPTHS OF THE SILOS. 


Fig.32. 
TEST ON RUSSIAN. 
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pound condensing steam-engine with superheated steam 
and direct rope-drives. The power to drive a complete 
wheat-preparing and roller-mill plant may be taken at 
out 13 horse-power per sack of flour produced in an 
our. 

This paper would not be complete without mentioning 
the flour-bleaching process by ozonised air or other agent, 
and that for adding enriching products to the flour in the 
form of fine sprays, but these belong to the domain of 
the chemist, and are not of direct interest to the engineer. 

Grain-Handling Equipment for a Modern Flour-Mill 
(Section A on page 605).—Since the foregoing was written, 
the author has added the following particulars relating 
to Sections A and D. It should be noted at the outset 
that these are applicable to the grain-store and ware- 
house attached to, and forming part of, a large port 
flour-mill, as distinct from a grain-store used for the mer- 
chanting of grain. 

The usual equipment consists of a ship elevator on the 
quayside fronting a deep-water berth. The standard 
type used is the ordinary leg-vlevator with endless band 
with buckets attached. The legs are suspended at or 
near the elevator-head from the outer end of a balanced 
arm. The tower carrying the trunnions of the balanced 
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| the grain to keep it fed. As the grain is lifted away, the 


legs follow down to the bottom of the hold, and the n 
runs down towards the boot until the natural angle of 
repose of the grain is reached, when trimming becomes 
necessary. The ship elevator delivers on to a travelling 
band running the length of, and parallel with, the gantry 
track, either in a tunnel under the quay-level or on a | 
raised platform, so as not to interfere with the quay- | 
traffic. Arrangement is made for feeding this band at | 
different points along its whole length, From this band | 
the wheat will pass up a fixed elevator to the preliminar 

cleaning plant, consisting of an automatic weigher wit 

recording counter for registering the number of tips, 
followed by a separator consisting of oscillating sieves or 
riddles with powerful air currents for removing light 
chaff and dust. From the separators the wheat would 
be lifted by another fixed elevator to the top of the silo 
house, or wheat-store proper, on to travelling bands with 
throw-off carri to distribute the wheat into any one 
desired silo. The rate of intake adopted in erent 
mills varies considerably, but 50, 60, or 70 tons per hour 
are quite common, and 120 tons per hour is not unusual. 
For the latter the automatic weighers would have a 





bucket capacity of 2 tons, giving one tip per minute. 


become greatly exaggerated when|arm may be fixed as in Fig. 22, or may travel on rails | The scale is provided with a ready means of weighing 
i ‘igs. 23 and 24. | off odd residua, a refinement of great use when changing 
on a travelling tower, it is | from one cargo to another, or from one bin to another. 


The storage of wheat in silos has become universal in 


A silo consists of a nest of recep 
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the hoppered bottom controlled by a slide. The walls 
may be of brick, steel plate, timber, or ferro-concrete. 
Ferro-concrete is now being very gaeey oan ted 
for silo construction, though a la number have 

built in timber on the American plan of criss-cross, In 
ground plan they vary in section according to the material 
adopted ; for brick-work the usual shape is octagonal, for 
stecl-plate circular, for timber square, for ferro-concrete 
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square, or if large then circular. Silos when square in 
section vary from 8 ft. to 12 ft. square, but when circular 
in steel-plate or ferro-concrete they may go up to 30 ft. 
diameter. In cases where such large diameters are 
adopted, the bin would not have a hoppered bottom, but 
would be emptied through a number of outlets with 
trimming when requiring complete emptying. Silos are 
carried up to a height of 60 ft. or 70 ft. above the spring 
of the hoppered bottom. It will be appreciated that for 
a strictly automatic wheat - store the silo with the 
hoppered bottom is the only form admissible. 

t is usual to keep the hopper bottoms some 18 ft. 
above the basement level, so that the silo outlets can be 
spouted directly on to travelling bands running along the 
basement floor and delivering to a fixed elevator, which 
in its turn feeds a set of sto -bins usually located in 
the wheat-cleaning section. p to this point the dif- 
ferent kinds of wheat have been stored in separate bins. 
From the storage-bins the wheat will be drawn through 
measurers, a 25 to 27, page 607, to give a mixture of 
wheats in definite predetermined proportions for treat- 
ment on one or other of the wheat-cleaning plants 
included in Section B (page 605). Difficulty in the use 
of deep bins for the storage of wheat has occurred, due 
to the wheat grading itself in the bin, so that the heavier 
ea are discharged first, the lighter grains being held 

k until the bin is comparatively a. This ten- 
dency to natural grading is obviously undesirable and 
detrimental to regularity of working. To counteract this 
a distributing device, shown in Fig. 28, at the mouth of 
the bin throws the heavy grain towards the bin sides 
fearing, Oat renter gees to accumulate in the middle, 
Figs. and 30. hen the slide is drawn, the lighter 
grains have the first chance to flow out, Fig. 31, and the 
result is a more even grade, as shown by comparing the 
discharge curves, Figs. 32 to 34. 

In order to reduce the fire-insurance charges on the 
silo, it must be in a building by itself, separated from 
the mill building, with special restrictions as to commu- 
nication passages with fireproof doors. 

In the foregoing the author has described what has 
come to be regarded as the standard arrangement. 

Referring again to the ship elevator, in its earliest 
form it was usually swung out by means of a jib pivoted 
on the wall of the silo nearest to the dock side, the 
equivalent of the elevator with fixed tower shown in 


Fig. 22. 

The labour of bringing wheat to the boot of such a fixed 
elevator, when the boot was down to the bottom of the 
hold, led to the devising of mechanical in-trimmers. 
These consist of square boards held approximately vertical 
by means of a rope connection from the four corners 
pieced to a single rope age | through a snatch-block 
im any convenient position, the rope being led to a 
winch either on the ship’s deck or in the elevator 
tower. A man standing behind the board guides it 
through the grain heap towards the elevator boot. 
Such a mechanical trimmer is a great advance upon 
band-trimming. As a further step towards automatic 
action, arrangements are made for controlling the winch 
by pneumatic connection. For getting the wheat in 
the ship’s hold to the lift point the pneumatic system 
of ns by air-suction through pipes was introduced, 
Fig. 35. The essentials of this system are a length of 
flexible hose to reach the furthest point of the ship’s 
hold, fitted with snitable arrangement to admit air to 
the nozzle at the end of the pipe when buried in the 
grain ; a well-arran, pipe-line from quay-side to silo 

ouse, with as few bends as possible, and these of large 
radius ; a receiving-tank with air-locked automatic outlet 
to drop out the grain ; and finally, at the end of the pipe- 
line, an air-pump or blower to produce the necessary flow 
of air through the pipe-line. This system has many 
attractions, but has proved expensive in power consump- 
tion and in cost of upkeep when compared with the bucket 
elevator. 

Then, too, there is the trouble caused by dust gettin 
into the blowing-machine. It is, however, frequently foun 
as an auxiliary of comparatively small capacity to the 
ship elevator of large capacity, for which it acts as a 
cleaner up of the corners. The question of power con- 
sumed is very elosely connected with the arrangement 
and shape of the nozzle, which has given rise to several 
patented devices. In cases where wheat is carried to the 
mill in barges on tida: waters, as in many of the Thames- 
side mills, and where, consequently, the barge is station- 
ary on the mud for several hours between each tide, the 
pneumatic system of emptying is specially applicable. 

The conveying and distributing of grain in bulk by 
means of travelling bands is so well known as to need no 
special description here. 

Packing and Storing of Finished Products (Section D, 
page 605).—The introduction of labour-saving devices into 
the storage warehouse is of comparatively recent date. 
The flour, bran, and offal manufactured in the roller-mill 
(Section C) are brought by conveyor or spout, as the 
case may be, through the dividing wall separating the 
roller-mill from the warehouse. In order to minimise 
fire risk, and so reduce the fire-insurance rate chargeable 
on the warehouse, there must be no direct open-door 
communication between these two departments. The 
rs is placed in the upper floor of the ware- 

ouse, so that as far as possible gravity may assist in 
distributing the sacks on the floors below. The flour is 
packed into sacks through vertical tubes depending from 
the conveyors and terminating about 4 ft. from the floor. 
The sack mouth is strapped to a ring sliding up and down 
on the end of the tube. This ring, with the sack attached, 
is jerked up and down by means of a lever action, so that 
the sack is repeatedly bumped on the floor with the 
object of packing the flour down in thesack. In America 
a type of packer is used where the flour is forced into the 
3 mouth by means of a screw or augur revolving on a 





vertical spindle inside the tube. The sacks, when full, 
are weighed and tied up by hand, although there are 
machines in use for ee ay sack automatically whilst 
on the packing tube, and for sewing up the sack. 

For sending sacks on to the lower floors the ordinary 
inclined shoot held the field until quite recently ; but 
latterly, with a view to economy of space, the vertical 
shoot has come into general use. : 

Fig. 36 shows an arrangement of such a shoot designed 
to deliver sacks on to any one of the lower floors as 
desired. A vertical shoot, arranged on the principle of 
the spiral staircase, with a continuous spiral sack-ran in 
place of the risers and treads of the ordinary staircase, 














Fic. 37. Sacx-SwHoor. 





of inclined sack-shoots enclosed on all four sides so that 
several shoots can be superimposed and arranged in tiers 
side by side also. 4 

Fig. 38, below, shows the nest of inclined shoots fed 
from the ordinary floor, whilst in Fig. 40 they are fed 
from an elevator at one end of the range. 

The lower ends of the shoots are closed by means of 
doors or other convenient form of lock, and deliver into 
a loading way for carts, or railway trucks or direct into 
barge as the site may require. It will be appreciated 
that, when once the sacks are put into the several pockets, 
no further handling is necessary, gravity doing the rest. 
A sack-counter device is fitted at the delivery end of each 
pocket. A warehouse on this system, having a holding 
capacity of 2000 tons, was put up by the North-Eastern 
Railway at their New Bridge-street dépét, Newcastle- 
on-Tyne. There is also one on the waterside at Boston 
Lincolnshire, with a holding capacity of 400 tons. It is 
estimated that on this system one man can handle some 
3500 tons of sacks per week. 
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INCLINED GRAVITY SACK STORES. 


SKETCH SHOWS MAGAZINE WITH 7 X li = 77 SACK COMPARTMENTS. 


Fig .38. 











makes a very compact form of shoot. Sacks can be taken 
off at any floor as desired. 

Fig. 37 illustrates the lower part of a vertical shoot, 
and comprises an enclosed vertical trunk, into which 
the sack is introduced on one of the upper floors. Its 
momentum at the bottom is absorbed by the curved 
tracks which form the termination of the shoot. The 
— sack-shoot has an advantage over the other two in 
that it can be filled up full to the top. 

An ~~ device for lowering sacks from an upper 
floor to the quay-level outside, and some little distance 
away, was first brought out in South America. Two 
parallel wire-ropes were slung from the loading-out door 
of the upper floor to the quay-level, one on each side of 
the door. These wire-ropes would adjust themselves to 
the natural curve of repose, as there is no need to keep 
them taut. Short cradles were hooked on to these wires, 
and butting one against the other end to end, formed a 
continuous sack-run from loading-out door to quay. 
When not in use the cradles were unshipped, and the 
wire ropes unhooked from the quay-side and stowed away. 

Figs. 38 to 40 show a novel form of automatic dis- 
charging sack-store. The store is composed of a series 
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A neat fatigue-savingWdevice is often fitted in flour- 
warehouses to assist the men. This device is the common 
bucket-elevator with platforms and hand-grips in "~ 
of the buckets. Running at a band speed of 70 ft. to 
75 ft. per minute, it is quite easy to step off or on at any 
desired floor while the band is in motion. A safety 
release arrangement comes into action should one, in @ 
moment of abstraction, fail to get off at the top floor, so 
to prevent the person being carried over the top of the 

evator. 

Automatic sack-elevators, arranged so that the sacks 
dump themselves on any desired floor, are in frequent use. 

Tn conclusion, the author wishes to record his grateful 
acknowledgment for information supplied and illustra- 
tions furnished by Messrs. Amme, Giesecke and Konin- 
gen, London; Messrs. W. and T. Avery, Birmingham ; 
Messrs. Briddon and Fowler, Bredbury, near Manchester ; 
Messrs. Henry Leetham and Sons, York ; Messrs. Thomas 
Robinson and Son, Rochdale; Messrs. Samuelson and 
Co., Banbury: Messrs. Henry Simon, Manchester ; 
Messrs. Spencer and Co., Melksham ; the Allis-Chalmers 
Manufacturing Company ; and the Nordyke and Marmon 
Company, United States of America, 
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TAR-MACADAM ROAD CONSTRUCTION 
AND COST AT BRIDLINGTON. 


By Ernest R. Marruews, Assoc. M. Inst., C.E., 
F.G.S., Borough Engineer. 


Since the advent of the motor-car upon our 
roads a loosely-bound road surface can no longer 
be tolerated. Adhesion of the stones forming the 
surface of the road is a necessity in all modern 
methods of road construction, for if the material is 
not bound together, the rapid car will soon destroy 
the surface of the road. Among the various systems 
of construction which fulfil the conditions named 


4in. to 6in. in thickness, and laid lengthwa 
across the street. The rubble stones are ‘‘ blinded” 
with broken bricks, broken concrete, or broken 
stone, so as to fill up the interstices. The steam- 
roller is then applied, the road being well watered 
as the rolling proceeds. 

(a) Drying of Metal.—In the past there has been 
a good deal of difficulty in getting the stone well 
dried, which is a most important factor in preparing 
tar-macadam ; and the author designed an appliance 
himself. This is illustrated in Figs. 1 to 3, and con- 
sists of two furnaces, the flues from which, after 





traversing a large area, connect up to a common 
chimney. Covering these flues are wrought-iron 





Fig.2. PLAN OF PLATES. 
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are tar-macadam and concrete. The latter material 
has not been extensively used in this country, 
but in America it has been considerably used, with 
most satisfactory results. In this country, how- 
ever, roads constructed of tar-macadam have 
proved admirable for motor and other traffic, and 
the author has constructed some miles of these, 
some of which he proposes to discuss in this 
article. He also gives the cost of the construction 
and maintenance of roads of this class. 
Foundation.—The sub-foundation having been 
rman fy to the finished profile (it is not 
always advisable to roll it), the foundation is then 
laid. This consists at Bridlington of brick-bats 
laid to a depth of 12 in., and well rolled in bya 
10 or 12-ton steam-roller. It may consist of hand- 
packed rubble stone, preferably sandstone, laid to 
a depth of 9 in., the stones being laid on edge and 








plates § in. thick, and varying in size from 3 ft. 
to 3 ft. 6 in. in width and 10 ft. 6 in. in length. The 
fires are kept going by means of coke. This stone- 
drying apparatus is fixed in a large tar-drying 
shed. The building has been most useful, in that 
it is lighted by means of electricity, and in the 
dark winter mornings some of the workmen of the 
Corporation can be mixing ‘tar-macadam in this 
building while they are waiting for it to get suffi- 
ciently light for them to commence work on the 
highways; while on wet days men are ed 
in mixing asphalt and tar-macadam all day. e 
size of the building is 70 ft. by 40 ft., and height 
to underside of roof truss 12 ft. 9 in. ; the area of 
drying plates is 399 super. ft., and it should be 
sta that the metal or gravel, if only moderately 
wet, can be dried in about half an hour. The fur- 
naces work admirably, and have cost very little in 





varying from 6in. to 9in. in length, and from 


repairs. The plates require renewing about every 


three or four years. It is most necessary that all 
dust should be removed from the stone before the 
latter is mixed with the tar. 

(b) Stone Used.—At Bridlington there has been 
used whinstone, limestone, slag, and Scotch granite 
for tar-macadam ; but the latter is preferred, and 
now no other stone is used. i me was found 
to be too dense to take the tar ; limestone, while it 
took the tar well, was too soft a stone, and resulted 
in a pe pees mn slag also failed in this respect, 
althoug Poa to limestone; while Scotch 
granite took the tar admirably and is an ideal stone 
to use. 


(c) Grading of Stones.— The stones should be 
graded in about the following proportions :—50 per 
cent. 2$-in. stone, 40 per cent. from 24 in. to 1} in., 
10 per cent. ? in. to $ in. 

(d) Temperature of Tar and Quantity Used.— 
The tar should have a temperature of about 
260 deg., and the quantity of tar used per ton of 
metal be about 10 gallons. 

(e) Method of Mixing.—This may be done by 
hand, or by means of one of the excellent mechanical 
mixers in the market. 

(f) Pitch.—Some engineers add a small portion 
of pitch to their tar, but the author does not 
recommend this. 

(q) Laying of the Material.—In the laying of the 
material, each layer should be rolled in separately, 
first with a 6-ton roller, then with a 10-ton, and a 
total thickness of 6 in. after rolling is recom- 
mended ; if it be a wide road which is being con- 
structed, and there is not likely to be much traffic 
upon it, the tar-macadam at the sides may be laid 
4 in. thick, and that in the centre 6 in. in thickness, 
after rolling ; if it bea back road, with little traffic, 
a thickness of tar-macadam of 4 in. will be sufficient. 

(h) Cost.—The cost of tar-macadam (Scotch stone 
mixed with tar) laid at Bridlington, within a mile 
of the mixing-shed, to a thickness of 4 in., after 
rolling, and rolled in the manner already described, 
is 3s. 6d. per super. yard, provided not less than 100 
super. yards are laid. If 1000 super. yards or more 
be laid, it may be done for 3s. 3d. per super. yard ; 
if 3000 super. yards, it may be laid to a thickness 
of 6 in. at 3s. 6d. per super. yard. At 3s. 3d. this 
works out at 2288]. per mile for a road 24 ft. wide 
(clear of channels, and not including footways or 
road foundation), and 28601. for a road 30 ft. wide, 
the thickness of tar-macadam in either case being 
4in. Ordinary macadam would have cost Is. 9d. 

r super. yard, if 4 in. thick after rolling. The 

tch granite used cost 9s. 4d. per ton, deli- 
vered into the Corporation carts at the harbour, 
plus 1s. per ton cartage to the dépét, plus 8d. per 
ton (average) cartage to the road where it is to be 
laid. The tar used is obtained from the gas works, 
and costs 9s. per barrel of 40 gallons, plus 3d. per 
barrel cartage to the dépét. e mixers are paid 
54d. per hour. The coke used for the furnaces 
costs 18s, per ton, plus 8d. cartage to the dépét. 

Fig. 4 represents a section through a tar-macadam 
road now being constructed in a residential part 
of Bridlington ; the road is known as Cardigan- 
road, and is about } mile in length. The cost 
per lineal yard of this 50-ft. road, including tar- 
macadam road and foundations, York-stone kerb 


and channel, ins, tree-planting, and con- 
struction of asphalt footpaths is 31. 5s., or at the 
rate of 57201. per mile. e width of the carriage- 
way is 24 ft., kerb to kerb, or 22 ft. 4 in. between 
the channelling. 


The detailed cost per lineal yard is as follows :— 
Tar-MacaDaM IN CARDIGAN-ROAD, BRIDLINGTON. 
Cost per Lineal Yard of Roadway. 


Excavation and filling, at 1s. 6d. per 

superficial yard... i a x 
Brickbat foundation, 12 in. thick 
Tar-macadam, laid to a thi 

6 in., at 36. 6d. ... ae cae a 
York-stone edging, 10 in. by 4 in., on 

concrete foundation, at 6d. per 

lineal yard line Pe aor m =e 
York-stone channelling, 10 in. by 5 in., 

on conenste foundation, at 6d. 

per lin —~ re oa os sds 
Asphalted footpaths, at 2s. 3d. per 

superficial yard... we beni ies 
Grass margins, at 3d. per superficial 
Proportion of cost of trees... 
Proportion of cost of gulleys ... 

Total 


of 


“- co & 
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This road is 1220 lineal yards in length. It 
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TAR-MACADAM ROAD CONSTRUCTION AT BRIDLINGTON. 
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ordinary granite-macadam had been laid, the cost 
would have been 2. 11s. 10d. per lineal yard. 

Trinity-road (Fig. 5, page 609) has also been 
constructed of this material, and this, too, is in a 
residential area. The cost of this road (with foot- 
ways and foundations) per lineal yard was 41. 3s. 3d. 
The total width of the road is 53 ft., the carriage- 
way being 36 ft. wide. 

Nurrow Roads.—F¥or narrow roads tar-macadam 
is also most useful. Pembroke-terrace (back road) 
(Fig. 6), and also Medina-avenue (Fig. 7), and 
Trinity-road (back road), at Bridlington, recently 
constructed in this material, are good evidence of 
this: Medina-avenue is 22 ft. in width (includ- 
ing 4-ft. footpath); Pembroke-terrace (back road- 
way) is 15 ft. in width; while Trinity-road (back 
road) is 10 ft., and the cost of forming these with 
4 in. of tar-macadam was 2s. 4$d. per super. yard, 
independent of the cost of foundations, drainage, 
and channelling. Garrison-street, Fig. 9, is a tar- 
macadam road, subject to a large amount of vehi- 
cular traffic, and the material in this case also has 
proved most useful for such a road. 

(k) Business Streets.—As to the use of the mate- 
rial in roads subject to considerable traffic, more 
particularly in a shopping area, Cross-street (Fig. 8) 
and Bridge-street are excellent examples in this 
respect. These roads were both constructed of 
tar-macadam about eight years ago. They have 
been re-covered once since then, and are patched 
every year. Cross-street is 50 ft. wide, with a 34-ft. 
road and two 8-ft. footways. Bridge-street is also 
50 ft. in width, but has a 32-ft. road and a 10-ft. 
and 8-ft. footway respectively. 

Thousands of vehicles pass over these roads daily 
during the summer months. The total cost of 
Cross-street per lineal yard was as follows :— 


Cross-Street (Cost per Lineal Yard). 


Excavation, at 1s, 3d. per super. yard 
Brickbat foundation 12 in. thick... 
Tar-macadam, laid to a thickness of 
6 in., at 3s. 6d. an ne na 
Granite kerb, 12 in. by 8 in., laid on 
concrete, at 4s. 6d. per lineal yard 
York-stone channel, 10 in. by 5 in., 
laid on eoncrete, at 2s. 6d. per lineal 
yard... ish ‘. 4 see 0 5 
2h-in. cement flags on gravel founda- 
tions, at 6s, 6d. per super. yard 
Proportion of gulleys ... Ay 


Total 411 5 


The road at Bridlington known as the Prome- 
nade, which is alse a business street, is 55 ft. 
wide (with footways), the road itself being 
37 ft. 10 in. wide. It is over half a mile long, and 
was covered by the author with 4 in. of tar- 
macadam eight years ago, at a cost of 17501.; it has 
been tar-painted three times since, and it has now 
been found necessary to re-cover a large portion of 
the road, about one-fourth the area. en the 
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recent repairs were carried out, it was found that 
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the material had become almost as hard as concrete, 
and it was impossible to spike up the road with a 


scarifier. This road has a great deal of traftic 
over it, and the tar-macadam has proved most suc- 
cessful. The material used in the first instance was 
whinstone, but in re-covering a portion of the road 
Scotch granite has been used. The Promenade is a 
very busy street during the summer months. The 
author has also constructed other tar-macadam roads 
at Bridlington, in the business streets known as 
King-street and Queen-street (Fig. 10) and in South 
Cliff-road, Hilderthorpe-road, and Manor-street, 
with equally satisfactory results, and at a similar 
cost per lineal yard to those already described. 
King-street is 56 ft. 6 in. wide, with a carriage-way 
of 36 ft., and footways 10 ft. 2 in. and 10 ft. 4 in. 
in width respectively. 

Maintenance of Tar-Macadam Roads.—The cost 
of maintenance of roads of this class varies accord- 
ing to the amount of traffic upon such road, and 
the width of the road. With moderate traftic such 
a road should be spiked up and re-covered with 
tar-macadam every seven years, and then only the 
surface layer of metal need be replaced, while such 
a road will require patching every three years 
(probably jth the area of the road will need 
repairing). If the traffic is considerable, the road 
will require slight patching every year. Theauthor 
tar-paints the surface of all his tar-macadam roads 
every other year, and he recommends this, the cost 
of doing so being 14d. per square yard. 

Advantages of such .—Tar-macadam roads 
possess the following great advantages over ordinary 
macadam roads :— 

1. Minimum of dust, therefore admirable for ‘motor 
traffic. 

2. Minimum of noise, therefore most suitable for ordi- 
nary traffic. 

3. Cleanly, and easy to keep clean. 

4. Easily repaired (no skilled labour required). 

5. A smooth and adhesive surface. 

6. Notslippery. 

7. Impervious to water, therefore cost of upkeep little. 

8. Initial cost is low compared with wood-block paving, 
stone setts, and asphalt. 

The cost of constructing the streets described in 
this article amounted to over 25,0001. 








THE FRIED. KRUPP GERMANIA SHIP- 
BUILDING YARD, KIEL. 

In a history of the various Krupp establishments 
published on the occasion of the centenary referred 
to in a previous article (see ENGINEERING, vol. 
xciv., pages 179 and 215), we find it stated that 
the connections between the German steel-works 
and the German shipbuilding yards in general 
became gradually more active and more firmly 
established as the application of the basic process 
to the manufacture of steel gradually developed 
in the country. This process, as is well known, 


was first introduced in England; it formed an’ 
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improvement upon the ordinary Bessemer pro- 
cess, which was also invented here, and it has 
proved a godsend to Germany, in that it has 
enabled her since to utilise her vast resources of 
poor and highly-phosphatic iron ores in the manu- 
facture of high-class steel—a manufacture which 
Messrs. Krupp have carried to a high degree of 
perfection. At the same time, the process gradu- 
ally rendered the German shipbuilding industry 
more and more independent of the British iron 
and steel market, her steel output now even far 
exceeding our own. The Imperial Navy started 
the movement by specifying after a time the exclu- 
sive use of German material in the construction of 
the German warships, and the example was fol- 
lowed shortly afterwards by all the German shipping 
companies. The situation from the metallurgical 
standpoint is clearly illustrated by the following 
figures. In 1902 the German steel works produced 
for all purposes 7,780,682 tons of steel, of which 
7,262,686 tons were on the basic process, and 
517,996 tons on the acid process. In 1912 the 
total was 17,301,998 tons, of which 16,666,196 tons 
were on the basis process. 

From a very early period in the history of German 
shipbuilding the Krupp metallurgical and ordnance 
construction works were in close connection with 
the German shipbuilding yards, and also, to some 
extent, with the foreign shipbuilding yards, for the 
supply of ordnance and mountings, armour, crank 
and propeller-shafts, heavy steel castings, iron and 
steel plates. These, at first, and in regard to German 
shipbuilding, were manufactured at Essen for de- 
livery to German yards owned by other German 
firms. When, however, the Essen establishments 
decided, in the early ‘nineties of last century, to 
manufacture basic steel on a very large scale, they 
placed themselves in a position to undertake also 
the construction of ships of all classes complete, 
and they resolved to purchase a yard for the pur- 
pose. Owing to the experience which the Essen 
works had uired in the manufacture of war 
material of all kinds, they first contemplated the 
construction of warships, and F. A. Krupp, who 
had had the matter in view for many years, 
expressed the wish to own a yard located in one of 
the German naval harbours. His attention was 
called to the Germania yard situated in Kiel Bay, 
and this yard, as it then stood, was taken on lease 
by Messrs. Krupp in the year 1896; in 1902 they 
gave effect to their option of purchase, and acquired 
it finally. 

This yard was first established in 1863, and it had 
frequently changed hands. To mention only a small 
part of its former activity, we may state that, in the 

riod from 1882 to 1896, it built the battleships 

érth and Siegfried, the small cruiser Kaiserin 
Augusta, the torpedo-boat G 21; which latter, in the 
course of her trials in 1885, developed a speed of 
18 knots, the highest — for the time. The 
engines were built at the Tegel works, near Berlin, 
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then owned by the Schiff- und Maschinenbau A.-G. | 
Germania, from whom Messrs. Krupp first leased, 
then purchased, the yard, as above stated. From the 
standpoint of shipbuilding alone, the concern was 
in a comparatively good situation ; the engineering 
works being at a distance, at Tegel, near Berlin, as 
already mentioned, formed, however, a difficulty 
which made itself felt all the more as the engines 
increased in size and in weight. The financial situa- 
tion, on the other hand, was not at all satisfactory, 
and a constant lack of ready capital prevented the 
extension of the yard and the development of its 
resources to meet the growing requirements of the 
German navy. 

Matters were in this comparatively unsatisfactory 
condition when, on October 1, 1896, Messrs. Krupp 
decided to take over the management of the yard, 
subject to its final acquisition by them later on, 
at their option. They immediately commenced 
reorganising the plant, so as to enable it to meet 
all modern requirements. This started a new era 
for the concern, but it meant for the Essen works an 
undertaking which heavily taxed them both tech- 
nically and financially for a long period. The pre- 
liminary work of reconstruction occupied four years 





—from 1898 to 1902. The engineering works were 


ing main shops: an iron and a brass-foundry, an 
electric power plant, a compressed-air generat- 
ing station, with boiler-house, a boiler-shop, and 
a pattern-making shop. The earth excavated was 
utilised to reclaim an area acquired at the same 
time and which lay partly under water. This had 
the effect of extending the frontage along the bay. 
An idea of the amount of earthwork which had to 
be carried out is afforded by the fact that 14 million 
cub. m. (about 50 million cub. ft.) of earth had 
to be excavated and removed. When this was 
completed and the quay-wall built, the yard was 
raised to a height of about 5 m. (16 ft.) above the 
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PLAN OF THE GERMANIA WORKS. 


1. Metal-breaking area. 20. 150-tca hammer-head crane. 38. Angle and section stores. 
2. Iron and brass foundries. 21. 150-con floating crane. 39. Plate-pickling shed. 
3. Electric power-station I. 22. Joiners’ shop. 40. Plate stores. 

4. Compressed-air station. 23. Painters’ shop. 41. Plate-stores crane. 
5. Boiler-shop. 24. Careening beach. 42. Canteen. 

6. Pattern-shop. 25. Rigging-shop. 43. Bathing-rooms. 

7. Entrance. 26. Lock smithy. 44. Entrance. 

8. Smithy. 27. Electric power-station IL. 4h. Works’ management. 
9. Entrance. 28. Boiler-house. 46. Saw-mill. 

10. Locomotve shed. 29. To o-boat launching-ways. 47. Timber stores. 

ll. Offices. 30. Rivet and boit stores. 48. Timber-drying room. 


12. Fire-extinguishing station. 81. Tool stores. 


13. Oil and paint dépot. 32. Tool smithy 

14. Testing-room. 33. 40-ton crane. 

15. Copper smithy. 34. Shipwrights’ sheds. 

16. Erecting-shop. 35. Angle and plate-shaping sheds. 

17. Turners’ shop. 36. Straightening and tracing-out sheds. 


18. Stores. 
19. 15-ton derrick crane. 


transferred from Tegel to Kiel ; tracts of land were 
purchased, others were exchanged with the Govern- 
ment dockyard adjoining for more suitable ones. 
By this means the land area occupied was increased 
from 6.5 hectares (16 acres) to 23.35 hectares (57.8 
acres), and the frontage on the Kiel Bay was given 
a length of about 800 m. (over 2600 ft.), or approxi- 
mately double the length which it formerly had 
The extension was carried out towards the inner 
end of the Kiel cove, where the depth of water is 
sufficient to maintain at all times a trough 10 m. 
(33 ft.) deep in front of the launching-ways, suitable, 
therefore, for launching the heaviest battleships. 
The cove in front of the ways has a width of 
about 350 m. (820 ft.). The climatic conditions at 
Kiel never interfere even in the most severe winters 
with the launching of ships and with the trial trips 
on the measured mile. 

The yard, launching-ways, and engineering shops 
are shown in the plan, Fig. 1, on this page. As will 
be seen, excavation work had to be carried out at the 
south end of the establishments to place the newly- 
acquired tracts of land on a level with the then exist- 
ing shops. The difference in level amounted to over 
20 m. (65 ft.), and this had to be excavated over 
& length of 300 m. (980 ft.) and a width of 150 m. 


37. (Above) Moulding-loft. 





(490 ft.). On the land thus prepared, which lies to 


the east of Werft Strasse, were erected the follow- 


49. Railway siding. 

50. Boiler-house. 

51. Coal dépét. 

52. Restaurant and boarding-house. 
I. to IV. Covered launching-ways. 

V. to VII. Open launching-ways. 
VIII. Launching-way in construction. 


water level, and seven launching-ways were pro- 
vided, four of which are covered over, the largest 
being of sufficient capacity to take ships up to 
225 m. (738 ft.) in length and 34 m. (111 ft.) in 
breadth. An eighth launching-way for the con- 
struction of ships up to 250 m. (820 ft.) in length 
and 40 m. (130 ft.) in breadth is in course of con- 
struction. The launching-ways are built of concrete. 
They form hollow basins, and are on an incline of 
1 in 18 and 23. Views of the yard are given in 
Figs. 2 and 3, on e 612; Fig. 4, on 613, 
is that of the “aa a covered Teed -way. 
Another covered launching-way, showing a battle- 
ship in course of construction, is illustrated in 
Fig. 5, on Plate XLIV. 

A glance at the plan, Fig. 1, will show that in 
reorganising the plant care’ has been taken so to 
arrange the various shops that the material follows 
as much as possible a straight line from the dépéts, 
the mechanical shops, the engineering works, the 
ship-platers’ shed, down te the ship in course of 
construction. Figs. 6 and 7, on Plate XLV., are 
views in the shops set apart for shaping ship-plates 
and sections. 

The works are divided into two parts by the 
Werft Strasse. The first shop on the east side of 
this street is the pattern-shop, which measures 
48 m. (157 ft.) in length and 20 m. (65 ft.) in 





width ; it is well lighted and is provided with a very 
complete system of exhaust-flues, which connects 
every single wood-working machine-tool with under- 
ground receivers and fans for collecting all the 
wood chips and dust. The smaller ine-tools 
and the benches are in the two side-bays of the 
building. The patterns are stored partly in the 
two upper floors and partly in an adjoining build- 
ing. The brass-foundry, iron-foundry, and fettling- 
shop are all contained in a square building cover- 
ing an area of 9600 sq. m. (11,480 sq. yards), and 
located at the extreme east of the establishments. 
The building is divided into seven bays, having 
roofs partly glazed. The roofs over the main 
bays are supported by lattice columns, which 
also carry the overhead travelling-crane tracks. 
Each bay is served by 30-ton electric overhead 
travellers, two in the central bay and one in each 
side bay, there being, further, seven foundr 
slewing-cranes, driven electrically, and fitted eac 
round one of the lattice columns. These latter 
cranes can lift both iu the central bay and in the 
adjoining side bay. The iron castings are cast in 
loam or in sand, according to their nature, there 
being two casting-pits having from 5m. to 6 m. 
(16 ft. to 19 ft.) diameter, and a depth of 45m. 
(over 14 ft.). There are in the iron foundry two 
cupolas having a joint capacity of 14 tons per hour, 
and nine drying-stoves, the largest of which are 
8 m. (26 ft.) in length, 6.7 m. (22 ft.) in width, and 
4m. (13 ft.) in height. The drying-stoves are 
heated by coke. The brass foundry is in the same 
building, and is fully equipped for the manu- 
facture of propellers, fountatlonn, and framework 
for the engines of submarines, and all the various 
brass castings which enter into the construction 
of engines and ships. It contains a number of 
Baumann crucible furnaces, several of which are 
arranged for burning oil fuel ; also a reverberatory 
furnace, having a capacity of about 3.5 tons, for 
the direct casting of the brass pieces of compara- 
tively large dimensions. The ing-stoves in the 
brass-foundry are five in number; it is also pro- 
vided with a casting-pit for casting the heavier 
brass pieces. The fettling of the castings is carried 
out both in the iron-foundry and in the brass- 
foundry, and closed-in sand-blast apparatus, com- 
prising a — rotary table with air suction 
underneath, are used for cleaning the smaller 
pieces. Both foundries are admirably lighted and 
perfectly ventilated. This, we may add, is a 
characteristic feature of all the shops ; it is evidenced 
in Figs. 8 and 9, on Plate XLVI., which are views 
in the foundry and in the a 

Adjoining the foundries is the boiler-shop. This 
is a building 156 m. (511 ft.) in length and 65 m. 
(213 ft.) in width, divided longitudinally into three 
bays—a main central bay, 23 m. (75 ft.) in span, 
and two side bays. The side bays are each served 
by a 15-ton electric overhead travelling-crane. The 
main bay has two 50-ton similar travellers, a 75-ton 
and a 40-ton one ; these two latter travellers are 
mostly used for handling the boiler-shells in the 
hydraulic riveting-machines. Hydraulic nv is 
resorted to on a very large scale, the water under 
pressure being supplied by steam-driven pumps. 
A large number of tools—cutting and caulking- 
tools, for example—are driven by compressed air. 
All the tubes which enter in the construction of 
water-tube boilers are galvanised by the electrolytic 

rocess before entering into the construction of 
Collen. In this shop Messrs. Krupp build both 
cylindrical boilers and Schulz water-tube boilers ; 
the central portion of the main bay is set apart for 
tube-bending, and both types of boilers are erected 
indifferently in either bay, according to the work 
in progress. The largest riveting-machines are 
designed for 40-mm. (1.574 in.) rivets. The fur- 
naces for boiler-plate bending are two in number, 
the largest measuring 2.5 m. by 6 m. (8 ft. 2 in. by 
19 ft. 8in.). They are heated by generator gas. 
A room for the testing of boilers in conditions 
equal to those which obtain in closed stokeholds on 
board ship is marked 14 on the plan, Fig. 1. The 
boiler, one of a set, as may be specified by the 
inspector in charge of the work, is tested under 
steam. The boiler we saw being tested under steam 
when we visited the works in August, 1912, was an 
oil-fired Schulz water-tube boiler. The steam gene- 
rated in the boiler under test is supplied to the 
turbine testing-beds, the engines driving the pumps, 
&c. All boilers are tes by water under pres 
sure in the usual way in the boiler-shop to ascer- 
tain the tightness of all joints. 

Close to the boiler-shop are the electric power 
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plant, a compressed-air station, and the boiler- 
house which supplies steam to both. The electric 
generating station contains five triple-expansion 
three-cylinder vertical steam-engines, two of 375 
horse-power and three of 750 horse-power each, 
direct coupled to continuous- current dynamos, 
which generate current at 550 volts for power and 
230 volts for lighting. The power-house styled 
No. II., at the lower yard, contains a 900-brake- 
horse-power turbo-dynamo. The compressed-air 
station contains three steam-driven air-compressors, 
having a capacity of 200 cub. m. (7060 cub. ft.) of 
free air per minute, the compressed air being sup- 
plied at a pressure of 7 atmospheres (103 lb. per 
sq. in.) to the various shops, to the ships in course 
of construction on the launching-ways, and to those 
in course of completion afloat in the bay. The 
engines of both stations exhaust into a central con- 
densing plant. They are supplied with steam from 
six cylindrical boilers contained in the adjoining 
boiler-house ; the boilers have a total heating 
surface of 1500 sq. m. (16,150 sq. ft.), and supply 
steam at a pressure of 12 atmospheres (175 lb. per 
sq. in.). The boiler-house at the lower yard el 
five boilers with a heating surface of 1000 sq. m. 


(10,760 sq. ft.). The boilers are coal-fired and stoked | 
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by hand, except one which is provided with a chain 
grate, and has been recently put down in the boiler- 
house at the lower yard. ‘The water for the boiler- 
feed, and also for use in case of fire, is taken from 
shafts driven on the spot, and is pumped up into 
a 100-ton receiver which surrounds the chimney. 
The water is potable, and is also pumped up to a 
number of tanks for distribution throughout the 
yard, 

The main engineering building, located close to 
the quay wall and served on the outside bya 150- 
ton electrically-driven hammer-head crane for lifting 
the engines and boilers into the ships, in course of 
completion afloat, is 168 m. (550 ft.) in length and 
148 m. (485 ft.) in width, divided into nine bays. 
It covers the machine department and the erecting 
department, this latter being at the western end 
of the building, close to the quay-wall along which 
lay the ships in course of completion afloat. Views 
in the engineering building are given in Figs. 1U 
and 11, on Plate XLVII. The central bay, 26 m. 
(85 ft.) in width and 26 m. in height, is set apart 
over the whole length of the building for the erec- 
tion of the larger types of marine steam-engines. 
The bays, of comparatively recent construction, for 
the fitting and erection of large motors for ship 





propulsion contain at the present time, in course of 
completion and testing, several sets of 1350-horse- 
power Diesel two-cycle single-acting engines for 
the propulsion of tank-ships; these engines are 
illustrated in Figs. 12 and 13, on page 624. In 
this connection it is interesting to note that 
Messrs. Krupp were fully successful with their 
2000 - shaft - horse - power single-cylinder double- 
acting Diesel test-engine, which they built for 
experimental purposes in the last months of 1911. 
Their oil-fuel engines for submarine boats are built 
almost throughout of gun-metal, with gun-metal 
base-plate and engine-frame. The Germania yard 
have built several battleships and warships of other 
classes, for the German and other navies, propelled 
by reciprocating engines and by steam-turbines, 
and recently their turbine-propelled torpedo-boat 
destroyer G 8 attained a speed of 36 knots. But from 
the verycommencement they gave their whole atten- 
tion to the development of the Diesel engine, both 
for stationary purposes and for ship propulsion, and 
since 1908 they have built a large number of these 
engines, varying in power from 20 to 2000 effec- 
tive horse-power per cylinder, the latter being the 
experimental one-cylinder engine above referred to. 
The Krupp type of internal-combustion engine for 
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the navy is two-cycle, double-acting, and reversing. 
The engines for merchant navies are two-cycle, 
single-acting, and reversing. 

The engineering shop is amply served by elec- 
tric overhead travelling-cranes, ranging in power 
from 5 to 50 tons, and contains an admirable dis- 
play of machine-tools. A gallery newly built over 
the ninth bay contains a large number of small 
machine-tools for fitting the smaller mechanical 
parts entering in the construction of internal-com- 
bustion engines. These are now manufactured in 
series ; in fact, the manufacture of this type of 
engine, of all sizes, has now reached such a degree 
of perfection at Kiel that it may be considered as 
standardised throughout. 

The launching-ways shown in the plan (Fig. 1) 
vary in length from 116 m. to 193 m. (380 ft. 
to 633 ft.); Nos. I to IV., are from 22 m. to 
24 m. (72 ft. to 78 ft.) in width; No. V. has a 
width of 16 m. (52 ft.); No. VI. a width of 34 m. 
(111 ft.); and No. VII. a width of 26 m. (85 ft.). 
This latter can take ships up to 225 m. (738 ft.) 
in length, as above stated. An eighth launching- 
way at the site marked on the plan (Fig. 1), for 
the building of battleships up to 250 m. (820 ft.) 
in length and 40 m. (130 ft.) in breadth, is, as above 
stated, in course of construction. The ways are of 
concrete, hollow, and of rectangular shape. Their 
floor, which is on an incline of 1 in 18 and 23, as 
already mentioned, is at their outer end at a depth of 
from 2.5 m. to3 m. (about 9 ft. 6 in.) below the sea- 
level. Each slip is closed at the end which gives into 
the sea by a floating pontoon, an arrangement which 
does away with a slide beyond theship. Four of the 
slips are covered over by a glazed roof carried on 
latticed columns, as shown in the views, Figs. 4 
and 5. The roofs are glazed over their whole area; 
the sides are open at their lower part in order to 
facilitate circulation and the supply of material. 
The end facing towards the bay has a glazed wind- 
screen, under which the ships can pass freely when 
launching takes place. Awnings of sack-cloth and 
sheet-iron are placed round some of the ways to 
prevent draughts and to conceal from view some 
ships, such as submarines, in course of construc- 
‘tion. The span over each launching-way is divided 
into two parts (see Fig. 5), each side being served 
by a 6-ton electric overhead travelling crane, which 
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can run out over a short distance at the shore end 
of the launching-ways, for lifting the material and 
transporting it to any point of the ship under con- 
struction. The three other launching-ways num 
bered V. to VII. are not covered over. Latticed 
columns are built on the walls which separate them, 
the columns carrying at top a track, on which run 
electrically-operated jib-cranes, each capable of 
lifting 3 tons at a radius of 13.5 m. (44 ft. 3 in.), 
and over a height of travel of 29 m. (95 ft.). 

The platers’ shed, marked 34 and 35 on the plan 
(Fig. 1), is in the rear of the launching-ways I. to IV.; 
it is 160 m. (489 ft.) in length and 45 m. (147 ft.) in 
width, in three bays, and contains all the necessary 
machinery for shaping, drilling, and bending the 
plates and frames which enter into the construction 
of ships of all classes. Each of the three bays is 
served by two 3-ton electric overhead travelling- 
cranes; there are, further, five narrow-gauge 
tracks which are in direct communication with the 
tracks that are laid parallel with the launching- 
ways. A view inside the platers’ shed is given in 
Fig. 6. This shed is now being lengthened by 
about 10 m. (33 ft.). 

The furnaces for heating the plates and beams 
previous to bending or straightening have hearths 
up to 18 m. (59 ft.) in length, and the adjoining 
machines can deal with plates and sections of any 
required length and thickness. They are contained 
in a shop 100 m. (328 ft.) in length and 22m. 
(72 ft.) in width, shown at 36 in the plan, Fig. 1. 
The floor above is set apart as a moulding-loft, 
which runs over the whole length and width of the 
building and forms an admirable room, most 
adequately lighted at top and on all sides. 

In the open, in close proximity to this building, 
are a bending press and an electrically-operated 
drilling-machine, both capable of dealing with all the 
longer pieces entering into the construction of 
warships, such, for example, as beams up to 25 m. 
(82 ft.) in length, the installation being completed 
by all the required lifting and transporting appa- 
ratus. 

The plate dépét, near by, is marked 40 in the 
plan, Fig. 1; it is served by a rotary crane, which 
can cover a semi-circle 60 m. (195 ft.) in radius. 

All the steel castings and the heavy steel forgings 
are received ready machined from Messrs. Krupp’s 





Essen works, which also supply the yard with 
the necessary armour-plates for the belt armour 
ready to bolt in place on the backing when 
the ships are afloat in the bay. They also supply 
the turrets complete, ready to be mounted in place. 
No machining is required on any of these, except 
occasionally on some of the plates forming the deck 
armour, when this is done in the Kiel engineering 


shop. 

For the lifting on board ship of all the heavy 
machinery, armour-plates, component parts of 
turrets and ordnance, the yard has at its disposal, 
besides the above-mentioned 150-ton hammer-head 
crane, a 150-ton floating crane, and a 40-ton derrick- 
crane, this latter marked 33 on the plan. The 
hammer-head crane, which is shown in the view, 
Fig. 3, and the 150-ton floating crane have each 
been tested under a load of 200 tons. A crane-loco- 
motive and two portable cranes ensure the transport 
of material between the various shops. The yard 
is in direct communication with the State railways 
by a siding. 

The yard employs 7000 men, for whose welfare 
installations similar to those of the other Krupp 
establishments have been put down. 

Among the battleships which have been con- 
structed at the Germania yard, Kiel, since it has 
been owned by Messrs. Krupp, we may mention 
the Braunschweig, Deutschland, and Posen. They 
have recently completed the Prinzregent Luitpold, 
and have in course of construction the Ersatz 
Brandenburg. They have also built a number of 
cruisers, destroyers, torpedo - boats, and sub- 
marines. They built the submarine Atropo, for the 
Italian Navy, which we illustrated in a former issue 
(see ENGINEERING, vol, xciii., page 560). 
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TruEMAN Woop, Secretary of the Society. With a 

Preface by Lord Sanprrson, G.C.B., Chairman of the 

Council. London: John Murray. [Price 15s. net. ] 
Tue growth of an ancient corporation, influentially 
supported, energetically maintained, and bene- 
ficially employed, cannot but prove a profitable 
study. Sir H. T. Wood is fortunate in his subject, 
and has treated it adequately. If at times the 
mass of facts grows bewildering, it is because the 
activities of the Society have operated simul- 
taneously in so many directions that consecutive 
order is impossible. It is to the merit of the 
founders that their genius contrived an effective 
organisation that many nimble brains have known 
how to turn to usefulness. The history would 
have been simpler if it had been less eventful, less 
crowded with incident; but a society that has 
identified itself with the nation’s progress in indus- 
trial science and commercial development, or, it 
may be, has aided and directed national aspirations, 
has had so many avenues of expansion that it is 
well nigh impossible to do justice to each. For 
this reason, perhaps, no comprehensive history has 
been attempted. More than twenty years ago a 
very admirable sketch of the Society's aims and 
results appeared in these columns ; but the diffi- 
culty of presenting anything like a complete account 
of its many-sidedness has, no doubt, proved a 
deterrent to the scientific historian. hat Sir 
H. T. Wood was admirably equipped for the task 
this volume amply demonstrates. He is to be 
congratulated on this lucid and informing story 
of the initiative and development of a movement, 
designed with the object of increasing the produc- 
tive powers of the nation. We can only regret 
that his modesty has prevented him carrying the 
history beyond 1880, the time when he accepted 
the duties of secretary, and by his energy and 
competency infused fresh vigour into its counsels, 
and modified its conduct to meet the inevitable 
changes brought about by the lapse of time. 

There is, of course, the purely historical side, of 
too interesting a character to be passed over alto- 
gether in silence. A society that has an unbroken 
record of 160 years; that has attracted the attention 
and deserved the support of kings and princes, 
ministers of state, and ambassadors; that has 
assisted and watched over the careers of some who 
have been greatest in the walks of art and science, 
touches political and social history at so many 
points that one cannot ransack its archives without 
summoning up some famous figure, or awakening 
some forgotten association. On one page, repro- 
duced-in facsimile from an early signature book, can 
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be seen, among others, the names of Robert Walpole, 
George Colman, Robert Clive, Sir Joshua Reynolds, 
and the Duke of Marlborough. Lord Sanderson 
reminds us that the elder Pitt and Lord North were 
among the earliest members who thus found them- 
selves in the uncongenial company of John Wilkes 
and Woodfall ; that in the apartments of the Society 
Dr. Johnson is believed to have made, or attempted 
to make, a speech; that Oliver Goldsmith would 
willingly have served the Society as secretary but 
that Gurrick’s hostility prevented his candidature ; 
that the mutiny of the Bounty and the subsequent 
colonisation of Pitcairn’s Island are traceable to an 
unsuccessful attempt on the part of the Society to 
introduce the iesed fouls tree into the West Indies. 
These old-world stories and picturesque figures, 
however, only serve as an effective embroidery to 
the sterner tale of earnest, unromantic purpose 
which the author has to unfold. 

The origin of the Society and the methods of its 
early procedure are to be traced to the persevering 
efforts of Mr. William Shipley, a drawing-master, 
who was fortunate enough to enlist the sympathetic 
aid of Viscount Folkestone and Lord Romney. 
Shipley’s public spirit seems to have been very 
superior to his station in life, but that he served the 
Society well and ably as secretary for some years 
shows that he was not without talent. It was 
Shipley’s good fortune to give form and expression 
to a desire that had long been vaguely felt. The im- 
mediate success of the scheme proves that men were 
prepared to entertain it. The preliminary work of 
conviction had been accomplished. So far back as 
1738, the Royal Society had been approached with 
proposals for the formation of a branch society for 
the encouragement of arts and sciences. The Royal 
Society, as a corporate body, did not see their way 
‘* to assist in the establishment of such a foundation, 
nor will they give any interruption to the design of 
any other society, which the proposer now seems to 
be in hopes may be formed thereon.” But the sub- 
ject had been ventilated, and this, no doubt, made 
the task of Shipley and his coadjutors more easy. 
They probably builded better than they knew. 
Their wildest dreams could hardly have pictured 
the far-reaching effect of the modest organisation 
they called into being. In its origin, it was pro- 
‘ong >> simply ‘‘to raise a fund by subscription, to 

e distributed in premiums for the promoting of 
improvements in the liberal arts and sciences, 
manufactures, &c.”’ This programme developed 
into a plan for granting rewards to meritorious 
inventions, for awarding prizes for success in the 
various branches of fine arts, for assisting i- 
culture and Ses forestry, for improving 
the latent wealth of the colonies, for increasing the 
economic resources of the kingdom by the im- 
portation of new materials, and for expanding 
these resources by novel and ingenious methods. 
If such were the main avenues into which the 
Society’s activities were turned, they by no means 
exhaust the numerous by-ways in which useful- 
ness was displayed. othing seems to have 


been too simple for its attention, nothing too great | bered 


or cumbersome for its machinery. ‘‘ At one moment 
the Society is endeavouring to further the improve- 
ment of labourers’ cottages, at another it is pro- 

ing a reform in the standard pitch of musical 
instruments. It encourages with equal ene 
the planting of osiers for basket - making, the 
development of the fish supply of London, and 
the introduction of the Dutch system of curing 
herrings.” 

It is not ible to follow the author through 
the mass of detail suggested by this quotation from 
Lord Sanderson. That the author has been able 
to keep a sustained interest in the variety of work 
—some trivial, some beneficial—is due to his admir- 
able classification. It is possible to follow any 
scheme, as the history of the International Exhibi- 
tion of 1851, and all that followed from it, or the 
Art Exhibitions, or the system of examinations, 
without interruption. By the preservation of 
an ordered sequence, rather than a chronological 
arrangement, it is ible to trace the vicissitudes 
in the fortunes of the Society, the alteration in its 
aim and purpose, indicated by the gradual decline 
in the number of premiums awarded, and the 

ter attention paid to the dissemination of 
information. We get a clearer view of the main 
principles animating the members, their earnest- 
ness of purpose stands out more prominently, and 
the lines on which it was thought possible to carry 
out the intentions of the founders are more easily 


recognised. 





That the general policy pursued needed but so 
little alteration through so many years is an evidence 
of the success attending an experiment that seemed 
to have in it all the elements of failure. It seems 
strange to us now, guided and perhaps chastened 
by later experience, that a committee of gentlemen 
little versed in technical science, and not well 
informed of the pressing needs of the public, should 
think themselves competent to select those inven- 
tions, or to indicate the direction of experiment, 
that would be of test assistance to the encourage- 
ment of industrial development. The most saga- 
cious of mortals is not able to predict either the 
direction that scientific discovery will take, or 
foresee how those discoveries may be most ingeni- 
ously applied to the progress of civilisation. It is 
not surprising that mistakes were made and energy 
wasted in attempts to foster unsuitable appliances, 
or that worthy and judicious applications of inge- 
nuity failed to be recognised. The surprise should 
be rather that the instances of failure are so few. 
It is true that well-known names like Watt, 
Ha ves, or Arkwright are not to be found in 
the lists of the Society’s awards. This is easily 
explained. All great inventors are in advance 
of their time; they have to fight against preju- 
dice and ignorance before they can claim recogni- 
tion. Workmen are afraid of an attack on their 
means of livelihood, and manufacturers dread 
being compelled to sacrifice obsolete machinery. 
Itis for this reason, as Sir Henry Wood reminds us, 
that hardly any great invention can be mentioned 
that has not been condemned by a competent and 
well-qualified authority. The lesson taught is that 
contemporary opinion is not a safe guide to the 
value of discoveries. It may, too, be anticipated 
that any organisation, constituted as was this 
Society, “al be more ready to endorse public 
opinion than to run counter to it. Consequently 
small improvements in existing appliances were 
more favourably considered than any entirely new 
departure which had to prove its capacity and its 
success to ing critics. 

Another feeling which operated against the due 
recognition of epoch-making machines was not very 
creditable to the Society’s reputation. At that 
time the regulations forbade any cognisance of 
patented articles. So strong was this opposition 
to a perfectly legitimate protection of the in- 
ventor, so convinced were the early jurors that the 
granting of a patent was an unwarrantable restric- 
tion on industry, that it was proposed, though not 
carried out, that every prize-winner should be 
required to declare his intention not to take outa 
patent. Since such views no doubt influenced the 
decisions of those who made the awards, it is 

leasant to be able to record that a more en- 
ightened judgment directed the Society in after 
days, and that the energetic action of the Council 
some sixty years ago was instrumental in effect- 
ing a much-needed improvement in our Patent Law. 
The work of Sir F. Bramwell in securing the passing 
of the Patents Bill, 1883, is still gratefully remem- 
. This change of opinion and of policy on 
the part of the Society recalls other instances in 
which modern views have modified ancient methods. 

It would be a grateful task to follow the author as 
he traces or illustrates the industrial progress of the 
country, or the encouragement given to the more 
efficient application of fine arts to our manufactures, 
or, indeed, many other branches of activity and 
usefulness in which the Society has been a pioneer. 
But we should be as far as ever from exhausting the 
long catalogue of eminent services Sir Henry Wood 
has to chronicle. Still less would it be possible to 
convey an adequate notion of the spirit and vigour 
which has animated the Society’s career, in which 
has been conspicuous ‘* the desire to give voluntary 
and unremunerated service for the advancement of 
the community, to work strenuously for the general 
increase of knowledge, refined taste, and useful 
industry.” 


Tron and Steel: An Introductory Text. Book for Enginecrs 
and Metallurgists. By O. F. Hupson, M.Sc., A.R.C.S. ; 
with a Section on Corrosion, by Guy D. Brncouc, 
M.A., D.Sc. With forty-seven illustrations. London : 
Constable and Co., Limited. [Price 6s. net.] 

Tus book, the first in ‘tA Series of Text-Books 

Introductory to the Chemistry of the National 

Industries,” edited by Dr. Bengough, serves as an 

example of the error of the idea that industriously- 

acquired book-knowledge is an adequate basis for 
an introductory book on a technical subject. It 
should long ago have become evident to the least 





intelligent publisher, as well as to the editors of 
his various series, that of all books the most diffi- 
cult to write satisfactorily is the elementary text- 
book. To the advanced student, and the man with 
considerable fore-knowledge of his subject, an 
author of mediocre ability may do some little good, 
and is not likely to do much harm. A few fresh 
facts, one or two new observations carefully stated, 
or a judicious compilation of matter not easily 
acccessible, may give a book at any rate a small 
value to a man who is already well-grounded 
in the subject, and who can consequently 
perceive and ignore unharmed the mistakes or 
weaknesses which the book may contain. But 
to the beginner every mistake is misleading, 
every omission of an important principle is benight- 
ing, every lack of perfect clearness is bewildering, 
and every one-sided selection of examples is dis- 
torting. In fact, the beginner can be safely 
entrusted only to the man who is imbued with the 
spirit of his subject, to whom its principles have 
become intuitive and sub-conscious, and whose 
command of its facts is almost as ready and as 
effortless as his command of his own muscles—to 
the man who is, in short, a ‘‘ master ” of his subject. 
In the case of the book before us the author 
appears to have failed by his inability to give 
the reader a sense of that actual, though indirect, 
contact with the whole of the subject which endows 
the reader with confidence and interest and the 
subject with attractiveness. 

A short and random choice will show the nature 
of most of the faults in the book. Page 12 con- 
tains a reference to ‘‘the very pure ores [mag- 
netites] of the noted mines of Norway ;” obviously 
Sweden is meant. The analyses of some of the 
ores on page 13 are of little value without more 
detail. The fracture of graphitic cast iron passes 
along the surfaces of the flakes of graphite and not 
‘*through the flakes,” as we are told on page 21. 
The list of pig-iron analyses (pages 26 and 27), which 
omits such important English irons as the West 
Coast hematites and Lincolnshire and Cleveland 
pigs, is quite unrepresentative of the output of this 
country, and totally ignores the rest of the world. 
The description of the constitution and properties 
of moulding-sands contains so many wrong or mis- 
leading statements that it is hard to understand 
how a man of Mr. Hudson’s knowledge can have 
written it. Swedish bar iron is not made ‘ by the 
Walloon process on Lancashire hearths ” (page 57) ; 
the Walloon and Lancashire processes are quite 
different, and are worked in hearths of different 
constructions. Blister steel bars are never ‘‘ cut 
up” (page 58) for melting; they are broken. 
The two references to metal-mixers (pages 65 and 76) 
are inconsistent. Moreover, a ‘* pear - shaped” 
mixer having ‘‘a capacity of 150 to 200 tons” is 
by no means “‘usually gas-fired.” The confused 
account given on page 73 of the reasons for adding 
ferro-manganese and ferro-silicon to an open-hearth 
bath does not indicate a clear comprehension by 
the author of the function of these additions, and 
can hardly be expected to be of much value to a 
young student. ; 

On page 127 is a seriously misleading reference 
to the constitution of nickel steel (‘‘ austenite as 
seen in some special steels, such as nickel steel ”). 
At least 95 per cent. of nickel steels contain no 
austenite, this constituent being characteristic of 
only the very high nickel steels (20 per cent. or 
more of nickel), The analyses of high-speed steels 
given on page 140 are not typical of the most 
modern practice. 

The one part of Mr. Hudson's book which is 
really well handled is the chapter on ‘‘The Con- 
stitution of Iron-Carbon Alloys,” which is a quite 
useful summary of the results of metallographic 
research in this branch of metallurgy. 

Section II. of the book, ‘‘The Corrosion of 
Steel and Iron” (pages 150 to 168), by Dr. Ben- 
gough, is a distinctly valuable, though brief, account 
of the present knowledge of the factors causing or 
furthering corrosion, of the possible explanations 
of their modes of action, and of the methods of 
inhibiting their action. 
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FOUNDRY PLANT AND MACHINERY. 
No. LXV. 


By Joseph Horner. 


In those foundries in which chilled castings 
are made, a fair amount of plant is required for 
the chills and for the moulding-box parts which 
are attached to the chills. The present article 
deals with this subject. 

In chilled castings the iron is poured into a 
mould, a portion of which is made of cast iron. 
The effect of pouring the metal against the cold 
iron surface is to cause rapid solidification of that 
portion of the metal which comes into immediate 
contact with the chill. The metal which is thus 
rapidly set is harder than the same kind of metal 

oured against the adjacent sand. Chilling varies 

rom, say, } in. to 1} in. indepth, depending on the 

nature of the articles cast. The deeper the chill 
desired the more care must be exercised in the selec- 
tion of the grade of iron to be used. This does not 
much concern us in articles dealing with foundry 
plant, but it is well to state the facts which must 
guide the founder in his selection. 

There is no difference in the chemical composi- 
tion of the chilled and unchilled of a casting. 
The differences are wholly physical. The chilled 
portion is composed of , white needle-like 
crystals, disposed at right angles to the chill mould, 
and merging intothe grey or mottled iron behind, 
which is of henapesuns or cellular structure, having 
graphite occupying the cells. Though extreme 
hardness is the essential sought, white iron is not 
used, because, though it would chill, it would not 
provide the stronger body which the grey or 
mottled iron does. The crushing or wearing 
qualities of the chilled portion have to be sup- 
plemented by a tougher backing. Only in cases 
where the entire casting is chilled, as in plough- 
points, is the white variety of pig iron admissible, 
and it is not necessary then. 

The chilling of cast iron is due to the retention 
of carbon in solution in the combined condition. 
Chemically this is stated as being its retention as 
cementite or iron-carbide, Fe,C. In permanent 
moulds this is broken up into iron an om. 
Fe,C = 3Fe +O. Cementite is unstable when 
iron is slowly cooled, the graphite separating. 

In order to produce a chilled casting the carbon 
content of the metal must be e, say, from 
3 to 3.5 per cent. But a grey iron will not take a 
deep chill, and therefore a portion of the carbon 
should be in the combined condition, say, about 
1 per cent. In other words, a ‘‘ mottled” or 
‘*strong” grade of iron is necessary for deep 
chilling. This is also desirable from another 
aspect, that of strength, and especially so in some 
classes of work. The reason is that one effect of 
chilling, very ge in certain shapes, is to 
set up severe shrinkage stresses and strains, which, 
in a weak grey iron and in badly-designed cast- 
ings, will result in permanent internal strains, with 
either grave risk or certainty of fracture. A highly 
contractile grey iron will fracture under these con- 
ditions, while a strong mottled grade will not do 
so. But it is usually possible so to design chilled 
castings that these very severe stresses shall be 
lessened, or avoided altogether, and therefore the 
principal reason for employing a mottled iron 
which is strong is to secure a proportion of com- 
bined carbon which will be helpful in producing 
a deep chill. 

After carbon, silicon is the most powerful con- 
trolling element in castings. This, as is well 
known, tends to throw out carbon in solution into 
the graphitic form and also to delay cooling. There- 
fore silicon must be kept low for chilled castings. 
It should not exceed 1 per cent. if a deep chill is 
desired, though if a adie chill only is wanted it 
may range higher. The moderation of the silicon 
content is thus the reverse of the grading that is 
adopted by ironfounders when a white or mottled 
iron has to be changed to a graphite or grey iron, 
for which ose the silicon must + high. 
Sulphur iol ‘poeashenem, on the con » must 
be present in rather larger proportions than are 
desirable in grey-iron castings, since they each 
increase the chilling effect on the iron. In some 


cases a small ball of sulphur is added to the molten 
iron in the ladle when the original content is 
deemed insufficient. Sulphur may range as high as 
1 per cent., and 

Manganese up to a 
improving the quality of the iron, 


hosphorus up to 0.5 per cent. 
ut 0.80 cent. is beneficial, 
If this element 





is insufficient in amount, the chilled surfaces are 
liable to s off in patches. 

Within these broad averages the composition of 
chilling irons is varied in the practice of different 
foundries for different kinds of articles, thick or 
thin, strong or weak in design, and for deep or 
shallow chilling, and again for that chilling the 
depth of which bears a considerable, or but a 
slight — to the body of metal in the entire 
casting. oreover, though suitable compositions 
are suggested in terms of chemical analysis, much 
of the metal that is mixed is graded by fracture 
alone, or by mixtures of some high-class, more or 
less, mottled pig, with strong scrap. The pig used 
is cold-blast Shropshire, or Blaenavon ; the scrap 
is any good mottled scrap which happens to be 
available, the quality of which is judged by the 
aspect of the fractured surfaces. Often such a 
mixture is melted and cast into pigs, and re-melted 
for the actual work, and the quality is judged also 
by making a few test-bars. For some work, again, 
no scrap is used, but mixtures are made of the pigs 
named. 

Thorough melting is necessary if chilled castings 
are to have clean surfaces. In spite of the fact 
that white and hard mottled irons fuse at about 
100 deg. Fahr. lower temperature than grey, more 
coke is used in melting them than grey, because 
the strong mottled irons do not run fluid enough in 
the mould unless they are thoroughly melted. 
Neither can the metal be got clean enough, and 
unless it is clean it is more unsuitable for chill 
work than for sand moulding. 

Also, to prevent dirt from entering and getting 
entangled in the chilled face, whence it cannot be 
dislodged, none of the precautions usual in sand 
moulding must be neglected. Metal can be poured 
into a basin deeper than the entrance of the ingate, 
and be skimmed. It can be poured through a 
skimming-chamber. Rivers can be used. But all 
will be of no avail unless the melting is thorough, 
and the metal cleansed thus as much as possible 
before it is brought into the mould. 

The principal articles that are chilled in the 
ordinary foundries are the following: plough-points, 
chilled throughout with no soft parts, trolley wheels, 
formerly chilled more often than they are now. 
Before the Bessemer -steel tyres were made so 
cheaply, wheels for heavy crane trucks were almost 
invariably chilled. A lot of careful experimenting 
was done whenever new wheels of different sizes 
and types had to be made, before a strong wheel 
with a good depth of chill could be evolv For 
the cheaper grades of crane work these wheels still 
hold their place, dividing favour with cast-steel 
wheels, which are cheaper than they were in the 
early days of steel casting. But for the best work 
cast-iron or cast-steel centres, with rolled-steel 
tyres, are nearly universal. Rolls for rolling-mills 
are frequently chilled, but the grain rolls, cast in 
dry sand or in loam, are cheaper, and are less liable 
to distortion and fracture. The durability of the 
chilled rolls is, however, so much higher that they 
are retained for a considerable proportion of this 
service, with the difficult turning which is entailed. 
Another class of chilled work deals with flat faces, 
such as those of mining stamps, the jaws of stone- 
breakers, and also balls and rollers for crushin 
and grinding. These are simple examples, in whic 
there is no interference with shrinkage, such as 
happens when shrinkage continues in a portion 
he ‘¢ fast by the previous setting of an adjacent 
—. The last kind of chill is that of bores, done 

th primarily to ensure durability and also to save 
the expense of boring and reaming. The boxes or 
hubs of some wheels are treated in this way, the 
holes being tapered. This may or may not be 
associated with the chilling of an external tread. 
It is frequently done in the boxes into which wooden 
spokes are driven and held. 

When a suitable metal, or mixture of metal, has 
been determined by experiment, all is not even 
then plain sailing. Results depend very much on 
the mass of metal in the chill, on the period of con- 
tact of the metal with it, on the temperature of 
pouring, on the area to be chilled, and on the rela- 
tive masses of the chilled and unchilled portions. 
All these are variables, each of which is con- 
tributory to the final results. 

The most important factor is the mass of the 
chill, which must always be large, usually several 
inches in thickness—4in., 6in., 8in., depending 
on the mass of metal in the casting. Metal too 
thin will not carry off the heat with sufficient 
rapidity from the casting to produce an adequate 





616 


ENGINEERING, 





[Nov. 7, 1913. 








depth of chill, and the result will approximate more 
or less to that of casting ina sand mould. [If the 
metal is chilled by its first contact, and the chill 


heats up rapidly, the temperature in the casting 
will tend to become equalised, and graphitic carbon 
will be formed, ins of the carbon being retained 


in solution in the combined form. Though a thin 
chill will have temporarily nearly the same effect as 
a thick one, the thicker one is necessary in order 
to carry away the heat and render the depth of 
chilling permanent. A thin chill would soon 
become nearly as hot as the metal poured into it, 
and the result would be that the metal chilled 
would be reheated and annealed, and ultimately 
would differ but little in ite physical c istics 
from the greater body of the metal. 

But, on the other hand, if the thickness of the 
metal is excessive, the chili is liable to become 
broken in consequence of the greater expansion of 
the interior portions pulling the outer more rigid 
layers into severe tension. A similar result occurs 
in hydraulic cylinders. A good practice is to bond 
the chill with a wrought-iron band, as some heavy 
cast-iron forging dies are bonded. Chills for crane 
and truck-wheels are often thus bonded. 
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Very soon after the surface contact has occurred, 
and the metal has set, shrinkage ins, and some 
expansion of the chill also occurs, with the result 
that an open space is formed between the casting 
and its chill. This does not cause the chilling 
action to cease, provided the mass of metal in the 
chill is large, but the action will continue if the 
casting is left in situ until the maximum depth 
which the iron is capable of taking is chilled. 

The period of actual contact of the metal with 
the chill cannot be rpime by any practicable 
means if thechill is rigid, and hencecontracting chills 
have been suggested ; also the insertion of harden- 
ing materials in the has been proposed. 
Practically the only method seems to, be to cast the 
metal in a chill sufficiently thick, and leave it there 
until nearly cold, and, if need be, to adopt water- 
cooling for the external part of the chill, though 
this does not seem to be largely practised 
should be very slightly warmed before the first cast 
is made in it, to prevent the metal from bubbling, 
but afterwards it remains hot enough for successive 
casts. 

The attempt has been made to use cold air 
instead of water as a cooling agent. The advan’ 

gained is that the temperature of the chill is 
capable of regulation by means of a gate-valve 
which regulates the supply of air to the mould. 
The blast is brought into an annular chamber, 
see Figs, 1002 and 1003, above), surrounding the 





A chill| O 





chill, around which it in a spiral path. The 
blast enters at the lower part of the casing at A, and 
travelling spirally round it, is discharged at the top 
into the atmosphere. By increasing or diminishing 
the blast supply the temperature of the chill is con- 
trolled. The effect is increased by increasing the 
radiating surfaces by means of deep corrugations, 
as shown in Fig. 1002. This method is adopted 
at the works of the National Roll and Foundry 
Company of Avonmore, Pa., U.S.A. 

Again, the temperature of pouring has to be 
struck asa mean. The hotter the metal the better 
from the point of view of the chilling effect, because 
the carbon has a lessened chance to segregate as 
graphite. But metal that is very hot will not lie 
my to the chill, and will show uneven surfaces, 
besides shortening the life of the surfaces of the 
chill. For this reason it is better to gd the 
metal rather dull, after, however, thoroughly melt- 
ing. Just how dull it should be depends on the 
mass of the casting. The larger this is the duller 
may the metal be poured ; the thinner it is the 
hotter, following in this the practice of ordinary 
casting. 

The area also which has to be chilled affects the 


Fig.1004. 





Y- 














MSS 
fy . 
























































depth of chilling. Other conditions being alike, 
the smaller the area the deeper is the chill, because 
there is less surface to be acted on by the chill and 
therefore less diffusion of the desired effect. 

Even though all care be exercised the life of a 
chill is never very long, and when it is broken up it 
is found to have acquired for a little way inwards 
the properties of ‘‘ burnt” iron that is largely 
oxidised. The cause of chills being broken up is 
the development of cracks which leave their marks 
on the castings. They occur in the vertical direc- 
tion, that being the direction in which the circular 
expansion and shrinkages take place. Nothing can 
be done in the way of repair ; a new chill must be 
made. Chills for wheels, however, may be re-bored 
for the production of wheels of larger sizes, since 
the cracks are not deep. But the cost of chills is 
not very great, and the metal can be used again. 

rdinary mottled iron is employed for them. . 
are bored smoothly and coated with plumbago. 
they are put away in the stores they must be 


The relative masses of the chilled and unchilled 
rtions of a casting need to be borne in mind in 
etermining the method of casting. The more 
nearly they approach to uniformity the safer will 
the results be. The reason lies in the effects of 
i Only if parts are free to shrink can 


thick and thin masses be cast in contiguity. A 


wheel rim cannot be chilled if the interior is formed | 











of light arms. The best form of chilled wheel is 
one with dished arms. But a hole in a boss can 
be chilled provided the rim is not chilled. 

The fact therefore should be apparent that in 
chilled work antagonistic conditions are constantly 
present, and if they are permitted too free play the 
castings are ruined. The writer’s recollections go 
back to the period when, as stated above, rolled-steel 
tyres being expensive luxuries, the truck-wheels of 
travelling cranes were, with few exceptions, chilled. 
Much experimenting was carried out, and many 
forms of wheels cast with various mixtures of metal 
were fractured by way of test, and some by accident. 
From those object-lessons the following facts stand 
out as beacon-lights for design in general. 

When the chilled part of a wheel sets it cannot 
move any more. Its shrinkage is rapid for a few 
moments, and it becomes fixed before the interior 
has hardly commenced to shrink. Fortunately the 
total shrinkage of the white portion is nearly, or 
quite, twice as much as that of the grey interior ; 
but this also is partly counteracted by the expan- 
sion of the chill, which occurs at the moment of 
pouring the metal into it. Another fact is that 
the chilled portion of a casting is brittle, and is 










































































readily fractured by hammer blows. The deeper 
the chill the weaker is the casting, because the 
white iron, though as hard as tempered steel, is not 
more than about half as strong to resist impact as 
grey or mottled iron. Hence, if a casting is deeply 
chilled, and is therefore more liable to fracture than 
one of homogeneous grey or mottled metal, care 
has to be taken to proportion it so that zones of 
weakness shall not be produced by faulty design. 
in, when a chilled rim is fractured it is rare 
to see the chill of even depth in different portions 
taken round the rim, and variations are often seen 
even in the width of a rim. This may be due partly 
to varying degrees, or states, of solution of carbon 
in different portions of the metal, consequent on 
imperfect melting or other obscure causes. But it 
is caused chiefly by the unequal shrinkage of the 
metal away from the chill, and when that happens 
the chilling effect on the parts drawn away becomes 
lessened. It does not cease, however, because the 
longer a casting remains in its chill mould until 
cold’ the deeper the chill will be, provided, of 
course, that the mass of the chill is ample enough 
to carry off the heat. But a portion which is in 
actual contact with the chill will show a —- 
thickness of white iron than another which has 
drawn away from contact with it. If a chill-mould 
is uncovered within a few minutes after pouring, the 
casting will be seen drawn away considerably from 
the chill, sometimes unequally, while the central 
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portions remain in a viscous condition—pasty if 
touched with a bar. 

Chilled rolls have always been especially fruitful 
sources of trouble, both to the makers and the 
users, and this trouble is caused by inequalities in 
shrinkage. The roll comprises the chilled surface, 
extending to from 1 in. or 1} in. in depth, sur- 
rounding a soft interior of, say, 14 in., 16 in., or 
more in diameter, and having journal-necks at the 
ends that are cast insand. Within two or three 
minutes probably after casting, the chilled portion 
has set and done its shrinking, while all the rest of 
the metal remains in a molten or semi-molten con- 
dition for from fifteen minutes to an hour, according 
to the dimensions. During cooling shrinkage con- 
tinues, the inner portions being pulled away towards 
the external ones, with the consequent setting-up 
of internal strains, and frequently the production 
of internal cavities. The necks also shrink away 
from the chilled ends. 





These are admitted evils, and unusual methods 
have been proposed to meet them, but without 
being adopted to any important extent in practice. 
These rolls are cast to-day by substantially the 
same methods which were in use fifty years ago. 
They are poured upright in non-contractile chills 
with cold-blast c iron, mixed with selected 
scrap, thoroughly melted, and with head metal 
to supply hot metal to feed the cavities produced 
by shrinkage. This is a special class of foundry- 
work, -success in which lies in the hands of those 
firms who have had a lengthy experience in roll- 
casting. The mould for chilled rolls is built up of 
circular box parts. The lower and upper ones are 
rammed in dried sand or loam, and wedged to the 
middle chill part with flanges, lugs, and clamps. 
The metal is poured from the top, entering through 
a disc or swivel, which sends the dross to the top. 

In these moulds the pulling away of the casting 
from the chill cannot - relied on to be uniform, 
but one side will almost inevitably become drawn 
away to a greater amount, and earlier than another, 
with the result that the side which is left longer in 
contact with the chill will be chilled more deeply 
than the other. Probably this is the correct theory, 
though other causes have heen suggested which may 
very likely be contributory. These are: a lack of 
homogeneity in the metal mixture used, due to im- 
perfect melting ; also irregularity in filling the 
mould, the metal temporarily rising higher on one 
side than on the other in a jerky fashion. But what- 
ever the cause, and the first-named is probably the 
preponderating one, and the second contributory, 
the fact is that unequal depth of chill is a frequent 
cause of faulty rolls, and that users would prefer rolls 
having a moderate depth of chill, if regular all 
round, to those having greater depths, but distri- 
buted irregularly. It is not only that the rolls suffer 
from internal strains, but that in working them 
there will be unequal ex ion and contraction 
when they become heated. And the deeper the 


chill the more the roll is weakened by its internal 
shrinkage strains, so that to chill deeply, in order 
to compensate for the possible shallowness of chill 
in some parts, is bad practice. This is one cause of 


In 1896 an American firm, the Lewis Foundry | used cast with the pattern parts on opposite faces 
and Machine Company, of Pittsburg, Pa., began | (Fig. 1011). Finally, these faces may be rammed 
casting their rolls on a plan designed to cause the | either by hand, or pressed in a moulding-machine. 
chilled portion of a roll to shrink automatically from| When a casting has convex edges, as in Figs. 
all sides alike. The method is extremely simple, | 1012 and 1013, it cannot be withdrawn from the 
yet efficient. It merely consists in making anumber | chill as in the previous examples. In that case 
of shallow grooves a, a, a, a within the mould to the chill must be jointed. is may be done 
coerce the shrinking metal, as shown in Fig. 1004. | cadially, as shown in Fig. 1013, the chill being 
The metal, while cooling, shrinks in two directions made and cottered together in three portions (or 
—one in the diameter, the other lengthwise. The | two would do), or it may be divided in the central 
grooves or bands, having bevelled edges in section, | plane (Fig. 1014), which is not so good a method. 
compel the roll to slide down them in cooling, and | In this case the observations made in reference to 
so there is combined a shortening with a diametral | the alternative methods of moulding the trolley- 


shrinkage. Since the movements are compelled to | wheel apply equally. 
be equal all round, the roll, when cold, occupies; When bores are chilled, provision must be made 
a central position. |for centring and securing the chill. Core prints 


As the chill mould must be lifted vertically off in sand would yield before the weight of the chill. 
i or clips of iron, are therefore rammed in the 


the roll after cooling, the grooves must not stand — 
out further than about ,;% in. in the largest rolls. | sand (Fig. 1015) to receive the ends of the chill. 


But that is enough to produce the desired result. |The shape of these supports does not matter, so 











the frequent fracture of the necks of rolls. 
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The objection that the bands must be turned off 
has no weight, because the rolls must be turned 
in any case. And cast thus, the rolls are more 
accurate than they are when the depth of chill is 
a, and the amount of turning is therefore 
ess. 

With regard to the details of making chilled 
moulds, these follow the usual methods practised 
in any shop, and depend on the numbers which are 
required. The work may be standardised or be of 
a jobbing character. Thus the trolley-wheel illus- 
trated in Figs. 1005 and 1006 may be moulded in 
boxes, as shown, or in the floor. If in the floor, 
the bed of the mould, corresponding with the lower 
face of the wheel, is strickled or swept out, 
Fig. 1007. The pattern is then laid on this bed, 
the chill surrounding, and the top box laid on and 
rammed. The top box is then removed, sleeked 
and blackened, and replaced, and the pouring- basin 
made, completing the mould. 

Another way suitable for standardised work is to 
lay the pattern in the chill, bottom face upwards, 
and to lay a bottom box over it and ram it direct. 
Or it may be laid on a bottom board, Fig. 1008. 
This box may then be lifted off, the pattern and 
chill, or the whole, cottered together, may be 
turned over, and the top box put on and rammed, 
delivery effected, and the mould completed 
(Figs. 1005 and 1006) as before. Yet again, a com- 
plete pattern is not necessary, but plate-mouldin 
may beadopted. The bottom face may be ramm 
against one plate (Fig. 1009) and the top face 
against another plate (Fig. 1010), the pattern 
portion of which extends round to the joint face, 
which corresponds with the middle of the flange. | jmts Sit, 
The tread, it must be remembered, is wholly con- |b. given to 
tained in the chill. Or a single plate may be despatching goods. 


long as they fulfil their function. They may be 
circular simply, as at A, A, or in the form of a cross, 
indicated at B, or of a plate, C, in Fig. 1015. 





DEVELOPMENT OF WaTeR Power 1n Nova Scoria.— 
Nova Scotia has many rivers, with capacious lakes for 
storing purposes, and with falls from 15 ft. to 100 ft. 
where from 100 to 30,000 horse-power could be developed 
ata very reasonable cost. The River M is one of 
the largest rivers in Nova Scotia. It has a fall of 248 ft. 
from First Lake to tide water, a distance of 17 miles. 
Four power developments already exist on the river, 
pe fw, Ley 6 miles of its lower reaches. The whole 
river tely surveyed, and it is pro to raise 
the level of First Lake by 20 ft., to provide storage for 
future developments. ree additi dams are to be 
built, which will transform the river into a series of mill- 


More Norts CoaL.—An interesting statement peepee 
5 effected in sinking at the new Rufford 
olliery has heen mode by sho Mayor of Mansfield (Mr. 
J. P. Houfton). The top hard seam at the Rufford has 
been reached, said Mr. Houfton, and it had been found 
to be of a satisfactory character. 
coal, or a foot more than at the 
had turned out a 
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INDUSTRIAL NOTES. 


Tux waterside labourers at Wellington, Auckland, 
and other New Zealand ports are on strike, and a 
number of ships are lying idle. Work has, in fact, ceased 
at almost all the New Zealand ports. The men em- 
ployed in the State mines have also struck work, and 
shortage of food and of coal is being felt. Rioting 
has commenced. The strike has affected the departure 
of ships, and caused the abandonment of wool sales. 
A conference of employers and men has been held, 
but without result, as the masters insisted that any 
agreement arrived at should be registered under the 
Arbitration Act. To this the workers apparently 
would not agree. The strike has now spread to Sydney. 





The men at the Rio Tinto mines in Spain have been 
on strike for some days past. 


Lord Balfour of Burleigh, who acted last week as 
arbitrator in regard to the Scottish miners’ wages, 
sent his award to the Scottish Coal-Trade Conciliation 
Board, This calls for a reduction of 6} per cent. on 
m — price, making the daily wage 7s. 3d. instead 
of 7s. 6d. 





Glasgow bookbinders to the number of 400 handed 
in their notices on Wednesday, the 29th ult. They have 
decided to cease work owing to the employers refusing 
to to the abolition of female labour in the trade. 
It is expected that the bookbinders in other parts of 
Scotland will take similar action. 


The Labour Exchange clerke complain that their 
wages are low, that they have to work overtime at an 
insufficient rate of pay, that they are penalised by 
a secret report system, and that no means are avail- 
able for the redress of grievances. —— are being 
taken for putting their case before the President of 
the Board of Trade, and Mr. H. H. Elvin, general 
secretary of the National Union of Clerks, is moving 
in the matter. Ata meeting, held on Friday last, at 
the Sons of Temperance Hall, Blackfriars-road, a 
resolution was 
at the conditions of labour in the Exchanges, and at 
the refusal of the President of the Board of T:ade to 

nise the Union.” Mr. Elvin added that ‘‘ the 
Government were proving themselves as big sweaters 
as some of the worst firms in the land.” 





The moulders’ strike at Sheffield has now lasted 
over three months, and the men are desirous of resum- 
ing work. Their representatives met the members 
of the Employers’ Federation again, on Friday last, 
to ask that a further conference should be held. 
This conference was arranged for yesterday, the 6th 
inst. The decision arrived at must be deferred till 
our next issue, but at the time of going to press there 
were hopes that a solution would be conned. 





The strike of engineers at Burnley, announced in 
our last issue (see page 587 ante), extended immediately 
to the Colne Textile Machinery Works. About 400 
men are involved in the strike at Colne, and about 
2500 operatives were compelled to stop work. As 
stated in our last issue, the Burnley engineers struck 
for an aivance of 2s, per week. They number 700, and 
their action has led to the enforced idleness of 1500 
moulders and oth :rs. 


The Revue du Travail for October 15 states that forty- 
five Belgian labour bureaus supplied information on 
their work for the month of September. There were 
5374 applications on the part of workmen for 4738 
vacancies, equal te 112 applications per 100 vacancies. 
In August the applications were 128 in number for 
every 100 vacancies, and in September of last year 
108 for every 100 Information was also received 
from 273 trade unions, having a total of 75,938 mem- 
bers. Among the Antwerp diamond-workers unem- 
ployment has decreased, but it still exceeds 15 per 
cent. Among the 72,090 trade unionists of other 
industries, there were, in the middle of September, 
1878 members idle through no fault of their own, 
equal to a proportion of 2.6 per cent., against 2.4 per 
cent. in August last and 1.1 per cent. in September of 
last year. In the Datch diamond-cutting trade there 
were 24 9 per cent. of unempleyed in August last, as 
against 17.6 per cent. in July and 9.9 per cent. in 
August of last year. 








For some time past the members of the Durham 
Miners’ Association have been dissatisfied with the atti- 
tude of about forty workmen at the Wearmouth Col- 
liery, Sunderland, owing to their persistence in remain- 
ing outside the Association. A ballotof the members was 
recently taken, and it resulted in a decision to strike if 
the men in question did not join the Association. This 
decision was not given effect to, the executive committee 
of the Association having taken the matter up, and 
consulted with the colliery management. Followi 
this, Mr. Parrington, the manager of the Wennneeth 
Colliery, posted up a notice at the pit-head, warning 
the non-unionists that if they remained outside the 


passed ‘‘ expressing deep indignation’ 





Association they would not be entitled to the addition 
of the usual current percentage to the basis wage. If 
this were carried out, the non-unionists would lose 
12s. in the £. The wages at present are 60 per cent. 
above the basis. The base wages were regulated by 
the Darham Coalowners’ Association and the Durham 
Miners’ Association in 1879. The warning, according 
to the latest news, was having effect, and the out- 
siders were joining the latter association. As an ex- 
planation of the situation, it was stated that the Coal- 
owners’ Association, together with the Miners’ Asso- 
ciation, incurred heavy expenditure in regulating the 
percentage on the men’s wages, and that the men who 
did not contribute to the Miners’ Association funds 
should not be allowed, in common fairness, to tici- 
pate in the benefits that accrued from the Miners’ 
Association’s activity, in conjunction with those dis- 
played by the Coalowners’ Association. 


The dispute between the Royal Mail Steam Packet 
Company and its engineers was satisfactorily settled 
at a meeting held last week, when the chairman (Sir 
Owen Philipps) and the two general managers of the 
company received a deputation of the engineers and 
officials of the Amalgamated Society of Engineers and 
of the Marine Engineers’ Association. A friendly 
conference was arranged, and sat for some time after 
the formal interview. The officials of the Marine 
Engineers’ Association, on leaving the meeting, tele- 
graphed to the men at the ports to rejoin their ships. 





We understand that the German Coalowners’ Syn- 
dicate has increased its premium for export from 
ls. 5d. per ton to 2s. 5d. per ton, and that the Ger- 
man Iron-Masters’ Syndicate has increased its own 
premium for export from 4s, 9d. to 6s. 3d. This > 
taken by the German syndicates in question to facili- 
tate their competing in outside markets in the present 
state of comparative slackness of trade, is sure to be 
heavily felt S the collieries and iron works of other 
nations, those of Belgium and France being likely to be 
hit thereby. 





At a meeting of the Lancashire and Cheshire Coal- 
owners’ Association, held on Tuesday, an application 
for an advance in the wages of surfacemen was con- 
sidered. The matter had been adjourned since 
October 14. It was announced that no headway had 
been made in the meantime, though the adjournment 
had been asked for by the owners. This inaction on 
the part of the owners is reported to have put a rather 
serious complexion on the matter, as the same question 
is being raised in other districts, and a settlement 
would have given ground for hope that all negotia- 
tions would have been satisfactorily concluded. The 
subject will now be considered at a special con- 
ference of the National Miners’ Federation on 
December 11. 





The Staff Committee of the Port of London Authority 
has recently had submitted to it a report drawn up 
recommending the reorganisation of the Port Autho- 
rity’s labour, and the decasualisation of labour at the 
docks generally. It recommends a permanent labour 
force of about 3000 employees on piece-work. New 

rmanent men, it suggests, should be taken on at 
Bee. a week, increasing to 29s. and 30s. after terms 
of service, with seven days’ notice on either side. 
The permanent staff would be supplemented by men 
holding tickets. 





A new Bill is being introduced by the Government 
in the House of Representatives of the Dominion of 
New Zealand dealing with the prevention of strikes. 
It provides penalties for.striking in spite of an existing 
agreement, of 10/. per employee and 1000/. per union 
or incorporated society, or 10/. for every member of the 
unions comprising the association, whichever amount 
is less. An employer is liable to a 500/. penalty for 
enforcing a lock-out in the face of an existing agree- 
ment. The registration of a union may further be 
suspended for two years. In case of an intention to 
strike, written notice has to be given to the Minister, 
who shall order a conference ra held. If no result 
is forthcoming in 14 days, a secret ballot is to be con- 
ducted by the Ragistrar. No new union is to be 
registered if it includes workers who have taken part 
in an illegal strike. 

The Dublin strike still continues. An interesting 
development, which for a moment gave things a rather 
more hopeful turn, was the fact that several members of 
the National Transport Workers’ Federation held 
@ conference in Dublin. The difficulty such a body 
may have in acquiring control of the situation is 
manifest, because the man Larkin, now in prison, might 
repudiate any settlement arrived at independent of 
him. In view of this it has apparently been decided 
by the English representatives of the National Trans- 

rt Workers’ Federation that affairs should be left 
in the hands of the local men. In the meanwhile 
other factories are closing down and more men are 
on strike. The representatives of the National Trans- 





“ Workers’ Federation have returned to England. 
t is stated that about 40,000/. has now been subscribed 
by English unions to assist the Dublin strikers. 


The Report of the Department of Labour of the 
Board of Trade, on Strikes and Lock-Outs in 1912, 
records some quite unusual figures. The number of 
people involved in disputes of this kind was 1,464,000, 
and the time lost represented 40,915,000 working days. 
These figures are far in excess even of 1893, in which 
there was another big dispute in the coal trade. Last 
year the stoppage in this trade affected over 1,000,000 
people, and the days lost represented 11 per cent. of a 
year’s working. owever, owing to the subsequent 
increased activity, the total output of the coal trade 
only decreased by 4 percent. The percentage of unem- 
ployed rose from 2.8 in February to 11.3 in March, when 
the trouble was at its height, but it dropped again in 
April and was normal in May. Wages questions 
caused 86 per cent. of all the disputes, and ‘‘ recogni- 
tion” questions another 10 per cent. Three-quarters 
of the es disputes of the year ended in concessions 
by the employers, but in 14 per cent. of the cases the 
workpeople were wholly unsuccessful. The number 
of disputes settled by negotiation or arbitration was 
the highest ever recorded. During the first eight 
months of this year the disputes have been even more 
numerous than in the corresponding period of last 
year ; the aggregate duration in working days has 
reached over 7, 





An arbitrator’s award has been given with regard 
to questions raised by the Tyne tugboatmen. In 
this no alteration has been made in overtime and trip 
rates, but advances have been arranged in wages and 
changes with regard to Sunday work, salvage, &c. 
The men — to be satisfied with it except as 
regards the failure to advance overtime rates. 


In the Court of Appeal reserved judgments were 
given on Wednesday in a case of importance to trade 
unions. It ap that two actions for slander had 
been brought by the secretary of the Warwickshire 
Miners’ Association, Mr. W. Johnson, against a man 
named P. McNicholas, and that the cost of these 
actions had been defrayed out of the union’s funds. 
A verdict of 1000/. had been obtained against 
MeNicholas. A member of the union, however, 
brought an action against the executive committee and 
trustees for a declaration that the payment of these 
expenses—511/. 19s. 4d. in one case and 437/. 7s. 8d. 
in the other—were made wltra vires. This declaration 
was made by Mr. Justice Swinfen Eady, who held 
that they offended against the law of maintenance, and 
were wltra vires, as they were not — sanctioned 
by the rules of the association. The appeal against 
this decision was dismissed by their Lordships in the 
Court of Appeal, who held that the payments were not 
justified. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 23. 

So far only 135,000 tons of 1914 rails have been 
ordered this month, and the raii-mills have not more 
than 300,000 tons on their books for next year’s 
delivery. It is a admitted in steel circles 
that the railroads are unlikely to buy freely until it 
is settled as to whether they will be permitted to 
advance freight rates the 5 per cent. which they are 
asking. A very large amount of car-building business 
is in sight, but no additional large orders are antici- 

ted until the situation as regards an advance in 
reight rates clears up. Prices in car-building work 
show a declining tendency, and this fact is an 
additional reason why orders are held back. There 
have been additional shadings on wire products, black 
and galvanised sheets, steel plate, and merchant bars. 
These shadings are due to the fact that many 
independent mills are getting near the end of their 
orders. During the past month orders were placed 
for 152 locomotives, of which 46 came from the 
Pennsylvania, and 36 switch-engines for Clark’s road. 
There are inquiries for over 1000 all-stee] passenger 
coaches. Eastern roads are inquiring for 25,000 tons 
of structural material for bridge and general construc- 
tion. The Chicago and North-Western has ordered 
20 locomotives from the American Locomotive Com- 
pany, and 10 from another concern. A spirit of anti- 
cipation, accompanied with some apprehension, under- 
lies the entiremarket. The strong feature is the large 
volume of work in sight in all directions where iron 
and steel are used. If the railroads are permitted to 
advance freight rates, a general ordering of supplies 
and material will set in. 





Tue Dreset Encine Users’ AssociaTion.—The next 
meeting of the Diesel Engine Users’ Association will be 
held on Wednesday, November 12, and any engineer 
interested in the running of these engines may obtain full 

ticulars as to membership, &c., from Mr. A. C. 
Gilling, Hon. Secretary, Electricity Works, Epsom, 
urrey, 
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FOUR-CYLINDER 14-HORSE-POWER MOTOR-CAR AT OLYMPIA. 
CONSTRUCTED BY MESSRS. DE DION BOUTON, LIMITED, ENGINEERS. LONDON, 






Fig.2. 


Fég.1. 


















































Fie, 3. 


One of the most interesting exhibits to be seen at|this firm at the end of the last century, while the 
the Motor-Car Show at Olympia, which opens to-day, engines were often fitted with a gear ratio of some 7 to 1 
is that of Messrs. De Dion Bouton, Limited, 10, Great to the back axle, and therefore ran a good deal 
Marlborough-street, London, W. Messrs. De Dion faster than those of the ordinary modern car in 
Bouton were among the pioneers in the motor world, | the hands of the average user. he moving parts 
and there can be little doubt that the petrol-engine of | were also, even in those days, quite as lightas those of 
the present day owes to them many of its successful the average modern car as sold to the public, while 
features. The essential points of the modern petrol- the durability of the engines under the high speeds 
engine are the power to run at a high speed and at | run was proverbial, and many are still running excel- 
considerable range of speed, and this depends on the lently after ten years’ use. The designs of s firm of 
use of light moving and other matters which | such experience are therefore of the greatest interest, 
were well understood by Messrs. De Dion thirteen or more especially when they depart from ordivary practice 


more years ago. The throttle control, direct drive, | to the extent of those shown at the stand of Messrs. 
and single-spark electric ignition, which are essential De Dion Bouton at Olympia. The special points in 
features of the ordinary modern car, were all in use by which departure is made from the ordinary Sasapren 
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practice are principally as follows :—The valves fitted 
are, sommenel with those fitted by many makers, of 
quite moderate size. The firm makes no six-cylinder 
= no large four - — Pa ae eines on 
arger cars with eight cylinders p i y: 
ry drive is and for small-powered cars, but o 
worm drive for the higher powered cars. Excep- 
— large road-wheels are used. 

With regard to the first point, the use of moderate- 
sized valves is quite contrary to the practice of many 
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ENGINE OF EIGHT-CYLINDER 


CONSTRUCTED BY 


24-HORSE-POWER MOTOR-CAR AT OLYMPIA. 


MESSRS. DE DION BOUTON, LIMITED, ENGINEERS, LONDON. 













































































Fie. 7. 


makers, whose sole object is apparently to get the 
maximum power out of a given sized cylinder by the 
use of large valves and excessively high engine speeds. 
We have several times pointed out that in order to make 
an engine of this type at all durable it must be heavier 
per horse-power than one with larger cylinders running 
at a more moderate speed. It is therefore very in- 
teresting to note that the firm which, of all others, 
was the first to appreciate the points necessary for 
high speed, also realised tae limits of speed desirable, 
and designs its engines accordingly. 

The question of six versus eight cylinders is too 
large to go into fully here, but it may be ‘briefly 
pointed out that the eight-cylinder diagonal engine is 
much shorter than the six-cylinder vertical type, and 
this shortens the crank-case and erank-shaft, as well 
as the bonnet and frame. All these parts can there- 
fore be made a good deal lighter, while there is far 
less difficulty in making them rigid ; a point which 
should make for smoother running, The eight-cylinder 
engine has, of course, 8 more even turning moment, 
“a therefore a lighter fly-wheel can be used. 

The use of the bevel drive for the smaller cars, and 
the worm for the larger, is a complete reversal of 
ordinary practice, but appears to be in every way the 
most satisfactory. In the small car of European 
design the cylinders are usually very small for the 
work, and the engine is therefore driven very hard 
for the greater part of the time. Any frictional loss 
will entail its being driven harder, and it is therefore 
liable to make more noise. On the other hand, the 
powerful car has such a margin of power that the 
engine is in any case very seldom forced to its full 
capacity, and a slight loss of power is of little import- 
ance, while the slower running engine is quieter, and 
therefore the noise of a bevel ates more noticeable. 





The advantages of large wheels are obvious, and we 
have often pointed out the defects of the small wheels 
too often fitted. It is therefore very interesting to 
see that whereas many —~- makers appear to 
think 34-in., or even 32-in., wheels large enough for a 
car of any weight, Messrs. De Dion are fitting their 
largest cars with 40-io. wheels, and their smaller 
patterns with wheels a good deal larger in diameter 
than most European makers. 

Taking the more conventional type of four-cylinder 
vertical engine at this firm’s exhibit first, the 14-horse- 
os is illustrated in Figs. 1 and 2, on page 619. 

‘his engine has cylinders of a diameter and stroke of 
75 mm. by 130 mm. (3 in. by 54 in.). The essential 
points of the design are the use of a two-bearing crank- 
shaft and monobloc cylinder casting. The crank-shaft 
is, of course, of large diameter, but in consequence of 
its short length is probably little, if any, heavier than 
one of the three or five-bearing type, while the crank- 
case, cylinders, &c., are all short, and therefore light. 
Coming to details, the valves are all at one side, and 
are slightly less than half the diameter of the cylin- 
ders. . This is considered large enough for any reason- 
able engine speed, while the throttling tendency at 
excessive speeds will prevent the driver injuring his 
engine. Forced lubrication is employed for the main 
bearings and crank-pins, the latter being fed through 
holes (not shown) in the crank-shaft. hain-drive is 
used for the cam-shaft, &c. 

Generally speaking, the 14-horse-power chassis 
follows conventional , The clutch is of the Ds 
Dion plate type, and the year-box has four speeds with 
a . The latter is entirely inside the gear- 
b x, and the lever is mounted on the lid, as shown in 
Fig. 3. This makes the a gear quite 
weather-proof and also independent of the twisting of 





Fig. 6. 
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Fig. 8. 


the frame. The back axle is of the ordinary live 
type, but is a thoroughly substantial design, as will 
be seen from Fig. 4. Messrs. De Dion, Tike many 
other makers who have had experience of the live 
axle, prefer to carry the weight on the revolving 
shaft, a practice which has advantages over carrying 
it on the sleeve. 

Turning to the eight-cylinder engine, which is of a 
less usual type, the 26-horse-power size is shown in 
Figs. 5 to 8, above. This has cylinders of the same 
dimensions as the 14-horse-power engine previously 
noticed—i.e., 75 mm. by 130 mm. (3 in. by 53 in.). The 
cylinders are cast in blocks of four and placed dia- 
gonally. A two-bearing shaft is used. This is some- 
what of a departure, as two-bearing shafts are very 
unusual in eight-cylinder engines, although not un- 
common in the smaller of the four-cylinder patterns. 
The advan of the two-bearing shaft will, how- 
ever, probably be even more apparent in the eight- 
cylinder than the four-cylinder type, as the saving in 
weight by shortening the cylinders will be twice as 
great in the former as in the latter. 

The cylinders are arranged so that each crank-pin 
has two connecting-rods working on to it, and they 
are placed exactly opposite and centrally with the 
crank-pin. One of the big ends is arranged to work 
outside the other, as shown in Fig. 7. A single 
cam-shaft running along the top of the crank-case 
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operates all the valves, those of each pair of cylinders 
being placed opposite, and a single cam used for them. 
As the cylinders fire at intervals of three-quarters 
of a revolution, the interval between the motion of 
the valves must be three-eighths of a revolution of the 
cam-shaft. In order to obtain this small rocking- 
levers are used, as shown in Fig. 6. 

The adjustable valve-tappets which are now 80 
fashionable are not employed; the makers contend 
that it is better to make the parts accurately to gauge 
than to trust to adjustments made by the average 
chauffeur or repairer. The various shafts in the 
engine are chain-driven, the arrangement being as 
shown in Fig. 8. It is one of the minor advanta, 
of the diagonal engine that the magneto can 
conveniently placed in a very accessible position 
above the cam-shaft. This is shown in Fig. 5, which 
also shows the small air-pump provided on the eto 
spindle for providing air for the preesure-feed. It 
will be seen that the fan is chain-driven to avoid 
trouble with belts, and that a friction-drive is provided 
for it to avoid undue stresses if the engine jerks. 
Lubrication is of the forced-feed type. 

A single float-chamber is used for the carburettor, 
which has two jets and choke-tubes, one leading to 
each set of four cylinders. The engine is on 
three substantial arms, and the holding-down bolts 
have springs under them, as shown in Fig. 6, to pre- 
vent any severe stresses coming on the arms if the 
frame twists. : 

Fig. 9, above, shows the general arrangement of 





Fic. 











chassis fitted with this type of engine, from which it 
will be seen that the whole makes a very compact job. 
As will be seen from the illustrations, the back axle 
in the larger cars is not of the same design as in the 
emaller one already described, but has the differ- 
ential case carried on the frame, the wheels bein 
driven through short lengths of universally-join 
shaft, details of the arrangement being shown in 
Fig. 10. This arrangement has been associated with 
Messrs. De Dion’s name for many years, and though 
given up in the case of the smaller models in favour of 
the more conventional arrangemént shown in Fig. 4, 
is still retained on the larger patterns. There can 
be no doubt that it has many advan in the matter 
of reducing the unsprung weight. This is doubtless a 
matter of more importance in the larger than in the 
smaller cars. Aitogether, this chassis is well worthy of 
study, as it contains many interesting features. 





THE LATE MR. WILLIAM NEWTON 
BAKEWELL. 

WE regret to have to record the death, on Monday 
last, of Mr. William Newton Bakewell, who in the 
course of his professional career was engaged on such 
important works as the Forth Bridge, the Tower 
Bridge, the Assouan Dam, and the Mesopotamia 
irrigation scheme. 





Mr. Bakewell, who was born in| 


| Works, Rotherham, went, in July, 1863, into the 


office of Mr. T. E. Fawcett, where he remained for 
five years, during which he was chiefly engaged on 
surveys and estimates for the Metropolitan District 
and other London railways. From 1868 to 1870 Mr. 
Bakewell assisted Mr. A. G. Linn, M. Inst. C.E., in 
surveys and drawings in connection with the Harrow 
and Edgware and High Barnet Railways, and Mr. 
Edwin Clark, M. Inst. C.E., in drawings in connection 
with Callao Harbour and the Malta docks. He 
was afterwards resident engineer on the High Barnet 
Railway for about a year, and then proceeded to 
Egypt, under Sir John Fowler, where he was engaged 
in connection with the Soudan Railway. Returning 
to England in 1873, Mr. Bakewell ac for atime as 
resident engineer on the Alexandra Park Branch 
Railway, but was back in Egypt in 1874, again under 
Sir John Fowler, his work consisting of surveys and 
estimates for several large irrigation canals and a pro- 
posed ship canal from Alexandria to Suez. He was 
also in charge of a staff of engineers working on a 
projected railway from Darfour to Khartoum. 

Mr. Bakewell afterwards went into partnership 
with Mr. Leane, the two gentlemen undertakin 
surveys and estimates on engineering works of vari 
character. In April, 1885, Mr. kewell, at the 
request of Sir John Fowler, and Mr. Benjamin Baker 
(as he then was), succeeded Mr. Middleton on the 
Forth Bridge Works, and took charge of the staff of 
engineers responsible for the setting out and accurate 
erection of the steel work. While on this work he 
devised a new form of theodolite, which proved 
of much value. On the completion of the Forth 
Bridge Mr. Bakewell was for a time engaged on 
setting out on the Tower Bridge, this being a 
class of work with which he was very largely asso- 
ciated during the remainder of his career. Before 
the completion of this bridge, however, he, at the 
request of Sir Benjamin Baker, again went to Egypt, 
and acted as second assistant on the Assouan Dam. 
He afterwards acted as engineer and agent for Sir 
William Arrol on the Rhoda Bridge at Cairo. The 
later work of Mr. Bakewell was also concerned with 
the Near Kast, he being engaged in connection with the 
Euphrates Valley irrigation scheme, and also in making 
surveys for Sir John Jackson of the harbours of Trebi- 
zond and Samsun in the Black Sea. He was sixty- 
eight years of age at the time of his death, which took 

lace at the residence of his brother &t Keswick. He 
me & member of the Institution of Civil Engineers 
in 1888. 





Tue Junior InstirvuTion oF Enoingrrs.—A_ local 
section of the Junior Institution of Engineers, with 
Manchester as its centre, was inaugurated at a meeting 
held at the Victoria Hotel, Manchester, on Friday 
evening, the 31st ult. Over sixty engineers were present, 
representing man ches of industry, the majority 
of whom ified their intention to join the section. 
Several of those Prams also represented numbers of 
others desirous of becoming members. The following 
were appointed officers :—Mr. OC. H. Prichard, chairman ; 
Mr. Maurice Hird, vice-chairman ; and Mr. F. G. Hatch, 


1845, after obtaining eighteen months’ practical train-| hon. secretary, the latter appointment to be confirmed 
ing in the fitting-shop of Mr. Walker, of the Don by the committee, 
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CORROSION OF STEEL WATER-MAINS. 
To THE Epitor oF ENGINEERING. 

Siz,—No reply to the letter signed ‘‘ Water Engineer ” 
having ap in your issue of October 24, regarding 
the effect of corrosion on the inside of steel tubes, refer- 
ence must again be made to the report upon the Cool- 
gardie water-supply pipe. The chief remedial measures 
proposed by the Commission have for their special pur- 
pose the treatment of the water to nullify the ascertained 
corrosive action of the water upon the internal surfaces of 


ae 
ithin five years the reduction in the carrying capacity 
of the mains brought about by internal corrosion, on an 
average, exceeded 25 per cent., the worst sections, com- 
prising about 84 miles, comes 42 per cent. 

Even in the case of the steel water-pipe laid over the 
Tay Bridge, where the exterior has been kept in a perfect 
state of protection, the shell of the main, fin thick, has 
oy way from the inside, and perforation developed. 
Lhe corrosive action in this case has rapidly made its way, 
in spite of a most careful application of preservative coat- 
ing. Ab each end of the bridge the cast-iron piping, 
installed at the same time, is in perfect condition. 

We are awaiting further news of the failure by corro- 
sion of the steel mains at Port Elizabeth, installed about 
ten years ago, and may trouble you further upon this 


important matter. 
Yours faithfully, 
, Ropert MAcLAREN AND Co., Limirep. 
Eglinton Foundry, Glasgow, November 4, 1913. 





THE HEAT OF FORMATION OF AIR. 
To THE Eprror or ENGINEERING. 

Srr,—Can any of your readers furnish the writer with 
any information in regard to the above? The nature of 
this query and its important ng on many problems 
will be best understood by the following comments :— 

It seems to the writer that the “diffusion” of gases is 
merely a different name for solution of one gas in 
another, such solution being necessarily accompanied by 
an evolution or absorption of heat. 

What the writer wishes to know is whether calori- 
metric experiments have been made of the heat of forma- 
tion of air from mixtures of oxygen and nitrogen, or the 
equivalent, the difference between the heats of combus- 
tion of given substances in oxygen and air. He has 
searched for same, but has come across no information 
on this important subject. 

Yours, &c., 


| ALLEYNE REYNOLDS. 
29, Southampton Buildings, London, W.C. 
November 5, 1913. 





DRIVER CAUDLE AND THE PUBLIC— 
A GRAVE WARNING. 
To THe Eprror oF ENGINEERING. . 

Sirx,—The object of the present letter is to call serious 
attention to the ) ore spectres of public danger which 
have latterly made their appearance, and in regard 
which this present case is a mere detail, which has ren- 
dered the menace of these spectres the more apparent. 

bet | has the Royal clemency been exercised in the 
case of this man, who on his own (to his credit) candid 
confession has been guilty of a cope flagrant case of 
manslaughter? The answer is, the sickly nonsense of a 
small section of the public, who do not realise that an 
engine-driver’s is a oo and easier job than a 
motor-bus driver’s, and whose sloppy sentimentality 
takes the form of making a great virtue of his not having 
committed perjury, and whose a gem in regard to this 
sinner is mixed up with cruel, foul, criminal general libels 
on responsible railway chiefs. There has been, in addition, 
improper pressure from trade unions and foolish and 
craven fear of the power of these institutions, which 
should be a necessary saf of labour, but have 
become almost anarchistic. ieve me, I regard trade 
unions, ey worked, with per powers, as almost 
essential to present-day itions ; but the openly 
expressed tone that a trade- unionist must not be im- 
prisoned for practically conf ughter is a grave 
spectre. 

Take an imaginary strictly parallel, but milder case 
than the present one. A motorist is told to drive at a 
reasonable speed to a given place, in a given suitable and 
reasonable time. Mrs. Caudle—or, say, Caudle himself— 
is going for a drive in a trap, and the horse falls down. 


The motorist has trouble with misfires, or want of lubri-- 


cation of his engine, and loses the steering-wheel, keeps 
on his accelerator, and runs into the stationary trap, and 
kills Mrs. Caudle or Caudle, as the case may be. He then 
confesses that he had not attempted to look out, and he 
knew he risked his own life by recklessness. 

The public, or the fool section of it, would have cried 
‘*Lynch him,” not ‘* Let him off.” There would be more 
excuse for the motorist ; he has to steer, and be always 
on the alert ; he has no a. signals, the situation of 
which he knows beforehand. The road-hog motorist is 
not excused, because he risks his life when fooling, and he 
cannot risk as many lives as the engine-driver. Attemp 
— is a cowardly crime, punished by the law, and 

tly so. 
o hat wf we Sa RE St snd shee een ie 

e way of spectres of grave ic danger ? 

1. Two juries tye veidioe quite contrary to the 
evidence, and Caudle was only brought to trial and justly 


Faaeecs-gedlh ag use a third jury gave the only possible 
verdict. 

2, Railway trade-unionists threaten a strike because 
one of their ‘‘ sacred” members is over-lightly punished 
for confessed manslaughter, 





3. Members of the public write cruel libels on the rail- 
way-governing classes, and make, inter alia, imbecile 
su tions as to signal devices on the engine, which un- 
doubtedly would have been equally pagiemes by Caudle 
in the Aisgill case, or, if they put the brakes on, would 
have thrown him off his engine. 

4. A general disease of slack discipline has broken out, 
which will doubtless cause further fatalities. It has 
fostered b ee and vote-catchers, and has created 
serious difficulties in maintaining essential discipline by 
those who, like the general run of chief officials and 
directors of railways, really try to carry out their public 
trust of providing cheap, reliable, safe, and good travel 
for the public welfare. 

Had Caudle been punished for being late through the 
faults of others, then the use of trade-union power and 
influence would be ne and proper. é 

to automatic devices, the present system is good 
enough ; anything much in advance thereof would involve 
the evolution of the ideal—the non-striking automaton 
engine-driver. If the men are callous as to signals 
nothing can be safe, and it is high time trade unions did 
not weaken themselves and bring about their inevitable 
ultimate disintegration by bullying the public with 
= po of improper strikes over chance members’ wrong- 
ul acts. 


I could write much in favour of engine-drivers as a 
class, and only wish, on quite impersonal unds, that 
the seriousness of, and just punishment of, Caudle’s lapse 
should not be obscured by the merciful exercise of the 
King’s D gm goa Any routine hardships or troubles 
of Caudle or other railway man are separate questions, 
and should be dealt with as such. 

Yours truly, 
London, W.C., November 3, 1913. Hovire. 





THe New Russian Batrvesuip ‘ IMPERATRITSA 
Mazia.”—The first of the new Black Sea Dreadnoughts, 
the Imperatritsa Maria, was launched at Nikolaieff on 
Saturday. The official card of invitation gives the dimen- 
tions as follows :—Length, 551 ft. 2in.; greatest breadth. 
90 ft. ; draught, 27 ft. 5in. ; normal displacement, 22,800 
metric tons; main engines, 26,500 shaft horse-power. 
The a will have four triple turrets, mounting together 
twelve 12-in. guns, and will carry in addition forty-four 
intermediate and small guns. The vessels are very much 
like the Baltic Dreadnoughts now completing in the 
Neva, except that their bunker capacity is less, while 
their armour is heavier. The speed of the Black Sea 
vessels will be about 21 knots, or 2 miles per hour less 
than the Baltic ships. The Imperatritsa Maria has been 
built in record time for Russia. Ib is only 15 months 
since work really began on the hull. Her launching 
weight is 6680 tons, and yet the Russian Shipbuilding 
Company had not completed their yard when they began 
to build her. The yard is one of the largest in the world. 
There are two slips of 1000 ft. length each, surmounted 
by enormous gantrys carrying six quintuple sets of cranes 
bringing material direct from the workshops, which are 
situa on the upper bank of the river. Thus fifteen 


to | cranes work directly —= the hull of each of the huge 
w 


vessels on the slips. o smaller slips will be added. 
The yard is building two other Dreadnoughts, Alexander 
IIT. and Ekaterina II., and a 30,000-ton floating dock. 
Messrs. John Brown and Co. are the consulting engineers 
for the Russian Shipbuilding Company. 


MANCHESTER ENGINEERS’ CLUB.—The opening of the 
Engineers’ Club, Manchester, has been eagerly awaited 
by the large body of members who joined some months 
ago. It was in June, 1912, that the Provisional Com- 
mittee issued a circular setting out the project, and the 
ready response to this, endorsed at a su uent meeting, 
led to the formation of an official committee and the 
enrolment of over five hundred members. The work 
entailed in the formation of a club which would be 
sufficiently complete to satisfy the requirements of the 
Manchester district were found to be considerable, and 
after several months’ work it was decided to form a limi 
company amongst the members, and thus raise the money 
necessary for the undertaking. This was eventually done, 
the club holding, through ery ag cameo oe share 
interest. mises were secured in Bri ter Buildi 
Albert-square, Manchester, and the work of modifying the 
internal construction and equipping the building to make 
it thoroughly efficient as club premises was proceeded 
with. The work has been excellently carried out. Occu- 
pring three floors, the club comprises : smoke, dining, 

illiard, and card-rooms, the usual kitchen, and other 
offices. It is proposed to do the whole of the cooking by 

and a very complete installation has been laid down. 

lift for the convenience of members has also been put 
into the building. The whole of the premises have been 
re-decorated and re-furnished throughout. The member- 
ship is confined to those who are engaged in the 
design, superintendence, direction or control (technical 
or commercial) of engineering and chemical works 
or ua and a limited number who are inti- 
mately connected with engineering. There is no doubt 
that such a club has been wanted in Manchester, and 


ted | the membership roll is bound to be largely augmented 


when the club gets into proper working order. Yester- 
day, Thureday, the directors entertained to luncheon the 
life members, members of committee, and representatives 
of the technical Press. ._To-night the members will meet 
together ata dinner to be held at the Midland Hotel, 
Manchester, after which they will proceed to the club 
premises, and to-morrow the club will be thrown open to 
members. The committee have already decided to make 
all members of the Institute of Mechanical Engineers, 
who visit Manchester on November 20 with that body, 
honorary members of the club for the day. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was quiet and easier in tone. The 
turnover consisted of 1000 tons of Cleveland warrants 
at 52s. 14d. two months, and closing sellers named 51s. 84d. 
cash, 52s. one month, and 52s. 44d. three months. In 
the afternoon Cleveland warrants were weak and de- 
clined 3d.; the business amounted to 1500 tons at 51s. 6d. 
and 51s. 5d. cash, and 51s. 11d. December 23. At the 
close sellers quoted 51s. 54d. cash, 51s. 84d. one month, 
and 52s. 14d. three mont On Friday morning deal- 
ings were confined to one lot of Cleveland warrants at 
51s. 44d. cash, with sellers over at that figure, and at 
51s. 74d. one month and 52s. 14d. three months. The 
downward tendency was again in evidence in the after- 
noon, when one lot of Cleveland warrants changed hands 
at 51s. 6d. one month. Sellers’ closing quotations 
were 51s. 3d. cash, 51s. 6d. one month, and 52s. three 
months. Hematite was quoted by sellers at 64s. one month, 
and 64s. 6d. three months. The market was quiet on 
Monday morning, and just a shade firmer. One lot of 
Cleveland warrants was done at 5ls. 44d. cash, with 
sellers over at that figure, and at 51s. 74d. one month 
and 52s. 14d. three months. Weakness again prevailed 
in the afternoon, and business was confined to one Cleve- 
land warrant at 51s. 6d. one month, with sellers over. 
For the other positions the closing prices were 51s. 3d. 
cash, and 52s. three months sellers. Hematite was in 
quoted by sellers at 643. one month, and 64s. 6d. three 
months, but there were no buyers. On Tuesday morning 
the market was quite idle, and Cleveland warrants were 
from 4}$d. to 6d. down, with sellers at 50s. 103d. cash, 
5ls. 1d. one month, and 51s. 6d. three months. The 
afternoon session was very quiet, and a turn weaker. 
The turnover consisted of one lot of Cleveland warrants 
at 51s. 44d. three months, and closing sellers quoted 
50s. 94d. cash, 51s. 1d. one month, and 5ls. 5d. three 
months. When the market opened to-day (Wednesday) 
Cleveland warrants had a hardening tendency, but busi- 
ness was again limited to one lot at 51s. 44d. three months. 
Sellers’ closing oe" were 50s. 104d. cash, 51s. 24d. 
one month, and 61s. 6d. three months. A steady tone 
prevailed in the afternoon, and 1500 tons of Cleveland 
warrants were put through at 51s. 5d. and 51s. 54d. three 
months, and the session closed with sellers quoting 
50s. = cash, 51s. 2d. one month, and 5ls. 6d. three 
mont 


Sulphate of Ammonia.—There is very little demand for 
sulphate of ammonia at the present time, but some for- 
ward inquiries are in the market. For prompt delivery 
the price is firm at 13/. per ton, Glasgow or Leith. 


Scotch Stecl Trade.—No improvement of any kind has 
yet taken gies in the Scotch steel trade, and large 
quantities of German material are still finding their way 
into this district. Great difficulty is being found by 
local makers in keeping their plants running, as specifica- 
tions are exceedingly scarce, and consumers are only 
buying from hand to mouth. When the Continental 
producer finds a more profitable market for his output, 
a time which some consider cannot now be far ahead, it 
will take some time before business here can regain its old 
position, owing to the heavy tonnage which has already 
come into our ports. The local makers of structural 
sections are fairly my but the black-sheet trade has 
certainly struck a dull patch, and orders are very few 
indeed. There is little change in the export market, 
with no very bright spot anywhere at the moment. 

Malleable-Iron Trade.—The dull state of the malleable- 
iron trade of the West of Scotland, which has prevailed 
now for some time back, shows no sign of betterment, and 
few works get a full week’s employment. With the local 
tube trade rather quiet, and with heavy importations 
of ee bars, the home makers are indeed passing 
through a very poor time. 

Scotch Pig-Iron Trade.—There is rather less doing in 
Scotch pig iron this week, and inquiries are only 


ted | moderate. The number of furnaces in blast is now down 


to 89. Prices are easier, and might be shaded further to 
secure a decent line, but, unfortunately, such lots are at 
present very few and far between. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 72s. ; 
(all ye Glesgo ng be ( ican - 
all shipped at w); Glengarn ab rossan), 
72. 6d.; Shotts (at Leith), 723. 6d.; and Carron (at 
Grangemouth), 73s. There is still no demand for hematite. 


Blastfurnacemen’s Wuges Reduweed.— Mr. John M. 
MacLeod, of Glasgow, has given his report to Messrs. 
James C. Bishop and James Gavin, joint secretaries of 
the Board of Conciliation between the owners of blast- 
furnaces in Scotland and the blastfurnacemen, as to the 

rice of Scotch pig-iron warrants in the Glasgow market 
‘or the months of A t, September, and October, 1913, 
as a result of which the workmen’s wages are reduced by 
74 per cent. 

Scotch Shipbuilding.—The Scotch shipbuilding returns 
for the past month show a decided increase over the 
figures for the ing month of last year, although 
they are less than for September of this year. The total 
output for October, 1913, is as follows :— 


The Clyde - a i ie — yw 
The Forth... i i a 2 2,390 
BE Sb 228 Aer. er 4 

Total 33 75,929 


The total figures for all the Scotch shipbuilding yards, 
for the ody date, now amount to 292 vessels, wee 
tons. e Clyde output for October is considerably over 
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the average month of the year, and brings the total for 
the past ten months up to 559,824 tons, which constitutes 
a record fi for that period. The previous best, last 
year, was 39,506 tons less, so that 1913 is now almost cer- 
tain to register the largest output in the history of Clyde 
ee Order-books are still fairly well filled, and 
although new bookings have been rather few for some 
time back, an increase in that direction is likely to follow 
the recent reductions in steel material. Inquiries are 
already better, and several new contracts are also 
reported, and with labour in an apparently more settled 
condition, the prospects of steady employment in the 
shipyards for some months to come is almost assured. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Some slight improve- 
ment is reported from dépéts in the hosel demand for 
house coal. London ordering, however, remains very 
quiet. Some of the pits in the neighbourhood are getting 
stock on their hands, and occasional spot lots are being 
offered at easy terms in order to clear congested sidings; 
but generally there is not a lot of free coal on the market, 
as the collieries are well contracted for their outputs, a 
fact which is enabling them to maintain wor in 
face of slackness in current business. Hard coal for 
industrial pu is not being bought very analy just 
now, apparently due to a firm impression held by a 
number of manufacturers that a price reduction will take 
lace before long. Consumers are relying for their imme- 
Siate requirements on purchases in the open markets. 
Shipments naturally show a falling off, owing to the 

season. Slacks are a variable market ; best sorts are in 
demand, medium —_ are less required, and fine 
slacks show price reductions. Coke alsois quiet. Quota- 
tions :—Best branch hand-picked, 16s. to 17s. ; Barnsley 
best Silkstone, 14s. 6d. to 16s. 6d.; Derbyshire best brights, 
; Derbyshire house, 11s. 6d. to 12s. 6d. ; 
best large “nuts, 11s. to 12s.; small nuts, 9s. to 10s. ; 
Yorkshire hards, 11s. 9d. to 12s. 9d. ; 4 we 7 
; seconds, 


5s. 9d." to 6s. 9d.; 


Iron and Steel.—A few more inquiries are coming for- 
ward in the local raw material market, but there is not 
yet much real improvement in business. In several 
instances prices have been reduced, but there is still 
gg | by outside competitors. In the case of bar 
iron the Yorkshire Association quotations have been 
undercut, and as a consequence the local bar mills are 
working only about half time. The si ey which 
settled on the finished iron trade generally, some time 
ago, is as mounced as ever. A firmer tone prevails 
with regard to common irons, and the reduced output 
and the unchanged ition on the North-East Coast 
have strengthened the position of hematite makers 
somewhat. Forge is being offered at reduced prices 
by some makers, but others prefer to add to their 
stock rather than sell at what they state is an unre- 
munerative figure. Lincolnshire irons, although re- 
duced by 1s., still suffer in competition with the prices 
quoted in Derbyshire and other districts. Work in the 
heavy steel departments is not co plentiful, and the 
decline in heavy railway traffic out of Sheffield is probably 
due to the moulders’ strike, and the a oy shortage 
of castings. The position of acid billets also been 
pre The importation of cheap axles from Belgium 
is exercising an adverse effect on home production. 
Generally, however, railway material meets with a ge 
demand, mainly on foreign and colonial account. New 
South Wales and India are prominently concerned in 
this demand. Tramway work is good, and the London 
County Council have placed an order for trackwork. 
The East End armament firms, in addition to the great 
tonnage of work upon which they are engaged for the 
Government, are busy with extensive castings for French, 
Russian, and Italian warships. In the light steel goods 
branches there is no lack of work. Makers of drills and 
edge-tools are fully occupied. 





NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
MrIppLEsBroucH, Wednesday. 

The Cleveland Iron Trade.—For the time being ex- 
treme quietness characterises the pig-iron trade, and the 
pou opinion is that prices will have to be still further 
owered before buying to any extent is likely. It is long 
since so pessimistic a feeling was noticeable, and already 
Cleveland pig quotations have fallen to lower rates than 
have rul or over twenty months past. Producers 
declare that current rates do not cover cost of make, and 
unless prices improve, or raw material cheapens, more 
blast-furnaces promise to be put out of operation. At 
presen there are 81 furnaces blowing on the North- 
tast Coast, 44 of which are turning out Cleveland pig, 
whilst the other 37 are making hematite, spiegel, basic, 
and other special irons. Advices from the tinent 
and from America are such as to assist to depress the 
Cleveland market. No. 3 g.m.b. Cleveland pig has been 
sold this week at 51s. f.o.b., and that may be given as the 
general market quotation, though many sellers endeavour 
to fix the price at 51s. 3d., whilst No. 1 is in the neigh- 
bourhood of 58s. 9d.; No. 4 foundry is 50s. %d.; No. 4 
forge, 50s. 6d.; and mottled and white iron each round 
about 50s. 3d.—all for early delivery. Unsatisfactory 
accounts are given of the East Coast hematite branch of 
the staple industry ts are 


$ . makers mi 

pressing sales of Nos. 1, 2, and 3 at 63s. 6d., and doubtless 
contracts could 

ore merchants still take a ey aon 

market quotations on 19s. ex-ship Tees 


be made at an even lower figure. Foreign 
stand, and base 
for best Rubio. 





Coke is quite asscarce asever, and consumers whoare neces- 


sitated to buy have to pa h rates. Average blast-fur- 
nace kinds are fully 18s. Ba rer at Tees-side works. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries are well em- 
ployed, and the recently reduced quotations have brought 
in @ few orders for shipbuilding material. Fairly 
inquiries for railway material are also reported. Prin- 
cipal market quotations stand :—Common iron bars, 
71. 10s.; best bars, 7/. 17s, 6d.; best best bars, 8/. 5s.; 
packing iron, 6l.; iron ship-plates, 6/. 15s.; iron ship- 
angles, 7/. 10s.; iron ship-rivets, 8/. 10s.; steel bars, 
6l. 15s.; steel keane 61. 15s.; steel ship-angles, 
61. 7s. 6d.; steel boiler-plates, 7/. 15s.; steel strip, 7/. 5s.; 
steel hoops, 77. 10s.; steel joists, 6/. 12s. 6d. less the 
customary 24 per cent.; cast-iron columns, 7/. 7s. 6d.; 
cast-iron railway chairs, 4/. 15s.; light iron rails, 7/. ; 
heavy steel rails, 6/. 10s.; steel railway 7. 10s. 
—all net at works; and galvanised corrugated sheets, 
24 gauge, in bundles, 117. f.o.b.—less the usual 4 per cent. 


Iron and Steel Shipments.—Shipments of iron and steel 
from the Tees during October were on a very satisfactory 
scale. Those of pig iron totalled 125,190 tons, as com- 

with 117,914 tons for the previous month, and 
29,856 tons for October last year. Of month’s 
a 113,281 tons went from Middlesbrough and 
11, tons from Skinningrove, the whole of the latter 
being sent to Scotland. Of the Middlesbrough clearances 
last month, 78,690 tons went to foreign ports and 34,591 
tons coastwise. Manufactured iron shipped from the 
Tees during October amounted to 14,235 tons, 6107 tons 
of which went abroad and 8128 tons coastwise, and the 
steel despatched reached 42,025 tons, 31,494 tons going 
foreign and 4531 tons coastwise. The best customers for 
ao month were :—Scotland, 18,555 tons ; Sweden, 
3,194 tons; France, 10,972 tons; Germany, 9569 tons ; 
Japan, 9371 tons ; Canada, 7375 tons; Wales, 7215 tons; 
Sesion, 6339 tons; Italy, 5315 tons; and the United 
States, 4085 tons. Once more India was the largest im- 
porter of both manufactured iron and steel, receiving 
4021 tons of the former and 11,227 tons of the latter. 
Other princi importers of steel were the Argentine, 
7300 tons; New South Wales, 6067 tons; and West 
Australia, 3445 tons. 





THE Puysicau Sooirty or Lonpon. —The next meeting 
y the Societ ‘% - bod = yy FO Nae Gh mag AA 

p.m., at the im oO ence, im 
Institute-road, South Kensi > a: 1. “On the 
Thermal Conductivity of Mercury by the Im 
Velocity .Method,” by Mr. H. R. Nettleton. “On 
Polarisation and Energy Losses in Dielectrics,” by Dr. 
A. W. Ashton. 3. “A ture Experiment to Illustrate 
Tonisation by Collision,” by Mr. F. J. Harlow. 





Tue Royat InstrivTion.—A general meeting of the 
members of the Royal Institution was held on Monday 
afternoon last, the 3rd inst., the Duke of Northumberland, 
President, in the chair. It was announced that the eighty- 
eighth Christmas course of juvenile lectures, founded at 
the Royal Institution in 1826 by Michael Faraday, will 
be delivered this year by Professor H. H. Turner, D.Sc., 
D.C.L., F.R.S., Savilian Professor of Astronomy in the 
University of Oxford, his title being ‘‘A Voyage in 
Space.” The lectures will be experimentally illustrated, 
and the subjects are as follow :—‘‘ The Starting Point— 
Our Earth,” Saturday, December 27, 1913; “The Start 
through the Air,” December 30; a Tele- 
scope,” January 1, 1914; “* Visit to the Moon and 
Planets,” January 3; ‘‘Our Sun,” January 6; and “‘ The 
Stars,” January 8. The lecture hour is 3 o'clock. 





Tue Lonpon AnD SourH-WeEsTEeRN Ratiway Exgcrri- 
FICATION.— Work has now been put in hand, at Tedding- 
ton, in connection with the electrification of the London 
and South-Western | suburban lines, while the 
power-station is well s . Excavation in connection 
with the foundations of the station was comm on 
the site at Wimbledon on July 21 last, and the outer wall 
is now yg up to und level. The building 
will be 260 ft. long by 210 ft. wide, and will contain 
twenty-four boilers, each capable of a normal evapo- 
ration of 20,000 Ib. of water per hour, and supplying 
steam at 200 lb. pressure and deg. Fahr. superheat. 
It will also contain six 5000-kw. turbo-alternator sets 
running at 1500 revolutions per minute, and generat- 
ing current at 11,000 volts. There will also be two 
auxiliary 400-kw. direct-current turbo sets. Ourrent 
will be transmitted to nine substations by three-phase 
cables carried mostly on posts alongside the line. The 
substations will be at Waterloo, Clapham Junction, Raynes 
Park, Hampton Court Junction, Barnes, Twickenham, 
Kingston, Sunbury, and Isleworth. Each substation will 
contain transformers and rotary converters for the con- 
version of the current to 600-volt direct current. Two 
sizes of converters wi used, one of 1875 kw. capa- 
city, which will be used at Waterloo, Clapham, Raynes 
Park, Barnes, and Twickenham, and the others of 1250 kw. 
capacity, which will be employed at the other stations. 
For the first section of the electrified lines eighty-four 
train units are being provided. Each will consist of 
three compartment-ty 
with four motors of 275 horse-power. A motor- 
truck carrying two motors will be fixed under each end 
of the train unit, the remaining trucks bei ) 
pany’s standard a. Each train will have seating 
accommodation for 190 passengers. New i 
and repair-shops will be built at Wimbledon, addi- 
tional sheds probably also at Hampton Court, Fulwell, 
and Hounslow. The Ki loop will first be elec- 
trified, and it is hoped to have ib in operation before the 
end of next year. 


coaches, and will be equipped | G 


of the com- | Th 





NOTES FROM THE SOUTH-WEST. 


_ Cardsf.—The steam-coal trade has been strong in all 
its branches. Admiralty descriptions have m scarce 
and difficult to obtain at any price, collieries supplying 
the quality desired by | fully occupied. Other qualities 
have also been firmly held for prompt delivery. The 
recent Senghenydd colliery disaster has reduced the out- 
put of Admiralty steam coal tosome extent. House coal 
and other bituminous qualities have shown scarcely any 
change. ag) ge Admiralty large steam coal has made 


smalls, 7s. 6d. to 8s. per 
has been quoted at 19s. to 20s ; good households at 17s. to 
18s.; No. 3 Rhondda large at 16s. 6d. to 17s. 6d.; and smalls 
at 12s. to 12s. 6d. per ton. No. 2 Rhondda large has made 
12s, 6d. to 13s.; and No. 2 smalls, 7s. to 8s. per ton. Special 
foundry coke has brought 27s. 6d. to 28s. 6d. ; good foun- 
dry coke, 23s. to 25s.; and furnace coke, 19s. to 2is. per 
ton. As regards iron ore, Rubio has realised 18s. 6d. to 19s. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 

Encouraging New Ideas.—It is considered bable 
that among the very 1 number of men employed by 
the Great Western Railway Company there are many 
with more or less useful ideas, and, subject to the 
approval of the directors, the general intends 
to appoint a committee to examine any suggestions which 
may be submitted for consideration. In the event of the 
adoption of any pro or suggestion, the man making 
it will receive some ‘‘ recognition.” 

The *‘ Queen Elizabeth.” —The new Dreadnought Queen 
Elizabeth is now lying alongside the short jetty in the 
large basin below the cantilever crane. he heavier 
parts of her machinery will be lifted on bowd, and her 
armour-plating will also be proceeded with. The build- 
ing “~ hitherto occupied by the Queen Elizabeth has 
been cleared, but it is not proposed to Pp until 
January with the battleship Royal Sovereign, which is 
to be laid down upon the slip. 


Port Talbot.—The Mannesmann Tube Company is 
pay “ry | for a site for new works in close proximity 
to Port Talbot Docks. The directors of the nesmann 
Company made a tour of inspection at Port Talbot on 
Friday. A suitable site was offered tothem. One difti- 
culty which has, however, arisen is that the co y 
would prefer to erect works near a seaport having a e 
and lar trade with the East ; this is an advantage which 
Port Talbot cannot offer at present to any great extent. 





Navat OCapets Fres.—The Board of Admiralty have 
decided toreduce from 75/. a Bo to 407. a year the fees 
payable at the Royal Naval Colleges, Osborne and Dart- 
mouth, in respect of not more than 25 per cent. of the 
naval cadets entered after this date, As in the past, the 
reduced scale will be reserved, up to a maximum of 10 per 
cent. of the entries, for sons of officers of the Army, Navy 
or Marines, or civil officers under the Board of Admiralty. 
The reduced scale will only be allowed in cases where 
the pecuniary circumstances of the ts are, in the 
opinion of the Board of Admiralty, such as to justify it. 





Lioyp’s Returns or Vxssers Lost, &o.—Particulars 
of vessels lost and condemned during the quarter ended 
June 30 last have ay be issued by Lloyd’s Register 
of British and Foreign Shipping. The United Kingdom 
naturally heads the list, having lost seventeen vessels, 
totalling 25,050 gross tons, during the period under con- 
sideration. This is, however, y 0.14 per cent. of the 
total tonnage owned in this ——,- figure much below 
the average for other nations. Of the seventeen vessels, 
ten were wrecked, four are missing, two foundered, and 
one was lost in collision. The British colonies have been 
even more fortunate than the Mother Country, havin, 
lost only 0.09 per cent. of their total tonnage, compri 
in four vessels, making 1402 tons together. Japan, 
which comes next on the list, has suffered more severely, if 
one considers the total tonnage owned. The figures for 
that country are five steamers lost, totalling 14,046 gross 
tons, which is 0.94 per cent. of Japan’s total tonnage. 
Next on the list eomes Germany, which has lost six vessels, 
aggregating 9702 gross tons, and then comes Central and 
South America, with three vessels, accounting for 5282 
tons together. Greece follows with two vessels, totalling 
4872 tons; but what percentage this is of the total 
is not mentioned. The United States have lost five vessels, 
making 4745 tons together, and Italy, France, and Bel- 
gium have lost 3708, 3625, and 2187 gross tons respectively; 
the only other countries with losses of over 1000 tons are 
Sweden (1860 tons) and Norway (1303 tons). The total 
number of steamships of all nationalities removed from the 
register during the sents were fifty-four vessels, making 
79,433 gross tons in the aggregate. ming now to sailing 
vessels, we find that a total of thirty-nine vessels, making 
27,092 tons, have been lost during the period ; the tonna 
mentioned in connection with sailing vessels, it should 
noted, is the net tonnage in each case. The United States 
own, roughly speaking, twice as much ailing 
as any other nation, even excluding vessels trading on the 
reat es. It is therefore noticeable the tonnage 
lost by the United States is only 7371, comprised in ten 
ships, while Norway has lost 7881 tons in six vessels. 

e Uni ingdom is third on the list, having 
lost four ships, totalling 4131 tons, and Germany follows 
next with two ships, making 3223 tons oy er ; the 
only other nations with losses of over 1 tons are 
Russia and Uruguay, the figures being_1198 and 1096 tons 
respectively. These returns, it should be noted, do not 
include steamers of less than 100 gross tons, or sailing 
ships of less than 100 net tons. 
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THE FRIED. KRUPP GERMANIA SHIPBUILDING YARD, KIEL. 
(For Description, see Page 610.) 
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THE FRIED. KRUPP GERMANIA SHIPBUILDING YARD, KIEL. 
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&c., as Fuel for Gas-Producers.” 

Tur Instrrvtion oF MECHANICAL Eneinemas : GRADUATES’ Asso- 
CIATION.—Monday, November 10, at 8 p.m. A r entitled 
**Modern Methods of Steam- -Raising ” will be read by Mr. R D. 
McGroarty, Graduate, of Newcastle-on-Tyne. Mr. Wilson Wors- 
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by Mr. Harvey A. Smith. 
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at 8 p.m. Paper to be read :—‘‘ The Construction of the ‘ White 
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Ernest Wentworth-Sheilds, M. Inst. C.E. 

THR ASSOCIATION OF ENGINBERS-IN Pag yen Novem- 
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dation Phenomena and their Bearing upon the Theory of Pas- 
sivity.” Dr. D. Reichinstein, Ziirich, “ Interpretation of Recent 
Experiments bearing on the Problem of the Passivity of Metals.” 
Mr. H. S. Allen, ‘‘ Photo-Electric Activity of Active and Passive 
Irons.” At 6.30 p.m. the meeting will adjourn for dinner at the 

Trocadero Restaurant. The discussion will resumed at 
8.15 p.m., when communications will be read in abstract from : -- 
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THE CONSTITUTION OF PORT 
AUTHORITIES. 


TxosE who contend that contributions laid before 
technical institutions should deal exclusively with 
the elucidation of problems affecting the theory and 
practice of engineering may have had misgivings 
when the President announced the subject of his | o 
inaugural address to the Institution of Civil Engi- 
neers on Tuesday last. This contention has, in 
the abstract, much to support it. Those respon- 
sible for the public poeneblinns of our institutions 
have always shown a commendable care tu ensure 
that the limits prescribed shall not be overstepped. 
At the same time, it is well that on appropriate 
occasions a wider view should be taken of funda- 
mental problems, even if they only indirectly affect 
professional matters. The engineer, in the design 
of works of every character, has as his main aim 
their efficiency. Noelaborate argument is necessary 
to show that those responsible for the construction 
of engineering works are, in very large measure, 
responsible for the efficiency of their operation. 
It thus follows that the engineer, whose solicitude 
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the degree of benefit conferred ultimately on man- 
kind. Obviously, he is greatly interested in the 
msible for 
the utilisation of the works, whether those bodies 
are chosen by private owners, public compinies, 
municipalities, or Government departmente. More- | w 
over, in the case of the presidential address, there 
were conditions which rendered the occasion appro- 
priate for illustrating the broader view which 


638 | engineers should be induced to take as to this phase 
esg| Of their work. Mr. Anthony G. Lyster, the 


President, has. for many years held a unique posi- 


689 | tion in connection with one of the most important 


corporations utilising the works of e eers, and 
has, by reason of his great engineering ability, 


administrative foresight, and tactful forcefulness, 





contributed immensely to the success, from the 
utilitarian point of view, of sume of the greatest 
engineering works executed in this country. 
Indeed, as engineer of the Mersey Dock Board, he, 
for many years, exercised a great influence on mari- 
time engineering. At the same time, by a know- 
ledge of prevailing conditions, and by careful study 
and inquiry, he built up a conception of ideal con- 
ditions regarding the constitution and adwministra- 
tion of ports which is worthy of the greatest 
consideration not only in connection with port autho- 
rities, but in relation to all similar administrative 
bodies. These views he has expressed in his address, 


iall | Which we reproduce on another page, with a philo- 


sophic moderation, and yet with convincing force. 
here is one important point in the relation of 
ublic authoritiis and the engineer which Mr. 
rowed might possibly have dealt with more defi- 
ritely. We refer to the limitations imposed on the 
engineer by reason of the idiosyncracies of many 
members of elected boards of management. It is 
inevitable that on all such boards there should be 
men of all classes. Indeed, the tendency is distinctly 
towards a great increase in the number of represen- 
tatives of the working classes, who take the view 
that those who sit on their behalf on such boards 
should belong to their own class. Few men are able 
to rise much above their environment. It is no 
discredit, therefore, to the working man that his 
breadth of view on public questions should be, to a 
more or less extent, restricted because of the influ- 
ence of his environment. Moreover, he finds it 
difficult, because of his occupation and lack of experi- 
ence in commercial problems, to take wide views, 
and he therefore cannot measure the full poten- 
tialities of many schemes, and the necessity for 
anticipatory provisions. Thus it comes that the 
engineer, whose main business it is to provide for the 
future, has the difficult task of educating his board. 
Nor is such process always regarded as completely 
disinterested. On the other hand, where a board 
is made up of capitalists or their representatives, or 
of commercial men accustomed to take a broad 
view of all problems, or of representatives of those 
who propose to utilise the engineering works under 
consideration, the task of the engineer is greatly 
simplified. The members of the board are then 
in sympathy with him in anticipating the future, 
while there is a readier acceptance of the fact that 
the principle underlying the engineer’s conception, 
irrespective of the scope or cost of his proposals, is 
ultimate efficiency in meeting the requirements for 
which his works gre intended. Another difficulty 
— a democratic constitution of a board im 
- the work of the engineer arises from the lack 
prehension by the working classes that what is 
ofp for trade generally is for the benefit of all. The 
cry to-day is that the worker must beserved. There 
are many ways in which this can be done, and very 
often the indirect and less obvious method is in the 
end the best; but representatives of labour fail to 
grasp this, and, as a consequence, the possible effi- 
ciency of the engineer’s work may be in jeopardy. 
The position of works and their general plan may 
be affected by interference of boards or by unin- 
formed public opinion, and, ounseneeany the 
ultimate success may be im ese argu- 
ments are all worthy of the attention of "the 
engineer, because they apply practically to every 
phase of his work ; they may involve changes, due 
to misguided directions as to the line of tramways, 
the site of electric power works, the disposition of 
docks, building or street improvements, the source 
of water supply, as well as to the extent and 
lasting quality of all such works, and the relative 
efficiency of units of varying first cost recommended 
by the engineer. 

Mr. Lyster, however, contented himself with 
dealing with the constitution of port my asc AS 
affecting the organisation and development of 
This was a wise limitation, use he was a a. to 
supply information from his fullness of knowledge 
and breadth of experience. His address in its 
rege is worthy of close consideration. Here 

ropose only to.deal with it as affocting 

the road question of municipal or governmental, 
as compared with private control of ports end 
harbours. The President laid down as an essential 
condition that the authority should be in as inti- 
mate connection as possible with the trade of the 
rt, and that it should -have a_ considerable 
ancial interest in its development and advance- 
ment. He was clear, also, in his enunciation of 
the proposition that the board should be capable 
of taking a comprehensive view of the require- 
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ments, not only of the port, or of the town in 
which it is located, but of the hinterland which it 
necessarily serves ; and that extraneous influences 


due to correlated industries or interests, such as a | 
| whose interests are involved. They are concerned | pas 


railway, should not be operative again-t either the 
port or those utilising it for the import or export of 
supplies. It is obvious, from these general considera- 
tions, that neither a municipality nor the Govern- 
ment can fulfil the ideal conditions. In the first 
lace, the financial interest is lacking, nor can it 
said that the Government has a direct and inti- 
mate connection with any one port, whatever may 
be said of the local authority. All the arguments 
against munivipal trading and nationalising of 
undertakings are enforceable in connection with 
the ports and harbours. The prosperity of this 
country more than any other, because of our 
insular condition, is dependent on the progressive 
policy pursued by port authorities. We have time 
and again referred to the increase in economy of 
ocean transport having been achieved by augmenta- 
tion in the size of, and the improved facility in 
handling, ocean liners and tramps. The limitations 
imposed on the shipowner and shipbuilder are 
those consequent on the dimensions and depth of 
water in porte-and in docks. Unless there is, on the 
part of port authorities, a recognition of their 
responsibility to the shipowner in assisting him to 
ensure cheap transport for our food supplies and for 
the raw material of manufactures, a serious handicap 
is placed on our commercial future. Where the 
members of the port authority are financially 
interested and intimately connected with the trade 
of the port, the necessities of the shipper and 
shipowner are more liberally anticipated. The 
labour representatives of a municipal port autho- 
rity do not always appreciate that economy in 
general transport has a direct influence on indus- 
trial advancement, and therefore on the prosperity. 
of all workers, especially when the means to this 
end involves some possibility of financial risk to 
ratepayers. They do not readily see that increased 
capital expenditure necessarily involves a pro rata 
or even greater increase in revenue, or, as Mr. 
Lyster put it, that ‘supply creates demand in 
the business of port and harbour development as 
in the case of most other commercial ventures.” 

The need of the financial interest of the members 
of a port authority was clearly defined by Mr. 
Lyster. What is desiderated is not so much that 
the members should be shareholders or bond- 
holders, but that they should have a direct concern 
in the success of the undertaking, either as ship- 
owners or shippers or traders, so that the advance- 
ment or failure of their own businesses should be 
more or less dependent upon the prosperity attained 
by the port. Such interests are, of course, not 
inconsistent with the holding of bonds or shares, 
but this is subsidiary, because the aim should 
not be merely to ensure the due payment of 
interest or dividend on the sums invested, for 
in such case there is lessened incentive to the 
investment of further sums to meet potential 
requirements. There can be no question of the 
powerful influence of direct interest of this cha- 
racter in connection with all undertakings, and the 
influence extends to the engineer and to every 
member of the staff, because the effect of their 
efforts on the achievement of efficiency is more 
readily recognised by those who can directly profit 
from such efficiency. As Mr. Lyster pointed out, 
it is quite certain that no Government official or 
master—and we will add also no municipal repre- 
sentative—can ess such interest, and, there- 
fore, cannot e the same courageous view in 
respect to changes of policy, nor can he be so eager 
for improvement in working conditions. 

In management as well as in constitution there 
is much to be said in favour of the governing body 
representing the users either of a port or of any 
other undertaking. They themselves, as Mr. 
Lyster put it, “have an intimate knowledge of 
all the ramifications of its trade, a close and 
ready intercourse with those engaged in it, and 
the confidence of the public in its management.” 
Thus, when ‘‘ funds have to be subscribed there 
is a ready response to the invitation, and an 
abundance of money is available at a reason- 
able rate.” The tendency on the part of 


Government officials is to be inaccessible to the 
commercial public, and although criticism may be 
extensive and outspoken, it has not the same effect 
as with a privately constituted board. Moreover, 
the machinery required to effect =o the case 
of Government schemes is so cum ome that 





great effort is required to overcome opposition 
to change, and to secure proper appreciation of 
new conditions. The responsible authorities, under 
Government control, are too remote from those 


with national interests of far greater political 
importance, and are apt to be subject to political 
and partisan influences. Supplies come from the 
public purse, and their availability is too often 
dependent on the influence exerted by the local 
representative in Parliament upon the minister 
responsible for the allocation of the funds rather 
than on the needs of the community. As Mr. 
Lyster said, “in all probability the real decision 
upon such applications rests with some single depart- 
ment or individual, who thus has an undue power 
put into his hands, and is not able, at first hand at 
all events, to discriminate between their respec- 
tive merits.” There is thus the disadvantage that 
Government departments work much too slowly, 
especially in initiatory work. From every point of 
view, therefore, and from a comprehensive review 
of the administration of ports in this country 
and abroad, Mr. Lyster, with logical directness, 
has come to the conclusion that the greatest 
volume of reason is on the side of the administra- 
tion of the ports being in the hands of a board 
directly representative of the users of the port, 
shipowners, shippers, traders, and others, in prefer- 
ence to municipal control, Government administra- 
tion, or even railway company ownership. 





PROGRESS IN MARINE ENGINE 
DEVELOPMENT. 

Str Coarxes Parsons, in his presidential address 
to the North-East Coast Institution of Engineers 
and Shipbuilders on Friday last, put in a timeous 
claim on behalf of provincial technical organisa- 
tions, which, he contended, fulfilled a definite 
requirement. It is true that the institutions in 
London are increasing their influence, and that 
their membership embraces a growing proportion 
of those who are engaged in professional wor 
exclusively in the provinces ; but there is, at the 
same time, an increasing need for institutions in 
the great centres of industrial activity, as well as 
in the Metropolis. In the first place, London 
institutions cannot hope to compass in their short 
session the whole field of intellectual activity 
relating to applied science, or any department of 
professional work ; so that there is material 
available for most useful and instructive discus- 
sions in each of the principal cities. Apart alto- 
gether from this consideration, there is the advan- 
tage of contact amongst the workers in such 
districts, and a probability of greater vitality due 
to the ambition in all districts to maintain the 
repute of local industry. Without any desire 
to disparage the rs read in the provinces, it 
may be poctinnet thet inexperienced authors are 
more ready to face the criticisms of their pro- 
ductions amongst their colleagues in the same 
district than to present their views for analysis 
by an audience composed mainly of members 
of London institutions, where there may be a 
larger number of men of wider knowledge and 

ter experience. This being so, it is incum- 
mt upon those in provincial cities to regard 
with jealous care the future of their organisa- 
tions, and to consider, with keen regard to this 
future, any proposals which may detract from the 
local standing of these societies. The chief func- 
tions of local institutions, as Sir Charles pointed 
out, are to “‘ facilitate the acquirement and inter- 
— of professional knowledge among the 
members of all classes, and to furnish a stimulus to 
individual investigation and emulation.” Although 
the same remark might be applied to London insti- 
tutions, and although it might be urged that pro- 
vincial societies may be duplicating some of the 
work done, as well, if not better, by the London 
institutions, yet the work is so vast, and the need for 
stimulation and interchange of knowledge so great, 
that the local associations should be maintained and 
supported, and their prestige enhanced in the dis- 
c e of the functions so admirably enunciated by 
Sir Charles Parsons. 

It is as inevitable as it is desirable that these 
local institutions should devote most of their time 
to problems affecting the industry predominant in 
their districts. The proceedings of the North-East 
Coast Institution of Engineers and Shipbuilders 
have therefore been concerned in a large measure 
with questions affecting marine engineering and 





shipbuilding ; but as the Institution grows, and as 
it mes able to cope with more papers each 
session, other engineering features will receive a 
greater share of attention. The work done in the 
t has thoroughly justified this preponderance of 
debates on marine topics. One has only to recall 
the very informative discussion which took place 
on the relative advantages and disadvantages of 
steam reciprocating engines, geared turbines, and 
internal-combustion engines for the propulsion of 
tramp steamers. The resultant effect of this dis- 
cussion was the distinct impression that the case 
for the internal-combustion engine was not so strong 
as had been supposed, and, as Sir Charles very 
properly claimed on Friday, the subsequent twelve 
months’ experience has shown that the discussion 
was of great public utility. Indeed, the President 
contended that there had been very little progress 
in overcoming the difficulties attending the use of 
large cylinders for oil-engines. He had learned 
from Professor Bertram Hopkinson that his method 
for the internal cooling of cylinders and valves by 
the injection of water—which, in Sir Charles’s view, 
seemed to promise a possible solution—had not yet 
been tried on a Diesel engine. Some of the leading 
makers on the Continent were, however, working 
on the lines of designing piston, cylinders, and 
valves—in fact, all parts subject to trouble from 
excess of heat—in such a way as to be easily and 
quicsly replaced ; but, as Sir Charles pointed out, 
this can only be regarded as a partial remedy. 

In his address, Sir Charles Parsons gave much 
information regarding the progress of some of the 
recent developments in marine engines. He put 
the total horse-power of the world’s shipping as 
approximately 28 million horse-power, of which 153 
million horse-power were supplied by reciprocating 
engines, 12 million horse-power by direct-coupled 
turbines, 4 million horse-power by geared turbines, 
and about } million horse-power by the internal- 
combustion engine. The total power developed by 
superheated steam was probably upwards of 14 mil- 
lion horse-power. Referring to the recent return 


k| by Lloyd’s Register, he said he had learned from 


the secretary that the power of the twelve ships in 
commission propelled by Diesel engines was 22,700 
brake horse-power, and that of the twenty-five now 
building, 43,850 brake horse-power, making a total 
of 66,550 brake horse-power. The difficulties 
experienced with the large-cylinder, slowly-revolv- 
ing Diesel engines had, he said, been greater than 
Lloyd’s ors would lead us to assume, but the 
adoption of the oil-engine for smaller craft has been 
successful. Omitting boats of under 100 ft. in 
length, and excluding warships, the total number 
of all vessels built and building with internal- 
combustion engines was 152, with a total brake 
horse-power of 170,000. The average individual 
brake horse-power tends to increase, but compara- 
tively few vessels of upwards of 1000 brake horse- 
power have been more than one year in service. 

As regards gearing, Dr. Fottinger has supplied 
Sir Charles with information to the effect that the 
aggregate horse-power of hydraulic gearing ordered 
in the last twelve months is about 100,000 brake 
horse-power, and includes one liner of 20,000 horse- 
power, one war vessel of 30,000 horse-power, one 
cruiser of 45,000 horse-power, and one excursion 
steamer of 6000 horse-power. The latter has been 
delivered. Electric gearing has made small pro- 
gress. The United States collier Jupiter has not 
completed her trials. Messrs. Swan, Hunter and 
Wigham Richardson have completed a cargo vessel 
of 250 ft. in length, with propelling machinery 
consisting of two Mirrlees - Diesel six-cylinder 
engines. These develop 300 brake horse-power at 
400 revolutiors per minute, and drive a Mavor and 
Coulson three-phase alternator supplying current 
to a 500-brake-horse-power induction motor, by the 
same makers, to drive the screw -shaft. After 
the Diesel engines are started by compressed air, 
the handling is exclusively effected by electricity. 
The vessel has completed her trials satisfactorily. 
Several fire-floats of about 800 horse-power have 
been equipped in America with electrical gear for 
working the propeller, fire- pumps, and other 
machinery. Mechanical gearing, on the other 
hand, has extended very considerably during the 
year, the horse-power at work or on order exceeding 
400,000 brake horse-power, and including almost 
every class of vessel. In some cases the whole of 
the power is transmitted, but in others the main 
turbines are directly connected, and the cruising 
turbines only are on to the main shaft. No 
case of disablement of the gear, or, indeed, any 
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material wear of the teeth, has occurred in any 
instance. 

As to superheating, the Schmidt system has 
been applied to the extent of upwards of 1,000,000 
horse-power in the mercantile marine, nearly the 
whole in conjuction with reciprocating engines ; 
the resulting saving is from 10 per cent. to 30 per 
cent. Sir Charles gave the leading features of the 
Schmidt superheater as, firstly me most important, 
the placing of the superheater tubes in close 
proximity to a boiler surface, as in the case where a 
single convolution of superheater tube lies within 
the fire-tube of the Scotch boiler, the great advan- 
tage being that the superheater tube is saved from 
burning and destruction by the rapidity of its 
radiation to the contiguous boiler surface. This 
very valuable feature seemed, he said, not to have 
been sufficiently recognised. The second important 
feature was that of high-steam velocities, so as to 
scour out and keep the tubes clean; but this design 
was shared by many other superheaters which 
were also giving excellent results. He thought it 
might be safely assumed that the use of super- 
heated steam would further extend, and that a 
rate of fuel consumption per horse-power would be 
attained in large power installations more closely 
approximating to that of the internal-combustion 
engine, since the abnormally high speed of the 
propellers of the Diesel-engined vessels involved a 
considerable loss in propulsive efficiency, as com- 
pared with steam -driven machinery, whether 
reciprocating or geared turbine. The difference 
might be of the order of 10 per cent. to 20 per 
cent., depending on the stern lines of the vessel. 





THE BREWERS’ EXHIBITION. 

Tue thirty-fifth annual Brewers’ Exhibition was 
opened at the Agricultural Hall, Islington, N., on 
November 1. As usual, fine examples of copper- 
smiths’ work form an important part of the dis- 
play, though this is, perhaps, less impressive this 
year than on some former occasions. The refrige- 
rating and cooling plants exhibited are also on a 
smaller scale than at some past exhibitions, but 
perhaps one of the greatest advances made of late 
years in this department of engineering has been the 
success which makers have attained in meeting the 
need for small plants suitable for country houses, 
or for butchers and fishmongers doing business on 
but a moderate scale. A number of CO, refrigerating 
plants, suitable for brewers having an output of 
from three barrels daily up to ninety barrels, are 
shown by Messrs. West and Benyon, Limited, of 
82, Belvedere-road, S.E. An interesting exhibit 
of small refrigerating plants is made by the 
Audiffren Singrun Refrigerating Machines, Limited, 
of 218, Shaftesbury-avenue, W.C. These machines 
consist simply of a spindle, carrying at one end a 
cooling -drum, and near the middle a smooth 
sphere, inside of which the whole of the refrige- 
rating machinery is concealed. The sphere in 
question is one-third filled with oil, above which isa 
charge of SO, at a presssure of about 50 lb. per sq. 
in. A set of compressing pumps is hung pendulum 
fashion from the shaft inside the sphere, and these 
pumps are put in operation by rotating the spindle. 
They deliver liquefied gas to the refrigerating drum 
through a small pipe which traverses the hollow 
spindle. After expansion inside the drum the gas 
returns to the compressing sphere through the 
annular space between the certral pipe and the in- 
terior of the spindle. When in operation the 
sphere rotates in cooling water, which carries off the 
heat of compression, while the drum lies in the water 
to be frozen. Ice forms on the drum within about 
5 minutes of starting up. A small machine shown 
will provide 101b. to 12 lb. of ice per hour at an 
expenditure of 4 horse-power. The whole of the 
refrigerating apparatus is, it will be seen, self- 
contained, and entirely enclosed, so that it cannot 
be tampered with by well-meaning, but often igno- 
rant, attendants. In another machine exhibited 
the drum is arranged to rotate in a brine bath, 
and the cooled brine is then used either for 
making ice or for refrigerating purposes in the 
usual way. An ammonia plant is exhibited by 
Messrs. H. Pontifex and Sons, Shoe-Jane, London, 
and also complete beer-chilling plants. 

A good display of motor-lorries, built specially 
to brewers’ requirements, forms a prominent 
feature of the Exhibition. Steam-motors are 
exhibited by Messrs.Wm. Allchin, Limited, North- 
a ; Messrs. Alley and MacLellan, Limited, of 
Polmadie ; Foden’s, Limited ; Mann’s Patent Steam 


Cart and Wagon Co., Limited, Hunslet, and the 
Yorkshire Commercial Motor Company, Hunslet. 
The car shown by Messrs. Alley and MacLellan 
is designed to carry 6 tons, and is fitted with 
heavy rubber tyres, a feature which is less fre- 
quently adopted on steam than on petrol commercial 
cars. The exhibit made by Mann’s Patent Steam 
Cart and Wagon Company embodies the firm’s 
well-known side-fired locomotive boiler, which is 
designed for a working pressure of 200 lb. per 


sq. in. The drive from the engine, which is rated at 
25 brake horse-power, is taken entirely through 
cut-steel gears, three changes of speed being pro- 


vided for. A novel feature in the car shown is 
the springing. Double springs are provided for 
both the front and the back axles. In the latter 
case, with the car unladen, the lower spring alone 
comes into action, the upper — of its 
stops. With a heavy load, however, both springs 
do their share in transferring the load to the 
wheels. In this way, the need for easy running of 
the wagon when in light order is satisfied without 
the danger of too great a sensibility when fully 
laden. The water-tank fitted holds 160 gallons, 
which suffices for a travel of 20 miles over fair roads, 
and the fuel consumption is said to be equivalent 
to arun of from 12 to 13 miles per hundredweight 
of coal. 

A 5-ton petrol-motor is shown by Messrs. 
J. and E. Hall, Limited, of Dartford. This is 
fitted with a four-cylinder engine, rated at 32 brake 
horse-power, the final drive to the back wheels 
being a pitch chain. The forward wheels are fitted 
with Pollack solid-rubber tyres, measuring 820 mm. 
by 140 mm., whilst each of the back wheels has 
twin tyres of the same make, 1030 mm. by 140 mm. 
A special tank-car forms the principal exhibit at 
the stand of the Leyland Motors, Limited. This 
has been built for the conveyance of chilled. beer 
from the owners’ brewery at Putney to the bottling 
works at Twickenham. The beer is conveyed in 
two aluminium tanks or drums mounted side by 
side on the platform of the vehicle, each of which 
measures about 11 ft. by 3 ft., and is capable of 
holding 360 gallons or 720 gallons in all. The 
motor is driven by a four-cylinder petrol engine, 
rated at 40 brake horse-power, and the drive is taken 
to the wheels through enclosed cut steel gearing. 
The centres of the wheels are electric steel cast- 
ings made in Sheffield, and well illustrate the pro- 
gress which has been effected during recent years 
in the production of such castings. Not many 
years ago castings of this kind, having hollow spokes 
only some ,3, in. thick, would have been considered 
a difficult job even for the ironfounder. The front 
wheels have single solid-rubber tyres, and the 
back wheels twin tyres of rubber, the tread being 
about 11 in. wide over all. It seems not unlikely 
that within the next few years tyres of this kind 
may be made compulsory on all heavy motor lorries, 
since the steel-tyred wheels, which are specially 
favoured by the makers of heavy steam-motors, are 
credited with a tendency to cause very serious 
injury to road surfaces. This tendency cannot 
be compensated for by increasing the width of tread, 
since any rigid tyre, when run on a cambered road, 
will, at times, bear on an edge only. 

Messrs. Bilbie, Hobson and Co., of 106, Queen 
Victoria-street, E.C., show a Hornsby-Stockport gas 
engine capable of developing 22 brake horse-power 
with town gas, or 184 brake horse-power when con- 
nected up to a suction producer. The engine has 
ring lubrication throughout and is fitted with 
low-tension magneto ignition. At the same stand 
some ee aemcnages some developing from 80 to 
130 candle-power each are displayed. 

Messrs. Heenan and Froude, Limited, of Wor- 
cester, show an air-purifying and cooling plant. 
In this the air is drawn through the interspaces 
between a number of concentric drums of sheet 
metal, all mounted on the one horizontal spindle and 
kept revolving in a casing, the lower portion of 
which is filled with water. The air as it is passed 
through the annular interspaces is very thorough] 
washed, and to a considerable degree sterilised, 
some 98 per cent. of the wild yeasts or other 
organisms being removed. By replacing the water 
by antiseptic liquids complete sterilisation of the 
air can secured if this be desired. The air 
| as it leaves the drum is not only clean, but also has 
its temperature reduced to within 1 deg. of that 
‘shown by a wet-bulb thermometer. The plant 
. of 





|shown is designed to deal with 4000 cub. 
| air per minute. 
| Filtration forms » very important part of the 





treatment to which beer is subjected in a modern 
brewery. The beer is frequently first passed through 
a sponge filter and then through a pulp filter. A ma- 
chine for washing and sterilising the filtering sponges 
forms the principal exhibit at the stand o one. 
D. Wickham and Co., Limited. ‘This machine con- 
sisted of a | sige tank fitted with a set of re- 
volving paddles, which carry down the sponges and 
deliver them under a set of rollers, between which 
the sponge passes on its way to the surface, being 
thoroughly squeezed in the passage. To secure 
sterilisation, the temperature of -the water in the 
tank is maintained at about 160 deg. Fahr. A 
7 yi filter presses is shown by Messrs, 

. and E. Wannbacher, of 5, Appold-street, E.C. 
At the same stand is also shown a small centri- 
fugal pump, having no external stuffing-box. This 
pump is designed to deliver 80 gallons per minute 
against a head of 66 ft. 

Some remarkable glass-lined steel tanks are 
shown at the stand of Messrs. Butler Brothers, of 
62 and 63, Minories, London, E.C. These tanks 
are built up in sections, each section consisting of 
a ring of sheet steel, having a welded joint and 
flanged at each edge. The rings are each about 
4 ft. wide, and from 8 ft. 11 in. up to 10 ft. 6 in. in 
diameter. In building up a tank the joint between 
adjacent rings is made with a flat ring cf block tin, 
which serves to support the narrow rubber rings, 
on which the tightness of the joint ultimately 
depends. The ends of the tank are deeply dished 
steel plates, which are secured to the y bya 
joint similar to that between the flanges of succes- 
sive ring sections. Both plates and ends are glass 
enamelled on their inner surfaces. 

The Berkefeld Filter Company shows filters 
capable of sterilising from 100 up to 10,000 gallons 
per day. As is well known, the efficiency of these 
filters depends upon the fact thatthe organisms to 
be removed are too large to move through the 
porous wall of the filter, though they can, if given 
sufficient time, ‘‘ grow” through. This, however, 
is prevented by periodically sterilising the filter by 
heat. 





THE SPECIFIC HEAT OF SUPER- 
HEATED STEAM. 


Six years ago Professor 0. Knoblauch, of the 
Technical High School at Munich, determined the 
specific heat of superheated steam, at constant 
pressures, for temperatures up to 662 deg. Fahr., 
and pressures up to 124 lb. per sq. in., in com- 
paratively large apparatus, through which the steam 
was flowing at rates ranging from 44 Ib. to 150 lb. 
per hour. The experiments were conducted in the 
laboratory for technical physics of the institution 
on a scale which directly appeals to the engineer, 
and the results, which Professor Knoblauch 
obtained in conjunction with Dr. Max Jakob, are 
largely accepted by engineers. The experiments 
were subsequently resumed, and extended by 
Knoblauch to the range 350 to 550 deg. Cent. (660 
to 1020 deg. Fahr.) and pressures of eight atmos- 
pheres (114 lb. per sq. in.), and they are still being 
continued at considerably higher pressures up to 
20 atmospheres. On the other hand, Dr, Jakob 
has attempted to check the results by calculatin; 
the specific volume of steam, for the same hig 
range of pressures and temperatures, from the ex- 
periments of Knoblauch and his collaborators, and 
also from the deductions of H. N. Davis, and by 
comparing these volume values with those directly 
determined. An account of the new results so far 
published will be of interest. We base this account, 
in the first section of this article, on a memoir 
contributed to Nos. 108 and 109 of the Mittei- 
lungen ‘diber Forschungsarbeiten (Berlin, Julius 
Springer), by Professor Knoblauch and Miss Hilde 

ollier (now the wife of Professor H. Bark- 
hausen), who, Professor Knoblauch explains, 
took her share of the work and did not merely 
assist him. We gave an abstract of Professor 
Knoblauch’s previous researches on superheated 
steam in our issue of April 12, 1907, on e 472. 
The present researches are being conducted with 
the financial aid of the Verein Deutscher Ingenieure, 
and of the two eminent engineers, Mr. Carl Lanz, 
of Mannheim, and Dr.-Ing. Wilhelm Schmidt, of 
Cassel. 

The experimenters have adopted the same 
method as before, but have modified the apparatus. 
Steam from a boiler is dried in a gas-heated pre- 
heater, and raised to the temperature ¢, ; it then 
passes into the superheater, in which the tempera- 
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ture is raised by a measured amount of electrical 
energy W to the temperature ¢,; the steam is 
finally condensed and weighed. Each experiment 
is followed by a check experiment for the deter- 
mination of that portion of W which was lost by 
heat conduction and radiation. If V indicates the 
heat lossses and G the weight of steam, all reckoned 
like W per hour, then the specific heat of steam 
W-V_ ‘the differ- 
G (t, — t) 
ence (t, — t,) was always kept fairly small (about 
46 deg. Cent.), so that the resulting mean specific 


at constant pressure c, = 


heat fairly regresented the true specific heat at| po 


the temperature ; (t; + t,). 


In the new series the old results were first re- 
tested, and up to 330 deg. Cent. a good agreement 
was obtained. That means that the c, increases 
with rising pressure, but decreases first slightly, 
when the temperature exceeds the saturation tem- 
perature, and increases afterwards again, as the 
temperature is further raised. This rise of c, was 
found, however, to be a little smaller than pre- 
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preheater is heated by twelve large Bunsen burners, 


| the gas flow being in the opposite direction to the 


steam flow ; C, and C, are the gas outlets to the 
chimney. The temperature of the steam leaving 
the preheater is determined by the thermo-couple 
Th,, consisting of a steel tube, 5 mm. external dia. 
meter, 0.8 mm. wall thickness, and a constantan 
wire, insulated by glass beads, within it. Part of 
the wall of the tube was filed down to a narrow 
strip, 3 mm. in width ; the lower end of the wire 
was hard-soldered to the tube, and a second 
constantan wire was soldered to the free end 
of the strip, the latter portion being im the ice- 
x 


From the preheater the steam into the 
superheater and thence into the condenser K, which 
we will describe before speaking of the super- 
heater, because the condenser is used to regulate 
the steam-flow. The condensed steam flows through 
the stop-cock H,, the rubber tube Q, and the 
spherical bulb of the tube R at j into the burette 
jy which it leaves at j,. The water rises to 
a certain height in j,, and this height was kept 





constant during the time of an experiment—about 
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viously assumed. Within the higher range (350 
to 550 deg. Cent.), it may broadly be stated as 
the new result, that the specific heat of water 
vapour keeps practically constant ; the curve rises 
slightly for the low pressures (2 atmospheres), 
but not for the high pressures (8 atmospheres), for 
which, indeed, any change would fall within the 
limits of the errors of observation. 

Passing to experimental particulars, we find that 
the steam is generated in a cylindrical boiler of 
60 sq. m. (650 sq. ft.) heating surface, and flows 
first horizontally through a pipe of 76 mm. and 
later of 52 mm. internal diameter (lagged with 
kieselguhr bricks, so-called diatomite bricks, pre- 
sented by Messrs. Griinzweig and Hartmann, of 
Ludwigshafen) and through a separator, which 
merely consists of an eccentrically-cut copper 
disc fixed in flanges of the pipe; the efticiency 
of such disc-sepsrators has- been investigated 
by Dr. A, Sendtner in his dissertation, Munich, 
1910, The pipe then turns downward, and 
the steam passes through « second separator 
A, in Fig. 1* (comprising an oblique plate and 
a bent outlet-tube) into the preheater V, which is 
built up of a double coil surrounding a cylinder B, 
200 mm, internal diameter. The coil is a seamless- 
drawn steel pipe, 31 m. in length, 25 mm. in- 
ternal diameter, 6 mm. wall thiokness ; the steam 
flows first upward through the outer coil, then 
downward through the inner coil, and then u 

ain, forcing its way through sixty hesteeiant 
dises of iron-wire netting of 3.5 mm. mesh, which 
are intended to mix oat to dry the steam. The 


* The diagrams are reproduced, by permission, from 
the Zertschrift des Vereines Deutscher Ingenieure. 
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one hour. There was a difficulty at high tempera- 
tures, because the condensed steam sometimes 
contained a little gas, which disturbed the main- 
tenance of a constant head. The gas was mainly 
nitrogen, also hydrogen and oxygen, but not in the 

roportions of decomposed water. ‘Some gas com- 
Sadlion product apparently found its way into the 
red-hot coil of the preheater ; to remove this gas, 
the stop-cock H, was opened occasionally, and the 
tube R, which is open at the top, was introduced, 
so as to let any gas, which separated in the bulb of 
R, escape through the narrow part of R. A little 
steam, together with gas, would also escape when 
H, was opened ; but this loss could be determined 
and allowed for. 

We come to the electric superheater U. In the 
former experiments an oil-bath was used ; as the 
temperature was to be raised to much higher 
degrees, a mixture of the nitrates of potassium 
and sodium was at first used. This fusing nitrate 
might attack a copper coil; the steam coil was 
hence made of iron, but, to obviate any decom- 
position of the hot steam by the hot iron, the 
steel coil was lined inside with copper, which 
had answered in the former experiments. The 
steel coil was a seamless-drawn Mannesmann tube, 
5.25 metres in length, 21 mm. in internal dia- 
meter, 2 mm. wall thickness; the copper tube, 
of 0.5 mm. wall thickness, was drawn into the 
steel tube (before it was coiled) and hydraulically 
expanded within it. The precaution seems to have 
been unnecessary ; after ninety days of experiment- 
ing the coil was taken out, and it was found that the 
oh age become a little rough and very slightly 
oxidised, while the iron surface, which was exposed 





in one place where the copper had burst, appeared 








quite smooth and metallic. The heater-resistance 
had to be insulated, since the nitrates conduct the 
current. A heater consists of nickeline ribbon, 
wound on an iron cylinder and covered by 
another iron cylinder, mica insulation being inter- 
posed in both cases. The sheet iron was also cor- 
roded by the nitrates, however, and the nitrate 
bath, which had to be emptied at the end of each 
experiment, was abandoned in favour of an air 
bath, in which the steam coil was suspended. The 
nickeline was now wound in two coils in parallel on 
the steam coil, which had been wrap with 
asbestos paper, and an outside lagging of asbestos 
paper, soaked in sodium silicate, was put over 
the nickeline; the total resistance was 8 ohms. 
The iron container for the nitrates was replaced 
by a copper cylinder F, 39 cm. high, 28 cm. in 
diameter, and 3 mm. wall thickness. In order to 
control the temperature distribution in this air 
bath. mercury thermometers T, T, were placed in 
tubular pockets of the inner wall of the cylinder 























F, and a nickel wire, 0.2 mm. in diameter, 
was coiled round it to serve as a resistance ther- 
mometer, indicating the mean temperature of the 
copper. The mercury thermometers, of the Beck- 
mann type, were’ filled under pressure, and were 
calibrated in divisions of 4 deg. Cent., the 
range being from 200 up to 550 deg. Cent. The 
connection between the steam-coil of the superheater 
with the pipe Dfrom the preheater U, on the oneside, 
and the pipe E leading over to the condenser on 
the other side, was effected by means of the porce- 
lain tubes P, and P, (Figs. 1 and 2). These tubes 
were introduced in order to obtain some definite 
points in the steam-pipe system at which the 
electric heating, as measured, began and stopped, 
and to prevent too rapid cooling of the coil during 
the determination of the heat losses. Such a 
determination was, as stated, made at the end of 
each experiment after cutting off the steam supply. 
The porcelain tubes, 20 mm. internal diameter, 
220 mm. in length, 5 mm. wall thickness, were 
mounted in stuffing-boxes. The steam-coil rested 
below with three pointed feet of steel on the 
bottom of the double-walled iron vessel G, through 
the jacket of which steam, at one atmosphere pres- 
sure, was circulated ; G was lined inside with sheet 
aluminium Al,, F had asimilar outside lining Al,, and 
a third radiation screen Al, was interposed between 
the two others, the empty space being packed 
with kieselguhr, and near the cover G with blast- 
furnace slag. The external heat-insulation of the 
superheater consisted of asbestos and diatomite 
beicks. 

The temperature measurements of the steam 
were made with the aid of the differential thermo- 
couple Th, (Fig. 2), which served both for the deter- 
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mination of the difference in temperature of the 
steam entering and leaving the coil, and for the actual 
measurements of these temperatures. The steel- 
constantan couple was of a construction similar to 
that of Th,, already mentioned. A steel tube, 
5 mm. external diameter, 100 cm. long, had been 
slotted in its middle portion, and filed down to a 
narrow strip, 2 mm. in width ; there remained thus 
two tubes joined by a narrow steel strip. The strip 
was bent to an arc, as is shown in Fig. 2, and the two 
tubes were fixed by means of mica and asbestos in 
the heads of the stuffing-boxes of P, and P,. Each 
tube contained a wire of constantan, insulated by 
a glass sleeve ; the wire was soldered to the lower 
end of its tube, the joint closing the steel tube. 


Thus two differential junctions were provided, each | 





with the steam shut off, followed each experiment, 


as mentioned. In this way 71 successful experi- 
ments were conducted—16 in the oil bath, two in 
the nitrate bath, and 53 in the air bath. The 
results do not demonstrate any particular 
advantage of the one or the other bath. They 
are on the whole concordant, but they display 
considerable discrepancies, especially for the 
— at high pressures. In Fig. 3 the old 
and new results, the c, isobars of the c,, ¢ diagram, 
are plotted together. The smoothed curves can 
be seen in Fig. 4, which will presently be ex- 
plained. The heating was carried to 573 deg. Cent. 
in one case, and a temperature of 550 deg. Cent. 
was several times ex ed. The weight of steam 
passing through the coil per hour ranged from 
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being directly surrounded by the steam at its en- 
trance or exit from the coil. For the actual tempera- 
ture determination an iron wire was soldered to the 
middle of the strip (Fig. 2), and further soldered 
at its other end to an iron wire forming the cold 
junction. In the previous experiments the thermo- 
couple was inserted in tubes filled with oil, which 
were placed inside the steam passages ; comparative 
experiments proved that the direct and indirect 
mounting of the thermo-couples yielded the same re- 
sults. The temperature measurements were effected 
with the aid of a compensator of Diesselhorst, made 
by Otto Wolff, of Berlin, which gave full satisfaction. 

All the instruments having been standardised, 
the experiments The boiler was started 
early in the morning. After five, sometimes 
eight, hours steady conditions would be: esta- 
blished and measurements could commence. If 
these conditions were afterwards maintained for 
the space of about an hour—during which readings 
were taken every three minutes, and the condensed 
water was weighed every twenty minutes—the 
results were utilised for the calculations. A check 
experiment for the determination of the heat losses, 
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25 kg. up to 56 kg., the temperature interval 
(t, — t;) ranged from about 40 deg. to 65 deg. 
Cent., and the number of watts W used per hour 
for heating the steam varied roughly between 900 
and 1500, whilst the watts lost per hour 
fluctuated between 100 and 500. The experiments 
were thus conducted on a fairly large scale, and 
the discrepancies are larger than ohe would expect. 


Professor Knoblauch, in stating this fact, remarks | P@ 


that the determination of the heat losses, following 
an experiment, had often to be hurried lest the 
apparatus should cool too quickly, and that it was 
sometimes doubtful whether steady conditions pre- 
vailed ; hence the heat losses had been balanced to a 
certain extent. In these determinations measure- 
ment was made of the electric energy, which kept the 
two resistance thermometers and the mercury ther- 
mometers at the previous heights, though the steam 


feed was cut off. He gives particulars of one of | ~ 


these heat loss determinations which was performed 
in a series of three partial experiments, each lasting 
about twenty minutes. But he does not especi 

dwell on the fact that the ratios of his V/W, elec- 
tric heat loss to total electric heat supplied, varied 





seriously. We purposely do not say fluctuated, 
for the ratios were, at any rate, fairly constant for the 
same steam weights, temperatures, and pressures. 
But whilst about one-ninth or one-eighth of the 
heat was lost in experiments at an average steam 
temperature of 180 deg. Cent., the loss rose to 
about one-sixth at 250 deg. Cent., to one-fifth at 
375 deg. Cent., and finally to one-third at tempera- 
tures exceeding 500 deg. We do not enter into 
details, because it would be difficult to assess the 
component influences of the three variables—steam 
weight, pressure, and temperature—all three of 
which depend to a certain extent upon one another 
in these experiments. The solution of the experi- 
mental problems evidently still involves some very 


difficult tasks. 

In making their calculations, Professor Knob- 
lauch and fis collaborators, Dr. E. Rohlf and 
Dr. R. Berger, make use of Callendar’s formula 
for the total heat i of steam—i.e., the heat 
which must be im to 1 kg. of water at 0 deg. 
Cent. in order to convert it, at constant pressure, 
into 1 kg. of steam at ¢ deg. Cent., and a pressure 
of p kg. per sq. cm. Further adopting Mollier’s 
constant, they take the formula— 

é = 594.733 + 0.477 t-J p, 


(% ee 0.01), 
5 


where 
x — 10,000 
427 


10 

273\7r 

» = 0.075 3» 
. . (F) 


T being the absolute temperature of steam of 
t deg. Cent., while J is merely a temperature 
function not depending upon the pressure. Mollier 
tabulated the values of J in 1906 (Neue Tabellen 
und Diagramme fiir Wasserdampf; Berlin: J. 
Springer), presuming that the specific heat of 
steam at infinitely small pressure cy. is invariable, 
and equal to (his constant) 0.477 ; this assumption 
is not supported by the most recent researches, 
according to which the c,. would slightly increase 
with rising temperature. The former values of 
diagram, Fig. 3, are recalculated after Mollier’s 
tables, which were not published when the original 
calculations were made. 

In discussing the results with regard to the 
recent work on the problems, Professor Knob- 
lauch first refers to the experiments of Carl C. 
Thomas,* who applied a similar method, without 
separating the preheating and the calorimetric 
coils of Knoblauch. Thomas first tried initially 
wet steam in his single coil, and then superheated 
it in the same coil, in a subsequent experiment, 
finding the energy required for superheating by 
subtraction ; the method seems liable to consider- 
able errors, especially as Thomas apparently did 
not allow sufficient time for drying his steam, and 
the very steep rise of his c, curves near the satura- 
tion line has been questioned, e.g., by H. N. 
Davis, of whom we shall presently speak. The 
only other research previously published on the 
specific heat at high temperature was that conducted 
by L. Holborn and F. Henning at the Reichsan- 
stalt, 1905 ; they went up to 820 deg., and later to 
1350 deg. Cent., but only at a pressure of one atmo- 
sphere. Their values are somewhat smaller than 
those of Knoblauch, the difference rising at higher 
temperatures, near 500 deg. Cent., to nearly 4. per 
cent. The explosion experiments of M.~ Pier+ 
confirmed Holborn and Henning ; but Nernst and 
Wartenberg, and also H. L. Callendar,} considered 
that their values would prove too small. 

A theoretical confirmation of the main results of 
Knoblauch, and especially of the c, values near the 
saturation line, was given in 1910 by Professor Harvey 
N. Davis, of Harvard, in his ‘‘ Notes on Certain 
Thermal Properties of Steam,” which followed a 
r on ‘“The Law of Corresponding States.”§ The 
deductions of Davis (he does not describe new 
experiments) centred around a new determination of 
the total heat of saturated steam and the closely 
related heat of evaporation, and he submitted the 
whole experimental material to a critical survey. 
As regards Knoblauch’s work, he could then only 
deal with the former values, with the determination 
of the specific volume of steam by Knoblauch, R. 
Linde, and H. Klebe, and with the equation of state 


and 


* Proceedings of the American Society of Mechanical 
Engineers, vol. xxix.. page 633, 1907. 

+ Zeitschrift fiir Elektrochemie, 1909, 536. 
t Encrngerina, vol. lxxxvi., page 427, 


908. 
§ Proceedings of the American Academy of Arts and 





Sciences, vol. xlv., pages 241 and 267, 1910. 
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of R. Linde.* From these data Davis concluded that 
the saturation line of Knoblauch, while in general 
correct, should be somewhat steeper at low tem- 
peratures, and the extrapolated c, curve for one 
atmosphere should be brought more in accord with 
the results of Regnault (low temperatures) and of 
Holborn and Henning (high temperatures) ; this 
has been done on the strength of the new ex- 
periments. 

The kinetic relations between the c, and the 
temperature and pressure of all vapours whose 
molecules consist of several atoms were investi- 

ted by R. Plankt in his ‘‘ Equations and 

ables for Saturated and Superheated Nitrogen 
Vapours.” Accepting the i ry values of 
Holborn and Henning, Plank found that for the 
range from 0.2 to 4 atmospheres, and temperatures 
from — 250 deg. to + 200 deg. Cent., the c, isobars 
of nitrogen had the same general trend as the 
corresponding isobars for steam of Knoblauch. On 
the other hand, W. Nernst and H. Levy! consider 
that many of the peculiarities of water and water 
vapour, and its deviation from the gas laws, are 
due to the formation and decomposition of double 
molecules, the heat evolved during the change 
2 H,O-> (H,0), being 2.519 gramme-calories ; near 
saturation steam should partly consist of double 
molecules. Their argument demands that the 
specific heat, at constant pressure of water vapour, 
shall exhibit minima when its pressure is not low. 
But the discrepancies between Nernst and Knob- 
lauch become greater near saturation, as if the 
vapour then contained not only double, but still 
more complex molecules. 

We proceed to a brief summary of the deductions 
of Dr. Max Jakob on ‘* The Specific Heat and the 
Specific Volume of Water Vapour for Pressures up 
to 20 Atmospheres and Temperatures up to 550 deg. 
Cent.”§ We have stated already that he does not at 
— adduce any new experimental evidence. 

is argument is the following. Between the specific 
heat of a superheated vapour or gas c, and its 
specific volume v there exists the relation— 


Sep /8p= -AT & 2/5 T?, 


where A is the mechanical equivalent of heat. 
Certain functions of the integrals being known, 
this equation may be utilised (a) for deducing the 
c,» from the v, and (b) for deducing the v from the 
c,. The former deduction (a) has repeatedly been 
tried, notably by Witkowski, in 1896, for air, and 
by Knoblauch, Linde and Klebe (as already quoted) 
for steam. The method is not very promising, how- 
ever, because it directly involves a second differen- 
tial depending on the exceedingly slight curvature 
of the isobars in the v T diagrams. The latter de- 
duction (b) had so far only been attempted by Plank 
in his research on nitrogen to which we just alluded. 
The resulting v, it could easily be demonstrated, 
will contain a negative term involving the integral 
of an integral of the first differential d c, / dp, which 
would probably be wrong by a few thousandths 
only, even if the differential itself were incorrect 
by 10 per cent. What Jakob therefore does is to 
find the v from the c, by the deduction (b), and 
then to compare the resulting v with the experi- 
mentally determined v. In the (b) operation he 
might have proceeded either by calculation and 
formula, or graphically ; the double integrations 
being complicated, he chose the graphical method, 
which was laborious for him, but in the final result 
is more lucid for the reader. He based his con- 
siderations on the c, determinations of Knoblauch, 
Jakob, and Mollier, and—since those just-described 
experiments did not then exceed pressures of 
8 atmospheres—on the combination of these values 
with the deductions of H. N. Davis, also referred 
to. The result is summarised in the isobars of 
Fig. 4; the isobars proceed by steps of 2 atmo- 
spheres, the 1 atmosphere isobar has been dotted, 
and an isobar c,, for a very small pressure been 
added ; the full saturation line is his own, the 
dotted saturation line is taxen from Davis. We 
will explain these points a little further. 

We have already mentioned that Davis surveys 
the whole literature on the specific heat of steam. 
So far as this article is concerned, his deductions 
are more particularly based on the throttling experi- 
* Mitt, iiber Forschungsarbeiten. Nos. 21 and 33, 1905. 


+ Physikalische Zeitschrift, 1910, 633. 
Levy, ‘‘Thermod miei Uecetenens of Some 


4 
Properties of Water and Water Vapour,” Berlin, 1910, 
J. ee. 

§ Zeitschrift Verein. Deutscher Ingenieurc, December, 
1912, page 1980. 





ments of Grindley, Griessmann, and Peake. J. H. 
Grindley,* in Cooling of Superheated Steam by 
Free Expansion, adopted the method which Osborne 
Reynolds described to the Manchester Literary and 
Philosophical Society in 1896. If saturated steam 
be wire-drawn through a small orifice from one 
chamber, in which the pressure is constant, to an- 
other, in which the pressure can be adjusted to any 
lower value, the steam in the second chamber will be- 
come superheated ; by sufficiently reducing the apa 
sure in the second chamber, it should be possible 
bring the steam to the condition of a perfect gas, the 
temperature of which should be unaffected by further 
reduction of pressure ; Grindley found that water 
vapour did not reach any such conditions of a perfect 
gas. A. H. Peake,+ in Specific Heat of Superheated 
team, and A.Griessmann, {| in Energy Equivalent of 
a given Degree of Superheat in Steam and Behaviour 
of Superheated Steam near the Condensation Limit, 
worked on similar lines. They all accepted Reg- 
nault’s value for the total heat of saturated steam, 
H = (606.5 + 0.305 t) calories ; Davis preferred 
Henning’s value, H,,, = 639.26 mean calories, and 
Thiesen’s formula for extrapolation to higher tem- 
peratures. Availing himself, then, of these various 
researches, Davis calculated the ratios cp / cp) ; from 
these deductions Jakob takes the lowest 0 isobar 
of his Fig. 4, and by interpolation the isobar for 
1 kg. persq.cm. As regards the higher isobars, 
Jakob relies again on Davis and on extrapolations 
from the continued experiments of Knoblauch and 
himself ; the small circles in Fig. 4 roughly indi- 
cate the results of experiments at pressures of 
10, 12, 14, 16, 18, and $0 kg, per sq. cm. and tem- 
peratures of 180 deg., 225 to 240 deg., and 300 to 
310 deg. Cent. His saturation line has also under- 
one a slight correction; the saturation line of 
ite differs very little from that of Jakob, it 
will be seen. 
It would lead us too far to abstract Jakob’s mathe- 


matics, tables, his i p and “ T diagrams, 


and his general form of the equation of state. 
The comparison of the deduced values for the 
specific volume v of steam with the experimental 
values is excellent—within 2 parts per mille—so 
far as the experiments go ; that is, up to pressures 
of 11 atmospheres and temperatures of 19) deg. 
Cent. In so far R. Linde’s equation of state 
would be confirmed. For higher temperatures 
Jakob’s figures differ more, and it is noteworthy 
that his small negative term would become equal 
to zero only at 920 deg. Cent., whilst according to 
Linde that zvro value would already be reached at 
405 deg. Cent. In this respect Jakob would sup- 
port the v values of W. Ramsay and S. Young, as 
recalculated by W. Schiile. 

Summing up, the research shows that the specific 
volume can be calculated from the specific heat, and 
the experimental values for the specific heat are 
thus confirmed. The general result is that the 
specific heat of steam at constant pressure increases 
with pressure, especially near the saturation line, 
though much less so, and hardly at all finally, as 
the degree of superheating is raised. As the tem- 
perature rises the specific heat c, decreases to a 
minimum, to increase again slightly. 





THE LATE SIR WILLIAM PREECE. 

Tue news of the death of Sir William Preece, 
K.C.B., which occurred yesterday at Penrhos, 
Carnarvonshire, can only be received with deep 
regret by a large circle of our readers. Sir William 
had reached the good age of eighty, and, as is well 
known, had not only seen in his time, but had beea 
intimately connected with, many of the interesting 
developments in the electrical engineering of over 
half acentury. Owing to the news only reaching 
us as we are going to press, we must defer 
until our next issue a full account of Sir William 
Preece’s career. Neither time nor space is sufficient 
to deal adequately with it now. The field tilled 
by him at one time and another has been a very 
wide one. He was intimately associated with 
the introduction of numerous improvements in 
telegraphic work, having also applied his experience 
in this connection to railway signalling. e was, 
perhaps, best known from his long connection with 
* Philosophical Transactions of the Royal Society, 
A, vol. cxciv., page 1, 1900. 

+ Proceedings of the Royal Society, A, vol. Ixxvi., 
WT Getahedh Verein: Deutedher Fugenioure, 

+ erewn. er it 
iske med uae ngenteure, 1903, pages 





the Post Office, of which he first became an official in 
1870. At the time of his death he was still retained 
as consulting engineer to the department he had 
so long served. His contributions to the proceed- 
ings of the various technical societies were numer- 
ous, and he held many of the honoured positions in 
the profession, having been, for instance, Presi- 
dent of the Institution of Civil Engineers and of 
the Institution of Electrical Engineers. His ex- 
perience was also of service on several Royal 
Commissions and other bodies, but we must now 
postpone dealing with all these matters till next 
week. 





NOTES. 
Tue Unir oF Force. 

THOUGH everybody is impressed by the simplicity 
and consistency of the c.g.s. system of units, it 
is also generally admitted that the units are con- 
venient for the physicist, but inconveniently small 
in most instances for the engineer, and that mis- 
takes frequently creep in when a transition is 
made from one system to the other. Proposals 
of compromising between the centimetre-gramme- 
second system and some system of larger and 
more practical units on the same basis, have often 
been made. They have recently been renewed by 
Professor O. Lehmann, of the Technical High 
School at Karlsruhe, in the Zeitschrift fiir Instru- 
mentenkunde. Force is generally defined as the 
product of mass by acceleration, f=m g, and since 
the metre and the kilogramme are the legal units 
in the metric system, the unit of force, Lehmann 
argues, should be that force which imparts to a 
mass of 1 kg. an acceleration of 1 metre per 
second. On the c.g.s. system we have the unit of 
force f equal to that force which imparts to a mass 
of 1 gramme an acceleration of 1 cm. per second, 
and this force has received the name ‘‘dyne.” On 
the m.-kg. basis, the unit of force would hence 
have the value of a decimegadyne (100,000 dynes). 
The corresponding unit of pressure would be the 
decimegadyne per square metre, the work done 
through a distance of 1 metre would be 1 joule, or 
10’ ergs, as before(lerg being 1 gramme-centimetre), 
so the new unit would fit into the practical electro- 
technical system. There is the whack of the 
very clumsy name ‘‘decimegadyne.” Professor 
Hochenegy, of Vienna, has introduced the name 
‘* Hertz” for it in some Austrian schools in which 
the unit is being used already. We should be very 
willing to honour the name of Heinrich Hertz, who 
was trained as an engineer, and gained distinction 
as such before he demonstrated the existence of 
electric radiation; but we deprecate any hasty 
steps of this kind. In the Revue Générale des 
Sciences, R. de Baillehache recently proposed the 
name ‘‘Cop” for the name ‘‘decimegadyne ” or 
‘*quintal dyne,” to honour the great Copernicus, 
nearly 400 years after the enunciation, in 1543, of 
his life-study, ‘‘ De Revolutionibus Orbium Cceles- 
tium.” That publication took place without his 
knowledge, while he was dying, for he feared the 
antagonism of the Church. People are somewhat 
more tolerant now. But we do not like to say 
more than that the question should duly be con- 
sidered ; misunderstood units are causing quite 
sufficient confusion already. 


Dimensions OF TwiIstED RuBBER Corps, 


In our report on the proceedings of Section A of the 
British Association a few weeks ago we very briefly 
referred to a paper by Professor J. H. Poynting, 
F.R.S., of Birmingham, on ‘‘ The Changes in the 
Dimensions of an India- Rubber Cord when Twisted.” 
As the subject is of considerable interest, we revert 
to it. In investigating the way in which pressure 
might be produced by transverse waves in a solid, 
analogous to the minute pressure produced by _ 
waves, Professor Poynting was led to expect that 
a metal wire, with a constant load on it, would 
lengthen when twisted, and would also contract in 
diameter, both changes being p:oportional to the 
square of the twist. Experiments brought by him 
before the Royal Society in 1909 and 1912 verified 
this expectation. A steel wire, 160 cm. long, 
1 mm. in diameter, was twisted through one turn, 
lengthened by about 1.7 part in 10°, and its dia- 
meter contracted by about 3 in 10’, the changes 
being proportional to the square of the number of 
turns ; there was also an increase in volume amount- 
ing to 1 in 10° for one turn. If, however, the load had 
been reduced so that the length remained constant, 
the increase in volume would have been only 
one-quarter of the value stated. In similarly 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in Ming ee 70 lb. to80lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 








investigating the effects of twisting on rubber, a | the effect of twist on the diameter, a cord of the 
cord, 118 cm. long, 1.2 cm. in diameter, was | same length and diameter was enclosed in a 
attached above to a torsion-head (rotating about a| vertical glass tube provided with brass ends. 
vertical axis) and below to a horizontal cross-piece, | The lower end of the cord was fixed in a socket in 
which was so lying loosely between four stops that | the lower brass, and the upper end was fixed in a 


it was just free to move up or down, but could not | 
turn ; the up-and-down motion was magnified by 
an arrangement as in a wheel barometer. An 
irregular lengthening was observed which did not | 
increase so rapidly as the square of the twist. Two. 
turns of the head gave an average lengthening of | 
0.088 cm., or about 750 in 10°. According to the 
theory used, the lengthening should be proportional 
to the square of the diameter, and experimente | 
with two steel wires approached this law. Assum- | 
ing that law for india-rubber, a cord, 1 mm. in 
diameter, should have lengthened by about 5 in 10°, 
or by an amount of the same order as that given by 
a steel wire of the same length and diameter and | 
with the same twist on it. In order to investigate 


socket attached to the torsion head ; the axis of 
this head passed through the upper brass, and was 
twisted in a bearing e as perfect as possible. 
A capillary tube branched off from the main tube, 
and was bent upward; the tube was filled with 
water, and the water thread in the capil was 
observed with a measuring microscope. Any change 
in the volume of the rubber would be indicated by 
a level change in the capillary. These level changes 
were small and irregular, up or down, when two 
turns of twist were put on the cord; that was 
probably due to errors of experiment. But the 
mean result of many observations, all within a 
narrow range, was so small that it would appear 
safe to say that there was no change in volume 


amounting to as much as 5in 10’. Assuming the 
square law for different diameters, then the change 
would not have exceeded 3 in 10° for a cord 1 mm. 
in diameter ; that is to say, the change in volume 
of twisted rubber would be vastly less than that of 
steel of the same dimensions subjected to the same 
twist. 





THE DAIMLER MOTOR-CAR AT OLYMPIA. 
A NEW design of 20-horse-power car is being shown 
at Olympia by the Daimler Motor Company, Coventry. 
The special feature of this car, a general view of 
which is shown in Fig. 1, on the next e, is the 
means taken to avoid noise from the change-speed 
gears when the lower speeds are in use. Now that 
engine noises have been greatly reduced, the noise of 
the change-speed gears has become a matter of greater 
importance. This is especially the case where four 
speeds are used, as it is obvious that more changes of 
speed will be made than when there are only three, 
and therefore less work will be done on the top direct 
speed. 
"i order to reduce the extent to which the noise 
of the gears is heard in the car the gear-box is 
not placed on the frame, but immediately in front 
of the differential casing, as shown in Fig. 2, 
the arrangement in this respect following the ideas 
of many American designers. A tubular torque- 
rod is provided which carries the front end of 
the gear-box, while the after end is carried on the 
back axle. In this arrangement the greater 
of the weight of the gear-box is carried on the back 
axle, and even though the gear-box is made as compact 
and light as possible, this must add a certain amount 
of unsprung weight. In order to compensate for this 
the Daimler Company have adopted the cantilever 
system of springing. he arrangement of these springs 
can clearly be seen in Figs. 3and 4. In the usual half 
elliptical spring the heavy centre is fixed to the 
axle, and therefore adds very considerably to the 
unsprung weight. In the cantilever system, how- 
ever, the centre is fixed to the frame, and the 
axle is therefore very considerably lightened. As 
will be seen from Fig. 4, these springs are con- 
siderably wider apart at their after ends than at their 
forward ends. In this way the weight on the axle is 
placed as near the wheel-track as possible, while at 
the same time the brackets carrying the springs on the 
frame are of very moderate length, thus avoiding 
twisting stresses on the frame. 

In order to control the position of the axle the 
torque-tube is anchored to the frame at its front end 
by @ ball-and-socket joint, while there are stays to 
the end of the axle to keep it square to the frame. 
These stays lead from the spring seats to the front 
corners of the gear-box, and from thence to the torque- 
tube, as will be seen from Fig. 4. 

With the gear-box on the back axle and a bevel 
drive, it is very difficult to put a brake on the counter- 
shaft, and, accordingly, where this arrangement is 
used, both brakes are generally placed on the back 
hubs. There are several objections to this plan, how- 
ever. In the Daimler car a worm-drive is used, and 
the worm-shaft, which is placed above the worm- 
wheel, is carried out at the after end for the attach- 
ment of the brake-drum of the foot-brake, the arrange- 
ment being clearly shown in Figs. 2and 4. The side 
brakes are on the hubs, as usual, but the Daimler 
yeas, sam | reverse conventional practice by making the 
foot-brake an expanding one, while the side brakes are 
contracting. 

As mentioned, the torque-tube is anchored to a cross- 
member of the frame a ball-and-socket joint, as 
shown in Fig. 5. This figure also shows the details of 
the clutch and pedals. e former is of the ordinary 
cone type with a clutch —_ A special feature is the 
use of an external spring for the clutch in place of 
the more usual arrangement of a spring concentric 
with the shaft. While the latter allows of the thrusts 
being self-contained when the clutch is in gear, it occu- 
pies more space, and is usually almost impossible to 
adjust without dismantling some of the parts. In 
the Daimler car the spring acte on the al, as 
shown, and the small space taken by the clutch and 
the ease of adjustment of the spring will be evident. 

The engine is of the Daimler-Knight sleeve-valve 
type, and follows the ordi practice, the cylinders 
being 90 mm. by 130 mm. (34 in. by 54 in.). Other 
chassis details, generally speaking, follow ordinary 
practice, as will be seen from the general view, Fig. 1. 





PersonaL.—Messrs. Cammell Laird and Co., Limited, 
Sheffield, state that their offices in London have been 
transferred from 9, Victoria-street, to 3, Central Build- 
ings, Westminster, 8.W 


Tue Rattwayrs AND THE Strate: Erratoum.—In our 
article on this subject last week (page 593) the total paid- 
up capital of existing ge was given as 1,135,000,000/, 
th been 1,335,000, 





is should have 0002. The — 
excluding watered stock, as stated, is over 1,200,000,000/. 
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Tue Granp Trunk Rariway.—The len 
Grand Trunk Railway of Canada, including lines east of the St. 


close of June on the 
Clair and the-Detroit and the Michi 
added 711 miles for second track an 


Air Line, was 3492 miles, to which should be 
1384 miles for sidings. Account should also be 


taken of 53 miles of single track and 42 miles of sidings upon the Cincinnati, Saginaw, 
and Mackinaw Railway. When this addition is made, itwill be found that the Grand 
Trunk system now comprises 3545 miles of single track, 711 miles of second track, and 


1426 miles of sidings, or altogether, 5682 miles, 
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BRAYSHAW’S MILLING-CUTTER GUARD. 


CONSTRUCTED 


BY MR. 8. N. BRAYSHAW, 














Fig. 1. 


Tue illustrations above show a very simple form 
of milling-cutter guard, which can easily be adapted 
to any machine. It is made in different widths to 
suit circumstances, and wide guards can quite well 
be used to protect narrow cutters. As will be seen by 
our illustration, Figs. 1 and 2, the guard is attached 
by a chain to the arm of the machine, so that it will 
fit any machine without being specially adapted. It 
can be raised or lowered or swung outwards as desired. 
The top part of the guard may also be adjusted in 
relation to the lower part, as it is attached indepen- 
dently of the stem. We understand that these guards 
have been supplied by the maker, Mr. S. N. Brayshaw, 
of 2, Mulberry-street, Manchester, to many firms. 





THE INSTITUTION OF CIVIL ENGINEERS ; 
PRESIDENTIAL ADDRESS. 


Delivered by ANTHONY GrorcE LysTER, M.Eng., 
November 4. 
_Introduction.—Before delivering my address I would 
like to allude to one or two important matters appertain- 
ing to the general affairs of the Institution. I think all 
those who have followed recent events in connection with 
the Institution must have realised how great its activities 
have been in the immediate past. This applies not so 
much to the ordinary routine work, which is steadily 
assuming larger proportions, but to the special duties 
which it has from time to time set itself to accomplish. 
Chief amongst these may be mentioned the labours of 
the Reinforced-Concrete Committee. This committee, as 
may be remembered, issued a preliminary report in 
1910; it has now, however, made considerable further 
progress, and has finished one stage of its experimental 
work. Its Second Report, recently adopted by the 
Council, deals especially with these investigations, and 
with the mathemati considerations involved in the 
current rules and formule applying to this class of con- 
struction. It has therefore made a very important 
advance in its work, and one which should have great 
value for engineers who are interested in this branch of 
the profession, which has a very extended future before it. 

embers will also have in their minds the correspond- 
ence which has been carried on during the past two years 
as to the adoption by the Government, for engineers in 
the public services, of a standard of qualifications not 
inferior to that required by the Institution. As will be 
seen from the correspondence published in the Report of 
the Council for the session ended in April last, the Prime 
Minister is entirely sympathetic with the view of the 
Council, and has recommended that the matter should 
be taken up directly with those departments of the public 
service which have not hitherto been communicated with. 
This is so far satisfactory, and now that attention has 
been directly drawn to the matter, it is to be hoped that 
these departments, in their own interests, as well as that 
of the young engineers whom they employ, may see fit 
to adopt so obviously reasonable and sound a proposal. 
Another matter of deep interest to the members of the 
Institution, and importance to the future of the profes- 
sion, is the inquiry which the Council undertook into the 
subject of the conditions which should be observed in 
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regard to the practical training of young engineers. 
Considerable progress has been made with this matter, 
which would have been brought to a conclusion ere now 
but for the interference with our work caused by the 
removal of the premises. 

As I write this introduction to my address we are on 
the eve of opening the new building of the Institution. 
Members are therefore to be congratulated on uirin, 
peaae of a new and handsome structure, which 

ope can fairly be regarded as a permanent home. It 
will, I think, be found that the nature and amount of 
the accommodation ge is @ very t advance on 
that in the old building. In one pond respect this is 
so—viz., in the Great Hall, which is a special feature of the 
building, and which will make the important functions of 
the Institution to be held within its own premises a matter 
not only of great convenience to the members, but also a 
great saving of expense. I am sure the members will 
join me in offering to Mr. Miller, the architect, our 
sincere congratulations on the successful accomplish- 
ments of this fine witness to his skill. At the same time 
we must not forget to thank all those who, in humbler 
capacities, have assisted in the construction of our new 
home. I am enre that in connection with this topic our 
thoughts will naturally turn to the ttable decease 
of our late friend, Sir William White. © was so enthu- 
siastic in everything that concerned the Institution, and 
he laboured so keenly and with such success as chairman 
of the Building Committee in the promotion of this work, 
that I am sure, much as we all miss him in other ways, 
we must specially deplore the fact of his passing before 
witnessing the completion of this particular labour of 
love. In all other respects it is satisfactory to be able 
to ise that the affairs of the Institution are in a 
flourishing condition, as can readily be gathered from the 
very full information given in the report of the Council 
alluded to above. 

This brings me to the subject of my address. 





**Somez REMARKS ON THE CONSTITUTION OF PoRT 
AUTHORITIES AS AFFECTING THE ORGANISATION AND 
DEVELOPMENT OF Ports.” 


In selecting a suitable subject for my address to the 
Institution several main considerations have impressed 
themselves upon me and guided me in my choice. Chief 
amongst these may be named—that the subject should be 
one that has not been dealt with in recent yeans ; that it 
should be of a character likely to have interest and value 
for the Institution ; and that it should be, as far as pos- 
sible, free from statistics or other data involving an undue 
strain on the attention of members or the use of diagrams 
to illustrate their significance. , 

A few years ago one of my predecessors in this office 
selected for the subject of his address the question of 
harbour and docks improvement, which he dealt with in 
his usual complete manner ; and a few years before that 
another eminent predecessor dealt very fully with the 
growth in the size of ships. I thus found myself fore- 
stalled in two subjects which are intimately associated 
and with which I am especially familiar, as their con- 
sideration has formed the most important part of my 
life’s work. 

Importance of Constitution.—In the course of my study 
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and long experience of the many problems which sur- 
round the successful development of harbours and ports, 
the importance of the suitability of the governing autho- 
rity, as materially affecting their satisfactory organisa- 
tion, development and management, has been strongly 
imp upon me, and I have therefore deemed the sub- 
ject worthy of presentation to the Institution. 

It would be impossible within the scope of this address 
to do full justice to this subject ; indeed, to investigate 
and cover all its ramifications, with a view to setting up 
one or more standards for adoption under varying condi- 
tions, would require a very lengthy and extensive inquir 
conducted by a suitably formed commission, so that 
cannot hope to do more than point out some of the 
various constitutions of dock and harbour authorities 
which exist, and endeavour to trace their influence upon 
the undertakings controlled by them. 

In islands such as Great Britain and Ireland it goes 
almost without saying that anything that affects the effi- 
ciency and development of their trade outlets and inlets 
touches vitally the welfere and prosperity of the whole 
kingdom, and even of the Empire. 

The densely-populated condition of the country, the 
fact that the ed cannot provide sufficient foodstuffs for 
the people, the great mineral wealth which the country 
possesses, the highly-trained and organised condition of 
its industrial population, which requires large supplies of 
raw materials from outside sources for its operations, 
combined with the system of free importe which prevails 
to so large an extent, all necessitate a very efficient sys- 
tem of adminstration in our ports in order to give free 
scope to and ensure the best development of the com- 
mercial and industrial activities of the nation. The 
authorities, therefore, to whom the maintenance and 
development of the ports are committed should be bodies 
capable not only of bringing special commercial know- 
ledge and sound judgment to bear on the Mee <A of 
poottens with which they have to deal, but also able to 
take a broad view of their responsibilities, and to recog- 
nise that national and imperial, as well as local, interests 
are involved in the successful administration of their 
charge. 

In laying down a general proposition of this character 
it must not be forgotten that many ports and harbours 
were established in very early days, and under circum- 
stances and political conditions entirely different from 
those now obtaining. All, or nearly all, have now, how- 
ever, received statutory authority for their undertakings, 
and are controlled and worked under Acts of Parliament 
defining and limiting their jurisdiction and powers. 

Variously Constituted Authorities.—The various owner- 
ship and management of docks and harbours may be 
grouped under the following main heads :— 

(a) Those privately owned. 

(b) Those owned and controlled by public dock com- 
panies. 

(c) Those owned by railway companies. 

(d) Those owned by municipal corporations. 

(e) Those managed by trusts or commissions, 

) Those owned and controlled by governments. 

n addition to the above gronps, there are also docks 
owned by canal systems, the most im t of which 
belong to the Aire and Calder Navigation, and are 
situated at Goole. As the aggregate of these latter 
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rey only forms a small proportion of the total of the 
nited Kingdom, I have not deemed it | at 
special consideration to their circumstances. It will be 
readily understood that the constitutions under which 
these undertakings exist to-day are, in many cases, entirely 
different from those obtaining at their first inception. 
The nature of the changes, too, which have taken 
amy in their constitution is very varied, and seems to 
ve followed in some cases more or less fortuitous 
circumstances, whilst in others it can be seen at once 
that the change has followed lines which experience 
shows were the best for the welfare of the port and 
the conduct of its affairs on the broadest and most 


practical basis. The constitution of the various autho- 
rities controlling these different undertakings seems 
to be based mainly on two broad principles absolutely 


op to each other—viz., in the one case that those 
who have found the money for the provision of the 
accommodation should be allowed directly to control its 
destiny and development, without representation of the 
traders using it; and in the other case, that those who 
have — the funds for the creation of the port 
should have nothing whatever to say to its management 
or control, which is vested almost a in the repre- 
sentatives of the traders, who at the first blush might be 
considered to be more immediately concerned in the 
promotion of their own prosperity than in that of the 
trust which has been vested in them. This fact clearly 
demonstrates that the constitution of these variously 
—- ey in this country at all events, has not 
en on any common conception or standard of 
suitability, but that, on the contrary, as trade condi- 
tions, physical and geographical circumstances, and even 
individual energy and enterprise in various parts of the 
country have directed, schemes have been put forward to 
meet the requirements or the promises of the case, and so 
long as they did not seem to possess features opposed to 
the one interest, they have either received the sanction 
of Parliament in the form in which they were presen 
or they have been modified only so far as seemed 
desirable to meet the requirements of detailed examina- 
tion. The effect of thissystem of genesis—in this country, 
at all events—has been to create a — number of ports 
in which the constitution of the authorities presents a 
great variety of qualifications, resulting in extreme cases, 
as pointed out above, inan absolute contradiction of basic 
principle. 

To the stickler for orthodoxy such a condition of affairs 
would appear to offer occasion for serious criticism and 
misgiving, but unprejudiced examination of the causes 
which have led up to it, as well as consideration of the 
effects of the system, will suggest that it has given oppor- 
tunity for the exercise of private enterprise and energy 
which could not, in such a variety of cases, be 
by any State or public authority, whilst it has presented 
an elasticity which enables the varying conditions, under 
which any large number of ports must necessarily exist, 
to be met more conveniently, readily, and rem ag eom d 
than under any rigid standardised system which, thoug 
well suited to one set of circumstances, might be utterly 
unfitted to others. Moreover, the adoption of a variety 
of systems bas the merit, which will appeal to most 
engineers at all events, of arriving by experience at a 
practical determination of their relative utility on a trial 
and’ error system by which the best and most suitahle 
form to meet each variety of conditions is mcst likely to 
be evolved. 

Docks and Harbours Owned by Companies, d:c.—Dock 
and harbour systems under j pe arg or company ownership 
have come into being, and exist, as a rule, to en | 
natural resources such as coal or other minerals, an 
their traffic is more concerned with a local export trade of 
that character than with a general trade of imports and 
exports affecting extended and widely-scat areas of 
the country, and numerous sections of the community 
with divergent interests. These special docks may 
said generally to exist for the purposes of their particular 
trade, and although, in the matter of imports, hex | 
meet the requirements of community whic 
the particular industry creates, they are chiefly con- 
cerned with an export trade of a special e 
effect, therefore, of the management and development 
of such properties cannot be ed as having the 
same extended importance as that of undertakin 
which deal with many and varying classes of trade 
having wide - reaching remifications, and affecting the 
welfare of many and important industrial communities. 
There is not so much therefore to be said on the 
subject of their organisation, as, being constituted for 
a special purpose, they are, perhaps, best ma 
— individuals or a company directly interested in 
he successful development of the particular trade with 
which they deal. Perhaps the one important exception 
at present extant to this description of docks owned by 
companies is the Manchester Ship Canal Samee” 
undertaking, whose trade is of a general character. In 
this case, however, it is difficult to imagine how the 
scheme could well have floated under any other form 
of constitution, as the difficulties attending its inception 
were ge | severe, and the subscription of the 
capital was |: y dependent upon the stimulation of a 
local patriotism and enthusiasm which probably could not 
have aroused in any other way. In this case, too, the 
Corporation of Manchester are large owners of stock in 
the company, and the cular circumstances of the 
undertaking, as well as the huge capital which was neces- 
sary at the very outset for its construction, make it so 
exceptional a case as to prevent any fair deductions bei: 
drawn from it on the subject of the successful working o 
a large general dock system by a private company. 

Up toa few years of course, all the vast trade of 
the present Port a lasie was carried on by several 


independent companies, and the facts that the financial 


‘| were unable to raise further capital, 


be | and who are obliged to charge 


y | in a measure to 





position of some of them was so unsatisfactory that they 
and consequently the 
development of the port had practically come to a stand- 
still, that there was wides dissatisfaction amongst 
the traders at the condition of affairs, and that it was 
deemed necessary in 1900 to appoint a strong Royal Com- 
mission, on the report of which Parliament decided to 
change, root and branch, the whole method of port 
administration and to constitute the present Port of 
London Authority, may be considered as unquestionable 
testimony to the unsatisfactory nature of the former con- 
duct of affairs under the auspices of the various dock 
companies concerned, and the belief of the country in 
the necessity for such vast and widespread interests being 
vested in the hands of a great public trust. In making 
this statement it must not be forgotten that there were 
— circumstances in the case of the London Dock 

mpanies which accounted in a large measure for their 
want of success. The Port of London Authority is now 
on its trial, and great results are looked for from it. 

Docks Owned by Railway Companies.—The next group 
of docks in classification is that owned by railway com- 
panies. Here, again, such docks have largely come into 
existence for the purpose of developing some particular 
trade, such as coal or other mine and in these cir- 
cumstances the question of the suitability of their orga- 
nisation to public or national requirements does not seem 
to involve any special consideration or raise any points that 
have not already been dealt with in the case of docks owned 
by public dock companies. There are, however, important 
exceptions to this description of trade carried on by 
railway-owned docks, and at Southampton and on the 
Humber, and in other North-East country ——~ there 
exist groups of docks owned and y railway 
companies which are en in more general forms of 
trade than that descri above. In such cases these 
docks come into competition with other systems owned 
and worked by specially-constituted authorities, whose 
functions are confined to the docks alone, and objections 
have been frequently raised to railway ownership that it 
gives rise to unfair competition which it is difficult for 
those bodies who do not own railways to meet effectively. 
Objections, too, have been raised by other railway com- 

ies to rival companies owing dock property, and so 

ing able, by lowering the dock rates, to divert traffic on 

to their lines, and the following Standing Order 156 was 

intended to make special provision against the throttling 
of competition under such conditions :— 

** No railway company shall be authorised to construct 
or enlarge, purchase, or take on lease, or otherwise appro- 
priate any canal, dock, pier, harbour, or ferry, or to 
acquire and use any steam-vessels for the conveyance of 
goods and passengers, or to apply any portion of their 
capital or revenue to other objects, distinct from the 
undertaking of a railway company, unless the Committee 
on the Bill report that such a restriction ought not to be 
enforced, with the reasons and facts upon which their 
opinion is founded.” 

It must be obvious, whatever the facts may be, that 
the primary interest of a railway company is to attract as 
much traffic as possible to its line, and to this end it may 
regard the docks largely as feeders to the railway system, 
and may encourage their use by trades which are good 
customers in that way, at the expense of those which do 
not require to use the line. It may also, by charging 
age = A low rates for dock accommodation and recouping 
the deficit from the revenues of the railway, compete 
unfairly with dock authorities whose business is limited 
to the provision and management of that class of accom- 
modation. 

The working of a dock manna on these lines presents 
no economic advantages to the traders or country at large, 
as it merely shifts the burden from one pair of shoulders 
to another, and, if adopted, it would certainly handicap 
the authorities who own and manage dock property alone, 
such rates for its use as 
enable them to maintain their property in efficient con- 
dition, obtain such funds as may be necessary from time 
to time for its fur: her development, and at the same time 
meet all their other liabilities. On the other hand, how- 
ever, the railway companies can fairly urge that in 
many cases, with their wide knowledge of trade, their 
power of combining dock and railway ‘service, their 
ability to link up various trade centres and collect and 
distribute goods throughout the country, they are fre- 
y mea nd the only bodies who can successfully initiate and 

evelop a port and a trade, and they can probably point 
to instances w they are the only possible owners of 
dock property. This argument, too, may be said to extend 
general as well as special trades, for 
although the port may, in the first instance, be started 
in the interest of some special trade, such as a group of 
coal-mines in the hinterland, the tendency will be as it 
develops to create other important general interests— 
¢.g., timber or grain—and a local population, with sub- 
sidiary trades necessary for their support, and resulting 
from their industry. 

In addition to this, factories which require raw 
ma’ imported for their purposes, and, on the 
other hand, re-export a considerable proportion of their 
manufactured articles, naturally tend to establich 

ves in the neighbourhood of conveniently 
situated ports, and so ancillary trades spring up, and 
ports, from having been created for a special purpose, 
gradually tend to develop an increasing and be a | 
number of trades. Moreover, railway enterprise, with al 
its accumulated capital, its public credit and the personal 
backing of its influential representative boards, is always 
on the look-out for fresh opportunities of creating and 
fostering trade, and so is frequently the only competitor 
in this particular field of commerce; and it would be a 
misfortune for an island country such as ours to limit or 
hamper unduly the enterprise of such important agents 


com- 
nies have been in the past and may be in the future. 
hat ~—— safeguards, however, are necessary in per- 
mitting the railway companies to play this ré/e is, as has 
already been pointed out, a very necessary condition, and 
exh freshly proposed development requires to be care- 
fully considered on its merits. 

Ports Owned by M pal Corporations.—As an ex- 
ample of a port.owned by a municipal body, that of 
Bristol is probably the most prominent and important, 
and as it is peculiar in this respect, its case merits some 
special mention. The origin of the port is extremely 
ancient, and goes back beyond historical records. About 
the thirteenth century, however, the Corporation of 
Bristol undertook improvement works, and since that 
time, and in the early days of the port, many schemes 
were initiated and put forward by different bodies, 
amongst them being the Society of Merchant Venturers 
and the Bristol Dock Company, as well as the Corpora- 
tion. In reading the account of these early schemes, it is 
plainly apparent that the initiative was frequently, if not 
ey ey the result of private enterprise. In these old 

ays the position and importance of the port of Bristol 
was only second to that of London, whereas it has in more 
modern times been surpassed by a great number of ports, 
and now stands, in respect of the volume of its tonnage, 
only about sixteenth on the list. 

It would be obviously unfair to attribute this want of 
expansion in later years solely to the fact of its being 
controlled by the municipality, but this fact is not to be 
lost sight of. Other circumstances, such as the growth 
of manufacturing industries in various parts of the 
country, and the large populations which they have 
attracted, have undoubtedly mainly contiibuted to the 
—* and prosperity of all ports. In this respect 

ristol’s position compares very unfavourably with ports 
like Liverpool, Hull, and Glasgow, which form the outlet 
and inlet for great commercial industrial centres such as 
South-West Lancashire and Yorkshire, and the iron, coal, 
and shipbuilding districts of the south-west of Scotland. 

here are no such commercial or industrial areas as 
these behind Bristol, and it was certainly not to be 
expected that its growth as a port could anything 
like commensurate with that of others infinitely more 
favourably situated. On the other hand, it may fairly 
be argued that the fact of its being controlled by a 
municipality is not in its favour. Certainly, under 
this arrangement it has the credit and backing of 
the municipality to lean up-n; but as this support 
involves a tax upon the municipal ratepayers—and in 
this case it means a rate of 1s. 5d. in the £—it is at least 
doubtful whether a policy of receiving with one hand and 
giving away with the other compensates for the drawbacks 
of a system of control which is unsatisfactory in many 
other respects. The defects of this form of constitution 
are dealt with fully in a later stage of this address, where 
the effect of municipal representation on port trusts or 
commissions is considered, so that it is not necessary to 
enter specially into its merits or demerits in connection 
with the port of Bristol. 

Of the remaining dock undertakings set out in the 
classification at the commencement of this address, there 
are thos3 administered by trusts or commissions and by 
governments. The constitution of these trusts or com- 
missions varies in different cases, and as the variations are 
of considerable importance, they deserve some notice. 

For the most part the trusts consist of shipowners, 
merchants, &c., concerned in the trade of the port, but 
representatives of other bodies are introduced in prac- 
tically all cases in greater or less proportion. The most 
important of these outside pn mp are generally 
those from the local municipal bodies, and in some cases 
their representation is very considerable, amounting in 
one case to over 60 per cent. 

The advantage of the municipal repr 
in such a y is, as was pointed out before, that the 
port gets the benefit of the financial support and credit of 
the municipality, these bodies being able, as a rule, to 
borrow money at a lower rate than a dock authority. 
Where, too, the interests of the port and town harmo- 
nise the combination of representation is an advantage, 
and promotes smooth working. On the other hand, the 
element of politics is a strong factor in the selection of 
municipal candidates, and their policy and influence there- 
fore can never be freed from that curse attendant upon 
the system of popular government—namely, party bias. 
The introduction of this element into commercial 
undertakings can only be regarded as a very distinct 
misfortune and entirely op to the successful conduct 
of the commercial affairs of a port. But there are other 
important disadvantages in the association of municipal 
representation with harbour management, and one of 
these is the tendency of corporations to regard all large 
industries and undertakings within their jurisdiction 
mainly a; contributors to the municipal revenues, and to 
use them for that particular purpose. Such a policy, it 
can be well understood, is, in most cases, entirely opposed 
| to the larger interests of the port, and will be a hindrance 
to its development. It may also lead to the expenditure 

of money on the port in a manner conducive to the wel- 
| fare or supposed interests of the town community rather 

than to that of the port ee I have within my 
experience come across a case where there was, at all 
events, strong suspicion that such motives were at work. 

The tendency to regard the port merely as a contributor 
| to municipal revenues, and therefore mainly useful for 
| local pu is also entirely opposed to the national 

point of view, which, as was pointed out at the commence- 
ment, is of supreme importance for an island kingdom 
on = * general ports larg ion of 
1 most a@ very @ proportion 0! 
the trade is connected with industries in the interior, and 
it isessential for their prosperity that the transit of gvods 


in this class of commercial cep one as railwa 
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“ ae pe aut oom such ge oui be He mrp 
as directly and cheaply as possible, with the smallest pos- 
sible amount of handling and local id 

The Per oo of this class of traffic is obviously not 
in the direct interests of the municipality, and one can 
well imagine the difficulty of the position of municipal 
representatives, giving them full credit for all wisdom 
and honesty, when their constituents, in the form of 
hotel proprietors, warehouse owners, carvers, general 
labourers, and others, use all their influence to maintain 
some antiquated and costly system of working which 
favours their callings, but which is directly opposed to the 
interests of the port and its clients in the interior, and 
stands in the way of the one of more rapid, cheaper, 
and up-todate methods which will promote the pro- 
a of the manufacturing trades and industries 
directly concerned. These suggestions are by no means 
imaginary ; on the contrary, they are the result of many 
years’ experience of the ‘icalties attendant upon the 
introduction of new methods and of the natural desire 
not to add to those impediments by the introduction of 
a complicated and unsuitable constitution for the port 
authority. 

Municipal authorities, to0, have strictly defined limits 
of jurisdiction, and the question of providing accom- 
modation outside those limits may arise at any time. 
The case in fact has arisen, in more than one instance, of 
the most suitable position for extension from the point 
of view of the port lying outside the municipal boundaries, 
and municipal influence being exercised in favour of sites 
within its limits. In such circumstances it is readily 
conceivab!e that the best interests of the port might 
suffer serious damage if its control was entirely or largely 
in the hands of the municipal representatives, who would 
be very loath to see such a valuable rateable property 
developed outside the area of their control. too, 
exist where the limits of a port include several munici| 
areas, and in such instances it is impossible to conceive 
that the interests of the port could be satisfactorily en- 
trusted to one particular municipality, or even that repre- 
sentation on the authoritative y should be limited to 
one municipality, as the others would have some, if not 
equal, claims for representation. a the other hand, 
this latter system of representation, if adopted, would 
certainly tend to set up a rivalry of interests within the 
port authority which would not be likely to promote 
the development of its property on the most economical 
and satisfactory lines. 

The progress of ports is naturally beset with many 


obstacles and difficulties, and the complication of the | b 


constitution in the manner indicated will only tend to 
add to its difficulties, and inflict serious burdens upon it 
without any adequate advantage. 

It is significant that some of our largest ports, such as 
Liverpool, Glasgow, and Dublin, were all in the early 
stages of their history under municipal control, and that 
it was deemed expedient to change their constitutions 
and convert them into trusts, or in the case of London to 
sell the City’s interest to dock companies. One is, there- 
fore, naturally led from experience in this country to 
the inevitable conclusion that the management of a great 
national commercial port, which serves the needs of many 
widespread communities, trades, and industries, is best 
entrusted to a body composed of men who, besides having 
a knowledge of these needs and being interested in their 
satisfactory fulfilment, are otherwise able, as far as may 
be, to bring unprejudiced and disinterested minds to the 
curying out of their duties. It would, however, be ex- 
tremely shortsighted to limit the regard of this question 
to our own insular point of view. 

Continental Management of Docks and Harbours.—Con- 

tinental practice seems to have developed upon quite 
different | from those prevailing in this country, and 
as in regard to so many other things generally, to have 
relied chiefly upon Government or State initiative and 
control, rather than upon individual and local enterprise, 
as with us. This practice is by no means universal, there 
being several notable exceptions, but in the main the 
large Continental ports rely upon Government to find the 
bulk of their funds and to exercise control over their 
management and development. 
One of my earliest experiences in connection with a 
fo’ sign port occurred a ¢ many years ago, when I was 
asked by some English friends to investigate the cir- 
cumstances of congestion and paralysis into which this 
particular port had fallen, largely owing, as they he- 
lieved, to the unsuitability of the accommodation 
afforded and the want of further extensions. 

_I visited the port and carefully inquired into all the 
circumstances surrounding its constitution, administra- 
tion, and physical condition, and, after mastering these, 
came to the conclusion that its unsatisfactory state 
was much more due to its organisation than to ov 
want of improved accommodation. Its main diffi- 
— =e due hg the “7 that it had Goan eonennenes 
wi unds partly given by a generous magnate 
and partly provided by the Government, and that no 
dues were charged on goods and shipping, whilst no 
proper board was instituted for its management. Some 
of the engineering features in connection with the layin 
out of the harbour were decidedly unsatisfactory, an 
under all the circumstances of the case, it was small 
wonder that a condition of congestion had arisen. 
Whilst suggesting remedies for the improvement of the 
physical condition of the harbour, my attention was 
consequently —_ directed to the betterment of its 
organisation and 1 arrangements; and I strongly 
impressed on the friends who had consulted me in the 
matter the urgent necessity for forming a properly 
constituted authority for the control and management of 
the port, and for this port authority being invested with 
powers to make proper charges for the accommodation 
sfforded and for services rendered to those who fre- 





quented, and benefited by the use of, the harbours and 
quays. Strange to say, there was considerable difficulty 
in persuading those locally interested that the adoption 
of the very ordinary business maxim, that a service 
rendered is always worth paying for, would conduce to their 
advantage. The whole community felt a ag ey pride in 
the fact that their port was a completely free one, and 
they considered that in achieving that position they had 
arrived at the “ultima ratio” of port ambition. 

I am glad to think, however, that since those days, 
though only after along lapse of years, my advice has been 
adopted, and a more or less effective board of manage- 
ment has been formed and endowed with the powers of 
making charges for the accommodation afforded. Since 
then, I understand, the stagnation of trade has been re- 
moved, and the prosperity of the port has materially 
advanced. Anexperience of this kind impressed upon me 
very early in my career what an intimate connection exists 
between the proper constitution of a port authority and 
the successful management and progress of the port com- 
mitted to its charge. Such an instance may ap in 
these days and in this country, where public opinion has 
been so much directed to the point, chiefly owing to the 
long inquiry which was conducted recently by the Royal 
Commission on the London Docks, eventuating in the 
formation of the *‘ Port of London Authority,” as extra- 
ordinarily anomalous ; but it must be remembered that in 
Continental countries, where such matters are left so 
largely in the hands of the Government, _— opinion 
is not, or at all events was not, sufficiently educated or 
self-reliant in regard to such subjects to take the initia- 
tive and impress on its Government the necessity for 
introducing radical changes. 

The more general method of ing ports still in 
vogue in Continental countries is for the State to stand 
in loco parcntis to all its ports—that is to say, it investi- 


pl | gates projects, usually pee by an engineer appointed 
“ itself, and, if approved, provides the funds for their 


execution. In most of such cases, its benefactions in this 
respect are supplemented » | subsidies provided by the 
municipal en or chamber of commerce at the 
port concerned, for which they usually receive vonsidera- 
tion in the form of allocation to their credit of certain 
port dues or charges. There are several onions to 
this general rule—notably Antwerp, Amsterdam, and 
Rotterdam—where the docks are owned by the cities ; 
Bremen, where the harbour belongs to the city and the 
docks are under the control of the State; Copenhagen, 
Barcelona, Bilbao, and Genoa, which are all administered 
y commissions. 

In the case of ports in the early stages of development, 
and before there is any definite assurance of trade, it can 
be readily understood that, from the point of view of 
their interests, such a system of state initiation and con- 
trol may have distinct advantages, as it may assist them 


in their early struggles, and even develop a trade which | para 


otherwise might never have arisen; but it is difficult, on 
the other hand, to imagine that in the public interest, or 
in the case of ports which are naturally trade inlets and 
outlets, and where consequently trade flourishes on its 
own merits, such a system can be satisfactory, or can EE 
duce such good results as the system of self-support which 
prevails in this country. 

The essentials required of a body to manage successfully 
@ port are an intimate —— of all the ramifications 
of its trade, a close and y intercourse with those 
engaged in it, and the confidence of the public in its 
management, so that when funds have to be subscribed 
there is a ready response to the invitation and an abun- 
dance of money available at a reasonable rate. Such a 
body, too, should be accessible by the commercial public, 
and should be subject and susceptible to reasonable public 
criticism. Under an efficient system there ought to be 
close and intimate connection and sympathy between the 
management and the whole commercial interests of the 
port, and ready interchange of ideas and opinions upon 
questions affecting all sections of the community. 

It is difficult to see how such a desirable condition of 
affairs can obtain under Government control. The 
responsible authorities in this case are remote in every 
sense of the word from those whose interests are in- 
volved. They are concerned with national issues of far 
greater political importance ; they are subject to political 
and pane influences which probably outweigh those 
of the ports concerned; they cannot be personally 
acquainted with importance or particulars of the 
issues involved ; they are pledged to economy, and have 
superabundant calls upon the revenues at their disposal ; 
they have a multitude of measures to consider, and cannot 
devote the time or attention necessary properly to appre- 
ciate the relative importance of the various claims made 
uponthem. The very fact that they are the keepers of 
the public purse, and that they have to meet demands 
from various ports, must tend to make individual claims 
assume an exaggerated form, so that some part of them, at 
all events, may be satisfied. In al] probability the real 
decision upon such applications rests with some single 
department, or individual, who thus has an undue power 
put into his hands, and is not able, at first hand, at all 
events, to discriminate between their respective merits. 
Finally, the whole procedure of introducing and obtaining 
authorisation for new projects must be rendered tedious 
and laborious in the extreme, and must tend to destroy 
local initiative and energy. 

Parliamentary Inquiry into Schemes in this Country.— 
Under our system Committees of the two House of Par- 
liament have to consider new projects for ports and 
harbours, and, provided there is no opposition from in- 
terested parties whose objections may fairly be entitled 
to consideration, the process is very simple, and the Bill 
usually passes readily. But in such cases there is no 
question of the Government providing funds, and it is 
largely around that difference that the main difficulties 





of the Continental system would appear to crystallise. 
In the case of opposed schemes in this country consider- 
able time and expense are undoubtedly often incurred, but 
it is difficult to see how full ventilation of objections 
could be restricted without risk of prejudicing important 
interests, and Parliamentary Committees are y 
oy | alive to the necessity for curtailing such inquiries 
as far as possible. Speaking ly, too, and from 
experience in the past, it would be difficult to find a more 
disinterested or competent jury than a Committee of 
either House, or one that has less susceptible to 
undue or secret influences. 

Another tendency which occurs to one as pertaining to 
the Continental system of Government providing the 
funds, or at all events the bulk of them, is that the port 
representatives, —s that in pamelng big schemes 
they are advancing their pe and local interests 
without incurring any financial risk themselves, would be 
liable to press a Government to commit itself to expendi- 
ture which might not be remunerative. On the other 
hand, the Government, being probably alive to this ten- 
dency and without that mtimate knowledge of the port and 
its possibilities which would enable them to form a fair 
estimate of its prospects, might, for this and other reasons, 
be liable to condemn such expenditure on unsatisfactory 
grounds. They could not, moreover, expected to be 
endowed with the same spirit of enterprise, or be pre- 

te take the same measure of commercial risk, which 
in these days of keen competition must be assumed by a 
pushing and successful undertaking of this character. 

Ports are, in fact, in no wise exempt from the Jaws 
which affect all commercial enterprise in these days in 
this respect. That supply creates demand is astrue in a 
measure of the business of port and harbour develop- 
ment as it is in the cases of most other commercial 
ventures. No fact is better established than that the 
improvement of a means of conducting traffic by making 
it more convenient, more rapid or cheaper, is certain to 
increase the amount of that traffic, and to an extent 
which surpasses frequently the most sanguine estimates 
of growth. Over and above this there is the important 
factor of competition and the attractive force of out- 
stripping rivals in the nature and convenience of the 
accommodation afforded, which will not only draw traffic 
from other routes, but establish new traffic along a line 
which, but for the convenience and advantages offered, 
might have passed in other directions or never had any 
existence at all. 

To anyone who has thought at all closely on such sub 
jects, the adoption of a cunstitution and organisation for 
a dock or harbour authority on lines which will give the 
utmost ible opportunity for the full ap tion of 
all the elements contained in the complicated problem of 
port management and development, as well as the xssur- 
ance of their influence being given full effect, seems of 
mount importance. One essential to the fulfilment 
of this principle is that the authority should be in as 
intimate connection as ible with the trade of the port, 
and another is that it should have a considerable financi 
interest in its development and advancement. But there 
are qualifications to both these essentials. 

In the case of the first it is assumed that the type of 
man available for election to the authority is such as to 
guarantee successful management. Most of the large 

rts of the country are centres of great commercial 
industry, and therefore men of high commercial status 
and intelligence are available locally. On the other hand, 
there are ports where the trust system has been adopted, 
and where, owing probably to the restricted field of 
choice of elective members, the results have not been 
satisfactory. in, in such a case as that of London, 
there isa risk of a lack of local interest resulting from 
the vastness of the field of choice and a want of es 
acquaintance with such an extended variety of claims on 
the time of important men. 

The second essential in the subject of dock construction 
and management—viz., that of financial interest—raises 
a more difficult point, and one on which there has been 
from time to time, and in various cases, considerable dis- 
cussion. The interest in question need not be necessarily 
of a direct character—1.¢., 1t does not appear to be a nece+- 
sary qualification for service on a harbour or dock board 
that an individual should be an owner of bonds or stock 
in the concern. But it does appear desirable that, if 
possible, the majority of the representatives at all events 
should so indirectly concerned in the success of the 
undertaking that the advancement or failure of their own 
business is more or less dependent upon the prosperity 
attained by the Port. 

Direct interest in the form of ownersbip of stock or 
bonds of the port might well be considered to give an 
added stimulus to the desire for its welfare, but, on the 
other hand, it is conceivable that if that qualification 
were limited in this manner, and did not include the 
success of an active and vigorous business, there might be 
a tendency to be satisfied with a measure of prosperity 
that me bey the due payment of interest or divi- 
dends on the sums invested, but offered little incentive, 
if it did not promote an actual disinclination, to embark 
in large schemes of extension and expenditure which 
might, from time to time, be essential for per 
development and advancement of the port. ow if 
these desiderata be necessary qualifications for the suc- 
cessful management of a large in which many in- 
terests and trades are concerned, it is quite certain that 
- Government official or Minister can, as such, fulfil 
them. 

The first essential is that the responsible authority 
must be in intimate and constant touch with the issues 
which are constantly arising in the conduct of its affairs, 
and the proper sett t of which materially affects its 
fortunes. In a country with many ports it would obviously 
be quite impossible for any minister or high official to 
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carry out this requirement. ye | is it the case that 
no minister or public official could fulfil the second quali- 
fication of a business or personal interest in the concerns 
of one particular port, as that would, of course, be at once 
a disqualification for disinterested decision upon the rival 
claims for consideration of many others. So that, as far 
as imagination and instinct can indicate, and experience 
in this country goes, it seems certain that any attempt to 
control or manage ports under the direct auspices of the 
Government by nominated representatives would lead to 
congestion and failure. Moreover, all the tendency of 
Government policy in later years has been, and is, in the 
direction of devolution and the setting up of local autho- 
rities who are to be responsible for the conduct of affairs 
within the limits of their jurisdiction. 

As was stated at the commencement of this address, it 
has not been possible to make such an extended investi- 
gation into the subject as would enable any mass of 
trustworthy opinion from abroad to be quoted for or 
against the Government system, and even if it had been 

ible to obtain this, it would not necessarily have 

m a true guide, as, unless the disadvantage of the 
Government system were very striking and manifest, it 
could hardly be expected that a preponderance of opinion 
would be in favour of a different system, of which those 
consulted had no experience, as against one with which 
they had grown up. There is, however, this important 
guide to Continental opinion on the system of Govern- 
ment control, that in most of the French ports the sub- 
sidies and activities of the Government have had to 
supplemented by loans and works from other sources, 
such as the Chambers of Commerce, &c., in consideration 
ao which certain revenues have been allocated to their 
credit, 

There are also ports, such as Antwerp, in which the 
municipality and the State work side by side, the docks 
proper being owned and managed by the one, and the 
river with its quays being owned and worked by the 
other. Here a new scheme for the diversion of the river 
and the construction of a very extensive system of new 
docks has been undertaken jointly. So that it would 
—— that in Antwerp, at all events, the municipality 
and traders are both content with a system in which the 
town plays so important a part, and have no desire to 
delegate their duties and ibilities to the State. 
This brings one to the consideration of dock systems 
controlled and managed by trusts. 

Dock Systems Managed by Trusts or Commissions.—The 
most prominent dock undertakings in the kingdom so 
constituted are London, Liv Newcastle and 
Shields, Glasgow, Leith, Dublin, Belfast, and Swansea. 
Between them they are responsible for traffic of no less 
than 63 million tons,* representing 40 per cent. of the 
total sea-borne traffic of this country. These ports are in 
the main serving large industrial areas, where the trades 
conducted are numerous and various, and so deal with 
many classes of goods and articles, being in no sense 
devoted to a single or special trade. The Port of London 
accommodates the sea-borne traffic of some six millions 
of people besides dealing with that of places outside 
Greater London. It is obvious, therefore, that the trust 
system has recommended itself to the people of this 
country as best suited to their largest and most important 
ports, conducting the trade of their most thriving and 
populous industrial centres. The constitution of these 
trusts, which are charged with such serious responsi- 
bilities, is therefore worthy of somewhat close considera- 
tion. 

_ They vary, inter se, in the number of their representa- 
tives and their qualifications, but as the general principle 
upon which they are based is the same, I have selected 
for examination the one with which I am most familiar 
and which largely served as a model for the Port of 
London—viz., the Port of Liverpool. The general prin- 
ciple underlying the constitution of the Port Avthority 
of Liverpool is that of a great co-operative association, 
with this distinction—viz., that the qualifications for 
membership of the Board are not upon the 
ownership of shares in the association, but upon the 
payment of a certain sum—viz., 25/. per annum—in 
rates or dues on ships or goods passing through the port. 
The interest, therefore, in the welfare and prosperity of 
the port may be considered to be indirect rather than 
direct, as in the case of a co-operative association. Of 
course, it must not be assumed that none of the members 
of the Trust is a bond or stock holder. On the contrary, 
it is certain that many, if not most of them, hold the 
securities of the Trust; but this is not a necessary qualifi- 
cation for membership. This arrangement is without 
doubt far more satisfactory, having regard to the nature 
and magnitude of the undertaking, than could be attained 
under any co-operative system, as it possesses all the 
stimulus of self-interest, trade interest, and representa- 
tive interest, combined with an unlimited field from which 
to obtain capital. The system has been compared to that 
advocated by Socialists for the conduct of some, if not all, 
of the great industries of the couutry, but this suggestion 
will not stand examination. 

In the first place, the Board is absolutely free, in the 
conduct of its affairs, from any direct control by Govern- 
ment or party, and is no more dependent upon them 
than a public company which has formed under 
statutory authority and exercises statutory rights in the 


control of its business, and subject always to submit new | +} 


schemes requiring fresh borrowi wers to the criticism 
of Parliament. The dchttensiee of the y tena 


system of m t and control in this class of busi- 
ness have alta been so fully set out that it woh be 
superfluous to pom. Miron any further upon this aspect of the 

* This figure is taken from the annual statement for 


1911 of the ‘‘ Navigation and Shippi f the United 
Kingdom,” published by the Board of ‘Trade, ciate 





be | sentatives on the Board. 





case, and it will suffice to say that in its conception and 
effect the system differs toto caelo from any scheme of 


Government management. 

Constitution of the Mi Docks and Harbour Board. 
—The Mersey Docks and Harbour Board, as it is called, 
consists of twenty-eight members, of whom twenty-four 
are elected by the payers of dock rates and dues, each 

yer of rates or dues to the amount of 10/. per annum 

ing entitled to a vote. The other four members are 
eg by the Conservancy Commissioners of the 

iver Mersey, who are the First Lord of the Admiralty, 
the President of the Board of Trade, and the Chancellor 
of the Duchy of Lancaster. All members are elected for 
five years, and after that time they are bound to retire, 
but may offer themselves again for election. If any 
member retires or dies during his period of service, the 
Board may co-opt a new member in his place. 

In a large port and commercial city like Liverpool, 
which is the centre of many wealthy and vigorous trades, 
these latter are formed into different representative asso- 
ciations, such as the Shipowners’ Association, the Cotton 
Trade Association, the Grain Trade Association, and 
many others, and the members of all these associations 
are qualified voters for the election of members of the 
Board as provided by the Mersey Dock Acts. There is, 
therefore, a tacit understanding amongst all these asso- 
ciations, whose interests are vitally connected with the 
successful administration of the port and harbour, that 
they shall respectively have a certain number of repre- 
In the selection of candidates 
they are naturally careful to choose the best men available 
to promote their respective interests, and in this way the 
composition of the Board is such as to assure a very 
effective representation of all the important trade 
interests of the port. 

On every commercial subject, therefore, that comes up 
for discussion there are always present at the Board, or in 
the Committee, members who have an intimate knowledge 
of the particular trade affected ; thus the most direct and 
accurate information is available on all occasions when 
the provision of fresh accommodation or the working 
conditions affecting any trade are being considered. This 
is one of the most important assets in the constitution of 
such a Board, for accuracy and amplitude of information 
are essentials in the successful conduct of port affairs. 
In addition to these advantages, this method of repre- 
sentation ensures a constant supply of the best business 
men in the port for its management. Moreover, in Liver- 
pool the status of the Board stands so high that member- 
ship carries with it a sort of hall-mark, and confers a 
distinction which the most minent local men are 
anxious to achieve. This board of twenty-eight members 
is divided into many committees for the management 
of the various branches of the business, and here again 
the advantage of the system is felt, as the personality of 
the various committees can be so arranged that its 
members bring to them special knowledge of the par- 
ticular subjects with which they are called upon to pm 
The bulk of the Board’s business is in fact carried on at 
these Committees, and the weekly meetings of the Board 
are largely concerned with the registering and approving 
of their decrees. Occasionally vigorous debates occur at 
the Board meetings, but these are not frequent, and for 
the most part arise out of the conflicting interests of 
various trade associations, or in cases where there may 
have been previously considerable difference of opinion 
amongst the members of a Committee, and where a 
considerable minority have not agreed with the recom- 
mendation brought forward. It might be considered that 
there was a risk under such a system that the members of 
the Board might receive special favour when questions 
between themselves, or their firm, and the Dock estate came 
= 5 for consideration, and that there might be a good deal 
of logrolling in this respect. Experience, however, has 
shown that this is not so, and probably the best safe- 
guard, apart from the high character of the members of 
the Board, against such a risk is that any favouritism 
would be at once apparent to the electorate and be 
checkmated by them. Neither the chairman, nor any 
of the members of the Board, receive any emolu- 
ments, and it is greatly to the credit of Liverpool 
that there has never been wanting a a full supply 
of her best commercial men ready to fill any ga 
that may occur in the ranks of the Board. Not only 
is this so, but members of the Board continue to serve 
for a t many years, and a recent member very —, 
completed thirty-one years of service. On the other hand, 
the chi of membership from one cause and another is 
sufficiently frequent to ensure an infusion of new blood 
and a reflection of any spirit of change or novelty which 
may for the time being affect the electorate. A Board 
so constituted and composed of such elements has a very 
great advantage over a company in its transactions and 
dealings with outside interests, such as Parliament and 
Government departments, but more particularly with all 
those interests which surround its estate and trade— 
such as the Conservancy, the railways, the canals and 
water carriers, the warehouse owners, the cartage 
interests, &c. 

Several Members of Parliament have served on the 
Board, and have done good service when the Board’s 
interests required representing or explaining at West- 
minster ; but the chief source of the Board’s influence in 
hese important respects arises from the wide commer- 
cial influence which it through its members, and 
the independence of its corporate position as a publie 


trust which has no selfish ends to further, and is not 
tempted to earn inflated dividends, but is concentrated 
on utilising all its surplus funds for the betterment and 
Soeeies of the accommodation which it provides. 
Its business relations in respect of all the interests 
named stand on the high plane of public service 
and utility, and are therefore disinterested, free from 


any suspicion of individual advantage or rivalry, and 
in most instances can be ae, considered to be in 
accord with public interests. ith the growth in size 
and depth of modern vessels, a growth which has 
been developing with an increasing ratio, and which has 
none the less been undoubtedly checked by the time and 
expenditure required for the deepening and enlargement 
of docks, harbours and rivers, the question of river im- 
provement has figured very conspicuously in recent years. 
As the principal rivers for the most part afford acceas to 
several dock systems, the question of the authority in 
which is vested the initiation, direction and control of all 
such operations is of great importance, and materially 
affects the facility with which they can be undertaken, 
and the probability of their ultimate success. 

Conservancy Authorities.—In former days conservancy 
bodies were, as their title denotes, regarded more as 
authorities intended merely to preserve the estuaries or 
rivers committed to their charge, and their duties were 
mainly limited to the surveying, lighting, and buoying 
of their respective waterways, the removal of wrecks, the 
prevention of such acts, on the part of outside parties, 
as prejudicial reclamations from tidal areas, dumping of 
materials within the same, and so forth. Their powers 
of raising money and the revenues at their disposal were 
very limited, so that, in the case of such rivers as the 
Thames and the Humber, a wers to raise money 
had in the one case to be obtained, and in the other the 
Conservancy Board had to be reconstituted before they 
were considered to be founded on a satisfactory basis to 
carry out improvement operations. 

On the Mersey the Conservancy Commissioners are, as 
has been said, an independent y consisting of the 
First Lord of the Admiralty, the President of the Board 
of Trade, and the Chancellor of the Duchy of Lancaster. 
An acting Conservator is appointed by the three Com- 
missioners, and is generally an Admiral on the retired 
list, the present Conservator being Sir Mostyn Field, late 
Hydrographer to the Admiralty. The revenues from the 
harbour rates collected from vessels entering the port are 
allocated to the conservancy purposes, and when, in the 
year 1890, the deepening of the Mersey bar was first 
undertaken, it was found that the machinery for giving 
effect to this improvement met all the requirements of 
the case. The funds available, and capable of being in- 
creased to the extent of 50 per cent. by raising the 
harbour rate to the statutory maximum, were ample to 
meet the very heavy annual outlay which has been incurred 
on works of improvement ever since that date. Recently, 
however, a project —. in view the further improve- 
ment of the depths in the main channel, prepared by 
myself, has been put forward, involving the construction 
of several miles of training-walls in the panne f Channel, 
and as these will entail a considerable capital outlay, it 
was thought desirable to obtain borrowing powers to 
raise the sum necessary to meet this and any other outlay 
which might fairly be deemed to be capital expenditure. 
A Bill authorising the raising of funds to the extent of 
617,000. was therefore promoted in Parliament in the 
year 1912, and received the sanction of both Houses, so 
that there are now ample means for providing for legiti- 
mate capital expenditure on all such works as are likely 
to be started within the next few years. 

Schemes of general river improvement such as these 
are almost always attended with greater difficulties in 
their promotion and sanction than any other form of 
dock or port enterprise. The interests in large estuaries, 
where they are generally most in demand, and where 
their execution is attended, as a rule, by the test ex- 
penditure, are so diverse, and the benefits to be achieved 
vary so greatly in character, that it is extremely difficult 
to obtain unanimous acquiescence in any large project 
which may be put forward. Additional difficulties are 
imposed by the rivalry between competitive interests in 
the same waterway, and it can well be understood 
that one interest will strenuously oppose an improve- 
ment which it considers to be promoted for the 
benefit of a rival without corresponding advantage to 
itself, and to which it, or its clients at all events, 
will have, in common with other interests, to contribute. 
Chief amongst this class of difficulty is the old-standing 
antagonism between the interests situated up river and 
those near the sea. The promotion of a scheme of im- 
provement for the upper portion of the river does not 
generally commend itself to the authorities or proprietors 
near the mouth, because these latter feel that their clients 
will have to be taxed for the purpose, and, probably 
short-sightedly, they cannot recognise any advantage to 
themselves or their customers from the proposals. 
Then, again, schemes for improvement of the bars and 
lower reaches of the river frequently meet with hostility 
on the same grounds from the up-river interests, and 
of recent years the view taken of such schemes has been 
so critical and sectional in its character that division of 
opinion has even arisen between the owners of vessels 
of various classes, owners of small vessels ap ance | to be 
taxed forimprovements which they have deemed to be 
carried out solely in the interests ef the large ships. 

In the case of one harbour it was suggested, in order to 
ger over these last-named objections, that big vessels should 

taxed on an in scale as compared with small 
ships. This proposal, which was not persevered with, 
left out of all consideration the fact that vessels are 
already taxed on their registered tonnage—i.¢., a propor- 
tion of the product of their length, beam, and depth—so 
that the large vessel is already taxed on a scale which, b 
taking into consideration three dimensions, is out of all 
proportion to that of depth alone, and she pays in a very 
much higher degree for the advantage which she receives 
from improvement of depth than a small vessel does. 
Moreover, having to the inter-relation of trade 
which oecurs between vessels of different classes in the 





same port in the form of trans-shipment and re-export, 
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which is a ys ee Sag om 4 of maw of the 
largest ports, it is y possible, in such a port doing a 
seer! trade at all events, to benefit one trade by such 
improvements without helping another indirectly, if not 
ay 
In the case of the Mersey, where, perhaps, owing to 
the great range of tide the circumstances are somewhat 
exceptional, the improvement of depth on the bar con- 
ferred a very great benefit on the coasting trade, as it 
enabled vessels so engaged to be run at fixed hours every 
day, instead of at a constantly changing hour to suit the 
tide, as oy ; 

As regards the antagonism between upper and lower 
river interests in the case of improvements in one or other 
compartment of the river, it may be stated that, provided 
any scheme is comprehensively sound—and no other class 
of scheme should be tolerated—and is designed to benefit 
physically a section of the river, it cannot but improve 
the régime of the whole river; and as there are few rivers 
which have been left to themselves which cannot be im- 
proved, such amelioration must be in the interests of all 
concerned. Moreover, an improvement of trade in a dis- 
trict brings with it, in some form or other, a betterment all 
round which it is to everyone’s interest to promote. In 
the case of acute rivalries between various dock or ship- 
owners situated on the same estuary, the disinterestednes 
and impartiality of the Conservancy Board or represeuta- 
tives becomes all the more desirable, for in sucha case any 
improvement which can be shown to be desirable in the 
public interest needs the intervention and assistance of 
a strong independent body. 

Another and more important point which may arise in 
connection with the conservation of river estuaries is the 
diversion for the purposes of water supply to some large 
town or district of a portion of the h waters of the 
river. This is a most serious matter from the point of 
view of the maintenance of the river for navigation pur- 

and still more so of its improvement. With 
the increase of population and the growth of large towns 
and urban districts, this is a question which will no doubt 
be frequently brought forward in the future. Without 
desiring to lay down any dogmatic rule as generally 
applicable to such cases, attention may be profitably 
directed to the serious necessity for most careful investi- 
gation as and when they arise. It is certain that the 
existence of a river largely depends upon its fresh or 
fluvial waters, and that the diversion of any serious pro- 
portion of them affects the régime of the river to a much 
greater extent than is represented by the simple ratio 
of the quantity diverted to the whole volume. It is 
therefore certainly most desirable that all the surround- 
ings of such propositions should be most carefully investi- 
gated, and the alternatives examined, with a view to 
avoiding, if possible, so serious a risk to the interests of 
the river and those of the industrial populations which 
may be largely dependent on the due preservation of the 
navigation and trade interests. 

Observations, Records, Data, d:c.—The science of river 
hydraulics is one of the most difficult that the port and 
docks engineer can have to deal with. The variations in 
the conditions surrounding different rivers, the paucity 
of data, the obscurity of many of the phenomena, the 
complexity of the forces at work, particularly in tidal 
rivers, and the difficulty which arises so often in dis- 
tinguishing between cause and effect, ull make the con- 
sideration of the probiems involved in the examination 
und treatment of rivers a very difficult matter, in which 
une engineer has often to rely chiefly upon experience and 
judgment. This can be well understood when one notes 
vue great differences of opinion which arise in the treat- 
ment of such questions. Conservancy boards can, how- 
ever, render great service to this particular branch of 
engineering by collecting and recording all the informa- 
tion available on their respective charges. 

_ Periodical surveys at regular intervals, tidal observa- 
tions throughout the tidal range, the relative effects of 
spring and neap tides and storms on the off-lying banks 
at the mouth of the river, current observations, the effect 
of land floods and of dry and wep seasons; the observation 
of any important changes in bars, shoals, banks, or 
channels, and the connection between these changes and 
any special physical phenomena at work, synchronous or 
otherwise; the effect of acute bends in river-courses and the 
absorption of potential which they involve; the establish- 
ment, if possible, of a law defining the correct sectional 
areas for the tidal portion of the river, are all most im- 
portant matters for systematic observation, records and 
determination. A well-established and well-conducted 
conservancy has a great field of research and work in the 
collecting and recording of all such data and information 
which, in the hands of a competent engineer, will be of 
priceless value in considering any schemes that may be 
put forward; and sooner or later, with the growth of 
trade in this country and the increasing value of her ports, 
such schemes are certain to come up for consideration. 
The estuary that has been so watched, surveyed, and 
studied will certainly be treated with much less risk of 
failure or waste of money than one where such ivforma- 
tion is not available. A conservancy board should allo- 
cate a sufficient sum annually for such observations and 
records which ought to be made public. 

It will be apparent from what has been stated above 
as to the organisation and duties of a conservancy that 
its constitution and relationship to the local dock and 
harbour authorities, with which 1t 2omes in contact, play 
an important part in the determination of its utility, and 
that the more independent the conservancy is, on the 
one hand, and the more generaily, on the other hand, the 
powers of dock provision and management are vested in 
one authority, more simplified and satisfactory are 
the negotiations and operations of both corporations 
likely to be, and the less chance will there be of disagree- 
ments and obstruction arisiag in connection with any 





schemes which either may think desirable to put forward 
in the advancement of the interests which they supervise. 

In contradistinction to this, the greater the number of 
the interests on a river or estuary, and, of course, in a 
great many cases, this condition of things arises naturally 
and is unavoidable, and the greater the number of 
interests represented on the Conservancy, the less chance 
is there of its successfully promoting and carrying out 
schemes of river or estuary improvement. A suitable 
constitution is therefore a very important consideration 
affecting the efficiency of both these respective bodies as 
well as their relations with one another. 

In the constitution of the London Port Authority this 
fact has evidently had considerable influence, as in this 
case the Conservancy powers and duties, for the tidal 
portion of the river, have been vested in the Port 
Authority, and there is thus only one authority for the 
provision and management of the docks as well as for the 
care and improvement of the lower river, excepting only 
that Trinity House retains its ancient duties in connec- 
tion with buoying and lighting the lower river and 
estuary. 

Relations between Port Authorities, Railway Companies 
and vther Interests.—Allusion has already been made to 
the importance of the connection with the railway com- 
panies and other interests outside the authority of the 
Trust, but all directly connected with, and playing an 
important part in, the working and welfare of the port. 
It would be difficult to exaggerate the importance of the 
relations of such interests to the port, for their successful 
establishment and conduct most materially affect its 
satisfactory and economical working. The railways, 
waterways, and cartage systems bear the same relation 
to the collection and distribution of the port traffic in 
the interior of the country as the ships traversing the 
ocean do to the international interchange of its commerce. 
The relative facilities in despatch and economy attendant 
on the collection and shipment of goods for the purposes 
of export, and the discharge and distribution of imports, 
go a very long way in the determination of the choice of 
trade routes, so that it is essential that these operations 
should be arranged on as satisfactory a basis in all 
respects as is possible. 

An old port which has been laid out under totally 
different circumstances, and to meet old-fashioned require- 
ments, frequently finds itself in the position of having to 
abandon its former methods and adopt others beuter 
suited to modern requirements. Changes of this character 
involve not only important physical alterations necessi- 
tating considerable outlay of money, but, what is of 

ter importance, they necessitate frequently inter- 
erence with existing interests and industries, giving rise 
to much opposition and obstruction to the introduction 
of the change. The Mersey Dock Estate has had, like most 
other important ports, its full share of such struggles to 
fight, and the results have not always been as full and 
satisfactory as could have been desired. An instance in 
point was that of the introduction of direct railway traffic 
between the various railway companies bordering the 
estate throughout its Beare and the dock quays. ‘The 
physical connections had existed for many years, but 
were never used, and in some cases had actually been 
removed as an inconvenience to the cartage traffic and as 
involving undue cost in the repair of the roadways. The 
question of the non-utilisation of these railways was con- 
stantly being raised in the port, but the true reasons 
muilitating against their use were not realised for many 
years. 

In the construction, however, of a new dock at Liver- 
pool it so hwppened that the quayside shed and the road- 
way at the oe of it flanked a railway dépét. The 
circumstances therefore seemed specially favourable for 
direct and economical exchange of traffic between the 
railway and the ship, and vice versd, and proposals were 
put before the railway company concerned for the erec- 
tion of mechanical appliances for transferring goods 
landed in the dock transit-sheds direct to the railway 
trucks in the station, and vice versd. At first these pro- 
posals were received with cordial approbation by the 
railway company, but after further consideration they 
were condemned as useless on the ground that, if pro- 
vided, they would never be used, as the company were 
obliged by their contract with the cartage companies to 
charge the cartage rate on all goods passing between the 
quay and the railway station, whetner those charges were 
incurred or not. This was probably the first occasion on 
which it was made apparent that the difficulties of bring- 
ing the railway lines into use ly arose from the power 
of the vested interests concerned, and were not in any 
connected with the suitability or physical circumstances 
of the line. 

It needed many years of consideration and negotiation 
before the encircling barriers built up by the interests 
concerned could be broken down, and an arrangement 
come to which gave some encouragement and profitable 
advantage to the use of the railway lines, and permitted 
of their being laid down on a more extensive scale and 
their use placed on a commercial footing. The railway 
companies, though to a certain extent reasonable and 
sympathetic, were hampered in their negotiations by the 
fact that they had already incurred large capital expendi- 
ture in the provision of warehouse accommodation suit- 
able to the old style of traffic, and were loath to jeopardise 
a profitable return on their outlay by agreeing to a change 
which would naturally do away to a considerable extent 
with the necessity for 1ts use. 

Following on the arrangements come to with the rail- 
way companies, and which permitted of a small, if not an 
altogether equitable, saving being effected in the transit 
of goods to and from the interior by using the direct 
route to the quay-side, considerable additions have been 
made to the quay-side railways, and the volume of this 
traffic has been growing steadily. and has now assumed a 





considerable magnitude. It is sincerely to be hoped that 
when the agreement, which was for a limited iod, 
comes to be revised, it will be possible to obtain still more 
favourable terms for this class of traffic, and that the 
objections and prejudices in other directions, which still 
hamper its full development, will be swept away, and 
that it will have an unfettered opportunity of attaining 
its natural dimensions. It would probably be difficult to 
give a more striking instance than this of the commercial 
and economic difficulties attendant upon the growth and 
development of a great port, or to show the vital neces- 
sity of placing the conduct of its affairs in the hands of a 
strong, disinterested, influential body capable of coping 
successfully with such artificial and selfish obstruction on 
the part of powerful corporations to the natural and 
economical development of trade along lines essential to 
the public interests. 

In the particular case under consideration an agreement 
between two powerful bodies, made in their own interests 
and inimical to those of the port and of the trading public, 
was entered into, and on the faith of this capital expendi- 
ture was incurred, which loaded the ties to it with 
stronger and more burdensome fetters. In this manner the 
trade of the port was hampered for many years in its proper 
development, and loaded with a weight of expense which 
it should never have been called upon to . Other 
drawbacks to the successful and economical conduct of 
trade in a port might also be related, chief amongst these 
being the cost of transit to and from the industrial centres 
dependent upon it. In Liverpool the railway competition 
is very keen, but railway rates were, and are still, very 


high. 
ft will be remembered that it was this fact which gave 
rise to the Manchester Ship Canal scheme, and at a later 
date the Plateway scheme was also brought before the 
ublic. This proposal was to construct a plateway 
tween Liverpool and the South Lancashire industrial 
districts with flanged plates in such a form that trains of 
lorries could be drawn along it by locomotives, and thus 
the delays and cost of removing the goods from lorry to 
truck and from truck to lorry be avoided, and = ne 
ouse 


delivered direct from the ship to the works or 
of the consignee. 

Without going into the details or merits of these 
schemes, it will suffice to point out one of the chief 
reasons for the high railway rates which prevailed and 
which led to their introduction. 

There were, in the daysto which I refer, four railway 
companies running into Liverpool, all having dépéts 
along and abreast of the line of docks and in physical 
communication with the main line of dock railway which 
belongs to, and links up all parts of, the Mersey Dock 
Estate. As unqualified competition in the matter of rates 
of carriage would have had disastrous results, the various 
companies agreed tocharge the same rates of carriage for 
the various destinations. This agreement, however, left 
them free to compete for traffic in other respects, and 
as the rivalry was very keen, thecustom grew up amongst 
the companies of attracting traffic by giving customers 
advantages in other ways outside the rates. One special 
advantage granted was free storage for one month in 
the railway company’s warehouses of ~ i trans- 
mitted to the port tor shipment. A limi number of 
customers only could take advan of this arrangement, 
but the effect has been that all to pay for iv, and so 
the charges to all were raised above their natural level. 

Canals.—Inland water carriage, as it exists to-day, offers 
no effective remedy for this condition of affairs. ‘The 
canals are antiquated and incapable of carrying on a 
large volume of trade; they are also so slow in their 
operations that they are unsuited to deal with a large 
proportion of the traffic. Moreover, many of them have 
fallen into the hands of the railway companies, whilst 
others have been obliged, as a measure of self-preserva- 
tion, to combine, in the matter of rates, with the railway 
companies. They are not therefore in a position to 
mitigate any of the difficulties and drawbacks to trade 
arising from such circumstances as those described. 
These are all difficulties arising out of the circumstances 
and competition in the carrying trade, over which a dock 
—_——- no matter how constituted, has no effective 
control, but when organised on the lines of a trust, and 
sO Te ting a great public interest, it possesses an 
influence which, if wisely and energetically used, is very 
potent and can produce results which no railway or 
public company could expect to achieve. 

Port of New York.—The want of some such influential 
and independent body is apparently being felt very 
seriously at the present time at the port of New York. 
Here the management of the docks or wharves was for- 
merly vested in the municipal authority, but has been 
recently handed over to the so-called Board of Estimate, 
with a dock commissioner appointed by the Mayor. 

A serious issue has arisen, in connection with the con- 
struetion of new wharves, as to how the railway connec- 
tions are to be established, and in what authority their 
ownership and control is to be vested. This question has 
excited much discussion by those interested in the welfare 
of the port; and though an outsider can hardly be 
expected to give any opinion on the merits of the various 
contending views, it will suffice probably to state that, 
rightly or wrongly, there is very strong opposition to 
the railway companies being allowed to get control of 
these connections, on the ground that they would not be 
used to the full advantage of the oy but rather to pro- 
mote railway interests alone. The following quotation 
from a pamphlet published by the late Dock Commissioner 
at New York shows what importance is attached there to 
the railway access to the wharves being under indepen- 
dent control :— 

** Terminal monopoly of a port no longer consists in 
controlling the docks, but rather in controlling the mar- 


ginal railroad behind the docks, which connects them 
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and their warehouse and factory adjuncts with other 
docks, public markets and factories, and with all the rail- 
road systems reaching the port. The best North Sea 
porte are each in essence simply a series of railroad loops 
around the foreshore ; and the fundamental principle of 
port organisation everywhere is to arrange for a 
railroad traffic in the rear of the docks that shall be as 
ublic and unimpeded in its movement as is the water- 
ront traffic in front of them. It is axiomatic that the 


marginal should be a public highway. But this 
is precisely what the trunk-line railroads at this port, 
acting with the Board of Estimate, are determined to 
prevent if possible.” 


Were there in this case a strong independent body 
representing meral trade interests, no doubt the 
rivalries and difficulties which have arisen between the 
railway and port interests would disappear in the con- 
fidence which would be felt that both would receive their 
fair consideration at the hands of a trust, with no private 
interests to serve, and concerned only in promoting the 
general welfare of the port, and with it that of all its 
auxiliaries. 

The tendency in the United States and Canada seems 
to be towards the establishment of small commissions or 
trusts consisting of three or four independent people who 
control and manage the ports. The governing bodies at 
New York, Boston, and Montreal are all constituted on 
those lines. 2 

In one further and very important respect it may be 
stated that a public trust, such as the Mersey Dock and 
Harbour Board, has a great advantage over a company— 
viz., whenever it comes before Parliament to promote a 
new scheme, and generally in all its transactions with 
public authorities and officials. It occupies such a dis- 
interested and representative position that it would 
require very powerful and clearly-demonstrated objections 
to upset any proposals it may put forward in the interests 
of trade. Moreover, the fact that it is a statutory 
authority, constituted for the very purpose of developing 
the port in accordance with e requirements, gives it a 
very strong prima facie claim on the goodwill and assist- 
ance of Parliament, as well as of all Government depart- 
ments and officials, and reduces to a minimum the chance 
of successful opposition to its proposals. 

One further and extremely important advantage which 
emphasises the disinterestedness, and adds to the value of 
such a constitution as a public trust, may be quoted— 
viz., its method of borrowing oe In the case of the 
Mersey Docks and Harbour Boa 
fixed rates on bonds running for short peri or on stock 
redeemable within 60 years. There are no shareholders, 
and cmepenty Ouse is no tendency to tax unduly 
trade for their benefit. All revenues are devoted to 
meeting working expenses, insurance accounts, &c., and 
liabilities for interest on bonds, and any surplus after 
making due provision for depreciation is, in the main, 
allocated to the reduction of rates, so that the traders 
feel that, presuming the finances of the Board are 
wisely and economically administered, they obtain the 
accommodation afforded and the services rendered at 
a minimum of cost. Nor is this power of reducing the 
rates merely nominal. In the course of the last thirty 

ears the Mersey Docks and Harbour Board have given 
reductions in rates to the traders as circumstances 
justified such action, so that the traders have realised in 
this respect the benefit of the co-operative principle. On 
the other hand, the Bo have very wisely spent con- 
siderable sums from their revenues in the improvement 
and betterment of their estate, thus increasing its earning 
capacity and reducing the increased capital indebtedness 
which would result from the converse policy of borrowing 
fresh sums for all such purposes. As such expenditure is 
generally effected on improvements which afford a quick 


return for the outlay, the benefit from it is rapidly 
realised, and so is early profitable to the payers of rates 
and dues. 

The trade with which the Port of Live 1 deals is on 
a vast scale, amounting to upwards of 144 million tons 
per annum, second only to London in its ag; te, and 
greater than London in the size of its v the total 


equal to 9 per cent. of the whole 
trade of the United Kingdom. Its capital indebtedness 
amounts to 31 million sterling, its revenue for thé year 
ended July 1, 1913, was 1,685,175/., and the average 
rate paid on its bonds and stock amounts to 3/. 13s. per 
cent. The greatest expenditure on engi ing works on 
account of capital and repair and maintenance in any one 
year amounted to about 1,400,000/. 
Ever since the year 1890 a very and wing 
expenditure, amounting for the year 1915 to 71, , has 
been incurred in deepening the bar and approach channe! 
to the Mersey ; and whereas the ruling depth in 1890 over 
the bar was about 10 ft. below L.W.E.S.T., it is to-day 
about 30 ft. below the same datum, A port that possesses 
such a vigorous existence as thi:, and that has maintained 
such a continuous length of uninterrupted a5 my and 
prosperity for fifty-five years, whose operations have been 
carried on on a scale of national importance, and which 
has never had to apply to Government or any outside 
authority for financial assistance, affords a very striki 
example of a sound constitution, possessing solidi 
elasticity in sufficient d 
uirements of trade the competition of other ports. 
t has had some very heavy burdens to carry in the 
t, and is still weighted with the purchase of the 
Birkenhead Dock estate, which has never paid a satis- 
factory return on its pu 
which it has since involved. 
The prosperity of the Mersey Docks and Harbour 
Board is strong testimony to the soundness of the system 
on which its management and control are founded, while 
at the same time its credit stands high, and it possesses 
very strong clientéle of investors in 
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price, or on the outlay | 
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| annually. 


West Lancashire. These facts all seem, therefore, to in- 
dicate that where the interests are so widespread, the 
trades concerned so various, the scope of the business 
on so vast a scale, and the capital n so great, a public 
trust, with a representation such as Liverpool possesses, 
offers every prospect of success in the management and 
development of a port. 

As I explained in the introductory phs of my 
address, I had no intention when I selected my subject 
of dealing otherwise than a it, recognising 
how wide a field it covers and what elaborate and ex- 
tended investigation would be necessary in order to 
exhaust the matter and come to some definite conclusion 
as to the merits of the various systems; but I hope enough 
has been said to indicate the very great interest which 
its due consideration has for the whole kingdom, and by 
setting out the various forms of constitution and some of 
their merits and disadvantages, to direct general opinion 
to the consideration of this most important question. _ 

regards its suitability for introduction to this Insti- 
tution, the question may arisein the minds of some mem- 
bers what connection the subject has with any engineer- 
ing topic. Well, Ican only reply that it clearly does not 
deal directly with any technical matter, but touches 
subjects which are of first-class importance in concerns 
with which engineering is closely associated, and so must 
be of considerable interest to the engineering profession. 
Engineers, moreover, cannot be ed as a body of 
one-sided specialists, particularly in their corporate posi- 
tion in this Institution. My experience, on the contrary, 
indicates that they are essentially men of affairs with 
very wide and comprehensive minds, which have to deal 
with commercial as well as scientific matters. 

I may also remind you that of recent years several of 
our leading engineers have been made general managers 
of important railway systems and other commercial 
undertakings with which they had previously been asso- 
cia in a professional capacity, thus returning to a 
practice common in the os | days of railways, and indi- 
cating that their outlook and experience has by no means 
been limited to the strict confines of their professional 
practice. It is relying upon that quality of wide-in- 
terestedness in the members of the profession that I have 
been induced to bring before them this subject, and I feel 
sure it will be none the worse, at all events, for being 
ventilated at this Institution, a great number of whose 
members it intimately concerns. ; 

I have not thought it necessary to give a list of ports, 
i ing to their ownership or management, 
and giving particulars of their trade volumes, &c., as, 
so far as this country is concerned at all events, such 
information as is available is to be found in standard 
publications, such as Turnbull’s ‘‘ Dock and Port Charges 
of the United Kingdom,” as well as in the official returns 
of the Board of Trade. 





INSTITUTION OF MgcHANICAL ENGINEERS: ERRATUM. 
—We much regret that, owing to a slip, the name of one 
of the speakers at the recent meeting of the Institution 
of Mechanical Engineers appeared on page 578 of our 
last issue as Mr. E. R. Dalby, when it should, of course, 
have been Mr. E. R. Dolby. 


Evectrotytic PREVENTION oF Rust.—A pew by 
J. K. Clement and L. V. Walker on ‘‘ An Electrolytic 
Method of Preventing Corrosion of Iron and * 
forming Technical Paper 15 of the United States Bureau 
of Mines, is rather rs. The electrolytic 
method has so long been discussed that one expects, in 
a technical paper, something more than ‘‘ a preliminary 
account of experiments, justifyi the hope that the 
method may be applied successfully in mines for protect- 
ing iron and s' against the action of acid underground 
waters.” The experiments were n by F. M. Stanton 
in 1911, and continued by A. E. Hall and the authors. 
They show that the corrosion of iron in diluted sul- 
phuric acid can be prevented by impressing a counter- 
electromotive force upon the iron, and that, as G. 
Harker demonstrated in 1911, the required potential 
and current density can be determined by corrosion tests 
in which anodes of iron or of carbon, &c., may , 
The corrosion is especially dangerous when the water is 
saturated with oxygen. The veer does not make any 
suggestions as to the way in which protection might 
actually be secured. 








Tue ImperrtaL CoLiecE or ScrgNOoK AND TECHNOLOGY, 
Sout Kznsineton, Lonpon.—The college has issued a 


very well got-up book setting forth the many advantages 


ls | offered by it, and the wide extent of knowledge which can 


be obtained by its students. The college has been very fully 
descri by us in the but we may repeat that it 
comprises departments in biology, botany and zoology, 
chemistry, engineering (civil and mechanical), engineer- 
ing (electrical), geology, mathematics, metallurgy, mining, 
and physics. ese subjects are rded from the 
technological point of view, the object being, as far as 
possible, to render the students skilful practically as well 
as theoretically. In looking over the pages we notice 
references to information upon physiological and patho- 
i problems, to fibre-yielding plants, to economic 
botany, to tropical agriculture, tropical diseases and the 
laws of heredity, protozoology and helminthology, eco- 
nomic entomology, fisheries, parasitic worms, fuel-pro- 
duction and oye railway engineering, electric trac- 
tion, telephony, photometry, geologic surveys, oil geology, 
matics, assaying, ore- dressing, mine - surveying, 
ep meteorology, and many other practical subjects. 

are twelve entrance sch: ips in science awarded 
These are of the value of 40/. a year. The 
y, Mr. A. Gow, will be pleased to arrange for 


. . a S ecr etar J 
@ district of South- | anyone to be shown over the college by appointment. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and foreign 
en, projects, taken from the Board of Trade 
Journal. Further information concerning these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

_South Africa : With reference to the proposed exten- 
sion of the works of the Rand Water Board, H.M. Trade 
Commissioner for South Africa reports that, according to 
the local Press, the Water Board decided at a meeting 
held on September 26 to undertake a scheme for an addi- 
tional daily supply of 10,000,000 gallons at Lindeques, 
on the Vaal River, at a total estimated cost of 1,175, § 
The raising of a loan not exceeding 1,250,000/. was 
authorised. 

New Zealand: H.M. Trade Commissioner for New 
Zealand reports, on the authority of the local Press, 
that a Bill is before the New Zealand Parliament to 
authorise the Minister of Finance to raise a loan of 
not more than 1,750,000/., of which sum 600,000/. would 
be devoted to the construction of railways, 500,000. to the 
purchase of rolling-stock, &c., a further 500,000/. to the 
construction of roads and brid; and the development 
of gold-fields, while the remaining 150,000/. is avcredited 
to other public works. 

Spain: The Gaceta de Madrid announces that the 
Corporation of Madrid will receive tenders up to 
November 24 for the —- paving of public streets in 
that city, and for the upkeep of these and existing streets 
similarly paved. The contract is for the period ending 
December 31, 1916. The estimated annual cost of the 
construction and upkeep of the paving is 200,000 pesetas 
(about 7400/.). though the foregoing contract will 
probably be awarded to a Spanish firm, nevertheless the 
carrying out of the work Fag meee the purchase of 
some materials outside Spain. The Gaceta also contains an 
order by the Ministry of Fomento, Madrid, authorising 
a competition of plans for the construction of a railway 
from Calamocha to Vivel del Rio, the cost of which is not 
to exceed 130,000 pesetas per kilometre (7753/. per mile). 
The last day for receiving plans for the construction of 
the line is January 28, 1914. 

Bulgaria : The Lieferungs Anzeiger, Vienna, states that 
lans for the construction of an important railway line 
rom Haskowa to Porto Lagos, a distance of about 172 km. 
106 miles), were sanctioned at the last session of the 
tate Council. The cost of the construction of the line, 

which will take about four years to complete, is estimated 
at nearly 25,000,000 francs (1,000,0002.). 

Japan: Commercial Attaché at Yokohama 
reports, on the authority of the local press, that applica- 
tion is shortly to be made to the Tokio municipal authori- 
ties for permission to construct an eleva mono-rail 
tramway, just over a mile in length, to connect the dis- 
tricts of Uyeno and Asakusa, Tokio. 

Mexico: The Diario Oficial, Mexico City, contains the 
text of a contract entered into between the Secretary of 
State and of the Department of Communications and 
Public Works and Sejior Francisco Diez Barroso, repre- 
sentative of the Mexican Eagle Oil Company, for the 
construction and working of a railway line in the State 
of Vera Cruz from Minatitlan to Carmen. The conces- 
sion is for a ag of ninety-nine years. 

Cuba: H.M. Legation at Havana reports that the 
Cuban Government shortly proposes to raise a loan of 
15,000,000 dols. (about 3,083,000/. )sof which 7,000,000 dols. 
(about 1,439,000/.) will be spent on completing the sewer- 
age system at Havana, 5,000,000 dols. (about 1,028,000/.) 
for paying off old debts, and the remaining sum for 
repairing streets, roads, &c. 





IRRIGATION IN VicTORIA.—In a report to the Minister 
for Water Supply for Victoria, Mr. Elw , the 
chairman of the Water Commission, states that irrigation 
has made greater progress in Victoria during the lust 
four years than during any previous period. In 1908, 
a very dry year, a lot of water was applied to grain fields 
and native grass ; but this was an emergency use of water. 
In 1912 a large part of the land irrigated was and 
planted with lucerne or fruit trees. Lucerne hay is now 
regularly quoted on the market. There is not an irriga- 
tion district with a compulsory charge where facilities for 
watering have not improved, or where there are not more 
orchards, more fodder crops, and more irrigation of a 
permanent character than there was in 1908. On the 
estates purchased, or subdivided for closer settlement, 
there were living five years ago 103 families ; to-day there 
are over 1000 families on the same area. 





Canapian Gotp-MInING.—Gold-mining appears to be 
making little or no con in Canada, the value of the 
gold raised in each of the ten years ended with 1912 
inclusive having been as follows :— 


Value. Value. 


Year. Year. 


dols. dols. 
1903 . 18,843,590 1908 . 9,842,105 
1904 16,462,517 1909 9,382,230 
1905 . 14,159,195 1910 10,205,835 
1906 . 11,502,120 1911 .. 9,781,077 
1907 8,382,780 1912 . 12,648,794 
The t gold-producing regions of the Dominion are 


Briti Columbia and the Yukon district. British 
Columbian a is fairly steady, the average value 
of the yield having been something over 5,000,000 dols. 
for the ten years ending with 1912. Yukon gold-mining 
is subject, however, to violent fluctuations. e produc- 
tion attained its maximum development in 1900, when 
the yield was valued at 22,275,000 =. In 1907 the value 
of the output sank to 3,150,000 dols., but last year 16 





rallied to 5,549,296 dols. 
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COMPLEX STRESS DISTRIBUTION IN 
ENGINEERING MATERIALS. 


Certain of the More Complex Stress Distributions in 
Engineering Materials.—Report of the Committee, 
consisting of Professor J. Prrry (Chairman), Pro- 
fessors E.G. Coker and J. E. Prrave (Secretaries), 
Professor A. Barr, Dr. C. Curez, Mr. GILBERT 
Cook, Professor W. E. Datsy, Sir J. A. Ewine, Pro- 
fessor L. N. G. Fiion, Messrs. A. R. Fucton and 
J. J. Guest, Professors J. B. Henpgrson and A. E. 
H. Love, Mr. W. Mason, Sir ANDREW Nos.x, Pro- 
fessor Kart Parson, Messrs. F. Rogers and W. A. 
Scos.iz, Dr. T. E. Stanton, and Mr. J. S. Wizson, 
appointed to report thereon.* 

(Concluded from page 573.) 

Report on Alternating Stress. By W. Mason, M.Sc., 
with Notes by F. Rocrrs, D. Eng., and E. M. Epen. 
Report by W. Mason. 

Introductory.—By an ‘‘alternating stress” is meant a 
stress varying cyclically between maximum and minimum 
values. Unless otherwise stated, it is implied that the 
stresses are imposed without shock, and that the variation 
of stress on either side of the algebraic mean of the 
maximum and minimum stresses is, or is approximately, 
simple harmonic. The range of stress is the algebraic 
difference between the maximum and minimum stresses. 
The resistance of a material to alternating stress may be 
measured by the values of the maximum and minimum 
stresses of the cycle, whose repetition for some particular 
very large number of times, will just produce fracture. 
If unlimited time were available for testing, the very 
large number referred to would be indefinitely prest, or 
would exceed the number of repetitions which the 
material would be required to withstand in service. 

The cycle of stress having its maximum and minimum 
respectively of equal (or nearly equal) positive and hy 
tive values, is the most important tically ; and the 
bulk of experimental work has been done with this cycle. 
The usual method of finding experimentally the resist- 
ance of a material, is to make a number of tests to de- 
struction with a series of ranges of stress of this (equal +) 
cycle ; the first of the series having an appropriate high 
range, and subsequent series a successively less and less 
range. This succession of tests is continued until the 
number of the repetitions before fracture is at least a 
million. Plotting the ranges of stress, f (or half the 
range of the cycle of equal + and — stresses), against the 
respective number of repetitions, n, before fracture, an 
f, n curve, or *‘ endurance curve,” is obtained. This curve 
(at any rate for iron and steel) becomes less and less in- 
clined to the axis of n as n becomes larger. Where the 
curve becomes sensibly asymptotic to a line parallel to 
the axis of n, the ordinate—i.e. the range of stress— 
between the asymptote and the axis of n, is called the 
‘limiting range,” or the ‘‘ Wohler safe range.” This 
range is a definite measure of the “endurance” under the 
type of stress and conditions of test. The term “ endur- 
ance” has been somewhat loosely used, and it is not em- 
ployed herein to denote any particular measure of the 
resistance to alternating stress. 

Testing-Machines.—The machines used in making the 
alternating stress tests that have been published are 
ae to in the bibliography and the notes contained 
therein. 

Data from Published Tests.—It has been su tedt 
that a list of all published data of test should made 
out. Such a list should include (if available) informa- 
tion concerning the chemical composition, manufacture, 
previous heat treatment, testing-machine, shape, and 
ee of some, and an attempt to estimate 
how nearly the Wéhler safe ranges have been approach 
in each case. This matter is one of some magnitude, 
and is at present left over for further discussion. 

a Theory.—This theory is thus concisely 
stated by irstow (No. 2,t page 168, vol. vi. ‘‘Col- 
lected Researches,” N.P.L.):—‘‘The superior limit of 
elasticity can be raised or lowered by cyclical variations 
of stress, and at the same time the inferior limit of elas- 
ticity will be raised or lowered | a definite, but not 
necessarily the same, amount. he range of stress 
between the two elastic limits has therefore a value 
which depends only on the material and the stress at 
the inferior limit of elasticity. This elastic range of 
stress is the same in magnitude as the maximum range 
of stress which can be repeatedly applied to a bar without 
causing fracture, no matter how great the number of re- 
petitions. Bauschinger made experiments to show that 
these definitions did not apply to the elastic limits as 
measured on a previously unstrained specimen, and he 
made experiments to show that the elastic limits in this 
case, which he ‘primitive elastic limits,’ were 
unstable, and that only a few reversals of stress were 
necessary to produce a condition in which the theory was 
satisfied. In this latter state Bauschinger defined the 
elastic limits as ‘natural elastic limits.’” 

It is interesting here to note that the ideas underlying 
Bauschinger’s theory had been published so long ago as 
1848 by James Thomson,§ who wrote: there are ‘two 
elastic limits for any material, between which the dis- 
placements or deflexions, or what may in general be 
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termed changes of form, must be confined, if we wish to 
avoid giving the material a set, or in the case of variable 
strains, if we wish to avoid giving it a succession of sets 
which would bring about its destruction”; . . . these 
limits ‘‘may therefore, with propriety, be called the 
superior and the inferior limit of the change of form of 
the material for the particular arrangement which has 
been given to its particles ; that these limits are not fixed 
for any given material, but that, if the change of form be 
continued beyond either limit, two new limits will, by 
means of an alteration in the arrangement of the particles 
of the material, be given to it in place of those which it 

previously oe 
There is now no doubt concerning the existence, for iron 
and steel, of tic ranges, such as those found and 
actually measured by Bairstow. Provided that these 
ranges, when once attained, are never exceeded, it may be 
regarded as quite certain that any number of cycles of any 
speed of alternation can have no destructive effect. (See 
article ‘‘ Elastic Hysteresis,” on page 638.) But in 
most cases, certainly with cycles of unequal + stresses, 
and most probably with equal + stresses the elastic 
range is reached through a partially elastic period which 
is gradually ended by recovery and the attainment of 
elastic limits adjusted to the range of stress. Though it 
is improbable that these elastic ranges can be affected, 
either in range or position of range, by speed of alter- 
nation, yet it seems quite certain that the duration of 
the period and the number of cycles necessary for the 
adjustment may be very largely influenced by this speed 
(No. 43). It is not so certain that the range of adjust- 
ment does not depend on the temperature of testing; 
but experimental evidence on this point is wanting. 
Thus it is not quite certain that the elastic ranges 
found by Bairsrow would have been exactly the same if 
the tem tures of his experiments had been different. 
Mr. Bairstow’s method of finding the values of the 
elastic ranges from his observations is one that leaves 
a little room for en judgment; but since he esti- 
mates the probable error of this process to be within 
ton per square inch, it is clear that the elastic ranges 
with the limiting 


ound were quite definite. 
The identity of these elastic pane 

safe ranges of fatigue tests can ly be said to be con- 
clusively proved. But it appears to the writer that this 
identity may be regarded as sufficiently well established. 
The term *‘ natural ” elastic limit is in certain ee 
a little misleading. A piece of material of a definite 
composition and crystalline structure will certainly 
** natural” tic limits when it has been sub- 
jected to a number of repetitions of stress of approxi- 
mately the amount of the limiting range ; and it has been 
shown by Bairstow that a limit exists above which the 
tension elastic limit cannot be raised, so long as the stress 
is entirely removed in each cycle. The piece may possess 
natural elastic limits when the process of overstrain and 
recovery attempted by Bauschinger, and carried out with 
more (though not complete) success by Bairstow, has been 
applied to it. It has not yet been proved that the natural 
elastic limits for equal + stress cycles are the same as 
would be found in static tension and compression by the 
use of an exceedingly delicate extensometer on the piece 
in its primitive state. The question has not been definitely 
settled whether, when the primitive elastic limits have 
been altered, and the granular structure distorted by cold 
working, the natural elastic limits will or will not remain 
the same ; though it is certain that part of the f, n curve 
for small values of » will be made to fall above the corre- 
sponding part of the curve for the unworked stuff. It 
appears from the table, “os II.,* that the annealing 
to which the epectnass of publi repeated stress tests 


have been subjected uces, in general, some little 


ed | lowering of the “‘natural” elastic limits; though the 


rimitive elastic limits may be very much altered by this 
eat treatment. 
ere Bi to be no definite relation between the 
**natural” elastic limits and either the primitive elastic 
limit, the yield-point, or the ultimate tensile stress. 
Recovery o, Bast icity.—It is a well-known fact, dis- 
covered by Weber in 1835, that ‘‘ when a body is strained 
beyond the elastic limit and is set free, part of the strain 
disappears at once, and the strain that does not disappear 
ually diminishes. The body never returns to its 
primitive —_ and - bag te —— is the 
permanent set; the part of the strain that disappears is 
called elastic after-strain.”+ In the case of the metals of 
ineering construction, the immediate re-application of 
the stress after such overstrain shows the metai to be in 
an imperfectly elastic state; but if the stress be re-applied 
after a considerable period of rest, during which the 
elastic after-strain disappears, the elasticity is found to 
be restored. The period of rest may be shortened to one 
of a few minutes only, if the tem: ture be raised to 
100 deg. Cent.; presumably the tic after-strain dis- 
ap’ in this short interval, though, so far as the 
writer is aware, this has not been verified experimentally. 
After this recovery the elastic limit is somewhat higher 
than at the first overstraining. Provided the recovery is 
complete, further exposure to this temperature, or to 
considerably higher tem: ture in the case of many 
metals, produces no further effect; and the additional 
exposure has no more effect than on a piece of the 
unstrained material. It may be noticed here that the 
limit of wry og wrought iron is practically 
the same at 0 deg. t. and 250 deg. Cent., there 
being some little variation between these tem tures 
with a maximum about 200 deg. Cent.t It has been 
proved that, in general, non tic strain is effected 
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by cleavage plane slipping in the crystalline grains. 

e ma of a crystal not immediately contiguous to 
the ped surfaces are, so far as can be detected 
under the microscope, unaffected by plastic strain.* 
The effect of the increase of temperature which pro- 
motes recovery of elasticity must, therefore, be upon 
the material, which, according to Beilby,+ exists in an 
altered physical and perhaps molecular condition between 
the sli Lae surfaces, or, at any rate, upon material in the 
immediate neighbourhood of these surfaces. Recovery, 
then, is due to the effect of temperature on this material, 
resulting in the healing up of the crystalline sli It 
seems reasonable to suppose the disappearance of ‘‘elastic” 
after-strain to be a phase of this healing process rather 
than a distinct and different phenomenon. The fact that 
recovery is much impeded or totally Y* in the case 
of iron and steel at a temperature of 0 deg. Cent. shows 
that rest, unless accompanied by a suitable temperature, 
is ineffective in promoting restoration of elasticity ; the 
7 of recovery—t.e., the duration of rest required— 
being thus a function of the temperature. 

Turning now to the consideration of cyclically applied 
stresses, Ewing has remarked{:—‘' When in the over- 
strained condition, and before recovery has taken place, 
iron and steel exhibit much hysteresis in the relation of 
extension to load. Any process of loading and unloading, 
repeated until the changes become cyclic, then shows a 
well-marked difference in the length of the piece for any 
one amount of load in the two stages of the process. The 
curves exhibiting extension in relation to load form a 
loop, and this loop closes up as the piece gradually 
recovers its elasticity by rest.” Recovery of 
elasticity may thus be defined, for cyclically applied 
stresses, 4 reference to the hysteresis loop. ith 
regard to the physical meaning of this loop, may it be 
regarded as the cyclic counterpart of the elastic after- 
strain before mentioned, or is it a combined effect of 
permanent set and elastic after-strain? The answer 
seems to be, in the strict sense, neither ; for the cyclical 
application of stresses, unless very slowly made, leaves 
very little time for the healing during rest. The internal 
condition then would appear to be very similar to that of 
the statically overstrained bar immediately after the 
elastic limit is passed ; and when, therefore, no period of 
rest has differentiated the strain into elastic after-strain 
and permanent set. F 

In the ultimate stage of fatigue, the cracks which 
| end in rupture are doubtless produced by the con- 
tin to-and-fro sliding along crystalline cleavage 
surfaces. This action causes the attrition and removal 
of material from beneath these surfaces (Ewing and 
Humphrey, No 27). It is to us that 
such to-and-fro sliding is in operation from the time of 
appearance of a hysteresis loop; and upon this is based 
the commonly accepted explanation of plastic hysteresis. 

The work of L. Bairstow Ton 4) has thrown much 
light on plastic hysteresis. hen the cycles consist of 
unequal + and — stresses, he has demonstrated that, 
before adjustment of elastic limits to a of stress, 
the hysteresis loop is not closed ; and that plastic hyste- 
resis then consists of a cyclical strain, called by him 
“cyclical permanent set,” which is accompanied by an 
average strain of gradually increasing amount, named 
(the tensile maximum stress being greater than the com- 


pressive) ‘‘permanent extension.” If the ia not 
too great, ” ent extension” gradually ceases 
conde te dbappear ; wile andl dhnppeannnn the chesite 
tends to disappear ; with su isappearance the tic 
limits become adjusted to the st and the material 


recovers its elasticity. Recovery during cycles of equal 
+ stress was observed by Bairstow (No. 4, the width of 
the hysteresis loop being seen to decrease with repeti- 
tions of the same stresses. aw pny A under equal stress 
alternations is usually masked in fatigue tests by the 
circumstance that the primitive elastic limits are further 
a than the adjusted limits ; but some tests of Rogers 
(No. 62) of heat-treated steel sopeee to show adjusted 
limits higher than those found by static tests on the 
same treated material. 

Recovery during repetitions of stress is difficult to 
explain. The healing up, which occurs with rest after 
a single overstrain, is not by itself a sufficient explana- 
tion, for the stresses su each other too rapidly in 
alternating-stress tests for any material healing up to 
take place in anyone cycle. It has been shown (No. 82 
that adjustment of elastic limits (and therefore recovery 
occurs not only with slow repetitions of two cycles per 
minute, but also with 800 cycles per minute; and, of 
course, the existence of safe ranges of stress, one of whose 
limits may be outside the primitive elastic limits, is a 
fact known since the time of Wéhler. It may be con- 
jectured that recovery during cyclical stressing is a slow 
continuous action due to change in the material between 
slipping cleavage planes. The slowness of this action, in 
tests at laboratory or workshop temperatures, still obtains 
at higher temperatures ; but it spycam from the experi- 
ments of Unwin§ (No. 91) and Howard (No. 47) that the 
resistance to fatigue was somewhat greater at 400 deg. 
to 500 deg. Fahr. It may be noticed that the energy corre- 
ding to the hysteresis loop, which may cause er- 
rise of temperature of the test-piece, is generated at 
the slipping cleavage s which is the very locality 
where increased temperature will have its test effect. 

The small increase of resistance to fatigue mentioned 





* Rosenhain ; Journal of the Iron and Steel Institute, 
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above may possibly result either from a tendency to create 
a more extended elastic sage (due to recovery at the 
higher temperature, in which case the adjusted elastic 
limits would be further apart); or merely from a greater 
healing tendency counteracting the disintegrating action 
of the to-and-fro slipping, but not leading to any exten- 
sion of the elastic range, or from both these two together, 
the three su ted alternatives being, of course, different 
aspects of the same thing. The first of the three seems 
improbable from some experiments of Bairstow (No. 4) 
on alternate boiling and overstrain of a specimen pre- 
viously subjected to repetitions of stress in his machine. 
The considerations concerning temperature and recovery 
in static tests also are in accordance with this view. In 
short, it seems probable, though not quite certain, that for 
large limits of temperature the rapidity of (or rather slow- 
ness), or degree of tendency to recovery is somewhat 
affected, but not the extent of the elastic ranges of iron 
and steel. Y 

It should be noticed that Howard in a further paper 
(No. 48) found the resistance to fatigue much increased 
for tests carried out at 400 deg. to 600deg. Fahr. Whether 
the increase of 100 deg. Fahr. between the experiments 
of Howard’s papers, No. 47 and No. 48, corresponds to 
some critical change in temperature effect on unstable 
material between slipping cleavage surfaces, it is impos- 
sible, so far as the writer 1s aware, to say. . 

A point worthy of notice in Bairstow’s experiments 
(No. 4) is that the increase of width of hysteresis loop for 
a given increase of range applied was greatest for equal 
+ stresses. It would be expected that, with the accom- 
panying increase of ‘‘ permanent extension ” under un- 
equal + stresses, the increase of width of loop would 
have been the greater. That it is otherwise indicates 
that recovery must be in comparatively rapid operation 
during the increase of ‘‘ permanent extension,” so as to 
effect a continuous (because less interrupted) healing of 
the average amount of strain per cycle. 

In view of Uoker’s (No. 18) and McCaustland’s (No. 55) 
conclusions concerning absence of recovery at 0 deg. 
Cent., experiments such as Bairstow’s, conducted at0 deg. 
Cent., should throw light on the operation of recovery, 
especially in the case of cycles of unequal + stresses. 
Hopkinson has already suggested that his own experi- 
ments (No. 43) should be carried out at higher tempera- 
tures. 

Elastic Hysteresis.—When a metal is put through a 
cycle of stress of which the extreme stresses are less than 
any known elastic limit or limits of the material, the 
stress-strain diagram is found to be not a straight line, 
but a closed curve containing a very small area (No. 26). 
The name of “elastic hysteresis” is given to this pheno- 
menon ; its physical nature is not understood.* A review 
of recent papers on the subjext is given in Appendix I. 
of this Report. . . 

In the first place there is ground for belief that the 
increased decrement which has been observed after long- 
continued torsional oscillation of wires, and the subsequent 
decrease of decrement with rest, are accidental circum- 
stances pertaining to the use of wires in decrement 
experiments, but otherwise quite extraneous to the 
phenomenon of elastic hysteresis. The drawing process 
of wire manufacture renders material liable to give 
abnormal results, and it appears probable that these 
effects are due to crystalline cegrege slipping, of which 
they are quite characteristic: Hopkinson and Williams 
(No. 45) found no perceptible increase of hysteresis with 
a quarter of a million stress-cycles on a steel bar ; corre- 
spondingly, if no “fatigue of elasticity ” (as this alleged 
increase OF hysteresis has been called) occurs, there would 
be no corresponding recovery of elasticity. Should this 
absence of fatigue of elasticity be supported by further 
experiment, alleged points of resemblance between elastic 
hysteresis and fatigue of strength and recovery of elasticity 
in plastic hysteresis would disappear. 

tt may be remarked that there is 
believing that elastic hysteresis will a 
plastic hysteresis. The latter is an te effect of 
movements in the crystals, and is of muc ter magni- 


gue ground for 
ways accompany 





tude than the former ; but it seems clear that in general 
the cleavage slipping of plastic hysteresis affects at | 
the same time only parts of a portion of the whole 
number of crystalline grains composing a material ; thus 
the remaining parts and grains will doubtless be affected | 
with elastic hysteresis. 
The chief contrast between the two kinds of hysteresis | 
is furnished by certain effects of temperature. far as | 
the writer knows, there are no actual measurements | 
giving a comparison of the actual amounts of hysteresis, | 
of either variety, at various temperatures. But it appears | 
to be certain from experiments on torsional oscillations of | 
wires that increase of temperature causes considerable | 
increase of decrement of oscillations—i.e., increased loss | 
of ene by inc 
hand, the effect of tem 


reased elastic hysteresis. On the other | 
rature on plastic hysteresis is | 
complex (see article “ very of Minatlaity,” on page | 
637); the tendency is for decrease with higher tem- | 
perature, owing senreeee A to increased potency of | 
sevovery by ‘“‘healing” together of displaced portions of | 
crys je | 

ese temperature effects are evidence of a difference | 
of nature, and not merely of degree, between the two kinds | 
of hysteresis. The question arises whether elastic hys- | 
teresis, under cyclically-applied stresses, causes weaken- | 
ing or predisposition to plastic hysteresis. The sugges- 
tion of Bairstow (No. 4) that “‘below the static yield- | 
point, iron and steel appear to be capable of maintaining | 


* The following articles should be consulted :—*‘ Vis- 
cosity of Solids,” Art. 54; Love’s ‘‘ Theory of Elasticity ; | 
Art. 56, Ewing’s ‘Strength of Materials;” Article, | 
Encyclopedia Britannica,” 


** Ejasticity,” Lord Kelvin, “ 
ninth edition, vol. vii. 
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an unstable condition for a considerable time against 
cyclical variations of stress,” admits of a different and 
more simple explanation (see No. 66). Hopkinson, as 
as already mentioned, found nosign of increase of (elastic) 
hysteresis with 250,000 repetitions of a range of stress of 

6 tons per sq. in. ; and the results of experiments on 
resistance to alternating stress provide many instances of 
very long-continued cyclic stressing without fracture. 
Thus 200 million revolutions in a rotating-bar machine 
with calculated stresses of + 40,000 lb. per sq. in. (No. 48) 
have been withstood without fracture by a steel specimen. 

It is interesting to know that the experiments of Hop- 
kinson and Williams (No. 45) are being continued, with 
the general object of discovering how elastic hysteresis is 
related to the elastic limit. ; 

Speed Effect.—The influence of high rate of alternation 
of stress is to increase the number of repetitions requi 
for fracture, and apparently to increase the Wohler range 
(No. 43). It is pointed out in No. 43 that the range may 
not really be increased ; but that, on account of the la 
number of cycles required to fracture a specimen, the 
practical effect is virtually to increase the endurance 
either in range or number of cycles. 

Speed effect does not appear to become apparent at less 
than 2000 reversals per minute. (See Nos. 23, 43, 80, 65, 
82 and 84; also No. Bo. 

The article on ‘‘ Probable Causes of Speed Effect,” on 
page 147 of Proc. Roy. Soc. A. 86, January 31, 1912, 
should be consulted ; and reference may be made to the 
article ‘‘ Recovery of Elasticity,” in this Report. 


DiveRGent Resvutts or Faticur Txsts.* 


Suggested Causes.—1. Impurities (No. 3), flaws, &c 
pe 94), incipient cracks (No. 23) (such as would be left 

y a lathe-cutting tool after a deep cut). The improved 
endurance of ground specimens and of specimens filed 
and polished, in alternate bending tests, is om | 
due to the removal of small surface cracks. J. B. 
Kommers (No. 51) states that polished and also ground 
specimens showed an increased resistance over turned 
specimens of 45 to 50 per cent. : 

2. Unrecognised stresses, due to bending in a direct 
stress ; to vibration in any kind of test ; or to stress accu- 
mulation (No. 58). From the known difficulty of getting 
an axial pull or push in a direct static test, it is to be ex- 
pected that there will be some bending in alternate-stress 
tests with directly-applied tension and compression. In 
No. 43 it would appear that bending oscillations would 
surely have been detected by the apparatus used to 
measure the lengthwise strain. The records of the only 
other experiments in which strains corresponding to 
directly applied stresses were measured—viz., Nos. 4 and 
74, do not state that any bending effect was observed. 
It is noteworthy that the experiments in No. 82 with 
varying ratios between the maximum tensile and maxi- 
mum compressive stresses gave little variation in the 
values of the limiting range ; showing that bending, if 
any, had little effect; or that the bending was caused 
equally during tension and compression. Though it is 
difficult to draw conclusions, it seems likely that the line 
of resultant force in the specimen does not appreciably 
alter its position after the first few alternations of the 
approximate limiting stresses. This early change of 
position in this line would be one tending to equalise the 
distribution of stress in the specimen.t 

Alternate-bending tests upon solid rotating bars give 
an apparently greater value for the Wohler limiting 
range. The number of revolutions required for fracture 
is considerably greater than the number of reversals in 
tests with stresses directly applied. The f,n curves 


for the former are not, generally speaking, even approxi- | P' 


mately parallel to the axis of n after 10° revolutions, 
while in the latter there is indication that the curve is 
asymptotic to a line parallel to the axis n, and not far 
removed from the curve, at this number of cycles. Ib is 
to be expected that the calculated maximum stresses in a 
bending test will be somewhat higher than the actual, 
even when the bendings give the Wohler limiting stresses, 
because of stress equalisation near the ‘‘ skin ” of a speci- 
men (see remarks on No. 23). Unwin remarkst that 
** Bending experiments are not less trustworthy than 
tension experiments, and for stresses considerably less 
than the statical breaking weight probably the error in 
the calculated stress isnot a large one.” Hollow test bars 
are found to give “‘ f, n” curves more nearly a 
ing the curves for directly applied tension and com- 
pression. 

Carbon-Content of Steels and Resistance to Alternating 
Stress.—Speaking of steels which consist partly of pearlite 
and partly of ferrite, Rosenhain (No. 66) remarks :— 
‘* From the point of view of the resistance to compara- 
tively steadily-applied alternating stresses, the higher the 
carbon content up to 0.9 per cent. of carbon, the better the 
resisting power of the metal.” Nos. 23, 47, 62, 82, 90, 93, 
and —— No. 48, contain evidence in accordance 
with this statement. Heat treatment of steels may 
have, of course, an enormous influence on their resistance. 

Effects of Annealing and Quenching upon Resistance to 
Alternating Stress.—The effect of the ‘‘ annealing ” which 
has been done — the specimens of published alter- 
nate-stress tests been, in general, to diminish the 
resistance as compared with that of the material in un- 
treated commercial condition ; and the effect of the 
quecting done has been to increase the resistance greatly. 

tis pointed out elsewhere in the report (note on ‘‘ Heat 
Treatment”) by Dr. F. Rogers that for adequate study 
of this branch of the subject very precise information 


* See Note by Mr. E. M. Eden (page 639). 
+ See No. 82, and Proceedings of the Institution of 


Civil ——— clxvi., page 100. 
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concerning manufacture and of treatment previous to the 
specific treatment given must be available. 

Tests with Cycles of Combined Stresses.—The 
question has been raised—notably by Turner (No. 90)— 
whether a common factor may not be found for all kinds 
of stress systems when these systems are applied in 
simple harmonically varying cycles. Since the Wéhler 
limiting ranges have been shown to coincide with the 
elastic ranges (at any rate for direct stresses) this question 

mes very pertinent. The main result of Turner’s 
experiments is very briefly indicated in the comments on 
No. 90 in the bibliography. More experimental data are 
required. The table in Appendix II. (which is not repro- 
duced) gives all the information available at present. 
_ Alternate Stress with ted Impact. — The very 
— conclusion (see No. 83) arrived at by Stanton 
and Bairstow seems to be well substantiated by Roos 
(No. 64). The practical importance of the discovery may 
be gauged from the following quotation from No. 83 :— 
‘*The authors are of opinion that conclusive evidence hasy 
been shown that materials which are strong under alter- 
nating stresses are iu general strong under those shocks 
which are likely to be put upon them in ordinary machine 
practice.” 

Practical Utility of the Alternate -Stress Test.—The 
practical bearing of Wéhler’s results has long been recog- 
nised, witness the Launhardt and Weyrauch formule. 
(Proceedi: of the Institution of Civil Engineers, 
vol. lxiii., 1880-1; see also No. 3.) In view of the result 
of No. 83, it would appear that the repeated stress test 
ought to have enhanced importance. A Wohler test is 
rarely specified by engineers, who rely on the general 
result of research tests and on the eonvenient “factor of 
safety.” Resistance to sudden large shock is of at least 
equal importance with resistance to alternate stress, and 
these in general seem to be somewhat opposing require- 
ments. (See Nos. 3, 83, and 66.) The former necessi- 
tates ductility, while the latter requires a high natural 
elastic limit. These exacting and, in many cases, 
apparently inconsistent conditions would appear to 
render the Wohler test, as well as a sudden large impact 
test (for the former does not detect brittleness), all the 
more necessary. But it is unlikely, however, that any 
test for resistance to repeated stress will be extensively 
used until a rapid, simple, and inexpensive test has been 
discovered. 

Rapid Means of Determining Endurance under Stress 
Repetition.—1. Professor J. H. Smith's Method. (No. 74.) 
The method seems to be open to certain objection, and 
confirmation is required of its validity (see Notes on 
No. 74 in the bibliography) ; but there is promise that it 
may meet the need for a quick method of finding com- 
mercially the safe limits for alternating stress. 

2. Professor J. O. Arnold’s test. (Nos. 1, 2, and 3.) 
This test does not profess to give the elastic ranges, 
but only to be a practical substitute for the difficult 
Wohler test. The test, however, is qualitative only ; it 
certainly detects brittleness, which the Wéhler test does 
not; but whether it can give a quality factor which, 
besides excluding brittleness, includes resistance to re- 
peated stresses of very small overstrain, is a matter quite 
unproved. 

3. Method suggested by Bauschinger and latterly 
investigated by Bairstow (No. 2)—viz., a very few repeti- 
tions of alternate overstrain and heating to 100 deg. Cent. 
This has not been advanced as a quick method for finding 
the elastic ranges; indeed, further experiment is required. 
If the method should a satisfactory for certain classes 
of steel only, it would seem to be worth while to design 
special apparatus for carrying out expeditiously the 
resent rather cumbersome process. 

Should (1) or (3) be adopted, means would have to be 
taken to discover impurities and flaws, since these, which 
vastly limit the endurance, would not be detected. 

Materials other than Wrought Iron and Steel.—The in- 
formation concerning the resistance of materials other 
than wrought iron and steel is not extensive ; what the 
writer has found may be consulted by the aid of the fol- 
lowing references :— 

Cast Iron. 
-No. 23. Alternate + and — bending. 
», 59. Alvernate direct stress. 
o ™ ——— bending in one 
irection (see Unwin’s 
“Testing of Materials.”) 
Elasticity and strains 


under repented | Nos. 8 and 9. 
loading, &c. 


Endurance tests... 


Copper. 


Endurance tests ... _ a3} Alternate + and — bending. 


», 24. Alternate combined stress 
(with considerable over- 
strain). 


Suggestions for Research.—The writer understands that 
the following researches are in progress :— 

High-s tests on resistance at temperatures of 
100 deg. Cent. and other temperatures. ; 

Experiments on elastic hysteresis on a high-speed 
direct-stress machine. 

Experiments on alternating combined stress. 

Experiments on the effect on resistance of keyways, &c. 

The following suggestions for further research seem 
—— of consideration :— ! 

1. That experiments be made at 0 deg. Cent. with un- 
equal + stresses, in order to study the effect of recovery 
and adjustment of the elastic limits at that temperature. 

2. That (as suggested by L. Bairstow, No. 2) experi- 
ments be made to determine the ‘‘permanent extension,” 
if any, when the range of stress (direct) is less than the 


safe range. 
3. That the validity of the method of finding the safe 
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elastic ranges by two or three repetitions of alternate 
small overstrain and boiling ba further tested. 

4. That the effect of col — upon the “‘ natural” 
elastic limits be further investi : : ; 

5. It would appear that two desiderata—viz., resistance 
to repeated stress and resistance to large impact— require 
somewhat inconsistent qualities in the case of steel 
{Nos. 83, 3, and 66). Thus further work (thou b- 
ably mainly metallurgical and micrographic) should be 
done in order to ascertain, if possible, the best conditions 
for maximum resistance when both kinds of straining 
action above mentioned operate, as in certain service 
conditions. A point to be tested is the resistance to 
sudden impact of steel which has un test by alter- 
nating stress of approximately the Wohler safe range. 

6. That an elaborate series of alternating-stress endur- 
ance tests, all with the same material, be made on all the 
alternating-stress testing-machines in use; at the very 
least twenty test-pieces to be tested in each machine, and 
special precautions to be taken to ensure uniformity in 
the material.* 


Note on Heat Treatment. By Dr. F. Rocers. 

The effects of heat treatment upon the resistance of 
metals to alternating stress form an almost entirely 
metallurgical aspect of the subject. The value of some 
published work is very doubtful, because of the vague 
use of such terms as “‘ annealing” and ‘‘quenching.” In 
order that a heat treatment may be sufficiently specified, 
the following particulars, or others from which they may 
be derived, should be given :— : 

Composition of the steel, process of manufacture, its 
condition before the treatment in question (whether as 
rolled or forged, or heat-treated and how), the size of the 
piece. top temperature of the treatment, duration of heat- 
ing at that temperature, rate and manner of cooling, 
whether in a furnace, in the air, or a liquid. A so-called 
annealing of a small piece may happen to be equivalent 
to the quenching of a large piece at some point in the 
large piece, except in so far as the result is affected by 
the previous treatment in each case. : 

The present state of knowledge is such that the condi- 
tion of the material can frequently be equally well, if not 
better, defined by the results of various familiar mecha- 
nical tests, together with composition and micro-struc- 
ture, as by a precise statement of the known portions of 
the heat treatment. On this account, when the effects 
of heat treatment on the endurance under alternating 
stress are being dealt with it is desirable that as much 
collateral information about the material as possible 
should also be given. Largely on account of the more or 
less natural jealousy of manufacturers little information 
of practical value has been published. It may be as well 
to confine present attention to carbon steels of carbon- 
contents not exceeding what is usual in rails, say about 
0.50 per cent. carbon, since practically no information 
on the remaining steels is to be found in the literature. 

The complexity of the subject has already been sug- 
gested. Further, however, it is necessary to remember 
that in any dynamic tests the relative importance of a 
flaw such as a crack, a non-metallic enclosure, or even a 
tool-mark, is relatively very great, and depends upon the 
composition generally, increasing, for example, with the 
carbon content. Heat treatment may increase or 
decrease the relative importance of such flaws according 
to the kind of treatment and the previous condition of 
the steel. ; 

Apart from flaws of the kinds mentioned, steel in the 
rolled or forged condition occasionally happens to be 
weak dynamically. For the present purpose it appears 
necessary to consider the effects of heat treatments upon 
steels in the rolled or forged condition which are not 
weak from either of these causes. There are then three 
main classes of treatments to consider :— 

1. Overheating.—This in general diminishes the endur- 
ance under alternating stress (62 and 87). When extreme 
it merges into ‘‘ buruing,” from which it is distinguished 
technically. Slight overheating, on the other hand, is 
the same thing as some of the processes which are 
called annealing. fee 

2. Reheating through the critical range is, in general, 

capable per se of bringing the endurance to a normal . = 
value, or of leaving it undisturbed, yoy | to the 
state of the steel before the treatment (Nos. 62, 85, 86, 
and 87). The following factors tend to make the effects 
of such reheating approximate more and more to those 
of overheating: (a) the more the temperature exceeds 
the upper limit of the critical range ; (b) the greater the 
duration of heating above the lower limit of the critical 
range; (c) the slower the cooling through the critical 
range (62). 
_ 8. The speed of cooling through the critical range has 
in any event a most profound influence upon the endur- 
ance under alternating stress. Generally speaking, it 
rape that the more rapid this cooling the greater is 
this endurance (62, 33). 

As to the effect of cold work upon endurance of alter- 
nating stress, there are no data available. It is well 
known to manufacturers that it increases the endurance 
greatly in some cases—for example, wire. This fact also 
explains partly why in some published experiments 

¢.g., 62) “annealing” diminished the endurance. The 

ts from which the tests were cut were of small section, 
and therefore they were somewhat cold worked, and also 
relatively rapidly cooled, in manufacture. They were 
much more slowly cooled in some of the experimental 
ann 

The effect of annealing after a metal has withstood 
large numbers of alternations is also one which can only 
be answered when man tical parti sof the metal 
are known. In (47) no 


* Suggested by Mr. E. M. Eden. 











par 7 
T Foot was found. In (62) it was | 


clearly proved why no effects could be obtained from 
a Poy @ certain — of the fatigue had been 
. At a comparative early stage minute incipient 
cracks are sufficiently open to contain air. Hence the 
faces oxidise, effectually ending any possibility of reunion. 
Note on Microscopic Effects of Alternating Stress. 
By Dr, F. Rocrrs. 

This has been exhaustively elaborated in a very few 
ge The main conclusion is to show that cracks form 
y the development of repeated clea seen as sli 

bands. This was done in (27) for iron, and in (62, 
and 82) for steel. In (63) and (82) the influence of the 
constituents is noted, and in particular the avoidance of 
the ler carbon containing constituent by in- 
cipient fracture is noted.* Further, the fatigue of steels 
which had been variously heat-treated on systematic 
lines is similarly studied. This helps to throw hght upon 
the overheating of steel, &c. 

Remarks on the Phrase *‘Crystallisation through Fatigue.” 
—From views which I have elsewhere expressed (No. 63a) 
as to the microscopic nature of strain effects, it will doubt- 
less be expected that I do not endorse the use of this 
hackneyed phrase. Twinning and recrystallisation 
of polyhedric steels might, however, be regarded as 
admissions of the possibility of recrystallisation after 
straining, and therefore possibly after fatigue. But my 
view is that the expression arose through the crystalline 
sapee which is well known upon the fracture of 
defective iron, and was later sometimes found on frac- 
tures of relatively brittle steel. I always find evidence 
that when such “crystalline” fractures are obtained, 
they can also be obtained without fatigue; and, further, 
that metal which gives a fibrous or silky fracture does not 
develop ‘‘ crystalline ” fracture by fatigue. 





Note on Stress Alternation Curves for Bending Tests 
on Rotating Bars. 


By E. M. Even. 


Wohler’s rotating cantilever experiment showed that 
nm (the number of rotations to fracture) depended on f 
(the maximum stress). For two materials, ‘‘ Phoenix 
iron” and ‘‘ Homogeneous iron,” a fairly definite curve 
can be obtained by plotting the stress f against the number 
of alternations n, the curve extending in the case of the 
Pheenix iron from n = 50,000 to n = 20,000,000, and in 
the case of the homogeneous iron from n = 3000 ton = 
4,000,000. The other materials experimented with by 
Wohler appeared to obey similar laws, byt the results 
were much more irregular. Later rotating- ex peri- 
ments than Wohler’s on steel, iron, and —— confirm 
the form of f, n curve given by these wrought-iron tests, 
but the more modern experiments have usually only 
carried the f, n curve up to n = 10°. The form of the 
jf, ncurve suggests that there isa limiting value of the 
stress f below which fracture cannot be caused by any 
number of alternations ; this limiting stress may be called 
ji. Values have been assigned to this limiting stress by 
Wohler, but I cannot see any reason for thinking that 
the values he gives are correct. In practice material does 
not have to withstand an indefinite number of alterna- 
tions of stress, but the useful life of some machinery may 
involve some hundreds of millions of alternations of stress. 
In solid rotating-beam tests the resistance of a material 
to 108 alternations ( f,)°) would ap to be considerably 
lower than the resistance to 10° alternations ( f}°). 

fi, the limiting stress, is the value of f where the f, 
curve is horizontal; as far as I know it has not been 
reached in any solid rotating-beam test. 

Alternating-stress tests in direct tension and compres- 
sion on reciprocating weight-testing machines with a 
presumably uniform distribution of stress over the cross- 
section of the test-piece, show f, n curves, which, although 
in many cases rather vague in form, are more nearly hori- 
zontal after 10° alternations than the curves from solid 
rotating-beam tests, and it is possible that in these tests 
the limiting stress f; has been nearly reached, or that 
Fio8 may not be much lower than f\,°. Quite lately it has 
been shown that rotating cantilever tests with hollow 
test-pieces, where the stress should be nearly uniform 
over the cross-section also give a curve more nearly hori- 
zontal at 10° alternations t the curve from solid test- 

jieces ;+ in fact, f: appears to have been reached with 

,000 alternations. These hollow cantilever tests help 
to explain the difference between the form of f, n curve 
obtained from the rotating bar and reciprocating mass 
types of testing-machine ; but, unfortunately, this is not 

e only difference in the results of tests on the two 
machines. 





Note on the Divergent Results of Alternating-Stress Tests. 
By E. M. Epen. 


In the reciprocating weight-testing machine, rate of 
alternation of stress, number of revolutions per minute, 
largely affect the endurance stre’ whereas in & 
rotating-beam ine the endurance strength is quite 
unaffected by speed. Although, as far as I know, alter- 
nating-stress tests of the same material in different 
testing-machines have not been published, yet it appears 
to be im ible for the two ty of machines just 
mentioned to give the same endurance figures, as if 
they did agree at one speed they would not do so at 
another. It appears that endurance under an alternating 
| stress, or resistance to an alterna’ stress, cannot at 
| present be determined for any material—the values ob- 
| tained will depend on the testing-machine that is used. 
In the Reynolds-Smith endurance tests with a recipro- 








* For a review of this question see 78. 
| + ‘Welded Joints in Iron and Steel,” Proc. 1.C.E., 
| vol. clxxxviii. 





cating weight machine a high-tenacity steel showed a 
lower endurance strength than a steel of much lower 
tenacity. Such a result has never been obtained with a 
rotating-beam machine where increase in endurance 
usually accompanies increase in tenacity, and this again 
rather points to some unexplained difference in the 
destructive action of the two types of machine. Appa- 
rently ei the calculated stress in one or both types of 
testing-machine is not the true stress, or something else 
besides the intensity of the alternating stress affects the 
endurance. In either case the calculated values of f; and 


Jc are not the only factors affecting the endurance of 


f There are some other factors besides 
{i and f. which are known to affect endurance ; the distri- 
ution of the stress over the cros3-section has been 
referred to before, and the condition of the surface, and 
the form of the test-piece, are also known to largely 
— endurance, but none of these can explain the speed 
effec 
_ In this connection it is, I think, worth noticing that it 
is not at all easy to repeat an endurance test and obtain 
exactly the same result. Two test-pieces cut from the 
same bar of meta] will not usually show the same endur- 
ance when tested under what are intended to be the same 
conditions, on the same alternating-stress testing-machine; 
a great deal depends on the machine and on the care 
taken ; but in many published tests there is a great want 
of agreement between different tests of what is said to be 
the same material, and it is probable that many unpub- 
lished tests would show even larger variations. This 
variation in the apparent endurance strength of tesb 
pieces cut from the same bar may be due to an actual 
variation in the material, to local weak spots in the 
structure of the bar, or to differences in the amount of 
surface damage in machining or grinding the test-pieces, 
or they may be due to the test-piece calle being treated 
differently in testing, such as one piece ) F a run more 
out of truth than another, While there is no doubt that 
in the case of some materials there may really be a differ- 
ence in different parts of the same bar, yet there is some 
evidence that the apparent variation in endurance 
strength is not always due to this alone. In the alter- 
nating shock or repeated-impact tests of Dr. Stanton* 
different test-pieces from the same bar of steel gave prac- 
tically identical endurance results. If the variation in 
endurance of different test-pieces from the same bar when 
tested in an alternating-stress testing-machine is due to 
variation in the material, it is remarkable that alter- 
nating-shock tests should not be affected in the same 
way, for the impact tests referred to are really alter- 
nating-stress tests with suddenly-appiied stresses, which 
are not calculated in tons per square inch. Alternating 
stress in practice is often accompanied with repeated 
shocks or occasional shocks or vibrations. In a testing- 
machine such shocks or vibrations are as far as possible 
eliminated, but it may be that these or the stresses caused 
by these affect the endurance. 

Suggestions for Experimental Work.—There seems to be 
room for a great deal of purely experimental work on 
alternating stress and endurance; to help to clear up 
some of the immediate difficulties of the subject I would 

gest :— 

. An elaborate series of alternating-stress endurance 
tests all with the same material on the alternating-stress 
testing-machines in use, at the very least twenty test- 
pieces to be tested in each machine, and special precau- 
tions to be taken to ensure uniformity in the material. 


a piece of material. 





The remainder of this re presented to the British 
Association consists of Ap ices, which, from considera- 
tions of space, weare unable to print. These are :— 

Appendix I. Brief Review of the Papers in the Biblio- 
graphy on Internal Friction, Hysteresis, Effects of Mag- 
netism, Temperature and Oscillatory Di By Dr. 
F. R Ll hy on Alternating Stress. By 
W. Mason and F. W. Rogers —The Resistance of Tubes 
to Collapse. By Gilbert k.—The bibliography would 
occupy nine columns of this paper. 

Appendix II. Available Data on the Effect of Anneal- 
ing on Endurance and on the Comparative Endurance 
in + Direct Stress (or Bending) and + Torsion. 





CanapIAN Rattway Svssipies.— The railways of 
Canada have been largely built under different forms of 
Government, State, and municipal aid. The principal 
forms of the assistance granted has consisted of land 
given, cash subsidies, loans, the issue of debentures, and 
the guarantee of bonds or interest. The total area of 
land granted as subsidies to steam-railway companies by 
the Dominion and Provincial Governments amounted at 
the close of June, 1912, to 56,052,055 acres. The Dominion 
Government has itself undertaken the construction of the 
eastern ion of the National Trans-Continental Railway 
from Moncton to Winnipeg, and the expenditure made 
upon the line to the close of March, 1912, was 116,533,769 
dols. The Dominion Government also owns and works 
the Intercolonial Railway, which extends from ocean 
ports in Nova Scotia and New Brunswick to Montreal ; 
the Dominion Government further owns and works the 
Prince Edward Island Railway. The total amount of 
cash Government subsidies paid to Canadian railways 
during 1912 was 5,892,818 dols. ; of this sum, 5,858,163 
dols. were paid by the Dominion Government; 26,155 dols. 
by provincial governments, and 8500 dols. by municipali- 
ties. From 1851 to the close of June, 1912, the total 
value of public aid granted to steam railways in Canada, 
exclusive of the capital of the two Government-owned 
railways—the Intercolonial and the Prince Edward 
Island—amounted to 208,072,074 dols. 

* Proceedings of the Institution of Mechanical Engi- 
neers, No. 4, 1908. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in’each vate at ans © emttoned the ‘Specification is not 
illust . 

Where dusontions are communicated from abroad, the Names, &c., 

ote eet try etn Point Ofer, ela 

ions ma t , 
‘Branch, 25, Southam; ~4 Buildings, Chancery-lane, W.C., at 
the uniform pri: 


ow of 8d. 
advertisement of the tance of a Complete 
Specifieation is, in each case, given after the abstract, unless the 
caled, when the date of sealing is given. 
Any person may, at any time within two months the date of 
the advertisement of the ance of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
atent on any of the grow mentioned in the Act. 


HYDRAULIC MACHINERY. 


13,993/12, H. 8. Hele-Shaw, F. L. Martineau, and 

. E. Beacham, London. Hydraulic Motors. [11 Figs.) 
June 15, 1912.—This invention relates to improvements in hy- 
draulic apparatus, and has for its object to provide a machine 
comprising a number of cylinders or the equivalent of cylinders 
having its pistons or their equivalents controlled by means of a 
can) or cams. The cams are given the curvature set forth in 
Specification No. 336, of 1912, whereby a uniform rate of rotation 
of the driving shafc corresponds —_ to a uniform flow of 
working fluid into and out of the machine. The invention has 
particular reference to hydraulic motors of the type wherein 
radial cylinders co-operate with a central valve and rollers upon 
the outer ends of the pistons co-operate with a cam path. An 
hydraulic motor, according to this invention, comprises a central 
cylindrical distributing-valve, through which the liquid 8 
radially across the line of division between it and the cylinder 
ends, means for conducting liquid to and from the ports of the 
valve, cylinders co-operating with the valve, pistons reciprocating 





in the cylinders, rollers or equivalent devices carried by the 
pistons, and cams or cam paths of elliptical form conforming to 
the formula set forth in Specification No. 336 of 1912, and 
stationary in position relative to the distributing-valve with which 
cams or cam-paths the pistons co-operate. In the machine shown, 
the distributing-valve 4 is coned into the member 5 and held by 
the nut 6. Ports 7 in the member 6 lead to ports in the central 
valve 4, which are connected by longitudinal ports 9 within the 
valve to their respective ports 10 leading to the cylinders. The 
cylinder body 11 rotates upon the central valve 4. It has a sleeve 
extension 12, into which the shaft 13 is keyed, and to which the 
flange thereon is bolted. The pistons 16 are fitted in the cylinders. 
In each piston is fitted a journal or trunnion-pin 17, which carries 
rollers is preferably mounted on ball-bearings. These rollers are 
constrained by the stationary cam-paths 19 constructed accord- 
ingly to the formula previously mentioned. Slots 20 are provided 
in the cylinder-walls to permit the trunnions 17 to reciprocate. 
(Accepted July 23, 1913.) 


11,608/12. W. G. Kent, London. Controlling Flow 
of Water in Mains. [| Fig.) November 15, 1912.—The 
object of this invention is to provide means for shutting a valve 
in a water main when any predetermined quantity of water has 
panes. According to this invention, a valve in a main is actuated 
»y means of a piston working in a hydraulic cylinder to which 
pressure is admitted through a valve operated by the counter of 
a meter which registers the flow of water in the main. The 
arrangement is illustrated in the diagram in which V is a venturi 
tube, from the up-stream and throat of which pipes u, t lead to any 
well-known ar t ting a counter g which actuates an 
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elastic device A, which, on the predetermined quantity being 
reached, starts a motor i, which traverses a rack and reverses a 
valve @, into the casing ) of which opens a pipe u! from the main, 
an exhaust pipe e, pipes a, y, leading to the two ends of a 
cylinder c, the piston p of which is connected to a butterfly 
vaive v in the tube V. In order to 1 mee 4 too rapid closing of the 
valve v when the flow is very rapid and therefore the pressure in 
the main high, the pipe wu! may introduce pressure beneath a 
spring-loaded piston in a cylinder c!, which piston actuates a 
needle valve in the exhaust pipe. Normally the parts are in the 


position shown, and the pressure from the pipe wu! through the 
valve-casing ) and pipe y holds piston p down and the valve v 





open ; but when the valve a is thrown over, it puts pipe z into 
communication with pipe u! and pipe y into communication with 
the exhaust-pipe ¢, so that the piston p is raised, closing the valve 
v. » however, the pressure in V be us] the 
needle valve above referred to wili be rai and the exhaust 
from above piston p through — y will be throttled, and further 
movement of the valve v will be prevented until the pressure has 
dropped. (Accepted July 23, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1732/13. The Electric and e Accessories 
Company, Limited, and L. M. Ellis, Birmingham. 
Tool-Chucks or Sockets. (4 Figs.) January 21, 1913.— 
This invention relates to chucks or sockets which are intended 
more particularly for use with drills, reamers, and similar tools, 
and are of the kind wherein the tool or tool-holder has a tang at 
its inner end engaging with a corresponding slot formed in the 
chuck or socket body, and is provided with means such as a sleeve 
co-operating with spherical or other shaped bodies adapted to 
become en d or disen th an annular or segmental 
groove in the tool or tool-holder in accordance with the position 
of the sleeve, thus permitting of the tool being readily removed 
from the chuck or socket, and replaced b' ther without 
necessarily stoppin” the hine to which the chuck is applied. 
According to this invention, the applicants provide a chuck or 
socket of the above kind with means whereby the tanged end 
of the tool or tool-holder is guided or directed into proper | 
omens with the aforesaid slot in the chuck or socket- 

y during the insertion of the tool or tool-holder into 
place. A is the chuck body, provided at one end with a 
tapered shank a for insertion into a correspondingly tapered 
socket of the machine in the usual manner. B is the 
tool-holder, which is of cylindrical form externally, and has 












its inner end provided with a driving tang ). The tool- 
Fig.1.& ; ‘ Ftg.2 
pan 4 
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holder is tapered internally in the usual manner, for the 
reception of the tapered shank of the tool, a transverse slot 
being formed at the inner end of the tool-holder for the usual 
tang on the shank of the tool to engage with. The tool-holder is 
formed with the circumferential groove lL! for the balls E tc 
engage with. D is the adjustable sleeve, which is capable of 
sliding lengthwise to a limited extent, and is formed with an 
internal annular ve d,into which the balls enter when the 
sleeve is at the limit of its movement in one direction, and thus 
become disengaged from the circumferential groove }1 to permit 
the tool-holder to be withdrawn from the chuck body. When the 
sleeve is moved to the limit of its movement in the opposite 
direction, as shown in . 1, its annular groove lies out of coin- 
cidence with the balls, and its cylindrical wall bears against them, 
thus keeping them firmly held in engagement with the cir- 
cumferential groove }! in the tool-holder, and retaining the latter 
in its ae connection, as is well understood. C is the driving | 
member which, in the example shown, is secured in place within 
the body of the chuck by means ofa transverse-pin c!. This drivin 
member is formed at each side of the slot ¢ with the inclin 
surfaces c*, which are inclined in opposite directions, as seen in 
Fig. 2. These surfaces act as guides for directing the end of 
the tang b of the tool-holder into the slot c, thus facilitating the 
introduction of the holder into proper driving engagement with 
the chuck or socket. (Accepted July 9, 1913.) 


MOTOR ROAD VEHICLES. 


| is damped 'p 





10,890/13. F.H. Royce, and Rolls-Royce, Limited, 
Derby. Motor Road Vehicles. (2 Figs.) May 8, 1913.— 
This invention relates particularly to that method of mounting | 
the engines of motor road vehicles in which the engine is free to | 
rock about the centre of its crank-shaft, said movement being 
controlled by a. According to the present invention, the | 
movement of the engine about its longitudinal axis is controlled | 
both by springs and by damping devices operating between the 
engine and the frame so that before any vibration arising from | 
the reaction of the engine can be transmitted to the side members 
of the frame it must first pass through both the springs and | 
the damping devices, whereby its effect on the side members of the 
frame is very iderably reduced. The crank-chamber a of the 





| 
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engine, on which are mounted the cylinders b, is provided with 
fore and aft extensions or trunnions c and c!, which are carried in 
housings or bearings d, d!, carried by cross tubes e, which are 
rigidly fixed to the side members z so as to form parts of the 
frame of the vehicle. The extensions or trunnions and their 
housings or bearings are preferably arranged concentric with 
the crank-shaft of the engime, but this is not —y- The 
engine is kept in a vertical position by means of springs A acting | 
on each side of an arm or bracket m carried by the crank-cham- | 
ber a, the outer ends of the springs abutting against arms or | 
brackets n carried by the cross tube ¢. The arms or brackets n 
carry a bolt or pin, which passes through the arm or bracket m, 
and serves to retain the springs A in their working positions, the 








hole in the arm or bracket n being of such a size that the arm or 





bracket m wiil not contact said bolt or pin during the oscillations 
of theengine. Between the housing or ring d and the adjacent 
face of the crank-chamber a is interposed a friction damper, which 
comprises a disc r formed on, or carried by, the housing or bear- 
ing d, a suitable friction face on the adjacent face of the crank- 
chamber, and a spring ¢ mounted on the extension or trunnion c, 
which, by abutting against an adjustable nut screwed on said 
extension or trunnion, operates to create friction between. the 
engine and the frame. It will be seen that by this construction, 
before any movement of the engine can take place, the frictional 
resistance between the disc r and the friction face must be over- 
come, the result of which is that the engine is prevented from 
getting into a state of oscillation due to the recoil of the springs h. 
(Sealed October 16, 1913.) 


PRINTING AND ALLIED MACHINERY. 


17,27812. The C ters’ Association, 
Limited, and C. Roberts, Manchester. Lithographic 
Printing: [2 Figs.) July 25, 1912.—This in- 
vention relates to improvements in lith phic printing-ma- 
chines for printing paper, textile fabrics, and other materials and 
fabrics, and particularly to machines of the type in which the 
design to be printed is transferred to a printing surface, usually 
and —— the surface of a metal cylinder or roller, which 

or to the application of the printing ink or colour 
a designates the main 


to the designs applied to its surface. 


| bowl of the printing-machine; » the litho roller; and d an 


atomiser or spraying device for supplying moisture or aqueous 
vapour to the litho roller. According to this invention, the paten- 
tees employ a spraying device to apply the printing ink or 
colour, and, in the example shown, the spraying device consists 
of a jet or tube e controlled by a needle f and supplied with 








(17,278) 


colour contained in a trough or receptacle g. The needle valve 
is operated by a lever h against the resistance of a spring ard 
carries a clack which is seated in a hole on a partition wall k, and 
when the needle-valve is opened, the clack also opens with it 
and allows compressed air, or the like, to flow from the pipe or 
chamber m into the tube e, and deliver a jet of colour on to 
the litho roller b. The patentees employ any required number 
of these colour-spraying devices e, and for convenience couple 
all the valve-operating levers h to a bar n which is actuated by a 
finger o on a shaft p to open all the valves simultaneously. Any 
excess of colour applied to the litho roller ) either runs intoa 
trough q or is removed by the vacuum device 7, which, in the 
example illustrated, consists of a hollow-box or chamber in com- 
munication with any suitable device for exhausting the air and 
drawing off the surplus ink or colour through a strip of fine wire 
gauze. (Sealed October 2, 1913.) 


MISCELLANEOUS. 


16,949/12. Societe Anonyme pour l’Exploitation 

es Proce ouse - Leblanc, Paris, 
France, and M. Leblanc, Cro A ce. Balancers 
Masses. [2 Figs.) July 20, 1912.—The pre- 
sent invention relates to improvements in the method of auto- 
matically balancing rotating masses described in Specification 
No. 8527/12, which method consisted in partially filling with 
mercury one or more circular channels formed in the periphery 
of a disc keyed on the rotary shaft. The improvements de- 
scribed in the present specification relate to means for damping 
the movements of the mercury and preventing it from passing 
—— its tion of equilibrium. ese means consist in pro- 
viding suitable perforated plates placed in the circular channels, 





which prevent the liquid from acquiring any considerable velocity 
relatively to the containing-walls, and also in adding a viscous 
material, such as vaseline, so as to float on the surface of the 
mercury contained in these channels. As shown in the circular 
channels, sheet-iron plates a! are placed at equal intervals in 
grooves formed in the sides of the rim, which forms the external 
periphery of the channel. In each plate there is a small opening 
near the external wall of the ring, and another longer opening 
near the internal wall of the ring. The mercury flows from one 
compartment to another through the openings near the external ,- 
wall of the ring, to take up its surface of equilibrium. The air or 
viscous liquid which fills up the partments pes by the 
+ Pa ae near the internal wall of the ring. (Sealed October 2, 
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THE INSULATION OF FURNACES. 
By Cuas. R. Darina, A.R.C.Sc.1., Wh.Ex., 
F.1.C. 


Tue advantages resulting from the efficient lag- 
ging of steam-pipes, boilers, and cold stores have 
long been r ised, and it therefore appears 
strange that hitherto little attention has been de- 
voted to the insulation of furnaces in general. An 
impression exists amongst engineers that the fire- 
brick lining of a furnace provides sufficient insula- 
tion in itself, and that the application of an ex- 
ternal lagging would cost more than it saved. 
This belief, in the author’s opinion, is entirely 
erroneous, as all the available data point to the 
conclusion that a considerable financial saving 
could be effected by lagging furnaces of all types. 

As usually constructed, furnaces consist of a 
firebrick lining and an outer iron casing, and in 
order to arrive at an estimate of the heat escaping 
under working conditions it is necessary to know 
(1) the temperature of the outer surface ; and (2) 
the rate at which heat leaves an iron surface at the 
temperature existing. The former may be measured 
by means of a thermal-junction and calibrated 
galvanometer, whilst the latter may be derived 
from ——- experimental data. Fig. 1 shows 
graphically the heat escaping, in B.Th.U. per 
square foot per hour, from an iron surface at 
different temperatures when the surrounding atmos- 
phere is at 70 deg. Fahr., and the actual losses 
under any given conditions may be read off from 
the curve. Two examples will now be given to 
show the magnitude of the losses which occur in 
practice, and it will be found that the figures 
obtained are much larger than is generally realised. 
The first example refers to a re-heating furnace for 
steel, which essed an exposed surface of 
430 sq. ft., of which 330 sq. ft. were represented 
by the sides, and 100 sq. ft. by the top. The 
lining consisted of 9-in. firebrick, bound at the 
‘sides by cast-iron plates, 2 in. thick, the top — 
uncovered. Readingsof surface temperatures an 
also of the internal temperature were taken at 
intervals during a week of normal working, with 
the following results :— 


. _ 1450 deg. to 
1600 deg. Fahr. 
exterior, plates... 300 deg. Fahr. 


(aver ) 
fire-brick 390 deg. Fabr. 
(average) 


The loss of heat from the iron plates at 300 deg. 
Fahr. worked out to (700 by 330) = 231,000 
B.Th.U. per hour, the escape per square foot, as 
seen in Fig. 1, being 700. It was assumed that the 
firebrick surface radiated at the same rate as an 
iron surface at the same temperature, the loss from 
which at 390 deg. Fahr. would be 1100 B.Th.U. per 
sq. ft. per hour, which gives the escape per hour 
from the top as 110,000 B.Th.U. The total loss 
per hour was therefore 341,000 B.Th.U., which, in 
an average case, would represent the equivalent of 
threepennyworth of fuel. Assuming the furnace 
to be in use for a year of 300 working days of 
twenty-four hours, the financial loss due to escaping 
heat would amount to no less than 901., an item 
which is surely =“ of special attention. The 
second example, which represents the results ob- 
tained by the author in connection with a rotary 
cement-kiln, is equally striking. In this case 
the external surface varied in temperature from 
400 deg. Fahr. at the hottest part to 150 deg. Fahr. 
at the entrance to the flue, the average being 
280 deg. The heat loss per square foot per hour was 
therefore 610 B.Th.U., and as the area of the ex- 
posed surface was 2830 sq. ft., the total escape per 
hour was 1,726,300 B.Th.U., equal in 24 hours to 
24 tons of the coal used. The heat escaping in 300 
working days would therefore represent a loss of 
750 tons of coal. 

Until quite recently, the actual saving effected 
by lagging a furnace of the ordinary type had not 
been worked out experimentally. In the Trans- 
actions of the Sunley Society for 1905 Hutton 
and Beard described a number of tests made with 
a small furnace, with a view to determining the 
thermal conductivity of heat-insulating materials, 
and suggested that an advantage would result from 
the lagging of furnaces in general. In the discus- 
sion which followed, the writer pointed out that 
_ sults more applicable to practice could be secured 
by maintaining the interior of a furnace at a con- 
stant temperature by electrical means, the insu- 


Temperature of interior 


” ” 


lating power of the material being deduced from 
the watts expended in preserving the constant tem- 
ature. Experiments on these lines have recently 
mn carried out by Mr. F. A. J. FitzGerald, the 
results of which were published in the Transactions 
of the American Electrochemical Society for 1912. 
A firebrick furnace was constructed and heated 


| internally by an electric heater to several constant 


temperatures, the watts used being noted in each 
instance. A second set of readings was then 
taken, with the exterior lagged with insulating 
material 1 in. in thickness. The results are shown 
graphically in Fig. 2, in which the continuous line 
A represents the losses from the uncoated furnace, 
and the dotted line B the diminished loss due to 
the lagging ; watts being converted into B.Th.U. 
per hour. It will be observed that the saving 
effected is more than 50 per cent. over the whole 
range of temperature observed; and a greater 
thickness of lagging would, no doubt, further 
increase this saving. Mr. FitzGerald’s results are 
of great importance, as they indicate conclusively 
that the heat saved by the use of lagging would 


: 1. 
3000 


: 


: 





200 60. 
Temperature of Surface.Deg.F. 


2. 


400 


o 


B.Th.U-Escaping per Square Footper Hour. 


(3465.A.) 








4000 


3200 


2400 


1600 


800 


B.Th.U. Escaping per Hour: 


o 
(465.8) Internal Temperature,Deg.F. 


greatly exceed in value the cost of the insulating 
material, 

Referring again to the re-heating furnace, for 
which the heat losses were given, and assuming 
that 50 per cent. could be saved by lagging, the 
financial gain would be 45/. per annum. Against 
this must be placed the cost of application and 
renewal, which items will now be considered. 
Assuming a layer of slag-wool 1} in. thick to be 
—_— to the whole exposed surface of 430 sq. ft., 
the material being packed to a density of 30 lb. 
per cub. ft., the weight required would be 1612]b., 
the cost of which, at 51. per ton, would be 31. 12s. 
In addition to this a special arrangement of spaces 
would be necessary in the case of the sides, in order 
that the strengthening effect of the iron plates 
might not be seriously impaired. Assuming the 
cost of this modification, together with labour 
charges, to be 30/., there is still a margin of profit 
on the first year’s working of over 11/. As the 
lining of such a furnace, if not heated above 
1800 deg. Fahr., lasts for a number of years, 
no renewal of lagging due to re-building would 
be necessary during such period, and consequently 
the saving after the first year would be 465/. per 
annum. As an alternative to slag-wool, kieselguhr 
at 5l. per ton might be used with equally good 
results ; or insulating bricks might be employed, 
which would obviate the necessity of modifying 
the iron casing. A further a gained would 
be the reduced temperature of the surrounding 
atmosphere, which would render the working con- 





ditions more tolerable, particularly in hot weather. 





There are no evident practical objections to the 
scheme proposed ; on the contrary, its advantages 
have been proved in the case of producer-gas fur- 
naces in which it has been tried, and an unlagged 
furnace must be regarded as one in which energy 
and money are being needlessly wasted. 

The satisfactory lagging of a rotary cement-kiln 
presents greater difficulties, as the appearance of 
hot patches on the iron casing serves to locate the 
spots at which the lining is worn thin and in need 
of repairs. If lagged externally, the plates might 
be burnt through in places before the Steslendicn 
of the lining was detected, thus involving the cost 
of patching or renewal of the plates. In some 
modern examples a layer of asbestos 1 in. in thick- 
ness is inserted between the firebrick and the 
casing, which, from the standpoint of heat economy, 
is said to give satisfactory results. Such a lining, 
however, will probably require more ae pry re- 
newal than an external lagging, particularly at the 
hot end of the kiln ; and ctice alone will show 
the advantages accruing from its use. The ideal 

ing in this case would be a brick of high in- 
sulating power, mechanically strong, and cheap, 
but at present no material has n discovered 
— in these respects to ordinary firebrick. 

t will be evident from the foregoing that the in- 
sulation of furnaces is well worth the attention of 
manufacturers, and it is hoped that this article 
will lead to practical trials, which, even if less 
successful than the figures given would indicate, 
should result in a considerable financial saving. 








7000-KILOWATT STEAM-TURBINE AT 

THE TRAMWAY POWER:STATION, 

SYDNEY, N.S.W. 

Durine the past six years Messrs. Willans and 
Robinson, Limited, of Rugby, have installed 
es oe plants of an te 
capacity exceeding 500,000 kilowatts. Amongst 
the earliest of independent firms to embark on the 
construction of the ‘‘straight” reaction tur- 
bine, this firm were also prompt to realise the 
advantages, in certain cases, of a departure from 
the pure reaction system; and much of the present 
popularity of the so-called ‘‘disc-and-drum” ma- 
chines is to be attributed to the satisfactory 
results obtained with the type as developed at the 
Victoria Works. In our issue of January 3, 1908, we 
illustrated in detail a Willans-Parsons turbine rated 
at 2000 kilowatts, and on Plate XLVIII., and on 
pages 644 to 647 we now give illustrations of one of 
a set of four large ‘‘disc-and-drum” turbines built 
by Messrs. Willans and Robinson, Ltd., of Rugby, 
for the power-stations at Ultimo and White Bay, 
Sydney, N.S.W., to generate current for the 
Government tramways. The original equipment of 
the Ultimo station consisted of four horizontal con- 
densing engines direct connected to 850-kw. genera- 
tors, supplying continuous current at 600 volts, two 
vertical engine units of 1500 kw. each, a 1875-kw. 
turbo-alternator, and three 5000 kw. turbo-alterna- 
tors. The alternating plant generated current at 
6600 volts, with a frequency of 25 cycles per 
second. The rapid growth of the traffic rendered 
an extension of the plant not merely necessary, but 
urgent; and rapid delivery formed an essential factor 
in the contract conditions. This contract com- 
prised the supply of three units of 7000 kw. 
each, and one of 5000 kw. Instructions to com- 
mence work were cabled on December 15, 1911, 
though the confirmatory letter was not received 
at Rugby till January 29, 1912. The first turbine 
of the set was pe ang and run at the shops on 
September 20, 1912, the second on October 24 of 
the same year, the third on January 3, 1913, and 
the fourth on March 11, 1913. 

A cross-section of one of the 7000-kw. turbines 
is represented in Fig. 1, Plate XLVIII. This tur- 
bine is designed to develop its normal load of 
7000 kw. when running at 750 revolutions per 
minute, and supplied with steam at 150 lb. per 
sq. in., superheated by 110 deg. Fahr., the normal 
vacuum being 28 in. of mercury. 

As will be seen, the machine is of the so-called 
disc-and-drum type, which for certain sizes of tur- 
bine has very considerable mechanical advantages. 
The first stage, accordingly, consists of a velocity- 
compounded wheel 2300 mm. in mean diameter, the 
blade s being 300 ft. second, and in this 


stage the steam is reduced from its initial pressure 
of 150 lb. 
sq. in., an 
drop in temperature. 


pa sq. in. (absolute) to 70 Ib. 
there is, of course, a correspondin 
High temperatures and hig 
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DETAILS OF 7000-KW. STEAM-TURBINE; TRAMWAY POWER-STATION, SYDNEY, NSW. 
CONSTRUCTED BY MESSRS. WILLANS AND ROBINSON, LIMITED, ENGINEERS, RUGBY. 
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pressures are thus confined to a nozzle-box, and 
the casing can therefore be made of cast iron 
throughout. 

The steam, thus reduced in pressure and aug- 
mented in volume, then enters the reaction blading, 
the height of which, even at the first row, is t 
enough to render inconsiderable the loss by lea 
over blade-tips. It is very noteworthy, as illus- 
trating the inherently high efficiency of reaction 
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blading, that though, in the absence of friction, two 
moving rows of reaction blading would be the 
equivalent to one row of simple impulse blading, 
yet, in actual practice, if the number of moving 
rows of a reaction turbine is the same as in an 
impulse turbine, of the same diameter, work- 
ing under the same conditions, the efficiency is 
very nearly the same. Again, in the absence 


of friction four rows of moving blades of a) 
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reaction turbine would be the equivalent of one 
moving row in a velocity-compounded machine 
having two rows of blades per wheel ; yet here 
again there is very little difference in the efficiency 
realised for a stated number of moving rows, at 
least so long as the velocity-compounded machine 1s 
running in the neighbourhood of its best speed, 
in w: ens the reaction blade would be operating 
at only about one-half its theoretically best speed. 
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The advantages which attach to the use of a 
velocity-compounded wheel for the initial stage 
of a turbine are, in fact, wholly mechanical in 
character, but are not the less very substantial. 
The fact that in this way it is possible to confine 
high temperatures and pressures to fixed nozzle- 
boxes has already been mentioned, but it should 
also be added that the use of the velocity-com- 
pounded stage makes it possible to reduce by one- 
third, or more, the over-all length of the turbine, 
thus greatly stiffening the rotor. Since it is im- 
practicable to build a satisfactory reaction turbine 
to work with partial admission, the single wheel of 
large diameter in the disc-and-drum machine is the 
equivalent of many rows of reaction blading of 
small diameter, and it is this circumstance which 
accounts for the great reduction in over-all length 
effected by the ‘‘disc-and-drum” machines. 
Farther, the high-pressure dummy is also abolished 
by substituting a single velocity - compounded 
stage for the man —— of small diameter re- 
action blading which would otherwise be required. 
The clearances at the high-pressure dummy cannot 
in practice be smaller than at the intermediate 
or low-pressure dummy if these are of the ‘‘ radial 
flow” type, and, consequently, the leakage loss at a 
high-pressure dummy is often a very substantial 
fraction of the total steam, amounting to as much 
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as 8 to 10 percent. Of course, much of this is 
trapped at the intermediate dummy, through which 
the leakage flow is generally much smaller, so that 
the 8 per cent. loss is largely a loss on the high- 
pressure section only. 

By constructing the first stage of the turbine 
as a velocity-compounded wheel this loss is sup- 
pressed, and this fact goes far to compensate for 
the lower intrinsic efficiency associated with velo- 
city- compounding. In large reaction turbines 
excessive leakage loss at the high-pressure end 
can be avoided by building the turbine in two 
distinct sections, in which the clearances at the 
high-pressure end may be very materially less than 
if oth high and low-pressure blading were com- 
prised within the one casing; but this method, 
though it admits of very high efficiencies being 
attained, is naturally somewhat expensive. 

As will be seen from Fig. 1, eacii half of the 
turbine-casing is built up of two sections bolted 
together. The high-pressure section is illustrated 
separately in Figs. 14 and 15, Plate XLVIII. In its 
upper half there is cast a segmental slot, to which 
is bolted the nozzle valve-box carrying the nozzle- 

late, illustrated in Figs. 19 and 21, Plate XLVIII. 
he nozzle valve-box is divided up into four distinct 
sections, three of which may e shut off from the 
steam supply by independent valves, the hand- 
wheels of which can be seen in Fig. 2, Plate XLVITI. 

Of these valves, one is an overload valve, the 
curbine being required by the conditions of the 
contract to be capable of taking a 50 per cent. 
overload when required. By shutting off the others, 
the turbine can be run at partial load without 
excessive wire-drawing of the steam at the governor- 
valve, and a higher efficiency is therefore realised 
at light loads than would otherwise be attainable. 
This nozzle valve-box is of cast steel. The nozzle- 
plate, which is securely bolted to its inner face, is 
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of cast iron, and the nozzles are formed by cast- 
ing in partitions of nickel steel, as represented in 
Fig. 19. One or two of these nozzles are always 
cast blind, as is indicated to the right of Fig. 19, 
so that should it later on become desirable still 
further to augment the — of the turbine, this 
can be readily effected by breaking through the par- 
tition, thereby permanently increasing the number 
of nozzles. 

The fixed guide-blades, which lie between the 
two rows of moving blades of the velocity-com- 
pounded wheel, are inserted in a slot machined for 
the purpose in the upper half of the high-pressure 
section of the turbine-casing. This slot is shown to 
an enlarged scale in the upper half of Fig. 6. 
On the corresponding under side of the casing a 
rib is left to project between the moving blades, 
whilst the outer edges of the blades are shielded 
by angle-irons, as indicated by the dotted lines 
shown on the lower half of Fig. 6. In this way 
the windage losses at the inactive arc of the wheel 
are reduced to a minimum. 

The first group of reaction blading is, it will be 
seen from Fig. 1, mounted on the high-pressure 
section of the casing. The intermediate section, 
which carries the remaining groups, is accurately re- 

istered to the high-pressure section, as is perhaps 

t seen in Fig. 22, page 644. At the low-pressure 
end this intermediate section is bolted to the 
exhaust section of the casing ; but the joint here is 
not registered, so that the two parts are capable 
of being slightly adjusted the one relatively to 
the other, a circumstance of which advantage is 
taken to equalise blade-tip clearances during the 
erection of the turbine. For the same reason, 
at the high-pressure end the ‘‘end cover,” 
through which the weight is ultimately transferred 
to the bed-plate of the machine, is also made 








without a registered joint. The bracket for the 





high-pressure bearing is castiin one with this end 
cover, whilst the exhaust section of the casing has 
the bracket for the low-pressure bearings cast in 
one with it. This low-pressure bracket is, it will 
be seen, of a very stiff design. It is planed at the 
bottom, and rests on ways planed on the deep 
and stiff bed-plate which supports the whole of 
the machine. The expansion which ensues when the 
turbine warms up is provided for by letting this 
exhaust end slide on its seatings. The horizontal 
joint of the casing is made with manganesite 
painted on. Details of the bolt arrangement here 
are given in Fig. 35, page 645. The flange is a 
very heavy one, and strongly ribbed, to secure abso- 
lute rigidity at this important joint. 

The drum portion of the rotor is a steel casting, 
whilst the wheel is a forging. Both are of mild 
steel with a tensile strength of 30 to 35 tons per 
sq. in. The drum-wheel and high-pressure dummy 
are registered together in succession,. and held in 
place by long double-end bolts traversing all three, 
as indicated in Fig. 1. The spigot end of the 
high-pressure shaft passes through all three, and 
is secured by nuts on the other ends of the through 
bolts, as there shown. 

The construction of the high-pressure dummy is 
illustrated to a larger scale in Fig. 23, page 644. 
The bafile-strips, it will be seen, each wire-draw 
the steam at two points, and a similar form of 
baffle is used at the high-pressure gland. A detail 
of this baffle-strip to a larger scale is represented in 
Fig. 24, page 644. The width of baffle-edges is 
1mm. In Fig. 23 the balancing-ring, by which the 
dynamic balance of the rotors is secured, is shown in 
place. Further details of this high-pressure dummy 
are represented in Figs. 4 and 5, Plate XLVIII., 
4 portion of the balance-ring being represented in 

ig. 3. 








The low-pressure dummy and the low-pressure 
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— are of the axial-flow type, the baffle strips | labyrinth packings fail to act if the steam gets a 
~ ng of the ingenious twin section originally in- | straight run through, and, as shown in Fig. 16, the 

uced by Messrs. Willans and Robinson some strips of the low-pressure dummy interlace, alter- 
Seven or eight years ago. As is well known, nate strips being mounted on the casing and on 
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the rotor. In the case of the low-pressure gland, a 
similar end is attained by turning projecting rings 
on the shaft, which (see Fig. 17) alternate with the 
dummy strips fixed in the gland bush. 

It is important to prevent condensed steam from 
the high-pressure gland from entering the lubricating 
oil, and to prevent the latter from entering the 
turbine. Hence baffles, shown to an enlarged e 
in Fig. 7, Plate XLVIIL., are turned on that portion 
of the shaft which lies between the bearing and 
the gland. The main bearing is spherically seated. 
Metal liners are interposed between the pads and 
the bearings, and by interchanging these a certain 
adjustment of the axis of rotation of the turbine 
can at need be effected. Beyond the main bearing 
comes the ingenious emergency governor which 
is adopted in all the turbines made by Messrs. 
Willans and Robinson. The governor consists 
simply of a spiral coil of heavy spring steel bent 
into a ring and clipped on tothe shaft. If the 
speed rises 10 per cent. above the normal, the coil 
expands and strikes a trigger, best seen in Fig. 2, 
Plate XLVIII., which releases the emergency valve. 
As will be seen from Fig. 1, in this case two of 
these coils have been fitted. The turbine thrust- 
block lies beyond these coils. It is shown to an 
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enlarged scale in Fig. 34, page 645. The upper 
half can be adjus' relatively to the lower by 
means of the bolts passing through the thrust- 
block cover, one half of which is shown to a 
larger scale in Fig. 33, page 645. The rings on the 
rotor are of steel and are turned on a loose bush, 
which is secured in place by the cap-nut shown in 
Fig. 1. This cap-nut is prevented from unscrew- 
ing by a stop-plate, which is shown separately in 
Figs. 8 and 9. A “square” on the top of this 
cap-nut transfers the five to the governor and 
pump-gear, through a coupling bush, which engages 
with a similar square on the governor driving- 
shaft. From this shaft the governor spindle is 
driven by spiral gearing, the reduction ratio 
being 4} to one. ‘The oil-pump is fitted at the 
lower end of the governor spindle. It isshown sepa- 
rately in Figs. 25 to 32, page 644, and is, it will be 
seen, of the gear type. The oil pressure is about 
7 lb. to 10 lb. per eq. in. Some careful tests as to 
the efficiency of these gear pumps have been made 
by Messrs. Willans pol Robinson, and they proved 
to be remarkably efficient, the slip ranging from 
about 18 per cent. under a 5 lb. head up to 25 per 
cent. under a 25 lb. head, when the pitch-line 
speed is about 300 ft. per minute. 

The governor acts | deem on the throttle-valve 
a, a8 is best seen in Fig. 2. The conditions of the 
contract required that on suddenly throwing the 
full load off the turbine the speed should not rise 
by more than 2 per cent. permanently or by more 
than 4 per cent. momentarily. Both the ordinary 
governor-valve and the emergency-valve are fitted 
into the same casing. The ordinary governor- 
valve is represented by a in Fig. 2, and the emer- 
gency-valve by b. It will beseen that the former is 
internal to the cage, and the latter external. The 
valve-casing is a steel casting, but the valve a is of 
a special cast-iron mixture not liable to ‘‘ grow” 
when exposed to high temperatures. The emer- 
gency valve b, being liable to sudden shocks when- 
ever it operates, is, on the other hand, constructed 
of steel. The hanging cage between the two valves 
is of the firm’s special cast iron. The steamway 
round the valves is ample, and the loss of pressure 
through the valve system is not more than 1 Ib. 
or 14 lb. The main stop-valve is of the Hopkinson- 
Ferranti type. 

Means are provided for adjusting the speed of 
the turbines up or down through a range of + 3 per 
cent., either electrically from the switchboard or by 
hand from the turbine itself. The electric motor 
employed for this purpose is indicated at c, Fig. 2, 
whilst the hand-adjusting wheel is represented at d. 
For lifting the turbine-cover a set of four screw- 
jacks are titted which are interconnected by bevel- 
gearing, and are driven by the electric motor shown 
ate, Fig. 1. The exhaust opening to the turbine 
consists of two branches, each 54 in. in diameter, 
a special branch, lettered f, in Fig. 1, being used 
when running ‘‘on atmosphere.” 

The general arrangement of the turbine generator 
and condenser as erected in place is represented in 
Figs. 36, 37 and 38, page 645. The generator, 
which was supplied by Messrs. Dick, Kerr and Co., 
Limited, of Preston, has four poles, and is designed 
for an output of 7000 k.v.a. three-phase current at 
6600 volts, the periodicity being 25 per second. It 
has a salient pole rotor, and is of the builder’s 
standard wholly-enclosed ‘‘chimney” type. The 
stator is built with its joint in a vertical sal It 
is provided with an independent blower set, which 
drives through the machine the air necessary for 
keeping its temperature below the specified limit 
of a 45 deg. Fahr. rise at full load, or a 75 deg. 
Fahr. rise when run for two hours with a 50 per 
cent. overload. The cold air enters the generator 
through ducts in the foundations, and is disc 
through a ‘‘chimney” at the top of the stator. The 
machines are capable of taking a 26 per cent. over- 
load indefinitely. A gener:1 view of the turbine, 
as erected at Rugby, is reproduced in Fig. 39, 
page 646. 

he condenser, which was built by Messrs. 
Willans and Robinson, is fixed below the turbine, 
as well shown in Figs. 36 and 37, e 645, and is 
connected to the turbine by steel bellows pipes. 
The circulating water enters by the culvert shown 
on the left in Fig. 37, and is discharged by that on 
the opposite side. A vacuum augmenter is fitted, 
enabling a vacuum of 28 in. to be maintained with 
circulating water having an average temperature of 
about 70 deg. Fahr. The air-pumps are of the 
Edwards three-throw type, with cylinders 265 in. 


in diameter by 14 in. stroke, and are motor-driven 





through reduction gearing. Details of the con- 
denser are shown in Figs. 40 to 46, page 647. As 
will be seen, the body consists of two castings united 
by a circumferential jointat the centre. As shown 
to an enlarged scale in Fig. 46, this central joint is 
of the spigot-and-socket type, which not only serves 
to register together component halves of the con- 
denser, but is more easily made air-tight than a 
plain flanged joint would be. The flange at the 
water-boxes is shown to an enlarged scale in Fig. 45. 
The cooling eurface provided is 14,050 sq. ft., the 
length between the tube-plates is 18 ft. 9in. The 
augmenter outlet is placed 10 in above the centre 
line of the condenser, whilst the two air-pump 
outlets areat the bottom. A guard-plate, arranged 
immediately above these outlets, prevents a short- 
circuiting of the steam flow from the exhaust inlets 
to the discharge ports. A general view of this 
condenser in the course of erection in the machine- 
shops is reproduced in Fig. 44. 

The specifications for the turbines and gene- 
rators were prepared by Mr. O. W. Brain, elec- 
trical engineer to the tramways department. 

In concluding this article, we wish to express 
our indebtedness to the builders for the data 
which alone have made it possible to set before 
our readers so detailed a description of so interest- 
ing an example of modern steam-power practice. 


LITERATURE. 


—_—>—_ 

Mineral and Aerated Waters. By COC. AINSWORTH 
Miroue.i, B.A. Oxon, F.I.C. London: Constable and 
Co. [Price 8s. 6d. net. ] 

Tue therapeutic value of certain thermal and 
mineral springs has long been recognised, and 
though no satisfactory explanation is forthcoming, 
the knowledge has been sufficient to encourage a 
brisk trade in the sale of these saline waters. This 
trade is by no means exhausted ; indeed, in the case 
of some favoured springs, as that of Apollinaris, it 
has attained very large dimensions. Concurrently 
with the growth of the trade in mineral impregnated 
water, there has been an increasing demand for 
aerated waters, that can be satisfied only by the 
use of extensive machinery. Mr. Mitchell under- 
takes to explain the progressive improvements in 
the machinery employed, and the method of utilis- 
ing the chemical reactions that provide the neces- 
sary carbon dioxide for saturating the water. Inci- 
dentally, as in describing the preparation of ginger 
beer, he touches on the chemistry of fermentation ; 
but the main object is to trace the progress of the 
manufacture of aerated waters, the necessary 
bottling, and preservation by various devices, 

The Samed of the subject naturally conjures up 
the picture of the old world of fashion drinking the 
waters at Tonbridge or Epsom. But lesser and 
envious worthies, who were denied approach to the 
focus of society, desired to participate in the 
medicinal advantages of the spring, or to ape the 
manners of the more fortunate. These had to be 
catered for, and for their benefit was concocted a 
beverage into which were introduced as nearly as 
possible in due proportion the chemical salts present 
in the water. Quantitative chemical analysis was 
not very trustworthy in those days, but enterprising 
chemists were not wanting who would undertake 
the accurate fabrication of any natural saline water. 
From these small beginnings has sprung a trade 
of enormous dimensions, and one which, from the 
start, seems to have been of a protitable character, 
judging from the violent opposition it had to 
encuunter from members of the faculty. Soon a 
controversy arose as to the cause of the medicinal 
virtues of the water that it would be wrong to say 
has definitely closed. The prepared waters were 
declared to be devoid of all the valuable qualities 
of the natural product ; especially were they want- 
ing a mysterious spiritus rectus, or vital force, to 
which was attributed the whole therapeutic property. 
Physicians were on one side, chemists on the 
other. Muspratt, a respectable authority, it would 
seem, held a brief for the chemists. Writing. so 
late as 1860, he maintained that chemistry had 
demonstrated to a certainty what were the con- 
stituents of the mineral waters, and ‘‘ thus one is 
now enabled to produce artificial waters quite 

ual, if not superior, to the natural ones.” 

r. Mitchell, speaking with due caution and reser- 
vation, is inclined to take a different view, - 
ticularly in the case of thermal springs, as Bath 
or Carlsbad. He quotes, apparently with approval, 
the opinion of Granville, who, without any scien- 








tific support, asserted that the heat in thermal 
springs was of different origin to ordinary solar 
heat, and that the peculiar therapeutic effects of 
such waters must be attributed to the nature of 
their internal heat. There seems to be a lucky 
precognition of the discovery of radioactivity, since 
satisfactorily proved to be manifested in the Bath 
spring, and Mr. Mitchell is willing to identify the 
mysterious ‘‘vital force” whose presence was 
recognised by its effects, but whose source bafiied 
discovery, with a salt of radium. The increasing 
popularity in Germany of baths impregnated with 

ium emanation seems to favour the old view of 
Granville, that the curative properties are not to 
be traced to the presence of certain salts, easily 
detected, but to some obscure action in the 
water itself. The necessity, or, at least, the desir- 
ability of preserving as far as possible the actual 
constituents of a mineral water is further illus- 
trated in the practice at the Apollinaris springs, 
where the alkaline water is charged, under pres- 
sure, with carbon dioxide derived from the same 
source as the water, so that the final product shal! 
contain any unrecognised gas that was present in 
the water when it issued from the rock. Traces 
of so many inert gases are now known to be so 
widely distributed, that one cannot share the cheery 
optimism of Mr. Muspratt, and prudence recom- 
mends the collection of the natural product under 
the precise conditions in which it is found. The 
presence of the radioactive principle is apparently 
assured in artificially-prepared waters, . intro- 
ducing a minute quantity of a soluble salt of radium, 
and such ——— are on the market ; but it is 
not impossible but that some equally valuable 
subtle gas has eluded the skill of the expert. In 
any case, the unique effects due to radioactivity 
rapidly disappear from the spring water, and to 
what extent the physiological effects are retained 
is unknown. 

Aerated waters, properly so-called, were manu- 
factured before the composition of carbon dioxide, 
the ‘‘ fixed air” of the middle of the eighteenth 
century, had been discovered. The natural effer- 
vescing waters of Pyrmont in Waldeck were much 
affected in Paris and London, and the difficulty and 
expense of importation led to the concoction of 
many imitations, in which impregnation with 
carbon dioxide was a main feature. It is not easy 
in these days to follow the recipes given, but under 
uncouth appellations may be recognised, iron sul- 
phate, hydrochloric acid, and a solution of potassium 
carbonate. The interaction of the carbonate and 
mineral acid would liberate carbon dioxide and 
impregnate the liquid. The evident effervescing 
seems to have impressed the public more than the 
latent virtue of the salts, and Priestley is respon- 
sible for the view that ‘‘ fixed air’ operated as an 
antiseptic agent when introduced in a free state in 
the circulatory system. 

We are afraid our grandfathers swallowed much 
unpalatable liquid, but great was their faith, and 
the taste for sparkling waters has remained a 

rmanent possession. To minister to that taste, 

owever, considerable ingenuity has been expended 
on machinery to produce the ‘‘soda water” in 
sufficient quantities, and in convenient form for 
use. Mr. Mitchell follows with some care the 
changes in the apparatus from the middle of the 
eighteenth century onward, from the simple 
manipulation of acid and chalk to the more 
scientific application of liquid carbon dioxide, 
a method that is gradually displacing the prodvc- 
tion of the gas from carbonates and mineral acid. 
The process is essentially simple, and the improve- 
ments have been rather in details than generic. 
The introduction of the force-pump marked a dis- 
tinct advance, but the most noticeable feature was 
the substitution of the continuous process for the 
intermittent. The method of supplying the liquid 
and gas without interruption was due to the inge- 
nuity of Hamilton, but the mechanism was perfected 
by Bramah, and, though details vary, in all essen- 
tial particulars his device is used throughout the 
world. It is curious, but also instructive, to note 
that the French have been very slow to avail them- 
selves of the more rapid and more economical 
process. The explanation is that in France the 
mineral-water industry was restricted by law to 
pharmacists, and therefore the production was 
small and costly. In 1832, when there was an 
outbreak of cholera, a demand for soda-water arose, 
and to ~—y this favourite beverage at a cheap 
rate the small gasogene was invented, which was 
operated by means of powders of tartaric acid and 
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soda bicarbonate. The pharmacists regarded this 
harmless contrivance as an infringement of their 
monopoly, and fierce was the battle in the law courts. 
The pharmacists were eventually silenced, but the 
artificial restriction placed upon the trade for so 
many years materially affected its expansion, and 
long after powerful air-pumps and continuous 
machinery were at work here, the French used the 
intermittent apparatus that could be worked by a 
single individual—an interesting instance of the 
paralysing effect of monopoly on a progressive 
industry. It seems, however, not impossi le but 
that the growing use of tubes of liquid carbon 
dioxide may have the effect of again bringing the 
manufacture within the com of ordinary 
domestic machines. Mr. Mitchell describes more 
than one convenient form that would turn out 
about twenty or thirty dozen bottles an hour. 
These can be fitted with a suitable bottling- 
machine, or a syphon-filling machine, and would 
be very useful in hotels, restaurants, or hospitals. 

The bottling presents another interesting phase 
in the scheme of production. In the old days of 
‘*hand and knee” bottling the process was not 
only slow, but there was a great losa in pressure. 
Many have been the devices suggested to secure 
rapidity, uniformity of pressure, and economy. 
We all remember the glass marble that was held 
tightly against a rubber ring in the neck of the 
bottle by the pressure of the gas, and have had to 
display much ingenuity to displace that marble 
when the proper tool was not forthcoming. Then 
came the ‘‘crown cork,” the agrintheny and 
the so-called ‘‘syphon,” which seems likely to 
displace all rivals. But to such perfection had 
this bottling trade arrived that automatie machines 
would fill, cork, and wire 100 to 140 dozens of 
bottles an hour. With such rapidity, the loss in 
pressure during the process of corking was 
negligible, and excellent results were obtained by 
working at a pressure of about 80 lb. Mr. Mitchell 
adds a chapter on bottle-washing and bacterio- 
logical examination of the water, very satisfactory 
as evidence of the care exercised in preparation. 

That the author has been able to write an in- 
teresting account of a manufacture that is essen- 
tially simple is due to the fact that we see the 
whole process from start to finish. The require- 
ments of the trade have necessitated the intro- 
duction of labour-saving appliances of considerable 
ingenuity, while the subdivision into small quanti- 
ties of a rapidly-perishing article has occasioned 
peculiar difficulties that have been completely 
overcome. 
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Coat IN THE Ovgat.—Coal-mining is making some 
rogress in the important Russian industrial region 
own as the Oural. The output for the first half of this 
year was 30,400,011 (a is 361b. English), as 
compared w:th 24,691,183 8 in the first haif of 1912. 





OLYMPIA MOTOR EXHIBITION. 


Year by year, as the motor trade develops, the 
number of cars manufactured increases by leaps 
and bounds, but the number of novelties decreases. 
Consequently, the twelfth exhibition of motor-cars 
held by the Society of Motor Manufacturers and 
Traders, which opened at Olympia on Friday, 
the 7th inst., shows few novelties as compared 
with the one held last year. Time was when it 
was considered quite essential for each firm to 
redesign all their models every year and to have a 
‘tyearly model ” of every sized car they made. For 
many years, however, this condition has been dying 
out, and it is now becoming the practice not only 
for firms to concentrate on few models, but to 
vary these very little from year to year. This is 
obviously quite a sound method, as a firm having 
evolved a good design of car, should be able to 
continue it for many years without any alterations 
except in detail. A well-tried design, with details 
continually improved by experience, is likely to 
give greater satisfaction than a totally new pattern, 
and to be more remunerative to the makers. 
Further, the expense of continually making new 
patterns is avoided. 

At first glance the most striking feature of the 
Show is that many makers are evidently trying to 
attract attention by displaying the most bizarre 
forms of body they can devise. Bodies of every 
conceivable colour and combination of colours are 
to be seen, many evidently not intended to look 
well on the road, but merely to attract the eye to 
the stand at the Show. For instance, there is an 
example of a completely covered body with a front 
suggestive of a knight's tilting helmet, the whole 
being of polished aluminium. In many cases these 
weird bodies are of the exaggerated ‘‘ torpedo” 
type affected by the ‘‘nut,” and have very low 
sides and backs, and practically no room in them. 
The latest craze appears to be to fashion the body of 
the car to look as much like a boat as possible. In 
some cases this is carried to the length of making 
the body of varnished wood laid in planks like a 
boat’s hull. In one case the covering is of two 
layers of planking, the inner skin being designed 
like that of a diagonally-built boat, while in another 
example the practice is carried to the absurdity of 
having overlapping planks, as in a clincher-built 
craft. 

Whether it adds to the dignity of an old-estab- 
lished firm to seek cheap notoriety by such devices 
is a purely commercial question which it is not our 
province to discuss, but it may be remarked that 
the cultivation of chassis to suit such bodies is not 
in the interests of the ordinary user. The latter 
generally desires a car with a good deal of room 
in it, both for passengers and luggage, &c., and 
for this the chassis needs to be in many ways 
very different from that for the very low-seated 
‘sporting ” type. 

hen we come to look at the mechanical con- 
struction of the chassis shown a very striking 
point is the great increase in the number of power- 
ful cars, as compared with those exhibited during 
the last few years. Fora long time the tendency 
has been to show small cars, and the average 
chassis shown has got smaller and smaller. This 
year a very large proportion of the chassis are of 
considerable power, while there are quite a fair 
number of really powerful cars—e.g., the 80-90 
horse-power Mercédés, the 80-horse-power Austro- 
Daimler, the 100-horse-power Benz, &. While 
there is no doubt that there are far more purchasers 
of moderate-powered cars than of those of higher 
power, it is also a fact that where money is no 
object it is very pleasant to feel that the engine 
is thoroughly master of its work, even on a steep 
hill. To gain this result a car need not be driven 
at anywhere near full power except for the shortest 
possible periods when going up hill, or when 
accelerating, and therefore the wear and tear on it 
are small. 

While the proportion of large cars has increased, 
however, it is interesting to note that the very 
small car is to be seen in larger numbers. We 
have often commented on the fact that for several 
years the needs of the man who wanted a really 
small and light car have been quite neglected. Ten 
years ago there were quite a lot of two-seaters under 
10 cwt. and four-seaters under 15 cwt., while three 
years or so ago a two-seater under 16 cwt. was hardly 
obtainable, and the majority weighed over 18 cwt. 
Under the name of the ‘‘cycle-car” the very light 
two-seater has been boomed into popularity again, 





and this fact has had an effect on the car proper. 
Officially the definition of a ‘‘cycle-car” is a 
vehicle with a chassis weight of under 6 cwt., and 
a cylinder capacity of under 1100 cub. cm. Such 
cars are supposed not to be exhibited at the 
present Show, but at the Motor-Cycle Show which 
will be held later this month. That this dis- 
tinction between ‘‘car” and ‘‘cycle-car” is an 
absurdity is fairly obvious, many of the so-called 
**cycle-cars” being in every way small cars with 
four-cylinder engines, clutch, gear-box, &c., exactly 
as in the large car. Further, in many cases they 
appear at both Shows. Thus, if under 6 cwt, 
they are eligible for the Motor-Cycle Show, and if 
made in the slightest degree heavier, by, say, the 
use of slightly heavier tyres, for the Motor 
Show. When it is considered, again, that the 
side car is shown at the Motor-Cycle Show, 
whatever its cylinder capacity and weight, the 
absurdity of such arbitrary distinction is obvious. 
That the development of this light type of two- 
seater has had a good effect is certain. Since quite 
workmanlike two-seaters are now produced weighing 
some 7 cwt. to 8 cwt., it is quite certain that a 
four-seater can be built weighing less than 20 cwt. 
Further, it is possible to build something a little 
bigger than the small two-seater and yet a good 
deal lighter than the ordinary 18-cwt. two-seater 
of two years ago. 

Accordingly there are quite a number of really 
small two and four-seaters being introduced, ranging 
from 7 cwt. upwards, generally following car lines, 
but suitable for only light open bodies or very light 
two-seated closed ones. There can be no doubt 
these will fill a considerable want. 

In regard to technical details, the general designs 
have changed very little. The live axle is, of 
course, practically universal, though there are still 
one or two instances of the chain drive, which is 
still preferred by some constructors for their most 
powerful cars. The —- of worm versus bevel 
drive is not yet settled, some constructors having 
abandoned the bevel for the worm, while others who 
have tried the worm have given it up, and reverted 
to the bevel. The position of the gear-box is little 
changed. The tendency to combine it with the 
engine or the back axle is not at all marked, though 
there may be a slight move in these directions. 
There are, however, several instances of its being 
placed at the front of the torque-tube and behind 
the universal joint, a plan used years ago in the 
Bentall car. By this construction the distance 
from the universal joint to the back axle can be 
kept longer than by any other, and therefore the 
joints work at the smallest possible angle. 

Springs are, on the whole, increasing in length, 
but there is not much change in their arrangement. 
Half-elliptic front springs are practically universal, 
but several variations are in use for the back 
gpa Three-quarter-elliptic are, as before, in 
the majority, but the cantilever type introduced 
by Lanchester is gaining ground, and the half- 
elliptic seems to have been reverted to in some 
cases. The arrangement of radius and torque-rods 
is connected with the springing, and is quite as 
varied. The simplest arrangement is to make the 
spring perform both these functions. This used to 
be considered very bad practice, but is now done 
by several firms of repute, and seems to work satis- 
factorily with semi-elliptic or three-quarter-elliptic 
springs of good length. The most common i 
is to make the springs act as radius-rods, and to 
have some form of torque-rod. A tubular torque- 
rod anchored to a spherical joint, and acting as 
torque and radius-rods, is also a common plan. 

It is curious that several firms of very good 
repute take all the pressure from tubular torque- 
rods on the after bearing of the gear-box. This, of 
course, makes a very neat arrangement, but must 
at times put considerable load on the bearing, and 
it does not appear theoretically sound to take such 
a 7 on a bearing when it can quite well be 
taken on a fixed anchorage. It can only be assumed 
that in practice the bearings can easily be made to 
carry the pressures satisfactorily. 

ere isa strong oe | to place the back 
springs under the axle instead of above, while the 
se, themselves are made with much less camber 
than formerly. Many of the springs are, in fact, 
nearly flat, even with no load on the chassis. 
Where such flat springs are placed below the axle, 
the frame has to be dropped very much both in front 
of the axle and behind it to take them, or else long 
brackets must be used, and it-is not at all obvious 
what is the advantage over the plan of placing the 
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MOTOR WITH RENO PISTON-VALVES AT THE OLYMPIA SHOW. 
MAUDSLAY MOTOR COMPANY, LIMITED, ENGINEERS, COVENTRY. 
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springs above the axle in the usual way. Engine 

esign on the whole shows little change. In 
some cases the stroke ~ bore ratio has been 
increased, mainly in the endeavour to get the 
greater cylinder capacity which it is now recog- 
nised is desirable, without increasing the tax. 
The majority of the makers, however, stick to 
a moderate stroke-bore ratio of some 1}, and in- 
crease both bore and stroke when more power is 
desired. This appears quite sound practice, for 
there is little doubt that excessive stroke is incon- 
venient, and the large sales of American cars has 
shown that the sale of a good car is not stopped by 
a couple of guineas extra tax. The best proportion 
of stroke to diameter, however, depends on the 
number of bearings and other points of the general 
design. 

Casting the cylinders en bloc is certainly on the 
increase. A very large proportion of the small en- 
gines have the cylinders so cast, and in some of even 
the largest-sized cars the same practice is followed. 
In some cases six-cylinder cars have the cylinders 
cast en bloc. The practice of casting the inlet and 
exhaust passages in the cylinder is increasing, and 
this certainly makes a very clean design of engine. 
In many cases a is cast between the centre 
pair of cylinders, and the carburettor is made with 
a horizontal outlet and is bolted direct into the 
cylinders, several firms having introduced special 
carburettors with a horizontal outlet on pur- 
pose. Valves are usually placed in a row on 
one side, and driven direct from one cam-shaft. 
Several makers, however, stick to the arrange- 
ment of valves on opposite sides, a plan which 
has the advantage that large valves can be used 
without making a long engine. The overhead 
inlet valves appear to have rather gone out, which 
is rather curious, in view of the fact that they 
are certainly becoming more numerous on motor- 
cycles. There are still instances of other special 
valve arrangements—e.g., the Austro-Daimler en- 
gines have the inlet and exhaust valves placed at 
the top of the cylinders, and at an angle of about 
45 deg. with the vertical, a cam-shaft along the 
top of the cylinders being used to drive them, 
while the large Mercédés car again has the valves 
placed vertically in the cylinder head, and driven 
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by push-rods and rocking-levers from 
a cam-shaft placed in the ordinary 
—- in the crank-case. The 

tter engine is peculiar, from having 
one inlet and two exhaust-valves to 
each cylinder, and from the fact that 
the exhaust-valves are not put in a 
loose seating, but are inserted from 
inside the cylinder, which has to be 
removed for the purpose, an arrange- 
ment which is hardly convenient, 
except for pure speed work. 

A valve arrangement which may 
come into greater use is being shown 
by one or two firms in connection with 
two-bearing engines — namely, the 
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valves in two rows on one side of the engine. This core work. Rotary and slide-valves are still in 4 
avoids the difficulty of getting large valves into very small minority. The rotary valve is hardly to 
a reasonable length, and, at the same time, allows; be seen, but there are several examples of the 
of the valves being driven by short rocking-levers | sleeve-valve engine. Several Continental firms have 
from one cam-shaft. It also allows of very simple taken up the Knight sleeve-valve engine, but in 
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Fic. 8. Tue ‘* Pinot” Car with Fricton CHANGE-Sprep GEAR. 


most cases they are manufacturing poppet-valve 


Mercédés cars are shown with poppet - valves, | 


although the company makes sleeve-valve models. | 
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, The question of the number of speeds remains 
engines as well, and it is noticeable that the|much about where it was. 
European cars have four speeds, though the smaller 
ones often have three, as also has the Rolls-Royce. 
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Fic. 9. THe ‘*Sorex” CarBuRettor. 
The American cars usually have three, though the 
Cadillac has six, the two top being direct drives. 

Considerable improvement is shown in general 
detail and in convenience—e.g., most back axles 
now have a really convenient oil-filler. Cleanness 
of design, both of engine and chassis, are also re- 
ceiving a good deal of attention. 

It is quite clear that in the near future the prin- 
cipal development in the motor-car will be in con- 
nection with parts that used to be considered 
accessories, but which will have in the future to be 
built into the chassis. Now that the essential prob- 
lem of making the petrol-car run with success has 
been solved by many makers, sales will depend on 
what used to be considered minor conveniences. The 
problem of dealing with punctures has been par- 
tially solved by the use of various kinds of detacli- 
able wheels and rims, but.there still remains some- 
thing to be done to make the changing of these 
convenient. Jacking-up the car is a laborious and 
dirty job, but where compressed air is available, it 
can be done quickly and cleanly by a pneumatic§ack. 
The principal problem at present is, however, 
the engine-starting. The conveniences of a self- 
starter are obvious, but it is only of very late 
years that the problem of making the car self- 
starting has come prominently to the front. It 
is, however, quite clear now that in the very 
near future all, except the very cheapest, cars will 
have to be self-starting. Various forms of self- 
starter by springs, compressed air, acetylene, and 
electricity have been tried, but the main tendency 
appears to be towards the latter. This is largely, 
no doubt, because it combines conveniently with 
the electric light, which is undoubtedly the most 
convenient form, though at the same time the 
most expensive. 

The electric light outfit usually consists of an 
accumulator with a dynamo driven from the engine 
to keep the batter deaged. Theoretically, al] that 
is necessary to make this act as a self-starting set 
is to add a motor to start the engine. In practice 
the matter is not quite so simple, owing to the 
very great torque required to turn the engine over, 
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and the consequent heavy current required. A 
considerable number of cars are fitted with electric 
self-starters, and the problem is solved in different 
ways. The various self-starters can be divided into 
classes according to their electric and mechanical 
construction. 

The electric construction divides the machines 
into two classes, according to whether separate 
machines are used for motor and generator, or 
whether one machine is used for motor and generator. 
In the former case the generator and motor may each 
be connected to the engine in any manner desired, 
while in the latter the motor generator must be 
connected to the engine by some 
Accordingly we find that in the former case the 
motor is connected either by various friction 
devices or by positive gear drive, while the genera- 
tor may be driven either by belt or chain. In most 
of the American self -starters the generator is 
driven from the engine by a silent chain, while the 
motor has a small pinion which can be slid into a 
rack on the fly-wheel for starting. In many of the 
European systems, on the other hand, the generator 
is driven by a belt, while the motor drives a 
friction wheel which can be pushed into contact 
with the fly-wheel. 

Where the motor and generator are combined in 
one unit it is usual to couple the cells in series to 
start, so as to get a voltage of about 24, while the 
cells are normally coupled in multiple series, so as to 
charge at 6 or 12 volts. The motor generator in this 
case is usually coupled to the engine by a silent 
chain, a reducing-gear being provided to get greater 
torque for starting. In one machine of this class the 
motor-generator is mounted direct on the crank- 
shaft, and the armature takes the place of the fly- 
wheel. The future of the electric self-starter will 
depend on the time it will run without giving any 
trouble. Its convenience is undoubted, but the cur- 
rent required is very large, something like 100 am- 
peres, as a rule, and the difficulties of making a small 
accumulator supply this are very great. 

Turning now to the individual exhibits, we notice 
first an engine of very remarkable design shown 
by the Maudslay Motor Company, Limited, Park- 
side, Coventry. 

In this engine, which we illustrate in Figs. 1, 2, 
and 3, page 650, the distribution of the gases to 
the cylinders is controlled by piston-valves, one 
to each cylinder, which are placed directly over 
the cylinder-heads. The piston-valve consists of 
a single piece without rings, but is split and 
sprung into the barrel in which it slides. The 
difficulty of making one piston-valve distribute 
the gas in a petrol-engine consists largely in the 
fact that the valve has to remain at rest for a 
whole revolution of the engine, and then to open 
the exhaust and inlet for half a revolution each 
successively. Inthe Maudslay engine this difficulty 
is got over by moving the valve by a rocking lever 
worked by asuitably shaped cam. A strong spring 
keeps the rocker in contact with the cam. The 
exhaust and inlet ports in the valve-chamber are 
arranged with the exhaust above the inlet. Hence 
at the end of the working stroke the valve is 
pushed down by the action of the cam, the 
spring pressing on the rocker forcing the latter to 
follow the recess in the cam, giving suitable motion 
for the opening. It will be noticed that the 
whole of the inside of the valve is open to the 
cylinder, hence it is subject to the cylinder pres- 
sures on the compression and working stroke. This 

ressure will tend to expand the valve, and press 
it against the walls of the valve-chamber, thus 
securing a tight valve. As — this period the 
valve is stationary, this pressure does not produce 
friction, as would be the case if the valve were of 
any of the types moved by cranks or eccentrics. The 
ports, of course, only extend part of the way round 
the valve-chamber, leaving at one side a slot for 
the rocking-lever, and at ths other a blank space to 
cover the split in the valve. 

Silent chains are used to drive the cam-shaft, 
which is placed at the right-hand side of the engine. 
From this cam-shaft the magneto is driven at the 
after end much as in previous Maudslay practice. 
Other details, generally speaking, follow previous 
practice of the firm. 

This engine has 7 interesting features, and 
appears from theoretical considerations much more 

mising than most slide-valve engines. We are 
informed that one has been on the road for twelve 
months with satisfactory results, and it will be 
interesting to watch how it will perform in the hands 
of the public. 
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The two chassis shown at the stand of Messrs. 
Peugeot om”™ Limited, 10, Brompton-road, 
London, S.W., form a somewhat amusing contrast 
in sizes, the smaller being much below the size of 
even the ordinary ‘‘cycle-car,”’ while the larger is 
among the most powerful cars shown. The latter 
is rated at 40-50 horse-power, and has cylinders 
115 mm. by 180 mm. (44 in. by 7# in.), with very 
large inlet and exhaust-pipes, and is evidently 
intended for speed. The chassis details generally 
follow conventional lines, the most remarkable 
feature being that the frame is very considerably 
dropped just behind the dashboard—so much so, 
in fret, that the gear-box and foot-brake project a 
long way above the level of the frame. Half-elliptic 
springs are used, and as these have hardly any 
camber, and are slung below the axle, the frame 
has to be raised about 1 ft. to clear it, and then 
dropped to take the after end of the spring. 

he smaller chassis represents probably the 
minimum dimensions and weight that a four-cylin- 
der two-seated chassis of conventional design can 
be reduced to. The engine has cylinders 55 mm. 
by 90 mm. (2;%; in. by 3} in.), and is rated at 
6 horse-power. Not only are the cylinders cast 
en bloc, but they are in one piece with the crank- 
case, access to this being obtained by a cover bolted 
into the extreme lower part of it. A plan anda 
section of the engine are shown in Figs. 4 and 5, 
from which it will be seen that the valves are of 
large size, placed on opposite sides, and are driven 
by two cam-shafts. This avoids crowding the valves, 
though a two-bearing shaft is used, and the engine 
is extremely short. 

The arrangement of the change-speed gear is 
peculiar, for there are two direct drives on the back 
axle by means of two crown-wheels and bevel- 
pinions, while a small gear-box at the front of the 
torque-rod gives a lower speed and reverse, all being 
worked by a lever of the gate type. Costermonger 
back springs are used placed behind the back axle. 
The small dimensions of this car can be realised 
from the fact that the wheel-base is 6 ft., track 
3 ft. 5 in., wheels about 22 in. in diameter, and 
weight of chassis 6 cwt. 

A very complete selection of ball and roller 
bearings is shown by the Hoffmann Manufacturing 
Company, Limited, Chelmsford, suitable for all 
classes of work. Among these is a roller hub 
bearing, which we illustrate in Fig. 6, which 
is of interest as having two rows of rollers to take 
the load, whilst there is a single row of balls to 
take the thrust in both directions. As is well 
known, it is usually laid down as a principle by 
the makers of ball - bearings that the line of 
pressure in a ball thrust should be parallel to 
the shaft, and this necessitates two rows of 
balls if thrust in both directions is to be pro- 
vided for. With two rows of balls to take the 
load, in such a bearing as a front hub four 
rows of balls will have to be used. This is 
somewhat complicated, and accordingly many 
motor-car makers fit front hubs with no thrust- 
bearings at all, and rely on the grooves in the ball- 
races to keep the wheels in place longitudinally. 
While this works well in many cases, damage to 
the balls and races from end-thrust is by no means 
uncommon. Accordingly, Messrs. Hoffmann have 
introduced the above bearing, which provides for 
this difficulty. The bearings carrying the load are 
in this case roller-bearings, which provide larger 
contact surface than the balls, and do not in any 
i restrain the end motion. 

hrust is taken by a single row of balls placed 
between four surfaces, at an angle of about 90 deg. 
with the shaft. While this does not satisfy the 
theoretical requirements of a perfect thrust-bearing, 
the thrust in such a bearing as a front hub is seldom 
at all great, and it isfound that such bearings wear 
wellin practice. One of these bearings is shown on 
the stand, and is evidently in perfectly good condi- 
tion ; it is stated to have run 30,000 miles. 

A somewhat similar bearing is shown in which a 
single row of rollers is combined with a row of 
balls to take end thrust both ways, for use in any 
position where the thrust is not great. We illus- 
trate this in Fig. 7, from which it will be seen that, 
as compared with two separate ball-thrusts, it 
makes a very compact arrangement. 

While the ordinary sliding-change gear is very 
nearly universal, an exception is found in the ‘‘ Pilot” 
car, exhibited by Motor Schools, Limited, 10, 
Heddon-street, London, W. Thechange-speed device 
in this car, which we illustrate in Fig. 8, comprises a 
friction disc and wheel. The general arrangement 





can be seen from the figure. At the front of the 
car is a vertical engine of the Chapuis Dornier make, 
with cylinders 60 mm. by 110 mm. (23 in. by 43 in.), 
a radiator of ordinary construction being placed in 
front, and the engine covered by the usual bonnet. 
A longitudinal shaft extends from the engine, and 
at the after end carries a friction disc F. Behind this 
is arranged a cross-shaft with a paper-edged fric- 
tion-wheel on it, against which the disc is pressed 
by a spiral spring H. The position of the friction- 
wheel on the shaft can be varied by means of the 
change-speed lever, and by this means the changes 
of speed are obtained. The further the wheel is 
moved from the centre of the disc the higher the 
speed of the car. If the wheel is moved across the 
disc beyond the centre, the reverse is obtained. 

The friction disc is hollowed out at the centre, 
so that when the wheel is opposite this the two do 
not touch, and a neutral gear is obtained. This is 
the position shown in the figure. The friction disc 
is, as stated, pressed against the wheel by a spiral 
spring, but it can be pushed forward out of contact by 
means of the left-hand foot-pedal A. The actions 
in driving are, therefore, just the same as those 
with the ordinary sliding gear—i.e., the left foot- 
pedal is pressed down, the change-speed lever is 
moved to a new position, and the pedal released. 
Five notches are provided in the quadrant, giving 
five forward speeds. From the cross-shaft carrying 
the friction wheel the drive is by single chain to a 
live axle. No differential is employed, both wheels 
being fixed on the axle. The other details of the 
chassis present little of interest. 

The friction drive is an interesting problem. Its 
theoretical advantages are obvious, the difficulties 
having been as a rule of a practical nature. It has, 
however, in several cases been quite successful in 
light cars, and the above appears to be a very good 
example. A matter of great importance in this 
class of drive is that the two shafts should be 
exactly the same level, and this is very carefully 
attended to. If the centres of the shaft do not 
meet at a point, there is a tendency for the wheel 
to run either towards the centre of the disc or 
away from it. 

The increasing price of petrol has forced the 
question of satisfactory carburation on the public 
to a greater extent than formerly, and several new 
carburettors areshown. Generally speaking, these 
work on well-known principles and do not present 
a great deal of novelty, though the mechanical details 
may be improved. A carburettor embodying 
several interesting features, however, is the 
** Solex,” shown at the stand of Messrs. S. Wolf 
and Co., Limited, 115, Southwark-street, Black- 
friars Bridge, London, S.E. The ‘‘Solex ” car- 
burettor has been in use for some time, but has 
previously consisted simply of two jets, a small one 
for slow running and starting, and a large one for 
full power. This year, however, the large jet has 
been greatly modified, and one embodying a special 
automatic principle is now used. 

The carburettor is made of two patterns, with 
vertical and horizontal outlets respectively, the 
former being shown in Fig. 9. Petrol enters by 
the pipe A, flows through the needle-valve B, to 
the float-chamber C. From this it flows to the 
petrol-jet D, which is a gauged orifice. This jet 
communicates with a well E, which, when the car 
is at rest, is full of petrol up to the level in the 
float-chamber. When running, however, air enters 
at the holes F, flows up the annular space G, down 
the annular space H, and up the well E, carrying 
the petrol with it. As long as the throttle is open to 
any material extent therefore the well E is empty, 
and the jet D is below the level of the petrol in the 
float-chamber. Hence at low velocities of flow the 
mixture does not fall off in richness, as is the case 
with an uncompensated jet, owing to the head of 
petrol above the jet. In addition to this, the air 
mixing with the petrol sprays it very minutely, so 
that it vaporises very rapidly. 

For slow running, when standing, a special jet 
is used. Air to this enters by the ball-valve K 
and flows through the passage L past the small jet 
M, and from thence to the throttle. The latter, 
when nearly shutting off the main jet, opens to the 
slow-running one, and finally begins to close the 
latter. A regulating-screw N is provided to 
control the slow running. An interesting feature 
is that by undoing the screw P the whole of the 
float-chamber with both jets can be detached. The 
whole is therefore very accessible for changing the 
jets orcleaning. The throttle-lever can be at 
either end of the throttle, and the hot-air intake 
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arranged in any position. The model with a hori- 
zontal outlet acts on the same principle, and is 
equally accessible. 


An interesting example of American motor con- | pac 


struction is the Hudson car, shown by the Rawlinson 
Hudson Motor-Car Distributing Company, Limited, 
53, Grosvenor-square, London, W. This motor is 
of the moderate-sized six-cylinder type, which is 
becoming extremely popular in the United States, 
and has cylinders, 3$ in. in diameter by 5 in. 
stroke (90 mm. by 120 mm.). It is rated at 
25 horse power, and is stated actually to give 
45 horse-power at 1500 revolutions per minute. 
The cylinders are all cast en bloc, and the valves, 
which are 1} in. in diameter in the clear-way, are 
all at one side. Only three bearings are used for 
the crank-shaft—i.e., each group of three crank- 
pins is without intermediate bearings. Large-dia- 
meter bearings are therefore used, the front bearing 
being 2,%; in. in diameter by 2{ in. long ; middle bear- 
ing, 25 in. by 24 in.; after bearing, 2} in. by 3 in. 
The crank-pins are 1 in. in diameter by 2;'; in. 
long. All the valves are placed at the right-hand 
side of the engine, and the inlet passages are 
arranged in the casting, while the exhaust mani- 
fold is bolted on. A ‘* Zenith” carburettor, bolted 
direct to the cylinder casting, is used. 

Unit construction of engine and gear-box is 
adopted, the two being rigidly bolted together. A 
multiple-dise clutch is ae of the type in 
which there are only a small number of discs, but 
one set of discs has holes filled with cork insets. 
The cork projects beyond the surface of the disc, 
and transmits the power; it is stated to take u 
very sweetly. The clutch runs in oil in an oil- 
tight casing. Three speeds and a reverse are = 
vided in the gear-box with a gate change. e 
change-speed levers are placed in the centre of 
the car ; hence it is possible to have an entrance 
door on each side, and to get into the driving seat 
without disturbing the passenger. 

As is usual with American cars, the engine is 
fitted with an electric self-starter, which also pro- 
vides for electric light. The system used is known 
as the ‘‘ Delco,” and is of the type in which one 
unit is used for both generator to charge the 
accumulators, and as motor to start the engine. 
Usually when this is done a higher voltage has to 
be provided to start than is available for lighting, 
but in this case the whole is arranged to operate 
at 6 volts, thus very much simplifying the connec- 
tions. In place of the magneto usual in Europe, 
the motor-generator is used also to provide current 
for ignition, and has the necessary distributor in- 
corporated with it. The self-starter is properly 
designed for the engine, and is built with it. 

Other chassis details follow generally conven- 
tional lines, the back axle being of the bevel-gear 
type, &c. The details are well — out, and, 
as is usual with American cars, a full equipment 
is standardised, and the car sold complete. An 
instance of the thoroughness with which this is 
done is the fact that the stub-axle of one of the 
front wheels is made hollow, and the speedometer 
chain enclosed in it. No gear-wheels are therefore 
exposed at all 

A very interesting example of the smaller class 
of American car is the ‘‘ Hupmobile,” shown at the 
stand of Messrs. Whiting, Limited, 334, Euston-road, 
London, N.W. We illustrate this car in Figs. 10 
and 13, page 658. The engine has four cylinders 
cast en bloc, the diameter being 3} in. and stroke 
53 in. (83 mm. by 140 mm.). All the valves are 
placed at one side, and a three-bearing crank-shaft 
is used. A special feature of this engine is the 
method of lubrication, which can readily be seen 
in Figs. 10and11. Oiliscontained in a sump at the 
bottom of the crauk-case, which holdsenough forarun 


of considerable length, say, if necessary, 500 miles. | 5 


From this the oil flows through holes, high enough 
for sediment not to pass through them, into a cas- 
ing round the fly-wheel, as will be seen in the cross- 
section. The centrifugal action of the fly-wheel 
throws this oil with considerable force into an out- 
let placed at a tangent, from which it is led into an 
oil-passage running the length of the engine, and 
from thence to the main bearings, and through 
holes in the crank-shaft to the crank-pins. il- 
ways are also provided tothe walls of the cylinders, 
and part of the oil thrown from the fly-wheel is 
projected into the gear-box and lubricates the 
area wry and also the universal joint, the excess 
ing led back to the sump. An oil-level indicator 

is provided. 
nit construction of engine and gear-box is 





adopted, and the clutch is placed in the gear-box, 
there being no intermediate bearing between the 
clutch and the gears. This allows of a very com- 
t arrangement of gear-box. The clutch is of 
the multiple-disc type, running in oil, and is 13 in. 
in diameter. Three speeds and a reverse are pro- 
vided, and the change-s lever is placed on the 
gear-box at the centre of the car, an arrangement 
which allows of there being a door on the driving 
side. 

Electric lighting and starting are provided for by 
a Westinghouse self-starting set, and it may be 
said that this is one of the relatively few instances 
shown where the self-starter is properly incorpo- 
rated in the design, and not a tle we stuck on as 
an afterthought. The gen view of the engine, 
Fig. 12, shows the arrangement of these units. 
The magneto is placed above the fly-wheel, and 
is driven by a silent chain, which also drives 
the cam-shaft. Access to it is obtained through 
the floor-boards. The starting system is of the 
type with a separate generator and motor, the 
former being placed at the right-hand side of the 
engine, and driven by silent chain, while the latter 
is placed at the left-hand, and drives the engine 
by a steel-toothed ring bolted to the fly-wheel. A 
pedal is placed at the left of the clutch-pedal, and 
on this being pressed a pinion slides into gear with 
the toothed ring, the current is turned on, and the 
engine starts. The whole system works at 6 volts 
and accumulators of 100 ampere-hours capacity are 
provided. The head, side, and tail lamps are all 
electric and are fed from the same system. 

Fig. 13 shows the back axle, which is of the ordi- 
nary bevel-gear type, with the shafts carried on 
roller- bearings and bels-dhenste. The back spring- 
ing is, however, somewhat peculiar, as a cross-spring 
is placed some way behind the back axle, as shown. 
A peculiarity of this chassis is the stamped steel 
floor, which is some little way below the an of 
the frame. A ‘‘ Zenith” carburettor is supplied, 
and a Bosch magneto, while the water circulation 
is by thermo-syphon. 
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meets in London each month from October to June, with 
the exception of May. Graduates and members of Trinity 
College, Dublin, are invited to send their names and 
addresses to the hon. secretary, Mr. Charles J. Nicholson, 
27, St. George’s Court, South Kensington, London, 
S.W., with a view to receiving further particulars 





Cuapwick Pusiic Lxrorurgs, Lonpon, 1913. — A 
course of three lectures (illustrated by lantern slides) on 
‘*House Drainage Law”: (a) The Pipe of Dissension; (b) 
Rights and Responsibilities of Citizens and ancils ; 
(c) The Combined Drainage Problem, by Mr. W. Adding- 
ton Willis, LL.B., will be delivered on Mondays, Novem- 
ber 17 and 24, and December 1, at 8.15 p.m., in the 
Institution of Civil Engineers, Great George-street, 
Westminster, London. Admission free. 





Tue Roya Socirty or Arts.—The Society will com- 
mence its 160th session on the 19th inst. with an address 
by the chairman of the C¥,uncil, Colonel Sir Thomas H. 
Holdich, K.C.M.G., K:C.LE., C.B., D.Sc. Before 
Christmas there will be four meetings besides the opening 
meeting. The first of these will be devoted to a paper, 
by Dr. Chalmers Mitchell, on ‘ Zoological ens ;” 
the second to a paper, by Mr. John Umney, on “ Per- 
fumery.” At the third, Mr. Thorne Baker will read a 
paper on ‘‘ Applications of Electricity to Agriculture,” 
and at the last meeting before Christmas the question of 
the Channel Tunnel will be brought forward by Mr. 
Arthur Fell, M.P. A number of papers for the meetings 
after Christmas have been promised, but the dates 
for these are not yet arranged. Amongst them will be a 
lecture, by Sir Sidney Lee, on ‘‘Shakespeare’s Life and 
Works,” to be delivered under the Aldred Trust, which 
is intended for the promotion of literature as well as 
science. There will be five courses of Cantor Lectures. 
The first, by Professor Coker, on ‘‘ The Measurement of 
trains in Materials and Structure,” will comprise, 
amongst other matters, the results of his own investi- 
gations into the application of polarised light to the 
measurement of stresses. The second course will be by 
Sir Charles Waldstein, who will deal generally with the 
subject of ‘‘ Industrial Art ;” the third, by Mr. Joseph 
Pennell, on “ Artistic Lith tl Another course 
will be delivered by Dr. W. A. Bone on ** Surface Com- 

tion.” The last will be by Mr. William Burton on 
“Recent Developments in the Ceramic Industry.” A 
course of lectures will also be delivered under the Cobb 
Trust, established from the surplus of funds subscribed 
for a memorial to Mr. Francis Cobb, who died in 1901. 
The lecturer will be Mr. Plunket Greene, and the 
subject of the lectures will be ‘“‘The Singing of 
Old and New.” A course of juvenile lectures, to t 
delivered as usual during the Christmas holidays, will 
be given by Mr. Howgrave ’ 
sage way with the subject of ‘‘ Wireless Telegraphy.” 

ey will be very fully illustrated. 


and will deal in a | 8! 





THE DRESSLER TUNNEL OVEN FOR 
POTTERY. 


AN important contribution to the methods of the 
ceramic industry has been made by the introduction 
of the tunnel oven which we illustrate on 654 
and 655. This oven, the first commercial installation 
of which has now been in operation for some twelve 
months, is the invention of Mr. Conrad Dressler, and 
is constructed by Dressler Tunnel Ovens, Limited, 
of Cremorne Wharf, 27, Lut’s-road, Chelsea, London, 
8.W. Before dealing in general terms with its special 
features and advantages, it will be well to refer to the 
constructional details of the oven, as, with these 
understood, the general considerations bearing on its 
working will be more readily followed. Accordingly 
we will refer at once to the iNustrations given on the 
next page. As will be seen, Fig. 1 shows an elevation 
of the oven from outside, while Figs. 2 and 3 show 
respectively a longitudinal section and a sectional 

lan. Four cross-sections at different parts of the 
ength are given in Figs. 4 and 5, and various details 
to a larger scale than in Figs. 2 and 3, are shown in 
Figs. 6to 9. The oven shown in these illustrations 
is similar to that in operation at the works of Messrs. 
J. H. Barratt and Co., Limited, of Boothen Tile 
Works, Stoke-on-Trent. 

The oven is intended for the final firing of pottery, 
or more poeey, in the case we are considering, 
for the final firing of enamelled tiles. This final 
firing is that in which the partieles of glass formin 
the enamel or glaze are melted and form a smoot 
and uniform coating over the surface of the tile. 
The trade term for the process is glost firing. As will 
be seen from Figs. 2and 3, the oven consists essentially 
of a tunnel some 160 ft. long, through the first 56 ft. 
or so from the left-hand end of which two circular hot- 
air pipes are carried. About the centre of the oven 
there are two combustion-chambers of the section 
shown.in Fig. 4. Towards the oven-mouth, and at 
the right-hand side of the figures, these combustion- 
chambers are connected to flues of fireproof ware, 
which, in turn, are connected up to iron flues con- 
sisting of a number of cast-iron pipes in parallel. 
a. the flues, congener a and hot-air 
pipes, there is a passage-way, through which the tiles 
to be treated are ame - water which enter the 
oven at its right-hand end, and leave it at its left. 
End views of the truck used, with its platform carrying 
the tiles, are shown in Figs. 4and 5, while a 
views of the trucks are also given in Figs. fo 11, on 
page 655. As the trucks enter the oven at its right- 

d end, the tiles they carry are first subjeo to 
the heat from the flues, the temperature graduall 
rising as the combustion-chambers are appeeoched, 
until a maximum is reached in the furnace zone between 
the two combustion-chambers. The trucks then pass 
on to the cooling zone, the heat accumulated in the 
firebricks and tiles they vowin | gradually being given 
off to the hot-air pipes, through which the air which is 
ultimately burned in the combustion-chamber is passed. 
The trucks finally leave the oven at its back end 
comparatively cool. 

The details and general constructional features of 
the oven will be followed from the figures. The oven 
youger consists of a firebrick arch springing from side- 
walls, and provided with a thick layer of chalk on its 
outside to act as an insulating material and retain the 
interior heat. No outside insulation is provided in 
the cooling zone, where the hot-air pipes are situated, 
as there would be difficulty in getting rid of the heat 
carried by the goods from the firing zone if this part 
of the oven were too well protected. The hot-air pipes, 
combustion-chambers and flues, as will be seen from 
Figs. 4 and 5, rest on a concrete side platform protected 
by a fire-brick covering. The hot-air pipes are of fire- 
proof ware, but are not submitted to a very high 
a The combustion-chambers, on the other 
hand, have to stand a great heat. The method on 
which they are constructed is a matter of great 
interest. They are built up of slabs of fire-resisting 
material, of such shape that three slabs together make 
up the section shown in Fig. 4. The individual slabs 
are about 12 in. wide, and the whole combustion- 
chamber is built gd a series of such slabs lying side 
by side. The slabs are ribbed and conrageted, and 
are only some 4 in thick. It is clear that the form 
adop for the cross-section of the combustion- 
chamber will allow individual slabs to adjust them- 
selves without disturbing their neighbours when the 
chamber is heated up to the temperature of combustion. 
In order that no distortion shall take place owing to 
redistribution of weight when the chambers are heated 
up, they are built so as to be entirely independent of 
the oven proper. The combustion-chambers 
nothing but their own weight, and rest on cradles 
lying on eand, which allow for free e sion. 

To the flues we need not refer in detail, but should say 
that the cast-iron pipes at the mouth of the oven have 
been adopted in order that the flue gases shall fivally 
ive up their heat to the goods rather more rapidly 
than if fireclay pipes had been used. The same effect 
as is obtained with these tubes could have been obtained 
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Fig.1 


THE DRESSLER TUNNEL OVEN FOR POTTERY. 


CONSTRUCTED BY DRESSLER TUNNEL OVENS, LIMITED, LONDON. 
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by extending the oven and making the total flue of 
earthenware ; but in the case we are dealing with this 
further extension of the oven was not possible. At the 
tail end of the furnace zone there is an inspection zone, 
through which the trucks pass on their way to the 
cooling zone. This ———s zone is fitted with sights, 
through which the whole length of the combustion- 
chamber is visible, so that any defect in the firing can 





















PLAN OF DAMPER 
OVER GAS INLET. 











at once be detected. The arrangement of the sights 
and passages of the inspection zone are clearly shown 
in Figs. 2 and 3. These figures also show the gas and 
air-ducts. The air of combustion is drawn through 
aie see in the cooling zone. The hot-air pipes are | 
fitted to carry off the excess of heat. The heated air | 
from them can be used by the potter for drying pur- 









SECTION. 





poses. The gas-burners are situated in the bottom of 



























the combustion-chambers at the left-hand end, as can 
be seen in the figures. The position of the various 
dampers for the control of the gas and air can also be 
seen in the fi 

The only remaining detail point to which we need 
refer is the arrangement of the trucks which carry the 
tiles. To deal with this point intelligently, however, 
it is necessary that we should refer rather more fully 
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than we have yet done to the operation and general 
advantages of the oven. One of the main and obvious 
advantages of this tunnel oven, as of all tunnel ovens, 
is that the walls and main structure are maintained ina 
heated condition continually and for many months at 
a time. This clearly results in a great saving of fuel 
as compared with the ordinary type of kiln, in which 
a charge of pottery is placed when the oven is cold, the 
whole structure, with its contents, being then heated 
up to the firing temperature, after which the kiln is 
allowed to cool before the goods are taken out. It is 
evident that with such an arrangement as this a large 
proportion of the fuel used for each batch of goods is 
simply employed in heating up brickwork and other 
structural parts, which are allowed to cool when the 
firing ix completed, so that all the heat they contain is 
lost. With a tunnel oven, on the other hand, one heating 
up of the main structure may last for many months, 
so that heat only has to be supplied for treating the 
successive batches of goods which pass through the 
oven, and for making up loss by radiation, &. A 
further advantage of a continuously heated oven is 
that it is not subjected to the continual strains and 
comparatively rapid deterioration which must take 
place in s structure of this class when it is alternately 
heated and cooled. These general advantages of tunnel 
ovens have, of course, long been recognised, and in 
some form or other the device is employed in many 
trades. 

The main distinction between the Dressler tunnel 
ovens and other tunnel ovens which have been used for 
similar work lies in the employment of the combus- 
tion-chambers. The ordinary arrangement may be 
said to consist of a brick tunnel, in which the fuel 
or gas is burned, with rails carrying trucks as in 
the Dressler oven. The trucks travel in the opposite 
direction from that of the products of combustion, 
and give up their heat to the heating air after they 
nave passed the combustion-chamber. The radical 
jifference from the Dressler ovens, however, is that the 
goods actually pass through the products of com- 

ustion and through the unburnt gases. It is in 
this difference that the essential features of the 
Dressler oven lie. The ordinary oven is in use to 
some extent, but in general considerable difficulty is 
experienced in obtaining consistently good results 
with it, much res. on the skill of the fireman. 
This is due to the nature of the process which is 
carried out during glost firing. It is fairly obvious 
that owing to flying dust and unequal heating inju 
may ocour to the enamels and glazes with whic 
pottery and tiles are covered, in an oven in which the 
= are practically in the flue. Further than this, 

owever, the enamels and glazes which are 
consist in general of metallic oxides, so that if by any 
chance a —s atmosphere is produced in the oven 
the colour of the enamel will to some extent be 


spoiled. Such a reducing atmosphere can be avoided 
by admitting an excess of air, 


ut that practice is 





obviously wasteful of fuel, and by no means always 
reliable. It should be said that these disabilities of 
the ordinary tunnel are of importance in practice, and 
that it is quite the usual experience for an appre- 
ciable percentage of the goods to be spoiled. 

With the Dressler oven these difficulties are avoided 
owing to the use of the closed combustion-chambers, 
which form probably the most important patent in 
connection with the apparatus. The goods are pro- 
tected from local overheating such as may occur when 
they are actually in contact with the products of 
combustion. Further than this, however, the atmo- 
sphere of combustion being quite separate from the 
atmosphere in which the goods are situated, there is 
no possibility of the colour of enamels being spoiled by 
reducing action. Again, there is a gain from the point 
of view of combustion, since the regulation of the air 
supply to the furnace may be made without any regard 
to the effect on the por iy so that there is no c 
between efficiency of combustion and the question of 
spoiling goods. It may appear that there is a possibility 
of communication between the oven atmosphere and the 
interior of the combustion-chambers or flues, owing to 
slight leaks which may develop in the chambers or 
flues. Such leaks may, of course, occur, but any bad 
effects from them are avoided by working the combus- 
tion-chambers under a slight vacuum, which is ob- 
tained by an exhaust-fan in the flue. The result of 
this is that all leakage takes place into the combustion- 
chambers instead of out of them. The vacuum 
required is very small, being only about ;\; in. of water, 
so that quite a small fan suffices. 

The distribution of the heat from the combustion- 
chambers to the goods takes place mainly by convec- 
tion. This will be fairly clear from a study of the 
cross-section of the oven shown in Fig. 4. As will be 
seen, the goods which are carried by the trucks on fire- 
brick structures, as shown in Figs. 10 and 11, are 
fairly well away from the possibility of heating by 
direct radiation. The object of employing only con- 
vected heat is to obtain uniform baking. ere direct 
radiation employed the goods nearest to the combustion- 
chambers would receive more heat than those farther 
away, and uneven firing would result. When the 
oven is in work a circulation of hot air is maintained 
on both sides of the cross-section, the air rising from 
each combustion-chamber, striking the roof, and falling 
in the centre of the oven through the mass of tiles on 
the trucks, to pass to the bottom of the combustion- 
chambers, where it is again heated, and rises again to 
repeat the cycle. It is claimed that almost perfect 
uniformity is maintained in the firing of the goods, 
th between the goods 


owing to the fact that if any 
and firebricks on the trucks is colder than any ether 
there will, of necessity, be a ter down-draught 


there than elsewhere, so that there will be a tendency 
for a more rapid flow of heated air towards that point. 
By this means any lack of uniformity in heating that 
may arise is rapidly equalised out. It will be under- 
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Fig. 11. 


stood that there is no flow of heated air through the 
length of the oven, and that the air acts only as a 
vehicle of heat between the combustion-chambers and 
the goods. 

Before concluding this description we should refer 
to a further detail feature in which the oven differs 
from other tunnel ovens. This has reference to the 
protection of the truck and ite mechanism from the 
deleterious effects of the hot air. The usual arrange- 
ment is to have sand-troughs through which the trucks 
work in such a way that the y and wheels are 
more or less cut off from contact with the oven gases. 
It will be seen from Fig. 4 that no such arrangement 
is adopted in the Dressler oven. There is no slab 
between the truck and the upper part of the oven, as 
it is found that the circulation of the hot air is con- 
fined to the upper part of the oven, and that the air 
around the lower part of the truck is comparatively 


h|stagnant. This effect is so marked that there is no 


serious heating of the truck, and although cold-air 
pipes have been fitted, as can be seen in Figs. 2 and 4, 
they are found to be hardly necessary. Another novel 
detail of the oven is the method of carrying the trucks 
on rollers, as shown in Figs. 4 and5 and 11. The 
usual arrangement is to employ rails. 








SuipPiInc, ENGINRERING AND MACHINERY EXHIBITION. 
—A Royal Commission has been me by the Govern- 
ment of Queen Wilhelmina of Holland, for the purpose 
of organising a collective exhibit of Dutch shipping 
(naval and mercantile), shipbuilding and engineering, at 
the Shipping, Engineering and Machinery Exhibition, to 
be held at Olympia, London, W., from September 25 to 
October 17, 1914. 





Enoine-Room Herogs’ MemoriaL.—We are informed 
by the Liverpool Memorial Committee that definite steps 
have now been taken with reference to the Engine-Room 
Heroes’ Memorial. The ment, after being approved 
by the Sites and Design Committee, in whose hands the 
matter was left, and submitted to the President, the 
Right Hon. Lord Derby, has been duly executed by 
the sculptor, Sir William Gascombe John, R.A. The 
time stipulated for completion of the memorial in the 

ment is two years from the date of signature. The 
Liverpool Corporation has agreed to place the founda- 
tions. 





CompLex Srress DistripuTion IN ENGINEERING 
MareriAts, —On 570 and 639 ante we reprinted this 
report, which was discussed before Sections A and G of 
the British Association at Birmingham on September 15. 
We were obliged, however, for want of space, to omit the 
latter part, merely giving the titles of the various sec- 
tions in the order in which they appeared. This list was 
open to the misconception that the article on “The 
Resistance of Tubes to Collapse,” by Mr. Gilbert Cook, 
M.Sc., was part of the a: ix, whereas it was the first 
contribution to a section of the Committee's work, which 
is intended to comprise a number of special problems, such 
as strength of rotating discs, of flat plates, &c. 
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‘*METALS, CRYSTALLINE AND 
AMORPHOUS.” 


To THe Epiror or ENGINEERING. 


S1r,—I have read with much interest the letter by Dr. 
W. H. Hatfield on the above subject which oqpeuet in 
your issue of the 3lst ult. There can be no doubt that 
the ‘“‘amorphous” theory affords scope for much further 
discussion, and I welcome Dr. Hatfield’s contribution 
accordingly. The fact that Dr. Hatfield’s somewhat 
hostile attitude to the theory is | y based on a mis- 
conception further serves to show t the presentation 
of the theory as given in my paper—full as I had su e 
it to be—was not yet sufficiently detailed to avoid mis- 
unders ing. ; 

Dr. Hatfield begins by quoting some results relating to 


the changes of density undergone by steel in the process 
of wire-drawing, as described by Mr. J. D. Brunton. 
According to these results steel differs from the great 


majority of metals by becoming denser in the course of 
wire-drawing so long as the process te to raise the 
tensile strength of the material. According to Dr. 
Hatfield this result is fatal to the whole theory of the 
“hardening” of metals by the formation of amorphous 
layers on the slip surfaces. 

To begin with, one may well ask whether such an atti- 
tude of mind is logical. We have, on the one side, in 
support of the ‘‘amorphous” theory a great mass of 
facts, which have been only briefly indicated in my 
paper ; on the other hand, in apparent contradiction to 
the theory, Dr. Hatfield advances a set of results obtained 
by an isolated observer, and admittedly anomalous in 
comparison with results obtained on other materials. Is 
it reasonable to ignore the weight of evidence and to 
suggest the rejection of a theory because it fails to 
account for one set of anomalous results? By doin 
this we should be sacrificing the simple and rati 
explanation of a large range of facts which cannot as 
yet be rationally explained by any other known 
theory. The scientific attitude of mind towards such a 
position is, surely, to endeavour to find the special causes 
at work in the anomalous case, and thus to endeavour to 
reconcile the anomalous data—if they are confirmed on 
further inquiry—with the regularities observed in other 
materials, and thus, incidentally, with the theory which 
covers those regular cases, That Dr. Hatfield attaches a 
very undue weight to the set of data which he quotes, may 
per be due to the fact that they relate to steel, but it 
should hardly be necessary to remind him that a fact is 
of no peered weight or importance, from the point of 
view of metallurgical science, whether it relates to iron 
or steel, or to any other of the eighty odd elements known 
to chemists. If steel really differsfrom gold, lead, silver, 
copper, &c., in any particular respect, that merely means 
that some special causes are at work in the case of a sub- 
stance which is somewhat more complex than other 
me 

In quoting data obtained from steel, Dr. Hatfield 
further ignores the fact that the ‘‘amorphous” theory, as 
set forth in my paper, has been worked out so far almost 
solely for the case of simple pure metals ; the only ex- 
ception to this statement is that brief section of the paper 
which deals with an experiment made on a eutectic alloy 
—an experiment made to decide a minor point and not 
bearing on the general theory. In view of this circum- 
stance, Dr. Hatfield’s conclusion that the data concerning 
steel are in contradiction to the theory issurely somewhat 
rash. It is certainly not correct to say that, use the 
amorphous theory would lead us to expect a decrease in 
the density of a pure metal as the result of cold working, 
therefore in all alloys we must expect to meet wit 
the same phenomenon; and still less would it be correct to 
conclude that, use a complex alloy like carbon steel 
does not behave exactly like a pure metal in a certain 
respect, therefore the theory which accounts for the 
behaviour of the pure metal must be wrong. i 
course, true that ultimately any general theory like the 
one set forth in my paper must deal with alloys as 
well as with pure me and to my mind it appears at 
all events probable that when the theory has been care- 
fully worked out in its bearing on alloys, even the com- 

lex data of steel will be found in full agreement with it; 

ut that development of the theory has yet to be made, 
and until it has med the strength or weakness of 
the theory cannot be decided by data taken from that 
field. Meanwhile, however, it may be interesting to 
show how the deductions from the theory may have to be 
modified when apgind to alloys, in to this ques- 
tion of density. e theory supposes that the amorphous 
metal is less dense than the crystal from which it is 
formed ; in a duplex alloy, however, there are two kinds 
of crystals present, which may be—and, in the case of an 
alloy with a metalloid, such as carbon in the ease of steel, 
certainly are—of widely different density. In the crys- 
talline state these two phases are immiscible, and the 


metal has a density which is the arithmetic mean in| Mr 


proportion to percentage composition of that of the 
two types of crystal (in the case of steel, ferrite 
cementite). In the amorphous condition, however, there 
must be os miscibility, since the two constituents 
are completely soluble in one another in the molten 
(liquid) state. It may therefore happen that the two 
kinds of amorphous metal produced during the strain- 
ing of a duplex alloy, being mutually miscible, will inter- 
ter or lesser extent according to 
f they did not interpenetrate at we 
should expect to meet the same order of decrease of 
density as in pure metals; but if they interpenetrate to 
any great extent, this might result in a decrease of volume 
and a consequent increase of ity. This explanation 


is only put forward here quite tentatively in order to 
show how materially the circumstances existing in a 


It is, of | g 





Guplex alloy may modify the deductions from the 
“amorphous” theory. 

The remainder of Dr. Hatfield’s arguments may be 
dealt with rather more briefly. In part they are based 
on the misconception that the frictional generation of 
heat is essential to the formation of amorphous metal 
from the crystalline solid. Such a view is not required 
for the amorphous theory, and has never been suggested 
in my paper nor in any of the papers of Beilby. If 
Dr. Hatfield will recollect that ice can be melted by 
“eany alone, and without rise of tem ture, at many 

legrees below zero, he will perhaps better able to 
realise that the transformation from the crystalline to 
the liquid or amorphous need not involve heat. Polishing 
under water gives exactly the same evidence for the 
occurrence of surface flow and all the other phenomena 
observed by Beilby and described in my paper as dry 
polishing. In th case of glass it is difficult to see the 
point of Dr. Hatfield’s argument, since the fact that such 
a substanee is already amorphous merely renders it easier 
to polish—the mechanical effects of polishing have only 
to give the molecules their temporary freedom and the 
power of flowing under surface-tension without having first 
to tear them from their allegiance to a crystalline system. 
The fact that glass is devidedly easier to polish than steel 
is thus rather_a confirmation of the amorphous theory 
than otherwise. The furvher fact, incidentally mentioned 
by Dr. Hatfield, that a hard metal is easier to polish than 
a soft one, is readily explained by the consideration that 
the softer metals are much more easily scratched, so that 
not only are the marks, which have to be removed or 
obliterated by polishing, much deeper in soft metals, but 
during the polishing process itself fresh scratches are con- 
stantly arising in soft metals, and these retard the com- 
pletion of the process. Ka 

Some of Dr. Hatfield’s remaining arguments are of a 
nature to which every theory must necessarily be exposed, 
which deals with thi not directly demonstrable to the 
eye or the touch. It is, of course, quite true to say that 
the actual existence of an intercrystalline amorphous 
cement has not been demonstrated, or “‘has yet to be 
demonstrated ;” it is clearly stated in my paper that such 
a demonstration—by direct evidence—is not obtainable 
in the present state of our knowledge, and that therefore 
the theory must rest upon indirect evidence; but in the 

9 I tried to show how the weight of that evidence 
ha already accumulated in a remarkable way since the 
theory had first been put forward. Now Dr. Hatfield 
seems to consider that he has raised a fresh point by 
ewe 8 that certain things upon which the theory is 
based have yet to be demonstrated. The same argument 
precisely might be used against the conception of the 
existence of atoms or molecules, yet I see that Dr. 
Hatfield uses those ape glibly and with apparent 
confidence. If a scientific conception serves to explain 
a large number of facts in a simple and rational manner, 
it may surely claim at least provisional acceptance, even 
in the absence of direct sense-evidence. In this respect 
I think it may well be claimed that the amorphous theory 
is quite as well established as many others which have 
received current acceptance, even though in all such cases 
a “theory” must, strictly speaking, — be regarded 
as merely a convenient brief formula for the summarising 
and understanding of complex facts. 

Yours truly. 
Wa ter ROSsENHAIN. 
Coombe-lane, Kingston Hill, Surrey, 
November 8, 1913. 





CORROS:ON OF STEEL WATER-MAINS. 
To THE EpiTor oF ENGINEERING. 

Sir,—With reference to the letter in your last issue 
re the above, we to say that we do not propose 
carrying on any further controversy on this matter, as 
we do not think any useful purpose will be served by 
oing so. 
At the same time, we are always willing to discuss the 
subject with any engineer interested. 

Yours faithfully, 
Tue British MANNESMANN TuBE Company, LIMITED, 
- J. T. ALLINGHAM. 
Salisbury House, London Wall, London, E.C., 
November 10, 1913. 





Personat. — The Westinghouse Brake Company, 
Limited, of 82, York-road, King’s Cross, London, N. 
have appointed Mr. D. MoGregor Stewart, of 166, 
Buchanan-street, G w, to act as their agent in 
Scotland for their Morse Zen rocker-joint silent 
chains.—Mr. P. D. Ionides, M.I.E.E., has moved into 
larger offices at 124, St. Vincent-street, Glasgow, his 
telephone number and telegraphic address remaining 
unaltered.—Messrs. Manning, Wardle and Co., Limited, 
Boyne -— Works, Hunslet, have appointed 

. W. B. Wilson, 19, West Parade, Newcastle-on- 
Tyne, to be their t for the sale of their locomotives, 
&c., in the North of England. 


Tue Iron anv Sree Institute. — Thursday and 
Friday, May 7 and 8, 1914, have been fixed as the date 
of the next annual meeting of the Iron and Steel In- 
stitute. The annual dinner will take place on Thursday, 
r 7, at the t Rooms, Great Queen-street, 
W.C. By the kind invitation of the Comité des Forges 
de France, the autumn meeting will be held in Paris, 
the dates of Friday and Saturday, September 18 and 19, 
having been pau fixed for the business sessions. 
The first half of the following week will be devoted to 
excursions to the chief iron-mining and manufacturing 
districts of France. The Bessemer Gold Medal for 1914 
will be awarded to Dr. Edward Riley, F.C.S., F.I.C. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was very dull, and business was 
limited to 500 tons of Cleveland warrants at 50s. 9d. 
cash, and at the close sellers quoted 503. 9}d. cash, 
51s. 1d. one month, and 51s. 6d. three months. Cash 
buyers of hematite offered 62s. 6d., but there were 
no sellers. prevailed in the afternoon, and 
only one lot of Cleveland warrants was done at 50s. 74d. 
cash. Closing sellers named 50s. 8d. cash, 51s. 114d. one 
month, and 5ls. 4d. three months. On Friday morn- 
ing the market was lifeless, and one Cleveland warrant 
changed hands at 503. 6d. cash, and sellers’ closing prices 
were down to 50s. 44d. cash, 50s. 74d. one month, and 
51s. 1d. three months, but there were no buyers’ quota- 
tions. A further decline took place in the afternoon, 
when 2500 tons of Cleveland warrants were put through 
at 493. 8d. cash, 49s. 9d. seven days, 49s. 10d. 
twenty-two days, ard 6503. 3d. January 8. The 
session closed with sellers at 49s. 10}d. cash, 503. 14d. 
one month and three months. Oa Monday morning 
there was a slightly better tendency, and Cleveland 
warrants were done at from 49s, 6d. to 493. 104d., 
493. 94d., and 493. 11d. cash, and from 49s. 104d. to 
50s. 2d. one month. The turnover was 7000 tons, the 
largest for some time, and the closing quotations were 
49s. 114d. cash, 50s. 3d. one month, and 50s. 64d. 
three months sellers. In the afternoon the tone was 
weaker, and 1500 tons of Cleveland warrants were 
done at 503. one month, with sellers over at that 
figure, and at 49s. 9d. cash and 50s. 6d. three months. 
On Tuesday morning the market was fairly steady, 
and 2500 tons of Cleveland warrants were dealt in at 
49s. 8d. and 49s. 84d. nine days, and at 493. 104d. and 
49s. 10d. one month. Closing prices were the turn 
easier at 49s. 8d. cash, 49s. 11d. one month, and 50s. 5d. 
three months. The afternoon session was quite idle, but 
there was practically no change in Cleveland warrants, of 
which there were sellers at 49s. 8d. cash, 49s. 114d. one 
month, and 50s. 5d. three months. When the marke 
opened to-day (Wednesday) the tone was barely steady, 
and 1500 tons of Cleveland warrants were done at 
493. 7d. cash, and 50s. 4d. three months, and closing 
sellers quoted 49s. 74d. cash, 49s. 11d. one month, and 
50s. 5d. three months. There were sellers of hematite at 
63s. three months, but no buyers. In the afternoon the 
tendency was easier, and the turnover amoun to 5000 
tons of Cleveland warrants at 49s. 64d. cash, 49s. 94¢. 
one month, and 50s. 3d. three months. The session 
closed with sellers quoting 49s. 7d. cash, 49s. 104d. one 
month, and 50s. 4d. three months. 


Sulphate of Ammonia.—During the past week there has 
been quite a fair trade done in sulphate of ammonia, but 
the demand is not pressing. The price is still 13/. per ton 
for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—No change has taken place in the 
Scoteh steel trade during the past week, and in only a 
few establishments is the output anything like satisfac- 
tory. Many of the rolling-mills are only running part 
time, and the cause of most of the trouble—German 
competition—is still as keen as ever, and fairly large 
quantities of plates, &c., have been arriving here. Makers 
of black and galvanised sheets are exceedingly quiet, 
and the demand is very poor, as consumers are only 
specifying for their more immediate requirements. Sec- 
tional makers have a fair amount of work on hand both 
for the home market and for shipment. Theexport trade 
is not of a very encouraging nature at present and 
inquiries are not over numerous. No alteration has been 
made in the official price-list, but the matter will be under 
review at a meeting to be held in London next week. 


Malleable-Iron Trade.—The state of the malleable-iron 
trade in the West of Scotland shows little change, and 
short time is very prevalent. Bars from Belgium are 
being landed here at about 5/. 103. per ton, and when it 
is remembered that the local price is not less than 25s. 
per ton more than that, it can be realised how keen the 
competition is which local makers have at present to 
face. Despite this, a few home and export orders are 
being picked up. 

Scotch Pig-Iron Trade.—Like the other branches of the 
steel and iron industry, the pig-iron trade is having to face 
competition from Germany ; some fairly large lots of pig 
iron have recently been shipped from there. The demand 
for the ordinary qualities is nevertheless moderately 
good, both on home and export account. Prices are not 
so firm, and are — at 6d. to ls. down. The number 
of furnaces in full blast in Scotland remains at eighty, 
which is eight fewer than at this time last year. The 
following are the current market quotations for makers’ 
_ 1) A ve, -, an fs ae hp some 

ammerlee, and Langloan, 723. 1 at Glasgow) ; 
Glengarnock (at Ardrossan), 72s. ; at at Leith), 
723.; and Carron (at Grangemouth), 73s. ematite 18 
still meeting with a very poor demand. 


_The General Trade Position.—With so much broken 
time at present in the iron and steel trades, owing to an 
absence of demand for the local manfactures, it cannot 
be gainsaid that the outlook is far from encouraging. 
This is being caused very largely through the heavy ship- 
ments of steel material from Germany and iron bars from 
Belgium, which have been arriving in the Clyde for some 
time. back at prices which | producers could not 
face. Tubes and pig iron have also been coming in from 
Germany, so that these branches are also suffering from 
very severe competition. It is freely stated that, were 
it not for the excessive tonnage of material which has 
come in from the Continent, our local works would 
all be going at full pressure. The general state of 
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trade on the other side of the North Sea has been some- 
what unsettled recently, and money has been rather 
tight, and in order to keep going full time the makers 
there have been dumping a large part of their output 
over here at very low prices for cash. This is most 
unfortunate for our own industries, because it will take 
months to use it all up, and it will well on in the 
winter before employment locally can show much sign of 
improvement. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns. —The coal traffic through the port 
of Hull during October showed an increase of 54,158 tons 
on the corresponding period of last year. A further 
increase is shown in the imports, 702,392 tons coming in, 
as compared with 648,234 tons in Ovtober, 19!2. Foreign 
exports increased by 64,603 tons, and the total tonnage 
sent abroad was 413,717. To London 67,754 tons were 
“forwarded, making the year’s coastwise shipments 816,385 
tons. For the ten months of the year foreign exports 
amounted to 3,771,408 tons, a slight increase on the same 

riod in 1912, showing that the declining traffic to the 
Baltic ports has not affected the upward tendency. 
Denuby and Cadeby Colliery head the monthly list with 
an output of 92,654 tons, compared to 49,365 tons in 
October of last year. 

Tron and .»teel.—Prices are unaltered in the local raw- 
material market. Some manufacturers prefer to hold off, 
and as a consequence stocks of pig have further increased. 
Bar iron is still in a very unfavourable position, and the 
basis quotation of 8/. 10s. was not changed at the York- 
shire Association's meeting. The fact that iron manu- 
facturers are still hampered by the high prices of fuel 
renders it possible to obtain pig below cost. Despite 
this, however, sales are not extensive, and specifi- 
cations have been reduced on account of the idle- 
ness of the steel foundries. There is a falling off in orders 
in the heavy steel industries, and the outlook is rather 
disquieting. Steel for constructional purposes is meet- 
ing with German and Belgian competition, the foreign 
product being so low priced as to put home makers in a 
serious position. One effect of the moulders’ strike was 
to compel some heavy engineering firms, who required 
large castings, to import them from distances, and by the 
extra freight send | costs somewhat. Further activit 
in the armament and projectile departments is reported, 
and the Admiralty’s demands have necessita some 
speeding-up. The oan has also probably been in- 
fluenced by the diplomatic troubles in America. Con- 
tracts on foreign and Colonial account are fairly 
numerous. Three firms are enga on an order from 
South Africa for springs, tyres, and buffers, and the Go- 
vernment of that country has ordered a large enone of 
iron from Rotherham. The East India Railway have placed 
a good contract locally for steel springs. Business on 
home account includes a large amount of tramway mate- 
rial for Manchester, and constructional work for the 
Sheffield Corporation. 


South Yorkshire Coal Trade.—A slight change for the 
better has taken place in the generaldemand. Merchants 
are better occupied, but find business quiet for this period 
of the year. Gas companies are taking full supplies, and 
the house-coal pits are busy. Fair tonnages are being 
bought for shipment and works. The falling off in the 
Upper Baltic trade has retarded acti, ity in steam coals, but 
the general export and home demand is fair for the 
time of year. Manufacturing supplies are expected to 
increase with the recent cessation of local labour troubles. 
Pits are well occupied, but prices have weakened 
fractionally. Coke is quiet. Slacks meet with a good 
demand, especially the better qualities. Medium sorts 

r request. Quotations :—Best branch hand- 
picked, 16s. to 17s. ; Barnsley best Silkstone, 14s. 6d. to 
163. 6d.; ey best brights, 12s. to 13s. 6d.; Derby- 
shire house, lls. 6d. to 12s. 6d. ; best large nuts, 11s. to 
12s. ; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 9d. 
to 12s. 9d.; Derbyshire hards, 10s. 9d. to 11s. 9d. ; hb 
—— to 8s.; seconds, 5s. 9d. to 6s. 9d.; si 

3. to 








THE Late Mr. Jonn Hutcuinson SHarp.—We regre 
to have to record the death, after only a short illness, of 
Mr. John Hutchinson Sharp, of the North British Loco- 
motive Company, Ww. . Sharp was only fifty- 
three when he died, having been born on July 15, 1860, at 
Farndon, in Buckinghamshire. He was the eldest son of 
the late Rev. John Prior Sharp, of Long Stow, Cambridge- 
shire. He received an education at Uppingham, after 
which he served an apprenticeship with the firm of 
Messrs. Sharp, Stewart and Co., then of Manchester. 
His dfather, Mr. John —— had been one of the 
founders of this eye After his apprenticeshi 
Mr. Sharp continued with Messrs. Sharp, Stewart and 
in Manchester, and on their removal to Glasgow, in 1888, 
when they acquired the works of the Clyde Locomotive 
Company at Springburn, Mr. Sharp was also transferred 
to the new works. In 1903, it will be remembered, the 
works of Messrs. Sharp, Stewart and Co., Messrs. Neil- 
son, Reid, and of Messrs. Dubs, all in Glasgow, amalga- 
mated to form the present North British Locomotive 
Company. On the formation of that combination Mr. 
Sharp was appointed managing director of the Atlas 
Works—i.e., those formerly known as the Springburn 
works of Messrs. Sharp, Stewart and Co. This position 
Mr. Sharp held at the time of his death, which occurred 
at his residence in Glasgow on the 6th inst. Mr. Sharp 
took @ great interest in — of locomotive design, 
and his opinions onsuch subjects always received respectful 
attention. He was a man of unfailing courtesy, with 
whom it was a pleasure to come in contact, either in con- 
nection with business or with other matters. 


eo 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.esBroucH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is life- 
less, and prospects are anything but enco ing. In- 
quiries are certainly rather numerous, but they result 
in nothing, as buyers will not pay current rates, which 
makers declare are already below cost of production. 
Amongst the inquiries are several from America for most 
descriptions of pig made in this district, but they are not 
likely to lead to much, if any, business, aa in every case 
delivery to particular analysis is insisted upon. Pig-iron 
manufacturers threaten to reduce still faster the output 
unless any advance or cost of raw material is lowered, 
and, indeed, this week Messrs. Walker, Maynard and Co., 
who a little while ago put a furnace out of o tion a 
their Redcar works, are damping down both furnaces at 
their Coatham works. No. 3 g.m.b. Cleveland pig is on 
sale at 50s. 3d. f.o.b., and possibly odd lots might be 
bought at even 503. No. 1 is put at 52s. 6d.; No. 4 
foundry, 49s. 6d. ; No. 4 foi 49s. 3d. ; and mottled and 
white iron, each 49s. All the foregoing quotations are 
for early delivery. East Coast hematite pig is very . 
There are sellers of Nos. 1, 2, and 3 at 62s. 6d., but that is 
more than consumers are prepared to pay. Sheffield 
customers are reported to have offered to make contracts 
at 60s., and an impression prevails that the next business 
of importance will be round about that figure. There is 
nothing passing in foreign ore, but sellers do not seem 
dis: to reduce prices, and in the absence of trans- 
actions market rates remain nominally on the basis of 
193. ex-ship Tees for Rubio of 50 per cent. quality. 
~~ Bilbao-Middlesbrough are down to 4s. 6d. Coke 
is still very scarce, and | consumers complain of short 
supplies. Average blast-furuace kinds are firm at 18s. 6d. 
delivered at Tees-side works. 


Stocks and Shipments of Pig-Iron.—The stock of Cleve- 
land pig iron in the public warrant stores here continues 
to be steadily drawn upon. The quantity now held stands 
at 152,993 tons, all of which but 43 tons of Standard iron 
is No. 3 quality. Since the 
stock has been reduced by 5263 tons. Shipments of pig 
iron from the Tees are quite up to expectations. To date 
this month they average 3321 tons per working-day, the 
total despatches reaching 33,212 tons. To the same date 
last month the total loadings were returned at 32,151 
tons, or a daily average of 3215 tons, and for the corre- 
sponding part of November last year the clearances 
amounted to 32,477 tons, oran average of 3247 tons per 
working day. 

Manufactured Iron and Steel.—There is not much new 
of moment to relate concerning the manufactured iron 
and steel industries. The revival in demand for ship- 
building material, which followed close upon the last 
reduction in prices, has not been sustained ; and in view 
of foreign competition, further reductions in home-made 

are looked for. A few new orders for railway 
material are reported. There are inquiries for some 
50,000 tons of rails, chairs, and fish-plates for South 
Africa, and Tees-side firms hope to secure a fair share of 
this work. Further orders for railway material for 
Australia are also anticipated. Common iron bars are 
71. 10s.; best bars, 7/. 17s, 6d.; best best bars, 8/. 5s.; 
ing iron, 6/.; iron ship-plates, 6J. 15s.; iron ship- 
angles, 7/. 10s.; iron ship-rivets, 8/. 10s.; steel bars, 
61. 158.; steel ship-plates, 6/. 15s.; steel ship-angles, 
61. 7s. 6d.; steel boiler-plates, 7/. 15s.; steel strip, 7/. 5s.; 
steel hoops, 7/. 10s.; and steel joists, 6/. 12s. 6d.—all less 
the customary 24 per cent. discount. Cast-iron columns 
are 7l. 7s. 6d.; cast-iron railway.chairs, 4/. 153.; light iron 
rails, 7/. ; heavy steel rails, 6/. 10s.; and steel railway 
sleepers, 7/. 10s.—all net at works. Galvanised corru- 
gated sheets, 24 gauge, in bundles, stand at 11/. f.o.b.— 
less the usual 4 per cent. 





Tue University or LiverrooL ENGINEERING SOcIRTY. 
—The annual dinuer of the Society will take place on the 
22nd inst., at the Exchange Hotel. The following are 
the dates of the subsequent meeti and the titles of 
the o> to be read :—November 25, ‘‘The Crystallisa- 
tion of Metals,” by Mr. C. H. Desch, D.Sc.; December 9, 
special open meeting, ‘‘ Military Aviation,” by Colonel 

ykes. Further meetings are announced to be held on 
gm 13 and 27, February 10 and 24, and March 10, 
4, 


Tue INTERNATIONAL CONFERENCE ON THE SAFETY OF 
Lire aT Sza.—The international conference on the safety 
of life at sea, to which all the chief maritime nations 
have sent delegates, was opened at the Foreign Office on 
the 12th inst. The proceedings of that day were of a 
preliminary nature only, and covered the welcoming of 
the delegates by the President of the Board of Trade and 
the reading of a message from the King. Lord Merse 
was chosen as president of the Conference, to whic 
delegates have been sent from Austria-Hungary, Austra- 
lia, ium, Canada, Denmark, France, Germany, Great 
Britain, Holland, Italy, New Zealand, Norway, Russia, 
Spain, Sweden, and the United States. In his speech of 
welcome, the President of the Board of Trade suggested 
that the questions to be inquired into might be grouped 
under the following four heads: — (1) Constructional 
arr ents — i.¢., bulkheads, water-tight doors, &c. ; 
(2) life-saving appli —t.e., boats, fire-extinguishing 
devices, &c. ; (3) the utilisation of life-saving appliances 
—i.e., boat arrangements, &c.; (4) wireless telegraphy ; 
(5) external safety methods—+.ec., the observation and 


reporting of ic> in the North Atlantic, the reporting of 
derelicts, fog warning, &c. We understand that the 
nw of the Conference are not to be open to the 
public. 


inving of the month the | ,j, 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage arrivals over the week-end were 
moderate, but they were sufficient to meet the require- 
ments of shippers; the chief difficulty was to secure 
qeltcleas onal tee loading without delay. The British 
Admiralty has been for extra supplies in con- 
nection with Fleet movements in the Mediterranean. 
There is no indication of an early improvement in the 
output, as the men are worki is also no 
Faecset an early restart of ei ydd or the 
illeth collieries. Small bunker qualities have shown 
firmness, but the demand for cargo —y has been 
far from active. House coal has been . The best 
Admiralty large steam coal has made 20s. to 20s. 6d. per 
ton ; the best qualities have brought 19s. 3d. 
to 19s. 9d. ; other descriptions, 18s. 6d. to 19s. ; 
best bunker smalls, 10s. 9d. to Lis., oF Sap, =. 
7s. to 7s. 9d. per ton. The best household has been 
uoted at 19s. to 20s; households at 17s. to 18s. ; 

o.3 Rhondda large at 16s. 6d. to 17s. ; and smalls at 12s. 
to 12s. 6d. per ton. No. 2 Rhondda large has realised 
133. ‘to 13s. 9d. ; and No. 2 smalls, 8s. to 8s. 6d. per ton. 
Special foundry coke has made 27s. 6d. to 28s. 6d. ; 
foundry coke, 23s. to 25s.; and furnace coke, 19s. to 2is. 
per ton. Asregards iron ore, Rubio has brought 18s. 6d. to 
19s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Oardiff or 
Newport. 

Baldwins.—Several changes have taken place in the 
directorate of Baldwins, Limited (Pan teel Works 
and Pontypool Cominaz, Mr. Isaac Butler, one of the 
founders of Messrs. Wright, Butler and Co., th 
decessors of idwins, Limited, recently resigned his 
directorship, and this month his two sons, Mr. A. J. R. 
Butler and Mr. Hubert Butler, have also severed their 
connection with the company. 


Shi, from Swansea.—The monthly trade report 
of the Swansea Harbour Trust, submitted on Thursday, 
showed a total trade movement in October of 529 tons, 
an increase of 55,000 tons on last year, coal shipments 
owing an increase of 39,000 tons, and patent fuel one 
of 12,000 tons. During the first ten months of this year 
coal shipments increased 7000 tons, and patent fuel 
211,000 tons. Present indications point to Swanses’s 
total trade movement rising to 7,000,000 tons this year, as 
compared with 6,300,000 tons in 1912. 


slackly ; there 
the Sen 





Cycir an» Mortor-Cyrciz SHow.—This exhibition is to 
be held at Olympia, Kensington, from November 24 to 29. 


Tue Tata Hypro-Exnecrric Powrr-Surety Scueme, 
Bombay : ADDENDUM.—With reference to our article on 
this scheme, ce on e 578 ante, we are now informed 
that Messrs. Thyssen Co., Mulheim-Ruhr, Germany, 
were sub-contractors to Messrs. Escher Wyss and Co. for 
the whole of the welded pipe line. 





INSTITUTION OF PETROLEUM TECHNOLOGISTS.—A meet- 
ing of those who to act as guarantors of the 
above Institution was held at the house of the Royal 
Society of Arts on Friday, the 7th inst., Sir Boverton 
Redwood, Bart., occupying the chair. In opening the 
meeting the chairman remarked that the list of guarantors 
was a very representative one, embracing eminent tech- 
nologists and those engaged in the commercial depart- 
ments of the industry. The chairman also announced 
that Sir Frank Crisp, Bart., and Sir William Plender 
had agreed to act as payed solicitor and honorary 
treasurer respectively ; he added that the list of first 
Council was being Sane, Professor Lewes proposed 
that Sir Boverton Redwood be asked to occupy the posi- 
tion of President of the new Institution. This wasseconded 
by Mr. Adams, and carried unanimously. After other 
formal business, it was suggested that, if possible, the 
inaugural meeting of the Institution should be held about 
the middle of January, 1914. The chairman stated, in 
conclusion, that they already had a list of over seventy 
names for membership. 





InstiruTe OF Marine Enoineers.—Mr. Thomas L. 
Devitt delivered his presidential address before the 
Institute of Marine Engineers on Monday evening, the 
3rd inst., afterwards ting the Denny Gold Medal 
~ ae ee, 4 the — of his - mag & Mr. 

vitt sai t, as a shipowner whose experience began 
in the days of the sailing ship, he looked back with some 
regret at its disappearance. He knew, however, that 
shipowners must move with the times or be left behind, 
and that it was eesential for them to take advantage of 
every improvement and development made in the propul- 
sion of ships, so that they might be able to hold their own 
in the severe competition for the world’s traffic on the sea. 
Mr. Devitt ve some interesting details of tho 
developments in shipbuilding which had taken place 
during his experience. He added that the impression 
left upon him from these early recollections of the begin- 
ning of steam navigation was the spirit of enterprise that 
then . existed among shipbuilders and engineers, the 
paaee i poate, the ao to yy — 
paths, undertaking of projects the magnitude 
of which at first had seemed out of all proportion to 
the means available for their execution. Deney 
Gold Medal was then presented to Mr. James E. 
Milton (Member) for his paper on ‘‘ The Spontaneous 
Combustion of Coal,” before the Institute on 
January 20 last. The essay yo my awards were also 
announced. It was announced further that the Lloyd’s 
Register Scholarship, of the value of 50/. per annum, 
tenable for two ees had been awarded to Mr. G. A. 
Murray Brown (Graduate), two other Graduates receiving 


premiu ns. 
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THE MECHANICAL HANDLING OF 
LOCOMOTIVE COAL. 


Tue importance of the condition of the coal pro- 
vided for locomotives has recently been forcibly 
brought to the front, as one of the issues affecting 
the Aisgill accident. A great deal of nonsense 
has been spoken and written on this point, in the 
hope of laying the blame of the accident on the 
railway company, for having provided small coal. 
In the judicial proceedings, now closed, we are 
glad to find that facts were viewed in better per- 
spective. While the stoppage of the first train for 
want of steam was contributory to the accident, by 
reason of the fact that if it had not occurred no 
collision would have taken place, it was not the 
chief cause. The primary reason was a failure to 
observe signals, and the result, in the circum- 
stances, would have been the same had the first 
train been stopped for any ordinary mechanical 
breakdown. The question of the quality of the 
coal has, in the case of this accident, been dragged 
into altogether undue prominence, At the same 
time it is to every railway company’s interests to 
keep an eye on this matter, since good steaming 
is essential to satisfactory railroad operation. 

The coal in this particular instance does not 
appear to have been cheap nor deficient in calorific 
value, but it was small, Toan ordinary individual 
this may seem atrifling point, and perhaps so even 
to engineers concerned with statio work, in 
which small coal is commonly used. It is, how- 
ever, full of significance to the locomotive engineer. 
In a locomotive the grate arrangements and 
draught are fixed and unadjustable on the road. 
It is therefore impossible to make steam if the 
conditions these have been designed to meet are 
widely departed from. There is practically nothing 


in the way of efficiently burning, in a locomotive 
fire-box, coal of a very wide range of qualities, 
provided the conditions to be faced are known to 
the designer beforehand. There are plenty of 
locomotives in the world burning fuel which is 
little more than dust; but it is well recognised 
that for this to be done provisions of a specialised 
nature are required. For small coal large grate 
area is necessary, because the fire carried has to be 
a very thin one, and without the additional area 
sufficient heat would not be generated. At the 
same time the air space must be ample, so that the 
draught, while sufficient, shall not lift the fuel off 
the grate and carry it away unburnt. We have no 
locomotives in use in this country designed for these 
conditions, the practice over here being to secure a 
good run of fairly large coal, which is fired without 
being broken up too small. It does not then pack 
tight down on the grate, and air passes up through 
it fairly freely and in sufficient quantities, although 
the air spaces may not be too liberal. If small 
coal be fired in an ordinary box, the result can only 
be failure, either on account of the small fire or 
from an insufficient supply of air through the grate. 
In either case the boiler pressure must drop. 

It is thus of great importance that a locomotive 
should be supplied with coal in a state suitable to its 
fire-box and draughting. The conditions are wholly 
different from those in stationary work, where the 
fuel burnt per square foot of area per hour is very 
much less, the locomotive being very much more sen- 
sitive to a change of conditions. Last session at the 
Institution of Civil Engineers, Mr. C. J. B. Cooke, 
of the London and North-Western Railway, read 
a paper on the ‘‘ Mechanical Handling of Coal for 
British Locomotives.” One of the most interest- 
ing points brought out in the discussion on this 
pes was the difficulty of preventing excessive 

reakage of the coal in transferring it, in this 
way, from the trucks to the tenders. In hand 
plants, many of which are working in England 
at a cost below that given by Mr. Cooke for the 
mechanical installation at Crewe, the handlin 
of the coal may be reduced to a minimum, an 
the breakage is consequently not unreasonably 
large. Mechanical handling is inflexible, and 
therefore involves a number of transfers from and 
to buckets and hoppers. The coal suffers con- 
siderably at each fall. and may finally be delivered 
to the locomotive in such a state that, even if the 
engine does steam, a large quantity of fuel may be 
lost by being drawn straight through the tubes 
without getting near the fire, or it may be blown 
off the tender. 

At the session of the International Railway Fuel 
Association, held last May at Chicago, this point 
attracted much attention in a discussion on the 
** Modern Locomotive Coaling-Station.” At Crewe 
every care has been taken to reduce the drop of the 
coal as much as possible, at each transfer. Tn some 
of the American plants the same degree of care is, 
perhaps, not necessary, since, generally speaking, 
the coal used is rather smaller than with us, and con- 
ditions are arranged accordingly. Nevertheless, it 
_ . me that greater attention to this point is advis- 
able even there. There has lately been in the United 
States a sort of campaign in railway circles to induce 
the collieries to supply a larger class of coal, and 
various steps have been taken with the object of 
meeting this demand. It is quite rightly pointed 
out that such a demand is scarcely legitimate when, 
as soon as the coal arrives at a railway terminal, it is 
broken to dust by rough handling, having to stand 
drops sometimes aggregating 50 ft. The coal is 
mined moge carefully, and paid for at a propor- 
tionately higher rate; it is hauled in good con- 
dition, perhaps hundreds of miles, only to be 
converted into dust in the coaling plant. Some 
figures given for a case on the Chicago, Rock Island 
and Pacific Railroad show that coal, which arrived 
from the mine with 42 to 45 per cent. of slack, 
had, after handling in the coaling plant, 72 to 75 
per cent. In another case of lump coal, the 
original 25 per cent. of slack was increased to 
65 per cent. ; or, put another way, a coaling plant 
handling 200 tons a day was converting 80 tons from 
ood lump into dust. The difference in the price 

tween 80 tons of lump and 80 tons of slack may 
be quite enough to swamp economies in handling, 
without considering the effect on the locomotive. 
It is not claimed at Crewe that the mechanical 
method of handling produces less slack than did 
the former system, but Mr. Cooke states that there 
has been no traceable increase in the coal consump- 





tion of the locomotives. In America, however, it 
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seems to be the case that often the coal is much 
inferior after mechanical handling, although a more 
expensive coal may be procured to start with. In 
this way the relative service obtained is reduced, 
and the mechanical system, instead of being profit- 
able, then results in loss. 

There is another drawback to mechanical hand- 
ling, unless some special provision be made to meet 
it. In dumping into the main hopper, from which 
the coal is drawn for the tenders, there is a ten- 
dency for the coal dropping from the bucket or 
other conveyor to form a pile under the chute. The 
large coal then rolls down the pile to the sides, the 
slack remaining immediately under the chute, with 
the result that engines may draw all large or all 
slack. In some chutes in America this feature is 
utilised, the large being rolled into a separate 
hopper for use on passenger engines, the small 
being reserved for freight engines. Unless some 
notice is taken of this there is a risk that pas- 
senger engines may draw from the ordinary 
hopper small coal with which it will be impossible 
to steam. 

While mechanical plants thus have their dis- 
advantages, it cannot be gainsaid that under some 
circumstances there are strong recommendations in 
their favour. In the United States, where these 
systems have been developed toa greater extent 
hem elsewhere, their adoption has been mainly due 
to labour problems. Here, on the other hand, with 
* fairly plentiful and cheap labour, it is practically 
admitted that the raised coal-stage, and hand-shovel- 
ling from the wagon to a barrow, or skip, which 
can be tipped direct over the tender, constitutes 
the best method, having regard to first cost, upkeep, 
and running expenses. It has its conveniences, too, 
as engines can be rapidly coaled from barrows filled 
by a comparatively small staff between the calls of 
the engines at the stage. The old stage at Crewe— 
a very antiquated affair—described in Mr. Cooke’s 
paper, was not at all representative of modern 
hand systems, in which the arrangements for 
shovelling and tipping have been reduced to great 
simplicity. If the staff question, however, becomes 
the deciding factor, it is not a case between 
mechanical and hand-coaling, but of which type is 
best of mechanical handling. 

It is difficult to arrive at figures which point to 
the superiority of one system over another, since 
the cost varies so much with the tonnage of coal 
handled. Some of the more favoured systems, 
setting on one side for the moment the simple 
inclined and raised track with hopper and chute 
for self-dumping wagons, are the balanced-bucket 
type, the inclined belt, and the bucket conveyor. 

he balanced-bucket type has been pele wee on 
two lines : one in which the buckets have a capacity 
of 1 to 3 tons, and the other in which they are of 
much larger capacity, sey 15 tons. The buckets 
are run up and | mae by a petrol-engine, steam or 
electric power, and they receive their charges of 
coal and are discharged automatically, requiring 
attendance only in connection with the hoisting. 
The belt conveyor needs, of course, a rather long 
incline, and may be impossible of adoption in 
some places on this account ; but though the first 
cost may be rather high, maintenance is not expen- 
sive. rom figures given in the Proceedings of 
the International Fuel Association, the total cost 
per ton with a link-bucket elevator seems to be, 
on the whole, less than for the belt-conveyor type, 
and for a plant of 150 tons per twenty-four hours 
the total cost is placed at less than 2 cents per ton, 
allowing for fixed charges, which, however, only 
include depreciation at 5 per cent. 

There is a rather astonishing similarity between 
the figures given for the various types, the balanced- 
bucket type, the bucket conveyor, the inclined 
and elevated track all showing much the same in 
total cost per ton. Handling by locomotive crane 
and grab is much more expensive, but might serve 
in exceptional cases for small stations ; the damage 
to the cars attendant upon the use of this system 
is, however, serious. In any case, the cost must 
vary with the size of the plant, mechanical handling 
being increasingly advantageous as the requirements 
grow. With one type of plant in a station handling 
7350 tons per month the cost is about double what 
it is in a station handling 12,455 tons. If it becomesa 
question of site value, any systems but the balanced- 
bucket and the link-bucket conveyor are practically 
ruled out. At Crewe, we believe, the cram site 
had something to do with the design. In America 
plants are made still more compact by dumping the 
coal-wagon actually under the stage in many cases, 





and carrying the coal thence to the hopper up a 
vertical conveyor instead of an incline. 

The question of storage is one on which there 
is always difference of opinion. Usually the loco- 
motive engineer considers as ideal a continuous 
and reliable supply straight from the pit, suited to 
the needs of his shed or sheds. This is not always 
feasible, while there are other points which verge 
rather on economics than engineering, but are of 
interest in this connection. One of the replies 
to a set of queries on storage sent out by the 
Tnternational Fuel Association directs attention to 
the widespread effect which storage may have. 
Storage is advocated in summer for winter use, (1) 
in order that equipment may be freed for revenue 
coal service in the winter ; (2) because coal haulage 
is more expensive in winter than in summer ; 
(3) because it would give the coal-owners a greater 
chance of. selling more coal in the open market 
when the prices are good ; (4) because it would 
increase the work in the mines when they are 
slackest ; and (5) because the coal could be bought 
at lower prices. Many of these points do not 
apply to this country to the same extent, if at all, 
and some of them, as, for instance, the last, would 
in time probably have no weight, since if a large 
demand were transferred to the summer, prices 
would at once rise. They are of some moment in 
the United States, but for economical handling large 
bins would be required, involving, at the smaller 
stations, expenditure of capital for which it would 
be very difficult to effectively justify. 





H.M.S. “BENBOW ;” A TWENTY-FIVE 
YEARS’ RETROSPECT. ; 
ALTHOUGH we are all immensely interested in the 
future, and long to penetrate its secrets, yet experi- 
ence teaches us that it is dangerous to rely upon 
prophecy, and that it is far safer to be guided by 
retrospect, which, at least, does point the way 
along which progress can be continued, even if it 
does not illuminate it to any great distance. This 
1s particularly the case with naval construction, 
whether military or mercantile, as here it is pos- 
sible more or less to eliminate variants, and to 
establish direct comparison. There are often, too, 
incidents which seem to define periods for such 
examinations. For instance, in the fact that Lady 
Randolph Churchill did the honours on the occa- 
sion of the launch of the battleship Benbow 
on Wednesday, from the works at Dalmuir, of 
Messrs. William Beardmore and Co., Limited, 
while in 1888 she launched the Atlantic liner 
City of New York from the neighbouring yard of 
Messrs. John Brown and Co., Limited, we have 
two cognate incidents, separated by a period of 
rapid progress, which arrest the attention and 
challenge comparison of the attendant circum- 
stances. It is a striking coincidence, too, that in 
1888 also there was completed a battleship Benbow, 
which has lately been sold out of the service, and 
has passed on an historic name to her successor 
of to-day. Herein we have two further incidents 
that invite comparison, and furnish an opportunity 
for estimating the progress which applied science 
has made in connection with naval design. 

The New York and the Benbow of 1888 were, 
when new, remarkable ships of their respective 
type. The one was the fastest, most economical, 
and admirably equipped Atlantic liner of her day ; 
the other may be said to have represented the most 

owerful fighting ship built prior to Sir William 

hite’s great advance in his Naval Defence Act 
Fleet. But the New York, with her 525 ft. of 
length between perpendiculars and her 20.7 knots 
speed, compares but indifferently with the 900 ft. 
or so of the latest Atlantic liners, with speeds of 
over 26 knots on trial and 25 knots on service. 
Again, the fact that the owners of the earlier ship 
have just decided to carry in her for the future no 
first-class passengers, but to give payers of second- 
class fares the same accommodation that was re- 
garded twenty-five years ago as of superlative quality 
for ocean voyagers, is sufficient testimony to the 
recent advance in accommodation. The change has 
been made because the older ships can no longer 
compete with the newer liners in securing a full 
cabin list, while the agreement between the 
lines precludes sufficient reduction in fares to 
entice the passengers to be content with the pro- 
visions in state-rooms and saloons considered 
adequate twenty-five years ago. The advance in 
propulsive efficiency is common to both types of 
ships; but it may be said that although the New 





York was in advance of her contemporaries, having 
fast-running engines, the weight of her machinery 
was 330 lb. per horse-power, whereas to-day in 
similar ships it is about half this, and in the latest 
battleships about one-third. The coal consumption 
per horse-power hour, moreover, has decreased by 
quite 35 per cent. under ordinary steaming condi- 
tions, due to the superiority of turbines, condensing 
plant and propellers. 

If we take the Benbow of 1888 as a starting- 
point, we find that in her vertical three-cylinder 
compound engines, running at 100 revolutions, 
equal to a piston speed of 750 ft. per minute, the 
steam gene was but 901b. per sq. in., generated 
in single-ended, return-tube boilers, the weight of 
machinery being considerably higher than in the 
New York. Now, in the later Benbow there are 
—— steam-turbines which take steam at a 
much higher initial pressure and utilise its energy 
to a much fuller extent, while the water-tube 
boilers weigh less, and are much more efficient. 
Thus it has been possible to multiply the power 
threefold—to about 29,000 shaft horse-power— 
without involving greater weight, and also to carry 
fuel to give much greater radius of action without 
increasing the displacement. These briefly-expressed 
facts focus attention on the dominant factor in the 
—— in tactical qualities in our warships, 

ecause the greater engine power, without in 
crease in weight, and with little increase in 
space occupied, renders the realisation of higher 
speeds possible, while allowing additional weight to 
be given more easily to offensive and defensive 
qualities. In other words, had the engineer not 
utilised superior metals to meet increased stresses 
without augmenting weight, and otherwise improved 
the design of the machinery to give higher efficiency 
from a given weight of fuel and a given volume of 
steam, the increase in power required for greater 
speed in the ship, lengthened and broadened and 
dcepened in draught because of the demands for 
guns, ammunition, and armour, could not have 
been attained. It need not again be enforced that 
the water-tube boiler, higher steam pressures, and, 
above all, the Parsons steam-turbine, have been the 
principal contributors to this end. 

It must not be assumed that the artillerist, the 
armour-plate maker, and the chemist responsible 
for projectile propellant powders, have not been 
contemporaneously working towards the increase in 
offensive and defensive power. The Benbow of 
1888, like her contemporaries—the ill-fated Victoria 
and the Sans Pareil—marked the highest stage of 
a past era in gun-power. She had two 16.25-in. 

uns, one in a barbette forward and one in a 

bette aft. These were mighty weapons in their 
day, weighing 1104 tons, with a length of 43 ft. 8in., 
and firing an 1800-lb. projectile at an initial velocity 
of 2087 ft. per second, giving a striking energy at 
the muzzle equal to 54,390 foot-tons. Improved 
—— compounds, enabling higher pressures 
and greater velocities to be used in guns of greater 
strength, resulted in a substitution, firstly, of a 
13 5-in. 67-ton gun, and, secondly, of a 12-in. 
45-ton gun, as in the Royal Sovereign class of 
ship in 1892. But there has since been a steady 
advance in the size of weapons, and although 
the new Benbow is to have the 13.5-in. gun, 
later ships will have a 15-in. gun, both of 
them greatly superior to the old 1104-ton piece. 
This is due largely to the propellant used, the 
aim being to ensure a greater striking energy with 
an armour-piercing explosive projectile. Thus, if 
we take the guns of Messrs. Beardmore, who are 
building the Benbow, we find that the 13.5-in. 
gun, which only weighs 77 tons and has a length 
of 51 ft. 9 in., fires a 1375-lb. shot with an initial 
velocity of 2600 ft. per second, giving a muzzle 
energy considerably greater than the old 110}- 
ton gun. The 15-in. gun, again, is only of 
90 tons weight, and fires a projectile equal in 
weight to that of the old 16.25-in, 110}-ton gun, 
with somewhat higher velocity and with a muzzle 
energy 60 per cent. greater. The modern projectile 
is thus discharged not only with more power per 
unit of weight—900 ft.-tons per ton of gun against 
less than 500 ft.-tons—but there is less wear. 

The Benbow of 1888 had armour 18 in. thick, but 
this was confined to a relatively narrow belt amid- 
ships, and extending for not more than one-third 
of the length of the broadside. The vessel launched 
this week has 12-in. armour on the water-line belt, 
extending much more than in the earlier ship, and 
er a | at slightly less thickness, right forward 
and aft and to the upper deck. But these facts 
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only partially indicate the superiority of the pro- 
tection in the later ship. The 12-in. armour to-day 
is equal to about 36-in. armour of twenty-five years 
ago. Thus the metallurgist has enabled the naval 
constructor of to-day effectively to protect three 
times the broadside area covered by his predecessor 
of twenty-five years ago, and that, too, without 
adding to the weight. The twelve 6-in. guns in 
the newer ship are each behind armour, while the 
ten guns of the same bore, but of much lower 
ballistics, in the earlier ship were all exposed. 
Contemporaneous with these advances in machi- 
nery, and offensive and defensive qualities, provision 
has been made for a larger supply of ammunition, for | 
greater reliability generally in the working of the 








ship, and, be it added also, for additional comfort 
for the officers and particularly for the men. lll, 
and notably the increase in propelling efficiency, | 
have involved a bigger ship, but the increase in size 
and cost is not at all equal to the growth in fighting 
power. The old Benbow was 330 ft. long and ' 
68 ft. 6 in. beam; the new vessel is 580 ft. long and | 
90 ft. beam, while, without material increase in | 
draught, the displacement has gone up from 10,600 | 
tons to 25,000 tons. Although the weight to be| 
propelled is thus two and a half times that of 
the earlier Benbow, the power of the machinery is | 
advanced only from 11,500 horse-power to 29,000 
horse - power, notwithstanding that the speed | 
has been advanced from 16} to 21 knots. It is not | 
necessary to point out that power increases at a | 
much more rapid rate than the speed of the ship, 
and thus it will be recognised that in fixing the, 


Pr a 
A 2 am 
es pier 


sor 
: 
cw 


MOTO <n 
Sah! 


SS 


A 7 An 
Ais a 
ee ae 


B&< 
‘ 

~ 2 
Ne Ne 





CA) 


* 


et 


proportions and in drawing the lines of the under- 
water body of the ship, the naval architect has 
effectively co-operated with his colleagues in engi- 
neering, gunnery, and metallurgy in achieving 
that marked progress which is illustrated by the 
outstanding features of the ship of to-day and of 
twenty-five years ago. 





THE INDEMNITY CLAUSE IN 
CONSTRUCTION CONTRACTS. 

AL the common forms of contract for buildings 
or engineeriug works contain what is known as 
an indemnity clause. The object of this clause is 
to protect the building-owner, or employer, from any 
claims which may be made by adjoining owners for 
damage done to their property in the course of the 
works. Thus the meal a wall, or the excava- 
tions for foundations, may withdraw support from 
a building. The employer will seek to place the 
responsibility upon the builder or contractor. If 
there is no express provision in the contract, the 
employer, being the person by whose order the 
work was carried out, remains liable. In the case 
of Percival v. Hughes (8 A. C. 443), in which ‘*A” 
and ‘‘B” were owners of adjoining houses, between 
which was a party wall, and ‘‘ A’ employed a builder 
to pull down and rebuild his house, which involved 
operations which might imperil the stability of the 
party wall, and ‘‘ B’s” house was damaged, it was held 
that ‘‘A” was liable for the damage, although it was 
caused by the negligent act of the builder. That 
was a case in which the employer was sued, but it 





may be taken that, in the absence of a special 
clause, the employer would be bound to indemnify 
the contractor oom all claims which might be made 
against the contractor for damages occasioned to 
neighbouring property, unless it could be proved 
that the mischief was done by the negligence of the 
contractor. For instance, the necessary conse- 
quence of the works might be to withdraw support 
from a neighbour’s house. In that case the em- 
ployer would be liable. But if the builder had 
neglected to take the obvious precaution of shoring 
a wall, he might be held responsible. 

For the protection of the employor, a clause to 
the following effect is generally inse' in a con- 
struction contract:—‘‘The contractor shall be 
responsible for all structural and decorative damage 


-| to property, and for injury caused by the works or 


workmen to persons, animals, or things, and shall 
hold the fined sm harmless in respect thereof.” 

Strange to say, the indemnity clause has seldom 
been discussed in the Courts, but its effect was con- 
sidered by Mr. Justice Avory in the recent case of 
Kirby v. Chessum and the Commissioners of His 
Majesty’s Works and Public Buildings, the judgment 
given being one of general importance. The facts 
of the case were simple enough. Messrs. Chessum 
were employed by the Commissioners to build 
a branch Post Office under a contract which pro- 
vided that the builders should ‘ indemnify the 
Commissioners against all claims that may be made 
against the Commissioners in respect of damage or 
injury occasioned by any circumstances connected 
with the execution of the work to any property or 
to any person.” In the course of the work it 
became necessary to underpin a wall belonging to a 
man named Kirby, whose property adjoined. The 
order to do this work was given by the Commis- 
sioners’ surveyor, but, as the Judge found, although 
there was a controversy about it, it was only to Se 
done with the consent of the adjoining owner. No 
consent was obtained, and Mr. Kirby accordingly 
brought an action for trespass against the builders, 
who claimed an indemnity from the Commissioners, 
and made them third parties to the action. The 
jury found that there was a trespass, and awarded 
Mr. Kirby 201. damages. The builders therefore 
claimed this sum from the Commissioners. The 
latter raised two defences. In the first place it 
was said that they only authorised the work to be 
done subject to the consent of the adjoining owner, 
and that as the builders chose to carry it out with- 
out that consent, it was their own affair. In the 
second place the Commissioners relied upon the 
indemnity clause in the contract to protect them. 

Mr. Justice Avory decided in favour of the 
Commissioners. He said that the builders were 
on the horns of a dilemma. If the Commissioners 
had ordered the underpinning to be carried out 
by the builders without the consent of the 
adjoining owner, the builder knowingly com- 
mitted a trespass. By a well-known rule of 
law, if one man commits a trespass at the 
behest of another, both knowing it is a trespass, 
there can be no contribution between them. In 
legal phraseology there is no contribution between 
joint tort frasors. In the second place, if the 

uilders underpinned the wall without having 
obtained consent, as directed by the Commissioners, 
they departed from their instructions, and could 
not recover on that ground. In the result, there- 
fore, the claim against the Commissioners failed. 

Mr. Justice Avory held that in any event the 
Commissioners would probably have been pro- 
tected by the indemnity clause, but that it was 
unnecessary for him to decide the point. 

The moral of the case appears to be that in a 
contract which contains an indemnity clause, a 
builder or contractor has but little chance of re- 
couping himself from the employer if he commits 
what he knows is a trespass upon neighbouring 
land. It is therefore wise for a builder, or con- 
tractor, to take stock of his situation with regard 
to adjoining property before he enters on the work. 





THE LATE SIR WILLIAM H. PREECE, 

Tue sad news that Sir William Preece, K.C.B., 
F.R.S., had died at Penrhos, Carnarvon, on the 
afternoon of Thursday, November 6, reached 
London just before our going to press on that day. 
We could thus only express our regret, and post- 
pone an account of the life of Sir William and of 
the work he had done. With him has passed away 
one of the few surviving pioneers of the carly days 
of applied electricity and of telegraph engineer- 
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ing in particular. The next generation will hardly 
remember more then their names. When a 
young science has been so thoroughly popularised 


that children smile at the latest triumphs of | 


‘* wizards,” X or Y, which are dished up by news- 
papers and generally credited to the wrong person, 
the interest in the many who struggled hard to 
lay the foundations is apt to dwindle. The 
advance in electricity has been astounding; but it 
has involved a great deal more conscientious, 


painstaking, and systematic work than is often | 


recognised at the present time. 
William Henry 
Preece was born at 
Bryn Helen, Carnar- 
von, on February 15, 
1834, and passed 
through King’s Ool- 
lege School and Col- 
lege ; he was thus a 
King’s College man, 
as Ayrton, for many 
years one of his col- 
leagues at the council 
table of the Society 
of Telegraph Engi- 
neers, was a Univer- 
sity College man. 
After working for 
some time under 
Faraday in the Royal 
Institution, Preece 
entered, in 1852, the 
offices of Edwin and 
Latimer Clark, engi- 
neers-in-chief to the 
Electric Telegraph 
Company, and jvined 
that company in 1853. 
By amalgamation 
with the Interna- 
tional Telegraph 
Company this concern 
afterwards became 
known as the Electric 
and International 
Telegraph Company. 
Promotion was fast 
in those early electric 
days. Already in 1856 
Preece was superin- 
tendent of the south- 
ern district of the 
International Com- 
pany ; from 1860 to 
1870 also he was 
superintendent of 
telegraphy of the 
London and South- 
Western Railway 
Company, on which 
railway he introduced 
the Preece block 
system fop working 
single linés, and the 
electric system of 
communication _be- 
tween passengers and 
guards. During the 
years 1858 to 1862 he 
further held the post 
of engineer to the 
Channel Islands Tele- 
raph Company. 
Vhen, in 1870, the 
business of the various 
(about thirty) tele- 
graph companies was 
taken over by the 
Government, Mr. 
Preece became Divi- 
sional Engineer for 
the Southern District of the Post Office telegraph 
system, with his headquarters at Southampton. 
By 1877 he was Electrician to the Post Office, and 
by 1892 its Electrician and Engineer - in - Chief. 
When he retired under the age rule, in 1899, he 
was appointed Consulting Engineer to the Post 
Office ; this connection terminated in 1904. He 
had also a private practice as a consulting engineer 
in association with Major Cardew, and with two of 
his sons, Mr. Llewellyn and Mr. A. H. Preece. 
Mr. Preece’s name is connected with many im- 
provements and inventions in telegraph work. 


| of duplex telegraphy. Between 1862 and 1873 he, 


‘turned his attention chiefly to railway signalling | 
|roofs of the houses. Soon afterwards signals were 


‘apparatus, beginning in 1862 with a patent for 
working miniature signals by electricity to assimi- 
late electric signals with outdoor signals on rail- 
ways. He patented a system of signalling between 
different parts of a train in 1864, and applied this 
invention also to domestic telegraphy; further 
means of communication between passengers and 
guards were patented in 1882. His electric sig- 
nalling for railways of 1865, and his new method 
|of counteracting the effects of lightning on electric 





signals, belong to the same class of inventions which 
he himself regarded as his most useful work. 

Mr. Preece’s other inventions concern telegraph 
apparatus directly. He devised a new method of 
duplex working in 1855, a new mode of terminating 
wires in 1858, a new telephone in 1878, and was 
proud in Jater years of having, in 1892, originated 
a system of signalling across space by induction 
telegraphy with the aid of two parallel telegraph 
lines. It had for years been noticed by the Post 
| Office that telephone signals, sent through insulated 


experiments of 1884 Mr. Preece listened to the 
signals in the wires, fixed 80 ft. higher up on the 


transmitted 3 miles across the Bristol Channel from 
Penarth to Flat Holm Island, and also in Scotland 
between the mainland and the Island of Mull. In 
the experiments between Kintyre and Arran Island 
two lines were erected, 2 miles long, on the opposite 
shores, 4 miles apart, and on each side an insulated 
gutta-percha wire was also stretched, 500 ft. above 
the sea-level. Messrs. J. Gavey and H. R. Kempe, 
who had charge of some of these experiments, 
heard speech acioss 
Loch Ness, more than 
a mile in width at that 
place. The *‘howler” 
signals could be dis- 
tinguished at much 
greater distances in 
the North of England. 
But other circuits 
were disturbed, and 
though the electro- 
magnetic service an- 
swered in emergency 
cases—e.g., across the 
Solent when the Isle 
of Wight cable had 
broken down — the 
general interest then 
taken everywhere in 
Hertzian waves di- 
rected attention into 
otherchannels. When 
Mr. Marconi came 
over to England in 
1896, he found a 
warm supporter in 
Mr. Preece, who was 
able to secure for him 
the assistance of the 
Post Office. Mr. 
Preece also did his 
best to introduce the 
Stearn system of du- 
plex working, the 
Edison quadruplex, 
and Delany’s multi- 
plex system over 
here. He also im- 
proved the overland 
lines, which suffered 
badly from the bliz- 
zards of 1866, 1880, 
and other years, and 
began to lay down 
cables for the trunk 
telegraph lines, a 
work which his suc- 
cessor at the General 
Post Office, Sir John 
Gavey, took up and 
carried through. The 
long experimental 
telegraph lines of 
copper of Mr. Preece 
date from the years 
1883 and 1884, and 
he dwelton the merits 
of copper and iron 
wires in a paper which 
he read before the 
British Association 
in 1885. 

In conjunction with 
other scientists, Mr. 
Preece published 
several practical text- 
books:—‘‘ A Manual 
of Telegraphy” in 
conjunction with Sir 
James Sievewright— 
the best known of his works; ‘‘ The Telephone,” 
|together with Dr. Julius Maier, who died in 
1896 ; and the ‘‘ Manual of Telephony,” in con- 
|junction with Mr. A. J. Stubbs. In _ many 
'of his numerous papers presented to the Society 
of Telegraph Enginners (later the Institution 
of Electrical Engineers), the Royal Society of 
Arts, the British Association, the Institution of 
| Civil Engineers, and the Royal Society, he also 
| appears as joint author with others. These papers 


cover the subjects already mentioned, and other 
As/underground cables, were overheard in parallel matters with which the electrical engineer has to 


@ young man of twenty-one he patented a system telegraph lines some distance away, and in his first deal. Among these were domestic electric lighting, 

















Nov. 14, 1913.] 


ENGINEERING. 


663 








relative effects of steady and alternating currents on 
conductors (1889), the character of steel used for 
permanent magnets (1890), the form of submarine 
cables for long-distance telephony (1891), the use 
of secondary batteries for telegraphs at the General 
Post Office, the dielectrics of condensers (1892), 
signalling through space (1894), and again (1897), 
tests of glow-lamps, studies in inventions, and 
addresses on the advantages of scientific education, 
on the relations between electricity and engineering 
(James Forrest lecture), on the utilisation of waste 
forces in Nature, on engineering in Wales, and on 
the navigation of the Nile. 

In 1876 he was sent over to America by the 
Government to study telephony, and he then 
brought the first pair of telephone receivers over to 
this country, as he was very pleased to relate after- 
wards. Though he repeatedly emphasised that there 
was only one inventor of the telephone, Graham 
Bell, he himself patented a telephone. When he told 
the Institution of Electrical Engineers his impres- 
sions of the last of his visits to America, paid in 1907, 
he added the remark, though weak from illness at 
the time, that he hoped to be spared long enough 
to renew his studies in the United States and 
Canada. He also visited France, Germany, Austria- 
Hungary, Sweden, Norway, Italy, and Spain in his 
official capacity as a member of conferences or o 
exhibition committees, and he was a member of the 
Royal Commission on Electrical Communication 
with Lighthouses and Lightships of the years 1892- 
1897. He was one of the six original founders of hte 
British Fire-Prevention Committee and one of the 
first members of Council as far back as 1897, which 
office he continuously held until about 1907 ; he 
took a most active interest in the work, helping it 
in every possible direction, being a frequent atten- 
dant at the tests. He also lent most valuable aid to 
the International Fire-Prevention Congress in 1903, 
in respect to which he acted as sectional chairman. 

Sir William Preece was an active member and 
supporter of the Engineering Standards Committee. 
In January, 1902, he suggested that the standard- 
isation of electrical plant should be undertaken, 
and at the invitation of the chairman, Sir John 
Wolfe Barry, he attended a meeting of the Com- 
mittee on January 14, 1902, and laid before it his 
views. As aresult, it was decided to invite the Insti- 
tute of Electrical Engineers to co-operate with the 
other institutions in support of the committee. This 
invitation was accepted, and Sir William Preece and 
Colonel Crompton were nominated on the commit- 
tee. On the formation of the Electrical Section Sir 
William was appointed Chairman of that section. 

Mr. Preece joined the Institution of Civil Engi- 
neers as an Associate in the year 1859, became a 
full member in 1872, and after serving on the 
Council for many years, he was elected President 
in 1898. Of the Institution of Electrical Engineers 
he was President in 1893 ; it was really his second 
term of office, since he had been President of the 
Society of Telegraph Engineers in 1880. The 
Royal Society elected him a Fellow in 1881. The 
Paris Exhibition of 1898 brought him the Legion 
of Honour. His C.B. dated from 1894, and in 
1899 he was appointed K.C.B., and became Sir 
William Preece. 

Sir William Preece was a popular lecturer and 
frequent speaker at the meetings of his societies, 
which he conscientiously attended in his various 
honorary capacities. His enthusiastic interest in 
novel apparatus, it is told, once enabled him 
to listen to a cornet which was to be played 
miles away ata certain hour—or, at any rate, to 
detect the sounds—although that cornet had for 
some reason not been played at all. His genial, 
ever obliging manner made him friends. Never 
& severe critic, he was at his best when intro- 
ducing some ‘‘ young friend” of his who had 
something new to describe or exhibit. A good 
organiser, he found time for all reasonable appli- 
cants, though he was at the head of a staff of 
several thousand employees. Too busy, however, 
as long as he was within reach of business, he left 
his hospitable house on Wimbledon Common some 
years ago, when his strength was failing, and went 
back to his native town, where he lived into his 
eightieth year—a long, strenuous, successful life. 





THE PASSIVITY OF METALS. 

On Wednesday the Faraday Society held a 
general discussion on ‘‘ The Passivity of Metals” 
in the rooms of the Chemical Society in Burlington 
House. As on the last similar occasion, the dis- 


f|to be used, the 





cussion on “‘ Colloids,” the meeting was opened at 
5 o'clock in the afternoon, and continued at 8 P.M. 
after a dinner interval. In the absence of the 
President-elect, Sir Robert Hadfield, F.R.S., who 
had been obliged to go abroad, Professor Donnan, 
Sir William Ramsay’s successor at University 
College, W.C.. took the chair. Sir Robert Had- 
field, Dr. J. Newton Friend, Mr. R. N. Lennox, 
and Mr. A. Jouve, of Paris, exhibited speci- 
mens of non-corrodible metals and alloys. at 
was the chief concession to the practical side 
of the problem. The papers were essentially 
theoretical. 

Translated into non-technical language, the pas- 
sivity of metals may be said to designate that state 
of the metals in which they are not attacked by 
certain reagents which corrode them under ordinary 
conditions. It has long been known that the metals 
of the iron group are attacked and will corrode under 
certain conditions when they are in the so-called 
“active” state, and that they are not attacked 
under other conditions in the ‘‘ passive” state. 
Recent researches have proved that the passivity is 
by no means confined to the iron group, and that 
it is pretty common, if not universal. If it were 
easy to maintain metal in the one or the other 
state, according to the purpose for which it is 
liarity would have its con- 
veniences. Unfortunately the passive state of 
non-corrodibility, which is perhaps more in demand 
than the active state, changes—except in special 
alloys, without any clearly understood reasons— 
almost capriciously, in fact. The question hence 
has its practical importance, and technics would 
considerably profit by a solution of the scientific 
problem. The theoretical importance is greater. 
It is perhaps not surprising that the theory is still 
obscure ; for if we try to get to the bottom of any 
problem, we always lose ourselves in conjectures ; 
but there is less agreement as to passivity than 
there is as regards many a problem which science 
is yet far from solving. But a certain clearance of 
divergent views has taken place of late. German 
scientists have taken a prominent share in the 
study of the problem, and six of the eight papers 
read on Wednesday had been submitted in German. 
Dr. J. Grube came over from Dresden, and 
Dr. D. Reichinstein was expected from Ziirich 
(illness kept him away), to present their views. 
Several of the communications were long, and they 
travelled too much over the same ground, though 
from different standpoints, to make an attempt 
advisable to give an abstract of the papers. 

We will deal with general features, following 
to some extent the able opening of the discus- 
sion by Dr. G. Senter, lecturer on chemistry at 
St. Mary’s Hospital, W., and then refer to special 
points. 

The first observations of a ivity of iron are 
recorded in the Philosophical Transactions of 1790, 
by Keir, a colleague of James Watt, who refers 
to previous observations by Bergmann. Wetzlar 
and Fechner separately investigated its electro- 
chemical passivity phenomena in 1827. Faraday 
was led to the study by an account of Schonbein’s 
work of 1836, who introduced the term ‘* pas- 
aivity.” Faraday is often quoted as the originator 
of the oxide film theory, which is assumed to 
state that metals become passive owing to the 
formation of an oxide film on their surface; but 
Faraday, as Reichinstein pointed out, did not limit 
himself to an actual oxidation ; the iron, he thought, 
might be in such relation to the oxygen of the elec- 
trolyte as to be equivalent to an oxidation. There 
are, we shall see, objections to these direct and 
indirect oxidation theories, which Schénbein had 
already urged. 

The next investigator, Hittorf, studied chiefly 
chromium, which in many respects differs from 
iron, and with and after Hittorf came the modern 
school of workers and a good many theories. 
Inasmuch as metals in the non-corrodible condition 
resemble the ‘‘noble” metals—gold, platinum, 
silver, &c.—the German scientists often speak of 
metals becoming ‘*‘more noble” or more electro- 
positive when turning passive. By the potential 
of a metal we understand the potential which it 
assumes when immersed in a solution of a salt of 
itsown. Active iron, a ‘‘ base” metal, has, under 
this condition, a negative potential, say, of —0.5 





volt ; if we charge the iron with hydrogen or with 
more hydrogen, the potential will become less base | 
or more noble, say, —0.3 volt ; and finally the iron 
will turn passive, and its potential may rise to 

+ 0.8 volt, But the whole sequence of these | 


changes has hardly ever been followed up in any 
individual case. 

What have the theories to explain? Iron—not, 
on the whole, a noble metal, as it rusts easily—will 
turn passive when dip into ‘strong nitric acid 
or chromic acid, which are powerful oxidising 
agents, and when i as anode in various 
salts, though not in all (not in chlorides, e.g.) ; it 
will also turn passive in diluted caustic alkalis (not 
in concentrated). Taken out of these liquids, 
the iron becomes active again, sometimes instan- 
taneously, more often slowly; the change is effected 
by scratching it or by rubbing off the surface, by 
cathodic polarisation with hydrogen, &c. Since 
observations of the surface are difficult, electric 

tentials are determined, and it has been 
ound that when the anode potential is raised, the 
metal will either not go into solution at all, while 
oxygen will be evolved, the whole or part of the 
current being consumed in this generation, or the 
metal will dissolve in a different valency ; it will 
be remembered that the metals of the iron group 
in particular—and all elements probably—appear 
to be endowed with several valencies, according 
to circumstances. 

To account for these phenomena there have 
been suggested: (1) the oxide-film theory; (2) 
the valency or modification theory of Kriiger, 
Finkelstein and W. J. Miiller ; (3) the reaction- 
velocity theory of M. Le Blanc ; (4) the oxygen- 
charge or metal-oxygen-alloy theory of Freden- 
hagen and others ; (6) the anion-discharge theory; 
both (4) and (5) may be regarded as modifications of 
(3) ; (6) the hydrogen-activation theory of Foerster, 
Flade, and G. Schmidt; and modifications of 
these several theories or researches due to (7) 
Grube, (8) Reichinstein, (9) Schoch, (10) G. Schulze, 
and (11) Stanley Allen. We will briefly discuss 
these theories. The phenomena are very com- 
plicated ; hence the large number of hypotheses or 
theories. 

1. There is much that speaks in favour of the 
oxide-film theory. If, in any chemical reaction, 
an insoluble compound is formed which adheres to 
the substance, the = is likely to be stopped, 
and —— and polarisation set in. at 
should apply to iron. The objection having been 
raised that such films on iron metals might be 
rather a consequence than a cause of passivity, 
E. Miiller and Spitzer proved that the pheno- 
mena were the same when they started with a 
platinum (not iron or nickel) electrode coated 
with the oxide of the metal. There are other 
supporting factors. But almostall the experiments 
were carried out in neutral or in alkaline (not 
acid) solutions, and there are the following 
awkward facts. Oxide films can generally be seen; 
if too thin, they betray themselves by diminishing 
the reflecting power of the apparently bright metal- 
lic surface. This holds, as W. J. Miiller and 
K6nigsberger demonstrated in 1907, in the case of 
platinum coated with a film of lead oxide, 8 » p in 
thickness—that is, of approximately molecular 
thickness—and F. Kriiger te quite recently shown 
that passive iron and active iron reflect ultra-red 
rays equally well. Hittorf had before demon- 
strated that chromium turned passive in the 
absence of oxygen in hydroiodic acid (an acid free 
of oxygen). Finkelstein pointed out that the 
oxide films, not to interfere with other phenomena, 
should conduct the electric current, and that no 
such iron oxide is known. Fredenhagen’s work 
also appeared incompatible with an oxide film. 

2. According to the valency theory of Finkelstein 
and Kriiger, a metal contains modifications of the 
same metal at different valencies, the proportions of 
which modifications would depend on temperature, 
&c. Thus chromium dissolves ordinarily as a 
divalent metal and only at very high potentials as 
a hexavalent metal. W. J. Miiller attempted to 
bring this view into harmony with the electron 
theory of metals which, we might add, one of its 
greatest advocates, H. A. Lorentz, quite recently 
admitted can no longer be regarded as sufficient. 
With respect to the ivity, moreover, the diffi- 
culty is to account for the sudden changes from 
passivity into activity. 

3. The reaction-velocity theory of Max Le Blanc 
also considers ions of different valencies. In the 
case of iron he sup the change represented by 
Fe+2 Fe->F-.° {chat is to say, iron + two x 96,540 
coulombs = two bivalent iron ions) to take 
place very slowly from the passive metal. The 
actual taking up of the charge (the coulombs) is 
assumed to be instantaneous; but the chemical 
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changes which are associated with the ionisation 
are — to be very slow when passivity comes 
into play. These chemical changes now, Dr. 
Senter points out, may take place in various ways. 

Theory 4 concerns one of these. Fredenhagen 
suggested, a few years after Lo Blanc, that the 
anode became passive becauss gaseous oxygen ws 
accumulated on the metal and slowly began to 
react with it. When a continuous gas charge 
covered the anode uniformly, he said, it would 
suddenly appear passive (though it would slowly 
revert to the active state again) This view would 
not be incompatible with the experiments on 
reflection, since gas charges are not supposed to 
affect the reflection from metallic surfaces, and 
with the observation that a rise of tempera‘ure 
generally brings about passivity, whilst it would be 
difficult t» conceive how mere heating could a‘ 
once remove an oxide film. On the other hand, 
it failed to explain the passivity which iron 
assumes in alkalis and after being heated in nitro- 
gen, Hittorf’s experiments, and the behaviour of 
some other metals, 

5. O. Sackur, therefore, like Le Blanc, sug- 
gested a modification of Nernst’s view on the way 
in which metals dissolve as anodes, according to 
which the metal into solution in the state 
of ions. He makes the electrons take part in 
the solution. This —- received support by 
the experiments of Haber and Zawadski on the 
electrolysis of solid silver salts, compressed be- 
tween silver electrodes. There was polarisation, 
which increased when the temperature was lowered 
—so much so that at the temperature of solid 
carbon dioxide silver was as passive as platinum or 
graphite—and it was thought that the current was 
transported from the solid anions to the anode 
by negative electrons from the anions; the dis- 
charged anions then attacked the silver anode, 
but hardly in the cold. Something like that 
might occur in aqueous solutions, such that the 
discharged anion (oxygen, chlorine, &c.), reacted 
with the hydrogen, and bound it, until 
the excess of oxygen accumulated on the metal, 
which turned passive; these reactions are very 
Complicated, and difficult to understand. 

In his own contribution to the discussion ‘‘ On 
the Phenomena of Passivity,’”’ Professor Max Le 
Blanc, of Leipsig, poin out that when the 
electrolysis formed a firmly-adhering layer on the 
anode, there was always evolution of oxygen, if 
the pene consisted simply of a salt whose 
anions combined with the anode metal to a 
difficultly-soluble compound which would protect 
the anode. When the electrolyte contained, 
further, an excess of other salt, the anion of 
which formed a soluble salt with the anode (sodium 
chromate and lead anode, e.g.), then a precipitate 
was formed which would fall away from the anode, 
leaving the anode bare without polarisation or oxygen 
—— (as in the manufacture of lead chromate, 
ead white, &c.). Nickel anodes were passive in 
potassium sulphate, but dissolved easily in sodium 
chloride and when sodium chloride was added to 
the sulphate, without yielding any precipitate. 
This spoke against the theory of a good-conducting 
protective-film theory. Coming to his studies of 
electric polarisation, Le Blanc said there was no 
polarisation—and should be none—in electrolytic 
cells of the type: lead | lead nitrate solution | 
lead, because the concentration of the solution 
should remain constant when as much lead was 
dissolved at the anode as was deposited at the 
cathode. But there was in most other cases 
polarisation at both electrodes—e.g , in the system 
copper | copper sulphate | copper, and thac the 
polarisation decreased with rising temperature, 
increased with the current density, and was, 
strangely enough, increased to an extraordinary 
degree by small quantities of (common) poisons, 
like the alkaloids strychnins, brucine, &c., also by 
gelatin. To account for the facts he assumed 
that positive metal ions were not primarily formed 
at the anode, as generally assumed, but that the 
electric process consisted of a discharge of negative 
ions, and the chemical process of an interaction 
between the non-electrified radicle and the metal. 
The potential difference would then depend not 
only upon the concentration of the negative ions, 
but upon that of the separated non-electrified 
radicle, and thus upon the velocity with which the 
latter reacted on the metal; it would hence chiefly 
be influenced by the concentration of the non- 
hydrated free ions, and the latter, again, by the 
velocity with which they were hydrated. Simi- 





larly, cathodic polarisation could be explained. 
With passive metals ionic hydration at the anode 

roceeded so slowly that the concentration of free 
ions, and therefore the potential difference, became 
sufticiently great to lead to visible separation of the 
negative radicle or of oxygen. The reaction-velo- 
city theory, he added, did not as yet afford any 
information as to the conditions under which a 
metal became pissive or active; but that was 
because so little was known about the effect of 
outside factors in reaction velocities. 

6. The hydrogen-activation hypothesis, coupled 
with the names of F. Foerster and ¢ G. Schmidt, can 
best be explained perhaps in the words of Flade, who 
tested it, as we reported last year. Apparently 
hydrogen and oxygen are the two chief responsible 
agents in these phenomena. The oxygen hypothesis 
may broadly be said to presume that pure iron 
is naturally active, and turns passive through 
some effect of oxygen. The hydrogen hypothesis 
says, iron is naturally passive, and is turned 
active by hydrogen. The third hypothesis would 
make iron turn ve deo oxygen, and 
active through hyd ogen, and would assert that 
neither of these two irons are pure, and that the 
pure iron is unknown ; this third hypothesis is for 
that obvious reason generally disregarded, but it 
need hardly be, we think, since iron retains hydro- 
gen and other gases with remarkable perseverance. 
Flade now tried to convert active (hydrogen)iron into 
the passive moditication by heating it in vacuo ; the 
iron remained active, which, together with further 
experiments, seemed to be in favour of the oxygen 
hypothesis. As Foerster puts it, pure iron (or 
other metal) is passive, but becomes active when 
hydrogen acts as catalyst, either as such, or by 
forming an alloy with the metal, or by acting in 
the ionic state. This last view is advocated by 
EK. Grave. 

Dr. Gerhard C. Schmidt, of Miinster, Westphalia, 
sent a very important communication on ‘*Pas- 
sivity.” Dealing with the suggestion of Flade and 
Fredenhagen that the active or passive state 
changed with the polarising electromotive force, he 
stated that there should a ** transition-point ” 
then ; but the transition-point depended upon con- 
ditions. In order to test the hydrogen theory, Grave 
tried how the iron potential changed, say on the 
upper surface, when hydrogen diffused through 
it from below. Schmidt devised the following 
arrangement for this purpose. He divided a glass 
trough into a left and right half by a partition of 
thin sheet-iron ; the whole trough was filled with 


caustic potash. There were two circuits : on the 
right battery, potash, iron, battery; on the left 
normal electrode, potash, iron, Dolezalek electro- 
meter. The alkali rendered the iron passive, 


hydrogen was generated on the right and diffused 
rapidly through the iron ; the iron became less 
passive at once, as shown by the electrometer ; but 
the experiment was not conclusive. Then the 
trough was filled with chromic acid, which oxidised 
the iron as well as passivating it ; here the drop in 
the potential of the iron, as soon as hydrogen got 
through to the left side, was still more rapid. Simi 
experiments were made with chromium. The con- 
clusions of Dr. Schmidt will be referred to at the 
end of this article. 

We have little space left for the other papers, 
though we have not yet noticed several impor- 
tant communications. Dr. G. Grube, of Dresden, 
described quite recent, most suggestive, experi- 
ments of his own and others on ‘‘ Anodic and 
Cathodic Retardation Phenomena, and their Bear- 
ing upon the Theory of Passivity,” dealing with 
that part of -the theory of Foerster (with whom 
he is working at the Technical High School at 
Dresden), according to which itive and nega- 
tive catalysts co-operate in the phenomena, and he 
discussed in how far the velocity of reaction, and 
hence the potential variations, are influenced by 
foreign substances on the surface of the electrode. 
W. Treadwell and W. von Escher, and simul- 
taneously E. P. Schoch and A. Hirsch, he said, 
had shown that mixtures of sulphates containing 
much nickel (or ferrous iron) and little zinc would 
under ordinary conditions yield deposits in which 
zine — instead ‘of nickel (iron), as one would 
expect—predominated. This Grube ascribed to 
@ retardation of the iron deposition by the simul- 
taneous deposition of zinc or hydrogen, forming 
alloys with the other metal. Similarly, oxygen 
alloyed with the anode metal; platinum seemed 
to form several oxygen alloys and also real oxides, 
which formed into solid solutions with the anode 
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metal and constituted systems of continuously 
varying composition and likewise variable electro- 
lytic solution pressure. His experiments on the 
oxidation of ferro and ferri-potassium cyanide solu- 
tion, on the polarisation of platinum, gold, cobalt, 
nickel and copper, and on the anodic discharge 
of chlorine, iodine, &c., supported these views. 

Dr. Reichinstein chose the title ‘‘ Review and 
Interpretation of Recent Experiments which Ex- 
tend and Elucidate the Domain of the Passivity 
of Metals”’ He discussed, on the gas-charge or 
gas-alloy theory, how the transition from the pas- 
sive into the active state, or vice versa, takes place, 
a subject little touched upon by others. Saying 
that Le Blanc’s researches since 1910 had revolu- 
tionised the aspect of the problem, he pointed out 
that there was polarisation by concentration 
changes in the electrolyte (counteracted by diffu- 
sion) and also devia polarisation, but the two 
diftered only qualitatively. There was also nega- 
tive as well as positive depolarisation. A posi- 
tive depolariser acted in such a way that the 
current intensity was increased ; a negative de- 

lariser decreased the current intensity. When, 
or instance, a palladium cathode was immersed 
in sulphuric acid, hydrogen was generated and 
occluded by the palladium; but when a little 
zinc salt was added to the acid, some zinc was 
deposited on the palladium, and the current de- 
creased. The alloys Cu-Ag, Cu-Hg, Cd-Hg, and 
Cd-Ag, which he had studied together with A. 
Biirger, behaved similarly. The alloys formed 
might be both real and a thetical. He desig- 
nated the volume which the hypothetical alloy 
occupied in the electrode by the term ‘‘ electrode 
volume,” and suggested that the sum of the con- 
centrations of all the constituents of the electrode 
volume remained constant. One of the other facts 
with which he dealt was that metals which turned 

ive at certain rather low current densities 
id dissolve at a still slower rate (instead of a 
more rapid) when the current density was raised. 
He further dwelt on the observations of Andrejew, 
Michailenko, and Meschterjakow on the rate of 
solution of gold in the presence of oxidising agents. 
He went into the mathematics of the subject ; but 
it was very difficult to understand the mechanical 
way by which the zine entering the palladium elec- 
trode volume was supposed to diminish the palladium 
concentration in it, and the oxygen pushed metal 
out of the electrode volume. 

Professor E. B. Schoch, of the University of 
Texas, explained ‘‘The Mechanism of Anodic 
Reactions and the Behaviour of Nickel and Iron 
Anodes,” somewhat like Sackur, pointing out that 
the solution tension theory of Nernst was deduced 
as a thermodynamical expression for the electrode 
potential, and since a thermodynamic relation was 
entirely independent of the ‘‘ path” through 
which the transformation took place, different 
views might be taken. His view hardly recom- 
mended itself to the meeting; he made also 
special reference to G. Schulze’s researches on 
electrolytic valves. Dr. Giinther Schulze, of 
the Reichsanstalt, sent a paper on ‘‘ The Rela- 
tion between Passivity and the Phenomena of Elec- 
trolytic Valve Acticn ;” the latter subject, which 
our readers are aware, he has studied for years. 
He differentiated between ionic and electronic valve 
action. The former was exemplified by the case 
of silver, which, as anode in hydrobromic acid, 
became covered with a film of Ag Br; when the 
current was reversed, valve action set in, but there 
was sign of rectification. The electronic valve action 
was shown by aluminium and many other metals. 
His point now was the analogy between valve 
action and passivity. Valve action took place 
when an insulating film of ultra-molecular thickness 
was formed with a thin gas layer in its pores ; 
passivity occurred when the film of molecular 
thickness conducted metallically (by electrons), 
was very slightly soluble in the electrolyte, and 
had a molecular gas layer upon it. Very interesting 
was his note on the behaviour of iron in sulphuric 
acid. In the diluted acid (up to about 45 per cent.) 
the iron appeared passive ; in the strongest acid 
(above 70 per cent.) the iron acted as a valve, 
ferric sulphate being formed ; in the intermediate 
region both effects were observed. 

e communication by Dr. H. Stanley Allen, of 
King’s College, W.C., on ‘The Photo-Electric 
Behaviour of Iron and the Theory of Passivity” 
was also very interesting. It concerned the Hertz- 
Hallwachs effect. When an insulated metal plate 
is exposed to ultra-violet light, it loses any negative 
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charge on it, and acquires a positive charge. Dr. 
Allen tested this by the method of A. L. Heathcote, 
with plates of well-dried iron. When the iron 
was active, it showed the photo-electric effect ; 
when passive, the effect was much smaller, though 
observable. As iron turns passive simply by 
lying in the air (Muthmann and Faunberger), and 
as metals always show a photo-electric fatigue 
in the air (lose their activity), Dr. Allen concludes 
that passivity, like the Hallwachs effect, is due to a 
gas film. 

The discussion brought two more papers, one by 
Dr. E. K. Rideal, of London, on ‘* The Passivity 
of Uranium and Tungsten,” some unpublished 
researches he had recently conducted at Aachen, and 
one by Mr. A. L. Heathcote, who deprecated reliance 
being placed on potential measurements in these 
investigations. The discussion turned on various 
points. Dr. H. Borns mentioned the observations 
made by Isgarischew that nickel and copper, when 
immersed in their chlorides dissolved in alcohol, 
would turn passive under certain conditions, but 
not when all traces of oxygen had been removed 
by passing hydrogen through the alcohol during 
the experiment. Mr. A. L. Smith, of the Castner- 
Kellner Company, drew attention to Beilby’s 
experiments on the certainly important influence 
of the surface in such investigations. Dr. Lowry 
declared himself a convert to the oxide-film theory, 
because in the various tests where oxygen was =. 
posed to be ab-ent or removed, it was probab 
present all the same; heating in nitrogen was no 
use, because nitrogen always contained oxygen. 
Dr. Donnan said he would adhere to polarisation 
measurement ; he urged further study, and did not 
incline to Le Blanc’s views. We ourselves incline 
to agree with the various investigators who insist 
that the phenomena displayed by different metals 
under various conditions are too oe oy to justify 
one general theory. We would also emphasise 
that the electrodes used are never pure, and 
not uniform all over their surface. There is 
much in the oxygen theory and much in the 
hydrogen theory, and we are impressed with Dr. 
Schmidt’s conclusion. Water does not boil, even 
when its pressure is equal to that of the atmo- 
sphere above it, unless some catalyst is present— 
air generally. In the same way metals which can 
be passivated will dissolve rapidly only in the 
presence of a catalyst. The most important catalyst 
is hydrogen, but other gases may be efficient in 
this sense; too little is known about that. The 
fine specimens displayed showed that iron, when 
pure or alloyed with silicon, nickel, cobalt and 
some other elements, may be remarkably non. 
corrodible. Most of those processes are secret. 
If the electric and other methods of investigation 
were applied to those alloys, we might, perhaps, 
— a little useful information as to ordinary 
metals. 








NOTES. 


Benzot-ALcoHoLt Mixtures ror Moror-Fvets. 


At a meeting of the Institute of Automobile 
Engineers, he!d at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W., on 
Wednesday last, a paper was read by Mr. W. R. 
Ormandy on ‘‘ Some Experiments on Mixed Fuels, 
with Special Reference to Alcohol Mixtures.” In 
this paper the author drew attention to the need 
of early conducting research with regard to the pos- 
sible adoption of alcohol, as an ultimate substitute 
for petrol, for fuel formotor-cars. It has been proved 
that benzol is in most respects equal or superior to 
petrol, and Mr. Ormandy suggests that the most 
logical way to approach the alcohol-engine question 
is through experimental work with benzol-alcohol 
mixtures, gradually increasing the proportion of 
alcohol as its eftect on engine design becomes better 
understood. Ht is pointed out in the paper that 
though alcohol is commonly condemned as a fuel 
of low calorific value, actually, as the air required 
by it is so much less than in the case of petrol, the 
B.Th.U. per unit volume of a perfectly combus- 
tible gaseous mixture are the same in both cases, so 
that, under proper conditions of carburation, the 
value of the mixture supplied to the cylin- 
ders should, theoretically at least, be identical. 
The author referred to some tests carried out, 
under the auspices of The Autocar, by Messrs. 
Craig and Napier, on a Maudslay engine with 
petrol, benzol, and various mixtures of benzol and 
methylated spirits. From these tests, though 
carried out on an engine with comparatively low 





com ion, the power developed up to about 
1100 revolutions per minute was much the same 
for petrol, benzol, and a half-and-half mixture of 
benzol and methylated spirit. Mixtures stronger 
than this in the latter constituent gave distinctly 
lower power. Beyond the speed of 1100 revolu- 
tions per minute, the power developed fell off in all 
cases faster than with petrol. It was noted that 
with the mixtures the engine would not run evenly 
unless the carburettor-jack ‘t was kept at about 
160 deg. Fahr. Methylated spirit requires at the 
carburettor nearly eleven times the amount of heat 
necessary to —— petrol. The alcohol mixtures 
burn a good deal slower than petrol, and the author 
concluded that better results would be obtained 
in an engine designed for higher speeds and 
higher compression. Some further tests were 
carried out, therefore, by Mr. Ormandy on a ‘‘ Sun- 
beam” engine, designed for a speed up to 2000 
revolutions per minute, with improved results, the 
half-and-half mixture showing up then rather 
better than petrol, while under road conditions a 
much greater elasticity was noticeable. From these 
tests the author concludes that the half-and-half 
mixture of benzol and alcohol will give as much 
power as petrol with equal flexibility, ease of start- 
ing, silence and economy, with only small modi- 
fication of existing carburettors. e efficiency 
of the modern high-speed engine when run on 
alcohol is more affected by compression than has 
been usually believed. To ensure satisfactory 
results, more research is necessary into questions 
of carburation, and data are wanted on the rapidity 
of flame propagation under varying conditions of 
temperature and pressure. 


** ALL TorPEDOES” versus ** ALL Bia Guns.” 


In a short article, published in a recent issue of 
the Rivista Marittima, General Cuniberti, the 
well-known Italian naval architect, puts forward a 
scheme for a new type of torpedo-boat. In his 
opening statements he recalls the fact that the 
‘*all-big-guns ” principle was advocated ten years 
ago, at the time when the armament of battleships 
consisted of a number of small and medium-calibre, 
and only four large-calibre guns. The method of 
reasoning which was then followed appeared strange 
at first; now, however, battleships generally em- 
body the ‘‘all-big-guns” principle, although they 
have also a formidable secondary armament. Bearing 
this fact in mind, another radical moditication in the 
armament of some ships may well, he thinks, be put 
forward at the present time. 
constant struggle between armament and armour, 
one result of which has been a large increase in 
displacements, the author says that the defence 
of the hull of a battleship against torpedoes is a 
more difficult problem than the defence of that 
portion which is above the water-line against big 
guns. Hitherto the torpedo has been launched at 
the required range, and with success, by torpedo- 
boats, destroyers, and submarines. There is, how- 
ever, in these three types of ships far too great a 
disparity between the great offensive capacity of 
their armament and their defensive power; the 
latter is of a very low standard indeed, owing to 
their thin shell-plating, and also to the fact that, 
their size being on the increase, they are becoming 
bettertargets. The submarine-boat may have a great 
future if it can be provided with lighter storage 
batteries than those now available, or if a new 
motor can be devised which has no exhaust to 
the outside. It is difficult to see, however, how 
any form of heat engine can ever comply with this 
condition, or howa boat can carry sufficient oxygen 
to support combustion in a heat engine. At the 

resent time the exhaust from an oil-engine would 
indicate on the surface the route followed by the 
submarine if any attempt were made to use such a 
motor below the surface, and ships that can navigate 
at a speed of 22 to 28 knots would always be able to 
get out of the way of a small craft which, like the 
present submarine, ran at speeds not exceeding 8 to 
10 knots, if they could determine its course. The 
object the author has in view is to effect the dis- 
charge at a suitable distance of a torpedo designed 
to damage and éventually to sink a Dreadnought, 
without the vessel discharging it running any 
excessive risk. Craft suited to this service, to be 


effective, would have to be immune from attack by | T 
the small and medium-calibre guns of the Dread- 
nought, and probably also by the latter’s larger 
guns. The question, at this point, then resolves 
itself into combining the —_— quality of the 
torpedo-boat—i.e., its spe 


—with the protection 


After referring to the | & 





afforded by water, a characteristic feature of the 
submarine, and designing a new type of boat having 
the good qualities of the two, and carrying an 
immensely powerful armament. This new type, as 
proposed by General Cuniberti, has two low turrets 
protected by 16-in. plates, and emerging above the 
water-line at the forward and the aft end of the ship. 
The two exhaust-pipes, or chimneys from the 
motors, would open out above these two turrets ; 
the latter would be provided with the air-intakes 
and all other accessories for communicating with 
the outside. In order to reduce the resistance 
to motion, a wedge-shaped breakwater, built up of 
plates, would be fitted forward of each turret ; 
this, at the same time, would act as a protection 
against the enemy’s shell fire. Similar breakwaters 
would also be fitted aft of the turrets. The hull 
would be entirely under water; the deck would 
be curved like the deck of a submarine, and would 
be protected, the armour increasing in thickness 
at the part where it approaches and meets the 
turrets. The hull would be divided for carrying 
six torpedo-launching tubes forward, three on each 
side ; there would also be three on each breads‘de 
amidships and six aft, arranged like those forward. 
In this manner nine torpedoes could be launched 
at one and the same time against an enemy’s 
squadron. The arrangement would leave a large 
space available for the engine-room ; the engines 
would give the ship a speed of 25 knots. The total 
oe tre pea being 11,000 tons, there would be 
sufficient margin for eight 6-in. guns to be mounted 
in each turret, the object of which would simply be 
to keep the enemy’s Testengess at a distance. 





New Danish Torprpo-Boat.— A new Danish _tor- 
meee § Sviirdfisken, was launched from the Royal 
yard, Copenhagen, on October 25. The boat, like 
two torpedo-boats launched from the Royal Dockyard 
in the course of the present year, is of 168 tons displace- 
ment, and has an engine of 3400 horse-power, the esti- 
mated speed being 26 knots. One of the previous boats 
made 26.3 knots on her trial trip. The armament consists 
of one 75mm. cartridge gun and four torpedo-firing 
appliances. 

Fieib Trias or AcricurturaL Movors.—The North 
Kent Agricultural Association held their annual plough- 
ing match this year at Frank’s Farm, Farningham-road. 
A special interest attached to the occasion because of the 
gold medal offered for motor ploughing-machines. Four 
agricultural motors competed for this, R-y being 
awarded as follows:—(1) Acreage ploughed in a given 
time. (2) Fuelconsumption. (3) Quality of work, depth, 
(4) First cost of machine. (5) Labour cost of run- 
ning machine. (6) Weight on land. (7) Oil consump- 
tion. (8) Ease of trans’ (9) Simplicity of design and 
strength. (10) Accessibility and facility of repair. (11) 
Adaptability to other farm uses. i?) of handling. 
The competing machines were the ‘‘ Universal,” the 
**Tdeal,” the ‘‘Ivel,” and the *‘Stock” (German), The 
gold medal was awarded to the ‘‘ Universal” motor, 
manufactured by Messrs. Saunderson and Mills, Limited, 
of Elstow Works, Bedford. In March last the ‘‘ Uni- 
versal” gained the special and only prize awarded to oil 
tractors in the important field trials at Port Elizabeth, 
South Africa, in competition with three British and five 
American machines. It is clearly evident that the agri- 


cultural motor, now that it has through the 
experimental stages, has come to stay, and should prove 
a most useful saver of time and labour on the farm. 


pce | from the results now obtained from this 
of machine, the time cannot be far distant when their 
use will become comparatively common. 


BencugttA Rariway.—The Benguella Railway, in 
Portugese South-West Africa, reached a point 520 km. 
(323 miles) measured along the oonsiotad railway from 
the port of Lobito, on September 23. The construction 
works have been under the charge of Mr. Edward Robins, 
M.Inst.C.E. Railhead is now at an altitude of 6000 fo. 
above sea-level, and the railway follows the summit of the 
“*Great Divide,” the watershed of the Congoand Zambesi 
Rivers. The railway climbs up from sea-level to the 
ae and, to economise in first cost, a section of about 

km. of ‘‘ Riggenbach” (rack and pinion) incline bas 
been put in, with a ient of 1in 16 and curves of 
90 metres radius, and for the rest of the line maximum 

ientsof 1 in 50, and curvesof 100 metres radius, have 
m adopted. Beyond km. 520 the country to be 
traversed by the line becomes of a comparatively easy 
character, — of 1 in 80 and curves of 200 metres 
radius only will be . The line is now completed 
and fully og It sel rolling-stock for nearly half the 
distance to the frontier, near Lake Diloto. It will 
there form an end-on junction with the railway soing ase 
structed ye Belgians through Elizabethville, Kam- 
bove, and Ruwé, serving the great co -fields of the 
‘anganyika Concessions rey: Linked up with this 
— and the railways of the Katanga, Mashonaland, 
hodesia, and Beira ilway Conga and those of 
jo Government “oo vone of th a F will 
orm an important link with this great network of lines, 
and shorten the time taken to travel to Johannesburg by 
some five days. 
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INDUSTRIAL NOTES. 


We are glad to be able to announce that the 
Sheffield moulders returned to work last Monday, 
after a strike which lasted about three months. A 
meeting of the employers and men was held on the 
6th inst. to consider the situation. It was called at 
the request of the Ironfounders’ Society, and resulted 
in a memorandum of agreement being offered by the 
employers. With a view to the avoiding of further 
disputes deputations are to be appointed in the works 
in which disagreement occurs, and a conference held 
with the local association, the matter to be ultimately 
put before a central conference consisting of repre- 
sentatives of the National Employers’ Federation 
and of the executive of the Ironfounders’ Society. 
In regard to the dispute at Messrs. Edgar Allen 
and .’3 works, the following terms were ag 
upon :—‘‘ (1) Messrs. Edgar Allen agree that it is not 
their intention to take at skilled moulders work 
hitherto done by them ; (2) they are prepared to con- 
fine piecework to such classes of work as were up to 
June 30, 1912, done on piecework—the society agree 
that the firm have the right to carry on such classes 
of work on piecework, and that the members of the 
society shall, if required, work piecework on such 
classes of work ; (3) any new work of a similar class, 
nature, or description to that done on piece, intro- 
duced since June 30, 1912, and the ter shall be 
done as piecework, or on time, as the firm may decide ; 
but should any question with regard to new work be 
raised by the moulders, it shall at once be subject to 
the foregoing provisions for avoiding disputes.” 

A general advance in the wages of moulders was 
also a point which received attention at the meeting. 
The employers claimed that this question had not 
been part of the —s cause of the dispute, and 
that it should only be dealt with when the dispute 
had been settled. They added, however, that imme- 
diately work was resumed they would be prepared to 
meet in local conference the representatives of the 
union, with a view to discussing this point. This 
offer on the part of the employers formed the 
subject of prolonged discussion at a mass meeting of 
the moulders, but ultimately it was agreed that the 
offer of the employers be accepted, and that work be 
resumed on Monday morning, the 10th inst., at nine 
o’clock, subject to a conference being held within the 
next eight days for the purpose of resuming discussion 
on the moulders’ claim for an advance of wages. The 
men will be re-instated to their former positions as 
far as this is ible, and delegates were elected to 
attend the conference with the employers on the wages 
question. 





On the 6th inst. the officials of the Ashington, 
Woodham, Linton, and Ellington miners’ lodges 
tendered the notices of the union men to come out on 
strike against non-unionists. The stoppage would 
involve 12,000 men and lads. The non-unionists 
number about 800. The North Seaton miners may 
also be involved in the dispute. The notices being 
for fourteen days, the strike will be declared on the 
20th inst., if an agreement is not arrived at in the 
interval. 





Ata meeting, which was held at the Leeds Univer- 
sity, on Friday last, under the presidency of Mr. 
A. G. Lupton, the Pro-Chancellor, on the question of 
labour co-partnership, Dr. Charles Carpenter, chair- 
man of the South Metropolitan Gas Company, gave 
an address, in the course of which he said that it was 
sometimes declared that.the remedy for labour unrest 
was to be found in the payment of higher wages ; in 
his opinion this was based on a fallacy. He did not 
believe that the average workman was so much dis- 
contented with his wage as with the conviction that 
he received no share of the profits which he helped to 
produce. The speaker’s experience of labour co-part- 
nership, extending over nearly a quarter of a century, 
convinced him that neither the employer nor the 
employed who had once tried it would ever desire to 
go back to the older basis. The system, it was true, 
had encountered both the opposition of trade unions 
and the apathy of employers; but the first was 
diminishing, and the employers’ opposition would 
disappear as it came to be realised that the present 
condition of affairs could not continue. Some imagined 
that the percentage share paid under co-partnership 
was a medium for grinding more work out of the men. 
All that was asked, however, was that the men should 
not waste time and materials and should present a 
sympathetic spirit instead of an obstructive one. 

he speaker believed that co-partnership could be 
applied to all large undertakings, from the railways 
downwards. 





We read in the Birmingham Daily Post that, in 
accordance with the rules drawn up in April, 1912, 
governing the working conditions and rates of wages 
in the building trade in Birmingham, the operatives 
have forwarded to the master builders the usual six 
months’ notice asking for a revision of the rules as 








far as wages aad hours are concerned. ‘I'he employers 
have responded with counter proposals. It is explained 
by an official of the Master Builders’ Association that 
this does not by any means connote a strike. The 
procedure is the only one under which a discussion of 
the rules can be raised ; the men, and the employers 
as well, always take advantage of the opportunity. 
Should a dispute arise in any one of the trades con- 
cerned, six employers and six workmen discuss the 
differences ; and, if no settlement is arrived at, the 
dispute is referred to a local Conciliation Board, con- 
sisting of two men from each trade and an equal 
number of employers. The rates in force at present 
are as follow :—Carpenters and joiners, 10d. per hour ; 
skilled machinists, 10d.; general sawyers, 9d.; brick- 
layers, 10d.; masons, 10d.; masons’ fixers, 10?d.; 
plasterers, 10jd.; and labourers, 7d. 


In the report dated September 30, issued by the 
General Federation of Trade Unions, in a paragraph 
dealing with the two recent railway accidents in this 
country, we find it stated that ‘‘ the judges who tr 
cases in which the interests of capital and labour clas 
should be selected from a class different from the one 
which now provides them, since their bias is much too 
obvious and is rarely modified, even by considerations 
of public safety. A special class should be made avail- 
able for these cases, the candidates being eligible 
after undergoing an adequate training and qualifying 
in industrial history and trade-union practice. The 
results might not be satisfactory, but scandals arising 
from judicial ignorance and bias would be fewer. 
Further, the Board of Trade should be reorganised, 
its recommendations concerning public safety should 
be published, and within reasonable time acquire 
statutory force; it should include in its personnel 
an appreciable percentage of persons having practical 
experience.” 








In the latest bulletin issued by the United States 
Department of Labour we take, for a few of the trades 
reported upon, the following figures of percentage 
decrease in the hours of labour per week, and of 
—. increase in the rates of wages per hour on 

ay 15, 1912, compared with May 15, 1907 :— 


Per Cent. Per Cent. 
rease in Increase in 
Hours per Wages per 
Week. Hour 
Sheet-metal workers 1.7 12.9 
Steam-fitters aise 2.0 13.1 
Steam-fitters’ helpers 1.7 15.1 
Structural iron-workers ... 2.7 11.1 
Blacksmiths... aie 2.1 10.3 
Blacksmiths’ helpers 2.2 16.4 
Boiler-makers aa 1.6 15.6 
Boiler-makers’ helpers 2.4 16.9 
Core-makers A 2.3 13.8 
Machinists ... 2.2 9.6 
Tron-moulders 1.3 7.4 
Pattern-makers 2.8 8.3 


The cities included in the report for the working out 
of the figures in question were in a general way those 
having the largest population. 


The United States Department of Labour has issued 
another bulletin on Employers’ Welfare Work, from 
which we take the following remarks :—‘‘ There is a 
tendency in labour circles to condemn employers’ 
welfare work. It is claimed that much of it is 
tinctured with paternalism, and fosters a spirit of 
dependence on the goodwill of the employer incom- 
patible with the aims of labour, and as a result the 
workers never reach their full development. The 
demand is for rights, not charity ; that workers be 
paid enough, and then left to order their lives as they 
see fit. It is rather taken for granted that welfare 
work is done at the expense of wages ; that if the 
employer were without this particular fad the sum 
expended on it would be added to wages. This view 
is based on an assumption impossible of proof, but 
a priori argument is, of course, against it, as wel- 
fare establishments paying a lower wage would be 
unable to compete in the labour market with the 
ordinary establishment doing no welfare work. An 
eminent French authority (Levasseur) has recorded of 
France that it has never been shown that the average 
wages in firms in which welfare establishments exist 
are lower than in others, nor does the little evidence 
available in the United States prove it. In the cotton 
industry in the Southern States the presence or absence 
of welfare work bears no relation to wages. A further 
objection to welfare work is that it is begun and main- 
tained to prevent strikes and labour organisations. 
Obviously, from the quid pro quo relation of employer 
and employee, this position is well taken, particu- 
larly when one considers the employer's prompt 
declaration of his motive in instituting welfare work ; 
that it is good business policy, and results in a better 
labour force . . .” 

According to statistics dealing with labour conflicts 
in Sweden during the years 1903 to 1912, there were 
during that period altogether 1876 labour conflicts, 








or rather stoppages of labour, and in 1499 cases the 
men commenced the conflict by declaring a strike. Of 
the disputes, 571 ended with an absolute victory 
for the masters, and in 574 the men were victori- 
ous, the other conflicts being ended by compromises. 
The aggregate loss of working days amounted to 

»960,000. In Denmark during the last ten years 
there have been about 780 stoppages of labour, averag- 
ing about 80 per year, but during 1911 and 1912 
there was a material decrease in the number of cases 
where labour was discontinued. During last year 
the conflicts in 54 cases led to strikes, and 22 strikes 
were declared illegal, work having ceased before the 
time appointed. In 23 cases the men were victorious, 
and in 22 the masters. 





The workmen’s organisations in the three Scandi- 
navian countries have for several years supported 
each other during strikes and lock-outs, and a 
wish has been exp at various congresses to 
extend their co-operation. In order to further this 
end a committee has been formed comprising two 
representatives from each of the three countries chosen 
by their central organisations. One feature in the 
programme is the establishment of a joint Scandi- 
navian Socialistic journal, another the holding of 
Scandinavian workmen’s meetings ; further, the estab- 
lishment of arbitration courts is suggested for the 
Scandinavian countries, and joint legislation. 





An investigation of the unemployment problem and 
the means of efficiently grappling with it is at present 
going on in Sweden, and from what a member of the 
Government states, the Government intends to bring 
a Bill before the next Riksdag dealing with certain 
sides of the question. The report is now so far 
advanced that it may be looked for in the beginning 
of December. 








NOTES FROM THE UNITED STATES. 
PuiLaDELpPHtiA, November 6. 

Ir is generally believed that should the petition of 
the railroads for a 5 per cent. increase in freight rates 
be granted by the Inter-State Commerce Commission 
railroad credit would be materially enhanced, and 
the transportation companies would soon find an 
abundant market for a mass of securities now practi- 
cally unmarketed. It is also believed that the 
permission to make this advance will be followed by an 
outflow of orders for equipment covering mainly 
rolling-stock, engines and rails. Anything that will 
enable the railroads to become active buyers of much 
needed equipment would have almost an electrical 
effect upon the general tone of the market. Notwith- 
standing surface quiet in the entire steel industry 
there is a strong undertone, because of the enormous 
unsupplied requirements of the railroads and of the 
greater industries. Mills are now operating about 
80 per cent. of capacity, against 85 per cent. a week 
ago, and 90 per cent. a month ago, and it is probable 
that before the turn comes the recession will reach to 
70 per cent. The decline in quotations is slow and 
steady. Over half a million tons of rails are still in 


negotiation. The t week’s orders amounted to 
60,000 tons. It is now believed that a Currency Bill 
will pass, substantially recommended by the President. 


This Bill strengthens the position of the bankers in 
the control of finances, against which an ineffectual 
opposition has so far been arrayed. The crude-iron 
market is extremely dull, but this is due to the dis- 
position of consumers to defer heavy buying until 
either more urgent necessities drive them into the 
market, or until the weakening tendency has exhausted 
itself. 








Bristo. University.—The University of Bristol has 
made a regulaticn whereby the Bath Municipal Technical 
School will be connected with the Faculty of Engineering 
of the University, which is provided and maintained in 
the Merchant Venturers’ Technical College. It will be 
possible for a student to take the preliminary and inter- 
mediate courses for the University certificate in engi- 
neermg, either in whole or in part, in evening classes in 
the Bath Technical School, provided that the classes 
included in them have been approved by the Senate, and 
are conducted by teachers recognised by the Senate for 
the particular purpose. 





THe wLATE Herr Frerz Astuéwer. — Herr Fritz 
Asthéwer, who died in Essen a few weeks ago, was 
one of the originators of the steel-sasting process, and 
he was in 1909 made an honorary member of the Verein 
Deutscher Eisenhiittenleute in recognition of the numerous 
improvements he introduced in the metallurgical processes 
of the iron and steel industries. Jakob Mayer, now chief of 
the Bocheimer Verein fiir Bergbau und Jubsstahlfabrika- 
tion, was the first to cast steel, like iron, in moulds. But 
his product was rather bard and brittle, and Asthéwer 
su in his works at Annen in producing a tough 
quality of cast steel parts for ships and engines, such as 
cross-heads, crank-shafts, pistons, corrugated rolls, anchors, 
&c. It wasowing to the success attained in this field that 
the Annen works were acquired by the firm of Krupp as 
early as 1886. Asthiwer joined that firm at that time. 
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18-IN. CENTRE SURFACING AND BORING-LATHE. 


CONSTRUCTED BY THE COLCHESTER LATHE COMPANY, COLCHESTER. 








Fic. 1. 





In Figs. 1 and 2, above, we give two views of 6 
13-in. centre surfacing and boring-lathe constructed 
by the Colchester Lathe Company, of Hythe, Col- 
-chester. From our illustrations it will be seen that 
this lathe is of very stiff design, so that it is able to 
stand well up to heavy work. The bed is of strong 
section, and has an over-all length of 6 ft. 7in. The 
headstock has a three-speed cone-pulley, the smallest 
diameter being 9} in., and the largest 124 in., allowing 
for a belt 34 in. wide. There are twelve speeds pos- 
siole, ranging in geometrical progression from 12 to 
324 revolutions per minute. The front bearing in the 
headstock is 33 in. in diameter and 4} in. long. The 
spindle runs in phosphor-bronze bearings, the thrust 
being taken by a ball washer. The reversing mecha- 
nism at the back of the headstock may be actuated 
without stopping the lathe. 

It will be seen that a wide bed is provided, the 
actual width being 14 in., while in front of the bed 
may be seen an additional slide supporting the bottom 
of the apron in such @ way as to give an equivalent 
total of width of bed of 24 in. when turning work up 
to the full swing of the lathe; this additional slide 
directly —— the tool. The saddle has a long, 
narrow guide with —_ bearing surface. The self- 
acting sliding and surfacing motions are engaged by 
means of steel-drop worms and phosphor-bronze worm- 
wheels in theapron. All gears in the apron are sup- 
ported in double bearings. The feed-box provides 
a positive feeds, ranging from 8 to 120 per 
inch. 

Screw-cutting for threads ranging from 4 to 60 per 
inch is provided for in the feed-box. An adjustable 
knock-off stop is arranged on the lower slide for the 
longitudinal feed, and instantaneous hand release for 
either feed is also provided. 

The furthest possible distance from the face of the 
chuck to the front of the saddle is 23in. The lathe 
is fitted with a 20-in. four-jaw chuck. For the speeds 
above mentioned a two-speed countershaft running 
at 100 and 240 revolutions per minute is required. 
That provided with the lathe has fast and loose pulleys 
14 in. in diameter. The approximate weight of the 
machine is 34 cwt. 





AUSTRALIAN Evucatyprus.—The Australian eucalyptus, 
or, a8 it is commonly called, the gum-tree, has a world- 
wide reputation. It has been grown successfully in many 
countries, and in New Zealand it has been found that its 

rowth is, in favourable spots, faster than in Australia. 

n Brazil, into which country the eucalyptus was first intro- 
duced a quarter of a century ago, the authorities have 
come to recognise its intrinsic value for timber. Some 
ten years ago the systematic culture of the tree was begun, 
and recently Senhor Andrade, Chief of the Forest Service 
in Brazil, went to Australia to secure further varieties, 
and to consult with Mr. Maiden, Director of the S dney 
Botanic Gardens. who is regarded as the chief authority 
on eucalypti. The Government of Brazil desires to culti- 
vate the tree for the sake of the timber, which is eminently 
suitable for railway sleepers, and also for fuel for railway 
locomotives. Even in Australia it has been found neces- 
sary to resort to reafforestation in order to replenish the 
timber forests. In South Australia there are over 18,000 
acres replanted with indigenous trees under the control of 
the Conservator of Forests, and, up to date, the Con- 
servator in that State has distributed over 8,000,000 young 
trees to applicants for replanting. 

















ON THE COPPER-RICH KALCHOIDS 
(COPPER-TIN-ZINC ALLOYS).* 
By Professor Samugt L. Hort, University of 














Minnesota, U.S.A. 


Introduction.—The plan of the present research 
was formulated at Columbia University upon 
the suggestion of Dr. Campbell, Director of the Metallo- 
graphical Laboratory, and is intended to fulfil part re- 
y+ er ope for the Ph.D. degree in that university. 

fter the completion of the preliminary work at Columbia 
University, the research was transferred to the Metallo- 
graphical Department of the Eisenhiittenmiinnischen 
Instituts at the Royal School of Technology, Charlotten- 
burg, under the direction of Dr. Hanemann. 

e constitution of the ternary alloys of copper, tin, 
and zinc up to about 50 per cent. zinc and 30 per cent. 
tin has been studied both by thermal and mic phical 
analysis. The term ‘‘kalchoid” has been chosen to 
designate the ternary alloys of “Ee. tin, and zinc, as 
was first suggested by Thurston. This saves such names 
as brass and bronze for their more correct application, 
and avoids confusion. 

Review of Iiterature.—The author will now turn to a 
brief consideration of the more important literature deal- 
ing not only with the kalchoids, but with the two com- 
ponent systems copper-zinc and copper-tin as well. 

On the Copper-Zine System.—The first work of import- 
ance on the constitution of the brasses was published in 
1896 by Charpy,t who studied the microstructure and 
mechanical properties of the commercial alloys up to about 
50 per cent. zinc. He noticed the peculiar behaviour of 
the 8 constituent in the 35 to 45 per cent. alloys, and was 
inclined to consider this constituent amorphous, although 
he failed to recognise it under the guise of the coarsely 
—— alloys of 48 per cent. zinc. 

n the following year Roberts-Austen published the 
first complete freezing-point curve, along with the peri- 
tectic horizontals and a further line e” e’ called by him 
“*eutectic.”t The presence of this eutectic was immedi- 
ately contested, Charpy, in a second paper,§ pointing to 
the fact that the ground mass, while undoubtedly fine- 
grained, still failed to exhibit the characteristic structure 
to be expected, as in the case of the steels. 

In 1904 Shepherd published the first complete constitu- 
tion diagram, which is too well known to require especial 
discussion. He failed to find the line e” e of Roberts- 
Austen either pyrometrically or mi phically, and 
ascribed it to experimental error. Shepherd, in discuss- 
ing the solid solutions, refueed to noel the composition 
with 60 per cent. zinc as a compound, CusZ», as is to be 
inferred, however, from the diagram. This phase is of 
great importance in the ternary alloys, and its behaviour, 
as both solid solution and chemical compound, is not 
without significance. 

In 1906 Guillet|| published some work on the brasses in 
connection with bis investigation of the influence of the 
addition of tin to the brasses. This agrees with Shepherd’s 
work and will be considered further on under the litera- 
ture on the ternary alloys. Then two other works 
appeared, both bringing additional evidence to support 
epherd in his diagram. Bengough and Hudson{ in 


* Paper read before the Iron and Steel Institute. 

+ Charpy, Bulletin de la Société d’ Encowragement, I., 
1296. page 180. 

+ Roberts-Austen, Fourth Report of Alloys Research 
Committee, 1897. ENGINEERING, vol. lxiii., pages 197, 
200, and 253. 

§ Charpy, Bulletin de la Société de Encowragement, II., 
1897, e 414. 

I Ghilfe t, Revue de Métallwrgie, iii., 1906, page 243. 

ugh and Hudson, Journal of the Society of 








Chemival Industries, xxvii., 1908, pages 43, 654. 
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their experiments on the heat treatment of Muntz metal, 
and Tafel* in his determination of the copper-zinc diagram, 
advanced microscopical and thermal evidence indicating 
that Roberts-Austen’s line e’”’ e’ was an error. 

In a paper by Carpenter and Edwards,t presented to 
the Institute of Metals in 1911, the line e” e’ was again 
ame oy up. The authors (Carpenter and Edwards) 
sought te re-establish this line in the — oy chiefly by 
@ series of very accurate curves covering the 8 range and 
supported by photomicrographs. They drew attention 
to certain aliarities in the alloys of this range, which 
were readily explained on the assumption that such a line 
existed. In the author’s opinion the curves were very 
satisfactory evidence, but he will attempt to show later 
that the photomicrograph given can hardly be accepted 
as exhibiting a duplex stracture, as was stated in the 
above-mentioned paper. ; 

To meet the criticism which this first paper called 
forth, Carpenter presented a second paper,} in which he 
described further experiments to prove the sa a+y 
inversion. He discussed annealing experiments on two 
different compositions near the eutectoid point, the one 
containing a slight excess of a, the other a slight excess 
of y. After several weeks of onneing at 445 deg. Cent., 
a typical duplex structure was obtained, leaving no doubt 
as to the existence of the line e” e’ of Roberts- Austen. 

In two more recent papers, Carpenter§ reported further 
work on the pa + ¥ inversion, dealing with the resoiu- 
tion of free 8 and the effect on this breakdown of the 
addition of third metals. In the first of these two papers 
he gives a very interesting cooling curve showing rather 
conclusively that a and yy do not reunite at some lower 
temperature, to form, perbaps, a chemical compound, 
copper-zinc. cas 

A study of the electrical conductivity of the brasses has 
been of great interest. In the a field the results check 
very closely with the thermal and micrographical analyses, 
but as soon as the f field is entered we find a big discre- 
pancy. The curve, instead of running linear from 37 per 
cent. zine to 60 per cent. zinc, as would be expected from 
the diagram, runs linear to a maximum at about 49 per 
cent. zinc and again linear to about 59 per cent. zinc. 
From this it would seem that apparent § behaved under 
these conditions as a homogeneous solid solution. As 
above mentioned, a cooling curve shows that a and y 
evidently do not reunite ; thus we have the paradox that 
8, though known to be heterogeneous, behaves as a homo- 
geneous solid solution. This point awaits yet a satisfac- 
tory explanation.| : 

Potential measurements, as well as chemical behaviour, 
have been used to study the constitution of the brasses, { 


* Tafel, Mdtallurgic, v., 1908, page 343. ; 
+ Carpenter and Edwards, Journal of the Institute of 
Metals, No. 1, 1911, vol. v. ENGINEERING, vol. xci., pages 
92 and 200. 
+t Carpenter, Journal of the Institute of Metals, No. 1, 
1912, vol. vii. ENGIngERING, vol. xciii., pages 89 and 265, 
§ Ibid., No. 2, 1912, vol. viii. 
See Guertler, Zeitschrift fiir Anorganische Chemie, 
51, 1906, 397, and Luigi Norsa, Comptes Rendus, 
Lire 1912. 


155, 

qT i for reference on ‘ potential measurements,” 
Laurie, Journal of the Chemical Society, 53, 1888, page 
104; Herskowitch, Zestschrift fiir Physskalische Chemie, 
27, 1898, page 123; Puschin, Zeitschrift fiir Anorganische 
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but little additional of a definite nature has been learned. 

On the Copper-Tin System.—The part of the copper-tin 
diagram important to this research appeared long since, 
ew that given by Heycock and Neville in 

Two other foretigntions followed—by Shepherd in 
1906+ and Giolitti in 1909.t 

The important points for the present r are the 
limit of sataration of the a solid solution, the tempera- 
tare of the eutectoid inversion, and the composition of 
the eutectoid point. The limit of saturation varies from 
5 per cent. in Giolitti’s di to 13 per cent. in Shep- 
herd’s; while the eu id point remains more constant 
at oximately 26 per cent. Its inversion temperature 
is given from 486 deg. to 500 deg, Cent. 

n a very careful cooling curve taken by Heyn and 
Bauer § on an alloy containing 83.5 per cent. copper, 
16 per cent. tin, 0.2 cent. zinc, with small amounts of 
arsenic and lead, this temperatore is given as 525 deg. 
Cent. (see Fig. 1). This curve was recorded by eo | 
the time 4¢ required for the a to cool, an interva 
of 10 deg. Cent. Measurement the electrical poten- 
tial has been used Lanrie,|| Sackur and Pick, 
Paschin,** and Ledouxtt to study the composition of the 
bronzes. This work has shown that the constituent 3 is 
a solid solation, and not the compound Cu,Sn; further, 
the existence of the compound Cu,Sn was established. 
These results were also confirmed by Guertler’s work on 
the electrical conductivity of metallic alloys.t} 

On the O -Tin-Zine System.— Except for the work 
of Thurston $§ on the mechanical properties of the kal- 
o-_ there has Li no ae research covering 
the entire range of the commercially important copper- 
rich ternary alloys. ‘There has, however, been consider- 
able work done in single branches on physical and 
ehemical measurements, anc the influence of tin on the 
mechanical properties and microstructure of the b 
Although the work of Thurston offers considerable matter 
of a speculative nature on the constibution of the kal- 
choids, still, since it deals mainly with the mechanical 
properties, it (and other similar work) will not be con- 
sidered here. 

Guillet,||| in 1906, published a series of experiments on 
the mechanical properties and the microstructure of the 
kalohoids up to about 10 per cent. tin. It is interesting 
to note that in his photomicrographs evidence pointin 
to the euteotoid inversion is given in the appearance o 
the eutectoid structure upon the addition of about 3 per 
cent. tin to the 30 per cent. brass, which point, however, 
seemed to escape his notice. But the ce of a 
‘ sonstituant spécia)” in the microstructure of the alloys 
with more tin did attract his attention. is ‘ special 
constituent” was observed if tin was added directly to 
a + 8, when the tin content exceeded a certain amount, 
copeneng on the zinc content. 

yn adding tin to a + f, the tin was considered first to 
enter thea up to 0.7 per cent. tin, and then to enter 
the f. Any excess formed the ‘special constituent.” 
This special constituent observed by Guillet will be seen 
ater—under the discussion of the microstructure—to be 
the > solid solution; and the ir larities he notes in 
this hela will be seen to be due to the influence of tin on 
the eutectoid inversion.) It was in this field, just off the 
a + 8 range, that a remarkable improvement in the 
sroperties was noticed. This Guillet attributed as due 
& the ‘‘special constituent,” which conclusion, the 
author believes, should not necessarily follow. The 
author holds rather to the opinion that the rapid rise in 
properties is due to the tin going into ‘‘apparent” solu- 
tion, without forming the special constituent. 

Miller," in a series of experiments testing the influence 
of various metallic and non-metallic elements on the 
properties of normal statuary bronze, determined the 
melting points of ten ——— kalchoids, which were 
used for comparison in the construction of the ternary 
diagram. Nothing of their microstructure was noted by 
him, as the constitution of these ternary alloys was at 
that time not understood. 

Johnaon***, ina paper before the Institute of Meta 

discussed the influence of tin on the microstructure o' 
the brasses. He seemed inclined to dignredit the theories 
advanoed by Guillet, in that he consiffered the eutectoid 
structure due to the formation of a compound Ou,Sn, 
which gave the customary eutectoid of the copper-tin 
series. Oonsiderable streas was laid on the importance 
of the influence of tin on brass, but nothing conclusive 
could be offered at that time. 
Chemie, 56, 1907, page 1, For ‘chemical behaviour,” 
Linooln, Klein, and Howe, Journal of Physical Chemis- 
try, xi, 1907, page DOL; Sackur, Ard. &. Gesundacitsamt, 
xx., 1904, page 512, and xxii., page 127. 

* Heyoock and Neville, Philosophical Transactions, 
202, 1908-4, page 1. 

} Shepherd and Blough, Journal Physthalische Chemie, 
B15. 


x., 1906, page 515. , 
t Giolitti and Tavanti, Gaz. Chim, 38, 1908, page 209. 


N Heyn and Bauer, Mitterlunren an den Koniglichen | & 


Meterialpriifungsamt, xxix., 1911, page 29. 
Laurie, Journal of the Chemical Society, 53, 1888 
page 104. 
§} Sackur and Dick, Zettschrift fiir Anorganische Chemie, 


58, 108, pease 46. 
** Puachin, Zeitschrift fiir Anorganische Chemie, 56, 
1907, 


page 1. 
4+ Ledoux, Comptes Rendus, 155, 1912, page 35. 
tt Guertler, Zettschrift fiir Anorganische Chemie, 51, 


1M 397. 
88 ‘Thurston, “* Materials of Engineering,” vol. iii. 
|| Guillet, Revue de Métallurgie, iii., 1906, page 243. 
© Miller, Metallungie, ix., 1912, page 63. 


*** Johnson, Journal of the Institute of Metals, No. 1, 
1912, vol. vii, Ena@inerrine, vol. xciii., pages 91 and 361, 














As mentioned above, Carpenter read a paper on 
effect produced the addition of third metals to 
pure structurally 8. In this the influence of tin 
discussed, with the conclusion that 0.995 
caused the resolution, so that it was visi 
diameters —an accompanying photomicrogra 
cited as — It will be seen ane?» ye —T 
hardly so simple as it appears from this paper; 
imdeed, in the author’s opinion, Professor Carpenter's 

i does not show the eutectoid structure. 

f the eutectoid structure is present, it can be 
should be, the author believes, clearly and undeniably 
shown. o.0 +s 

Photomicrographs 20, 21, and 22, on page 671, of the 
present paper, show the desirability of correlating high 
and low magnifications for the sake of illustrating such a 
point. 

Experimental Work.—The metals used for this research 
were electrolytic copper, practically pure, and Kahl- 
baum’s best grades - tin and zinc. The melts were 
made up to weigh approximately 50 or 100 grammes, the 
latter in case the cooling curve was to be taken. For 
propecing the alloys, two furnaces were used. That 
employed in case the melts were to be cast (chill cast in 
an iron mould) was constructed in the laboratory; a 
smal furnace with blast, in which a temperature 


cent. 
under 150 


pie 
of 1200 deg. Cent. could be easily maintained. The | The 


other, a large natural-draught gas-furnace—giving fairly 





TEMPERATURE 


Fie, 1.—Heyn and Bauer. Cooling curve of 
alloy : Copper, 83.5 per cent.; tin, 16 per 
cent.; zinc, 0.2 per cent. 
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Fig, 2.—Alloy 73, Heating curve and first derivative: Copper, 
76 per cent. ; ¢in, 16 per cent.; zinc, 10 per cent, 





good insulation, but at the same time handy to work 
with—was used in case cooling curves were to be taken. 
Special attention was paid to keeping the temperature 
carefully regulated, especially in preparing the 100 
mme alloys. No uncommon difficulties arose, both 
urnaces working satisfactorily. Hessian crucibles were 
used. As a guard against oxidation, a cover of borax 
a of finely-ground coal, which was used in the large 
urnace) gave very re results, the one disadvanta 
of the borax cover being that the borax attacked the 
walls of the crucible, and also took up copper from the 
melt. The 50-gramme melts, after preparation, were 
either allowed to cool in the furnace, or, in order to pro- 
duce « fine-grained structure, were chill cast in a small 
iron mould ; while in the case of the 100-gramme alloys, 
the thermal element was inserted in the melt and its cool- 
ing curve taken direct. 
$ was considered necessary to analyse the 50-gramme 
alloys, and throughout the following method was em- 
ployed :—First the tin was removed by dissolving 1 
ramme of the alloy in concentrated nitric acid, and 
filtering the tin off as metastannic acid, The copper in 
the filtrate was determined by the iodine and thiosul- 
5 wont ys oe described in Journal of the American 
hemical Society for December, 1911. In this method 
the nitric acid is destroyed by sodium hypochlorite. The 
following solutions were used ; (1) Sodium mf meee 
made by boiling 112 grammes calcium hypochlorite with 
100 grammes anhydrous sodium carbonate in 1200 cub. 
om. water and filtering; (2) a 5 per cent. solution of 
pas: (3) Te hydrate, 20 tag (4) acetic acid, 
per cent. ; potassium iodide, grammes per 
100 cub. om.; (6) sodium thiosulphate for titration ; 





* Journal of the Institute of Metals, No. 2, 1912, vol. 


viii., plate xvi., 7. ENGINEERING, vol. xciii., page 265, 


| and add from 2 cu 


and | thiosulphate, as 





The determination was carried on 
pipette off 50 cm. of the filtrate (made 
~— a 300-cub.-cm. Erlenmeyer flask, 

em. to 4 cub. em. of the hypochlorite 
(or until the green colour appears and chlorine gas is 
em. phenol to take up the 

i out any remaining; (3) add sodium 
hydrate until a t ipitate forms (add immediately, 
pone nitropbenol forma): (4) add acetic seid 
ipitate di ; (5) titrate for co wi ium 

nl usual. The zinc is the difference. 
To determine the composition of the 100-gramme alloys 


up to 250 cub. cm. 


to zinc volatilisation ; e 
loss’ in weight, in homogeneity, or the like, gave rise to 
any doubt, the melt was laid aside and not used. 

tain of the alloys were subjected to 3 
which Dn usually carried poly ordinary Heraeus fur- 
nace, the specimens being in an iron pipe to pre- 
vent oxidation. The time of annealing averaged about 
48 hours, the current being taken from a storage battery 
for overnight work. For etching, two reagents were 
used, ic cuprous chloride and acid ferric chloride. 
These reagents work in like manner, attacking the copper- 
rich constituent first and leaving the 7 a bright grey. 
ic cu chloride is preferable for the zinc-rich 
alloys, the acid ferric chloride for the tin-rich. 


In making the thermal analysis (1), the 3 method 


was mY ™ when a complete cooling curve was taken ; 
(2) the 4 hab ) method, when transformations in the 
solid state were to be definitely located. Under the first 
method, intervals in time were recorded by a Richardson 
chronograph. After considerable unsatisfactory experi- 
menting with the platinum element, other elements were 
tried, and finally one of nickel wire and constantin wire 
of 6 mm. diameter was found to be most suitable, and 
was employed in all subsequent work. This element 
remains exceptionally constant under varying conditions, 
and has a very high thermo-electric force, such that with 
a resistance of 1200 ohms (including the resistance of the 
gg ye 1 millivolt is equal to only about 33 deg. 
ent. On continued heating, the nickel wire becomes 
brittle and the element must be frequently replaced ; 
however, this counts as a very small item against it. The 
compensation element was made of two pieces of con- 
stantin wire connected by a 5-cm. piece of nickel wire. 
Electrolytic copper was used as the neutral body. All 
work was done in an atmosphere of illuminating gas. 

The copper-zinc alloys were made for the purpose of 
studying their microstructure, the § structural constituent 
in particular. Unaware that Professor Carpenter was 
peer | working out the eutectoid inversion, the author had 
started a special research to test the alloys in this range 
for the pa ++ inversion, when Professor Carpenter’s 
work came to hand. Further research in this particu- 
lar line was then given up (and willingly given up, it 
might be confessed, for, as 1s well known, this breakdown, 
though unmistakable in the thermal analysis, can be 
— micrographically only with extreme difficulty !). 

he copper-tin alloys were made up for the purpose of 


examining their microstructure, locating the limit of 
saturation of the a solid solution, and studying the 
eutectoid inversion of the f solid solution. The limit of 


the a solid solution was taken at 10 per cent., and the 
eutectoid temperature as 525 deg. Cent. 

The ternary alloys were chosen in order to study the 
constitution of those em alloys within the com- 
mercial range. Although the diagram, Fig. 44,* has been 
drawn complete, the dotted lines are to be regarded as 
constructed on purely theoretical grounds. The liquidus 
surface consists of two parts—that is, up to 30 per cent. 
tin and 50 per cent. zinc—corresponding to the equilibria 
a + liquid and 8 + liquid. The line between the aand 8 
surfaces was determined by noting at what composi- 
tions the peritectic point disappeared; but this same 
line for the 8 and + surfaces is purely theoretical. That 
the a surface extends far out into the diagram—con- 
siderably farther than one might expect—is from the 
thermal evidence unmistakable. The temperatures of 
the liquidus surfaces are shown by the contour lines. 
The solidus surfaces run under the liquidus surfaces 
in the same manner in which the solidus lines follow 
their co-ordinate liquidi in the two binary systems. We 
have two surfaces which correspond to the separation 
of the a and § solid solutions from their melts—viz., the 
planes 1-4-4 and 5-5-10-10 in Fig. 3. These surfaces are 
connected by the peritectic surface 4-4-2-2. The line 5-5, 
called ‘‘maximum peritectic,” was drawn to show about 
where the corresponding points in the binary systems 
would come in the ternary diagram. On the copper side 
of this line, the alloy going solid with the peritectic 


reaction a + liquid 7 8, the cooling curves show a 


sharp return from the peritectic maximum ; while on the 
other side, as the alloy still remains “a liquid (8 + 
liquid), the cooling curves exhibit a much slower return, 
corresponding to the freezing of the remaining liquid. 
The other part of the peritectic surface extends up to the 
line 2-2. A second peritectic surface runs from 10-10 to 
3-3, at which temperature 8 reacte with the melt. This 
is clearly to be seen on the cooling curves. The evidence 
is not sufficient to locate these lines absolutely. Between 
the lines 5-5 and 10-10 the alloys solidify as a series of 
solid solutions, according to the reaction 8 + liquid 
Ss 8 — to be seen on examining the cooling curves. 
Since we find no fundamental difference in the behaviour 
of the ternary alloys on solidifying from that of the 








¥ This figure will be given later. 
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binary alloys, the ternary alloys may be termed “‘pseudo- 
binary.” Following the lines through the —= as 
indicated, the process of solidification of any allo > | 
be seen at a glance, and at the same time ougeant wit 
that of any corresponding alloy, or, better expressed, 
group of alloys of either the copper-tin or copper-zinc 
series (see Figs. 3 and >. For example, the ternary alloys 
within the area 1-4-4 solidify just as do the binary alloys 
from 1-4; furthermore, the alloys of the field 4-4-8-8, as 
those from 4-8 ; of the field 4-5-5-4, as those from 4-5, &=. 
(In this scheme it is to be noticed that the corresponding 
points have in all cases the same numbers.) To deter- 
mine the composition of the solid phase separating from 
the liquid, it is necessary to pass a horizontal _ (tem- 
perature) through the point in question on the liquidus 
surface, noting its intersection with the corresponding 
solidus surface. Now this temperature plane intersects 
the two surfaces in a line, so that we have two lines 2’ - 2’ 
and 4’—4' running from the copper-tin system to the 
copper-zinc system, as shown for the two surfaces 1-4-4 
and 1-2-2 in Fig. 3. Along the lines 2’-2’ and 4’-4’ 
there will be pairs of concentrations in equilibrium with 
each other, as represented by the end-points of the 
parallel lines. These lines, of course, are drawn in 
empirically, and are intended to show merely qualita- 
tively the relation between the liquid and the solid in 
equilibrium. s 7 

For each temperature, such a plane, with co-ordinate 
points in the liquidus and solidus surfaces, could be con- 
structed ; and by means of such a diagram, the complete 
solidification of the alloy could be traced, and the com- 
position of the phases at each temperature, and the 





Fie. 3.—Scheme for the copper-tin-zinc ternary diagram. 


relative amounts of each phase corresponding, be deter- 
mined. The relative amounts are to each other inversely 
as the distance of the phasial compositions from the 
characteristic line of the alloy, ‘‘ characteristic line of 
the alloy” meaning the vertical corresponding to the 
total composition of the alloy. This method of deter- 
mination may be applied in other fields of the diagram 
also. Thus far, in solidifying, the ternary alloys have 
behaved as simple solid solutions of tin + zinc in copper 
—that is, as pseudo-binary alloys with copper as the 
solvent ; moreover, except for what might at first seem to 
be irregularities due to the relative qualitative effect of 
the tin and zinc,* the kalchoids apparently undergo their 
transformations in the solid state analogously to the 
binary alloys, this with a single exception to 
up later in the work. 

The field 4-8-8-4 gives the variation of saturated a with 
temperature, the alloys in the field 1 8-8 at normal tem- 
peratures being simple homogeneous solid solutions. The 
surface 5-5 to 7-7, the conjugate surface to the surface 
4-4-6-6, gives the variation of saturated 6 with tempera- 
ture towards the copper corner. The line 7-7 connects 
the various eutectoid compositions from 26 per cent. tin 
to 48 per cent. zinc. The scheme discussed already may 
be used here in following the behaviour of « and § on 
cooling. The concentration of a varies along the surface 
4-4-8-8, while that of 8 varies along the surface 5-5-7-7. 
pene | for the moment complications in the pure 
copper-tin alloys, which doubtless extend some distance 
into the ternary diagram, on the 7 side of the eutectoid 
line, the solid solutions y and are in equilibrium. The 
8 solution follows the surface 10-10-7-7, the y remaining 
fairly constant in composition on a nearly vertical plane 
through the ‘‘ y line.” Between these two regions, there 
is & on of pure 8 formed either by the peritectic re- 
action in the field 2-2-5-5 or from the liquid directly in the 
field 2-10-10-2. This field narrows down with a drop in 
temperature from the lines 5-5 and 10-10 to the eutectoid 
line7. With this in mind it is easy to see how the alloys in 


taken 





au sogenenes « the eutectoid . oT" in hae 
_4+-9 per cen or instan: i ss 
stituent noted by Guillet. , ee ee 











this region of pure8 behaveon cooling. In the solid bounded 
by su as 4-4-8-8 and a oe through the line 5-5, the 
joys solidify asa + 8. In the little region bounded by 
the surface 4-4-8-8 and a vertical 9 through 4-4, the 8 
goes into solution on cooling. In the remainder of the 
solid a and 8 vary in composition on cooling, as given, 
until at the eutectoid point the solution breaks up, giving 
the a + y complex. In the solid 5-5-7-7-10-10 corre- 
sponding to pure § the alloys separate out primary a on 
one side of the eutectoid line and primary 7 on the other 
side. Along the line 7-7, of course, there is no primar 
segregation, the alloy going over into a simple eutectoid. 
Asregards the 8 phase and its behaviour in this series, in 
the pure copper-zinc system, 8 being one phase, and con- 
taining two components, has two degrees of freedom. At 


the breakdown 8 = a + + (there being now three phases), 


the system becomes non-variant, and so the chan 

occurs with the temperature remaining constant. In the 
present case, however, there are three components, the 
number of phases remaining the same—that is to say, 
the system now has one — of freedom at the moment 
of inversion. As the simplest case of this, we could have 
a breakdown corresponding to that found by Carpenter 
and Edwards in the copper-aluminium-zine alloys, run- 
ning from the one eutectoid point directly to the other, 
the temperature varying between the two end tempera- 
tures as a linear function of the composition ; in which 
case one of the degrees of freedom is suppressed. Or the 
breakdown ~—_ just as well occur in a manner analogous 
to aseries of solid solutions separating out of their melts, 
which series may run linear or have a maximum or a 





—_ Zn 





clearly be seen from an examination of the microstruc- 
ture. But while the excess of 7 on the one side (or the 
excess of a on the other) undoubtedly plays an impor- 
tant réle in absorbing crystals of its own kind 
out of the ground mass, still the actual chemical 
composition and the rate of cooling seem to be the 
all-determining factors. In certain alloys (12) of the 
pure copper-zinc (55 cent. zinc) series and (45) of 
the ternary series, we have about the same tive pro- 

rtions of segregate and und mass; but while the 
Romer alloys would probably require severe annealing 
just below the transformation point, the latter yields the 
eutectoid on normal cooling. 

Now to get an idea of the influence of time on the 
breakdown, having considered that of the chemical com- 
position, the author compared chill-cast specimens, slowly 
cooled specimens, and annealed specimens. By plotting 
lines such as in Fig. 4, to show the limiting compositions 
of the apparent § structure, it was seen that this field 
contracts to the copper-zinc side as the time of cool- 
ing is increased. Two examples of this may be cited : 

oy No. 6 (copper, 57.4 per cent.; tin, 11.2 per cent.; 
zine, 31.4 per cent.) is shown as chill cast, Fig. 23, page 
671; and again, Fig. 24, after being annealed 48 hours at 
450 deg. Cent. In Fig. 23 we have the y pgate in a 
age mass of Sy 8, which, on examination of 
ig. 24, is seen to have been converted intoa + y. This 
conversion is evident from the increase in the relative 
amount of y, and is also nised on microscopical 
examination, when the solid solutions a and § may usually 
be distinguished. 
The behaviour of alloy 54, which was cooled slowly in 








minimum. In this system a maximum is obtained near 
the middle point of the eutectoid line, as is seen from the 
section through the diagram along this line. 

Another point of importance is the eutectoid structure. 
As is well known, the § constituent appears homogeneous 
under the microscope, but long annealing produces its 
true duplex structure. This isdue to the fact that though 
the “‘ apparent 8” is com of minute a and —_ 
ticles, still these pirticles are so extremely fine, ultra- 
microscopic, that it is impossible to distinguish them. It 
is interesting to note what influence the addition of tin 
exerts :—Do the a and y icles, their compositions 
thus changed, become enabled to coalesce into larger 
grains, thereby rendering themselves visible under the 
microscope ? This problem has been discussed by Pro- 
fessor Carpenter,* who added tin in varying amounts to 
the pure ap mt 8 constituent of the brasses, 48 per 
cent. zinc. is is shown diagrammatically in Fig. 4, in 
which the alloys, having the desired tin content, are 
plotted by the points 1, 2,3, and 4. By drawing lines 
parallel to the eutectoid line we obtain the approximate 
composition of the pure copper-zinc alloys having a 
corresponding microstructure.+ The enqeegete shown 
in Professor OCarpenter’s photo-micrographs is therefore 
easily explained, and should not, on examination under 
a low power, mistaken for a eutectoid structure. In 
a discussion of the microstructure for the purpose of 
studying the effect of tin addition on the apparent homo- 
geneous structure of the 8 constituent, it would be more 
proper to choose the compositions indicated by the 
points a, b, c, which lie on the eutectoid line and contain 
the amounts of tin to be investigated. If in this manner 
@ certain point can he located, Tapond which the eutec- 
toid structure is readily ap t, then it ma said 
that the percentage ef tin added caused the visible break- 
down of the § constituent. In reality this appearance 
does not confine itself to the eutectoid line, but may be 
followed over a field shown by the line 1—2, as may 


* Journal of the Institute of Metals, No. 2, 1912, 
vol. viii. ENGINEERING, Vol. xciii., pages 89 and 265. 
In a criticism of Professor Carpenter’s paper, Pro- 
fessor Huntington has called attention to this fact. 








Fie. 4.—The line ab is plotted for alloys cooled in the furnace. 


the furnace, was also very interesting. Superficially 
this alloy consisted of the 7 segregate in a ground mass 
of apparent f, but on examination under a higher . 
nification it was found to be quite otherwise. Fig. 
~~ the LS uy of a crystal, and — - 
as above suggested, yy segregate + apparent /. 
we examine mh - this crystal, we see that 8 is 
ith the formation of the a + 7 eutec- 


breaking down wi } 
toid. is may be seen on referring to Figs. 29 and 30. 
In Fig. 29, in certain localities, there appears a parallelism 


in strueture. This is the a + y eutectoid, shown at 
better advantage in Fig. 30. This is seen very clearly 
under the microscope, but such a clear effect cannot 
reproduced in photograph because of the haziness of the 
structure itself, and because of the nearly equal effect 
the colours of the various phases have on the photographic 
plate.* Fig. 26 shows an area of well-formed and 
unmistakable eutectoid structure, lamellar the same as on 
the a side. From this it seems quite evident that con- 
siderable inertia must be overcome in order to bring about 
a visible resolution of 8. The effect will be to lower the 
inversion temperature by super-cooling, as well as to 
diffuse it over an interval of temperature, at times 
obliterating it altogether. — 

The fact that an appreciable amount of tin may be 
added to certain brasses without causing - noteworthy 
change of structure is of decided practical importance. 
For a fuller appreciation of this fact let us compare the 
structure of alloys in which tin is in a t solution 
with that of those in which there is a visible breakdown. 
Take, for example: (1) An alloy in the group called by 
Thurston the ‘‘ maximum kalchoids”—that is, an alloy in 
the little field in which the tin goes into apparent solu- 
tion (there the structure corresponds to that of the pure 
8 constituent) ; (2) an alloy, for example, No. 68 (see 
photomicrographs 15 and 16, page 670), in which we have 
the eutectoid structure; that is to say, in the first 
alloy, the advantage of adding tin is fully realised, the 
alloy being able to retain the desirable structure; while 
in the second the eutectoid structure is produced, the 


"* The author suggests that Fig. 29 be examined under 
a hand-glass—then the eutectoid is very evident. 
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THE COPPER-RICH KALCHOIDS. 














ia. 5.—No. 7, Copper, 88.5 per cent. ; tin, Fic. 6.—No. 21, Oopper, 78.6 per cent.; tin, Fic. 7.—No, 23. Copper, 72.2 per cent.; tin, Fie. 8.—No. 20. Copper, 66.2 per cent.; tin, 
7.9 per cent.; zinc, 3.6 per cent. Annealed 9.8 per cent. ; ; zinc, 11.6 per cent. Chill ‘cast. 5.6 per cent.; zinc, 22.2 per cent. Annealed 4.2 per cent.; zinc, 29.6 per cent. Annealed 
at 450 deg. 0. a. Magnification, 100 dia- a+y. Mugnification, 45v diameters. at 450 deg. O. a+y. Magnification, 450 dia- at 450 deg. O. a+y Magnification, 450 dia- 
meters. meters. meters. 
Fic. 9.—No. 12. Copper, 78.2 cent.; tin, 15.5 per cent.; zinc Fic. 10.—No. 12. Copper, 78.2 per cent.; tin, Fic. 11.—No. 12. Copper, 78.2 per cent.; tin, 
6.8 per cent. Chill cast. a+y Magnification, 150 diameters. 15.5 per cent.; zinc, 6.3 per cent. Chill cast. 15.5 per cent.; zinc, 6.3 per cent. Chill ‘cast. 
at+y. Magnification, 560 diameters. a+y. Magnification, 2050 diameters. 








Fig, 12.—No. 70. Copper, 69 per cent; tin, 10 per cent. ; zinc, 21 per Fie. 13.—No. 71. Copper, 70 per cent.; tin, Fic. 14.—No. 69. Copper, 67 per cent.; tin, 
cent. Slowly tall in furnace. Primary a+eutectoid. Magnifi- 14 per cent. ; zinc, 16 per cent. Slowly cooled 8 per cent ; zinc, 25 per cent. Slowly cooled 
cation, 360 diameters. in furnace. Primary a-+eutectoid. Magnifi- in furnace. Primary a+eutectoid. Magnifi- 

cation, 150 diameters, cation, 180 diameters. 





Fie. 15,—No. 68. Copper, 60.4 per cent.; tin, 6 per cent.; zinc, 33.6 per Fie. 16.—No. {68. Copper, 60.4 per cent.; tin, Fig. 17.—No. 31. Copper, 61 per cent.; tin, 
cent. Slowly cooled in furnace. a+y eutectoid. Magnification, 6 per cent. ; zinc, 33.6 per cent. Slowly cooled 8 per cent.; zinc, 31 per cent. Chill cast. 
10 diameters. in furnace. a+y eutectoid. Magnification, a+y eutectoid. Magnification, 1040 dia- 


All figures slightly reduced in reproduction. 1250 diameters. meters. 
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Fie. 18.—No. 78. Copper, 65 per cent.; tin, Fie. 19.—No. 79. Copper, 50 per cent.; tin, Fie. 20.—No. 48. Copper, 66 per cent.; tin, Fie. 21.—No, 48. Copper, 66 per cent.; tin, 





25 per cent.; zinc, 10 per cent, Slowly cooled 10 per cent.; zinc, 40 per cent. Slowly cooled 17 per cent.; zinc, 17 per cent. Slowly cooled 17 per cent.; zinc, 17 per cent. Slowly cooled 
in furnace. y+eutectoid. Magnification, 40 in furnace. y+-app. 8. Magnification, 135 in furnace. y+eutectoid. Magnification, 40 in furnace. y segregate + eutectoid. Mag- 
diameters. diameters. diameters. nification, 210 diameters. 





Fig. 22.—No, 48. Oopper, 66 per cent.; tin, Fic. 23.—No. 6. Cooper, 57.4 per cent.; tin, Fie, 24.—No. 6. Copper, 57.4 per cent.; tin, Fie. 25.—No. 34. Copper, 70 per cent.; tin, 


17 per cent.; znc, 17 percent. Slowly cooled 11.2 per cent.; z.nc, 31.4 per cent. Chill 11.2 per cent.; zinc, 31.4 per cent. Annealed 20 per cent.; zinc, 10 per cent. Chill cast. 
in furnace. y segregate + eutectoid. Mag- cast. y+app. 8. Magnification, 450 dia- at 150 deg. OC. y+a. Magnification, 450 a+ y eutectoid. Magnification, 1250 dia- 
n'‘fication, 750 diimeters., meters. diameters. meters, 


Fig. 26.— No. 34. Copper, 70 per cent.; tin, Fie. 27.—No. B,1. Copper, 95 per cent.; tin, Fie. 28.—No. 54. Copper, 58 per cent.; tin, Fie. 29.—No. 64. Copper, 58 per cent.; tin, 





20 per cent.; zinc, 10 per cent. Chill cast. O per cent.; zinc, 5 per cent. Slowly cooled 8 per cent.; zinc, 34 per cent. Slowly cooled 8 per cent.; zinc, 34 per cent. Slowly cooled 
a+y eutectoid. Field overlaps Fig. 25. in furnace. a. agnification, 1250 dia- in furnace. y segregate +app. 8. Magnifi- in furnace. Magnification, 450 diameters. 
Magnification, 1250 diameters. meters. cation, 700 diameters. 








a ey “ 


Fie. 30.—No. 54. Oopper, 58 per cent.; ‘tin, Fie. 31.—No. 78 Copper, 65 per cent.; tin, Fie. 32.—No. 73. Copper, 75 per'cent.; tin, Fic. 83.—No. 78. Copper, 75 per cent.; tin, 
LS per cent.; zinc, 34 per cent. Slowly cooled 26 per cent.; zinc, 10 per cent. [Slowly cooled 15 per cent.; zine, 10 per cent. Slowly cooled 15 per cent. ; zine, 10 per cent. Slowly cooled 
in furnace. 8 —> a+y inversion. Magnifi. in furnace. y-+eutectoid. Magnification, in furnace. a+y (a in three generations), in furnace. a + y(a in three generations). 
cation, 1000 dienes 790 diameters, Magnifieation, 35 diameters, Magnification, 1250 diameters, 
; om All figures slightly reduced in reproduction, 
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Fic. 84.—No. 73. Oopper, 75 per cent. ; tin, 
15 per cent; zinc, 10 percent. Annealed at 
700 deg. ©., and slowly cooled in the fur- 
nac2, a (second and third generations) +», 
Magoification, 1260 diameters. 





Fie. 88.—Alloy 
22 
and quenched. £§ breaking down. Magnifi. 
cation, 600 diameters. 


D. Cone, 78 per cent.; tin, 
reent. Annealed 8 hours at 565 deg. O., 


600 diameters. 


mechanical properties dropping in value to practically 
nil. The importance of sony | the limits of this field 
is self-evident. Thurston has shown the rapid deprecia- 
tion of the mechanical properties in this field upon the 
continued addition of tin to be much more rapid than is 
to be explained on the ground of the simple increase of tin 
content. Thus the tensile strength rises very rapidly 
from 50,000 to 65,000, then decreases sharply to 5000 on 
crossing a relatively small area in composition. 


(To be continued.) 





THE CONSTRUCTION OF THE ‘“ WHITE 
STAR” DOCK AND THE ADJOINING 
QUAYS AT SOUTHAMPTON.* 


By Franois Ernest WENTWORTH-SHEILDS, M. Inst. C.E. 


_ TH new works described in this paper consist of a 
tidal basin, in shape a parallelogram about 1700 ft. long 
and 400 ft. wide, opening direct on to the estuary of the 
River Test. The depth at low-water of ordinary spring tide 
is 40 ft., and ay ae of ordinary spring tide 53 ft. 
The works also include three quays facing on the river 
channel just outside the basin, and a curved jetty which 


forms a guiding stage for ships entering or leaving the All figures slightly reduced in reproduction. 
dock. e depth at the outside quays ranges from 25 ft. | had to be stopped when it had only reached dock-bottom 
to 35 ft. below low-water of ordinary spring tide. The|level. The wall-foundation was put in at this point by 


river channel has been deepened to 35 ft. below low-water 
of ordinary spring tide to form an approach to the new 
basin and adjoining quays. 

The site of the new tidal basin was for the most part 
occupied by mudlands, covered at high tide and bare at 
low water. These mudlands had been surrounded with 
a bank of chalk, within which excavation was carried 
out in the dry to a depth of 30 ft. to 45 ft. below quay- 
level. The foundations for the concrete quay-walls were 
then taken down to their full depth of 73 ft. in timbered 
trenches. These trenches had to be carried through beds 
of sandy clay and of fine silty sand, both.of which were 
rather difficult materials to sink through, and formed un- 
satisfactory foundations for heavy walle, The quay-wall 
for the portion of the dock built in the dry was designed 
to meet these conditions, having a long projecting toe 
reinforced with old rails and a sloping base. 

_ Various difficulties which were encountered while sink- 
ing the trenches for these walis are described. 

At the southern end of the dock, near the enclosing 
bank, the trenches were sunk from the ground surface, 
and attained a depth of over 70 ft. They were carried 
out in lengths of about 100 ft., each length being sur- 
rounded by sheet-piling driven to a depth of about 35 ft. 
Below this the trench was lined with timber runnere. 
One such length was flooded by blows of water and sand, 
which rose up through the floor, whereupon excavation 





* Abstract of a emetins 
the Institution o' 
ember 11, 1913, 


rex. read at the ordinary meeting of 
ivil Engineers, on Tuesday, Nov- 


Fia, 85.—Alloy D. Copper, 78 per cent.; tin, 
22 per cent. 
a+f. Magnification, 500 diameters 


Fie. 39.—Alloy 46.34Copper, 69.5 per cent.; tin, 
20 per cent.; zinc, 10.5 per cent. 
at 560 deg. O. Quenched. Magnification, 





COPPER-RICH KALCH 


Fic. 36.—Alloy D. Copper, 78 
22 per cent. 
Three phases. 


Quenched from 610 deg. CO. Magnification 


Annealed 


Magnification, 1000 diameters. 





Fie. 42.—Alloy 73. 
15 per cent.; zinc, 10 per cent. 


Copper, 75 per cent.; tin, 
Annealed at 
560 deg.C. Quenched and annealed at 450 deg. C. 


a+y. Magnification, 1250 diameters. 


sinking reinforced-concrete caissons through the flooded 
trench. These were lowered, weighted, and sunk by 
grabbing out inside them until the tops of the caissons 
were at dock-bottom level, the cutting edges being 
15 ft. lower. The wall was then built up upon these 
caissons for a height of about 3 ft., partly with con- 
crete blocks fixed hy divers, and partly with mass 
concrete deposited through water. The space in front 
of the 1 was then covered with a blanket of 
puddle-clay, after which the trench was again pumped 
out and work was resumed in the dry. After all the 
walls within the enclosing bank had nm constructed, 
the bank was cut through and the dock was flooded. 
Excavation was then continued down to 40 ft. below low- 
water of ordinary spring tide by means of three ladder- 
dredgers with attendant hoppers, which also excavated 
the approach-channel in the river to 35 ft. below low 
water. All excavated material had to be taken out to 
sea, & distance of 25 miles. 


The portion of the dock-wall which lay outside the | ps 


enclosing bank, together with two of the quay-walls 
facing the river, was constructed entirely under water, 
with the aid of helmet divers. The base of these walls 
consisted of mass concrete, and the upper portion of 6-ton 
and 8-ton concrete blocks at front and back, with a 
hearting cf mass concrete. To construct them a cut was 
first made by dredger throughout the length of the wall 
down to about dock Lettom level. Below this a trench 
was sunk, the sides of which were wee by sheet- 
piling, strutted with walings and struts fixed by divers. 


Quenched from 565 deg. ©. 





Fig. 40.—Alloy 46. Copper, 69.5 per cent. ; tin, 
20 per cent.; zinc, 10.5 per cent. 
from 560 deg. O., and annealed at 450 deg. CO. 


OIDS. 








per cent.; tin, Fie, 37.—Alloy D. ae, 78 per cent.; tin, 
22 per cent. Quenched from 430 deg. C. 


, 500 diameters. a+eutectoid. Magnification, 500 diameters, 





Fie. 41.—Alloy 73. Copper, 75 per cent.; tin, 
15 per cent.; zinc, 10 per cent. Annealed 
at 560 deg. O. Quenched. Magnification, 
135 diameters. 


Quenched 


| deposited through water. The concrete was then care- 
fully levelled to receive the concrete blocks, which were 
| built up in lengths of about 60 ft. and two courses high. 
|The mass-concrete hearting for each length was then 
| deposited before the next lot of blocks were laid. The 
relative advantages of block-work and mass-work in this 
| situation are discussed in eo ae. These walls were 
backed with specially-selec material, consisting of 
broken concrete and ships’ ashes, so as to reduce the 
lateral thrust and the consequent load on the foundations 
as much as possible. The trench-piles were not drawn, 
but the front ones were bored off under water at dock- 
bottom level. 

The jetty which forms the guiding stage at the entrance 
to the dock, was formed of creosoted Oregon piles, braced 
together with creosoted pitch-pine struts and walings 
above water, and with iron ties below water, the latter 
being fixed by divers. The structure is covered with a 
timber decking, and at intervals the jetty is stiffened by 
buttresses of mass concrete, extending from about dredg- 
ing level to low-tide level. The site of each buttress was 
surrounded with sheet-piling, and the pocket thus formed 
was grabbed out and filled with concrete deposited 
through water. : 

The remaining quay-wall, which fronted on the river, 
had to be built in the heart of the enclosing bank alread 
mentioned. It was built in a dry trench sunk throug 
the bank, and through the strata beneath it. These 
consisted for the most part of running sand, which made 
the sinking of the trenches extremely difficult. To 
minimise damage from the trenches being drowned out 
by blows of water and sand, the wall was designed as 
a pier-and-arch structure, each pier being constructed ina 
separate trench sunk from about low-water level. The 
piers are connected by arches at this level, and also by 
curtain- walls which retain the earth between them. 
Above the arches is a continuous face-wall, the whole 
being built of mass concrete. In spite of these pre- 
cautions some of the pier trenches were flooded by blows, 
and the last part of the excavation, and the first part of 
the concreting had, in these cases, to be carried out by 
divers. Different methods of timbering the pier trenches 
are described and discussed. - 

A comparison of the cost and speed of erection of the 
various types of wall is given. : ; . 

The equipment of the dock is briefly described. Four 
large sheds, suitable for both passenger and cargo traffic, 
ve been erected, and electrically-driven travelling- 
cranes have been provided for each berth. 

An Appendix to the paper describes how the calcula- 
tions for the stability of the walls were made. 





Our Raits ABroaD. — The now fast-closing yer 
appears likely to come out fairly well in connection with 
our rail exports. The shipments made for October were 
40,625 tons, as ccmpared with 40,930 tons in October, 





Inside this trench the macs concrete of the base was 


1912, and 31,986 tons in October, 1911. 
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COLONIAL AND FOREIGN ENGINEERING CATALOGUES. ne dee ore Doe apie ot 
PROJECTS. Water-Proofing Cement.—The British Ceresit Water- Eesecteas circuits at 100 to 250 volts and capable of 


WE give below a few data concerning several colonial and 
oad : : 

T Journal. Sate information concerning these 
rojects can be obtained from the Commercial Intelligence 
) ary Board of Trade, 73, Basinghall-street, E.C. 

Straits Settlements : The Registrar of Imports and Ex- 

rts at ro (the Board of Trade correspondent 

or the Straits Settlements) reports that the estimates of 
expenditure for 1914 for the Straits Settlements include 
provision for a motor-lorry and four tip-wagons at a total 
cost of 40,000 dols., two steam-rollers at a total cost of 
12,000 dols., and_ bri in Wellesley Province at a cost 
of 135,000 dols. It is proposed to spend 130,000 dols. 
on a hill railway at Penang, and 38,000 dols. for a revet- 
ment to reclamation at Malacca, whilst 37,000 dols. is 
pro to be spent on improvements to the reservoir 
in Labuan. The total amount to be spent on roads and 
streets in the Straits Settlements is put at 196,350 dols., 
and on buildings and miscellaneous works 1,661,135 dols. 
(Dollar = 2s. 4d.) mae 

New Zealand: H.M. Trade Commissioner for New 
Zealand reports, on the authority of the local Press, that 
important for the improvement of the shipping 
facilities at Waiuku by the construction of a lock at the 
Needles, have been placed before the residents of Waiuku 
by the Auckland Harbour Board. The scheme provides 
for the enclosing of 800 acres of water and 14 miles of 
foreshore, which would give a depth of 10 ft. of water, 
and permit of steamer access at all hours. 

Spain: The Gaceta de Madrid? contains a copy of a 
decree authorising the Ministry of Fomento to present to 
the Spanish Assembly a scheme relative to the construc- 
tion of irrigation works in Upper Aragon. The same 
journal also states that a echeme is to be presented by the 
Ministry of Fomento to the Assembly relative to the 
construction of a broad-gauge railway line from 
to Caminreal, at which place it is to join the Central 
Aragon Railway. A competition of plans is authorised 
for the line, the concession for which 1s to be for a period 
of ninety-nine years. The concessionaire of the ; 
Caminreal line must undertake to acquire the concession 
of the Saragossa-Carifiena line. : 

Morocco: H.M. Consul-General at Tangier reports 
that tenders are invited by the Special Committee of 
Public Works for the extension of the San Francisco 
road over a distance of 1086 m. (about 1188 =. 
Tenders will be received by M. le Président du Comité 
Special des Travaux Publics, Dar En Niaba, Tangier, 
up toll a.m., on December 23. The estimated value of 
the contract is placed at 23,403 francs (936/.), and a 
deposit of 250 francs (10/.) is required to qualify any 
tender. The contractor must elect domicile in the neigh- 
bourhood of the works. . 

Hayti: H.M. Chargé d’ Affaires at Port-au-Prince has 
forwarded a copy of the official Moniteur, which an- 
nounces that the Haytian Government has granted to 

. Craan a concession for the construction of a 
reinforced-concrete wharf at Jacmel. The new wharf is 
to be an extension of the one already existing, and is to 
be provided with warehouse accommodation, railway 
lines, travelling-cranes, and other appliances for the 
loading and unloading of goods. : 

Argentine Republic: e -Commercial Intelligence 
Branch of the Board of Trade is notified by H.M. Minister 
at Buenos Aires that tenders are invited by the Hydraulic 
Works Department of the Argentine Ministry of Public 
Works for the supply of three twin stern-wheel motor 
vessels for use on the River Bermejo, and also for six 
twin-screw motor towing-launches. th types of vessel 
are to be driven by internal-combustion engines using 
crude petroleum. Each tender must be accompanied by 
a certificate of the deposit of a sum —_ to 1 per cent. 
of the value of the offer in the National k of A: tina 
to the order of the Director-General de Contabilidad del 
Ministerio de Obras Publicas. Sealed tenders will be 
received up to 3 p.m. on December 5 by the Director- 
General de Obras Hidrdulicas, Ministerio de Obras Pub- 
licas, Buenos Aires, from whom copies of the specifica- 
tions, &c., may be obtained. These specifications and 
the conditions of tender, with drawings, may be seen by 
United Kingdom builders of motor vessels at the Com- 
mercial Intelligence Branch. 





Mineeats IN New Sourn Watgs.—Antimony was 
produced in New South Wales in 1912 to the amount of 
624 tons, valued at 355/. The greatest production in the 
State was in 1906, when. 2450 tons were produced, valued 
at 52,645/., and the value of the output of 1907 was 
46,2781. Latterly the production has declined greatly. 
Only 5 tons 16 cwt. of bismuth were produced in the State 
in 1912, valued at 12107. This mineral was produced in the 
largest recorded quantities in 1905, when 554 tons were 
turned out, valued at 20,763/. The platinum output was 
610 oz. in 1912, valued at 3880/., this being the highest value 
for a year’s production. The next highest was 3479/. in 
1896, but the price was then much lower, and thissum was 
only realised by a production of 2438 oz. A larger quan- 
tity of molybdenum was produced last year than in any 

revious year—viz., 56.55 tons, com with the next 

ighest, in 1910, of 47.5 tons, but the price was not 60 
good. The value of last year’s product was only 37061., 
compared with 5667/. in 1910. Among the tungsten ores 
scheelite to the amount of 55.9 tons, valued at 4963/., was 
produced in 1912. This was a considerable drop, below 
any previous results since 1904. Wolfram also showed a 
falling off, but not to the same extent; 171.8 tons of 
wolfram, valued at 16,584/., were turned out last year, 
1911 having shown the best record to date, of 283.1 tons, 
valued at 29,991/, 


projects, taken from the Board of 





Proofing Company, Limited, 68, Victoria-street, West- 
minster, S.W., have issued a booklet containing a lon 
list of users of their ‘‘ Ceresit” water-proofing materi 
for cement and concrete. A large number of testimonials 
are also printed. 

Electrical Supplies.—We have received from Messrs. 
Wn. Geipel and Co., Vulcan Works, St. Thomas’s-street, 
S.E., copies of their recent price-lists of electrical 
supplies. The goods listed include insulated wires and 
ca Tes with copper or aluminium conductors, arc-lamp 
carbons, motor-starters, and field-regulating rheostats, 
theatre-dimmers, and insulating materials for joints. 


Metals and Alloys.—From_ the Metallic Compositions 
Company, Limited, of 265, Gray’s Inn-road, W.C., we 
have received a copy of their latest price-list of technical 
and pure metals for use in laboratories and in the arts. 
The company state that they can supply every known 
metal which has been reduced, in all possible forms. 
They also supply flexible metallic tubing and wire gauze 
of various metals, all kinds of metallic powders, and a 
large number of alloys, and the price-list includes these 
materials as well as the metals. 

Electrical Apparatus for Mines.—A_ recent publica- 
tion from Messrs Siemens Brothers and Co., Limited, of 
Woolwich, Kent, illustrates and states prices for a 
variety of electrical apparatus for use in mines. The 
list includes luminous and acoustic signalling apparatus 

in connection with winding operations, &c., and 
also deals with bell-indicators, dial - signalling instru- 
ments, hooters and bells, drop indicators, signalling 
switches, tele eae ay Te some on 8, and electro- 

etic ex ers for blast: the apparatus is 
very strongly constructed to ‘withstand hard usage, and 
many of the instruments are made with gas and water- 
tight cases. 

Milling-Machine and Sensitive Drill.—A pamphlet 
giving particulars of a small bench milling-machine has 
come to hand from the makers, Messrs. Perkin and Oo., 
Limited, Junction Works, Leeds. In this machine the 
cutter spindle is driven directly by a three-speed cone 
pulley. The table measures 12 in. by 6in., the longi- 
tudinal feed (which is self-acting) is 8 in., and the cross 
traverse and vertical traverse are both 5in. The machine 
is said to be capable of doing all the work of a small shop, 
and much of the smaller work of a general shop ; it is 
especially recommended for motor-car repair work. Par- 


ticulars are also ape of high-s) sensitive 
drilling-machines, for use on the bench or floor. They are 
suitable for light and accurate work, and are capable of 


drilling holes up to % in. in diameter. 

Liquid-Fuel Systems.—Messrs. Kermodes, Limited, of 
35, The Temple, 24, Dale-street, Liverpool, have issued a 
booklet describing the Kermode liquid-fuel systems for 
power production and heating. The booklet first illus- 
trates and describes the firm’s pressure-jet burner, which 
is the type used on naval ships. In this burner the 
oil is atomised by pressure alone, neither steam nor air 
being required for spraying. Air-jet and steam-jet 
burners are also dealt with, and the applications of the 
systems to water-tube and other types of boilers for 
marine or stationary work are illustrated. Examples of 
fire-engines, locomotives, core-ovens, glass-melting fur- 
naces, rivet-heating furnaces, and tea-drying plant fired 
by liquid fuel are illustrated. All three systems and 
some of their applications have been dealt with in pre- 
vious volumes of ENGINEERING. 


Hack-Sawing Machines.—We have received from Messrs. 
Perkin and OCo., Limited, Junction Works, & pam- 
phlet relating to hack-sawing machines. The pamphlet 
contains a brief treatise on these machines, written by Mr. 
L, C. Perkin, M.I.M.E., which first points out their 
advantages over cold saws and rotary cutting-off machines. 
It then deals with the essential features of an efficient and 
reliable -sawing machine, comparing various designs 
of saw-frame guides and different methods of raising 
saws from the work during the idle strokes. The firm’s 
method of performing this operation is illustrated and 
fully described in the pamphlet, the descriptive matter 
being abstracted from the account of the device which 
ap in ENGINEERING of October 25, 1912, on page 570. 
Prices and specifications of two machines made by the 
firm are then given, and the pamphlet concludes with a 
few hints on their use. The pamphlet is certainly worthy 
of perusal by all users, or prospective users, of hack- 
sawing machines. 


Mercury-Vapour Lamps and Converters.—From the 
Westinghouse Cooper Hewitt Company, Limited, of 80, 
York-road, King’s Cross, N., we have received two little 
booklets giving lists of users of mercury-vapour lamps 
for industrial lighting and for advertising signs ; several 
testimonials from users are also printed. A pamphlet 
relating to silica lamps of the type illustrated and 
described in ENGINEERING, of September 2, 1910, on page 
343, has also come to hand from this firm. The lamps, 
which have an efficiency of 0.22 watt per candle-power, 
are now made in sizes ranging from 500 to 3000 candle- 

wer for burning in parallel on 100 to 250-volt circuits. 

e ave’ life of the burners is given as about 4000 
hours, and they are guaranteed .for 1000 hours. The 
pamphlet points out the advan of silica-lamps over 
arc-lamps, and gives prices, weights, dimensions, and 
other particulars of the different sizes made; a light 
distribution-curve for one of the lamps is repro- 
duced. A further pamphlet also received calls attention 
to the advan of mercury-vapour converters for 
transforming high-pressure alternating-current into low- 
pressure direct-current to supply cinematograph arcs or 





supplying either 30 or 60 amperes direct current at 50 volts 
ressure. Prices are also stated for the replacement of 
ulbs, which are the only parts of the oe to 
deteriorate in use ; the bulbs are guaranteed for a period 
of four months when used for ten hours daily. 


Reinforced Concrete.—Messrs. Naylor Brothers, of 
Estate Buildi Huddersfield, have sent us a copy of 
a 16-page booklet they have issued illustrating and de- 
scribing Naylor’s system of reinforcement for ferro- 
concrete construction. In this system, which is applicable 
to all kinds of beams, columns, piles, &c., the reinforce- 
ment consists of ordinary round rods braced together 
throughout the whole of their length by steel wire or 
small rods, varying from 3 in. to 2 in. in diameter. The 
wires are looped round upper and lower longitudinal 
rods, and are arranged in the form of a lattice-work, the 
members of which are inclined at an angle of 45 deg., so 
that they lie in the most efficient ev to take the 
direct stresses due to shear. The lattice-work may be 
formed by single, double, or quadruple a, 
according to the depth of the — and to the shear 
stresses which have to be resisted. The booklet illus- 
trates and describes the sj stem fully, and claims many 
special advantages for it. Among the latter it is men- 
tioned that the frames com by a pair of longi- 
tudinal rods, with their lattice bracing, are rigid in them- 
selves; they are thus easily handled, and cannot be 
displaced during the process of ramming the concrete. 
The system is also claimed to be very economical, and to 
be especially suitable for continuous beams and columns. 
To illustrate the practical application of the system, 
working drawings of a column, a highway bridge, a ware- 
house fioor, and concrete-slab floors are reproduced in the 
booklet, the price of which is 5s. 


Ball-Bearings.—A very useful catalogue of ball-bearings 
has recently been published by the Skefko Ball - Bearing 
Company, Limited, of Luton. The catalogue, which con- 
tains nearly 200 pages, is bound in strong paper covers, 
and provided with a thumb index, so that any one of its 
fourteen sections can be instantly referred to. It will be 
remembered that the special feature of the Skefko ball- 
bearings is that they are self-aligning, this property bein 
obtained by employing two rows of balls running in Soraliel 
grooves on the inner ring, and bearing on any part of the 
outer ring. This outer ring is ground internally to form 
part of a spherical surface, the centre of which is in the 
centre line of the shaft, so that the inner ring, together 
with the two rows of balls their cage, can run per- 
fectly at any reasonable angle with the outer ring ; an 
illustrated description of these bearings will be found in 
our issue of November 3, 1911, on page 589. After some 
preliminary remarks on the design and construction of 
the bearings, the catalogue gives prices and full - 
tieulars of radial and thrust bearings, which are made in 
light, medium, and heavy patterns, and in a wide 
of sizes, to both English and metric measurements. Full 
em are also given of complete plummer-blocks, 

ngers and housin and also of complete hubs for 
motor-cars. In conclusion, a section illustrating some of 
the very numerous applications of these bearings is given, 
and engineers and power users will onal find 
this the most interesting part of the catalogue. It con- 
tains reproductions of drawings and photographs, which 
illustrate Skefko ball- ings used in connection with 
power transmission in factories, and on centrifugal pumps, 
electrical machinery, wood-working and other machine- 
tools, tram-cars, railway rolling-stock, hydro-extractors, 
worm-gears, motor-cars, motor-boats, and other machinery. 
a the catalogue is a very creditable production, 
which will doubtless prove acceptable to makers and 
users of practically all classes of machinery. 





Fa eee ae en BoiLer - her yay ox 
—We recently © opportunity of inspecting a boiler 
at the Artillery Mansions, Victoria-street, 3... which 
been opened oP. after using for one month feed-water 
passed through a Middleditch-Fenn boiler-cleaner. This 
apparatus consists of an iron casing in which, with its 
axis horizontal, is placed a cylinder of disincrustant 
composition on an iron cross-sbaped cradle. 
Above this disincrustant cylinder is a perforated steam- 
pipe, from which condensed steam is allowed to dri 
on to the composition and dissolve it. Undernea 
the cylinder is a shield, and the solution formed falls 
on to this and then flows through an opening into 
another chamber, through which is passing the feed- 
water, with which it mixes. The composition cylinder 
can be rotated so that the disincrustant is dissolved 
evenly from all four quadrants of the + as it is turned. 
The cradle carries from 18 lb, to 20 Ib. of composition, 
which naturally last for a length of time dependent 
upon the work to be done. In the boiler we inspected 
—a very dirty one to start with—a very large quantity 
of scale had been freed from the tubes and plates and 
had collected at the bottom. This had been detached 
from the plates, and no new scale had formed. We are 
informed that the composition used is not injurious to 
the plates, and likewise does not affect the potable 
qualities of water. The system has, we eee Han been 
in household use for a’long while with absolutely no 
injurious effects, and it is claimed that it is the only 
disincrustant which is harmless in this way. The makers 
of the apparatus, however—Messrs. Garland and Co., 
1, Upper t Smithfield, London, E.C.—do not insist 
on the use of their disincrustant composition, and the 
ag ae is one aoe to the use of others should 
they be preferred. 6 apparatus may be used for treat- 
ing household water, hot-water heating systems, and so on. 
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ELECTRICAL APPARATUS. 


22,959/12. G. Ellison and M. R. H. Mueller, Bir- 
mingham. Motor-Controllers, (2 Fiys.) October 8, 
1912. —Tnis invention relates to etic blow-out devices for the 
controllers of electric motors and like apparatus, and, according 
thereto, a magnetic blow-out device is constructed from an iron 
bar or equivalent member and oppositely-wound pole-pieces 
arranged with their axes parallel to each other at intervals along 
the bar. Ip the application of this invention to a tramway-type 
controller for an electric motor, any ordinary arrangement of 
fixed contacts mounted on a straight stem and connected to the 
usual resistances is employed, and adjacent to these contacts is 
arranged the magnetic low-cut device. The blow-out device 
comprises an iron bar a secured at its ends to a pair of plates or 
brackets b which are respectively pivoted to the ends of the con- 
troller; and at intervals along the bar, projecting at right angles 
therefrom, are arranged cores or pole-piecesa!, upon each of which 
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an electromagnetic coil ¢ is The arrang t 
windings is such that the cores form t poles, bet 
each pair of which is produced a magnetic flux having its main 
direction approximately parallel to the bar a. The flux passes in 
the ordinary manner the fixed and movable contacts d and e, 
80 that when a spark is formed it is immediately extinguished. 
By mounting a number of pole-pieces of te P > pnd at 
intervals along the vertical bar a strong magnetic field can be 
obtained in the neighbourhood of each of the contacts with a 
comparatively simple and inexpensive construction of magnet. 
Between pow | pair of contacts a non-magnetic and fire-proof 
shield / is arranged, and the faces of the poles are protected by 
shields g of non-magnetic and fire-proof material, the whole of 
the shields being mounted on a pair of bolts h which are secured 
at their ends to the brackets }) carrying the blow-cut device. 
(Sealed September 25, 1913.) 


17,388/12. W. R. Cooper, London. Electrical - 
ing Instruments. [7 Figs.) July 26, 1912.—This invention 
relates to instruments having needles or inters where it is 
desired to obtain a graphical record of the deflection, and more 
particularly to such instruments as ling ammeters, volt- 
meters, as, and the like. The ntee employs an 
electric discharge which passes from the end of the needle through 
the paper, thus ucing a record. In this manner a sensitive 
instrument can be used, as the needle does not come into contact 
with the r, and the cost of the arrangement is com vely 
small. e invention consists in the combination such an 
instrument as bed with a contact maker and means of regu- 
lating the heat of the spark by resistance in the primary circuit 
of the induction coil (or by resistance, or by a choking coi in the 
primary of a high-tension transformer), and a spark-gap in the 
secondary. The invention is described in connection with a 


Fig.1. 
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The paper @ on which the record is made is 
wound on a reel }, and is drawn from this in a well-known way— 
for example, by means of a clockwork-driven drum ¢ pro 


recording voltmeter. 


in holes in the paper. The voltmeter is 
indicated ate. Th ll vary with the pu for which it is 
—- but as an illustration it may be taken to consist of an 
inary moving coil instrument of the d’Arsonval type provided 
with a metallic pointer /, the end of which carries a fine point g 
of metal suitable for acting as a discharge electrode. This point is 
——_ SS 8 near the paper, but does not touch it, 
t wa 


perpen is 

arc h is made with a thin upper edge, 

as far as possible the path of the d 

of the r, and to prevent a py the path of the 
ng discharge when the posi 


with pins which engage 





unchanged betWeen two successive discharges. The arc / is 
mounted on a piece of ebonite, and is provided with a terminal j. 
The paper is drawn over the ebonite, and the top edge of the arc 
h should be at such a height that the paper will lie upon it; by so 
doing the spark-gap between the needle and the arc can be 
reduced toa minimum. The discharge is provided by an induc- 
tion-coil, which is preferably of the trembler type, or by a suit- 
able high-tension transformer. The of the coil is joined 
up to the needle f and to the arc h, the latter being connected by 
the terminal j to the high-tension terminal of the coil. Connection 
to the needle can be made by taking a wire from the other high- 
tension terminal of the induction coil to the metal omens the 
spring control of the needle, so that the moving coil of the volt- 
meter does not form part of the circuit. In order to produce a 
discharge at the desired intervals one of the spindles of the 
clockwork is provided with cams or arms which close the primary 
circuit of the induction-coil from time to time. Such an arrange- 
ment is illustrated in Fig. 2. Here & is the section of one of the 
spindles of the clockwork, and it is fitted with two arms or cams 
l,m. As the spindle rotates in the direction of the arrow, the 
arm | raises the end of a spring . The latter is fitted with a 
contact 0, and, as the spring n is raised, this contact touches a 
second contact p on a second spring 7. The two springs are 
conveniently mounted on a piece of ebonite t, and are provided 
with terminals r, s, to which the primary circuit of the induction- 
coil is connected. Thus when the spring 7 is raised, so that the 
contacts 0, p come into contact, a current , and produces a 


discharge thro the paper between g and h. This form of con- 
tact-maker has the advantage that a slight rubbing ~ gg | 


place when the platinum surfaces are in contact. 
October 2, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


25,643/12,. J. Keith and G. Keith, London. Dia- 
Pp ernors. {1 Fig.) November 8, 1912.—This 
invention relates to an emergency cut-off valve applicable to 


dia , bell and like governors or reducing-valves for regu- 
lating the flow of gas, more particularly as used in high-pressure 
gas distribution. In the use of diaphragm and like governors as 


at present employed, the drawback is experienced that in case of 
breakage of the diaphragm or blowing of the seal it is possible for 
the full pressure which prevails on the inlet side to be trans 
mitted to the outlet side of the governor. According to this 
invention, there is interposed in the inlet pipe a valve connected 
to a diaphragm, piston, or the like, which valve is adapted to 
be closed by the of pressure on the Jow-pressure side of the 
diaphragm or the like of the main governor. The figure of the 
accomp -nying drawing shows diagranimatically one construction 
of apparatus embodying the invention. As shown, the patentees 
inter in the inlet pipe A a valve B, the spindle C of 
which passes through a gland and is connected to a diaphragm 
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E, or a piston, or the like. In the preferred construction, thes 
between the gland and the diaphragm E is connected by a 
pipe F to the space on the low-pressure side of the diaphragm G 
of the main governor, which last-mentioned space is encl and 
provided with a small vent ; alternatively, the on the other 
side of the gr E may be connected with the space on 
the low-pressure le of the diaphragm G, in which case the 
— of the valve B in relation to its seat will be reversed. 
n the event of the breakage of the main diaphragm G, allowing 
more gas to through the break than can be taken off by 
the small vent, the consequent rise of pressure on ‘the low- 
pressure side of the main diaphragm G will be communicated to 
the auxiliary diaphragm E, movement of which latter acts to 
close the valve B. The valve B is so disposed that when once 
closed the pressure of the entering gas vends to keep it closed 
against its seat. For reopening the valve B manually, the valve- 
spindle O is provided with an extension J protruding through the 
cover of the diaphragm E (Sealed October 2, 1913.) 


1 iz. F. H. ce and Rolls-Ro Limited, 
ternal bustion yon.” {2 


Der y In . Figs.) 
July 19, 1912.—This invention relates to gearing for the trans- 
mission of rotary motion, and more icularly to the driving 
mechanism of magnetos for the ignition of internal-combustion 
engines, in which a varying ional resistance is set up. The 
i ities of angular velocity are only reciable when the 
m isms are running at cag WS nse n which cases the 
irregularities are liable to set up ng noises ; but as the speed 
increases, the energy stored in the revolving parts also increases 
until it nullifies or renders negligible the irregularities, and con- 
sequently the rattling noises do not occur at high speeds. 
A ng to the present invention, a brake-drum is suitabl 
ted in tric relation to the driven shaft, and ie 
anchored so as to prevent it revolving. Brake shoes or blocks of 
appreciable inertia are mounted on the driven shaft, and are held 
in contact with the stationary brake-drum by means of springs 
which create sufficient friction to prevent irregularities of 
angular velocity from developing to any appreciable extent from 
the irregular of the driven mechanism ; but when 
the shaft reaches a predetermined speed the brake shoes or 
blocks are thrown off the brake-drum by centrifugal force, 
thus throwing the Le ps os! mechanism out of action, suitable 
being provided imit the movement of the shoes 
or blocks. On to the magneto-shaft a is fixed—either by means 
of a key, as shown, or in any other suitable manner—a boss b 
which carries a radial flange b!. and a pair of radially-arranged 
arms b2, which, together, carry bolts c upon which are pivoted 
the brake-shoes d, which are vided with suitable liners e¢. 
The brake-drum / is fixed to the eto X by means of a flange 
and bolts or screws. The liners ¢ of the brake-shoes d are shown 
in contact with the brake-drum /, the shoes being held in posi- 
tion by means of springs g, which are attached at one end to the 
and at the other end to pins A, which through the 
the free ends of the e-shoes d, suitable slots being 
at the brake-shoes to allow the ends 
ings to pass around the bolts or pins c and h. Distance- 
ts c to prevent spr nging of the 
f the bosses of the e-shoes 
and the arms }2 when the nuts 








on the bolts ¢ are tightened up. The mechanism is preferably 
encased by means of the cover m, so that a sufficient amount of 
lubricating oil, for the insertion of which a removable plug is 
provided, can be retained whilst dust and dirt are excluded. In 
the example illustra 
flange bi 


ted, the driving shaft Y is coupled to the 
y means of a universal joint. When the magneto is 
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being driven at a slow speed, the brake-shoes d are in contact 
with the brake-drum /, and the friction thus created has the 
effect of preventing irregularities of angular velocity from deve- 
loping to an appreciable extent, and the springs g are adjusted 
to such a load as will ensure the brake-shoes d being thrown off 
the brake-drum / when the speed of the magneto rises above a 
predetermined limit. (Sealed September 25, 1913.) 


MOTOR ROAD VEHICLES. 


19,458/12. A. Crane and the London General 
Omnibus Company, ted, London. Motor- 
Omnibus Bodies. [6 Figs.) August 24 1912.—This invention 
relates to the bodies of motor-omnibuses. The body, according to 
this invention, is intended to accommodate in its interior seats 
arran transversely to the length of the vehicle. According to 
the present invention, the ‘‘ bottom sides” and “ rocker els” 
usually ——— are done away with, and the “‘ side pillars” are 
continued down and round in an easy curve to the bottom frame, 
thus providing a body whose shape in end elevation is very similar 
to the midship section of a ship; by this means improved iuternal 
accommodation is secured, allowing seats to be arranged trans- 
versely to the length of the vehicle and with comfort to the 
—. A body is built up of transverse frames A, five in 
number, which extend from the top of one side downwards com- 
pletely round the bottom in a continuous manner and upwards to 
the top of the other side. A sixth frame, A!, similar to the 
other five, is in three portions joined together, for the reason 
hereinafter shown. The shape of each such frame is clearly seen 
in Fig. 2, and it will be observed that it provides a transverse 
section similar to that of a ship at its midship section. The 
frames are connected by bottom longitudinal members B and by 
the usual longitudinal side-frame members seen at C ; these last 
are closed in with panelling in the usual manner. The frame 
immediately behind the driver’s seat, while being of the shape just 
above described, is otherwise of known construction, in that it is 
formed wholly of wood. The construction of the others is here- 
after more particularly referred to. Recesses are formed in the 
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side of the vehicle at E, one on either side, to provide housings 
for, to accommodate the rear wheels. Each side pillar of the 
frame A!, just forward of the rear-wheel housing, is not continued 
directly to the bottom frame, because it would interfere with the 
housing, but in order to provide Sas support, a bottom 
frame is carried up' is on each side to form two short side 
pillars which are bolted securely to the bottom ends of those 
coming from the roof at this point. Iron braces F are provided, 
one on either side, between a point on the vertical portion of a 
side pillar forming part of a transverse frame and a point on the 
bottom frame member to stiffen the body at this . The 
structure of each of the transverse frames, except the one in 
front and the one immediately behind the driver’s seat, is 
shown in section in Fig. 3, in which A2 are bent-wood frame 
members, and A* is a central steel! member of (J-shaped forma- 
tion. The member A® is in two portions, each of which is one- 
half of a U in shape. These are butted together, as shown in 
Fig. 4, beneath the floor, and a li fish-plate K riveted on to 
both ; the lip is on the under side. Thus joined, the steel] member 
extends continuously from the top of one side downwards round 
the bottom and upwards to the top of the other side, the three 
members being secured by rivets to form a compound flitched 
structure. The frame in front of the driver’s seat has only two 
com nts, one of bent-wood and one of steel. At G@ is indi- 
cated the manner in which the glass of the windows is secured to 
the transverse bers. A ding or other ornamentation D is 
provided on the inside and outside of each frame member. 
(Sealed October 16, 1913.) 
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PLATE XLIX. 
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ONITHE MISSISSIPPI RIVER, KEOKUK, IOWA, U.S.A. 
ir Deseript gs, see Page 675.) 
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THE MISSISSIPPI RIVER DAM AT 
KEOKUK, IOWA, U.S.A. 
By Extsna N. Fates. 


Tue largest hydro-electric power plant in the | 


world was completed on July 1 on the i 
River at Keok 


dam 4649 ft. long, a 200,000-horse- 


/and Fig. 12, Plate XLIX. Thesite of the power- 


either end are against precipitous limestone 
| bluffs 


The general lay-out is shown in Fig. 1, subjoined, 


house is in the foreground, and is placed lengthwise 
on a site in the stream ; from its lower end the 


uk. The undertaking includes a|lock and dry dock extend to the right bank, as 
wer power-| shown in the right-hand bottom corner of Fig. 1 ; 


house designed to contain thirty turbines, a lock, | from its upper end the dam extends to the left 


tion of the Assouan Dam, which is 6561 ft. long. 
| This, however, is not quite correct, as there is in 
use in Canada a dam having a total length of 
8000 ft. This Canadian undertaking is situated at 
Bassano, Alberta, on the Bow River. It forms 
part of a Canadian Pacific Railway scheme for 
irrigating 800,000 acres of land. It is of reinforced 
concrete, and holds the water up to a head of 51 ft. 
|The width of the Keokuk Dam is 42 ft. at the 


dry dock, retaining- wall and ice-fender, which have | bank. This may be seen partly completed in the' bottom and 29 ft. at the top. Its total height is 
all been constructed as a continuous concrete mono- left-hand distance of Fig. 12, which is a view at the 53 ft., the up-stream face being vertical, but the 
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—T site during the progress of the works. Of our 
ae | other illustrations, Figs. 2 to 5, above, and 
, Fig. 6, page 676, relate to the dam itself, Figs. 7 to 
wis: 11, pages 676 and 677, refer to the lay-out and con- 


lith. We give illustrations of these works on the 

resent page, on pages 676 and 677, and on Plate 
2 LIX., published with this issue. The full volume 
of the river, varying from 21,000 cub. ft. to 300,000 
cub. ft. second, is thus utilised for the first 
time, in a drop of 34.5 ft. to 20 ft. The site of the 
dam is one of very favourable geological features ; 
it is at the foot of a rock-bound gorge 11 miles long, 
6000 ft. wide, and 150 ft. deep. The river bottom 
1s a horizontal mass of blue limestone 100 ft. thick, 
the hardest formation to be found in this part of 
the valley. The abutments of the structure at 


| XLIX., to the lock-gates and ee 
ow 


















struction of the locks, and Figs. 13 to 19, Plate 
All these 
are referred to in greater detail below, in the 
descriptions of the various parts of the work. A 
description of the power-station will be given in a 
future issue. 

The Concrete Dam.—This dam is a massive con- 
crete monolith of the gravity type. Details of the 
section, &c., are given in Figs. 2 to 5, annexed. 
Its total length is 4649 ft., including a 4278-ft. 
spillway section, and it has frequently been claimed 
to be the longest dam in the world with the excep- 


p Locks 


height over the spillway crest is only 32 ft. There 
are 119 arches in the dam, 36 ft. centre to centre, 
supported by 6-ft. piers. Thespillways are shaped 
in the form of an ogee curve, whose bola is 
Y? = 20X, the toe being a 60-deg. circular arc of 
radius 21.02 ft. The spillways are designed to 
accommodate a head over the crest of 11 ft.—that is, 
300,000 cub. ft. per second. They are provided 
with steel gates, 11 ft. by 32 ft., which are operated 
from above by a travelling electric crane. 

The methods of building the dam were determined 
by requirements of rapid construction throughout 
the whole works, where interest charges were 
2000 dols. a day, and the time-limit 24 years. A 
rate of six piers a week, or a length of 216 ft., 
was attained ; concrete was successfully poured a 
depth of 40 ft. in one day, with a 15-ft. lift, then 
a 5-hour period for setting, followed by a 25-ft. 
lift. The dam was not built in conjunction with 
the power-house, but each had its own separate 
construction plant, one on each river bank. The 
reasons for isolating the dam plant were :— 
(1) The consequent freedom from railway and 
river traffic interference ; (2) greater space allow- 
able ; (3) the existence of an excellent quarry near 
by. This 7-acre quarry, with the necessary stone- 
crushers, mixers, boilers and compressors, and 
labourers’ quaiters, were all within 600 ft. of the end 
of the dam. Thequarry had a capacity, with a staff 
of 15 men, of 1000 cubic yards of rock aggregate 
per day. In quarrying, holes were drilled 5} in. in 
diameter, 35 ft. deep, 15 ft. apart, and 20 ft. from 
the exposed face. They were shot with 60 per cent. 

elatine dynamite through electric fuses at top and 
ttom ; 10,000 cubic yards were loosened at each 
blast, this being a six weeks’ supply. A 90-ton 
steam-shovel served a train of 12 yard air dump- 
cars, in which the rock was carried to two crushers. 
from which the crushed rock was elevated in con- 
veyors to bins over the mixers. 

The mixing plant comprised four 14-yard rotary 
mixers of the tilting-cone type, charged by gravity 
from overhead bins. Double gates, operated b 
air, were used to admit the proper amount of roc 
and sand. Water was measured in tanks and 
cement was dumped in by hand. The mix was 
1:3:5; samples were taken four times a day 
from the full buckets, to be submitted to tests 
after 2, 4, 7, 28, 90, and 180 days. These tests 
averaged 50 lb. to 60 lb. per sq. in. after twenty- 
four hours, 75 lb. to 90 Ib. per sq. in. after two 
days, 225 lb. to 275 lb. per sq. in. after twenty-eight 
days. The rock had 50 per cent. voids and the 
sand 33 per cent. The capacity of the mixer plant 
was 1000 cubic yards per 10-hour day, uiring 
100 12-yard carloads of rock, 50 of sand, and six of 
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THE KEOKUK DAM AND POWER-STATION ON THE MISSISSIPPI RIVER. 
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cement ; 250 men ware employed on this plant. The | construction bridge. Materials were brought to the 
rate of one pier and arc r day required only rear end of this crane and hoisted by its trolley 
800 cubic yards, which was handled from mixer to out ahead of the dam. The traveller was of the 
forms by only forty men ; each man + 20 yards | gantry type. It rested on four legs, rolling on six 
per day. In another part of the work, hand-mixing | wheels over a 25-ft. gauge track. The main frame 
resulted in 2 yards per day per man. A great saving | was 25 ft. wide by 90 ft. long, the cantilever exten- 
of labour was secured by the employment of a canti- sion being 150 ft. long. Clearance for trains under 
lever travelling crane, the dam forming its own! the gantry frame was 24 ft. wide and 16 ft. high. 
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|Each of three 210-ft. trolley runways was able to 


carry a 7-ton load which could be moved at 500 ft. 
per minute, signals being given by telephone. The 
air-driven engines were, of course, located at the 
rear end to help to counterbalance the cantilever. 
The designs for this crane were drawn up in 14 days. 

The use of this cantilever crane, together with 
three small auxiliary travellers, contributed to the 
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speed of construction jointly with the use of steel 
forms. The advantages of stee 
facility of manipulation, 
of pouring high lifts of 
steps of building a sec 
follows :— 

First, the cofferdam was built 


| Up-stream, rock-ballasted cribs 6 ft. by 16 ft were 
el over wood were : |s 8 ft. apart, with 8-in. by 10-in. stop-logs 
durability, and possibility and clay seal. Down-stream a railway trestle was 
‘concrete. The ‘Successive built, and earth dumped against it. The walls 
tion in steel forms were as| were built low, for economy's sake, with the ex- 

| pectation that inundation would occur at high 
ahead of the dam. | water. The rock foundation was blasted out 4 ft. 





| deep and 48 ft. wide, to form a key for the dam. 
| Concrete piers, 4 ft. by 6 ft., were then built, and 
on them the cast-iron bases for the steel form legs 
were prea A emi graded to yo), ft., grouted 
in, and given 24 hours to set. The legs were then 
set up and secured to each other and to the pre- 
ceding pier form by guys and spacer trusses. 

side pieces, consisting of 5-ft. girders, were bolted 
and stayed with 1}-in. bolts, running through pipe- 
separators. The lower part of one of these sete of 
forms for a pier is shown standing on its basis in 
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Fig. 2, page 675. Next, a 7}-ton auxiliary derrick 
was advanced on blocking for the erection of suc- 
cessive forms. The first lift of concrete was then 
soe ou the spillway and pier footings. It was 

rought from the mixer plant over the dam cause- 
way on a three-track railroad. Each car carried 
two 14-yard buckets, properly spaced to receive 
their charges eaiaemntaaly tein the four mixers. 
On reaching the rear end of the traveller, these 
buckets, of the bottom-dump type, were hoisted, 
carried forward, and dumped in the forms. 

The second of four lifts was usually poured before 
the steel arch centres were set. These were of the 
three-hinge type ; each half weighed 7.2 tons, yet 
they were at times removed, carried forward, and 
re-erected in 50 minutes. 

At the centre line of each pier and the end of 
each spillway, a surface-expansion joint was pro- 
vided by casting a strip of tar paper in the concrete. 
The expansion of the steel forms caused an error, 
during construction, of 1 ft. in 4649 ft., which was, 
however, easily accommodated in the abutment. 

Whilst this work was going on, a constant watch 
was kept to detect flaws in the rock foundation ; 
test-holes, 30 ft. deep, were sunk by pneumatic 
drills, and the air pressure and speed of pene- 
tration were recorded. The spillways were not 
cast at the same time with the piers, but were left 
vacant after the removal of the cofferdam. They 
were built up later in small individual cofferdams 
formed by stop-logs resting against the piers. Thus 
the river level was gradually raised. 

The Lock and Dry Dock.—The lock and dry dock 
are shown in detail by Figs. 7 to 11, pages 676 
and 677. They are to become the property of the 
United States Government, and will take the place 
of the present three-lock canal, which is to be sub- 
merged. They are the only consideration demanded 
by the Government in exchange for the water- 
power rights involved. The franchise was secured 
under an Act of Congress, February 9, 1905. Since 
that date the Government’s policy on water rights 
has been altered, and such a franchise would prob- 
ably now be impossible. A plan of the lay-out is 
given in Fig. 11, the lock and dry dock being side 
by side. Fig. 7 gives the up-stream end elevation 
of the locks. Fig. 8 is a section across the lock and 
dry dock. Fig. 9 is a longitudinal section of the 
dry dock, and Fig. 10 is a similar section of the 
lock. The Government requirements have resulted 
in a lock which is as large, except for length, as 
those at Panama, and has a higher lift. The lock 
is 110 ft. wide, 400 ft. long, 52 ft. high, with a 40 ft. 
lift, and admits boats of 7 ft. draught. In the floor 
6-ft. steel culverts have been concreted, providing 
fifty-six 3-ft. diameter openings for the e of 
water (see Figs. 10 and 11). The culverts connect 
to a header, 13 ft. in diameter (Fig. 8), whose 
upper end is the intake, and whose lower part is the 
discharge, control being in each case by four air- 
operated cylinder gate-valves. The lower lock-gates 
are mitre arch gates, curved to a circular arc of 
66 ft. 43 in. radius, the chord having a length 
of 114 ft. They are 50 ft. high and 115 ft. long. 
Each gate has for pintle a nickel-steel hemisphere 
of 9-in, radius. The top pivot is not set integral 
with the lock-wall, but rests on a floating block 
cf concrete, and is anchored by eye-bars. The 
eye-bars transmit the thrust around a knee to an 
anchorage sunk in 45 ft. of concrete. The knee 
provides a method of adjustment, for by inserting 
a bushing between it and the shoe the pin can be 
made to shift any desired amount. The pivoting 
axis was criginally set plumb to ,\; in. in 50 ft.; 
the edges w: re plumb to ,} in.; and no dimensions 
of any kind were more than fin. in error. Each 
gate is moved by a 40-horse-power reversible pneu- 
matic engine, through the agency of a 25-ft. gear- 
wheel and a 28$-ft. connecting-rod. This gear is 
shown in Figs. 13 to 15, Plate XLIX., while 
Fig. 16 shows the relative positions of the machines 
and the closed gates. 

The upper lock-gate reprosents a departure from 

t practice. It is illustrated m Figs. 17 and 18, 
late XLIX. It is simply a buoyant steel box 
spanning the lock, and made to move up or down 
by the admission of either compressed air or water. 
The vertical movement of 19 ft. is made secure by 
steel guides and latches. A duplicate guard-gate is 
sveetlad in case of emergency (see Fig. 18). ea 


over, the dry-dock gate, shown in Fig. 19, is also a 
duplicate ; all three are interchangeable, and ma 
be removed and replaced by floating. The gate-sill 
rtant instance of reinforcement 
fonder and power-house superstruc- 


is the only im 
outside the ice- 





ture, which will be dealt with in a subsequent 


article. Alongside the lock is the dry dock, which, 
being located on the site of the old canal, was 
constructed during the closed navigation season of 
November, 1912, to March, 1913. It is 150 ft. wide 
by 463 ft. in length ; a pair of 6-ft. butterfly valves at 
each end provide water ge. Power for operat- 
ing the lock and dry dock is generated in a special 
lock power-house. Two 200-horse-power horizontal 
turbines are belted to 13 in. by 16-in. compressors, 
which deliver air for the pneumatic gates and all 
the various operating machines. A centrifugal 
pump is provided for draining the culvert system. 

Extending from the dry-dock gate to the right 
bank is a seal-wall 1110 ft. long, constituting the 
right flank of the entire works, as well as a retain- 
ing-wall for the re-graded railway. 


(To be continued.) 





THE STABILITY OF GYROSCOPIC 
SINGLE-TRACK VEHICLES. 


By H. Cousins, M.Sc., A.M. Inst. C.E. 


In the following investigation the object has 
been, not so much to obtain a rigid mathematical 
solution of the problem, as to make use of mathe- 
matics where necessary or advisable in order to 
obtain the conditions which must be fulfilled in 
practice by the apparatus. By a careful study of 
these conditions it has been possible to produce a 










impracticable, but we may obtain a similar result 
by another method. 

Let us consider the wheel to be revolving with a 
constant angular velocity #. This will produce a 
certain angular momentum in the plane of rotation. 
If now we revolve the plane of rotation through 
some angle and keep the angular velocity of the 
wheel constant, we have not altered the absolute 
value of the angular momentum, though its compo- 
nent in the original plane will have been changed. 

Let us consider the motion of a particle on the 
(say) rim of the wheel during this period. 


Force-Vetocity Ratio. 


Let the plane of rotation of the wheel be revolving 
with a constant angular velocity n, and the wheel 
have the constant angular velocity » (Fig. 1). The 
two great circles will represent the positions of the 
rim of the wheel corresponding to a small time 
interval 6¢. There are two separate and indepen- 
dent angular velocities to consider, and the particle 
is subjected to them both, so that P and Q will be 
the positions of the particle corresponding to this 
time interval. 

An inspection of Fig. 1 will show that during 
this time interval both the horizontal velocity and 
the direction of motion have been changed. For 
convenience we can consider these two effects sepa- 
rately; that is to say, we will take the acceleration of 
the particle as being in two parts, and obtain the 
resulting forces separately. 

P O is drawn perpendicular to the axis of pre- 
cession. 

Velocity of particle in horizontal plane 


=n Recosa. 


Force due to change in velocity 
da 


-—im.n. Raina 


Moment of force about axis J K 


=-dm.n. R*sin’a 











very simple mechanism. This will be seen from 
thediagrams. Some details I have been obliged to 
omit, as they are not yet public property. These, 
however, though of considerable interest and re- 
presenting a large amount of work, will not affect 
this paper. 

Before discussing any system of suspension for 
gyrostats we will first take the case of a disc or 
fly-wheel revolving in a fixed plane. If the angular 
velocity of the wheel be » and its polar moment 
of inertia be I, we know that the total angular 
momentum of the wheel will be the product of 
these quantities I . 

{Let us apply to the wheel a couple acting in its 
plane of rotation. After a given time this couple 
will have produced a change in the angular velocity 
from @ to (say) ,. The angular momentum will 
in consequence have been changed from I to I «. 
The couple which we have applied to the wheel to 

roduce this result will by its reaction have pro- 

uced an equal and opposite couple on the frame. 

Let us imagine the wheel to be mounted on a 
frame which is unstable in one direction, such as, 
for example, a single-track vehicle or railway-car, 
the axis of the wheel in this case being parallel 
with the track. We see that, by suitably accelerat- 
ing or retarding the angular velocity of this wheel, 
and so changing its angular momentum, we can 
obtain a force which will maintain this frame or car 
in equilibrium. That is to say, if at any instant we 
ean produce a given rate of change of angular 
momentum in the plane of instability, we obtain a 
force which we can use to maintain equilibrium. 

This method of using a fly-wheel is obviously 





da 
at 














Total moment of wheel due to this force 


~ — 
é = 


-Nn.W. | Resin am =-Z.n.. 
Where Z is 4 polar moment of inertia, the negative 
sign denoting direction. 

There is another force which we must consider 
in addition to this, as we have so far only taken 
into account one part of the acceleration. Taking 
the same figure again we have :— 

«O68 =Reosa. dy. 
Reota.58 = Reosa. dy. 
68 =sina. dy. 
B sina. n, 


dt 
X, Y, Z will be a triangle of velocities. 
65W=w0.R.868. 
aW wR 8 
dt dt 
(This is second part of acceleration.) 
Force due to this acceleration is 
-im.w.n.Rsina. 


Total moment about J K 


—Ww.n. |e sin? a d m. 
=-Z.n.», 
as before. 
These forces are both in the same direction, so 
that the gyroscopic moment or couple is 4; . . , 
where 6, is the polar moment of inertia. 


This couple is after this written 6; .  . ¥. 
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This gives us a force-velocity ratio—i.e., that 
the gyroscopic couple is proportional to the velocity 
of precession. The couple will always be acting in 
a plane at right angles to the plane of the wheel. 
So that if we mount the wheel as shown in Fig. 2, 
we see that the useful couple as regards frame A 


is 6,...cos ~, where ¥ represents the angular 
displacement of frame B from its middle position, 
or the position in which the planes of the wheel 
and frame A coincide. 

The converse of this force-velocity ratio must 
obviously be true also, so that a couple applied 
to the frame A, tending to overturn it, will 
produce a corresponding velocity of precession 
in the frame B, neglecting for the moment 
the effect of friction and inertia of frames. 
The measurement of this velocity at any instant 
will enable us to determine the external or over- 
turning force on the car or frame A, and so also 
the couple or force that we must apply to the 
system to maintain its equilibrium. From Fig. 2 
we see that an external couple a to the 
frame A, tending to overturn it, or the moment of 
gravity due to its inclination ¢, will produce in 
frame B a definite velocity of precession y. Further 





than this, we see that a couple applied to the 





be toe diminish — ¢, and also — v (absolute values) | nected to a loose-fitting ge in cylinder B. B is 


until they both change sign, when the process will 
be repeated. 
It will be shown later that the motion (produced 


filled with oil or some 
channel at each end to the cylinder C. 
cylinder contains a piston which fits the cylinder, 


uid, and is connected by a 
is 


by the unstabilising force alone) will take the form and is held to its middle position by a spring, as 
of a harmonic oscillation of constant amplitude. |shown. The motion of the piston in B will pro- 
The solution of the equation of motion of the system | duce a difference of pressure in the liquid on the 


under these conditions shows us the above in a| 
clearer manner. This will be dealt with later 
(equation 5). From the foregoing results we see | 
that the magnitude of the force or couple applied | 
to frame B will determine the righting force avail- 
able in frame A. In other words, it determines the 
angle ¢. The unstabilising couple applied to frame 
B is proportional to ¥, so that the angle to which | 
frame B has to move to counteract the moment of 
gravity in frame A due to ¢ 





two sides of this piston. This difference of pres- 
sure will be a measure of its velocity of motion. 
The position of the piston in C will be determined 
by this, so that its displacement from its central 
or mean position will be a measure of the 
velocity of precession of the gyrostat. (If 
the clearance between the piston and cylinder 
B is small, this displacement will be very nearly 
proportional to the velocity.) D is a servo- 





depends entirely on the coeffi- 
cient of the unstabilising force. 
That is to say, for a given 
amplitude ¢ we may obtain a 
small amplitude y by increas- 
ing the coefficient of the un- 
stabilising force. This means 
that we obtain more power 
from a given gyrostat. The 
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(3822.u) — 
frame B, acting in the direction of precession, will 
tend to accelerate this velocity and produce a 
righting couple in the plane A. 

In actual fact the velocity of precession will not 
increase due to this force, provided 6, o be large, 
but will diminish, since it is a measure of the over- 
turning couple or angle of the car. This will 
decrease as the precessing couple continues if the 
coefficient of this be large enough—i.e., not very 
small. The velocity y¥ will diminish until ¢ = 0, 
if we simply consider gravitational forces. This 
retardation of the velocity of precession,* due to a 
force acting in the direction of precession, can be 
shown mathematically, but for the present purpose 
it is unnecessary. The fact, however, is of value 
from a practical point of view, as will be seen from 
the diagrams of precessing mechanism. When 
= Othe system will be in equilibrium, neglect- 
ing inertia of frames and friction, and so y will 
also be zero. If p was 0 initially—i.e., if frame 
B was in its middle position—we see that it will 
now be at some position removed from this. 
Should an external force be applied again in the 
same direction as before, for some reason, we see 
that the gyrostat is not in a favourable position to 
counteract it, the useful couple obtainable from 
it being proportional to cosy. This state of affairs 
would be quite useless in tice, as it would 
only be a matter of time before ¥ increased right 


up to 90 deg. when there would be no righting 
couple available, and the system would simply over- 
turn. 


Let us take the condition above when ¢=0 and ~ 
has in consequence diminished also to 0, and let us 
imagine a slight force applied to frame B, as before, 
tending to increase y. e result is equivalent to 
applying a force to the frame A producing an in- 
clination —¢ of the frame, which in turn produces 
a velocity —y in the frame B. If this force be made 
proportional to y and be applied so as to render 
the frame B unstable about its middle position, we 
see that when y becomes negative the force will 
be reversed. ¢ at this instant will be negative due 
to inertia of frames, so the effect of the force will 





* This proof was first shown by Herr Paul Fréblich. 





gre 


effect is clearly shown in the diagr: 
were no secondary oscillation to contend with, we 
might increase the coefficient indefinitely and so 





ams. If there 


obtain any required power from a very small 
gyrostat. This point is discussed later. 

We can see now that after the system has been 
disturbed by some external force, or its equivalent, 
it will be impossible to bring the frames A and B 
both to their middle positions together unless we 
make use of over-requation. This over-regulation 
or oscillation can only be produced by a force tend- 
ing to displace the gyrostat from its central posi- 
tion relatively to frame A. 

We have seen also that we require a force acting 
on frame B, which shall be proportional to the 
velocity of precession. This force, as will be shown, 
determines the damping effect on the above oscilla- 
tion. It does not much affect the period of oscil- 





(3922 2) 





motor operated by oil under pressure, and con- 
trolled by the valve E. With the valve in the 
position shown, oil will be admitted to the under- 
side of the piston in D. This will rise in conse- 
quence until the rod H rises sufficiently to shut 
the valve. The position of the piston in D is thus 
governed by the ition of the piston in O, and 
consequently by the velocity of precession of the 
gyrostat. The piston in D operates the rod J 
through the bell-crank lever, and thus controls the 
moment or lever-arm of the spring (tension) on the 
gyrostat. This moment, in the diagram, is approxi- 
mately M multiplied by the spring tension. If F 
were made equal in length to K, then M would be 
a measure of the velocity of precession of the gyro- 
stat. F is, however, made longer than K, and the 
result is to render the tat unstable about its 
middle position. We thus have our two forces as 
required, one of them being proportional to y and 
the other one to y—i.e., the displacement and the 
velocity. 

It was found in practice that there was a slight 
time-lag in the mechanism. The effect of this 
was chiefly to shorten the period of the primary 
oscillation from that calculated. This was got over 
by weakening the unstabilising force—i.e., decreas- 
ing the length K. The effect of this time-lag might 
be anticipated, as we have two forces with a phase 
displacement of 90 deg. Their sum at any instant 
is our precessing force. The effect of increasing 
one of them would be to move the phase of the sum 
towards the one increased. 

In the diagram B and C simply represent a speed- 
indicator for the gyrostat. It was found in prac- 
tice to be inaccurate, chiefly due to friction and 
inertia, and so air was tried, and this part of the 





‘apparatus made on a different principle. 


True 
readings were obtained, but the actual apparatus 
was somewhat complex and need not be given here. 


lation (primary). This depends almost entirely on |The servo-motor was found to have a free period 
the unstabilising force, other factors being con-|of its own, which at first confused the diagrams. 


stant. This was finally got rid of by throttling, but the 
The diagram, Fig. 4, shows a rae ec | whole apparatus, though perfect theoretically, was 
which was designed by Herr Paul Frohlich. It is | hardly suitable for commercial work. A somewhat 


at present in use on a rather large model in Ger-|simpler system was contrived by Mr. Louis 





many, the design of which is due to Mr. Frohlich. | Brennan. 
The gyrostat is represented by A, which is con-; The speed of precession in this is measured by 
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the drag of a disc in a viscous fluid. After much 
experiment, a fluid was obtained which was truly 
viscous over a range greater than could be used, so 
the mechanism was constructed. This is shown in 
Fig. 5. A and Bare the same frames marked A 
and B in Figs. 2and 3. G is the gyroscope wheel 
insection. C is a casing fixed to frame B and full 
of the viscous fluid. The disc D is attached to a 
spindle which has a bearing at its top and bottom, 
and carries the arm E which operates the precession 
gear through air-valves. If the arm E be prevented 
from moving, and the pressure required to effect 
this be measured, that pressure will be a measure 
of the speed of precession of the gyrostat or frame 

. This is, of course, the definition of viscosity 
applied to the particular case. The actual pre- 
cessing gear is shown diagrammatically in Fig. 6. 
There is a cylinder and piston at each end, as it is 
desirable that they should be single-acting. Com- 
pressed air is admitted through special valves to 
either cylinder. These valves are controlled by the 
arm E. The type of valve is shown in Fig. 7. 
There are two of these, one for each cylinder, and 
they are mounted as shown in Fig. 6. It will be 
seen that they are so designed that they maintain a 
pressure in their respective cylinders equal to the 
pressure of the arm E on K (taking A to be the 
unit of area). 

The operation of the valve is as follows :— 

Let us assume a pressure to be applied to K 
(Fig. 7) tending to lift the valve. The valve will 
rise when this pressure exceeds the pressure on 
the valve due to air in the cylinder, and so admit 
air from Ato B. This will go on till the pressure 
in B, acting on the area A, is sufficient to push 
the valve down again and so cut off A from B. 
Similarly, if the pressure on K be decreased, the 
pressure of air in B, acting on the area A, will 
push the valve down, and the air will exhaust 
through the ports C until the balance is restored, 
when the valve will again rise. So it will be seen 
that the precessing force—i.e., the air pressure 
multiplied by the area of piston in precessing gear— 
bears a constant ratio to the pressure on K. This 
we have seen is proportional to the velocity of 
precession. In Fig. 6 the air-pipes are shown 
crossed, so that the force may be in the same 
direction as the velocity. The effect of this is that 
we can apply a spring to the disc, as shown at S 
in Fig. 6, and make it stable relatively to the 
gyrostat. This will so control the air pressure 
that the gyrostat is made unstable. 

A comparison of the two systems will show that 
they are identical in operation, though the latter 
one is perhaps the simpler and more reliable of the 
two. Further than that, it is possible to construct 
a mechanism on this principle which is satisfactory 
when applied to a very large vehicle. The actual 
value of the air pressure in the reservoir is not of 
importance, provided that it be large enough, so 
that we need no apparatus to keep this constant. 
This fact is of importance in practice. 

Tt will be shown later that this apparatus—the 
latter one—is capable of being so proportioned or 
**tuned” as to obtain ‘positive damping” for both 
primary and secondary oscillations. The effect of 
this tuning is shown in the diagrams and mathe- 
matically treated later. In equation (8) springs are 
added to the disc, so that it is stable relatively to 
the car-frame. These tend to bring the disc to its 
middle position. The force is proportional to X. 
The unstabilising force on the gyroscope frame is 
also made independent of the disc in ‘‘ viscous pot,” 
and is produced by a stabilising force proportional 
to the angle y, and acting directly on the air- 
valves. Further than this, there is a spring in- 
serted between the lever E and the stem K of the 
air-valve. The effect of this will be to make the 
pressure in the cylinders proportional to the 
angular displacement A of the disc, and not to 
the pressure, directly, as before. The reasons for 
these changes will be seen from equation (8). 


Stapitrry or a Gyrostat CaRpoNnIcaLLy Sus- 
PENDED, TAKING INTO ACcOoUNT THE Masses. 
Symbols Used in Equations. 

Co-ordinates :— 
¢ = angle of car or frame A from vertical. 
y = angle of gyrostat or frame B from central posi- 
tion—1.¢., at right angles to frame A. 
X = angular displacement of gyroscope wheel from 
initial position at the time 7 relatively to 
: frame B. 
¢, BA and x will then be the corresponding velocity 
co-ordinates. 


G@ = weight of whole system, 


R = height of C.G. of same from ground or axis I. 

#, = moment of inertia of system about axis I. 

6, = moment of inertia of gyroscope frame and gyro- 
scope about axis II. 

S = coefficient of unstabilising force on gyroscope 
frame. 

V = coefficient of force proportional to velocity of 
precession, and acting on gyroscope frame in 
direction of velocity. 

V. = coefficient of force proportional to \, and acting 
on gyroscope frame. [If V = 0, Vy) = V. 

6, = moment of inertia of gyroscope wheel about its 
axis IIT. 

I = polar mgpent of inertia of disc D, Fig. 5, about 
axis IT. 

U = coefficient of viscosity on disc due to fluid in 
“pot ”—i.¢., couple on disc or lever E, Fig. 5, 
produced by unit velocity of precession of 
gyrostat relatively to disc. _ . 

T = coefficient of stabilising force on disc due ene 

= angular displacement of disc frame from its midd 
or mean position relatively to frame A. 
Fy, Fy, and Fy = external forces reduced to the co- 


ordinates ¢, y, and x respectively. 
L = kinetic energy of the whole system. 





The kinetic energy can now be written :— 


L = 443[x + psin YP + 3 + 4, pe 

From this equation we must derive three equa- 
tions corresponding to the three degrees of freedom 
of the system. These are obtained by differentiat- 
ing the above equation with respect to ¢, ¥, and 
x, and their respective differential quotients taken 
with respect to the time. (Differential quotients 
taken with respect to time are denoted thus :— 


$, ¥, &.) 
Equation for Co-ordinate x :— 
F,=0. “Lo, 
x Ox 
aL 


}2 


= = O3[x + ¢sin ¥] = 0; u. 


Ox 
Applying the Lagrange equation, we have 
@ tb 
dtex 


or 
ng [ie dam v]= 










a 


de 





CM 






\y 
LLY 
na 


























SS 






mT 
MS 


\ 


N 
N 








ttt ly 


























Xs 

















To make the conditions as general as possible, 
and suitable for practical application, the axis of 
the cardonic frames are not taken in the same 
plane. The following considerations will show the 
conditions under which the motion of the system 
will be stable or otherwise. Friction has been 
neglected, as experiment has shown that it is pos- 
sible to reduce this to such an extent that its effect 
is of secondary importance. The angles, both rela- 
tive and absolute, of the ‘‘frames” are supposed 
to be small enough to admit of the substitution of 
angular measurements for sines. The Lagrange 
method is chosen as the most suitable for obtaining 
the equations of motion. The typical Lagrange 
equation applied to a system having several degrees 
of freedom may be written :— 

F,= 2.2L 0b 


dt 4 


o n 
0q C& 


where 


F, represents the external forees reduced to the co- 
ordinate q; 7.¢e., the sum of the components 


along q. 
L is the total kinetic energy of the system expressed 
@ co-ordinates and their 


as a function of all 
respective differential quotients taken with re- 
spect to the time. 

q denotes the co-ordinate in question. 


Figs. 2 and 3.—The total kinetic energy of the 

whole system will be 
L = $0; 0? + $0, 72 + $0, 9% 
Before we can make use of this equation we must 
express it in terms of ¢, ¥, and x, and the diffe- 
rential quotients ¢, ¥, and x. 
is the angular velocity of the — wheel 

relstive to Weapeane tones, and is _ neces- 
sarily equal to «. We may split up ¢ into two com- 
ponent velocities, one component being in the 
direction of the gyroscope axis, and the other one 
perpendicular to the plane. So that we have 





w =X + psiny. 
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That is to say, no energy is taken out of the 
wheel. This fact is obvious from physical con- 
siderations, as there is no moment applied to the 
wheel directly. All the forces are acting perpen- 
dicular to the axis of rotation of the wheel, so its 
velocity must remain constant. There is in prac- 
tice, of course, greater pressure on the bearings, 
due to the velocity of precession. This will absorb 
a slight amount of power, but it is small in com- 
parison with the total power used to drive the 
wheel, and is quite negligible actually. 

Equation for Co-ordinate y :— 

Fy = 8 y, for unstabilising force only. 
Fy = V ¥, for “velocity” force only. 
Fy = Sy + Vy, for both these forces together. 


a = es[ x + @ sin ¥ |p cosy 
= 0, ¢ (for small values of y). 
The Lagrange equation gives :— 
6, -O,wG=S.y¥.. . (3) 
(for unstabilising force only). In the same way 
0,9 - Aw p=vy, 
also 
0, —0,wh=Sytrvy. 
Equation for Co-ordinate  :— 


Fe=G.R.¢, 
or, moment of gravity on car. 
@L_» 
7¢ 
@L rade | ee : 7 
aé = s(x + Gain y)sin ¥ + 1 % 
d @L a .4 ae 
dt og = lxt oan y + oy cosyjany 


+ O3[x + dsin Y]cos ¥.¥ + 4% ¢- 
We can simplify this differentiation considerably 
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by first substituting » for the quantity in the 
bracket. We are justified in so doing, as the 
differentiation is made with respect to the time, 


and we know di®= 0. We cannot, however, 
differentiate with regard to x, , or @, an equation 
containing , as we do not know, for instance, 
the value of . ©. A substitution must thus be 
effected whenever this has to be done. 
The Lagrange equation gives us :— 
6,wcosy.¥ +0¢=G.R.¢, 
or 
07 +0¢=G.R.¢ 
for small values of w. 


. (4) 


Equation oF Motion ror UNsTABILISING 
Force ALONE. 

Taking equation (3), and differentiating with 
respect to time, we have :— 

29 -S.~=0,.0.¢ ; 

From equation (4) we can obtain y in terms of 
¢ and ¢, and by differentiating this twice we obtain 
y in terms of ry and @. We can substitute these 
values in the above equation, and obtain the fol- 
lowing equation in ¢ :— 
G.R.@: 6 O-~- G.R.S 

he Ge °~ the 
_&& =: 16.8.6, 8 

5 « e+[ 0.0 ° 0, 

i f.0.6 BS - G.R.S 

$+16,.0, 0 \°* 6,6, 

Equation oF Motion ror VeLocity Force 
ALONE. 
Equation (3) for velocity force alone is :— 
6, ~ - v. 0,0 =0 

Substituting as before the value ¥ and ~ we 

have :— 


8: . + 
Gore? 
- 6 ~» G.RS 
- 6, on aaa 
-@ ie 6340 =, 


o=0 . (5) 


6 G.R _ 0,0. V.G.R. _V.0- we 
0, .w 03 w 0,0 ? + 6,0 o- 634 9=0. 
Atco ss [%e-8 6 _vGR,_ 

tw % + Ve,u%t 03.0 Q30 7 hts 

-~ wots, f.8 CH. 28 

$-Vubt| ace, ~ 6, |@+V aa, o=% - ©) 


Equation oF Motion ror Unstasilisinc Force 
anp VeLocity Force TocetTHer. 


Equation (3) becomes :— 
0, ¥-0;we-Vy-Sy =0. 
Differentiating this again with respect to time 
we have :— 
6, J -0,0¢-Vy-Sy =0. 


Substituting for y, v and Vy as before, we have:— 








0.G.Ry 0,0" 2 + G.R.S, , 69: 
io” a” SV a 
_G.R.V: , 0 
— a 
= 6; 82 a a Po G.R. 65 6, os i 
eo + Ve 6 of Ss me bp 
~vG-R 4 _gG-Ry . 9, 
6,0 6, w 
seen 1 eee 0? .4)2 G.R 1 * 
-V A ed 
° 92 , +15, 9, a ss 05 } 
sa. G.R 
V. 8 = ‘ 
“a ae (7) 


Equation (5) may be considered as the funda- 

— equation, so we shall consider this first. 
et 
o=e 
The equation then becomes 
r+oapt+a=0. 

If p* is positive, p may be either positive or 
negative. 

If positive, motion will be unstabl ae 
- If negative, motion will be stable °}No oscillation 


p=tk, ¢ = e'*'=coskt+isinkt 
(p* + cop? + 4) e** = 0, 
or 
It (p* + co p? + cy) (cos kt + isin kt) = 0. 


p=tkand p= —ik 
e’*t and e-i*t 





are both solutions, so that 
(ef** + e—it*) = 2008 kt is a solution. 
In the same way 
2 (cite — eit) = 2 in kt is a solution. 
If p? is complex = r. ce? 
p=+ vr( 


6 oe 
mS + isin 5) 


p=- JF ( cos 4 +ésin 5) 

We may sum this up as follows :— 

If p? is positive, p can be either positive or negative, 

so that one mode only is stable. 
If p? is negative, p is imaginary and both modes will 
be stable (neutral). 
If p? is complex, the real part must in one case be 
positive and in the other case negative. 


So that one mode only is stable. 


Thus for stability both values of p* must be real 


and negative. The condition for this is that c, and 
c, be both positive. 
And 
Cy? > 4043 
4.€., 
(ee _G.R _ S)4 G.R 8 
0; A» A Oo 4°64 
or 
6207 G.R _ 89 G.R S- 
4, 4, A; 6, ‘ 6, ‘ 
or 
60 {. /a.R,,/3 } 
n/0; 0. \ % Og 


When this condition is fulfilled the motion 
will be composed of two harmonic oscillations of 
constant amplitude. 

Let us now consider equation (6). 

Let ¢@ = e*, as before, and the equation be- 
comes :— 

p— op? + oop + cs = 0. 
We can see by inspection that the motion is un- 


stable. Further, since the coefficients are positive 
quantities, and also the last sign is itive, there 
must be one real and negative root. e other two 


roots will be positive or complex, with their real 
parts positive. In either case this mode will be 
unstable. 

For any practical values of c, the equation may 
be written :— 

(p — (a + #d))(p — (a — ¢d))(p - 6) = 0. 
ce = 2a+ b. 
Co = a? + d? + Zab. 
C3 = — (a? + d®)b. 
[b is, of course, negative. | 

Mode (1).—The real negative root b represents 
an asymptotic decrease to zero. 

Mode (2).—The other two roots represent an 
oscillation which is divergent. 

If V be made negative, it will be seen that the 
stability of modes (1) and (2) is reversed—i.e., (1) 
will oe a displacement increasing indefinitely 
with the time, and (2) will represent a convergent 
oscillation. This oscillation corresponds to that 
with the shorter period in equation (5), and the 
period will be something similar. e rate of 
convergence or divergence will depend on the value 
of V. This is true for both modes. 

Mode (1) for efficiency requires that V should be 
large and positive. 

ode (2) requires V to be large and negative. 
This is, of course, an impossible condition for any 
apparatus, though it is approximated to in equa- 
tion (8). 

Since, however, a change in the sign of V pro- 
duces a change from convergence to divergence, it 
is reasonable to suppose that if V could be made 
equal to zero as far as the oscillation—Mode (2)— 
were concerned, we should have the oscillation 
neutral as regards stability—i.e., the oscillation 
would continue with a constant amplitude, as in 
equation (5). This point is discussed more fully 
in the equations which follow. The result of 
making V negative was verified experimentally. 
The apparatus used being the second one described, 
it can be easily adapted for this by revers- 
- Bn pipe connection between valves and 
cylinders. 


Let us consider equation (7). 
Substituting @ = e”‘, as before, we have :— 
pi-o p+ cp t+eopt+o=0. 
We can see by inspection, as before, that com- 
plete stability is impossible. Or we can apply the 





test for stability—i.e., that the real roots be nega- 
tive, and the imaginary ones have their real parts 
negative. 

Let us assume w to be very large and V very 
small, the equation then becomes :— 


6202  G.R S_ 

e+ og P+ Ga =e 
Approximately the roots of this will be :— 
9 O52 w® G.R.S 6, 0 
P= 40, Ma “G6, * Bhan 
so that 
Ae 6,0 se 
- V0; 95 


for the short oscillation, and 
p=iNG.R.8i, 
6,0 


for the long oscillation. 

We can substitute these values in the complete 

uation and so obtain an equation in «x and y. 

e solution of this would give us values, but for 
the present purpose it is unn . We can see 
from our approximate solution that the short 
oscillation depends on constant quantities, and so 
its period is approximately independent of any 
adjustment we can make. The long oscillation can 
be altered as required by varying the coefficient of 
the unstabilising force, so that within certain limits 
we can obtain any ratio required between the two 
periods. 

(To be continued.) 
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Die Wasserkrifte: thr Ansbau wnd thre Wirtschaftliche 

Ansnutzung. Von. Dr.-Ing. ApoL¥ Lupin. Zwei Binde. 

Berlin: Julius Springer. | Price 60 marks. | 
GERMAN engineering in the middle of the last 
century was notorious for its scholastic tendency 
and spirit. Baconian experiment and verification 
were absent, or at most but present in a dim and 
vague sort of way. Calculation was everywhere 
common, but not measurement, and measurement 
is the essence of science, and science is truth. 
Strange as it may seem, there is rarely difficulty in 
calculation. The trouble usually lies where calcu- 
lators do not always see it: in the things on which 
we calculate. ‘‘Most men reason correctly,” 
according to John Locke, ‘‘but from wrong 
SS, Many engineers can calculate correctly, 

ut how few have the insight and vision to discern 
what is amenable to their mathematics. How few 
Benjamin Bakers there are! Engineering, as we 
apprehend it, is something more than mere me- 
aa and mathematics ; there is in engineering 
work a vitally important factor nearly always 
involved ; we mean money or exchange value. Of 
late years, as a result of competition and other things, 
this factor has received more conscious attention 
than formerly, and to give it a fitting system of 
nomenclature new branches of thought have arisen 
under the generic heading of economics. Engineers 
are no longer content to speculate over kinematic 
principles for their own sake. The eternal ques- 
tion for the innovator, whether his innovation be a 
gun, a pipe-filler, or a collar stud, is: ‘*‘ What will 
this do for John Smith and what will John Smith 
pay for the doing of it?” The second of these 
questions is usually regarded as the more import- 
ant, and not without reason, for in most cases it 
embraces the first. The appreciation of exchange 
values has long been an almost unconscious pos- 
session of the English. Continental critics have 
tried to express the fact by calling us ‘* material- 
istic’ or ‘* practical” ; we, in rare and self-accusing 
moments of superficial introspection, dismiss it as 
‘mere common-sense.”” Whatever it be, or be 
called, there is little doubt that in modern Germany 
may be seen a conscious striving towards an exact 
economic discussion of engineering problems such as 
no other country can at present show. Sixty years 
ago German engineers amused themselves with in- 
genuities, abstract problems, and inutilities ; to-day 
they are much concerned with economics. In the 
Technical High Schools the most coveted distinction 
is the title of ‘*‘ Doctor-Engineer.” It is awarded 
for original work, and during the decade or so since 
its inauguration one fact has been again and again 
remarked: the disproportionate as. of 
economic problems as subjects for ) is, 
in some measure, is due to the inherent pre- 
ference of the German for paper studies. What can 
be matured in the privacy of the closet as a result 
of meditation is dearer to him than results won 
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by experiment in the laboratory. Yet a stronger 
influence is the spirit of the times ; the popularity 
of economics among the ‘‘ Doctor-Engineer ” candi- 
dates is a proof and result of the interest evinced 
by the modern German engineer in the exchange 
values of his productions. Costs and profits, rents, 
rates, and Lecchteen with the influence of 
politics and geography, on the fluctuations of the 
markets of goods and of labour ; these things have 
of recent years assumed a new and almost exagge- 
rated importance in the thoughts of the German 
engineer. That is largely our reason for calling 
the work before us an apposite publication. 

‘* Water-Power Plants ; their Establishment and 
Utilisation,” is, in English, the title of the book. 
It contains over 1400 large-octavo pages, and is 
separated into two ponderous volumes. In July, 
1908, the Royal ‘‘ Akademie des Bauwesens” in 
Berlin offered a prize of 1501. for the best essay on 
the utilisation of water-power considered from the 
economic standpoint. Six months were allowed 
for the task, ro the competitors were required to 
append a scheme of travel and study by which 
further knowledge of the subject might be accumu- 
lated. Dr. Ludin’s essay won the prize. His 
scheme of travel and study met with approval 
and a travelling grant of 3001. from the Akademie ; 
and the results of his work are embodied in the 
two volumes before us. There are three main 
divisions in the book ; the first deals with technical 
economics, the second is a comparative study of a 
number of water-power installations, and the third, 
which occupies the second volume, is concerned 
with technical details. 

In the first division there is little evidence of 
genius, except great capacity for taking pains ; 
thoroughness of an unusual order is apparent 
throughout. The author has at his command a 
wide range of practical examples, which he uses 
very aptly in dealing with the Fifficulties of raising 
capital and the interest usually demanded. The 
necessary depreciation allowances are carefully 
considered, and the necessity of detailed investiga- 
tions made clear. In a large water-power plant 
there are very many items of different character ; 
there are, to use a convenient classification, items 
electrical, mechanical and civil, and each has a 
different length of life, each requires a different 
depreciation allowance. In the same thorough 
manner provision for repairs and the repayment of 
capital are treated, usually with the sane reserva- 
tion that special allowances are required by almost 
every individual case. Interesting examples are 
given from actual central stations, and the influence 
of the load factor is discussed, with its several 
related problems. How to improve the economy 
of the plant is, of course, the fundamental question. 
The obvious solution lies in perfecting the desi 
and working of prime mover and generator, the 
solution usually involved ; but what the real engi- 
neer would eall the complete solution is something 
more than this. It involves, among other things, 
an adjustment of prices to suit the variations 
of demand throughout the day, and in some 
cases the promotion, encouragement, or even in- 
auguration of new industries, such, for instance, 
as chemical manufactures, to take current durin 
otherwise idle hours—in short, to give a hi 
load-factor. Large power-stations, and especially 
those utilising water-power, usually interact on 
the communities surrounding them; thus | 
problems almost invariably occur, and these the 
author briefly discusses. raphical and meteoro- 
logical factors also play an important part in the 
prospe:stive calculations regarding any water-power 
scheme ; there are such matters as rainfall, storage 
and eventual liberation of the snow on high 
slopes, the equalising effects of lake supplies, and 
the impurities, débris, and ice which some streams 
constantly or ggporyee: Beg. down. These are 
also dealt with, and, what is probably of greater 
importance, the statistical treatment and obser- 
vation of all these factors, which change from 
year to year and cannot be determined at short 
notice. 

We have no desire to give a précis of the book ; 
that, in the briefest form, would take up too much 
space. The engineer who is interested in the 
subject will do well to read it for himself. He will 
find nothing revolutionary or epoch-making about 
it—perhaps, so much the better—but he will find 
a treatment of a subject by no means light, which 
for patience and thoroughness and care has, within 
our experience, been rarely or never equalled. 
Here, of course, we are referring to the first divi- 





sion of the book, which contains about 200 pages 
on economics. 

The second division comprises 570 pages, and 
compares various actual installations. e cannot 
but think this part of the book unnecessarily and 
undesirably long. A man who grasps the matter 
of the first part should be able, with common- 
sense and the bibliography given by the author, to 
follow up the subject as far as necessary. There 
are many, of course, who will prefer to have a 
compendious collation rather than scattered publi- 
cations, and it is from this point of view chiefly 
that the inconvenient bulk of the book may be 
defended. 

Turning to the second volume, which deals with 
technical details uf water-power plants, we find an 
enormous amount of information collected together. 
The greater part of the matter is not new, but 
the treatment and arrangement are excellent, and 
almost everywhere throughout the volume the cost 

uestion is brought to the front. The contents are 

ivided thus:—Weirs of various kinds, fixed and 
movable, 165 pages ; dams, including a short note 
on the Pearson-Atcherley theory, 140 pages; canals 
and pipe-lines, with pressure-regulators and cleaning 
arrangements, 190 pages; machinery and power- 
house, 75 pages; and an appendix containing 
general addenda and tables of prices, 60 pages ; 
or about 630 pages. 

Throughout, the printing, illustrations, and 
binding are excellent, and no one can read the 
book without admiring the ability and diligence of 
the author. Diligence, in fact, is suggested by the 
size and weight of the volumes alone, and here lies 
our chief regret. We know the subject is wide and 
deep ; nowadays nearly all subjects are. But with 
judicious compression and rejection, one volume 
might easily have been made to suffice, and this 
would have been a great gain. For as it is, the 
index of the first volume is at the end of the 
second, and the ‘‘ contents” of the second is at the 
front of the first. Moreover, the task of reading 
through the 1405 pages will be formidable to many, 
and the outlay of 3/. will be forbidding to some. 
To those, however, who neither mind the toil of 
reading nor the expense of purchase, a mine of in- 
formation is offered ; to such readers we recommend 
Dr. Ludin’s two volumes most cordially. 





English Local Government: The Story of the King’s High- 

way. By Sipnry and Bratrick Wess. London: 

Green and Co. [Price 7s. 6d.] 

Tue progress of legal enactment due to the gradual 
development of the country’s industry, the hin- 
drances caused by selfish and ignorant authorities, 
and the inevitable obstacles that vested interests 
oppose to innovation, are so far outside our scope 
that we cannot find space to do justice to the 
research exhibited, or the conclusions drawn, by 
the authors of this interesting volume. In these 
columns we are more concerned with the me- 
chanics and principles of road construction than 
with the social organisation involved in their main- 
tenance. The historical investigation of ancient 
customs is very fascinating, and this inquiry, in 
which the authors have kindly separated the 
authority for statement and legal evidence from 
the often picturesque conclusions at which they 
have abel, will be found very pleasurable read- 
ing. Throughout we find two rival principles 
controlling the situation, one caused by an antago- 
nism between the inhabitants of the rural parishes, 
who cared little about the facilities for locomotion 
outside their own district, and those engaged 
in wider interests, who were building up a grow- 
ing trade and were compelled to make long 
journeys and to send goods to distant seaports 
and trading centres. Our sympathies, we are afraid, 
are enlisted on the side of Farmer Hodge and his 
friends, fur we cannot see why a route connecting 
two great towns, which have a large and thriving 
trade with each other, should be maintained at the 
cost of the rural population scattered between them. 
The second principle, though less human and 
more mechanical, was equally capable of dividing 
the nation into two hostile camps. The grave 
uestion to be decided was whether the roads 

ould be made to accommodate the traffic or 
whether the traffic should be regulated to preserve 
the roads. That is to say, supposing it the duty 
of the rural population to construct and maintain 
roads, are those who use the heaviest traffic to 
settle what kinds of road should prevail? James L., 
hke many wiser men, endeavoured to avoid the 
expense of road-making by forbidding any four- 





wheeled wagon whatsoever, or the carriage of more 
than a ton of goods at a time ‘‘as the vehicles 
bearing excessive burdens so galled the highways, 
and the very foundations of bridges, that they 
were public nuisances.” Theconflict between these 
rival principles and divided interests is the tale 
that the authors tell, the materials for which exist 
in numberless Acts of Parliament and decisions in 
local courts. 

The first fact we learn is that the ‘ King’s 
Highway” has no objective existence. Those 
tracks that wander over the land like rivers, that 
turn and twist at each obstacle, and are uncon- 
sciously adapted to the lie of the land, but, like 
rivers, eventually arriving at their goal, we have 
considered, but quite wrongly, as the highway. 
Over that dusty streak which looks like a white 
snake on the green hillside the King has no right 
other than the right of passage for himself and his 
people. The ‘‘ King’s Highway” shrinks into a 
legal fiction, which the lawyers call an ‘‘ easement,” 
a perpetual right of age in the Sovereign for 
himself and his subjects over another’s land. If 
this right of passage was frequently used it created 
a beaten track, a road, but it was the right of 
passage that constituted the highway, not the 
track, whether it were metalled and macadamised, 
or could be traced on the darker heather round it 
only by the slight difference in the shade of verdure. 
If everyone enjoyed the right of passage, and could 
select the road that seemed preferable, even to the 
extent of ‘‘ going upon the carn,” no one had any 
interest in sacrificing a particular strip of land for 
a permanent roadway, or in keeping it in a fit con- 
dition in order, it may be, to benefit a traveller 
from London, 100 miles away, or to accommo- 
date some particularly heavy wagon which ought 
never to have been built, since it threatened 
to injure the lucrative carrying trade by means 
of k-horses. The isolation endured and the 
jealousy exhibited by neighbouring parishes, down 
to quite recent times, are regrettable features that 
Mr. and Mrs. Webb are compelled to illustrate. 

Without following the authors iu their instructive 
commentary, we may point out that here will be 
found an account of the methods pursued of defining 
a road from early times, when any person keeping a 
draught of horses or a plough had to provide a certain 
amount of forced labour on the roads, which labour 
might amount to six consecutive days of eight 
hours each, ‘‘to keep a clear passage for travellers 
and carriages, to allow the sun to shine into the 
ways to dry the same and to enable them to grow 
better of themselves.” Much curious lore is un- 
earthed showing the methods of evasion and the 
evils that followed the machinery of presentment 
and indictment of old-world legal procedure. In 
later days came the turnpike trusts, established by 
thousands of separate Acts of Parliament, em- 
powering under identical constitution and func- 
tions a certain number of persons to construct 
and maintain a specified piece of road to which 
their powers were specially confined, and to levy 
tolls on that piece of road upon certain kinds of 
traffic. Perhaps the weakest link in this form 
of legislation, which was in force many years, 
was the want of some practical method for calling 
a defaulting, hopelessly incompetent, or dishonest 
turnpike trust to account. There was no system 
of audit and no adequate means of punishment for 
neglect of duty ; consequently the whole cumbrous 
machinery fell into disrepute. The system was 
not only weak on its financial side, but also on its 
engineering. The principle of road-making was 
not understood till Telford and Macadam taught 
the proper methods, and produced roads sufficient 
for the trafficof the day. Never at any time in the 
history of road-making has there been any effort 
at prospecting for future requirements, nor has it 
been considered that a liberal provision for the 
means of traffic would promote commerce, and 
make a remunerative return on the outlay. The 
jealousy between neighbouring parishes prevented 
any common action, and lysed the initiative of 
the more enterprising. It is a relic of that jealousy 
that to this day the highway administration is split 
up among some 1900 ogee authorities—county 
councils, metropolitan boroughs, urban district 
councils, and still smaller divisions. The main 
North Road from London to Carlisle, the authors 
tell us, is in the hands of no less than seventy-two 
distinct authorities. Yet none of these authorities 
has power to construct a new road, however impera- 
tively local circumstances may require it. Another 
strange anomaly on which the authors comment 1s 
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the curious fact that, notwithstanding large expen- 
diture of public funds involved in road mainten- 
ance, no question as to the state of the roads is 
allowed to be put in the House of Commons ; no 
Minister of the Crown and no Government depart- 
ment have any responsibility for the management. 
No opportunity is afforded for criticising the con- 
ditions of the thoroughfares, or of suggesting any 
remedy for any existing grievances. 

We seem to be again approaching the day when 
we must decide whether the traffic is to be con- 
strained to adapt itself to the roads, or the road 
constructed to accommodate the traffic, and the 
authors naturally ask what is to be done. We 
gather that they are hardly satisfied with the policy 
and outcome of the Road Board appointed in 1910. 
Such powers and authority as the Board are en- 
dowed with may be said to be rather not exercised 
than to have failed. Sir George Gibb and his 
coadjutors are waiting till there is a glut of un- 
employed labour in the market, when the accu- 
mulated funds at the command of the Road Board 
can be most economically expended. The waiting 
policy that through past centuries has dogged the 
provision of adequate thoroughfares has not yet 
disappeared, and there will probably be much more 
discussion before any forward step is made. Mr. 
and Mrs. Webb make three suggestions as the 
outcome of their long and thorough study of 
this vexed subject. They propose that the Road 
Board should be permitted to make, under proper 
restrictions, grants-in-aid for the maintenance 
of the highways aswell as for their improve- 
ment. New legislative Acts are needed that will 
permit rural and urban district councils to cede 
their road administration to the county councils as 
a means of relieving their own local rates, and, 
thirdly, the allocation from Imperial funds of a 
sum which would enable the Road Board to make 
grante in aid of highway maintenance substantial 
enough to give its influence weight. 





The Field Engineer's Hand-Book: A Hand-Book of Field 
Engineering for Civil Engineers and Engineering 
Students. By G. CarneTH Wetts, A.C.G.I., and 
ArunpeEL 8. Cray, B.Sc., A.C.G.I. With illustra- 
a, i. tables. London: Edward Arnold. [Price 
8. . 

TxE authors admit that there are many excellent 

treatises on surveying, but, regarding them as quite 

unsuitable as hand-books for civil engineers, add 
another to arather large collection. The reasons for 
objecting to existing manuals are not stated, and we 
venture to suggest that these excellent treatises aim 
at greater accuracy and more rigorous explanation 
than the authors think n Long experience 
has probably made them acquainted with just the 
degree of accuracy that is demanded in field surveys, 
or perhaps can be reached with certain apparatus, 
and they are disposed to favour readiness rather 
than refinement. This view is strengthened by 
their description of the plan adopted. It is dis- 
tinctly stated, and regarded as a merit, ‘‘ that great 
care has been taken with the chapter on ‘ Adjust- 
ments of Instruments,’ as the methods often de- 
scribed are frequently both confusing and intri- 
cate.” Now the whole of the adjustments that 
are described here are mechanical. There is no 
attempt to determine arithmetically the amount 
of correction due to imperfect adjustment, though, 
to do the authors justice, they do show by dia- 
grams the character of the error that is intro- 
duced by neglecting precautions. In one place 
they actually apologise for describing an adjust- 
ment in detail, because it is very difficult for a 
beginner to understand. If the problem is diffi- 
cult, there is the greater necessity for explaining 
it carefully; but the authors are so alraid of 
taxing the patience or the capacity of the students 
that the remains one of the most obscure 
in the book. We believe the authors have in 
view the case in which the centre of the alidade 
— vernier does not coincide with that 
of the divisions, but whether the object is to get 
rid of zero error 0. eccentricity, we are uncer- 
tain. The authors g t over the difficulty by say- 
ing that as a rule only one vernier is read. No 
doubt that is true, and is to be regretted ; but the 
authors are scarcely justified in suggesting, how- 
ever faintly, that it is lawful to use an instrument 
in such way as not to give the best results of which 
it is capable. All engineering books seem to be 
alike in this particular. The writers know the 
degree of inaceuracy that is permissible, and little 
or no attempt is made to introduce more exact 





methods and a higher standard of instrumental accu- 
racy. It is not till we come to the use of loga- 
rithms that we learn what precision means. Then 
nothing less than seven figures will satisfy these 
sticklers for exactness. There seems to be a won- 
derful amount of comfort in seven-figure logarithms, 
as though they hid the imperfections in the original 
data, or better demonstrated the labour-saving 
qualities of the device. In many cases, however, 
computations might be shortened by omitting loga- 
rithmic functions altogether, and have the ad- 
vantage of employing simpler trigonometrical 
race ol The need of greater simplicity is illus- 
trated in the last formula given on page 182, which, 
as it stands, is quite unintelligible. Working out 
one of the examples with four figures, we obtained, 
of course, precisely the same result, for the quantity 
sought is only given to the nearest minute of arc ; 
but we admit that Messrs. Wells and Clay have 
the highest authority for their method, since in the 
examinations of the Institution of Civil Eugineers, 
although only three figures are needed in the 
answers, it is imperatively required that seven- 
figure logarithms should be used. Professor Perry 
has asserted that when calculating from observed 
quantities it is dishonest to use more fi than 
we are sure of. He is right, and possibly in time 
this truism will penetrate. 

And now we have done with grumbling and can 
congratulate the authors on having collected within 
a limited s the results of much experience 
gained in the field. In the chapters on railway 
surveying and construction we have to do not so 
much with teaching as with the statement of rules 
for the guidance of beginners. The methods 
adopted to secure definite results are very in- 
structive, but the student should have worked 
many examples, or he will find all his difficulties 
reappearing with a fresh case. The chapter on 
tacheometry, marking a return to elementary 
matters, is not quite so good as the preceding. 
There is evidence of facts got up from books rather 
than acquired in the field from actual use of the 
instrument, and it seems rather a lame conclusion 
to drop the subject ‘‘ because there are so many 
different ways of carrying out the work, each of 
which is considered best by the engineer practising 
it.” The authors might have told us what their 
experience recommends, and be prepared to give a 
reason for the faith that is in them. 

The chapter on astronomy is what we are accus- 
tomed to find in these books, and doubtless is 
sufficient, for, we imagine, little reference is made 
by the ordinary engineer to the sun or stars. We 
would like to observe, however, that though similar 
problems connected with the determination of 
altitude and azimuth have to be solved by the 
sailor with the same approximate exactness, books 
on nautical astronomy are far more accurate, and the 
sources of error more ably discussed. The transit 
theodolite should give better results than the sex- 


tant ; as used here, we doubt if it would. The use| De 


of an artificial horizon is absolutely ignored. The 
possibility of determining latitude by the» Talcott 
method with a theodolite might have been con- 
sidered. The deviation of the azimuth from ob- 
servations of the Polar Star, not in the meridian, 
in connection with the tables given in the Connais- 
sance des Temps is a novel and decided step in ad- 
vance, and one we imagine due to the suggestion 
of the Astronomer Royal, whose advice in the deter- 
mination of azimuth is acknowledged. Finally, 
we have in an appendix a chapter on the ‘* General 
System of Land Survey in Canada,” that is parti- 
cularly welcome, as the details are little understood 
in this country. The meaning of a ‘‘ township,” 
the method of its recognition, and the plans adopted 
for roadways, are matters of practical utility that 
need to be understood by investors as much as by 
surveyors. The marking out of the ‘‘ townships ” 
seems to have been effected in a v thorough 
manner and is very creditable to the Government 
Department in charge. Even in prairie country 
the north-east corner of every section is denoted 
in the ground by an iron poets surrounded by four 
pd es dug so that their corners indicate the 
cardinal points. A 99-ft. roadway between each 
section sounds very satisfactory, but we are afraid 
the indications are more evident than the roads 
themselves. 
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STEAM PROPELLING MACHINERY FOR 
SMALL VESSELS. 

A CLAIM commonly brought forward in favour of the 
equipment of small vessels with internal-combustion 
engines, for driving the propelling machinery, is that 
considerably less is necessary as compared with 
that required for engines, boilers, and auxiliary plant in 
the case of a steam plant of equivalent power and 
running at the same speed. That this claim is not in 
all cases justified is clearly shown from our illustra- 
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tions on the present page and pages 685 and 686, which 
represent four installations of steam plant specially 
designed to replace the internal-combustion engines 
originally installed. These conversions were made 
to secure the advantage of the greater reliability of 
steam plant, and in each case the steam plant was 
arranged to come into the space previously occupied 
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by the internal-combustion installation. These ex-|aft space available necessitated careful design in 
amples are representative of many similar coriversions| order that the 120 horse-power required could be 
successfully carried out by Messrs. McKie and Baxter, | disposed between the bulkheads. From the drawings 
of Copland Works, Govan, during the past few years. | it will be seen that the tandem compound engine 

The first case, which is illustrated in Figs. 1 to 7,| adopted and the specially short boiler used enabled 
refers to a small vessel originally having single-screw | the problem to be satisfactorily solved. The boiler, 
internal-combustion engines, ~ § the limited fore and | which is shown in detail in Figs. 1 to 4, is of special 
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nterest on account of its unusual design. As will|short grates have 

be seen, it is of the return-tube type, 7 ft. 9 in. in| made for ease of fir- , 

diameter and 5 ft. long, and has two furnaces 2ft. 6in.|ing. The working Fie. 13. 

in diameter. The total heating surface is 317 sq. ft.,| pressure for which 

and the grate area 13 sq. ft., both of which areas were | the boiler was designed is 130 lb. per > in., and | cylinders are 10 in. and 20 in. in diameter and 12 in. 

found to be "eager than was possible with the use of | the details of construction will be followed from the stroke, and the engine develops 120 indicated horse- 

& vertical boiler, which latter was originally suggested. | drawings given. power running at 180 revolutions per minute. As 

A photograph of the engine is given in Fig. 5, from will be seen in Fig. 7, the condenser is placed at one 

f the general design will be apparent. The side of the ship; and the circulating and air-pumps 








The design adopted, however, has been fully justified 
by the results actually obtained in practice, and the | whic 
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are mounted to one side of the engine, and are driven 
by rocking levers from ths engine cross-head, as is also 
the feed-water pump. 

The second instance dealt with, shown in Figs. 8 and 
9, is that of a twin-screw boat requiring 80 indicated 
horse-power on each shaft, with a speed of 300 revolu- 


tions per minute. In thiscase a White-Forster water- 
tube boiler was adopted, arranged for burning liquid 
fuel. An independent pump was fitted for drawin 


oil fuel from the storage tanks ; this pump discharg 

into a steam-heated tank above the Seiler, from 
whence it flowed by gravitation to the burners. The 
condenser was stosed to one sde of the ship, whilst 
the circulating pump was on the other. This centri- 
fugal pump was driven by its own steam-engine, which 
also drove a small fan used in connection with the 
Babcock and Wilcox system of induced draught. One 
of the engines is shown in Fig. 10, and, as in the case 
of the engine referred to above, the air-pumps are 
driven by rocking-levers, The feed-pumps in this case, 
however, are driven by gearing from the forward end 
of the crank-shaft. A feed-water heater and filter 
were fitted, and also a 5-ton evaporator was installed 
between the main engines to make up for the water 
loss due to the steam supplied to the liquid - fuel 





burners. The employment of liquid fuel did not neces- 


sitate a large stokebold between the engine and boiler, 
and thus it was easily possible to arrange the plant in 
the space available. In this case it is of interest to 
note that the total weight cf the steam plant, com- 
plete in working condition, was 10} tons, as against 
15 tons for the internal-combustion engine which was 
displaced. 

Another case, illustrated in Figs. 11 and 12, has 
reference to a twin-screw vessel of 100 horse-power. 
In this case, on account of the limited fore and 
aft space at disposal, the engine was built on the 
Rankine principle, the high-pressure and low-pressure 
cylinders being on separate shafts. This engine is 

own in the photograph reproduced in Fig. 3, the 
cylinders being 9 in. and 18 in. in diameter, with 14-in. 
stroke, and the — developed at 155 revolutions per 
minute being 100 indicated horse-power. The boiler 
placed in this boat was similar to the one described 
above, and was 7 ft. in diameter and 5 ft. long, and 
the furnaces were 2 ft. 2 in. in diameter. The total 
heating surface is 278 sq. ft., and the grate area 
11 sq. ft., while the working pressure of the boiler is 
120 lb. per sq. in. 

One more typical case may be cited of a drifter 
fishing- boat built to the order of an Irish Government 
Board. In this case it was necessary to instal] machi- 





nery of 60 indicated horse-power in a fore-and-aft 
space of 11 ft. The manner in which the problem 
was solved is shown in Figs. 14 to 18, annexed. The 
engines employed were a special ‘‘ Challenge ” tandem 
compound type, the cylinders being 7 in. and 14 in. 
in diameter, with a stroke of 9 in. The condenser 
is placed atone side, as shown in Fig. 18. The boiler, 
of which detail drawings are given in Figs. 14 to 16, 
is of quite a special type. It is a cylindrical boiler 
with a large furnace fiue on one side and a set 
of return tubes on the other, thus approaching in 
character the Scutch return-tube boiler. The boiler 
shell is only 4 tt. long and 6 ft. 3 in. in diameter. 
The working pressure is 130 lb. per sq. in. This type 
of boiler has proved most successful as regards steam- 
ing capacity. 

These typical cases of conversion from internal-com- 
bustion to steam-engine plant on board ship should 
clearly demonstrate that it is possible to accommodate 
the latter type in as little space as is required by the 
former, and in some cases with a reduction in the total 
weight. It might further be mentioned that had liquid 
fuel been used in the three cases where —— 
boilers were fitted, it would have been possible to get 
the plant into a still less fore-and-aft space than that 
shown, 
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INDUSTRIAL NOTES. 

According to the Board of Trade Labour Gazette 
employment in October continued good on the whole. 
There was a further decline in the number of pig-iron 
furnaces in blast, but employment at iron and steel 
works somewhat recovered from the September level. 
Shipbuilding also improved, especially in the repair- 
ing centres, while engineering showed little change. 
There was a seasonal decline in the building, wood- 
working snd brick industries, and a seasonal im- 
provement in the printing trades. Coal-mining was 
still active, and the textile trades, on the whole, 
remained about the same. It is reported by the 
Labour Exchanges that there was a continuance of 
the demand for labour in the shipbuilding trades, 
and in the building trades there was still a scarcity 
of certain classes of workmen in some provincial dis- 
tricts. A deficiency in the supply of women was 
reported in cotton, linen, and clothing factories, and in 
laundries. Wagesin the mining and metal trades were 
adversely affected by a fallin prices. Compared with 
October, 1912, er generally showed some 
falling off from the high level at thattime. The 
decline was especially noticeable in the pig-iron, iron 
and steel, and tin-plate trades. 

Trade unions with a net membership of 948,601 
reported 20,857, or 2.2-per cent., of their members as 
unemployed at the end of October, compared with 
2.3 per cent. at the ecd of September, 1913, and 2 per 
cent. at the end of October, 1912. 

The pere2ntage of insured workpeople unemployed 
at the end of October was 3.6, compared with 3.4 at 
the end of Septemb: r. 

Returns from firnis employing 422,508 workpeople 
in the week ending October 25, 1913, showed an increase 
of 0.1 per cent. in the number of workpeople employed 
and of 0.5 per cent. in the wages paid, com 
with a month ago. Compared with a year ago there 
was a decrease of 1.2 yer cent. in the number of work- 
people employed, and of 0.3 per cent. in wages paid. 

The changes in rates of wages in October resulted 
in a net decrease of 11,200/. in the weekly wages of 
211,000 workpeople, who were mostly employed in 
industries in which wages follow prices to a large 
extent—namely, mining, pig iron, and iron and steel. 
The principal decreases affected 137,250 coal, iron and 
shale-miners in Scotland ; 11,500 ironstone miners and 
limestone quarrymen in Cleveland and Durham ; 7900 
blast-furnacemen in Cleveland, Cumberland and South 
Staffordshire ; 20,000 iron-puddlers and millmen in 
the Midlands ; and 5750 steel millmen, &c., in West 
Scotland. 

The dispute in Dublin, which began in September, 
continued throughout the whole of October, and is 
still unsettled. The number of disputes beginning in 
October was 105, and the total number of workpeople 
involved in all disputes in progress during the month 
was 79,859, as compared with 131,496 in September, 
1913, and 36,312 in October, 1912. The estimated 
total aggregate duration of all disputes during the 
month was 1,007,400 working days, as compared with 
1,449,800 in the previous month and 301,000 in 
Octeber, 1912. 

Cases dealt with during the month include building- 
trade operatives, Ipswich ; printing trade operatives, 
Leicester ; co-operative workers, Ton Pentre, in the 
Rhondda Valley; and crane-men and charger-men, West 
Hartlepool. Supplementary awards were issued by the 
chairmen of the Northumberland and Durham District 
Boards under the Coal Mines (Minimum Wage) Act, 
and decisions were given by two of the chairmen of Rail- 
way Conciliation Boards on matters referred to them. 

The weekly number of vacancies notified to the 
395 Labour Exchanges which were open at the begin- 
ning of October, 1912, for the five weeks ended 
October 17, 1913, was 22,321, compared with 21,735 
in September, and 23,706 in October, 1912. The 
weekly number of vacancies filled was 16,540, com- 

~~» 16,294 in September, and 18,597 in Octo- 

r, a 





We read in the Board of Trade Labour Gazette that, 
in spite of public warnings to intending emi ts 
from Great Britain to the Argentine Republic, a 
considerable number of British subjects of the class 
to which the warnings are particularly directed have 
emigrated to the Argentine Republic, and havin 
failed to find employment, are now in a state o: 
destitution. Intending emigrants are strongly advised 
to communicate with the Emigrants’ Information 
Office, 34, Broadway, Westminster, S. W. 


In regard to the Dublin strike above referred to, a 
number of employers of labour met on Monday last at 
the Whitehall Rooms, Whitehall-place, London, 8. W., 
to consider what steps should be taken to maintain the 
rights of the public and of free workers ; to support 
the employers in Dublin in protecting public interests; 
and to resist Syndicalism, so-called ‘‘ peaceful” picket- 
ing and the intimidation and coercion of non-unionist 
workmen and their em a. The chair was taken 
by Professor Edward . Mr. H. MacLaughlin and 





Mr. J. Good represented the executive committee of 
Dublin employers, and both addressed the meeting at 
some length, explaining the conditions which now ruled 


in their city. Mr. MacLaughlin, in the course of his | 


remarks, said that it was essential to stand shoulder 
to shoulder, not only in the interests of the employers, 
but in the interests of the workers, to whom Syndical- 
ism, with its attendant evils, would do even more 
harm. A resolution was unanimously carried pledging 
the meeting to support the employers and free workers. 





In the course of his presidential address to the 
Cleveland Institution of Engineers, delivered on 
Monday, the 10th inst., Mr. Edward Crowe gave the 
following interesting figures for the cost of steel- 


making :— 
Siemens Acid Furnace. 
Per Cent. 
Wages... vie its ” ae ue 41 
General charges and repairs... sel ios 27 
Coal ja ae es ei i cae 32 
Rolling and Finishing. 
Per Cent. 
meral c and upkeep she wi 27 
Coal tor hontiner es i sae ce 10 
Coal for steam ... oie itp de a 9 


He also gave an interesting review of the manu- 
facture of steel, and compared together, in the matter 
of cost, quality, and efficiency, various plants, engines, 
and systems. On this point, he stated, that whilst 
metallurgists and engineers were striving to produce 
better material at reduced cost, by which means alone 
works could be kept fully —-_ it was a deplor- 
able fact that, in spite of the better conditions in 
favour of the working man—higher wages, shorter 
hours, and easier work—the unreasonable demands of 
labour and the constant stoppage of one industry after 
another by strikes was sending up the cost of both 
the raw material and the finished product. This 
facilitated foreign competition. In many industries 
of this country wages were so high that men could 
afford to absent themrelves from work for two, and 
even more, days per week ; these men did not give a 
thought to the loss entailed by the ergs nor to 
the loss in wages of their less fortunate fellow-work- 
men. Unless a more reasonable attitude is taken, 
added Mr. Crowe, it will not be long before there is 
no work to do, as our great industries will certainly 
be captured by the foreigner, who is at the present 
moment making the necessary preparations for sending 
both pig iron and finished steel into this country. As 
cases in point, he stated that large orders had already 
been taken by Russia for rails for our own colonies, 
and in more than one important town in this country 
the trams ran on foreign rails. A large proportion of 
our sheets and wire was rolled from foreign bars. 


At a meeting held on Monday last, the Sheffield 
moulders decided to accept the offer made to them by 
the Sheffield and District Engineering Employers’ 
Association of an advance of Is. ” week in their 
wages, to date from November 10. The moulders’ 
request for a second shilling advance will be dealt with 
at a conference to be held in April of next year. In 
the absence of any further agreement being come to 
at the said conference, the working conditions and the 
advance rates as now settled will remain undisturbed 
for a period of three years. The employers’ proposals 
were accepted almost unanimously ; the men, how- 
ever, were dissatisfied at the apprentices not receiving 
the ls. advance which had been granted to the men. 





According to the Revue du Travail, a Bill dealing 
with ‘*Labour Shares” was introduced into the 
Belgian Parliament on August 20 last ; it deals with 
actions de travail which a firm can hold for operatives 
apart from its ordinary shares. These labour shares 
would belong to all the operatives whose annual wage 
did not exceed 2400 francs (96/.) and who had worked 
for two consecutive years for the firm. The shares 
would be nominal, they could only be ceded to the 
firm, and only be seized to cover obligations con- 
tracted towards the firm. Their nominal value would 
be at least equal to one-sixth the net capital of the 
firm; they would be included in the balance-sheet 
simply as a reminder and without any statement of 
value. When profits were distributed, or in a case 
of winding-up, division would be carried out propor- 
tionately to the wage of each operative. The other 
shares would receive of the annual — & sum 
equal to 5 per cent. of the net capital of the firm ; of 
the remainder of the profits distributed one-seventh 
at least would be paid to the labour shares. Where 
the rules which governed the formation of « firm did 
not otherwise provide, when the business of the firm was 
wound up, the other shares were first to be redeemed, 
then one-seventh of the remaining proceeds of the 
winding-up was to be paid to the labour shares. 





The French Miners’ Federation has issued calls for a 
meral strike on the question of overtime. The 
iners’ Eight-Hours Bill, recently passed by the 





Lower Chamber, provided for permissible overtime to 
the extent of 30 hours per man per year. In order 
to maintain the coal output at its present level, the 
Upper Chamber decided to increase the permissible 
overtime to 150 hours per man per year. The miners 
demand the return to the 30 hours overtime, and take 
the opportunity for rie the abolition of long shifts 
and the imposition of a fine upon men who remain 
longer than eight hours in the pit. In a former Bill 
passed by the Upper Chamber, the limit for overtime 
was 90 hours per man per year, an additional clause 
providing that Government would have the power to 
increase this to a maximum of 150 hours should the 
coal output under normal working conditions become 
insufficient. According to the present Bill, against 
which the miners are fighting, the 150 hours would no 
longer remain a maximum, since Government wishes 
to retain the right to extend it when there occurs 
insufficiency in the coal supplies. The new Three 
Years Army Service Bill is held to be msible for 
the Upper Chamber’s attitude ; the fact that the men 
have to remain longer with the colours would tend to 
reduce the coal output. 





NOTES FROM THE UNITED STATES. 
PuILaDELPHIA, November 12. 

THe unusual quietude in the steel market during 
the past week seems to be the usual result of a shading 
in prices which has resulted in a sagging demand. 
Ordinarily one would suppose that a general though 
slight shading in prices would induce orders, but the 
contrary effect is apparent. The new tariff has not 
developed foreign competition, though some little 
business has been done for Pacific Coast delivery. 
American buyers will not take advantege of even one 
or two dollars per ton, considering the advantage of 
having the manufacturer within arms-reach at home. 
All current buying is done in a hand -to- mouth 
way, though there is a very large volume of 
business in sight, which it is expected will certainly 
be ?_—— before the holidays. The wheat acre 
is the largest ever sown, the general crops outside 
of maize are enormous, and these fundamental condi- 
tions are ed as a favourable basis for future iron 
and steel activity. Tin-plate prices for 1914 were 
fixed this week at a reduction of 4 dols. per ton under 
previous prices. The Steel Corporation’s unfilled 
tonnage declined 350,000 tonsduring October. Bessemer 
and basic has dropped 0.50 dol. within a week. And 
yet fundamental conditions are sound, and the founda- 
tion is being laid fora heavy demand. During the 
eo contracts were placed for 6100 tons of rails, 

cars, 92 locomotives, and 2300 tons of structural 
material. Inquiries are in hand for 9900 tons of steel, 
of which 2000 tons are for Hawaii and 2100 tons for 
Puget Sound improvements. The Hawaiian material 
is be improvements in Pearl Harbour. Orders are 
nding for 5000 tons of reinforcing bars for the 
assachusetts Institute of Technology. 

It is uncertain how long the present overcaution 
will be maintained in buying, but it is reasonable to 
infer that large interests will hesitate until satisfied 
that the recession in prices has about reached its 
limit. The bar mills are unable to maintain Oocto- 
ber activity, and sheet and merchant steel are also 
suffering. 





Tue Late Mr. Ropert Trervusis MALLeT.—We 1) 
to have to record the death, which occurred on the 16th 
inst., of Mr. Robert Trefusis Mallet, formerly chief 
engineer to the Indian Railway service. Mr. Mallet 
entered the Bombay Public Works Department in the 
commencement of 1868, and shortly afterwards he was 
appointed executive engineer to the Punjab North State 

ilway. He carried out important construction work 
in Northern India. He was responsible for the building 
of several of the Indian railways, among which we may 
mention the Rewari-Firozpur Railway, including the 
Firozpur Bridge, and large sections of the North-Western 
State Railway. Mr. Mallet was a member of the Insti- 
tution of Civil om and was seventy-six years of 
age at the time of his decease. 


Piovcuine By O1t-Tractrors.—At a ploughing test 
conducted near Gainsborough last month an oil-tractor, 
built by Messrs. Marshall, and Co., Limited, Gains- 
borough, is claimed to have made a record. 6 
tractor hauled a ‘‘ Howard” 10-furrow plough, and ordi- 
nary paraffin was used as the fuel. A tabulated state- 
ment of the performance of the tractor is given below :— 


Amount of land ploughed during test .. 2.93 acres 
Amount of fuel used. . ie os ~ 9 gallons 
- ~ per acre se wa 8.07 90 

Depth ploughed : oe es o 8 in. 
Number of furrows .. oe ¢e ee 10 
Width offurrows... os és 14 in, 
Width of land ploughed at one time 11 ft. 8 in. 
Time taken to plough 2.93 acres .. > 55 minutes 
Total square inches of land cut cross- 

section - ee - 1120 + in. 
Ave draw-bar pull 7000 Ib. 
Len offurrow.. - - ee 297 yards 
Length of empty run round eachend .. 50 yards 

on engine 6 oe oe wm §ths of total. 


Remarks :—Land undulating; stubble. Medium clay 
soil, hard-bottomed where share-points worked, 
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THE ROYAL METEOROLOGICAL SOCIETY. 


Tuk first monthly meeting of the Society for the session 
was held on Wednesday evening, the 19th inst., at the 
Institution of Civil Engineers, Great George-street, West- 
minster, 8S.W., Mr. C. J. P. Cave, President, in the chair. 

Mr. W. H. Dines, F.R.S., read a paper on ** The Daily 
Temperature Change at Great Heights.” When observa- 
tions by means of registering balloons were first started in 
England, in 1907, it was soon found that the effect of 
solar radiation upon the thermograph was a matter that 
must be reckoned with. To avoid the trouble, balloons 
were mostly sent up a little before sunsei, and this 
ed continued till the meeting of the International 


mmittee at Monaco in the spring of 1909, At 
that meeting the time of 7 a.m. was fixed for the 
internatio ascents, 7 a.m. being the time for which 


the morning weather chart is drawn. Since then 
ascents have been made in England at the ified 
time—viz., 7 a.m. on the twenty-three specified days per 
annum. But other ascents have also been made on the 
international days and on days of special meteorological 
interest, such as the occurrence of thunder or of a very 
high or very low barometer, and such ascents are mostly 
madé in the evening. Some two hundred good observa- 
tions have been made in the British Isles, reaching to 
about 16 km., concentrated into two nearly equal groups, 
one with its centre two hours after sunrise, and the other 
about a quarter of an hour after sunset. Mr. Dines has 
carefully discussed these records, and finds that above 
2km., and up to the isothermal column, the daily range 
of temperature, if it exists at all, does not plier 2 deg. 
Cent., and that the maximum is in the afternoon or 
evening. : 

Mr. fi. Harries gave an account of some experimental 
observations which he had made on the eddy winds of 
Gibraltar. Tho rock rises to 1400 ft., and is very excep- 
tionally situated at the entrance to the Mediterranean, 
and consequently gives rise to great eddies of wind. Mr. 
Harries, on two visits to Gibraltar, made some observa- 
tions on these eddies at the summit signal-station, 1310 ft., 
by means of small balloons and pieces of wadding and 
wool. As the observations were carried out under nearly 
calm and also under very windy conditions, the results 
are both curious and interesting, and may help to throw 
light on some of the atmospheric disturbances which are 
a source of trouble to aviators. 





THE EROSION OF BRONZE PROPELLERS. 
To THE Eprror oF ENGINEERING. 

Sirz,—Owing to Mr, William Ramsay, F.I.C., having 
the same name as mine, I understand that the opinions 
which he expresses in an article in ENGINEERING on 
May 24, 1912, page 687, and in a letter dated July 12, 
1912, page 59, in reply to one of June 28, 1912, page 884, by 
Dr. Silberrad, criticising his articles, have sometimes been 
attributed to me. I should like to express my views on 
this subject in so far as they do not entirely agree with 
those of my namesake, 

The point at issue appears to be as follows :—Mr. 
Ramsay attributes the deterioration suffered by high- 
speed propellers primarily to galvanic corrosion, brought 
on by a difference of potential between various parts of 
the propeller being strained to a different extent, and he 

ards the wear of the water—i.¢., erosion proper—as 
being a minor factor. Dr. Silberrad, on the other hand, 
is of opinion that this latter (erosion proper) is the 
primary cause, and that other influences take an alto- 
gether secondary place. 

After carefully considering the matter I am of the 
opinion that Dr. Silberrad is correct, and that the phe- 
nomenon is precisely similar to the well-known example 
of a sand-blast. My reasons for coming to this conclusion 
are as follow :— 

1. I can detect no difference between the > 
starting from notches and shackle-holes—which both the 
above-mentioned gentlemen attribute to erosion proper— 
and the patches occurring elsewhere, concerning which a 
difference of opinion arises. ; 

2. It appears to be that no deterioration occurs 
below a certain critical velocity, but above this velocity 
the erosion is very rapid. If the primary cause be erosion, 
then we should expect this; whereas if the defect were 
primarily due to corrosion, we should expect a certain 
amount of solution to occur the whole of the time that 
the propeller was subjected to any strain at all. 

3. The fact of the zinc plates being in uninterrupted 
metallic contact with the propeller through the propeller- 
shaft renders the effect of any local potential difference 
due to strain negligible. : 

I picture to myself this state of affairs :—Supposing, 
for the sake of argument, that there is a difference of 
potential between the strained and unstrained parts of 
the bronze, then there is constant flow of electrons from 
the zinc to the unstrained bronze, preventing it from 
ee ionised and going int solution. To an — 
area of the strained bronze there is also a flow of eleo- 
trons, but somewhat smaller in number, which, were the 
unstrained bronze not present, would also keep it from 
dissolving. I confess I cannot see why, if the zinc is able 
to protect each separately, it should not protect both 
together. The dissolving of the strained portion would 
mean the escaping of the ions from its surface into solu- 
tion—that is, electrons moving against the current of 
electrons to the zinc—and that a) to me very im- 


pa But this isa problem which could be solved 
y ex 


periment. es : 
4. The following details in the history of this subject 
are sufficient :— S tie 

(a) Dr. Silberrad was the first to submit this subject 
to systemati and asa result came to the con- 
clusion that erosion was the primary factor. 





(b) Dr. Silberrad then proceeded to devise an alloy 
specially adapted to resist this frictional wear—which, 
by the way, from its composition, should be more sus- 
ceptible to —— difference brought about by strains 
than the old alloy. 

(c) Alloys of this structure have been adopted through- 
out the world for high-s propellers, and have shown 
fe on the whole, very much superior to the old 

ronze. 

It seems therefore only reasonable to assume that Dr. 
Silberrad’s conclusions must have been fairly correct. 

To sum y bg ape there appears to be no doubt as 
to the fact that it is only in the case of propellers rotating 
at a very high velocity that erosive or corrosive effects 
have been observed. Mr. Ramsay would call it corrosion, 
and attribute it to difference of potential brought about 
by the strained bronze; Dr. Silberrad refers to it as 
erosion, and attributes it primarily to friction with the 
water. It appears to me that the latter is undoubtedly 
correct; for if propellers are constructed of bronzes 
batter adapted to resist friction, erosion no longer takes 
place under normal conditions, and under abnormal con- 
ditions it is much less than that in the bronzes formerly 

It appears to me highly probable that the erosion 
of the strained om of the propeller may well | 
greater than in the unstrained portions, just as 1b is easier 
_—_ a bent bough on the convex than on the concave 
side. 

This seems to have been very fairly put in Dr. 
Silberrad’s letter of June 24, 1912, where he says :—‘‘ In 
expressing views not entirely in accord with Mr. Ramsay 
I do not wish to depreciate the value of his article, for 
his suggestion that prupellers under great strain may be 
more subject to erosion seems to be one of great value.” 

Yours faithfully, 
Wiiiam Ramsay. 
19, Chester Terrace, London, N.W., October, 1913. 





CORROSION OF STEEL WATER MAINS. 
To THE Enitor oF ENGINEERING. 

S1r,—It is with regret that we learn from your issue of 
November 14 that your correspondent does not think any 
pur; will be served by further correspondence. The 
engineering world, we are afraid, will have the greatest 
difficulty in accepting the view that it was external 
corrosion that brought about the reduction of 25 to 40 per 
cent. within five years in the discharge from the Gold- 
fields main, and wil!, no doubt, attribute the failure to 
the internal condition of the pipe. 

A strong point has been made of the distinction 
between coating and wrapping, but the real issue is 
the question of the sufficiency of any protection to 
prevent destructive oxidation. It is on the protection 
that the life of steel mains depends, and if the protec- 
tion gives way the steel gives way ; as in the Goldfields 
case, five years may see the discharge reduced by over 
40 per cent. ; or, as in other cases, like Ladysmith and 
Port Elizabeth, the pipes may have to be abandoned 
within ten to fifteen years. The outside wrapping does 
save the pi for a limited time, but piping under 
normal conditions must necessarily be expo: to the 
action of moisture, change of temperature and currents 
of air and gases, and, if underground, to the conditions of 
alternately dry and moist soil and acids from the earth. 

Protection of any kind is not sufficient to save steel 
from rust, as air in the pipes is a cause sufficient to set 
up corrosion internally, and did so to a serious extent in 
Australia. ll waters contain not only air, but other 
ingredients that supply the very conditions for active 
rusting, and cases are constantly occurring where, even in 
lines well preserved on the outside, internal corrosion 
works for rapid destruction; certain steel piping in 
Bombay so treated gave out in less than five years. 

The obvious conclusion is surely that steel of itself is 
so unreliable for water or gas mains, and so readily 
attacked by rust, that one has to depend upon the protec- 
tion, and has been found lamentably unreliable. On 
the other hand, cast-iron pipes are commonly used with 
a much greater margin of safety, to begin with, and rust 
acts differently on cast iron, as, after having penetrated 
to an infinitesimal depth, its further progress is arrested. 
Samples of cast-iron piping, taken up atter having been 
in service sixty to seventy years, and others in use to-day 
after over eighty years, are reported practically as good as 
new, and there are cases where cast-iron pipes have been 
250 years in service. 

Yours faithfully, 
Ropert MactaRen AnD Co., Limitep, 


A. N. MoQuistan, Managing Director. 
Eglinton Foundry, Glasgow, November 18, 1913. 





PgRsONAL.—We are informed that Mr. H. S. Wain- 
wright, J.P., has, owing to ill-health, resigned his appoint- 
ment as chief locomotive engineer at the South-Eastern 
and Chatham Company’s Works, Ashford.—Mr. Leo G. 
Smith, who has been Superintendent of the Open-Hearth 
Works, of the Prime Steel Company, Milwaukee, since 
March, 1912, was, on October 1, made works manager of 
that plant and also of the crucible plant. 


Contracts. —Messrs. Maxted and Knott, Limited, have 
p= an order, on behalf of the British Portland Cement 

lanufacturers, heramorne Lime Works, near Larne, 
with Messrs. Ed. W. Bennis and Co., Limited, Little 
Hulton, Bolton, for a coal-conveying plant. It consists 
of a series of three Bennis standard band-conveyors and 
accessories. These conveyors will receive the coal from 
the boats, and transport it into the overhead coal-storage 
a oe main fe pe a is one up an a = 

@ greater portion of its length. © capacity of t! 
plant is 80 tons of small coal per hour. — 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morni 
the pig-iron market opened with a firm tone and 
tons of Cleveland warrants were done at 493. 7d. cash 
and 493. ~~ one month. Closing sellers quoted 49s. 74d. 
cash, 49s. 104d, one month, and 50s. 4d. three mont 
In the afternoon the market was the turn easier, and 
2500 tons of Cleveland warrants changed hands at 49s. 6d. 
cash, and at the close sellers named 49s. 64d. cash, 
49s. 10d. one month, and 503. 4d. three months. On 
Friday ny | there was little doing and Cleveland 
warrants were dull. The turnover consisted of two lots at 
49s. 5d. cash and 49s. 7d. seventeen days, and sellers’ 
closing quotations were called 493. 6d. cash, 49s. 9d. one 
month, and 50s. 3d. three months. The afternoon ses- 
sion was dull, and business was limited to 1500 tons of 
Cleveland warrants at 493. 5d. cash, 49s. 8d. one month 
and 49s. 1ld. two months. At the close the quota- 
tions were 49s. 54d. cash, 49s. 84d. one month, and 
50s. 3d. three months sellers. There were also sellers 
of hematite at 62s. 6d. three months, but no buyers. 
Oa Monday morning there was a sharp decline in Cleve- 
the dealing, which amounted to 
2000 tons, was at 483. 104d. cash, 49s. 14d. fifteen days, 
49s. 5d. two months, and 49s. 9d. three months. The 
closing quotations were 48s. lld. cash, 49s. 24d. one 
month, and 49s. 84d. three months sellers. One lot of 
hematite was also done at 61s. 3d.cash. In the afternoon 
the market was almost unchanged in tone, and one lot of 
Cleveland warrants was done at 48s. 104d. seven days, 
with closing sellers at 48s. 104d. cash, 49s. 2d. one month, 
and 49s. 8d. three months. On Tuesday morning the 
market was just the turn easier, and business was con- 
fined to 3000 tons of Cleveland warrants at 48s. 104d. 
thirteen days, 49s. twenty-two days, and 493. 1d. 
one month. At the close sellers named 48s. 10d. cash, 
49s. 14d. one mouth, and 49s. 74d. three months. The 
afternoon session was a little firmer, but only one 
Cleveland warrant was dealt in at 483. 104d. three 
days, and the closing prices were 48s. 11d. cash, 49s. 3d. 
one month, and 49s. 9d. three months sellers. When 
the market opened to-day (Wednesday) there was a 
better feeling, and prices of Cleveland warrants re- 
covered from 3d. to 4d. per ton. The buying amounted 
to 4000 tons at 49s. cash, from 49s. 44d. to 49s. 6d. one 
month, at 493. 9d. two months, and from 49s. 74d. to 
49s. 114d. three months, and the close was firm, with 
sellers at 49s. 3d. cash, 49s. 6d. one month, and 50s. 
three months. The afternoon session was quite idle, 
but Cleveland warrants remained strong, and sellers 
uoted 49s. 4d. cash, 493. 74d. one month, and 50s. 1d. 
three months. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is weaker, and the demand has fallen off a bit. 
The price at which sellers are willing to do business this 
week is 132. per ton for prompt delivery, Glasgow or Leith, 
but buyers only offer 12/. 17s. 6d., and even less. 


Scotch Steel Trade—Prices Reduced.—In the Scotch 
steel trade two most important things have taken place 
since last report, and these are the abandonment of the 
rebate system and another reduction of 10s. per ton in 
the prices of plates and angles. These alterations were 
agreed upon at a meeting of the Scotch and English 
steelmakers, held at Newcastle last Friday. In certain 
ayn the rebate a ag = has | in force 
or two years, was never loo upon with an \) 
favour, and now that it has a its pt cs 
will, in all probability, be beneficial to all concerned. 
The further reduction in prices will now bring the 
home products more into line with the German article, 
and to the advantage of the local maker; but it is 
too soon yet to note any improvement in conditions. 
Meantime there is a scarcity of demand, and mills are 
only partially employed. This state will continue for 
a little yet, but great ho are entertained that 
a@ good outcome may result from the important meeting 
of the steel trade which has been convened for Frida 
of this week in London. The general business whic 
has been passing lately has mostly been for small 
lots, and inquiries have also been of a very limited nature. 
Black and galvanised-sheet makers continue to be very 
quiet, and as they have made a reduction of 5s. per ton 
in their — they are hopeful that some more business 
may be ked ore long. In the case of structural 
steel works employment is good and makers are we & 
The general export trade is dull, with one or two bright 
ype me | Australia and South America. e 
official prices of plates and oon are now 6/. 7s. 6d. and 
6l. per ton respectively, each less 5 per cent. delivered 
Clyde or equal. It isinteresting to note that these prices 
are 2/. per ton down since the first week of August. 


Malleable-Iron Trade— Prices Reduced.—Makers of 
malleable iron in the West of Scotland are still very 
quiet and there is little sign of the trade reviving yet. A 
move has just taken place which may lead tc an increase 
in the number of specifications, but several days must 
elapse before any difference can be noted. The move 
referred to is a reduction in prices to the extent of 5s. 

ton, which was agreed ro at a meeting of the mal- 
ble-iron makers, held in Glasgow, on Monday of this 
week. ‘‘ Crown ” bars are now 32s. 6d. per ton lower than 
they were at the beginning of the summer, and it is hoped 
that the latest reduction may lead to an improvement in 
orders. The current prices are now based on 6/. 17s. 6d. 
a ton, less 5 per cent., for ‘‘crown” bars, home 
elivery; and pte oy export quotations are unchanged, 
there is little doubt but that they will also be shaded 
where necessary. 


Scotch Pig-Iron Trade.—Little change can be reported 
in the state of the Scotch pig-iron trade, as there is no 
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pressure for deliveries. The demand for the No. 1 
qualities is fairly feo. but inquiries all over are nob 
i he number of furnaces in blast has 
y one, and now stands at 79, and 
although there is a dullness in the trade, the s 
are not being increased to any considerable extent. 
The following are the market quotations for makers’ 
at 1) iron :—Clyde, 71s. 6d. ; ~—— = 
i 


ummerlee, and Langloan, 72s. ped at 
G w); Gl (at Ardrossan), 723. ; Shotts A 
Leith), 723.; and Carron (at Grangemouth), 73s. e 


demand for hematite has not improved, and stocks are 
increasing. The price may be taken at from 74s. 6d. to 
75s. per ton. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

German Dumping.—The steel-smelting trade is expe- 
riencing a period of acute depression, largely owing, it 
is pmrm | to German subsidised competition, and though 
the rumour that a Government investigation has been 
ordered has not received much confirmation in Sheffield 
manufacturing circles, it is freely admitted that Germany 
is pursuing an exceedingly active policy of dumping here 
in increased quantities, and at rates at which local 
smelters cannot hope to compete. There is a surplus of 
billets and rods which, in the present slack period of her 
home trade, Sheffield cannot consume. This, of course, 
does not affect the high-class tool-steel material that Shef- 
field so largely deals in. Another somewhat disconcerting 
development has been the establishment in Sheffield, for 
the purpose of supplying cheap drop-forged cutlery blanks, 
of a company that has a German manager, employs 

German workmen only, and uses German machinery. 


South Yorkshire Coal Trade.—Despite a marked diminu- 
tion in the manufacturing demand, the industrial position 
is steadily improving now that the tracted labour 
unrest in the engineering trades of Sheffield has ended 
in a settlement, in which considerable concessions have 
been made to journeymen moulders. Manufacturers 
confidently predict easier values in view of the decline 
in the general steel trades, coupled with the fact that 
the shipping season is on the wane, and they are there- 
fore holding off at the present time. The demand for 
steam coal is fairly well maintained, although there 
is less freedom in the removal of outputs. A decline in 
the tonnage for shipments has influenced the collieries to 
reduce the rates for large purc in open-market sales. 
Forward business is considerably hampered by the disincli- 
nation of collieries to meet buyers respecting contract prices. 
The house-coal trade is sluggish, and stocks are rapidly 
accumulating. Inland works are y vy Fe good deal of 

coal on contract account, and the shipment of fuels 
is also on the increase. Slacks of descriptions are 
easier, special lots being offered at reduced rates. Cokin 
smalls are similarly —- Quotations :—Best bran 
hand-picked, 17s. ; ey best Silkstone, 14s. 6d. to 
16s. 6d.; Derbyshire hts, 12s. to 13s. 6d.; Derby- 
shire best house, 11s. 6d. to 12s. 6d. ; best large nuts, 11s. 
to 12s. ; small nuts, 93. to 10s.; Yorkshire hards, 11s. 
to 12s. 9d. ; Derbyshire hards, 10s. 9d. to 11s. 9d. ; rough 
a to 8s.; seconds, bs. 9d. to 6s. 9d.; 
4s. to 





Iron and Steel.—The local iron market remains firm, 
with prices unch , except for a slight further 
reduction in certain of cheaper pig. A welcome 
feature is the increased amount of hematite that is going 
into local consumption, but in other sections there is con- 
siderable stagnation, and stocks are rising. Owing to 
the unremunerative character of current rates a number 
of brands of iron have disappeared from the market. 
Forward buying is falling-off. Forge iron isin very weak 
demand, though specifications for foundry sorts are 
liberal. The heavy steel industries have brightened up 
to a very appreciable extent. This is mainly due to the 
settlement of labour trouble in the engineering trades. 
Messrs. Davy Brothers are making rapid headway with 
the 12,000-ton armour-plate bending-press that they are 
erecting for Messrs. Cammell Laird and Co. The latter 
have just sent away two owe rudders for liners that are 
being built on the Clyde. yy wide for conveyance 
by rail, they were carried to the coast by motor, and 
placed on . steamer for , aon — eo pong 
‘oundry and Engineeri: mpany have secu an 
order from the London "County Council for the steam- 
generating plant, heating, ventilating, and hot-water 
service installation for the new asylum to be built at 

m. The contract is valued at over 20,000/., and will 
take two years to complete. The Koppers’ Coke-Ovens 
Company, Sheffield, have obtained large contracts for 
coke ovens aggregating between 200,000/. and _ 300,000/. 
in value. They are erecting 120 ovens for the Yorkshire 
Coking and Chemical Company, and 40 ovens for the 
Tinsley Park Colliery Company, while for the 
Fleet Company they are sees a third battery of 
50 ovens, and are remodelling the company’s whole 150, 
completing them with the latest by- uct plant for 
making rectified benzol, to be used as a substitute for 
motor spirit. They also have in hand contracts in Cum- 
berland and for the Ebbw Vale Company, and are now 
completing a big installation of ovens-and plant at the 
Birmingham Corporation’s Saltley Gas Works. There 
isa bigger demand than ever for motor steels. The boom 
in tool steels continues. 





Paris METROPOLITAN RaiLway.—After a long period 
of depression, occasioned by severe tramway competition, 
the revenue of the Paris Metropolitan Railway appears 
to be again reviving. The receipts for the last ten da 
of October amounted to71,082/., or 7327. more than in 
corresponding period of 1912. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
flat, and business is on a limited scale. Prices, 
especially for Cleveland kinds, are below what the 
situation warrants, and, in fact, current quotations for 
Cleveland x are several shillings below cost of pro- 
duction. ess conditions alter very shortly, either by 
advances in pig-iron quotations or reductions in costs of 
raw material, more blast-furnaces will have to go out of 
operation. The present position is unprecedented, for 
on previous occasions of fall in values of pig, cost of 
make has been reduced in something like proportion, 
but with the present drop in pig, coke has actually risen. 
Readjustment, however, is anticipated. Notwith- 
standing the present pessimistic feeling, there is un- 
doubtedly a trade to be done if the market 
was more settled. For the present, however, makers 
act with much caution, pol will not commit them- 
selves ahead, whilst consumers are not disposed to operate 
until the situation is more clearly shown. No. 3 g.m.b. 
Cleveland pig has sold at 49s. 6d. for early f.o.b. de- 
livery, but the lw is now fully 49s. 7h4., whilst 
No. 1 is 52s.; No. 4 foundry, 49s. 3d.; No. 4 forge, 
49s.; and mottled and white iron, each 48s. 9d. So 
far as can be ascertained, there is nothing passing in East 
Coast hematite pig. Offers to sell Nos. 1, 2, and 3 at 
61s. 9d. for either early or forward delivery have failed 
to induce business, buyers’ idea being that the price 
should be 60s., and there is a prevailing impression that 
before long contracts over periods of next year will be 
made at round about the latter figure. Foreign ore prices 
are at length showing a downward tendency. Some 
sellers still quote on the basis of 19s. ex-ship Tees for best 
Rubio, but business could be done at the rate of 18s. 6d., 
and perhaps even less. Coke is still very scarce. Nothing 
below 18s. 6d. is named for average t-furnace kinds 
delivered at Tees-side works, and up to 19s. is reported 
to have been realised. 


Stocks and Shipments of Pig Iron.—The quantity of 
Cleveland ig now standing in the public warrant stores 
here is 151,87 tons, all of which, but 43 tons of standard 
iron, is No. 3 quality. So far this month the stock has 
been reduced by 6384 tons. Shipments of pig iron from 
the Tees are on a satisfactory scale. To date this month 
they average 3430 tons per. a ny 5 day, the total 
despatches reaching 54,889 tons. To the same date last 
month the total loadi were returned at 51,129 tons, 
or @ daily average of 3195 tons; and for the correspond- 
ing part of November last year the clearances amounted 
to 53,801 tons, or an average of 3366 tons per working day. 


Manufactured Iron and Steel.—There are few changes 
of moment in the various branches of the manufactured 
iron and steel industries. Most firms are very busy on 
contracts made some little time ago, but new orders come 
slowly to hand. A substantial contract for pipes for 
South America, however, is understood to have been 


9d. | secured by a Middlesbrough firm. The order is said to 


be approaching 40,000 tons. A few orders for railway 
material are reported. Principal market quotations 
stand :—Common iron bars, 7/. 10s.; best bars, 7/. 17s. 6d. ; 


best best bars, 87. 5s.; iron, 61.; iron ship-plates, 
61. 15s.; iron shi les, 72. 10s. ; 3 or 10s. ; 
steel bars, 6/. 15s. ; steel ship-plates, 6/. ; steel ship- 


angles, 61. 7s. 6d.; steel boiler-plates, 7/. 15s.; steel joists, 
61. 12s. 6d. ; steel hoops, 7/. 10s. ; steel strip, 7/. 5s.—all less 
the customary 24 per cent. discount; cast-iron columns, 
71. 7s. 6d.; cast-iron railway chairs, 4/. 15s.; light iron 
rails, 7/.; heavy steel rails, 6/. 10s.; steel railway slee: 

71. 10s.—all net at works; and vanised corruga’ 
sheets, 24 gauge, in bundles, 11/. f.o.b.—less the 
4 per cent. 








Tue INsTITUTION OF AUTOMOBILE ENGINEERS.—At the 
last meeting of the Council of the Institution of Auto- 
mobile Engineers it was decided that the summer visit 
for 1914 should be paid to Belgium. It is probable that 
Brussels will be made the headquarters, and excursions 
will be made from there each day to visit steel works, 
ox wed works, and works of makers of motor-car parts, 
together with one or two motor-car factories. This will 
occupy four days ; the fifth = | will nape ef be spent in 
Ghent inspecting the historical features of the city com 
bined, if possible, with a visit to the works of Messrs. 
Carels Freres. tailed particulars of the trip will be 
issued later. 





Tue ImpeRIAL Motor Transport Covuncit.—This 
Council has been formed as the result of a resolution 
unanimously by those attending the Imperial 
Motor Transport Conference held in London in July last. 
Its principal objects are to act as “a clearing-house of 
ideas” on all matters relating to motor transport through- 
out the Empire; to advise and consult with associated 
bodies and correspondents throughout the Empire who 
may require information on questions coming within the 
scope of the Council, or who may desire to’ put before 
manufacturers statements of the conditions and require- 
ments existing in various portions of the Empire; to 
organise further conferences when such appear advisable 
in the interests of manufacturers and users; to form 
expert committees to consider any special matters of im- 
portance to which the attention of the Council may be 
drawn by epee aes or associated bodies ; 
and to publish F + ical reports from information 
received through the medium of a system of correspon- 
dents throughout the Empire, and to arrange for the 
publication of matters relating to motor transport which 
would benefit by publicity. Council has offices at 
the Roya! Automobile Club, Pall Mall, London, 8. W. 


usual | Will afford a a opportunity of bringing 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown somewhat 
increased strength. Notwithstanding stormy weather, 
sufficient tonnage arrived over the week-end to keep 
shippers well occupied, although some difficulty was 
experienced in obtaining sufficient coal to meet current 
engagements. The Senghenydd and Llanbilleth pits 
have continued idle, and other local difficulties have also 
ont to a - en | ee Bae circumstances ~ 
tendency of prices, so far as steams are concern 
has been still upwards. House coal has ruled firm, and 
No. 2 Rhonddas have been slightly higher. The best 
Admiralty large steam coal has made 20s. 6d. to 2ls. 
ton ; the serene ee Se, Ste. | other 

descriptions, 188. 9d. to 19s. 3d. ; best bunker 
smalls, 10s. 9d. to 1ls.; and cargo smalls, 7s. to 7s. 9d. 
= ton. The best household coal has been quoted at 

9s. to 208; good households at 17s. to 18.; No. 3 
Rhondda large at 16s. 6d. to 17s. ; and smalls at 12s. to 
12s. 6d. per . No. 2 Rhondda large has brought 
13s. 3d. to 13s. 9d. ; and No. 2 smalls, 8s. to 8s. 6d. per 
ton. Special foundry coke has realised 27s. 6d. to 288. 6d. ; 
good foundry coke, 23s. to 25s. ; and furnace coke, 19s. 
to 2ls. per ton. As regards iron ore, Rubio has 
ee 18s. poate 19s. gph Fe hg 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Welsh Coul for Belgium.—Contracts have been let for 
80,000 tons of bituminous smalls, to be delivered over 
next year, for the Belgian State = Among the 
orders secured are :—Messrs. Morgan, Wakley and Co., 
40,000 tons ; Messrs. Pyman, Watson and Co., Limited ; 
Messrs. Tabb and Burletson, Newcastle and Cardiff ; and 


i 


Mr. Hugo Stinnes, The contract prices range from 12s. 
to 12s, 4d. per ton, freight charges included. As was to 
be expected, most of this year’s coal and patent fuel con- 


tracts for the Belgian State Railways, amounting to about 
2,500,000 tons, have been let to Belgian colliery-owners 
and patent fuel producers. 

Dowlais.—The blast-furnaces, as well as the Siemens 
and Bessemer furnaces, have been working as usual. The 
Goat Mill has been fully occupied with heavy steel rails, 
billets, tin-bar, &c., and the sleeper press has turned out 
a good quantity of metallic ent-way material upon 
foreign and colonial account. The Big Mill has been 
engaged, as usual, upon fish and sole-plates, besides light 

ils in short lengths for colliery and tipping purposes, as 
well as curves, angles, &c. 

Langstone.—A scheme is in hand for the development 
of Langstone Harbour to the eastward of Portsmouth. 
Langstone is connected with Portsmouth by a narrow 
creek over which there are vehicular and railway bridges. 
A company has been formed, with a capital of 37,000/., 
to construct docks and wharves, and to connect Lang- 
stone Harbour with the London and South-Western and 
the London, Brighton, and South Coast Railways. 





Tue Sun-Power IRRIGATION PLant aT Mean, Carro. 
—On hte gery A last Mr. Shumann showed on the cine- 
matograph at the Shaftesbury Pavilion the ern 
irrigation plant which is now working at Meadi, Cairo. 
The views illustrated the installation of reflectors, the 
device for causing these to revolve and maintain constant 
their position towards the sun, and a horizontal steam- 
engine weg the — and running at full speed on 
steam supplied by the reflector boilers. 





ANGLO-AMERICAN Exuisition.—The Committee of the 
Engineering Section of the Anglo-American Exhibition, 
London (May to October), 1914, state that this —e 

ritis 
gana | manufactures to the notice of visitors from 
all parts of the world. The members of the American 
committee are evincing the keenest interest in the 
Exhibition, and it is expected that the exhibits from 
the United States will be of the highest order. 





Tue Copper Market.—In their report of the 17th inst. 
essrs. James Lewis and Son state that the much-adver- 
tised impending ‘‘copper famine” had failed to materialise, 
and the purchasers of practically the whole of the available 
stock had evidently lost confidence in its possibility, and 
had realised their holdings, sales of Standard having 


-| been made by them. The result had been a rapid fall in 


the market price of Standard of 5/. 17s. 6d. per ton— 
from 731. for cash on the 3rd inst. to 67/. 2s. 6d. on the 1 
when three months ntony A sold at 66/. 15s. Values h 
since fluctuated between 68/. 15s. and 67/. 10s., closing on 
the 17th at 67/. 15s, cash and 66. 15s. three months. 
Sales amounted to about 33,000 tons. The demand for 
refined copper had reduced to a minimum, and 
electrolytic was now offered at 72/. per ton c.i.f., and 
154 cents per pound. Very little copper had been bought 
by American manufacturers, and the brass mills were 
running on reduced time. American refiners’ returns 
sho an increase in production for October of 2050 
tons over the average of the previous nine months, with 
a large daily decrease in both the home consumption and 
exports as compared with the two previous months, and 
an increase in stocks of 1239 tons during the month. 
In order to reduce the stocks on this side 1000 tons of 
U.A. copper had been shipped to the United States, and 
will for some time be lost sight of. During October 1775 
tons of Rio Tinto copper arrived there, instead of going to 
increase the Swansea stocks. It was evident that a stead 
increase in American stocks would in future be seen, with 
diminishing consumption both in the United States and 
Europe, and ex ling production generally. The 
Calumet and Hecla Mines were now operating at nearly 
their full capacity. American shipments for the past 





fortnight amounted to 13,685 tons. 
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AGENTS FOR ‘“ ENGINEERING.” 


Avsrratia: Gordon and Gotch, Limited, Melbourne; Sydney; Brisbane ; 
Perth. Turner and Henderson, Sydney, N. 8. = A Witlmett and 
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CAPITAL AND LABOUR AND THE 
STATE. 


Tue publication of the prospectus of the United 
Kingdom Employers’ Defence Union, the decision 
of the railway workers to give notice of the termi- 
nation of the conciliation scheme set up by the 
Government, and the pregnant remarks of Mr. 
William Beardmore at the launch of the Benbow— 
all contributions to the ever-present labour prob- 
lem—call for consideration together. This associa- 
tion of the three labour incidents of the week is 
justified because each brings into prominence the 
fact, too often forgotten, that in every conflict 
between capital and labour the State is directly con- 
cerned, apart altogether from the indirect injury 
which it may suffer in relation to the utilisation of 
capital, represented by plant, by lack of conscien- 
tious and continuous work on the part of all handi- 
craftsmen. Both these phases of the question—the 
direct and indirect influences—were referred to by 
Mr. Beardmore. It must be ised that, how- 
ever much the Board of Ad ty may strive to 
maintain our naval strength in correct relation to 
that of other Powers, the ultimate result must de- 
pend largely upon the will of the worker. There is 
no lack of enterprise on the part of the manage- 
ment of our great naval construction firms—inven- 
tive genius is encouraged, the most effective of 
mechanical appliances are sup) lied, and every 
inducement is offered to all workers to make the 
best use of these for their om financial benefit 
and the national advancement. Concessions have 


1! been made in regard to labour conditions which, 
693 | especially recently, may not have always been justi- 


fied by the condition of the market. But in eve 
private establishment work has been greatly delay 


.|owing largely to the bad time-keeping of certain 
696 | Classes of workmen. 


Every increase of wage seems to result, in the 
shipbuilding yards at all events, on the part of a 
great number of the men, in a reduction of the 
hours devoted to labour, there being lack of am- 
bition to protit from increased rate of wages 
otherwise than by working shorter hours for the | a 
same sum. In private shipyards the proportion | t) 
of lost time on the part of workers Sates the 
past twelve months averages about 25 per cent. 
of the hours per week which should be worked, 
and this, too, notwithstanding that the past 
summer and autumn have been exceptionally dry, 
so that the loss cannot be attributed to inclement 
weather. In the Dockyards, on the other hand, 





the lost time is only from 4 to 5 per cent., and is 
then almost entirely traceable to sickness. The 
state of affairs in private works is further aggra- 
vated by the arrangement that overtime is reckoned 
as excess over the hours per day, and not of the 
hours per week, so that there is the remarkable 
fact that a man who has put in, say, only forty hours 
in a week may include in this four or five hours of 
overtime at extra pay. The trade unions have 
the power to enforce penalties for irregular work- 
ing, and this week warning has been given to the 
ironworkers, in some of the branches, to the 
effect that unless better time is kept. default- 
ing members will be dealt with according to 
the rules. At the same time attention is called 
to the fact that men leave work 10 or 15 
minutes before the specified time, and for this also 
malties are threatened. In the case of warship 
work, where steady production is necessary in order 
to maintain our safety, and therefore to ensure our 
commercial supremacy, the trade unions should be 
required to enforce penalties against short time, 
because the excuse that the work is too arduous to 
permit of 53 or 54 hours’ employment per week is 
ruled out of court by the fact that, while some 
members of a family, in the same district and 
engaged on the same work, can complete 54 hours 
regularly, with immense profit to themselves and 
without injury to their health, other members fail 
to put in 40 hours’ work. 

hat the Government recognise their dut; 
the State in relation to the regulation of la 
has been proved by their action in arranging the 
conciliation boards in connection with railway 
traffic. The intimation made that a year hence the 
railway workers will resile from the agreement 
made places upon the Government the responsibilit; ty 
of effecting such modifications of the system as will 
satisfy both the workers and the companies. We 
have no doubt that, given the necessary courage 
and tact, this will be done, so that the notice now 
handed in by the railway workers for the termina- 
tion of the agreement need only be looked upon as 
a further proof of the Government's duty in the 
arrangement of labour conditions. The only valu- 
able result which can accrue from this interference 
is the ensurance that agreements made and con- 
tracts entered into shall be respected by both 
parties. The Admiralty, like all the clients of 
manufacturing firms, lay down penalties for delay 
in the completion of work, and although at common 
law employers have redress where men fail to fulfil 
the conditions of their contract of employment, 
there are difficulties in gaining this redress, What 
is required is that where, as in the shipbuilding 
industry, unions are frankly recognised, the Govern- 
ment should make each of them responsible for the 
continuity of work on the part of the members. 
Until unions recognise their responsibilities in 
such respect, their demand to be adequately re- 
cognised will not be so widely conceded as would 
otherwise be the case. The remarks made by Mr. 
Beardmore clearly establish the fact that, unless 
some such action is taken, the Admiralty licy 
cannot be fulfilled, however urgent the ok ou 
be, and however enterprising the contractor. 

It is desirable, however, that the measure of 
Government interference in the settlement of the 
terms of employment should be limited. We have 
time and again contended that the most effective 
— of determining the relations between em- 

oyer and employed is by mutual consultation 
ow aod the contracting parties; in the first 
instance, between the men and their employers, 
and, failing settlement by them, between their 
representative unions, where such exist. Labour 
difficulties become intensified in direct pro- 
portion to the extent of outside interference, 
and we shall only get back to a reasonable state 
of affairs when we return, as nearly as possible, 
to direct negotiations between the parties imme- 
diately interested. We say nothing of the advan- 
tages which must accrue from close contact between 
employer and employed. For the present we base 
our argument on the fact alone that each of them is 

better fitted by their experience of the case to 

praise fully and correct seeotly the point of view of 
the other, whereas with outside interference the 
educational process is either protracted or incom- 
plete. Asarule, too, outside interference carries 
with it threats, or the su; tion of revolt, on one 
side or the other, with , -y consequence that the 


atmosphere is such that there is not easily attained 
that calm reflection and conciliatory spirit neces- 
sary to the settlement of differences, 


ere is too 
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much of militancy about the labour situation. 
On the one side some foremen and a few managers 
are too prone to deliver ultimatums, failing to 
—— that the workman has his point of view, 
which is as worthy of consideration as that of the 
employer ; while, on the other hand, many men in 
some trades are too ready to ‘‘down tools,” 
encouraging themselves by their claim on their 
union rather than by the justice or otherwise of 
their complaint. Nor do they rely on the machi- 
nery set up by their own unions as the result 
of experience and judgment for the solution 
of such difficulties as beset the worker. The 
interests of the unions of federated employers and 
of many of the trade unions lie in obviating the 
development of strained relations, and therefore 
in refraining as far as possible from displaying an 
organised militancy. 
or these reasons we cannot support whole- 

heartedly the United Kingdom Employers’ Defence 
Union after carefully perusing the prospectus. e 
aim, as set forth in this prospectus, is first to 
create a guarantee fund of 50 million sterling. No 
amount of euphemism can prevent this guarantee 
from being regarded as the ‘‘sinews of war.” So 
soon as this fund is completely guaranteed, a call, 
equal to a farthing per £ on the amount of each 
member’s guarantee, is to be made as entrance fee 
to meet preliminary expenses, &. Then it is 
ag to create a board of directors, who shall 
ave full control, ‘‘including the methods to be 
_ for dealing with strikes and the protection 
of free workers,” and to determine when, and to 
what extent, assistance shall be rendered, the 
maximum amount for such assistance to be exacted 
from the guarantors being for any one year 7} per 
cent. of the full amount of the whole guarantee 
fund. The total, therefore, which may be spent 
each year to secure adequate protection ‘‘ for men 
willing to work and employers willing to employ” 
will be 3,750,000/. The objects for which the union 
is established are :—‘‘(1) To protect the rights 
of individual members to carry on their busi- 
ness in their own way, free from interference, 
so long as they do nothing to interfere with 
the enjoyment of freedom by others. (2) To 
maintain the inviolability of contracts, agree 
ments, and the awards of conciliation and other 
boards. (3) To establish a guarantee fund for 
the purpose of enabling the league in any emer- 
gency to provide assistance to members or others. 
(4) To a the peaceable and equitable settle- 
ment of differences between employers and their 
workpeople. (5) Generally to maintain the prin- 
ciples of personal liberty and personal responsibilit; 
as between employers and employed, and do suc 
other lawful things as may be incidental or condu- 
cive to the attainment of the above objects.” 

Any person who is over twenty-one years of age, 
or any firm, company, or other organisation approv- 
ing of the object of the union, may be admitted as 
a member by the board of directors. No minimum 
sum is indicated as the amount of guarantee of each 
individual member, and all members and represen- 
tatives are to have one vote. Votes, too, may be 
given by ae Comment on these points is un- 
necessary. The directors are to be appointed after 
the 50 million sterling has been guaranteed, and 
one-half of the board is to retire at each annual 
general meeting. A member may withdraw his 
guarantee by giving three months’ notice at the end 
of any year, dating either from the formation of the 
union or from his joining the union, should he 
become a member after it has been constituted. 
Any number of members of the union may form 
themselves into a district section or a trade section; 
or existing federations of employers, agreeing to 
enrol their members as members of the union, ma 
at once be admitted as a district section. Each 
such section shall appoint a committee which shall 
have control of its own affairs, including methods 
of dealing with strikesand pre tection of free workers, 
and may make calls on the guarantee fund of the 
Defence Union not exceeding 74 per cent. on 
the total amount patrcmrrory O the members of 
the section. The board of directors of the Defence 
Union may, in addition, assist any section up to 
74 per cent. of the total amount of the whole 
guarantee fund. 

The union, we are told, has been established to 
defend the right of members to carry on their 
business free from outside interference. Many 
will ask, Is interference by the union not likely in 
very many cases to be interference from outside ? 


tracts. We fail to conceive how this can be done 
better than by existing federations. Much is made, 
of course, of the protection of free labour, and 
from this point of view the union, by helping such 
free labourers to battle against their submergence 
by unionists, may do good. But the question which 
will arise in most minds is as to whether the com- 
prehensive scope of the union will not bring about 
its failure. Noone without experience can conceive 
the amount of work done by an organisation or 
federation of employers even in one trade. This 
is not altogether due to the number of issues or 
disputes involved, but also to their complicated 
character and the expert knowledge which must 
be brought to bear for their settlement. The 
executive council of the Amalgamated Trade Unions 
and of federated employers in such industries as 
engineering, shipbuilding, textile manufacturers, 
or railway work, must be men of great practical 
experience, otherwise it is impossible to judge 
aright the highly technical cases presented almost 
daily by one or other class of workers or employers. 
And yet the Employers’ Defence Union proposes 
to encompass the whole field of industrial and 
commercial activity, and one board of directors is 
to have full control of the methods to be adopted 
for dealing with strikes and the protection of free 
workers. 

The whole idea of the Defence Union is suggestive 
of militancy. What is wanted is not so much the 
control of strikes and the support of employers or 
free workers when brought face to face with the 
hardships consequent on strikes ; the aim rather 
should be to obviate recourse even to threats or 
ultimatums. We admit that we are passing through 
a — of grave anxiety in connection with the 
labour question. New unions are arising every day. 
Young converts are — full of enthusiasm, 
and this applies to the newer unions. Eager for the 
advancement of their cause, and without that 
patience and judgment which comes with experi- 
ence, they adopt compulsory methods, which, 
while injuring trade and commerce, more seri- 
ously harm the unions. Youth will be served, 
but we are glad that the older unions are exer- 
cising some restraining influence. There are, from 
time to time, threats of sympathetic strikes, but 
these, fortunately, seldom materialise. The pro- 
posal of the Employers’ Defence Union is to enable 
all employers to act s: thetically with those of 
their number who are hard hit by strikes. This is 
uncommonly like adopting the weapon of irrespon- 
sible unionism. The building of barriers in the 
face of an enemy is somewhat of a menace, and as 
Mr. Charles Booth, in his thoughtful brochure on 
‘Industrial Unrest and Trade-Union Policy,” has 
said, ‘‘ Jealously and temper, prejudice, passion, 
and ill-will, tend to intervene and check every step 
forward in the industrial life of our country. It is 
important that nothing should be done, either ~ 
masters or men, te encourage this.” We agree wit 
him that while undoubtedly stronger organisation 
accompanies higher pay, there is no permanent or 
assured advantage for organised over unorganised 
labour in any separate sphere of wage-earning, 
either in the wages or in the security and continuity 
of employment. Such organisations may help to 
check violent fluctuations due to the recurrent 
cycles of active and dull trade, but this is best done 
by closer contact between the employer and em- 
ployee, and by the minimum of interference and 
particularly of aggression. As Mr. Booth further 
points out, ‘‘wage services acquire economic 
strength very largely in proportion to the measure 
of stability found in the industrial relationship. 
No one suffers more from the insecurity of busi- 
ness, which brings about frequent changes, than the 
working man, and the unions in encouraging the 
habit of mind detaching the workpeople from sym- 
pathetic interest and pride in their special employ- 
ment have done more to reduce their labour to a 
minimum value than to guarantee them a minimum 
wage. As to employment in the mass, the present 
Mes. sr policy serves to undermine contidence ; 
contracts become difticult, calculations are uncertain 
and unsafe, risks are multiplied, and expenses are 
increased. Long views become impossible, ge | 
preparations for future occasions are barred, 
arrangements must be made from hand to mouth, 
the cost of production is increased, and busi- 
ness expansion checked. These disadvantages 
have to be paid for, and their cost does not 
normally come out of ts, for it is necessarily 
taken into account in the planning of enterprises.” 


the trade-union policy is wrong, so also is the crea- 
tion of a great traders’ union in order to provide 
‘*sinews of war,” under whatever terms such may 
be defined. The Defence Union does not seem, 
—- when one studies the first signatories, to 

directly connected with any one trade, and it 
has further no claim to meet the workers in any 
one trade, so that there is obviously a departure 











from the commendable policy of encouraging closer 
industrial relationship which is such an important 
factor in establishing that measure of stability 
which is as essential to industrial development as is 
enterprise, capital or efficient labour. 








PRESSURE RISES IN ELECTRICAL 
CIRCUITS AND APPARATUS. 

Far.ures of insulation and apparatus consequent 
on unexpected and more or less unexplained rises 
of pressure were for many years a concomitant of 
commercial electrical practice. Nowadays, how- 
ever, trouble of this kind is relatively infrequent, 
and in general it may be said that the causes of 
such pressure rises are well understood. None the 
less, a proper consideration of the matter demands a 
fair amount of mathematics, and it may be doubted 
if the average electrical engineer is as much at 
home with the subject as he would like to be. If 
we interpret his position correctly, he must find 
much to interest him in the able review of the 
whole matter contained in Mr. Duddell’s address 
with which the present session of the Institution 
of Electrical Engineers was opened on the 13th 
inst. The address was not in general concerned 
with new material. Its purpose was to give in a 
small compass a connected account of work and 
investigations the official records of which are spread 
over the technical publications of half-a-dozen 
countries. 

Although we have suggested that trouble due to 
pressure rises is of less frequent occurrence at the 
present time than in the past, it must not be sup- 
posed that the subject is not still of great practical 
importance. So far is it from being unimportant 
that Mr. Duddell’s address is likely to become a 
sort of standard reference in the future for engi- 
neers who may have to deal in practice with the 
subject of which it treats. In giving a brief 
account of the ground covered by Mr. Duddell, we 
regret that we cannot do more than mention the 
striking series of experiments with which he so 
skilfully illustrated his subject. We can but remind 
our readers that as an experimentalist Mr. Duddell 
has few equals, and state that his display on the 
13th inst. was worthy of his reputation. 

The causes of pressure rise in cables and appa- 
ratus were divided by Mr. Duddell into three main 
classes—viz., resonance, switching, and arcs and 
sparks. In respect to the first of these, it is well 
known that a circuit which contains self-induction 
and capacity has a free period of its own, and that 
electric oscillations may be produced in it provided 
the resistance does not exceed a certain limit. If 
now an alternator, the period of which is the same 
as the period of the circuit, is connected to the 
circuit, very violent oscillations may be set up, 
with the production of large pressure rises. This 
effect is Sees as resonance. The case of reso- 
nance which most generally occursin practice is when 
a long unloaded cable is connected to an alternator. 
The nec capacity for the circuit is furnished 
by the cable, and the necessary self-induction by 
the alternator itself. Resonance in such a case as 
this, owing to the coinciding of the fundamental 
period of the alternator with the free period 
of the circuit, does not in general occur in practice. 
Mr. Duddell quoted only one such case. Reso- 
nance of the third, fifth, or seventh harmonic of 
the alternator is, however, not uncommon, although 
much less frequent with modern than early alter- 
nators, owing to the better wave-form of the later 
machines. Some examples of resonance were 
quoted by Mr. Duddell. With an old-type 400-kw. 
2000-volt alternator, working through a 3 to 1 
transformer, resonance with the third harmonic 
gave a maximum voltage reading of 10,140, or 
1.60 times the R.M.S. value, whilst resonance of 
the thirteenth harmonic on a 500-kw. 6600-volt 
machine of modern type gave a maximum voltage 
of 14,000, or 2.33 times the R.M.S. value. 

Apart from cases of resonance at the normal 
period of an alternator, the state may arise owing 
to alteration in speed of the machine, with a conse- 
quent alteration in the periodicity. This may 








It proposes to maintain the inviolability of con- 





These are wise words worthy of careful study. If 





cause serious pressure rises if an alternator is 
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run up when excited and connected to a cable 
system. The same sort of thing may occur if 
a cable feeding a running motor, or converter, 
in a substation is switched off at the generating 
station. The motor or converter will, of course, 
begin toslow down, and there is arisk of resonance 
occurring at some point. Mr. Duddell suggested 
that the risk was serious and that the self-induc- 
tion of the machine might be high enough to cause 
resonance of the fundamental. He quoted a case 
in which the switching off of a feeder supplying 
two motor-generators in a substation caused reson- 
ance of the thirteenth harmonic and a voltage peak 
of 16,200, the bus-bar pressure being 6420 volts. 
Resonance in the type of cases we have been dealing 
with only occurs when the cable system is on open 
circuit, but the same sort of thing can occur on a 
high-tension system containing a number of step- 
down transformers, if the secondaries are open- 
circuited. Another possible case would be a step- 
down trausformer supplied through a fairly long 
cable from a generating station and switched out at 
the generating station, but left connected on the 
low-tension side. If this side were alive from the 
low-tension system in some way, the transformer 
might transform up with the appearance of reson- 
ance on the high-tension side. 

Switching, the second case considered by Mr. 
Duddell, may cause pressure rises quite indepen- 
dently from any arcing or sparking at switch con- 
tacts. The best known case is probably the 
breaking of an induction circuit, such as the field 
of a generator. In such cases the voltages reached 
may be very high if the current is suppressed 
quickly enough, because the whole of the energy 
stored in the self-induction is set free, and must 
either be dissipated or stored in some available 
condenser. A second case of pressure rise owing 
to switching occurs when an uncharged condenser 
is suddenly switched on to a generator. In the 
general case the potential difference between the 
terminals of the condenser will rise not only to 
that of the generator, but will overshoot the mark, 
and may, if there are no losses, reach twice the 
value. Two examples of this type of pressure rise 
were quoted by Mr. Duddell. e first concerned 
3 miles of cable on open circuit switched on to 
a 1000-kw. 5600-volt generator. The peak rose to 
14,500 volts, or 2.6 times the R.M.S. value. The 
second case was of 2 miles of cable switched on 
to a 5000-volt generator of old type. The potential 
difference rose to 11,000 volts, or 2.2 times the 
R.M.S. value. 

Normally no rise takes place when a condenser 
is switched off, but if vibration or sparking takes 
place at the contacts, pressure rises may occur, 
since after the circuit has been first broken, it will 
be made again owing to the sparking. This may 
cause a pressure rise equal to twice the applied 
voltage, as before mentioned. This effect may 
be repeated with a series of sparks, and in 
the worst case it is ible to get a pressure 
rise of 4.2 times the R.M.S. voltage. Mr. 
Duddell stated that, in practice, when cables were 
switched in and out on open circuit, if no spark- 
ing took place the peak rarely exceeded the 
R.M.S. voltage. With sparking the rises might 
be serious, but with switches in good condition he 
thought a peak of three times the R.M.S. voltage 
might safely be considered as the limit. The next 
case of pressure rise due to switching is concerned 
with the switching in and out of circuits containing 
both induction and capacity. Pressure rises may 
occur in such cases if the resistance is low enough. 
When the capacity and self-induction are not dis- 
tributed, the voltage rise may be determined by 
comparatively simple calculation, but the general 
case of a circuit with distributed induction and 
capacity demands advanced mathematics for its 
solution. From the point of view of pressure rises 
Mr. Duddell stated that for practical purposes 
power supply cables could be looked upon as 
approximating to the limiting cases either of very 
long or very short cables. This much simplifies 
their consideration. 

If an infinitely long cable be suddenly connected 
to an alternating-current generator at the moment 
when the potential difference is zero, as the potential 
difference increases a current will flow into the 
condenser, formed by the cable and the earth. 
The — will travel along the cable with a 
certain velocity, and, owing to the resistance and 
capacity of the cable, the quantity of Yoga | 
will ually become less as it travels along. It 
will form a wave of gradually decreasing amplitude. 





As the wave travels along, the phase of the 
current wave, applied to the end of the cable, con- 
tinually alters, owing to the revolving of the 
alternator. Consequently, the phase difference 
between the alternator wave and the current wave 
travelling down the cable increases progressively. 
The net result is that in a very long cable the wave 
travelling along the cable continually diminishes in 
amplitude, and lags behind the generator in phase. 
If the cable is electrically very short, however, 
there will be practically no diminution in ampli- 
tude or change of phase while the wave progresses 
along it, and questions of gery rise may be 
solved by treating the problem as one involving 
localised self-induction and capacity. This is prac- 
tically the case for all the power-lines and under- 
ground cables in this country. 

For very long lines, such as those used abroad, 
however, the matter is not so simple. If a long 
line is open-circuited at the far end, the current- 
wave when it reaches that end will be reflected, and 
its voltage will be doubled. It will then travel back 
through the generator, to earth, and again be re- 
flected with reversal of phase, but with no increase 
of amplitude. It will then travel again to the far end 
of the cable, and again be reflected, and doubled in 
voltage. This state of affairs will go on until a steady 
state is built up, and a high voltage may be reached 
at the far end of the cable. This effect of the build- 
ing up of the potential at the far end of a line on 
open circuit is known as the Ferranti effect. The 
rate of propagation of such a wave along ordinary 
cables is about one-quarter the velocity of light. The 
effect is very marked with the high frequencies of 
wireless telegraphy, and is made use of. It is 
seldom observed on the comparatively short power 
cables used in this country. We have no space to 
deal further with this matter at present, but before 
going on to cases of pressure rise due to arcs, 
should mention a further case of pressure rise due 
to switching, which was mentioned by Mr. Duddell. 
This is the well-known unequal division of pressure 
over the parts of an induction winding when first 
switched on. This effect in the past led to the break- 
down of the end windings of many high-voltage 
motor - windings and transformers. the effect 
is due to the potential difference being initially 
localised at the first few turns, owing to the lagging 
caused by the condenser action of the remaining 
turns. 

Pressure rises due to arcs and sparks are, in 
many cases, to be explained by the property of 
facilitating, or causing, rapid changes of current 
which such arcs and sparks possess. This property 
arises mainly from the fact that an arc is gene- 
rally essentially unstable. That is to say, if the 
current through an arc increases, the potential 
difference between its terminals decreases, pro- 
ducing a further tendency for the current to 
increase. When arcs are used for practical purposes 
this tendency is controlled by some such means as 
a steadying resistance, but it is naturally uncon- 
trolled as far as accidental arcs are concerned. 
An arc in a current containing self-induction thus 
obviously tends to produce pressure rises in virtue 
of its instability. The instability of an arc is 
greatly increased if the electrodes are kept cool, 
which may occur if they are of metal and are of con- 
siderable mass. This effect is further increased if 
the electrodes are close together, so that they tend 
to cool the vapour column of the arc. A transverse 
magnetic field also tends to make an arc more 
unstable, while shunting it with a condenser greatly 
increases the instability. The effect of a condenser 
follows from the fact that if the current through 
the arc decreases for any reason, the potential 
difference across it will increase. This will tend 
to cause the current to flow into the condenser, 
still further reducing the current through the 
arc. 
The pressure rises: produced by an arc or spark 
are used practically in wireless telegraphy, where the 
arc is shunted by a condenser. In the most usual 
arrangement the circuit is supplied with alternating 
current, the condenser charging up and discharging 
at each half-wave or oftener. Oscillations can, 
however, be produced by continuous current if the 


_ 


arc is such that a is a negative quantity, where 


5 V is a change in voltage produced by a small 
change of current 8 I through the aro, The 


quantity s1 is not in general, however, negative 


for large-current arcs in air. Large-current arcs 





in gas and magnetic fields can, however, produce 
“hipaa oscillations. With a spark-gap shunted 

y a condenser, intermittent discharges may take 
place with either alternating or continuous current, 
and give rise to oscillations. This follows since the 
generator may take an appreciable time to charge 
up the condenser, so that after discharge, which 
may be oscillatory, a definite time must elapse 
before the condenser can discharge again. This will 
result in a regular succession of discharges. 

Pressure rises on cable systems may occur owing 
to arcs at switch contacts or at faults. The effect 
of intermittent contact when switching cables on 
or off has already been mentioned, while the pres- 
sure which takes place when an induction circuit, 
carrying a continuous current, is broken is well 
known. Mr. Duddell, however, pointed out that 
this latter effect may also occur when an alternat- 
ing current is broken by an oil-switch, and quoted 
an example in which on a 2500-volt circuit a rise to 
11,000 volts was found. The effect of a condenser 
shunting an arc was illustrated by a 150-kw. trans- 
former switched on and off to a 2500-volt main 
by an oil-switch. The worst peak found was 
5500 volts. The connections between the switch 
and transformer were very short, but on intro- 
ducing a connection consisting of 60 yards of cable 
between them, the peak rose to 7600 volts. In 
this case the capacity of the cable to earth in series 
with the capacity of the supply main to earth 
formed two condensers shunting the arc. Mr, 
Duddell also quoted pressure rises due to the 
blowing of fuses, and pointed out that in such 
cases the arc is nearly always shunted by the capa- 
city of the cables. A fuse blown on short-circuit 
on to the end of a feeder connected to a 2000-volt 
400-kw. generator resulted in a pressure rise to 
4200 volts. In another example the sudden con- 
nection of a light fuse as a short-circuit to the 
secondary of a 10,000-volt transformer resulted in 
a pressure rise to 27,000 volts. 





THE LATE DR. 8. J. P. THEARLE. 

Ir is with much regret that we place on record 
the death of Dr. Samuel James Pope Thearle, than 
whom few men living have had a greater influence 
on the development of the merchant ship as we 
know. it to-day. For years, as a member of the 
staff of the late Mr. Benjamin Martell, later as 
assistant to Mr. H. J. Cornish, and finally as their 
successor in the post of chief ship surveyor to 
Lloyd’s Register of Shipping, Dr. Thearle may be 
said to have been an influential member of a tribunal 
which sat in judgment on all the plans for new 
merchant ships built throughout the world. While 
nominally holding a brief for the underwriter, he 
really represented all ‘‘who go down to the sea in 
ships and have traffic in the great waters.” His 
business was, in the interests of passengers, 
crew, and shippers, to see that every ship was 
equal to withstand the stresses of the sea, and 
otherwise was as strong as she should be. This 
involved problems in design, questions as to the 
strength and suitability of metals used, and 
reliability in workmanship. That Dr. Thearle 
and his coadjutors succeeded in attaining the 
main aim is proved by the great public favour 
with which Lloyd’s standards are accepted, while 
the high professional opinion of him held by 
shipbuilders establishes not only the soundness 
of his judgment, but his liberal attitude towards 
progressive pro’ . It was inevitable that, at 
times, there should be differences between the 
ideas of shipbuilders and the requirements of 
Lloyd’s, which Dr. Thearle had to interpret ; but, 
consistent with his singleness of purpose, as already 
stated, he brought to bear upon the consideration 
of all such matters sound practical knowledge, a 
sympathetic interest in all developments, and a 
clear conception of what was essential to the main 
idea, and thus he was encouraged frequently to 
make concessions. Where his high sense of respon- 
sibility precluded any such departure, the cogency 
of his reasons and his urbane, yet direct, method 
of communicating them, maintained unaffected the 
high regard for his great ability as a naval architect. 

His training for the — Se he sub- 
sequently held was & one. e was born at 
Portsmouth, in 1846, but it was in the Devonport 
Dockyard that he served his apprenticeship con- 
temporaneously with the late Sir William ite, 
who left the dockyard to become a student at the 
Royal School of Naval Architecture, at South 
Kensington, when it was formed in 1864. Dr. 
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Thearle entered the school in the following year, 
and completed the three years’ course, taking the 
diploma of Fellow. It will be noted that appren- 
ticeship preceded the college course, and havin 

completed the latter, Dr. Thearle became a dockyar 

draughtsman for four years, during which he was 
brought into contact with practical design problems. 
He was promoted in 1872 to be a draughtsman at 
the Admiralty, and in the following year he became 
a member of the Institution of Naval Architects, 
heing then 26 years of age. He continued at the 
Admiralty for four years, and it was during this 
period that he completed his first book—‘‘ A Treatise 
on Laying-off and Building Wood, Iron, and Com- 
posite Ships.” This was a work of great practical 
utility, and was published in two volumes in 1874. 
Two years after this he became a surveyor at Lloyd’s 


Registry, and during the thirty-seven years he was | 
as won distinction, advancing | 


in their service he 
to the highest position. 

After serving some time on the London staff, he 
went to Bristol. His pursuit of theoretical know- 
ledge was continued, and during this time he wrote 
his second book—‘*Theoretical Naval Architecture ; 
A Treatise on the Calculations Involved in Naval 
Design.” This also was in two volumes, and was 

ublished in 1877. An important influence upon 
Br. Thearle’s career was his transference to the 
Clyde, the busiest and then the most progressive of 
shipbuilding centres. He was surveyor at Greenock 
from 1883 to 1887, and for the ten succeeding years 
was at Glasgow. There he came into contact with 
most active shipbuilders, and assisted greatly in 
stimulating the awakening about this period to a 
wider recognition of scientific methods in ship — 
and construction. It was while at Glasgow that he 
completed his magnum opus—‘‘ The Modern Prac- 
tice of Shipbuilding in Iron and Steel,” first pub- 
lished in 1886, and subsequently rewritten and 
brought up to date. Classes in naval architecture 
were only then being organised ; it was about this 
time that the first chair of naval architecture in 
a university was endowed. Dr. Thearle’s book 
was accepted by many of the class teachers as a 
text-book, and it gained recognition otherwise as a 
guiding influence. From Glasgow he went to New- 
castle-on-Tyne, continuing princi surveyor of 
the district until 1900, when, on the appointment 
of Mr. H. J. Cornish to succeed the late Mr. Ben- 
jamin Martell as chief ship surveyor, Dr. Thearle 
me senior assistant, and on the retirement of 
Mr. Cornish in 1909, he was promoted to be chief 
ship surveyor. 

This chronological record of his advancement to 
the highest post suggests the success of his work. 
His influence with shipbuilders grew with years, 
and with the appreciation of his ripening ex- 
perience. As his responsibilities increased he was 
more disposed to encourage advancement. He 
assisted greatly in the rearrangement of Lloyd’s 
Rules a oe years ago, and encouraged also the 
appointment of a consultative committee of ship- 
builders and shipowners at Lloyd’s. It was char- 
acteristic of his hold on the profession that his 
work in connection with some recently-built huge 
liners, which were beyond Lloyd’s ordinary classi- 
fication, should be publicly recognised by the 
builders. When in London also he took a more 
active part in the proceedings of the Institution 
of Naval Architects than was possible when he was 
stationed in the provinces. e had been elected a 
Member of Council in 1892, when he was at Glas- 

ow. In 1903 he read his first paper—on ‘‘ The 
llasting of Steamers for the North Atlantic 
Voyage.” In 1907 he contributed one on ‘‘ The 
Evolution of the Modern Cargo Steamer.” Four 
years later he reviewed ‘‘ Fifty Years’ Development 
in American Ship Construction.” This year at the 
Glasgow meeting of the Institution he read a note 
on **Some Cases of Fatigue in the Steel Material of 
Steamers.” But his services to the Institution were 
not confined to his written and spoken contributions 
to the Transactions—all informing and cogently 
reasoned as they were. He was a most serviceable 
member of Council, and it was from all points of 
view only fitting that he should become, in 1912, a 
Vice-President, He was also a member of the Institu- 
tion of Engineers and Shipbuilders in Scotland and 
of the North-East Coast Institution of Shipbuilders 
and Engineers, and took part in their proceedings. 
Appropriate recognition of his work was made 
we. in 1910, the honorary degree of Doctor of 
Science (D.Sc.) was conferred upon him by the 
Durham University. 
Apart from his work for Lloyd’s and for the great 








technical institutions, Dr. Thearle did important 
public service. From 1910 until his death he 
represented the Institution of Naval Architects on 
the Advisory Committee in connection with the 
William Froude Tank at the National Physical 
Laboratory, and with his great knowledge of the 
theory of ship construction and his experience of 
the problems associated with the propulsive effici- 
ency of ships, he was an important factor in the 
rapidly increasing usefulness of this important 
adjunct to the scientific work of the Laboratory. 
He was a member of the Committee on Bulk- 
heads and Watertight Compartments, as_ well 
as on that appointed to consider the question of 
load-lines. Here again the wealth of his know- 
ledge was directly applicable, and willingly given, 
for the solution of two of the most important 
questions affecting the safety, as well as the 
economy, of ocean ships. He had promised to 
deliver, in January next, the James Watt Anni- 
versary Lecture at Greenock, and an important 
contribution to the subject of the classification of 
ships was anticipated. 

Great as were all these public services, one is 
inclined to regard as equally effective his con- 
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tinuous encouragement and stimulation to every 
young man who had the good fortune to come in 
contact with his great vitality, professional skill, 
and —— of character. He was easily 
approachable, and gladly gave of his ripe experience 
to young men. He was ever genial and a delightful 
raconteur on social occasions. As to his attitude 
towards his colleagues at Lloyd's, one who knew 
him well says that ‘‘ he was liked by all, not only 
asa chief, but as a sterling friend, endearing him- 
self to all, and particularly to the younger sur- 
veyors on his staff. Any of them might appeal to 
him for assistance and guidance on questions quite 
apart from the affairs of the Register ; and on all 
occasions they got the best that he could give 
them.” He was a hard worker, enthusiastic, quick 
in grasping details, eliminating the non-essentials, 
and on few subjects referred to him was he unable to 
bring to bear direct personal experience. News of 
his death was learned with great regret, intensified 
because it was unexpected. Although he had been 
laid aside for a short time with an attack of 
influenza, his robustness, it was thought, safe- 
guarded him against ill effects. Unfortunately, 
complications supervened, and to these he suc- 
cum on the 13th inst., at his residence in South 
Croydon, ere yet his life’s energy could be said to 
have run out, since he was only in his 67th year, 


and seemed to have in him many more years of | taste 


active and useful work. 





PROGRESS IN MOTOR-CAR DESIGN. 

ReviEwine as a whole the Motor Showat Olympia, 
which closed last Saturday, we find very little which 
is startlingly new, and yet there is distinct pro- 
gress all round. The motor-car has now reached 
the stage when improvements are only in detail, and 
are very often simply in the direction of better pro- 
portioning of parts. Whether this will remain per- 


manently the case, or whether some new form of | 





car will come to revolutionise the trade, as the safety 
bicycle did the cycle trade, is a matter upon which 
it is impossible to say anything at present. It is 
clear, however, that the standard type will remain, 
with only detail improvements, for some time to 
come yet. Satisfactorily as it works generally, 
there is no doubt that the present type of car is far 
from being theoretically or practically perfect in its 
main outlines, the two chief defects being the 
change-speed gear and the distribution of weight. 
Good case-hardening has made the change-speed 
gear work wonderfully well, but it is very crude, 
and in its original form has had to be abandoned on 
the London omnibuses owing to its noise. While 
there are no signs of anything superseding it at 
present, there are enough variations from the 
normal to show that designers are aware of its 
defects, and some of these may lead to distinct 
improvement in the future. 

The variation which departs least from the con- 
ventional is the placing of the gear-box on the back 
axle. This was tried by several firms in Europe years 
ago and abandoned, but has been adopted to a con- 
siderable extent in America, and is now being rein- 
troduced into Europe. If a gear-box of ordinary 
construction is used, it is difficult to see that the 
back position affords any mechanical advautage, and 
it admittedly increases the unsprung weight. The 
fact that the gear-box rests on the axle and not on 
the frame may, however, very much reduce the 
extent to which the noise is heard in the car. 
Whether the advantage will compensate for the 
difficulties attending the extra unsprung weight is 
a matter which can only be decided by experience. 

The gear-box on the back axle gives opportunity 
for the introduction of several variations of which 
more may be seen in the future. In the old days 
of chain-driven cars, for instance, the Mors Com- 
pany used a gear-box in which there was a direct 
drive on the top speed, and a shaft-to-shaft drive 
on the other speeds. This gave as good efficiency 
on the top speed as the ordinary plan, while the 
loss on the lower speeds was halved. Two bevel- 
pinions and crown-wheels were used in the Mors 
gear-box, but there is no reason why two worm- 
drives should not be used, or a worm-drive for 
the top and a bevel-gear for the lower speeds. The 
latter appears theoretically correct, as the worm 
shows to the greatest advantage on the top speed 
when the load is light, while the noise of the bevel 
will be heard very little when the change-speed gears 
arerunning. The Cadillac car has an arrangement of 
two direct drives, a plan which has many advantages, 
but which has been often tried and generally aban- 
doned. It may, however, still be successful, and 
might possibly be more easily worked out with the 
change-speed gears on the back axle. It may, how- 
ever, be remarked that while several firms are 
os the gear-box on the back axle, the Sheffield 

implex car, which used to have it there, now has 
it at the front end of the torque-rod, as shown on 
page 700. It is rather curious that the chain-driven 
gear-box, which is so largely used on omnibuses, 
hardly appears to be used at all on pleasure-cars. 

The friction drive appears to have been made a 
perfect success on very small cars under 10 cwt., 
and, of course, would offer a very complete solu- 
tion of the problem if successful on the larger 
types. The friction drive is a very old idea which 
has frequently been tried, but has never come 
largely into use. This may possibly have been 
due to defects in design, or even to inconvenient 
driving arrangements. It is noticeable that the 
friction-driven cars which are now on the market 
do not offer a real infinitely variable gear, but are 
so arranged that a gear-change lever is used in an 
ordinary position, giving, say, four or five changes 
of speed, and that while changing speed the gears 
are pulled apart by a 1 in the position of the 
usual clutch-pedal. ence the actions in driving 
are exactly as in the ordinary car, and this makes 
the arrangement more likely to suit the public 


Apart from the change-speed gear, the point in 
which the ordinary design of car appears least to 
fulfil theoretical conditions is the position of the 
engine. The engine in front obviously takes up a 
great deal of room, and throws a on, ete co on 
the front axle. The result is that the body cannot 
be anywhere near the centre of the car, the position 
which would give the easiest riding, but must have 
the back seats right over the back axle, or even 
behind it. While there is no sign of any change in 
this matter, it is to he noted that the Lanchester ' 
car still has tho engine placed much further back 
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than in the ordinary car, with the front seats along- 
side it, so that the whole body is much more 
between the wheels. 

A very distinct improvement is reflected in the 
much greater range of sizes of cars recently shown 
than was the case a couple of years ago, when there 
seemed a tendency to neglect everything except the 
nominal 12-15 horse-power car. Various makers 
showed four-cylinder cars which ranged from the 
tiny Peugeot of 6 horse-power to the big Benz 
of 100 horse-power. Further, there was a very 
considerable selection of cars of practically every 
intermediate size. This is undoubtedly a great 
improvement, for there is not one size which 
will suit all people. It would, however, be a 
distinct gain if there were greater variations in 
the proportion of the various cars. Thus prac- 
tically all the cars of a given power have much 
the same proportion of power to weight, and as 
far as European cars are concerned, at all events, 
the purchaser can either have a small car with a 
small engine or a large car with a large engine, but 
cannot have a small car with a large engine, or 
vice versa. Now the sizes of parts necessary for 
a great deal of the chassis do not depend on the size 
of the engine, but on the load carried, while the 
power required is a function of the speed. The 
size of the back axle and springs, for instance, 
should be almost exactly proportionate to the 
weight of the body and load, and quite independent 
of the engine. Hence the man who wants a big car, 
but is content with a very moderate speed, must 
pay for an engine far larger than the one he wants ; 
while the man who wants a powerful engine for speed, 
but a light body, must carry about a back axle much 
heavier than necessary. This is a matter which 
European constructors would epee do well to 
consider carefully. It would be quite possible for 
any one firm to standardise the width of their 
spring-seats, wheel track, and width of engine- 
seatings, &c., in such a manner that if they manu- 
factured two or three sizes of engines, axles, 
frames, &c., any combination of engine, axle, gear- 
box, frame, &c., could be made without any parts 
having to be special. We believe that this has 
been carried to a very great extent in America, 
where many of these points are not only stan- 
dardised by particular makers, but are standard 
for the whole trade, so that cars of any of the 
various types required can be assembled from 
standard trade . 

_ With regard to the generalities of design, there 
is no doubt that the cars can be divided into classes 
roughly according to the proportion of cylinder 
capacity to weight. The mean pressure developed 
by different makes of petrol-engines varies compara- 








| tively little if the motors are run at the revolutions 


which give the highest mean pressure. The power 
developed for a given cylinder volume therefore de- 


| pends very largely on the maximum revolutions at 


which the engines will run. For running high revo- 
lutions satisfactorily, however, a heavy engine for 
the size of the cylinders is essential. Hence we have 
two types, the extreme of one being a very large 
engine on a very light car and only two speeds, 
while the extreme of the other isa very small engine 
on a heavy car, but with four speeds. In the one 
case, the engine is large enough to take the car 
up all ordinary slopes on its top speed, the lower 
8 being only for really steep hills. The engine 
therefore runs at moderate revolutions all its 
time, and yet fairly steep hills are taken at good 
speed. The other car will take the hills as fast 
or even faster, but it is by running the engine 
very fast and using the various speeds to allow it 
always to do so. Intermediate between these 
comes the three-speed car with an engine midway 
between the other two. 

The first type is principally the product of 
America, while, on the other hand, the second is 
the product of Europe. Which of these two types 
is going to be the survivor is yet undecided ; it 
is probable that the future car will be a type 
intermediate between them. There is no doubt 
that for the ordinary car-user the plan of having a 
large engine and a moderate gear, with a relatively 
light car, has many advantages. The average 
motorist does not want to go excessive speeds on 
the flat, but he wants to maintain a good average 
over a long run, and, further, he wants the car to 
run quietly and es This means an engine 
running at a moderate speed, and yet maintaining 
nearly the same speed up long, fairly steep slopes 
as is run on the flat without changing gear. 
The only way to accomplish this is to have large 
cylinders for the weight of the car. 

This issue has been somewhat obscured com- 
mercially by the fact that the principal examples 
of the large. cylindered car known in this country 
have been American cars of very cheap construc- 
tion, and these have often been compared with 
European cars costing a great deal more. Naturally, 
whatever the design, the greater the amount of 
money that is spent on it, the better will be the 
materials and workmanship. Hence the small- 
cylindered car costing, say, 400/., has appeared 
to advantage against the large-cylindered type 
costing less than half. Nevertheless, the ten- 
dency this year, as last, is to make the cylinders 
of the small-cylindered European type larger, 
and to make the car do a great deal of its 
running on its top speed. But if the engine is 
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ractically all the running 
ere is no need to have 
three other —_ besides, and two lower speeds 
are ample. here appear, therefore, great virtues 
in the type usual in America for the cars of 
good quality, in which the engine is of considerably 
greater size in proportion to the weight than is 
usual here, and three speeds are provided. A very 
considerable number of such cars are now being 
sent into England from America by various makers, 
and on the whole are giving satisfaction, especially 
in the hilly districts, where a reserve of power isa 
great advantage. Such faults as some of them 
show are often due either to cheap construction 
or to the design being more suitable to American 
than English roads, and there seems a good opening 
for a car combining the large cylinders of the 
American type with the finish of a European 
vehicle. 

More attention is now being paid by most makers 
to the question of weight than was the case a year 
or two ago, possibly as the result of the importation 
of American cars, and in many cases there is a 
general lightening of the smaller-sized chassis all 
round. There can be little doubt that this is right, 
and we have several times in recent years referred 
to the totally unnecessary increase in the weight of 
cars. There still, however, appears to be a good 
deal of room for improvement in this respect, as 
the distribution of the material does not always 
rd to give by any means the least weight for 
the necessary strength. In many cases the advan- 
tages of compactness in design, as a means of 
reducing weight, and, at the same time, of main- 
taining strength, are still to a large extent ignored, 
though, on the other hand, there are some examples 
of very compact engine and gear-box design. Many 
of the details, such as brackets, shackles, &., 
appear also to be of excessive weight. 

A weak point in the design of many cars, to 
which we have previously referred, is the distance 
the spring-seate are from the wheel-track. As the 
bending moment on the axle due to the weight is 
directly dependent on this distance, it is obvious 
that it should be made as small as possible to keep 
down the bending moment. In many cases, how- 
ever, the spring is a long way from the wheel-track, 
and there appears to be a tendency on the part of 
some makers to increase this distance, as in place of 
putting the springs outside the frames they are 
reverting to the practice of putting them directly 
below the side members, the spring being placed 
below the axle to get the necessary clearance, With 
the ordinary width of frame, and the wide wheel- 
tracks now coming into use, this means a very great 
overhang from the spring-seat to the wheel-track, 


large enough to do 
on the top speed, 
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With ordinary arrangements of springing and ordi- 
nary widths of frame, the placing of the springs 


well out towards the wheel track may involve very 
long brackets, and therefore twisting stresses on 
the frame. The simplest way out of this difficulty 
is to widen the frame. In the early days of cars 
the bodies were usually made the same width as the 
frame, and the side members of the body rested on 
those of the frame. This does not, however, give 
enough room for modern requirements, and it has 
now become the custom to make the floor a good 
deal wider than it used to be, while the car-builders 
have kept the frame about the same width. There 
would be many advantages in making the frame 
wider so that the older plan of construction could be 
adopted. The only extra weight would apparently 
be that of the longer cross-pieces, while the body 
could be made lighter, and also the back axle, owing 
to the spring seats coming nearer the wheel-track. 
The change-speed levers could be kept inside the 
frame. This plan is carried out in the “Hupmobile,” 
which has a wider frame than usual, the side mem- 
bers of the body resting on the longitudinals, while 
the floor is placed below the level of the top of the 
frame, thus allowing of a low floor without drop- 
ping the frame to the extent otherwise necessary. 
Another arrangement is to use cantilever springs 
splayed out so that the attachments to the axle are 
further apart than those on the frame, as is done by 
the DaimlerCompany. A variation of this is to use 
a cross-back spring and no side springs, as on the 
‘* Hupmobile” and Ford car. 

Casting the cylinders separately has almost en- 
tirely ceased, though good examples of this method 
of construction are shown on the Cadillac, Austin, 
Overland and Austro-Daimler cars. The tendency 
to cast the cylinders en bloc is, moreover, on the 
increase, and appears to be wise, as a much cleaner 
engine ca: be made and fewer loose parts are re- 
quired, while the cylinder casting stiffens the crank- 
case. The passages to the inlet and exhaust-valves 
can also be cast in, instead of being bolted on, and 
this is a good plan, provided the castings do not 
become too complicated. There were a good many 
examples of this arrangement at Olympia, the car- 
burettor being placed at the back of the cylinders, 
and a passage led between them to the inlet valves. 
Occasionally there are two passages between the 
pairs of cylinders, and this is a good arrangement 
if there is a bearing between each pair of cranks. 
There were, however, some examples shown in 
which the arrangement of pipes was used, but there 
was no intermediate bearing, in which case the space 
between the bearings was unnecessarily long. 

Although there were some new types of carburet- 
tor shown, it cannot be said that these displayed any 
great advance. Modern carburettors fall roughly into 
two classes. The first has a submerged jet more or 
less on the lines of the ‘‘Solex”’ carburettor, which 
we illustrated last week. The second has a moving 
valve which keeps the vacuum in the carburettor 
constant, and at the same time preserves a constant 

roportion of opening between the petrol and air. 

he former should theoretically give a constant 
mixture over a considerable range of speed, below 
which a special slow-running jet is usually pro- 
vided. The latter, on the other hand, should give 
a constant mixture over any range up to the maxi- 
mum flow the carburettor is intended for, but 
entails moving parts. Both these principles are 
being used by a considerable number of makers, 
and it is impossible to say which will survive, 
more especially as the carburettor which suits one 
engine does not necessarily suit another. The 
actual details of construction of carburettors is 
undoubtedly being improved, but there are several 
points which might still receive attention. One of 
these is the provision of some means of adjusting 
the mixture while the engine is running, preferably 
from the dashboard. 

Experiments on the rate of flow of petrol through 
nozzles show conclusively ‘hat the temperature has 
a very great effect on the flow ; hence no carburettor 
can give the same mixture at different temperatures 
unless there is some adjustment, and therefore, 
when the carburettor gets hot, more petrol must 
flow than is necessary. 

In accessories, the self-starter was the most striking 
novelty. This was usually electric, though there 
were examples of compressed-air mechanism. When 
these start the engine by admitting compressed air to 
the cylinders, they cannot be said to be absolutely 
certain on four-cylinder engines, as the cranks may 
be on the dead centres. A compressed-air starter 
shown on the ‘‘ Sunbeam car,” however, consisted 





of a small air-engine which turned the main engine 
much like the "Gece motor, and with much the 
same arrangement of gearing. The electric self- 
starter was in an enormous majority, and will 
probably be the future type. It will have to be 
thoroughly built into the engine, which is not 
always the case at present. 

The main lesson of the Show, in fact, is that the 
time has now come for the body and all accessories 
to be built on to the chassis as one complete unit, 
instead of being practically assembled by the owner 
after he has bought the chassis. The latter should 
therefore be designed as one unit, including the self- 
starter, body mud-guards, and all accessories. It 
is on this point that the average American car is at 

resent a very long way ahead of the average 

uropean one. In the chassis itself the latter 
generally appears to advantage. Except for the 
fact that in the smaller sizes the cylinders are often 
hardly large enough for their work, and the engine 
therefore has to be run at excessive speed, the 
European chassis may be said to be superior. 
There appears to be more hand-work on the 
various parts, and the tuning up is better done, so 
that the whole runs more sweetly, while the engine 
will give a larger power for the size of the cylinders. 
When we come to the complete car, however, the 
American outfit is usually much more carefully 
thought out. Thus the self-starter is properly built 
into the engine, while the necessary switches are 
carefully built into the car. Provision is often made 
for getting into the driving seat on the driving 
side, the steering-wheel being moved to facilitate 
this. Practically all American cars have very com- 
— mud-guards, casing the whole of the space 

etween the step and the frame, thus very much 
reducing the amount of washing required. The 
hood, screen, lamps, &c., are all carefully designed 
to fit the body, and are uniform in colour. All the 
various accessories which the owner is likely to 
require are provided, and are carefully fitted up 
each in a specially designed place, and all convenient 
to the driving seat. There is no doubt that this 
is the right policy, and will have to be imitated by 
European makers. 





NOTES. 
THe StoraGE oF CEMENT. 

In his presidential address to the Concrete In- 
stitute on November 13 Jast, Mr. E. P. Wells, J.P., 
stated that he had had some disconcerting expe- 
riences with improperly-stored cement. This had 
been kept so long, and under such improper con- 
ditions, that it had become ‘‘ air slacked ” to such 
an extent as largely to lose its strength. Whilst 
it might have been quite suitable for use in 
foundations for cheap structures, it was quite 
unfitted for the making of reinforced concrete, 
where not only is great compressive strength 
needed, but also the property of hardening rapidly. 
In one case a ‘‘raft” for a school was being 
made. One truck-load of cement appeared good, 
yet when made into concrete it was, after a lapse 
of three weeks, almost in the same condition as 
when laid. The rest of the work, which was 
carried out by the same contractors, with the same 
aggregate, but with a different freight of cement, 
was quite good. Mr. Wells expressed the view 
that the cement manufacturer should state when 
the clinker was ground, and also how long it had 
been in stock before being bagged. Moreover, 
when the cement is obtained through agents still 
more stringent conditions should be enforced, since 
cement might suffer grievous harm in the agent’s 
store, although it might have been originally all that 
could be desired. Many contractors and Selidemn, 
he continued, seemed to think that in storing 
cement before use it was sufficient to lay a few 
boards on the ground, place the thereon, and 
cover the lot with a tarpaulin, holding the view 
that the more wind that blew in the bags the 
sounder the cement would be. Certainly cement 
thus mishandled would be sound in that it would 
show neither expansion nor contraction, but at the 
same time it would be quite unfitted for reinforced- 
concrete work if kept long in these conditions. In 
paper.lined casks, however, cement could, he 
stated, be stored for two years or so without serious 
deterioration. 


APPOINTMENTS IN ENGINEERING Works. 


Large engineering firms are now more exten- 
sively than hitherto adopting the practice, in making 
appointments to their staffs, of looking round and 





investigating the qualifications and achievements of 
young men, rather than of advertising for applicants. 
There is much to be said for this practice, because 
it is thus possible to choose the man to suit the 
post with more surety that his qualifications and 
— are exactly those required. But the 
difficulty is that there may be even superior 
men, of whose work a firm cannot learn fully, 
or of whose existence even a firm may not have 
heard. The Junior Institution of Engineers, 
recognising this practice, and anxious to assist 
firms as well as their members, have instituted 
what they call a ‘‘register,” which is at the dis- 
posal of any engigeering firm in the kingdom, 
and ouzht to be welcomed by such. The idea of 
the register is to have on it a complete record of 
the qualitications, experience, attainments, and 
work done by those of the members who desire 
such statements to be kept for the use of prospec- 
tive employers. It is not necessary that the 
member should be out of employment or imme- 
diately in search of a new situation to have his 
record kept on the register. Indeed, of the 180 
records in the register at the present time, we 
believe that only two refer to men out of work. 
If, on the other hand, a young man is anxious 
for a change, in order to improve his _posi- 
tion or to gain experience in a new field of 
activity, he can have his record placed on the 
register, which is available practically to any firm 
who ask for it, and already these are being regu- 
larly supplied to different firms. No name is 
attached to the record, and there is the advantage 
that no firm need be troubled with applicants 
unless they are satisfied, from a study of the 
record of any of the young men, that they would 
care to be put into communication with him. 
The institution ensure secrecy for their members, 
because the facts are only open to the secre- 
tary and the chairman of the council. No firm 
need know whether the members of their own 
staff are included, and, further, the young 
engineer is only brought into contact with a firm 
when his record commends itself to such firm. 
Thus no time is lost, and no unjustifiable hopes 
created on the part of the young engineer. e 
commend the idea, and have no doubt that, as it 
becomes more widely known amongst engineering 
firms, they will take advantage of this means 
of ascertaining the claims to consideration of a wide 
circle of young engineers, when it is desired to 
make an appointment on the staff from outside 
sources, 


Some Survey Prosiems. 


In his interesting presidential address, delivered 
before the Society of Arts on Wednesday last, 
Colonel Sir T. H. Holditch, R.E., directed atten- 
tion to the advantages which the geodetic surveyor 
has derived from the great improvements effected 
of late years in the accuracy and portability of his 
instruments. In the older nell of the great 
Indian Survey, theodolites with 2-ft. or 3-ft. circles 
were employed, requiring a whole army of coolies 
for their transport, and making necessary to this 
end the cutting of ene through jungles or roads 
4 the rocky sides of hills. The expense, Colonel 

olditch stated, would have been prohibitive had 
not labour being uncommonly cheap. When so 
much expense and trouble had to be incurred in 
getting an instrument into position, the best had to 

made of each observation, and in one case an 
officer spent a whole season of from four to five 
months in determining a single angle. Instru- 
ments of this monumental type are now, Colonel 
Holditch stated, relegated to museums, equally 
good work being accomplished with the compara- 
tively light and portable 12-in. theodolite, whilst 
excellent results are also obtainable with a modern 
6-in.instrument. Again, in recent years the measure- 
ment of a base-line has been greatly simplified. 
In place of effecting this step by step with 10-ft. 
compensation bars, there is used a suitably supported 
wire, practically free from temperature errors. 
Again, in former times the surveyor could not 
conveniently check his longitude, since, even were 
this done electrically, it was necessary to arrange 
for the telegraph lines to be kept free for the 
transmission of the signals. Now time signals could 
be received up to a distance of 200 miles with a 
portable plant costing only some 8l. In short, 
for determining the relative longitude of points 
some 300 miles or so apart, the wireless method was, 
Colonel Holditch stated, rather superior to direct 
triangulation carried over the same distance by 
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the more or less ir methods necessarily 
employed. In forest-clad regions the superiority 
of the method of obtaining longitude by ‘‘ wire- 
less” was still more marked. The speaker further 
observed that, by means of the Bellini Tosi wireless 
compass, the bearing of any known wireless stations 
within range could be determined, so that the 
position of a ship in mid-ocean could be fixed by 
‘*intersection.” In another part of his address 
Colonel Holditch directed attention to the inter- 
national difficulties which had frequently arisen in 
the past from diplomatists being ignorant of - 
euoky, and from their habit of expressing their 
ideas in vague, non-technical language. In the case 
of the Anglo-Russian agreement which terminated 
the Penjdeh incident, the frontier agreed upon 
was to run from a certain point in an ‘‘easterly” 
direction to the Chinese frontier. ‘‘Easterly” being 
a vague term, neither Boundary Commission could 
agree on its meaning. Apparently, moreover, 
the Foreign Office had used the first 6d. map 
they could purchase as the basis for their nego- 
tiations, and as a consequence the Commission 
spent months in trying to locate a position which 
might possibly have existed once, but had long since 
vanished into the bed of the Oxus. Again, in 
another case, it was to fix a boundary as 
running along the foot of the hills. This “— 
term was ultimately interpreted as the river bed, but 
not without protest from the other side. 


Tue Trratomic Hyprocen Mo ecu.s. 


We have repeatedly referred to the body X, 
which Sir J. J. Thomson isolated by his electro- 
magnetic analysis of positive rays, and which he 
finally, at the Birmingham meeting of the British 
Association, identified with H,; that is to say, a 
body consisting of three atoms of hydrogen, though 
the chief test, that the m/e seemed to be 3, on the 
scale of m/e = 1 for positive hydrogen rays, might 
also be satisfied by some unknown element of atomic 
weight 3. A certain confirmation of the identity of 
X, with H, has now been | ae by Professor J. Stark, 
of Aix la Chapelle, in the Zeitschrift fiir Elektrochemie 
of November 1, 1913. A year or two ago Stark 
suggested a valency hypothesis for the constitution 
of molecules and atoms. The molecule of hydrogen 
would, according to this hypothesis, consist of two 
atoms of hydrogen and two electrons, each electron 
being joined, both to the atom next to it and to 
the other atom, by electric lines of force. On 
this view the body H, should be possible, but only 
if all the three atoms and the electrons were 
situated in the same plane; a kind of pyrami- 
dical H,-molecule would be unstable, according to 
Stark, as he remarks in reply to criticisms by 
J. Tafel. Spectroscopic evidence of the existence 
of these H, molecules Stark had found in the cathode 
glow visible in the hydrogen discharge-tube, and 
these rays seemed to & due to particles carrying 
one positive charge (positively monovalent mole- 
cules). Yet, he points out, both his own and, to 
a leaser extent, J. J. Thomson’s experiments might 
be interpreted as a demonstration of H, ions only, 
not of neutral H, ions; for a positive H ion (carry- 
ing one charge) might be coupled with a neutral 
H, molecule. He therefore suggests further ex- 
periments, and he thinks that comparatively large 
volumes of H; might be produced if a mixture of 
hydrogen and a little water vapour were introduced 
into a discharge-tube and continuously drawn off 
from it, while the H, and H,O molecules were also 
continuously removed from the space behind the 
cathode in some physical or chemical way, so that 
the H; remained there, the cathode gradient to be 
up to 8000 volts. 


THe Expioston at a Mancuester DEXTRINE 
Factory. 


Important light has been thrown on the subject 
of the location of boilers and gas-engines in rela- 
tion to dust-producing media, as the result of inves- 
tigations by the Superintending Inspector of 
Factories, on a serious explosion which occurred 
on March 11 last, at a factory in Manchester, in 
which the manufacture of dextrine was carried on 
by Messrs. J. Laing, Son and Co. The explosion 
did a great deal of damage to the works and injured 
eight men on the night shift, three of whom died 
subsequently. Every man in the building, in fact, 
was either killed or injured. The damage done 
to the building was very considerable. e roof 
of the main building was shifted bodily, while an 
engine-house was wrecked. The basement, where the 
explosion seems to have had its origin, comprised 





various rooms or sections in which were located 
calcining cylinders, ovens, stoves, &c., used in 
the manufacture of dextrine, as well as a steam 
boiler and hot-air supply plant for the stoves. This 
air was supplied by a fan mounted over a gas- 
engine, pic sare air to a duct, in which, after 

ing among a nest of tubes heated by steam 
bon the boiler, it was led to the stoves. Sub- 
sequent examination proved that quantities of 
dust had accumulated about the gas-engine and 
fan, having come apparently through a rope-race 
and deorway from an adjoining room, and Mr. J. 
Jackson, in his report on the cause of the accident, 
concludes that the explosion originated by dust 
falling on toa naked gas-flame near to and below the 
fan. The engine is reported to have been knocking 
just before the explosion, and it is ible that 
this might have disturbed some dust which became 
ignited at the flame. The flame then seems to 
have been drawn into the fan, and sent along 
the duct to one set of stoves. In the stoves 
there were large quantities of dry dust, which 
consequently became ignited. Here ap 
the explosion became intensified, and thence 
through various sections of the buildings, feeding 
on the disturbed dust on the way. The dusts 
present in the building consisted of flour, starch 
and dextrine. All three have been tested by 
Dr. Wheeler at the Eskmeals experimental station, 
and have been shown to be both explosive 
and capable of transmitting an explosive wave. 
Their ignition temperatures are even lower than 
that of bituminous coal, and either an explosion of 
the dry dust in the stoves may have occurred, 
or the flame may have resulted in destructive dis- 
tillation, which would have had a similar effect owing 
to the production of an inflammable mixture of 
the resultant gas and the air. This explanation 
appears further to apply to a previous explosion 
in 1911, at the same works, when the flame from a 
fire on adjoining premises seems to have been 
drawn into a duct and carried into the stoves. 
The recommendations made by Mr. Jackson, in 
addition to several submitted by him when 
reporting on the dust explosion at the mill 
of Messrs. Bibby and Sons, Liverpool, in 1911, 
are that gas-engines and such-like plant, steam- 
boilers, &c., should not be placed in rooms in free 
communication with parts of buildings where in- 
flammable dusts are uced, and that exhaust and 
plenum fans should be kept free from all accumula- 
tion of dust. In his a on the Liverpool ex- 
plosion of 1911, Mr. Jackson dealt with the danger 
of using naked lights in such works, and of the 
need of removing dust, =~ suction, when 
cleaning up. Dust from grain caused several 
severe accidents of late. 


Tue ‘“‘Inon Duxe” Crass or BatTLesHIP AND 
Enp-on Fire. 


The student of naval design cannot have failed to 
notice in the great increase to the end-on fire in the 
later type of warships a steady movement towards 
a reversion to former ideas in regard to war tactics. 
A few years ago the call was primarily for broad- 
side fire, but now the tendency is to concentrate 
as far as ible the guns in the fore-quarter of the 
ship, with a main line of fire parallel with the fore 
and aft line of the ship, in association with as great 
an arc of training on the broadside as the former 
condition permits. The practice of fitting primary 
guns in two forward barbettes at different levels, 
so that the guns of No. 2 turret may fire over those 
in No. 1, conduced to this end, and been adopted 
in all ships built since the Orion was laid down in 
1909. A corresponding arrangement is adopted 
aft with four guns, while two more guns are placed 
amidship. Including the Orion, there are built, or 
in progress, twenty-two battleships with this 
system. Progress, however, has been marked in 
the size of the lighter guns and in their emplace- 
ment to increase end-on fire. The vessels up to 
and including the King George V., numbering seven- 
teen, were fitted with 4-in. guns, but the ships 
since that period carry 6-in. guns, in association 
with 13.5-in. or 15-in. weapons in the barbettes. 
The 4-in. guns in the earlier ships were unprotected, 
except by shields, but in later ships the principle 
was adopted of grouping them in forward and aft 
batteries, forming part of the superstructure of the 
ship. The plating of these in the newer ships is 
of increased thickness and shot-resisting strength. 
In vessels now in commission, only four of these 
lighter guns can be fired ahead in line with the 
keel, but in the case of the Iron Duke, which 
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marks a great step in connection with this provi- 
sion of end-on fire, eight of the 6-in. guns can be 
fired ahead as well as on the broadside, and all of 
these are withinarmour. The fact is revealed in the 
postegregh which we reproduce on page 697, taken 
=, ~~ — ~~ the vessel was 
pr ing down to Spithead, iminary to goi 
on her steam trials. It will be seen from thie view 
that the casemates with the 6-in. guns are stepped 
from the centre of the ship outwards, the gun 
nearest the centre line being furthest forward, and 
the others towards the side of the ship stepped 
back. Thus while they all fire ahead, they can be 
trained to fire afew degrees abaft the beam. There 
are thus four 6-in. on each side of the main 
barbette for the 13.5 guns. In the eame battery, 
firing aft as well as on the beam, there are two 
guns. The remaining weapons of this calibre are 
aft. The ships of the Iron Duke class, therefore, 
with four 13.5-in. guns and eight 6-in. guns 
forward have a greater end-on fire than any previous 
ship. This result has been rendered possible, in 
rt, by the great beam of the ship, which is 90 ft., 
as by this means it was possible to get the lighter 
guns, with their mountings, abreast of each other, 
although not directly in the same athwartship line, 
along with the large barbettes required for the two 
twin mountings of the 13.5-in. guns. The ships of 
the Iron Duke class, it may be added, are 580 ft in 
length, and have a displacement of about 25,000 
tons. They are exceptionally well armoured, and 
have Parsons compound turbines driving four 
shafts and propellers, to attain a speed, under easy 
steaming conditions, of 21 knots. The machinery 
of the Iron Duke, which is now about to be 
tried, was manufactured by Messrs. Cammell 
Laird and Co., Limited, of Birkenhead. The 
sister ship Marlborough, which has been built at 
Devonport, and has been engined by Messrs. 
Hawthorn, Leslie and Co., Limited, of Newcastle- 
on-Tyne, is approaching the trial stage. The 
sister — built in the private works, the Benbow 
and the Emperor of India (formerly the Delhi), were 
laid down ata later date. The Sukew was launched 
last week from Messrs. Beardmore’s works on the 
Clyde, and on that occasion a description of the 
— was published, while next week Messrs. Vickers 
ill launch the Emperor of India. 





THE SHEFFIELD SIMPLEX CAR AT 
OLYMPIA. 

A CHASSIS possessing several features of interest was 
shown at the recent motor-car exhibition at Olympia 
by the Sheffield Simplex Motor Works, Limited, Bo, 
Conduit-street, London. We illustrate this chassis on 
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Phe engine has six cylinders, 34 in. by 5in. (89 mm. 
by 127 mm.), cast in sets of three. All the valves are 
placed at the left-hand side, and the inlet ages are 
cast in the cylinders, very short branch-pipes con- 
necting the carburettor with each set of cylinders. 
This makes @ very neat arrangement. The exhausts 
lead into a manifold, cast separate from the cylinders, 
thus avoiding very complicated core work. A bearing 
is placed next each throw of the crank (seven bear- 
ings in all), and the latter is of very large diameter— 
namely, 2{ in., this very exceptional size tending to 
reduce vibration. Completely forced lubrication is 
provided by means of an oil- pump at the end of 
the cam-shaft, which draws the oil from a sump, 
and delivers it to the main bearings, and from 
thence through a hollow crank- shaft to the big 
ends and up the connecting-rods to the gudgeon-pins. 
From the engine the power is transmitted to the - 
box by a multiple disc- clutch having flat iotes 
alternately steel and bronze, lubricated with dr 
graphite. Immediately behind the clutch is a uni- 
versal joint which is enclosed in a ball-and-socket 
joint, forming the anchorage for a very substantial 
torque-tube, which also acts as radius-rod. The - 
box is mounted at the front end of this tube behind 
the universal joint, as shown in Fig. 2, and provides 
for four forward speeds and a reverse. e final 
drive is by a worm placed below the axle. A double- 
dropped frame is used and is carried by half-elliptic 
springs to the front axle and cantilever springs to the 
back axle. 

Electric self-starting is provided, the equipment 
for this being the ‘‘ U.S L.,” which was probably the 
most interesting self-starter shown. This starter is 
of the type in which one machine performs the func- 
tion of both generator and motor. All gearing is, how- 
ever, done away with, and the armature is placed 
direct on the crank-shaft, where it takes the place of a 
fly-wheel. This makes a very neat arrangement, as 
will be seen from Fig. 3, which shows the casing con- 
taining it. The armature is about 17 in. in diameter, 
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and is wound in some sixty-six sections, each con- 
nected to one part of a commutator, about 10 in. in 
diameter by 1 in. wide, placed on the after-side of 
the armature. Inside the armature-ring is placed an 
eight-pole field-magnet, and the whole is covered by a 
frame carrying eight carbon brushes. The field- 
magnets have two windings—a shunt winding, which 
is used when the machine is a generator, and a series 
winding, which is used when it is a motor. An accumu- 
lator of twelve cells, having a capacity of 80 ampere- 
hours, is used, the space taken being about 20 in. by 
7in. by 10 in. For starting, the cells are coupled in 
series giving 24 volts, while for charging they are 
coughed in multiple series of six cells giving 12 volts. 

A single switch mounted immediately above the 
motor-generator, as shown in Fig. 3, makes all the 
necessary connections, All that is necessary to start, 
therefore, is to press the starting pedal wheu the cells 








are connected in series and the current turned 
through the series-windings of the motor. The latter 
then spins the engine at about 300 revolutions per 
minute till it starts. On the pedal being released the 
cells are coupled in multiple series at 12 volts, and 
the shunt-windings thrown into action, and the 
generator then starts, recharging the battery as soon 
as the engine attains 375 revolutions. At higher 
revolutions the voltage is kept constant by weakenin 

the field-magnets. In addition to providing for self 
starting, the outfit furnishes current for lighting all 
the lamps of the car, these being run at 12 volts. They 
draw current from the generator as long as the engine 
is running, and from the accumulators if it stops or 
the speed falls too low. It is claimed for this system 
that it spins the engine faster than others, while it 
avoids all connecting gear, and also that it saves a con- 
siderable amount of weight, as the armature of the 
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| motor-generator is used as the fly-wheel of the engine. 


There can certainly be no doubt that it makes a very 
neat and compact arrangement. 








THe New AvsTRALiAN Capita City.—In connection 
with the preliminary work of the foundation of the 
Australian capital city, Canberra, there is at present a 
good deal of activity being displayed, and the Depart- 
ment of Home Affairs of the Commenwealth of Melbourne 
has issued specifications and conditions of contract for the 
water-supply pumping-plant at Canberra, tenders for 
which close on the 26th inst Copies of the plans and 
specifications may be seen at the office of the High Com- 
missioner for the Commonwealth of Australia, 72, Vic- 
toria-street, London, 8S. W. 7 





Tue “Sourh Wares Coat ANNUAL.”—Thisannual for 
1914, which is edited by Messrs. Joseph Davies'and C. P. 
Hailey, and is published at the price of 7s. 6d. net, by 
the Business Statistics Company, Limited, 12, James- 
street, Cardiff, and at 20, Victoria-street, London, S.W., 
fives a large amount of information on the South Wales 
colliery trade. This comprises a history of several impor- 
tant concerns ; particulars on wages and their fluctuations 
over different periods; the membership of the South 
Wales Coal-Owners and other Associations; tables of out- 
put of steam, bituminous and anthracite coal; lists of 
collieries, their officials, the railways they are served by ; 
the fluctuations in the coal prices ; information relating 
to shipping, including freight prices, foreign customs 
duties, and statistical data on exports, and so on. 
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INTERN AL-COMBUSTION 
RAILWAYS. 


The Internal-Combustion Engine Applied to Ratlway Loco- 
motion, including an Account of the Daimler Company's 
Equipment.* 

By F. W. Lancuester, M. Inst. C.E. 


Tue steam locomotive, after having survived for nearly 
a century with all its essential features almost un- 
changed, appears to be about to yield supremacy on our 
railways to other methods of traction. 

Development is at present taking place along two 
distinct lines—namely: (a) by the complete electrifica- 
tion of the system, in which case the prime mover is 
stationary, and the power is transmitted to the locomo- 
tive mechanism electrically ; and (6) the substitution of 
the internal. combustion engine for the steam-engine and 
boiler. 

The development in this latter direction takes two 
forms: one in which the internal-combustion engine is 
virtually a portable power-station, and is employed to 
generate current, which in turn drives electric motors 
connected, with the axles; and the other the method in 
which the. power is transmitted mechanically to the 


MOTORS FOR 





resistance.* Further, owing to the approximate constancy 
of direction of travel, abnormal resistances are not of a 
temporary kind, such as can be dealt with by storage, 
but require to be met by a definite reserve of horse-power ; 
no storage system is competent to deal with sustained 
overload. e@ conditions in the case of railway loco- 
motion are rendered still more exacting by the fact that 
a time-table has to be rigidly adhered to. s 
The steam locomotive has in the past shown itself 
singularly well adapted to take care of such varied con- 
ditions as above defined ; it can always be maintained 
working at overload conditions by heavy and assiduous 
stoking, and by opening out the link motion to give later 
cut-off. It is one of the problems to be faced in applying 
the internal-combustion engine to similar duty, how to 
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drive electrically, the arrangement, so far as the supple- 
mentary unit is concerned, being a complete electric 
transmission, the internal - combustion engine being 
coupled direct to a dynamo forming the generating unit, 
and an electromotor, either coupled to the main power 
installation or to one of the car axles, being employed to 
transmit the power, an accumulator battery being em- 
ployed to take care of incidental torque variations such 
as required at starting and during acceleration. The 
scheme included means of starting either internal-com- 
bustion engines electrically or in handling the car elev- 
trically for shunting work, &c., from the storage battery. 
The whole scheme is re ted diagrammatically in 
Fig. 1, and is described in detail later. 

he scheme, as above outlined, although in all respects 
i. ‘ag a solution to the difficulties uf the problem, was 
not carried out, having given place in turn to the scheme 
of arrangement su uently described in the present 
paper. The author considers, however, that it is a 
scheme that may yet show advantages in certain applica- 
tions to railway locomotion, and in nowise it as 
definitely abandoned. It ought in practice to be superior 
to the complete electric transmission system (which is 
being considerably’employed on the Continent and else- 
where), owing to the fact that the greater part of the 














axles as in an ordinary motor vehicle. It is to this latter 
— of development that the present paper principally 
relates. 

There is also a system which may be said to lie half- 
way between the portable electric installation aud the 
motor-car type—a mixed petrol electric. This has at 
various times received different names, but when dis- 
cussed by the author in his presidential address to the 
Automobile Engineers it was termed the “‘electric auxi- 
a system. 

The factors that govern the choice of any system of 
locomotion are entirely different in different cases, 
depending upon the nature of the work to be done. An 
extreme contrast as illustrating this fact is found when 
an omnibus service destined to run in a hilly, populous 
district and a railway service to cover long stretches of 
fairly level country are compared. In the first case 
there are extreme fivctuations of load at frequent 
intervals, as due both to stopping and starting and to 
changes of gradient, but with a fairly constant average 
when a matter of half-an-hour’s running is considered. In 
the second case, the high-speed railway service, on the 
contrary, the gradients are comparatively light, and the 
resistance is mainly windage; consequently extreme 
fluctuations of load are comparatively infrequent. The 
difficulty that arises in the case of the railway service is 
that the wind resistance is liable to enormous variation ; 
whereas a following wind may in certain cases relieve the 
motor of some of its duty, a head wind or side wind may 
result in doubling or more than doubling the normal 

* Paper read before the Engineering Section of the 
British Association at Birmingham. 
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provide for the additional tractive effort under emergency 
conditions. 

One salient fact connected with the problem is that the 
— severe overload conditions occur, comparatively 
speaking, meg sae the extreme cases only occurring 
perhaps some dozen or twenty times in the course of a 
year. From economic considerations it is evidently, 
therefore, not feasible to meet the difficulty by a mere 
increase in the size of the power unit ; the running of a 
big power unit under throttle for 350 days out of 365 days 
at about a third or half its full load would be in itself 
sufficient condemnation of that method of meeting the 
difficulty. On the other hand, as already pointed out, it 
is im ible to meet the conditions in the case of railway 
traction by power storage of any kind, for, contrary to 
the position of the road automobile, the overload con- 
ditions, when they do occur, are of a permanent character, 
and the resources of a storage system, however ample, 
would speedily be exhausted. 

The first idea that suggests itself to deal with the 
special conditions of railway work is to provide, in addi- 
tion to the main power installation, an auxiliary or sup- 
plementary power installation which may be brought into 
action when occasion arises. The author of the present 
paper actually worked out a scheme and took out patents 
covering an arrangement of this kind, in which the main 
power installation was arranged to drive directly through 
a suitable reduction gear on to an axle or axles, and in 
which the supplementary power plant was arranged to 


* In a train consisting of several vehicles the side wind 
as affecting resistance is of relatively greater importance 
than for the single self-propelled coach. 








eee transmission is direct, and not subject to electric 
osses. In cases where there is a t deal of starting, 
stopping, reversing, &c., and in other cases where short 
steep gradients are encountered—that is to say, in brief, 
where the conditions approximate more nearly to those 
of a tramway than a railway as we know it in this 
country—the author believes that the scheme (Fig. 1 
possesses unique features that render it exceptionally wel 
adapted to take charge of the conditions. On regular 
railway work, however, it has given place as a definite 
matter of logic to a scheme of altogether simpler character. 
It is evident in examining the problem closely that if a 
given number of cylinders of a certain size are being 
employed in the design of the power unit of a given 
automobile railway coach, the ultimate capacity ing 
sufficient to give the horse-power for emergency condi- 
tions, we may either, asin the preceding scheme, arrange 
to utilise, say, half the total number of cylinders to deal 
with ordinary conditions, or we may, still using the whole 
number, arrange to work them under less severe condi- 
tions. Putting the matter in concrete form, we have the 
alternative of running, say, two four-cylinder engines as 
separate units, dr we may couple them together and run 
them at less than their full output under ordinary workin 
conditions. There are two ways of running an internal- 
combustion engine at less than its full output—(a) 
by governing or throttling, (b) by reducing revolution 
speed. The first of these we have already condemned 
as uneconomical; it is the method used in general 
on road automobiles, it is the method used on gas- 
engines employed to drive factories. In the road 
automobiles economy is not usually a matter of first im- 
portance; in the running of a factory the load is frequently 
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constant, or nearly so, and where it is not it is common 

tice to employ several power units that can be brought 
into requisition as occasion demands. resem in some 
degree the scheme already discussed. When, however, 
we take as our basis the method of running the « 
slowly, we find that we have a far better proposition, an 
internal-combustion engine can be run over considerable 
range of variation of 5 without material loss of effi- 
ciency or economy. e alternative scheme therefore 
becomes one in which we have an in .1-combustion 
engine of sufficient capacity to deal at its h it proper 
running speed with the overload conditions—that is to say, 
to drive the cowh or train continugusly under the worst 
conditions of head wind or side wind, and u normal 
eoditions wo errange torun the same motor at such lower 
speed as would develop the power normally reqi..cu. 
This scheme involves at least two different running gear 
ratios, on the higher gear the motor paddle round 
slowly and will give sufficient torque on the driving-axle 
for ordinary fine-weather conditions, the second (lower) 
gear is provided with a ratio of about 3 : 2, to give thesame 
speed of travel for an increase of 50 per cent.-in the 
engine revolution speed. Taking a concrete case, an 
installation might be specified in which an engine 
capable of —— ranning at 1200 pet 
is geared on its higher r to give a running s ° 
45 ies an hour at 800° revoluttons of the motor, and 
a tractive effort of, we will say, 1000 lb., this being 
estimated as necessary under ordinary running conditions; 
under these conditions we have the engine running con- 
siderably under its designed speed, and therefore under 
conditions in which the wear and tear will be minimised. 
Under emergency conditions the lower gear is thrown 
into action, and the car speed is maintained at 45 miles 
an hour, the engine now running at its full speed to 1200 
revolutions, and providing a tractive effort of 1500 lb.; 
that is to say, 500 1b. additional tractive effort to over- 
come abnormal wind resistance. 

At first sight one may be inclined to make the comment 
that the above argument is merely a roundabout way of 
demonstrating the utility of the ordinary motor-car change 
gear, but on a closer examination it will be found that 
while intrinsically there is nothing new in the way of in- 
vention in the scheme as laid down, there isa considerable 
difference as to tlie aim and object achieved. It is impor- 
tant to be quite clear on this point, as it affects funda- 
mentally the choice of gear ratios required and the a ed 
gear-box appropriate to the service. On the ordinary 
road automobile change-speed gears are used for the same 
broad namely, to i 
driving-axle in order to overcome exceptional conditions 
of resistance, usually due to adverse road gradients, and 
to a lesser degree due to a heavy road surface and head 
wind. Inthe road automobile, however, the full power 
of the engine is in practice more often oy on the 
high gear than on one of the lower gears ; the driver does 
not, and has no intention of, confining himself to such a 
speed as he could always accomplish on his next to 
highest The pets ~Te would be more strictly 
comparable if the present day motor-car were driven con- 
sistently within our so-called legal limit. Thus most cars 
can be easily a at 20 —_ an po on the next to 
highest gear with a reasonable speed of engine rotation, 
oan then under ae ae the car would be X 
at the same speed with the engine going easy at about 
two-thirds or three-quarters speed. The two main facts 
to which attention is drawn at the t juncture, are 
that the ordinary road motor-car is not driven in this 
manner, and the type and occurrence of the emergency 





conditions are entirely different in the two cases. The | Jo 


im ce of these points is a bearing when it comes to 
the selection and consideration of gear ratios for railway 
work. 

If we examine in detail the nature of the resistance to 
traction, and for the purposes of analysis we take the case 
of a 60 ft. bogey-coach ~~ tons, we find it, 
roughly, to be made up as follows :— 


Lb. 

Rolling and axle friction at 0.3 cent. ... 200 
Wind resistance at 48 miles an hour 400 
Total 600 


It is necessary to allow something in addition to the 
above as the ‘‘ordinary” resistance. Firstly, it is not 
uncommon (in this country) to find in a run of 30 or 40 
miles,* a change of altitude of five or six hundred feet, 
that is to say, a mean gradient of about 0.3 per 
cent., representing an additional tractive effort of about 
200 ib, “Beyond this the normal tractive effort must 
always be capable of taking care of a moderate summer 
breeze, so that in computing the ordinary windage velo- 
city some 10 or 15 miles an r higher than the actual 
train speed should be taken, our normal resistance acccunt 
thus becomes :— 


Lb. 

Rolling and axle friction _... wi << ae 
Wi calculated on 60-miles-an-hour 

basis for speed of 48 milesan hour ... 600 

Incidental gradient resistance ‘ 200 

Total 1000 


We will now draw up a similar table of resistance for 
exceptional circumstances, and assume a head-wind of 





* The gradient resistances for short distances, such asa 
mile or two of ascent or descent such as are eommonly 


met with on British Railways, do not require special pro- 
vision. They average up on a long run, and the kinetic 
energy of the car in motion is capable of taking care of 
such temporary fluctuations of tractive effort. 


the torque on the’ 





36 miles an hour* as representing the worst condition 
to be encountered without loss of speed. 


Lb. 

Rolling and axle friction 200 
Wind resistance Ke 1150 
Incidental gradient 200 
Total 1550 


The total resistance is thus increased slightly more than 
50 a cent. by the adverse coaditions assumed. 

t is more probable that occasional weather con- 
ditions will arise which are not adequately represented 
by a 36-mile-an-hour head-wind, in such cases we have 
candidly to admit that our railway coach will be unable 
to kee _.me if billed to make a consistent 48 miles an 
hour; but we know that, as a matter of experience, 
exceptional weather of this kind is capable of disorganis- 
ing railway traffic run under existing methods. We may 
now compare . power required in accordance 
with the.above régime under ordinary and emergency 
conditions, 

Ordinary Conditions.—Forty-eight 
approximately 70 ft. # second; at 1 lb. traction we 
have 7000 ft.-Ib. per second, or 127 draw-bar horse- 
power required. At a transmission efficiency of 94 per 
cent., the brake horse-po2wer required would be 135. 

y Conditions. — The draw-bar horse-power 
pe nan 190 horse-power at 90 per cent. efficiency— 
gives 210 brake horse- power. 

In practice, it must not be suapeeed that any hard- 
and-fast 7 t ~~ ” whic — be necessary 
o oa. rom the high gear to the low gear over 
the whole route traversed. As the weather conditions 

r worse and worse, the driver, in order to kee 
time, will uire to run over longer stretches of his 
road on the low gear with the engine ‘“‘at spesd,” and 
naturally the sections over which at first his low gear 
will be brought into requisition will be the sections of 
his road where the ient is adverse or where the track 
is exposed to the full fury of the gale. In spite of this, 
it is evidently desirable to extend the scheme of change- 

gear to provide something intermediate between 

e two ratios hitherto assumed, a double advantage 
being gained : firstly, the occasions on which the engine 
speed is to be pushed to its highest point will be far less 
frequent; and secondly, consequent on this, it will be 
permissible to somewhat widen the ratio, and so enable 
the driver to cope with even worse conditions than those 
set forth. The author has adopted in his most recent 
design of gear-box a ratio of approximately 1 to 1.6, 
divided into two equal steps, giving ope ey motor 
speeds approximately 800, 1000, and 1300 for the engine 
revolutions at standard running speed of eoach. 

Having definitely adopted change- speed 
as the solution of the problem of railway traction, the 
electrical portion of the power equipment becomes of 
minor importance, and it may be said to become the 
object of the designer to get rid of it as far as ible ; 
it is, in fact, reduced virtually to a lighting cad casting 
set, such as is commonly caaiepet to day on an ordinary 
motor-car, with the additional provision of an electric air- 
compressor to work the Westinghouse brake. 

_ So long as one contemplates the use of heavy electrical 
installations it is both convenient and natural to throw 
the onus of providing for acceleration from the electrical 
side of the equipment; but when once the functions of 
the electrical equipment are reduced to such seconda 

duties as aforesaid, it is necessary to look elsewhere, and, 
in brief, to provide acceleration by means of an additional 

Ww k 


miles an hour is 


For ordinary main-line railway work the acceleration 
rarely in practice exceeds 0.6 or 0.8 poundals per pound, 
but this is found to be insufficient to meet modern 
requirements, It is one of the weak points of ordinary 
steam-locomotive railway traction that high accelera- 
tions are not obtainable; the time lost in stoppages 
under the old conditions of railway traction are such as 
Nes — anything in the en yg where 

igh average speed is important; it may en as 
essential that in the testion of the future accelerations 
up to 2.5 ft.-sec. per second (2.5 poundals per pound) 

song be —_- The one ey on the high 
re » represents approximately 1. cent., or 

.5 poundal per vag hy therefore 7 siarting we use a 
gear gi one- speed of the high gear, we shall, 
up to the fimite of the speed of such a gear, be able to 
obtain an acceleration of about 2.5. 6 first sight it 
might be thought useless to provide a lower gear than 
this, for on the one hand we are getting near the point 
at which skidding of the wheels on the metals takes 


and on other we are reaching accelerations that 
1t is customary to as near the limit of what can 
be deemed comf from the point of view of the 


ae gh there are, however, r facts to consider. 
e is ss prejudice against the separate 
8 ° 


tarting engine and car in railway work; there are 
strong objections (whether ohteanied or ill-founded) 
the ing Of the motor while the car is at rest at 


to running 
the orm, and there is no doubt that any system that 
involves the separate starting of the engine and the car 
will excite prejudice and encounter considerable opposi- 
tion from railwaymen. It is therefore desirable to fit an 
extreme low gear so low as to allow of the engine and car 
sing started simultaneously, or, in motor-car phraseology, 
with the “‘ clutch in.” 

Having settled the broad lines on which to work, there 
still remain several mngoient awe > of a quasi-engi- 
neering character to be dealt wi A decision has to be 
made as to the most suitable manner of application of the 





© ‘This corres to a far higher wind velocity as 
—- 6  anemometer at a distance from the 
ground. 
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stem to the needs of railway work. The practice 

most universally adopted, where steam is employed, is 
that of an independent locomotive engine of sufficient 
weight to secure the adhesion necessary for the drawing 
of a train of coaches or trucks; thus we have the whole 
power used for traction approximated through one, two, 
or three axles, entirely confined to the locomotive itself. 
In the case of electrical traction we find that commonly 
the reverse is the case, and that the power units are 
distributed over a greater number of axles. 

If in the adoption of the internal-combustion engine we 
were to endeavour to follow ordinary railway practice and 
mount the power unit as a separate locomotive engine, 
we should be throwing away one of the great advantages 

) by the internal-combustion motor—namely, its 

ghtness. A modern [pen eed engine weighs 
pee en. ba 10 Ib. to 15 Ib. per brake horse-power, and 
with iator and cooling water and petrol sufficient for 
two hours’ running, the additional weight is only approxi- 
mately 20 per cent.—eay, from 12 Ib. to 18 lb. per brake 
horse-power. In contrast to this, an ordinary steam loco- 
motive will weigh, with its complement of water and 
fuel, approximately a hundredweight per horse-power, 
so that properly applied, an enormous saving of the gross 
weight to be transported can be effected by the employ- 
ment of the internal-combustion engine. This saving, 
however, cannot be realised unless the motor or motors 
are mounted on the coaches themselves ; for if the in- 
ternal-combustion engine is merely embodied in the 
design of a locomotive, it is necessary, in order to secure 
adhesion, to make up the necessary weight by the employ- 
ment of useless ballast or heavy construction. If, ho 
fore, the full advantage of applying the internal-com- 
bustion engine is to be realised, it will be by the applica- 


P| tion of the power-units to the individual coaches or 


trucks. It is worthy of remark that, even in the case of 
steam, there have been several tentative efforts of recent 
years to embody a miniature steam locomotive in the 
design of a passenger coach. Such vehicles are used to 
some extent on our British railways—notably, doin 
branch-line work on the London, Brighton and South 
Coast and Great Western Railways. 

The author will now describe the latest development in 
the direction of the petrol coach embodying the principles 
set forth in the present paper. The coach in question, 
Figs. 2, 3, and 4, pages 701 and 703, is a full-size 30-ton 

ie coach having a capacity for sixty passengers, and 
propelled by two entirely independent power units carried 
externally on opposite sides of the main frame. Each 
power unit comprises a six-cylinder petrol or petroleum- 
motor arranged to drive through gear-box on to bevel 
transmission mounted on a prolongation of one of the 
bogie axles (Fig. 5); the transmission from the change-speed 
ar-box to the axle being by coupling-shaft and Hooke’s 
— after the manner customary in motor-car practice. 

© motor and c e-speed gear are mounted on a pair 
of Re members, which also carry at their tail 
end a dynamo direct coupled to the engine, whose func- 
tion is to start the engine and take care of the lighting 
and the electrical air-compressor. The whole of the power 
unit so constituted is suspended from the transverse 
members of the coach frame on spring mountings, by 
means of which the effects of engine vibration, gear 
noises, &c., are eliminated. The whole of the power unit, 
comprising engine, change-gear box, transmission, Xc., 
including the electrical equipment, have been supplied 


and fitted by the Daimler ey sg the coach being 
designed a | constructed by the Metropolitan Wagon 
Company. 


Driving-cabins are fitted at each end of the coach, and 
the whole equipment is entirely symmetrical, so that, 
—- speaking, it has no front and no rear; the 
reversal is effected Ly the double bevel-gear drive and 
dog-cluiches, Fig. 5. The driving-cabins occupy the 
“faired” ends of the coach, which, in the language of 
naval architects, constitute the ‘“‘entrance” and ‘‘run” 
of the vehicle. The air resistance of the car as deter- 
mined by model experiments is approximately half that 
of a normal plane of the area of maximum cross-section. 

In all the main features the proportions of parts, sizes 
of wheels, axles, &c., and strength of frame members, 
follow established railway practice ; and the floor level, 
which is approximately the customary height, is unbroken 
from end to end, the whole of the power installation 

which, with the exception of the controllers, rheostats, 

, arranged in the driving-cabins) is well below the 
nthe decign of gear-box finally adopted is the outco 

© design o - y adopted is the outcome 

of considerable experiment and careful study of the 

problem. The most salient features of this gear are the 

tic-clutch actuation and the use of gear-boxes in 
tandem. 

The trials of this vehicle are not at present completed, 
but for acceleration and maintenance of speed it has done 
almost better than expected, the distance from Nuneaton 
to Coventry having traversed, including starting 
and stopping, at over 60 miles an hour ; the riding at this 
speed leaves little to be desired. : 

A few points may be added on the question of fuel 
consumption. Taking the speed at 48 miles an hour, 
which is that assumed as a “< of o 
prerent , we have seen t under ordinary condi- 
tions 1 horsepower will suffice for propulsion. This 
includes an incidental ient representing approxi- 
mately one-eighth of total on the horse-power ; 
corrected for an average of level running we have 120 

power imately. Assuming 0.6 of a pint of 
petrol or pds. name horse-power hour, the consump- 


tion per hour will be 72 pints, or 9 gallone—that is to say, 
5.33 ea pieanliee, or 160 son-alien per gallon. This 
— can conveniently Ba put ie oo form. 

e uvatlable from a ion of pe assuming 
22 our ool as tke total (thermal and mechanical) effi- 
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ON THE COPPER RICH KALCHOIDS 
(COPPER-TIN-ZINC ALLOYS).* 
By Prof. Samugn L. Hoyt, University of Minnesota. 
(Concluded from page 672.) 

Tue diagram shown in Fig. 43, and again on a larger 
scale in Fig. 44, was constructed on thermal and micro- 
graphical evidence, using the scheme suggested by the 
perspective in Fig. 3, ante, as @ guide. The 
author is not now prep’ to submit the entire evidence 
on the eutectoid inversion, for the reason that certain 
irregularities are yet unsolved ; if possible, it will be given 
complete later in an appendix. Little need be said con- 
cerning the determinations of the liquidus and solidus 
surfaces. The two binary di ms of Shepherd were 
used for constructing the liquidus surface, the corre- 
sponding temperatures being projected on to the ternary 
triangle. Then the direction of each contour was deter- 
mined by plotting the melting points obtained. Allowing 


, 


in the solid state, especially the eutectoid inversion. 
Considering first a section through the diagram al 
the eutectoid line 7-7 (see Appendix), we see, as stat 
above, that, instead of running linear from copper-zinc 
to copper-tin, it rises to a maximum near the middle, 
corresponding to 590 deg. Cent. (using the mean of the 
temperatures on heating and cooling). This inversion 
point, as obtained from the cooling curve taken direct from 
the liquid, is subject to super-cooling. The most notice- 
able effect of super-cooling occurs in the alloys with small 
per cent. tin, just off the copper-zinc diagram ; here the 
Inversion point is either so weak or so diffused as to be 
scarcely recognisable. That this should be so is a natural 
conclusion from the discussion of the influence of tin on the 
inversion. Beyond 10 per cent. tin the point is clear and 
well defined, but still subject toa pn Scone, from 
15 deg. to 30 deg.—taking the maximum difference 
between the point on heating and the (same) point on 
cooling. When the maximum is Raced the inversion 
drops off regularly towards the copper-zinc series. To 





Ul 





Fie. 43. 


Tre Coprer-Tin-Zinc TERNARY DracGRamM. 








Upper plane $90°C to 608°C al maximum 
Lower plane at S510°C average value 





Fie. 45. Evrecror Surraces. 


for experimental error, these lines run uniformly. The 
changes which the contours take on crossing 2-2, though 
not pronpunced, can always be clearly seen; and this 
method of locating line 2-2 checked nicely with the other 
more accurate method (i.¢., that of locating the line by 
using the peritectic transformation point) which was 
employed. Miller’s determinations were plotted but 
found to be too i lar for use here. he solidus 
surfaces, as determined from the cooling curves, are seen 
to run underneath the liquids surfaces, as indicated in 
Fig. 3. The surface 1-4-4 was not determined. The 
surface 4-4-2-2 was found to run irregularly from the one 
binary series to the other; upon the addition of tin, 
dropping rather rapidly from the copper-zine side until 
it ran nearly horizontal to the copper-tin side. Between 
lines 5-5 2-2 the surface drops until it reaches line 2-2. 
From line 2-2 to line 10-10 the alloys solidify over a small 
interval of temperature, giving the § solid solutions. The 
line 10-10 was located by observing at what compositions 
the second peritectic reaction (8 + liquid a *y) entered. 
Of great importance is the location of the transformations 


* Paper read before the Institute of Metals at Ghent. 
We regret that in our last issue this paper was inadver- 





tently attributed to the Iron and S Institute. 





obtain the inversion temperatures more accurately, and 
especially on the zinc side, curves were taken by the 
compensation method. On plotting the points this time, 
the maximum was again seen clearly, and a rise in the 
individual temperatures was observed. It was interest- 
ing to note how the addition of only 1 per cent. tin was 
sufficient to raise the inversion temperature of § brass 
from 477 deg. to 495 deg. Cent., a good example of the 
enormous influence which the addition of even quite 
small proportions of a third element may exert. * 

Another point under consideration was whether the 
heat effect took place at a constant temperature or over 
an interval of temperature, forming in this way a major 
and a minor curve intersecting at the maximum. The 
determination of this point—a thing possible enough 
theoretically—is made considerably more difficult by the 
fact that the heat effect is diffused over an interval, 
through the inherent nature of the reaction. It can be 
said with certainty that the inversion does occur at con- 
stant temperature at the maximum, and that on either 
side it has the appearance of being an interval. 








* To the author’s mind, this case would serve to illus- 
trate why it is preferable to consider such a system ternary, 


_ The temperature of the eutectoid point is raised with 
increase in the copper content also, so that the effect on 
the inversion temperature of the brasses produced by the 
addition of tin isin turn remarkably increased with the 
increase of copper. On crossing the line 2-2, when above 
the eutectoid section 7-7, this rise in temperature is 
very rapid, which fact leads to speculation as to why this 
happens. The 3 tin, 29 zinc oy for example, shows 
an inversion temperature of 570 deg. Cent. as compared 
to 480 deg. Cent. in an alloy of 6 tin and 33.5 zinc, 
which is just below the line. From this evidence one 
might be led to suspect the existence of an additional 
line in the diagram ; but outside of this there was no 
reason at all for considering the change in temperature 
to be other than a linear function of the composition. 
The greatest deviation was noticed in the feld between 
the lines 7-7 and 8-8 on the tin side of the maximum. 
Much to the author’s astoni ent two well-defined 
heat effects were recorded on every alloy tested in this 
region, both on the first or direct curve and on the com- 








A- HEATING CURVE 
C- Cootineé CurvE 
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pensation curve. For example, see Fig. 2, page 668 ante, 
the heating curve of an alloy with 15 per cent. tin and 10 
per cent. zino with its first derivative. The effect is notice- 
able up to the eutectoid line, but does not cross it on the 
decrease of copper. Being unable just now to report 
fully on this appearance, the author wishes to leave it an 
open question, until it has been more completely worked 
out; then this, and likewise the eutectoid inversion over 
the entire range, which bears close relation to it, will be 
discussed in detail. The microstructure of this alloy will 
be considered briefly further on, The eutectoid inver- 
sion on the tin-zine side of the line 7-7 has not been fol- 
lowed so closely, but seems to exhibit the maximum. 
Microstructure.—The microstructure of the ternary 
alloys corresponds very closely to that of the two binary 
systems ; hence it will not be necessary to present photo- 
micrographs covering the entire field. In the field 1-8-8 
we have simple solid solutions ; as shown, for example, 
in Fig. 5, page 670 ante, which exhibits the dendritic 
structure so characteristic of the alloys in this field. At 
this magnification the structure has a duplex appearance ; 
but on examination under a higher power appear- 
ance is clearly shown to be due to the inhomogeneity of 
the dendritic structure. On crossing 8-8, islands 


of a grey constituent according to the prevail- 





rather than, as is customary, regard it as a binary system 
with a third metal added. " 





ing d itic structure can be seen. This is the y solid 
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solution. Figs. 6,7, and 8, page 670 ante, shows alloys 
with an appreciable amount of the y phase present. 
These alloys lie about the same distance off 8-8. From 
these anna the difference in structure of 
cast and annealed specimens is plain to be seen; the 
eutectoid ae pred with annealing. Fig. 9, page 670, 
gives the general structure of these alloys ; Figs. 10 and 
11 the eutectoid. As we go further into the diagram the 
eutectoid is found to increase quite rapidly, as seen from 
Figs. 12, 13, and 14, page 670 ante. Little change in the 
microstructure occurs in sections running parallel to 7-7 
until the copper-zince side is n Here the structure 
of the alloys with a zinc content lower than 35 per cent. 
is the same as that of alloys with a higher tin content, 
and the complications due to the 8 breakdown are not 
met with. But on increasing the zinc content we go over 
from the stable to the unstable structures (shown by the 
line 1-2 in Fig. 4), passing through a zone whose alloys 
usually show three constituents present. When we reach 
the unstable field the structures of the are preva- 
lent—a needles in a ground mass of apparent §. By 
noting the change in microstructure from primary a 
dendrites to a segregate we can check the location of 
line 5-5. 

In Figs. 15 and 16, page 670, the pure eutectoid struc- 
ture is exhibited. From Fig. 15 we see how uniformly 
the inversion takes place throughout, and how the 
eutectoid forms colonies, much the same as the eutectoid 
ledeburite described by Professor Benedicks; further, 
its similarity to pearlite is evident from Fig.17. The 
structure of the eutectoid with small poeta of tin 
is that of free 8 of the brasses, and likewise is also not 
confined to a line, but extends over a small percentage 
perpendicular to line 7-7. : 

In working with the microstructure of the eutectaid 
and apparent 8, seeking te get reproductions of them 
which would show the duplex structure, the author was 
struck with the great difficulty in actually showing that 





a structure is in reality heterogeneous. 
To the author’s mind, Professor Car- 
penter’s photomicrograph of § in his 
first paper is inconclusive evidence of : 
this. Interesting in this connection are 


Cu\85: 
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3. The eutectoid surface was fouud to have a maximum 
near the middle, corresponding to 66 cent. copper, 
17 per cent. tin, 17 per cent. zinc, and deg. Cent. on 
the eutectoid line. This line shows the § solid solutions 
to be isomorphous. Quenching from above this line pro- 
duces homogeneous solid solutions. 

4. The addition of tin to the brasses causes the visible 
breakdown of the § solid solution. The amount of the 
tin necessary varies with the zinc content and with the 
rate of cooling through the critical range. This gives 
rise to ubnormalities in the microstructure explained. 

5. A field off thea + 8 range in the bronzes was found, 
in which two heating effects in the solid were recorded— 
the discussion of which is deferred for the sake of securing 
further evidence, especially with reference to the location 
of the eutectoid plane. 

To Dr. Campbell, under whose direction the research 
started, to Dr. Hanemann, in whose laboratory it was 
carried out, and to Dr. Guertler, who has taken a lively 
interest in the work throughout, the author expresses his 
sincere thanks and appreciation. 





APPENDIX. 


In the paper a heating curve and photomicrographs 
were given for the alloy, copper 75, tin 15, zinc, 10, 
and it was stated that off the a + § range of the nee. 
tin alloys a field had been found in which the allo 


8 
showed, instead of the one transformation point of the a 


zine-rich kalchoids, two transformation points. This field 
is marked 7’ — 7 — 8 — 8’ in Fig. 45. © investigations 
have been continued, and the study, as here presented. 
has been made as thorough and complete as the limited 
time would permit. 

The curves taken of the alloys in this region pointed to 
the possibility of a transformation point in the pure 
copper-tin alloys at about 600 deg. Cent., which seems the 
most satisfactory explanation of this double heat effect. 


> 


. 
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Fig. 24, page 671 ante, and Figs. 26 and 27, which repre- 
sent extreme cases showing a structure known to be 
heterogeneous alongside of one considered to be homo- 
geneous. 

Fig. 25 shows an alloy of eutectoid composition which 
has been chill cast, giving an extremely fine structure, 


and the different tones produced can easily lead to the| d 


deduction that two constituents are present—a light and 
a dark one; in Fig. 26 a field is represented which over- 
laps the field of Fig. 25, Fig. 26 showing a coarser struc- 
ture of the same specimen. A third picture (of a 5 per 
cent. brass), taken under identical conditions, is Fig. 27. 
Since a —oe of a structure known to be hetero- 
geneous with that of a homogeneous structure fails to 
bring out the difference one might expect, it is clear that 
a photo-micrograph cannot be taken as final or conclusive 
evidence that a doubtful structure is either heterogeneous 
or homogeneous. 

_On the y side we may have either y + apparent in the 
zinc-rich alloys or y + the eutectoid. y + apparent 8 
(with varying amounts of mH is to be seen from Fig. 19, 
page 671 ante, Fig. 23, and Fig. 28. The eutectoid struc- 
ture is given in Fig. 20, Figs. 21 and 22, and Fig. 31. 

Taking up now the microstructure of the alloys in the 
field exhibiting the two heat evolutions: in Fig. 32, page 
671 ante, we have an alloy of 15 per cent. tin and 10 per 
cent. zinc which was cooled slowly in the furnace. Three 
generations of a are evident: (1) The a dendrites ; (2) the 
small a crystals between them, forming an apparent eutec- 
toid structure ; and (3) the very minute a crystals in the 
part which appears grey. These are to be seen moreclearly 
in Fig. 33. By annealinga specimen for three hoursabove 
the transformation points, and allowing it to cool slowly 
in the furnace, thec teristic eutectoid structure of this 
alloy was obtained, as shown in Fig. 34, where the pecu- 
liar crystallisation in the -y phase is conspicuously evident. 

Summary.—We may sum up the results obtained in this 
research as follows :— 

1, In general, the ternary alloys of copper-tin-zinc, up 
to 50 per cent. zinc and 30 per cent. tin, were seen from 
microscopical analyses to behave similarly to the binary 
alloys of copper-tin and copper-zinc. 

2. The liquidus surfaces, the limit of saturation of the 





@ solid solution, and the eutectoid line were determined. 


Fie. 48. 


In the binary alloys this upper heat effect might be 
very weak (an ordinary cooling curve failing to show it, 
see Fig. 1. page 668 ante), but with the addition of zinc 

ight res oy ey! strengthened. 

ccordingly, five alloys were made up for the purpose 
of studying this point, and the difference method already 
escri was u for recording the curves. The alloys 
are represented by the points A, B,C, D and E, in Fig 45, 
and their curves are given in Fig. 46. These alloys all 
lie in the a + 8 range, alloy e having a composition very 
near the eutectoid point. 

As expected, a heat effect was recorded at 590 deg. 
Cent., very weak compared to that at 525 deg., but still 
quite perceptible. Thiseffect is more marked as the 8 
content increases, but when the tin content is as much as 
25 per cent. it has disappeared entirely. On the assump- 
tion that this heat effect at oe Cent. is in accord 
with the presence of a new line, the diagram in Fig. 47 
was constructed. The heat effect at 590 deg. Cent., then, 
is due to the inversion pa + y, and the heat effect 


at 525 deg. to the inversion y =~ a + 8. The points 2 


and 3 undoubtedly lie very close to one another, inasmuch 
as the maximum heat effect lies towards the tin end of the 
line 1-3, to which fact the weakness of the effect may also 
be attributed. Increasing the tin content this inversion 
disappears, and we have only the y = a + 8 inversion. 
A review of the literature offers no thermal evidence 
against such a ry ; and, in fact, so far as the author 
knows, none of the curves taken of these alloys is so 
exact in nature as that obtained in the present case. 
Here, on both heating and cooling curves, a heat effect 
was noticed each time the temperature 1-3 was passed, 
and from the thermal evidence no discrepancies arose to 
make such a line 1-3 doubtful. y 
The addition of zinc influences these points in two ways: 
{1) The temperature undergoes a small rise, accompanied 
y (2) strong increase in the upper heat effect as com- 
ed to the lower. This rise in temperature, appreciably 
noticeable only after the addition of considerable zinc, is 
about 15 deg. over the entire range. The upper heat effect 
is already ye with 3 cent, zinc addition, as seen 
from Fig. 48, alloys 82, 83, and 84. Further addition of 





zinc causes a remarkable increase, as shown in Fig. 2 and 
Fig. 48, alloy 46. Thus the upper effect 

even stronger than the lower one, till the latter, on 
reaching the line 7’-8’ disappears entirely. 

The a | system being considered as pseudo-binary, 
one degree of freedom is suppressed, and } mrpeentin noms 
tions take place in the same manner as in the pure copper- 
tin alloys; hence a copper-rich solid solution will 
always be in equilibrium with a copper-poor solid solu- 
tion. Such an assumption, of course, uires that the 
relative amounts of tin and zinc remain the same in all 
the phases present. The temperatures at which the 
transformations occur may, of course, vary, and, as is 
actually the & maximum is attained near the middle, 
at the line 7’-8’. This is to be expected, for as the com- 
position of the phases vary, it is natural to have different 
temperatures at which saturation (separation of segregate) 
and mutual saturation (formation of eutectoid) vecur. 

A section of the diagram taken through the copper 
apex would resemble the dia re) nted in Fig. 47 ; 
however, in it the points 1-2-3 and 4 would have other 
positions relative to each other. This fact, and the quan- 
titative effect of the zinc replacing the tin, cause, no 
doubt, the increase in the upper heat effect. That the 
increase of the zinc content does exercise a great influence 
on this heat effect may be seen by a comparison of the 
curves in Figs. 8 and 10 and 2. 

At the line 7’-8’ the heat effect at 525 deg. Cent. dis- 
P probably because the two phases § and f’ become 

mutually soluble at this line. 

The study of the microstructure of the pure copper-tin 

alloys did not support the thermal evidence toward 


proving the inversion 8 Za + y at 590 deg. Cent. Three 


specimens of the og were heated in a small electric 
furnace to 675 deg. Cent., and annealed for 30 minutes. 
Then, by gradually increasing the resistance, the tem- 
rature was lowered, and at 610 deg. Cent. (30 minutes 
ing required for the temperature to fall thus far) one of 
the specimens was quenched. Again increasing the resist- 
ance, the temperature was lowered very slowly through 
the upper transformation point, when a second piece was 
quenched at 565 deg. Cent.—it having taken 30 minutes 
for the temperature to drop through the 45 deg. Cent. 
Then the current was switched off, and the third piece 
quenched at 430 deg. Cent. The structure of these three 
specimens may be seen in Figs. 34, 35, and 36, page 672 
ante. The structure above 610 deg. Cent. is shown to be 
duplex, while at 430 deg. Cent. we have just the normal 
bronze structure in this range. What is quite surprisi 
is that on passing the first heat effect (see Fig. 36) a thi 
R formed as a broad band around the a crystals. 
rom this peculiar occurrence we might conclude that the 
upper heat effect is due to the formation of the band, and 
that the eecend heat effect is due to the breakdown of the 
remaining 8 crystals between the bands. On repeating 
the experiment, but annealing this time for three hours 
at 565 deg. Cent. before quenching, a greater down 
of the § constituent was produced, the grey band havin 
grown broader and grey islands having foomed 
throughout the f (see Fig. 38, page 672 ante). 

From the diagram in Fig. 47 one would expect a 
eutectoid to form on cooling through the first heat effect, 
this to be followed by a second Geeahdown on cooling 
through the second heat effect. But the microstructure 
does not substantiate this; indeed, it seems rather to 
indicate a very tardy formation of a single eutectoid. 
However, a further study of the microstructure—as well 
as the thermal evidence — furnishes sufficient grounds 
for not accepting this fact. On passing 590 deg. Cent., 
the formation of the grey phase occurs, the amount of it 
depending on the time of annealing. From +. 38 
we see that even after three hours of annealing, the 8 
(dark) phase is still pooent in large amounts, while on 
normal or even rapid cooling through the lower trans- 
formation point, the § disappears entirely, as seen from 


Fig. 37. 

So far, the author has found no one diagram to explain 
these facts altogetber satisfactorily; nevertheless the 
necessity of reconstructing the copper-tin di seems 
very certain. But to do this, longer annealing is required. 
For example, it will be necessary to anneal at a tem- 
perature intermediate between the two heat effects until 
stable equilibrium is reached, and then on cooling uote 
a cod lower heat effect. een bit on 

ierographical experiments upon an alloy lying on 

line 7-7 of Fig. 43 in the cated 3 paper showed hes this 
line must be moved. The normal structure of this allo 
on cooling is the same as that shown in Fig. 26, page 671. 
which is a very fine-grained eutectoid ; hence its normal 
structure would place it at once on the eutectoid line. 
However, annealing at 565 deg. Cent. and quenching 
gives a he’ meous and eutectoid-like structure, as 
represented by Fig. 39, page 672. This would correspond 
to the a + § structure of the new diagram. On annealing 
again for forty-five minutes by gradually away by: tem- 
perature to 460 deg. Cent. an in cooling, con- 
stituent breaks down, giving the structure in Fig. 40. 
So we see that the line 7-7’ must be shifted to suit these 
conditions, since a composition that corresponds to the 
a + 6 copper-tin eutectoid can have only one transforma- 
tion point as alloy EK, Fig. 46. 

—_ | 73 behaves on thermal treatment similar to 
alloy D, except that under certain conditions three 
generations of a may form (see photomicrographs 32 
and 33, page 671 ante). Annealing at 560 deg. Cent. for 
thirty minu‘es and quenching gives the structure shown 
in Fig. 41, 672—a dendrites with the § solid solution 
between. e thin grey er cannot be seen at this 
magnification. Annealing the specimen a short time at 
450 deg. Cent. gives the Bouietates as shown in Fig. 42. 
Annealing for thirty minutes at 700 deg, Cent., cooling 
slowly to 560 deg Cent., and quenching, gives a different 
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structure (from that of Fig. 41), in that small a crystals 
have formed in between the larger dendrites, evidently 
second generation earlier referred to. The structure 
in Fig. 33, offers no proof as to whether the second and 
third generations of a are the same phase, but inas- 
much as the 8 phase on annealing below 545 deg. Cent. 
ves @ very regular duplex structure (Fig 42), there can 
no doubt that they are the seme phase—a fact which 
must be true if these alloys are pseudo-binary. 

In this appendix the author has not attempted to 
reconstruct the copper-tin diagram or to complete the 
ternary equilibrium diagram. But he has tried to show 
the necessity of reconstructing the copper-tin diagram, 
as evident i certain experimental facts recorded in 
this research, and to suggest how this further work can 
best be carried out. Thesolution of the ternary diagram 
must await the corrections to be made on the copper-tin 
diagram. The chief points presented in the appendix 
are :— 

1. A new heat effect in the pure copper-tin alloys of 
the a + 8 range at 590 deg. Cent. ; and : 

2. The location of the eutectoid surfaces as seen in 
Fig. 45, page 704. 





CanapiAN Stream Rattways.—The length of steam 
railway in operation last year in Canada was 26,727 miles ; 
the length of sidings was 6172 miles. The number of 
engines in use Jast year was 4484; the number of passenger 
cars of all kinds in use was 4946; the number of freight 
cars 140,918—viz , 89,982 box-cars, 22,000 flat cars, 
stock cars, 14,715 coal cars, 390 tank cars, 3082 refrigerator 
cars, and 4427 miscellaneous cars. 





Russian Metatiturcy.—The profit realised by the 
Dneiprovian Metallurgical Company for 1912-13 amounted 
to 8,599,242 roubles, as compared with 6,022,888 roubles 
in 1911-12, and 3,484,241 roubles in 1910-11. Of the 
8,599,242 roubles representing the profit for 1912-13, 
3,750,000 roubles were devoted to the yment of a 
dividend upon the share capital (15,000,000 roubles), 
at the rate of 25 per cent. perannum. A special alloca- 
tion of 250,000 roubles was e to a workmen’s sick 
fund; this fund was established upon the twenty-fifth 
anniversary of the formation of the company. The 
amount devoted for the year to writing down capital and 
premises was 3,183,671 roubles. Government taxes ab- 
sorbed 950,467 roubles. An allowance of 150,922 roubles 
was made to the managers out of the profits of the year, 
and a final balance of 35,989 roubles was carried to the 
credit of 1913-14. ‘The Kamenskoi Works had four blast- 
furnaces in operation during the first five months of the 
pst financial year, and five —s the last seven months. 
A new 50-ton Siemens Martin furnace was started in 
March, and has considerably increased the company’s 
production of plates and merchant steel. An extension 
of the electricity station has been recently authorised. 
An extension of mineral working at Krivoi-Rog has 
carried the annual extraction from 55,000,000 poods to 
63,750,000 poods (a pood equals 36 1b. English). The 
orders in hand at the close of June amounted to 27,089,244 
poods, 





Fisre Brakst-Biock Marerriats.—In the last few 
years fibrous preparations have made considerable hea‘- 
way in regard to es for railway vehicles, especially in 
connection with electric railways. We have recently 
received come of two materials of this type manufac- 
tured by the Herbert Frood Company, Limited, Sovereign 
Mills, Chapel-en-le-Frith. One of these is made from a 
prepared cotton base, while the other is of bonded 
asbestos. The Feredo cotton-fibre preparation is made 
in blocks to fit into an iron e-shoe shell. The 
material is especially suitable for electric railways, since 
it avoids the os nuisance of the formation of quantities 
of fine metallic dust which occurs with iron brake-blocks, 
and it is non-sparking even though the heat generated by 
friction be considerable. The material contains chemi- 
cals which on heating form a cement bonding the fibres 
sscurely ther. Its durability is greater than cast iron 
of equal thickness. The coefficient obtained is a 
Some tests carried out by Professor E. Wilson, at King’s 
College, London, showed coefficients ranging between 
0.523 and 0.708. The tests were carried out with a 30-in. 
wheel. One test, maintained for 2 hours 51 minutes with 
a constant load of 20 lb. per sq. in. on the block, showed 
a coefficient of 0.559, the tyre temperature being 91 deg. 
Cent. In a test in which the specific load was maintained 
at 7.3 lb. ye * in. for 4 hours 40 minutes, the coefficient 
rose to 0.708, the tyre temperature being 73 deg. Cent. 
In some tests conducted at the Grand Ducal lege of 
Engineering, Darmstadt, with a brake-drum running at a 
speed of 6.4 metres per sec., the coefficient was found 
to rise with an increase of temperature; there was no 
sign of carbonisation or of sparking. The coefficient 
also rose with a decrease of velocity. A number of in- 
teresting tests have been carried out on the Great 
Northern, Piccadilly, and Brompton Railway with auto- 
matic trip application. The highest deceleration obtained 
in these tests was in the case of an application, when 
travelling at 25.58 miles per hour, on a down le of 
lin 85. The train pulled up in 162 ft., the deceleration 
being 5.11 miles per hour per sec., or 7.5 ft. per sec. 
per sec. Other tests showed decelerations of 6.35 ft. 
|W sec. per sec., 6.12 ft. per sec. per sec., and so on. 

@ average number of applications per working day is 
1500, including 600 station stops on this railway, yet the 
temperature of the tyre does not rise above 110 deg. Fahr. 
The cotton-base fibre material is merely woven, but the 
asbestos type is woven and, in addition, bonded with fine 
brass wire, which, however, has no undesirable effect on 
the braking qualities. These fibre blocks are used on 
the London and the Paris underground railways. 





ENGINEERING WORKSHOP ORGANISA- 
TION.* 


By Hans ReEnotp, Member. 


THERE is probably no business establishment in 
England to-day but calls in a professional public ac- 
countant to audit its commercial books and prepare the 
yearly balance-sheet. I may remind my audience that 
this was not always so. 

In the Uni States of America during the last 
15 or 20 years, another kind of public profession has 
begun to establish itself, is growing, and is made more 
use of year by year. It is not only used by engineering 
firms, but by all sorts of businesses, such as railways, 
publishing houses, and every sort of commercial and in- 
dustrial establishment. 

The profession I refer to is that of the public business 


0 » 

i believe these business organisers had their beginning 
some twenty years with Fred Taylor, when he was 
manager of a large iron and machine works in Phila- 
delphia. Through pressure of orders, he had to face the 

roblem of how to get more work out of his shop than 

ad ever been produced before without increase of men 
or machinery. In a sense Mr. Taylor showed himself 
intensely practical by being able, though a manager of a 
— concern with a widely varied product, to observe 
and analyse the minutest movements of the work per- 
formed by his men when tending the various machines, 
such as small and large lathes, milling, drilling and 
planing machines, &c. Mr. Taylor, amongst a great 
p wen A of investigations, also observed, studied and 
classified the movements of the navvy and his output. 
He compared the work done by a small and a large man 
when handling a small, large, or medium-sized spade or 
pick. He also investigated the movements of the brick- 
setter laying bricks in his customary way, and found that 
it was possible to eliminate sixteen movements utterly 
unnecessary, and therefore wasting a considerable part 
of the man’s energy.t 

Investigations , sn workshop enero, and 
the tabulation of the results, have shown Mr. Taylor that 
often a two or three times larger and better production 
could be obtained with a gain to both master and man, 
and without hurt to either, provided an intelligent 
administration, with a reasonable and sympathetic hand- 
ling of men an ines, was adopted. 

iow of you, no doubt, have heard both good and bad 
reports about the so-called Taylor system. I am also 
acquainted with workshops which have made attempts to 
modernise their shop methods, which led to very varied 
and, in some cases, very disappointing results. When 
looking more closely into these cases where unsatisfac- 
tory results were obtained, I have invariably found that 
it was not the idea nor the system that was at fault, but 
the way they were handled. The underlying principles 
were not fully understood, and results were ex 
before the necessary ——t spade-work been 
done. More often than not, when difficulties arose, 
it was because the common respect which every man 
owes to his fellow-worker was wanting, and there- 
fore the necessary tact for a successful management 
was non-existent. Many masters did not sufficiently 
realise this, nor did they make it sufficiently clear to 
their men the new and altered conditions under which 
the work had now to be done. The workman’s natural 
slowness and hesitancy to adopt new methods, his sus- 
picions, well or ill-founded, were not taken sufficiently 
into account. Sometimes when the profit became con- 
siderable, owing to a more systematic working, a fair and 
adequate share was nob allotted to their working men. 
All parties to a successful working should clearly under- 
stand what is expected of each, and not the least of the 
managerial duty is to explain to the workman that his 
share of the remuneration can only be a part of the 
benefits derived, and that the extra gains are due to a 
number of contributory causes. 

uite a staff of clerks and trained men, with a good 
technical knowledge, are required to prepare data and 
charts of the work as hitherto done, and for planning 
how it is to be done in future. There is no denying that the 
working of an efficient system requires men of tact and 
power to lead, who can command, and should receive, a 
good salary, which will absorb not a small part of the 
extra gains obtained. In short, the additional produc- 
tion, both in quantity and quality, is not all gain that 
goes into the master’s yee? as, unfortunately, there 
is some danger that the misguided, not too intelli- 
gent working man is led to believe by some of his leaders, 
who can only live and hold their posts by the ignorance 
of some of the men they tried to mislead. 

Relating my experience of a fairly large engi- 
neering works in America, I may state that some five or 
six years ago, the managers were so ones by the 
wisdom and economic results foreshadowed by the Taylor 
system that they decided to accept it, and tumbled head- 
long into it. Naturally, a hasty ~~ brought, for a 
long time, nothing but confusion, disappointment, and 
failure. To extricate this firm from its difficulties and 
troubles, it took the organising engineer some three years 
to ewe | about some better results. Their difficulties were 
naturally all the greater, because they had so suddenly 
abandoned their old and tried ways of shop management, 
and adopted, without the necessary tact and caution, new 
methods only half understood. 

Under the headings 1, 2, 3, 4, and 5 I have enumerated 





* Paper read before the Manchester Association of 
Engineers, October 25, 1913. 


t I am told that Mr. Galbraith, a disciple of Mr. | be 


Taylor, has more particularly occupied himself with the 
study of the brick-setter’s work. 





some of the necessary spade work requiring study and 
time before a systematic management becomes posmble. 

1. The hundred-and-one small tools and appliances 
necessary to carry on the diverse operations of an engi- 
neering shop should first be studied as to what is their 
best form and shape for the work to be done, and then 
should be standardised and adopted. Their sizes should be 
reduced to a reasonable number, and a stock kept ready 
in the stores to be given out when required. Duplicating 
is so much cheaper than making single individual tools. 

2. In far too many instances labourers and workmen 
need more or less training, and to be shown how to go 
about their work, and how to serve their machines to 
obtain the greatest efficiency ; the manner in which 
cutting tools should be ctapoe and used, or, better still, 
all cutting tools should ground by one man only on 
special grinding-machines. Newly-ground tools should 
daily be given out from stores, and carried by messenger 
boys to the machine-men, so that there is no need for 
them ever to leave their machines, and waste their own 
and much more valuable time. <A system of electric call- 
bells offers great advantages, and, when once installed, 
will never be given | again. : 

3. The best method of fixing a piece of work, and the 
course to be followed when machining.— What is the most 
suitable machine for the work to be done? The machines 
should be kept in such a state of repair that they can 
really perform the work expected from them. Neglected 
repairs have a twofold effect. They curtail produc- 
tion and lower the quality of work, but, what is still more 
important, they make the workmen dissatisfied, as they 
cannot steadily pursue their work, nor earn what is their 


due, 

4. Speed and feed-charts ought to be established for 
the various machines doing work on pieces differing as to 
size, structure, and material. Attention to the grouping 
of machinery about the works is of great importance. 
To obtain the most economical results with least waste 
of time and efforte, carting of the work to and fro un- 
necessarily, should be avoided. 

5. Where to locate stores and how eupplies and work 
should be given out are very important points, often 
requiring not a little study and organisation. 

All these five points are preliminaries, and form, as 
I have called them, the poe work, before a systematic 
management can ——. and beneficial results be shown. 
This spring, when 7 visited the firm mentioned 
above, who had adopted the Taylor system too hurriedly, 
and when only half prepared, I found that they were 
then in a fair way of making a success of it. The work 
they now produce is at a greatly reduced cost, in very 
much en quantities for the Fa they possess, and 
their work is of — improv ae. Everybody— 
management and workmen—were much happier, full of 
interest in the work they were doing, and came | alive 
to the fact that a great deal more was see possible ; in 
fact, they all felt to be at the beginning of a new era. 

On my recent visit to the States I also spent a little 
time with a friend of many years’ standing. He is the 
technical head of perhaps the largest machine company 
making typewriters. ey have four factories in dif- 
ferent States, a considerable distance apart from each 
other. The re-organisation of all four works had recently 
been finished by a public professional business organiser, 
adopting the so-called Taylor system. As a consequence, 
they are able to-day to show economic results well nigh 
incredible. Some cost figures were shown to me which 
I would have doubted had I not so well known the people 
from whom this information came. 

When the professional business organiser first began 
his work in these four factories, for many months he 
could do nothing more than spend his time in consultation 
with the heads of the various departments and collect 
data about the work as hitherto done, and tabulate the 
results. Naturally it took months before a full grip was 
obtained of the ways the factories were run and before 
improvements could be suggested, some of which de- 
manded quite radical changes in the machines used, the 
aa of the staff, and the class of workers employed. 

me improvements of details, standardising of tools and 
appliances, methods of store and stock—ordering, keeping, 
and giving out—could, of course, be introduced in the 
very early days when he began work. A system of card 
indexes and special stationery could very easily be 
adopted in the drawing-offices, cost and book-keeping 
departments, and their methods and routine of work 
improved. r . 

t goes without saying that organising large works can 
never be said to be wm he finished ; still a tolerably com- 
plote state of organisation can be reached in from two to 
three years, but it must be taken in hand energetically 
and with me. Very often it is well to retain the 
services of the professional business organiser as a per- 
manent part of the system, and he then makes a visit of 
one or two days every month. Thus the man who has 
conceived and worked out the system has an opportunity 
to see how his work is carried out, and what modifications 
time and experience may suggest in the different depart- 
ments. Often from time to time he can make modifica- 
tions and papier which occur to him through 
working in other manufacturing concerns, although they 
may be producing widely different articles from what 
opens factories make. 

have had the ee of meeting Mr. Fred Taylor 
three times. The first time wassome 15 years ago, when, 
still manager of the Midvale Works, he had developed 
a process for hardening ordinary carbon tool-steel, 
giving results nearly as as we obtain from high- 
se cutting steel, which to-day can be bought from 
almost every steel-maker. Mr. Taylor has long ceased to 
bs — and has begun business as en 

viser, to reorganise especially engineering works, or, a5 
the Americans like to call it, to ve vam O them. Hir 
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firm, however, is today ready to undertake almust any 
kind of business that needs bringing up to date. I have 
spent a whole afternoon this in the largest and 
most modern publishing and printing house in existence, 
which Mr. Taylor’s firm have not only o ised, but 
helped to design from the very beginning, when new 
quarters had to be built. On the table will be found a 
few more particulars and pictures of this gigantic and 
unique concern. 

So far I have used the name of Fred Taylor only, but 
it must not be thought that he has a monopoly as pro- 
fessional adviser in America. There are hundreds of 
men to-day, all more or less his disciples, working on his 
lines and ge on all kinds of businesses. As far 
as I know Mr. Fred Taylor is the first who advocated and 
introduced a scientific and systematic workshop manage- 
ment, —_ ouey owing to his enthusiastic personality, 
has obtained most astonishing results. His enthusiastic 
work, logical thinking, and the great results obtained, 
sometimes | him, when he sees in his mind *‘ the 
highly-developed workshop of the future,” to write ina 
strain which an ordinary workshop manager cannot under- 
stand. In such cases Mr. Taylor is often condemned, 
and called a crank, a fanatic, or a visionary. 

Coming now more intimately to the subject indicated 
by the heading of my paper, I must — by stating that 
the organisation of an engineering works is far too big a 
subject to do more than ay touch upon a few of its main 
points. How could it otherwise, when one sees the 
great difference there is in the work done by a 
Lancashire textile machine firm, a shipbuildiog yard, a 
sewing-machine manufactory, steam, sade s oil-engine 
works, a machine-tool shop, or a p where cycles, 
motor-cars and wagons are manufactured. 

Scientific management is neither more ‘nor less than 
common-sense, tabulated and applied with tact and 
reason when facing the every-day problems as they arise 
in engineering works such as enumerated above. 

The organisation of an up-to-date works, therefore, 
must be a living o ism, adjusting itself constantly to 
the varying demands made upon it. It must grow with 
the size of the business, and change with the ever-changing 
demands made by the public for the articles manufac- 
tured. The details of an organisation must naturally be 
very different when the articles have to be produced in 
large masses, in small quantities, or in single pieces, each 
different to the other. 

To a society composed of practical men it would be of 
very little interest, and certainly of little use, were this 
paper to contain a mass of —- stating that this 
and that should be done and so and so be avoided. This 
being so, no other way is left but to give youa be 


large |is managed by the com 


From a very small beginning it steadily grew, until to- 
day it employs some 1500 men and women all told, and is 
carried on in two works—the eld one in Manchester, and 
the new one some four and a half miles outside the city. 
among green fields with plenty of light and good air. i 
need ly say that carrying on work in two places is 
not the most econonmical, nor is it conducive to establish- 
ing the best or simplest organisation. However, buildi 
operations have just begun at ~~~ ~ with the view o 
soetge | the whole of our tuwn works there, and thus 
aes l our manufacturing and commercial departments 

ther. 

goods manufactured are driving-chains used for a 
great many purposes. Sprockets on which these chains 
run are made in sizes varying from a few ounces to $ and 
4 tons. The pony | difference in size and character of 
work done will soon demand a still greater sub-division of 
departments than is shown in the present charts. To 
carry on such a business, where new productions with 
new methods of manufacture are constantly called for, a 
large number of special machines are required which have 
to be designed and constructed in our own works. 
Standard machine-tools of ordinary design are, of course, 
bought, being more satisfactory and less in cost. The 
multitude of small tools to keep nearly 1090 semi and full 
automatic machines going require also quite a large esta- 
blishment for tool-making. 

The marketing of our goods calls for a considerable 
estimating, selling, booking and forwarding staff, which 
: ial department. As chains 
are used in almost every country where machines and 
factories exist, we have not only a large home and colonial 
or English-speaking department, but also a small foreign 
department, where the correspondence is carried on in 
two and three foreign languages. en the business 
was smaller, all the three main departments shown on 
the charts, and called by the letters B, C, and D, were 
mixed up together and constituted one workshop depart- 
ment. More efficient working, however, soon made 
separation n To obtain a real and accurate cost 
of each class of subdivisions had to be carried much 
further than was at first deemed necessary. 

For some time we have also been pupeing monthly 
balance-sheets, not for the commercial departments alone, 
but also for the manufacturing departments, and have 
found them of very great advantage. These monthly 
returns keep one constantly informed as to how the 
business is going and are a great comfort in normal 
times, and unmistakable — when things are not 
going as they should. ith a proper accountancy 

tem, the necessary indexes are constantly kept up, and 

e | ing of monthly sheets then becomes the work 





of charts showing the organisation of one engineering 
works as carried on to-day, and to give such verbal ex- 
planations as may be asked for. The charts can, of 
course, Only serve as illustrations of a particular business, 
but if the principles they embody are grasped, they 
cannot fail to bs of service to not a few of my hearers. 

I need hardly say that I have adopted this course with 
some hesitation, as it looks very much like a business 
advertisement, and shows perhaps a little too freely a 
private firm’s organisation built up with much labour. 
No help from @ professional adviser was called in. The 
system adopted by my firm has been developed during a 
number of years, by men grown up and engaged in the 
business during an existence of thirty-four years. 

One great and helpful element im our organisation is the 
fact that from an early date we have taken great care with 
voung men, and have established a carefully graded 
apprenticeship system, offering every facility for learning 
and giving liberal remunerations, which are always attrac- 
tive to ambitious youths. We thus secured a good supply 
of young men of good character, very often the sons of our 
own workmen and foremen. We specially looked out for 
students and graduates from technical schools and uni- 
versities, and in many cases found amongst these our 
future leaders and best workers. I need hardly say that 
we never thought of adopting the custom, which at one 
time was far too prevalent, of asking a premium for an 
apprentice. We early recognised that for making good 
business men and engineers energetic young men of r 
or middle-class parents, who have made some struggle to 
get a good secondary or higher-grade education, were 
more desirable than those who could pay a premium. 

The business organisation shown by the nine following 


charts* is that of a private company established in 1879. | k 





* We regret that the demands upon our space prevent 
us from reproducing the charts referred to. The follow- 
ing is a list of them:—PlateI. is a chart showing ina 
graphic way the main departments and their tive 
position to each other. It forms the key for the symbols 
used in the various departments, for communication 
between each other. is chart is hung up in the 
various Ppenente for ready reference. In a well- 
organised business nothing can be done without co- 
operation, which becomes possible only when each man 
has a clear understanding of his duties, his position and 
his department. Plate II. is the same chart as No. L., 
but with the details left out, and therefore shows some- 
what more clearly the main divisions and their co-rela- 
tion to each other. Plate III. is a chart of the A de- 
a ag by itself, showing its under-sections and main 
uties. Plate IV. is a chart of B department, gra- 
phically showing its ae and sub-divisions, and 
the duties falling to them. Plate V. is a chart of C 
department, Plate VI. is a chart of D de ent. 
Plate VII. isa chart of F department with its duties. 
Plate VIII. is a chart of E department showing its 
organisation and sub-divisions, and the duties falling to 
— pe ey Be a , showing the number of 
meetings of the different departments, the day they are 
held and the subjects discussed. o nes 





of a few days after the month is past. With such a 
system of monthly balance-sheets and all the returns 
strictly kept up-to-date in the commercial, drawing, and 
cost offices and in the various stock, store, and tm 
rooms, the preparing of the sone balance-sheet is a 
question of only a few days more. The stopping of work 
for a week or ten days, necessary with the old method of 
yearly stock-taking, is falling out altogether, and, as is 
usual, a very disa ble time for everybody is saved. 

I have left to the last the very important question of 
the system by which the workers are remunerated. Many 
books have been written setting forth the advantages of 
this or that system, and no doubt many more will be 
written on this subject. The fact is, no one system can 
be applied to advantage pom oy any engineering 
works. Asa rule, the class of work done varies too much, 
and the methods as to how to remunerate the men have 
to vary accordingly. 

Giving a short account of the methods we have adopted, 
I would say: From the beginning of our business, for 
many years, we ae all our labour by day-work, which 
is generally admitted not to be the best system to obtain 
the largest production. We have done this because our 
first aim was to get the highest quality it was possible to 
obtain rather than quantity. fair return from our 
workers we tried to secure by great vigilance on the part 
of our foremen and superintendents, who in were 
under intimate personal control of the head of the firm. 
To our mind, piece-work could not well be adopted, 
because the necessary staff and system for inspection was 
not then established, and was very difficult to introduce 
with the constantly recurring changes and improvements 
in quality and method of manufactures. As everybody 
nows, frequent changes in workmen’s rates of pay are 
very apt to Jead to discontent and difficulties, and so we 
kept on paying our labour by time-work. 

Now as our methods of manufacture are beginning to 
settle down into more steady grooves, and it becomes 
possible to standardise our sand fix limits to work 
to, and to arrive at quantities that can be steadily pro- 
duced, it has become possible to devise a working system 
complete with inspection and accountancy. 

Under these more stable conditions, we are working 
now a system for rewarding some of our labour by results. 
I say ‘‘some of our labour,” for in every engineerin 
works there must always be a smaller or larger number o 
men who can only be paid by time-work. . 

The reward system adopted rests, broadly speaking, 
upon the following principles :— 

1. A man doing certain work on certain machines is 
rated at so much per week. At one time these rates 
were fixed at the price at which a man could be got. We 
have now developed a schedule for wages which takes 
into account the skill, the length of time for learning, 
and the laboriousness of the work he ‘orms. These 
rates he is guaranteed and paid year in and year out, 
according to the hours he works. : 

2. In addition to the above weekly wages—in one 
department, for example—we pay a reward for the work 
above a certain quantity. The quantity at which the 
reward begins is usually 75 per cent. of the highest 





possible quantity a machine could turn out if at work 
without any interruption whatever. is quantity is 
carefully ascertained by our production engineers and 
clearly explained and shown to the workman how it 
is obtained. The workman gets the full credit of 
what he does above 75 per cent., and when he reaches 
90 per cent. he gets an additional 2s. for the facbd 
of having reached so high an efficiency. The speed at 
which the machine should run, the feed, suitable fixings, 
and spare tools, are all carefully thought out by the pro- 
duction engineers. An assorted number of necessary 
fixings and tools neatly stored in special boxes are handed 
to each machine worker. It is in connection with such 
studies that we have found what considerable economic 

in is obtai when the machi are chain-driven— 
tha; is, have a positive fixed ratio of speed in relation to 
the prime mover, and are not at the tender mercy of the 
old-fashioned leather belt, which, when slack, easily 
shows a loss of from Sean gm 

All this looks simple enough, and, in fact, if used with 
tact and reasonableness, is very simple indeed. We have 
not gone through this work and study without learni 
how difficult it sometimes is to use the necessary tact 
patience. For want of a broader outlook some men are 
more or less unreasonable, and do not even unders' 
their own true interests, and then it is that an amount 
of patience and tact is —— which it is well nigh 
impossible to command. nfortunately, sometimes 
masters also are not much more farseeing than the men 
they ought to lead. 

It is wonderful what a little common-sense and a kindly 
spirit can achieve, and I can do no better than finish my 
paper, already too long, by ye nen hp a T have already 
said, that a systematic and successful shop management 
is neither more nor less than :— 

Educated common-sense, cqguet with method, reason, 
and tact to the every-day pro as they arise in our 
engineering works, and small. 





Tue RarworHone Rartway SIGNALLING System.—We 
understand that the Midland Railway ran ny now 
installing on a portion of its main line near by a 

ilophone si jing unit for one up and one down dis- 
tant signal, to prevent the risk of over-running from 
inattention to the ordinary signals. 





Tue Jonn Cocker, Company.—The gross profit 
realised by the John Cockerill Company in its last 
financial year was 308,828/., reduced to 104,650/. by 
interest ch: commission, ex ees, ho. This 
final t admitted of a distribution of 4/. per share upon 
the 25,000 207. shares, payable November 2. The turnover 
for 1912-13 was 2,649, , a8 compared with 2,332,560/. 
~ 5 Ag pg in | , 4 the ww 2 
re) uly, y re . wever, a total o 
2,215, 250., as qomeniel wah & corres ing total of 
2,585,7251. at the commencement of July, 1912. The 
falling-off in the past year’s business is attributed to the 
Balkan War and the widespread labour difficulties. The 
average number of persons employed by the company in 
1912-13 was 10,427, as compared with 10,150 in 1911-12; 
and 9836 in 1910-11. The amount paid by the company in 
wages in 1912-13 was 620,7341., as compared with Bes, 2971. 
in 1911-12, and 539,102/. in 1910-11. The average wages 
paid to each person employed last year were 59. 93. 7d., as 
compared with a corresponding ovemge of 561. 3s, 2d. in 
1911-12, and 54/. 16s. in 1910-11. The company’s ship- 
ne pee age = occupied “+ - year with the 
completion of vessels, and especially a large passenger 
steamer named the Albertville, for the Congo. 





Warer-Matn Cieaninc.— The encrusted condition 
of the mains of water works due to vegetable and 
mineral comet is in some places becoming a matter of 
urgency and importance. ay engineers are aware 
that the systems under their charge tend to become 
reduced in effective capacity while the demand for supply 
is continually increasing. Ia the case of some waters it 
has been to lay additional mains to su ent 
existing ones (which would be of ample capacity if clean). 
To avoid this outlay the Eric (Patent) Water - Main 
Scraper Company, Ltd., Chepstow, Mon., have perfected a 
mechanical apparatus wy means of which water and se 
mains can be efficiently and economically cleaned. The 
pipes to be cleaned must be capable of withstanding 
a small amount of hydraulic pressure, dependent upon the 
amount of work to be done; but whether the pressure is 
obtained by natural or mechanical means does not matter. 
Both gravitation and pumping mains, varying from 5 in. 
in diameter upwards, have been successfully cleared of 


chemical deposits with this machine. The ‘‘ Eric” ma- 
chines are fitted with ——_—- heads shaped somewhat 
like a shuttlecock with a valvular action. When pressure 


is applied, these heads respond by drawing the cleaning 
a tus through the pipe; but where s' od gy is not 
obtainable, the same result can be produ by exbaust 
suction. The cleani apparatus consists of a series of 
adaptable brushes or ploughs, which are graded accordi: 
to the nature of the deposit or corrosion to be tonto 
and they are soadjusted that the protective coating of the 
pipes remains quite uninjured by the process, leaving the 
pipes in as good a condition as when first laid. Recent 
work undertaken by the amy ad includes the cleaning of 
a 5-in. sewerage-rising main from pumps to disposal farm; 
a 10-in. low-pressure gravitation main cleaned of # in. lime 
deposit with the avsistance of pump ure ; an 8-in. 
rising main from water-works pumps ned of oxide of 
iron; and 8-in. and 9-in. gravitation mains, in both of 
which the machines had to be started by suction, as 
there was no head of water available. That the above- 
mentioned work was all successfully carried out under con- 
ditions which provided very severe tests furnishes ample 
evidence of the efficiency of the ‘* Eric” machine. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Pa. give below 0 an ee ae ee Se 
ign engineering projects, en from Board o, 
Trade Journal. Further information concerning these 


South Africa: H.M. Trade Commissioner for South 
Africa reports that, according to the local Press, the 
Municipality of Prince Albert (Cape Province) has 
obtained the approval of the ratepayers to raise a loan of 
10,0007. for the contruction of water works, lighting the 
town by electricity, building a Town Hall, and other sub- 
sidiary works. 

New Zecland: H.M. Trade Commissioner has for- 
warded a Press announcement to the effect that a pro- 
posal has been made to erect a bridge across the mile 
of water separating Dargaville and Arapohue (Wairoa 
River), at an estimated cost of 25,0001. 

France: With reference to the call for tenders for the 
construction of quays on arches in Nantes Harbour, the 
British Vice-Consul at that place reports that the con- 
tract for the most important section of the new wharfage 
has been awarded to a French firm. whose name and 
address may be obtained by United Kingdom manufac- 
turers of cement, &c., on application to the Commercial 
Intelligence Branch. 

Russia (Poland) : H.M. Consul at Warsaw reports that 
the following sums have been assigned for railway im- 
provements in the Warsaw district :—113,518/. for the 
construction of a double line between Przysieka and 
Tunel (Vistula Railway) ; 66,9307. for the reconstruction 
of the railway station at Strzemieszyce (Warsaw- Vienna 
Railway) ; 52,5397. for the extension of the railway station 
at Lublin ; 23,4211. for additional sidings at Ivangorod 
station; and 11.605/. for aatpey | works between 
Knyszyna and Monki, a distance of 5 miles. 

Russia (Far East): With reference to the call for 
tenders by the Mercantile Ports Department of the 
Russian Ministry of Commerce for harbour improvements 
at Viadivostok, H.M. Consul there has forwarded a 
translation of details which appeared in the local Press 
of the works to be carried out. The proposed improve- 
ments include the construction of a quay 2121 ft. long ; 
the building of three jetties and a wharf ; the construction 
of timber, coal, and fish dépéts; and the provision of a 
floating dock in three sections, each 70 ft. long, with a 
total lifting power of about 2500 tons. The plant and 
equipment to be provided for carrying out these works 
includes a floating-crane excavator on the Priestman 
system ; a travelling-crane with lifting power of 45 tons ; 
a tank locomotive, and flat tru and three iron pontoons 
for carrying stone blocks; a steam-tug of 200 indicated 
horse-power ; a steam floating-crane of 45 tons capacity ; 
a floating steam pile-driver; and diving outfits. The 
boring and equipment of a well are also required. H.M. 
Consul adds that it is proposed, if possible, to let the 
whole contract to a single firm, and that contractors 
would require to be of Russian nationality or a Russian 


company. 

United States of America (Panama Canal Zone): H.M. 
Embassy at New York reports that the Isthmian Canal 
Commission is pre to receive offers for various equip- 
ment purchased for use on the Panama Canal and rail- 
way during the period of construction, such as rolling- 
stock,excavating machinery, floating equipment (dredgers, 
&c.), and miscellaneous plants and equipment. The 
equipment in question will be available for sale in the 
immediate future. The Commission has prepared a cata- 
logue giving descriptions of the different articles for sale; 
offers or requests for further information should be 
sent in triplicate, either to the Purchasing Department, 
Isthmian Canal Commission, Washington, D.C., or to 
the Chief Quartermaster, Culebra, Canal Zone. The 
catalogue of equipment, and a circular giving the condi- 
tions of sale, may be seen by United Kingdom contractors 
at the Commercial Intelligence Branch. 

Argentina: The Boletin Oficial states that a law has 
been passed permitting the Executive to spend the sum 
of 1,500,000 pesos currency (about 131,2002.) on the irri- 
gation of the Province of Riachuelo. and on works neces- 
sary for the immediate draining of flooded districts. An 
engineer, Eduardo Huergo, has been eye to study 
the situation, and is to re the result of his observa- 
tions to the Ministerio de Obras Piiblicas, and at the 
same time to propose suitable firms to carry out the work. 
H.M. Minister at Buenos Aires reports the publication, 
inthe Boletin Oficial, of a law authorising the expendi- 
ture of 1,390,000 pesos currency (about 121,000/.) for the 
installation of a water-supply system in the town of 
Mercedes, Province of San Luis. The work is to be com- 
menced immediately, and will be carried cut by the 
Directorate General of Sanitation Works of the Nation 
in accordance with the estimates and plans already drawn 
up by that department. The Boletin Oficial also states 
that a decree has been issuec by the Ministry of Public 
Works authorising the sum of 2,007,967 pesos currency 
(about 175,700/.) to be expended on railway construc- 
tion and on the upkeep of railways from September 
to the end of this year, and a further sum of 5,000,000 
pesos currency (about 437,500/.) to be spent for asimilar 
purpose between the months of January and October of 
next year. 

Chili: The following information is extracted from the 
report by the late Acting British Consul-General at Val- 

iso on the trade of that district, which will shortl 
| sapee :—In connection with the improvements whi 
are now being carried out at Valparaiso the Government 
is considering a dry-dock scheme for the port, to <n 
the two old floating docks of the Valparaiso Dock Com- 


y, which have now done duty in the bay for about 
orty years. Several schemes are before the Chilian 





Government for the further dredging of the Rio Bueno, 
the Rio Imperial, the river from Corral to Valdivia, and 
the Rio Lebu at the port of that name. The first opera- 
tion to be taken up seriously will probably be the dredging 
of the river from the port of to Valdivia, so as to 
allow ocean-going steamers to run to the latter port, 
which lies some 12 miles up the river. The Government 
is particularly anxious to carry out this scheme, in order to 
assist the agricultural development and increase the 
cattle-breeding value of the surrounding district, which 
at present is difficult of access. 





CATALOGUES. 
Punching-Presses.—A post-card giving some particulars, 
with prices, of the ‘‘ Arno” power punching-presses has 
reached us from Messrs. Arnold and Large, Limited, of 
Green-lane, Wolverhampton, who manufacture these 
machines. 


Locomotives.—From the Hannoversche Maschinenbau 
Actien-Gesellschaft, formerly Georg Egestorff, of Haan- 
over-Linden, Germany, we have received a circular illus- 
trating and giving general particulars of some Mallet 
locomotives constructed by them. The particulars are 

rinted in the English, French, German and Spanish 

guages. 

Oil-Cans, Torch-Lights, d:c.—We have received from 
Messrs. Joseph Kaye and Sons, Limited, of 93, High 
Holborn, W.C., an illustrated catalogue and price-list of 
their well-known productions, which include many types 
of oil-cans for all purposes, and also oil-bottles, oil- 
pumps, oil-economisers, torch-lamps, bunker-lamps, and 
tinned-steel wages cups. 

Solid Tyres for Motor Vehicles.—We have received 
from Liga Tyres, Limited, of 26, Portugal-street 
Buildings, Kingsway, W.C., a price-list of Liga solid 
rubber tyres for motor-omnibuses and commercial motor 
vehicles of all kinds. They are listed in sections 
ranging from 2} in. to 11 in. in width, the largest size 
being capable of carrying a load of 6 tons 12 cwt. per 
axle on single tyres. The tyres are guaranteed for a 
distance of 10,000 miles to be completed within one year. 


Railway Rolling-Stock.—Mr. A. C. Schove, Bush-lane 
House, Bush-lane, Cannon-street, E.C., who has been 
appointed sole representative of the Hannoversche 
Waggonfabrik Aktien-Gesellschaft, of Hannover-Linden, 
Germany, has sent us a catalogue illustrating and briefly 
describing numerous examples of rolling-stock constructed 
by the latter firm. The illustrations include all types of 
passenger carriages, open and closed wagons, flat cars, 

8 for transporting oils and acids, hopper wagons, 
and tipping-trucks. The company also build tramcars 
and motor-bus bodies, and some examples of these 
vehicles are illustrated. The descriptive matter is 
printed in the English, French, German, Italian and 
Spanish languages. 

Pressure and Suction-Gas Plants.-We have received 
a copy of the new catalogue of pressure and suction- 
— manufactured by the Dowson and Mason 

lant Company, Limited, of Levenshulme, Manchester. 
Mr. Dowson is, of course, universally recognised as the 
pioneer in operating gas-engines by producer and his 
original design has now been supplemen by other 
varieties devised to suit the many different fuels and 
conditions of operation that are met with in practice. A 
special feature of the new catalogue is the Dowson bitu- 
minous plant with which tar-free gas is obtained from 
bituminous coal. The special feature of the producer 
proper, in addition to its open hearth, is the fact that the 
air supply enters both at top and bottom, the gas being 
drawn off to the scrubbers at mid-height. In a separate 
pamphlet a description is given of the ‘‘Morre” water- 
jacketed producer, arranged for the recovery of by- 
products. 


Fire-Proof and Insulating Material.—A small booklet 
giving particulars of ‘‘Sindanyo,” a fire-resisting and insu- 

ting material, has reached us from Messrs. Turners and 
Manville, Limited, Hopetoun House, 5, Lloyd’s-avenue, 

.C. This material, which is composed principally of 
asbestos fibre, possesses the physical characteristics of 
hard wood, but is slightly heavier. It is said to be very 
strong, to be capable of taking a high polish, and to 
possess high electrical insulating properties. It can be 
cut with ordinary wood-working tools, and will take 
wood screws well. Two grades are made, one white and 
the other black, the former being used for constructing 
fire-proof doors, partitions, ceilings, boxes, &c., and the 
latter for electrical purposes, especially for the backs of 
switchboards in place of slate or marble ; both les are 
supplied in the form of sheets, rods, tubes, and moulded 
articles. The booklet gives full particulars of the pro- 
perties of the material, and includes both mechanical and 
electrical tests; prices are also stated. 


Adjustable Cramp for Machine-Tools.—Particulare of 
the ‘‘ Flywheel” adjustable cramp for fixing work on 
machine-tool tables have reached us in the form of a 
pamphlet from the makers, Messrs. Price and Belsham, 
52, Queen Victoria-street, E.C. The cramp comprises 
a square-headed bolt, the head of which is placed in the 
**tee”’ slots of the table, and a screwed column with a 
flat, circular base which rests on the surface of the table. 
Both these parts are fitted with nuts shaped like small 
fly-wheels, so that when given a spin they run from one 
end of the bolt, or column, to the otber end in about four 
seconds. A slotted bar rests at one end on top of the 
nut on the column, and the other end bears on the edge 
of the work, being pressed down at an intermediate 
point by the nut on the square-headed bolt. It is 
claimed that the grip on the work is the tightest possible, 
and that its use effects a great saving in time; the time 








taken to adjust a cramp from the highest position to the 
lowest is given as ten seconds. The device certainly 
ap to be a vast improvement on the heterogeneous 
collection of nuts, washers, and packing-pieces frequently 
used for the same purpose. 

Anti-Corrosive Paints.—We have received from Messrs. 
Wailes, Dove and Co., Limited, of 5, St. Nicholas Build- 
ings, Newcastle-on-Tyne, a pampblet relating to their 
well-known ‘‘ Bitumastic ” solution and enamels for pro- 
tecting. iron and steel structures from corrosion. The 
pamphlet gives instructions for applying the solution, 
and illustrates a large number of structures on which 
either it, or the enamel, has been used ; a number of testi- 
monials from users are rin We understand 
that ‘‘ Bitumastic” enamel has been selected, after endur- 
ance tests inst over 300 competitors, to protect forty- 
six pairs of lock-gates on the Panama Canal; the total 
area of surfaces covered will be well over 3,000,000 sq. ft. 
The pamphlet also refers to ‘‘ Bituros ” enamel, which is 
a specially-prepared composition for coating the interiors 
of fresh-water tanks. Although it completely protects 
the tank from corrosion, it is stated that the enamel does 
not discolour the water or impart any disagreeable 
flavour to it. ‘‘ Bituros” and ‘‘ Bitumastic ” enamels are 
both applied hot by the firm’s own workmen, but the 
‘* Bitumastic ” solution is applied cold in the same way 
as ordinary paint. 


Photo-Copying Apparatus.—Messrs. Alfred Herbert, 
Limited, of Coventry, have recently issued a booklet 
relating to the ‘ Photostat,” an appliance for copying 
drawings, documents, designs, &c., rapidly and cheaply 
by photographic means. It consists essentially of a 
large camera with self-contained developing and fixing 
baths, and also provided with scales arranged so that all 
ordinary work can be focussed by their aid without the 
usual ground-glass screen. The camera is mounted with 
its axis horizontal on a table, the lens, which is provided 
with a right-angle prism, overhanging considerably at 
one end of the table. The work to be copied is placed 
either in a book-holder with hinged glass cover, which 
will take drawings, &c., up to 26 in. by 294 in., 
or on a board capable of taking drawings up to 
double -elephant size. In either case the work to be 
copied lies in a horizontal plane below the lens, and 
it can be moved in a vertical direction in guides 
parallel to the legs of the table. One of the tuble-legs 
carries a scale u for focussing, #nd a similar scale is 
fixed on the horizontal part of the table to regulate the 
movement of the back part of the camera. By means of 
the two scales the camera and drawing can be adjusted 
so that the image is of the required size and accurately 
focussed in every case. The lens, it should be mentioned, 
is always kept vertically over the centre of the drawing, 
the light from which is turned by the right-angle prism, 
above referred to, through the lens into the camera. The 
prism also serves to prevent the reversal from left to 
right which would otherwise take place. Inside the 
camera the image formed by the lens falls on to a sheet of 
specially-prepared bromide paper, which is supplied from 
a continuous roll holding 350 ft., placed in the back of the 
camera, and, after exposure, the paper is cut off and 
a through the developing and fixing baths without 

ing touched by hand. e copy from a black-line 
drawing is, of course, in white lines on a dark grey 
ground, and this result is quite serviceable for most pur- 
poses ; if, however, a black-line copy is required, the 
firet, or negative, copy can be spangled. It will be seen 
that no dark room or dark slides are required in connec- 
tion with this method of copying, which can be carried 
out entirely by daylight if desired. The work is, 
however, more rapid and uniform with artificial light, 
and two mercury-vapour lamps have been found to give 
the best results. Single prints, which measure 114 in. by 
14 in., can be finished in a few minutes, so that the 
method is very suitable for copying engineering drawings. 
With this apparatus the slow processes of tracing and 
checking can be avoided, and much time and labour thus 
saved. The adoption of the system in Messrs. Herbert’s 
own works, for instance, enabled the tracing-office, 
employing ten tracers, to be permanently closed. The 
booklet, which, as is usual with Messrs. Herbert’s publi- 
cations, is well printed and illustrated, fully and clearly 
descri the apparatus, and gives detailed instructions 
for working. It also mentions that the prism can be 
turned round into a horizontal plane when it is desired 
to copy work too large to be placed on the usual copy- 
holder; a ground-glass screen is used for focussing in 
these circumstances. The prism can also be removed 
altogether, so that the camera is then available for 
ordinary photographic work. Another point mentioned 
is that ai ments are provided by means of which 
prints half the full size may be made if desired; con- 
siderable economy in sensitive paper can thus be effected 
when copying small sketches, &c. 








BEtLOws’ GERMAN DictTionary.—This German-English 
and English-German dictionary, by Max Bellows, is pub- 
lished at the price of 6s. net, cloth, and 8s. net, leather, 
by Messrs. Longmans, Green and Co., 39, Paternoster- 
row, London. It contains over 800 pages. The German- 
English and English-German sections are arranged con- 
currently, and are not separated. An interesting feature 
is the printing of the masculine, feminine, and neuter 
words in different types, also the reference to tables at 
the commencement of the book for declensions and the 
conjugation of verbs, and the addition of a large number 
of common expressions. The late P. Larousse, the cele- 
brated French lexicographer, used to say, “Un diction- 
naire sans exemples est wn sequelette.” In this connection, 
Bellow’s German-English dictionary would have received 
the fullapproval of Larousse. It is carefullv printed, and 
will be found useful both in schools and in offices, 
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ABSTRACTS OF RECENT PUBLISHED 
CATIONS UNDER THE ACT OF 1907. 
number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specijication is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of awh pee ny are —_ 1 Pp Office 

Copies of Specifications may a att. atent , Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform — of 8d. 

The date of advertisement of the my eye of a Complete 
Specification is, in each ease, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the opt of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 

Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


17,13012. J. G. P. Thomas and the Thomas Trans- 
mission, Limited, London. Electric Power Trans- 
mission. {1 Fig.) July 23, 1912.—This invention relates to 
electro-mechanical power transmission systems in which a prime 
motor is joined through an epicyclic gear to two dynamo-electric 
machines, one of which is hanicall ted to the load 
shaft The new arrangemeut enables the clutches requisite 
for the operation of the system to be disposed in a more advan- 
tageous manner. According to this invention, the stationary 
parts of the two dynamo.electric machines are rigidly connected 
together by an easily removable casing, and the two machines 
are provided with bearings separate from the casing of the 
balance-gear, so that each hine is plete in itself prior 
to its assembly with the other, or with the balance-gear. The 
removable casing will encase the balance-gear and the clutch for 
freeing the load shatt if these latter are arranged between the 
mechanically connected electrical machines as can easily be 
carried out. Also this arrangement allows the clutch for locking 
the balance-gear to be interposed between the armature of the 
first electrical machine and the shaft carrying the central web 
ef the balance-gear casing, and these two are the members 
which, on the whole, have the least torque transmitted between 
them. 1 is the shaft driven by a prime motor, and this carries a 
fiy-wheel 2, A flexible coupling connects this fly-wheel with the 
drum 3 upon a shaft 4 which, at its other end, is connected 
with the central web5 of a casing in which are supported pairs of 
pianet-pinions 7, 8. These m respectively with sun-pinions 
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9, 10, theformer of which is keyed upon a sleeve 11 surround- 
ing the shaft 4, and carrying at 12 the armature of a dynamo- 
electric machine. The further end of the armature rests upon an 
extension of a sleeve 13, also surrounding the shaft 4, and having 
keyed to it one member of an expanding clutch 14, which, when 
in action, joins the sleeve to the drum 3 keyed upon the shaft 4, 
thereby rendering the as gear 7,8, 9, 10 inoperative. The 
sun-wheel 10 is keyed to the outer member 15 of a similar ex- 
pandiog clutch, the inner member of which is upon a shaft 16 
which carries at 17 the armature of a second dynamo-electric 
machine, and which is joined directly to the load shaft. The 
whole of this structure, from the flexible coupling between the 
fiv-wheel 2 and the drum 38 to the universal a the 
shaft 16 and the load shaft, is supported in a frame built up from 
the casings of the electrical machines. These casings 18 and 19 
have end plates supporting bearings for the respective shafte 
with which they make oil-tight joints. It will be seen that the 
armature shafts of the two electrical machines and the balance- 
gear are provided with on which are quite distinct, so 
that each machine is complete in itself prior to its assembly in 
en = casing 18 ° is neta jou L - 
enclose partially the epicyclic gearing, an ly join y 
a bolted-on tubular coulion 21 to the ae 19. This combined 
casing is very readily suspended in a vehicle frame by suitable 
saddles. Moreover, it provides an enclosure for the gears and 
1918) so that no under-shield is required. (Accepted August 
45 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

24,153/12. J. McKechnie, Barrow - in - Furness. 
Internal-Combustion es. (6 Figs.] October 22, 
1912.—This invention relates to the injection of liquid fuel at 
extremely high pressures into the cylinders of internal-combus 
tion engines of the type in which the fuel is ignited as it enters 
the cylinders. According to this invention, the fuel is injected 
by the direct action of a pump, the plunger of which has a stroke 
capable of pumping a large excess of fuel, and the high pressure 
desired at the period of injection is attained gradually during 
the idle portion of the pump stroke by exercising an increasing 
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choking action on the escape of the excess fuel. A is the pum 
— which carries all the valves required for the possens 
method of injection. B is the pump-plunger. C is the pum 
suction-valve operated by the cam ¢ on the cam-shaft D. E fe 
the relief-valve. F is the injection-valve controlled by the sliding 
cam f on the shaft D. H is a nozzle in the cylinder-cover J, 
through which nozzle the oil is injected into the cylinder. K is 
. pressure-gauge on the small-bore pipe h connecting the nozzle 
to the pum - The pump-plunger B is driven by an 
eccentric on the D, the diameter of the plunger and its 
stroke being so proportioned that the volume swept out by the 


plunger is in excess of the maximum amount of fuel required for 
each stroke. During the suction stroke of the plunger B the fuel 
is drawn into the passage a! of the pum ng from the fuel- 
chamber L, which is kept supplied with fuel through the pipe t, 
the suction-valve O against the pressure its 
spring. The cam c is so formed as to allow the valve C to close 
ay epee during the com stroke, so that the fuel- re 
in the ai due to the com stroke of the plunger B 
gradually increases by reason of the choking action, and reaches its 
maximum only at or after the complete closing of the suction-valve. 
The maximum pressure developed by the pump is determined by 
the relief-valve E, on which bears a powe spring, the strengt 
of which can be regulated. The spring is set so as to give the 








| maximum pressure desired, this pressure being attained before 
| the plunger B reaches the end a its stroke. e remainder of 
the stroke forces the fuel into the cylinder on the opening of the 
valve F, and drives the excess fuel (usually a smali portion only) 
through the relief-valve. The maximum pressure may thus be 





| practically maintained throughout the injection, owing to the | 


ly f i , | Foul : 
excess supply from the pump during the latter part of ite stroke which surrounds the guide for the valve-stem, these jackets being 


| 6951/13. Societe saaope des Anciens Etablisse- | 


| (Sealed October 16, 1918.) 


|ments Panhard and 
| Lubrication of E. 


vassor, mce. 
mgines, [6 Figs.) May 13, 1912.—This| 


from the mixture-pipe b through the water- et c into 
bustion-epaces. water enters the water-jacket c through an 
opening c', and flows out through a branch Con 
 valve-seats and passing through the upper side of 
=e » are cylindrical ew d2 to receive guides & for the 
valve-stems, these guides adapted to receive the valve- 
oe and cylindrical sliding abutments therefor. The walls of 
these openings pass down a short distance into the mixture- 
pipe b, — ee aed esas ~~ —— with 
e casting. Openings for the sparking-plugs are formed thro 
the water-jacketing of the head. October 16, 1918.) = 


18,168/12. The Wetsoley Fost and Motor-Car Com- 

. ited, and A. McCormack, Birmingham. 
ternal - Combustion {8 Figs.) August 7, 
1912.—This invention relates to internal-combustion engines of 
which the exhaust-valves and their surroundings are water- 
cooled, while other portions thereof are air-cooled. According 
to this invention, the exhaust-valve box is formed with a sur- 
rounding water-jacket, and preferably also with a water-jacket 
in communication with one ther. bined valve-box 
and water-jacket is removably fixed in relation to the cylinder. 
Further, according to this invention, the radiator used for cooling 
the water which circulates through the valve-box is placed in the 





invention relates to a device for the lubrication of multi-cylinder | direct draught of the propeller. Each cylinder A and combustion- 
engines, which combines the advantages of splash lubrication | chamber A! is air-cooled, being surrounded for the purpose by a 


next, from end to end of the crank-case, by inclined channels 
extending along the walls of the case, and is finally collected 
from the end compartment by a ket which discharges into a 
reservoir, from which it is finally [ed to the first or original com- 
partment. A groove or pocket A is suitably arran on the 
walls of the crank-case near one end (Fig. 1), and inclined so as 
to be able to work whatever be the inclination that the engine 
may assume in practice. This pocket collects a portion of the 


Fig. 2. 
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oil projected against the wall, and conveysit into a tank B which 
forms the reservoir, and whence the oil returns to the engine 
through a pipe C, the cock in which enables the cupply to be 
regulated at will. If the level has a tendency to rise in the crank- 
case of the engine, the quantity of oil projected becomes larger 
and larger; the groove sends therefore more oil into the tank, 
and if the admission has remained constant, the level in the 
crank-case has a tendency to b re-established. The oil 
is fed from the tank B into the compartment No. 4 at the other 
end of the crank-case, entering at E. A portion of the splashed 
oil is collected by the groove F and sent back into the adjoinin 
compartment 3. In the same way, the oil passes from 3 to 2 an 
from 2to 1. The groove of the latter compartment returns the 
oil into the tank B, whence it is sent back to the compartment 4 
either simply by gravity, as shown in Fig. 3, or by a pump. 
(Sealed October 2, 1913.) 


25,009/12. The Wolseley Tool and Motor-Car Com- 
pany, Limited, A A. and A. J. Rowledge, 
B Iaternal - Combustion Engines. 
[4 Figs.) November 1, 1912.—According to this invention, a re- 
movable head, formed as a single casting, is common to all the 
cylinders of an engine which has four or more cylinders, and this 
head comprises within itself the seating for the induction-valves, 
a mixture-passage common to all these valves and formed as a 
compartment within the head, and the water jacketing for the 
cylinder-heads, including a passage in communication directly 

















with the cylinder-jackets and a in communication with 
the radiator. a), a2, a3, a4 are busti hambers for the 
cylinders. The mixture-pipe ) runs substantially the whole 
length of the head along the middle thereof, @ branch b! 
runs out sideways from the middle thereof and 
at one side of the head for connection therewith of the carburet- 
tor. Substantially the whole of the remaining capacity of the 
head, except for the provision for the inlet-valves, constitutes a 











—— e. The seats against which the inlet-valves seat 
themselves are formed within downward passages d! which pass 


with those ofa continuous circulation of oil. According to this | number of gills a, but each box B of an exhaust-valve B! is sur- 
invention, the splashed oil is led from one compartment to the | rounded by a water-jacket ). A radiator of the usual, or any 








convenient type, for cooling the water, is carried at the front end 
of the engine, in ition immediately behind the p lier. 
Water from the radiator circulates through the water-jackets b 
of the exhaust-valve boxes and back again to the radiator. The 
exhaust-valve B! is fitted down within a socket of the cylinder 
head, and is formed with a bevelled face which beds down upon 
a cor nding face of the inner end of the socket. The water- 
jacket } is partially within the socket when the valve-box is 
fixed in place, and a water-jacket b! surrounds the valve-stalk /” ; 
these jackets are in conimunication with one another. The valve- 
box B may be readily removed, ther with the valve, by 
simp'y unfastening bolts by which it is held down within the 
socket, disconnecting the mixture-pipe and the water-pipes, and 
then lifting it bodily out of the socket. Gills run across the 
top of the combustion-chamber, as shown, to assist in the air- 
—s of such chamber. The cylinder head is conveniently cast 
with the cylinder. (Sealed October 23, 1918.) 


MOTOR ROAD VEHICLES. 


28,114/12. F. H. Royce and Rolls-Ro Limited, 
Derby. Change-Speed and Reve Gearing. 
({t Fig.] December 5, 1912.—This invention relates to epicyclic 
gearing in which three trains are employed and combi for 
obtaining three forward speeds (including a direct drive) and a 
reverse speed. The sun-wheel @ of the first train is mounted in 
driving connection with the motor-shaft b, the planet pinions c 
are mounted between two — discs ¢, e!, and the internally- 
toothed annulus / is revolubly mounted on the driven member g. 
The disc e! is revolubly mounted upon the shaft b, but in driving 
connection with the member g, and the disc ¢ is in driving con- 
nection with a sleeve h, revolubly mounted on the shaft b. The 
annulus f can be held stationary by the application of a band. 
brake j. This train gives the first forward speed. The sun-wheel 
k of the second train is carried by a sleeve k!, revolubly mounted 
on the sleeve h, and in driving connection with a brake-drum p; 
the en inions / are mounted between planet-discs n, n! ; and 
the internaliy-toothed annulus o is connected to and driven by the 
prime mover. The disc n is mounted on or forms part of the 
sleeve h, and the disc n! is mountedein driving connection with 
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the sleeve n%, revolubly mounted on the sleeve Kk. The sleeve &! 
can be held we oy! by the application of a band-brake on the 
brake-drum p. To obtain the second forward speed the sun- 
wheel & is held stationary by means of the brake, which, when 
motion is im to the annulus 0, causes the pinions/ and discs 
n, n! to be driven at a slow speed in the same direction as the 
annulus, the drive being transmitted from the disc n to the 
driven member g by means of the sleeve h and the discs ¢, ¢!, The 

third forward speed is obtained by pling the sun-wheel 
either directly or indirectly, to the discs n, ni. In the construc- 
tion illustra’ the disc ¢ has fixed to its outside diameter a por- 
tion of a cone-clutch, the other portion of which clutch is fixed to 
the brake-drum p, and is provided with means for it in and 
out of engagement with the first ion of the clu By en- 
ng the two parts of the clutch a driving connection is made 
ween the sun-wheel & and the discs ¢, e!, thus causing the two 
trains to revolve en bloc, and so juce a direct drive from the 
mover to the driven member. For obtaining a reverse 

rive a third train is used, of which the sun-wheel ¢ is in dri 
connection with a sleeve t) connected with the annulus o, 

therefore with the prime mover; the planet-pinions uv are 
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mounted on the discs »v, v!, and the internally-toothed annulus w 
is in driving connection with the discs n, n! through the sleeve n. 
The disc v is carried by a sleeve v2, revolubly mounted on sleeve 
ti, and carries a brake-drum y capable of a stationary. 
The annulus w is mounted on the sleeve n*, which is in driving 
connection with the discs n, n!. It will be seen that if the disc v 
is held stationary while the sun-wheel is 7 oe by the 
prime mover acting through the annulus o and the sleeve ¢}, the 
annulus w will be driven at a slower speed than, and in =e. 
site direction to, the sun-wheel ¢, the drive being transmitted to 
the member g through the discs n, n!, e¢, e!. (Sealed October 23, 

ud. Motor 


1913.) 
20,139/12. H. Spurrier, Jun. Le 

Vehicle Axles. (4 Figs. 4, 1912-— 

This invention relates to the axles of motor vehicles. An 

di i ti combined with 


ing to this in 

it a bridge which springs in about a vertical plane over the axle 
and materially stiffens and strengthens the axle to bear weight 
laced above it. The gear-case or a shaft of the gear is included 
n or forms part of the bridge. A is the dead axle of any con- 
venient construction having the drop central portion or Al to 
which is secured the ovens containing the differential 
gearing. This differential gearing is mounted to rotate upon the 
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loose shaft D. Pinions E of the differential gear drive the wheel 
F attached tothe ends of the live axles G which are carried by the 
dead axle. In carrying this invention into effect, inwardly-dis- 
posed bars H, H! are bolted to seats on the dead axle at each side 
of the gap A! and bear with their inner ends against the side 
faces of the gear-casing B, to which they are secured. The two 
bars and the gear , which is tightly rip between them, 
in combination form a and continuous b member, which 
extends across and about vertically over the gap in the dead axle 
and considerably stiffens or strengthens such axle. (Sealed 
October 23, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


21 pes. Cc. D. Doxford and R. Doxford, Sunder- 
land. Davit Apparatus. [14 Figs.) September 16, 1912.— 
This invention relates to davit apparatus. Every boat, accordin 
to the present invention, will be carried in its own individu 
davit or davite ready for use, and accessible for loading up with 

assengers. According to the present invention, davit apparatus 
# combined with the navigable vessel in a plurality of superposed 
tiers, and the davits of different tiera have different outreaches. 
Boats L are carried in davits B pivoted at their lower ends with 
pivots disposed fore and aft along the deck 8 D, so that there is 





(24046) = 


a tier of boate L on a level conveniently accessible from the 
promenade deck PD. On the promenads deck P D davits are 
similarly mounted, and carry a tier of L® conveniently 

ble from the boat-deck B D. The davits B® are shown in 
chain-lines in their outboard tions. From these chain-lines it 
may easily be seen that the davite of the upper tier have a greater 
outreach than the davits of the lower tier. 
can be lowered independently of the position at any time of 
the davits ne to any other of the boats. (Sealed 
October 23, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 


9968/12. 8. Z.de Ferranti, Baslow. Superheaters. 
{9 Figs.) April 26, 1912.—This invention relates to combined 
boiler and superheater installations in which devices are pro- 
vided for controlling the degree of superheat. The primary 
object is to effect improvements in the control arrangements of 
such installations whereby in particular the full normal degree 
of superheat may be increased as wellas diminished. In carrying 
the invention into effect in its simplest form, a single-sided water- 
tube boiler is vided with a steam-drum a and a water-drum b 
arranged lel to each other and connected by water-tubes c 
disposed along the whole of their available len; The furnace 
in the form shown runs from front to back of the boiler parallel 
to the drumsa and b. Beyond certain of the tubes c, as 
flow of furnace gases, su tubes d are arranged which 
may consist, as shown, of U-bends or loops ng from a satu- 
rated-steam header ¢ to a superheated-steam header f, the former 
of these headers being connected to the steam-drum a by a pipe h. 


Beyond the remainder of the tubes c are arranged additions! | 


Thus any of the boats fi 





water-tubes i, while a surrounding casing k is provided having a 
transverse partition which separates the gases from the furnace 
into two parts, one of which flows “_> ~ the superheater tubes d, 
while the other flows through the of the tubes c and 
through the additional tubes i. Finally the two ducts, through 
which hot gases flow, pass to a chimney n, in which are disposed 
two dampers, the one damper controling the superheater duct, 
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Figs. Fig.2. 
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and the other damper the boiler duct. The proportions should 
be such that the joint heating surface of the superheater tubes 
and water-tubes in the one duct lower the temperature of the 
gases panty «Aap anes h to about the same extent as the tem- 
perature of the gases in the other duct is lowered by the water- 
tubes. By proper manipulation of the dampers the degree of 
superheat may be decreased or increased, or the superheater may 
be cut out entirely. (Accepted August 7, 1913.) 

29,683/12. S.Z.de Ferranti, Baslow. Superheaters. 
(9 Figs.) April 26, 1912.—The invention relates to boiler-super- 
heating arrangements in which the boiler and superheater 

| te are din separate ducts. The object is to modify 

and adapt such boiler su rheaters so as to render them applic- 
able to turbine installations in which the steam is reheated 
between stages. In carrying the invention into effect, according 
to one form, the boiler is of the double-sided type, and comprises 
a steam-drum a with a water-drum b, bl on each side connected 
throughout its — by tubes c, cl in the usual manner. A 
high-pressure superheater d! and an intermediate-p super- 
heater d2 are shown on the right-hand side of the boiler, and a low- 
re superheater d? on the left-hand side. The tubes of the 

ag age superheater extend over a part only of the length of 
the boiler, the comparatively small remaining part being provided 
with additional water-tubes i. The different superheaters and 
also the boiler element formed by the tubes c!, i are separated by 
partitions, such as m, so that each may lie in a separate duct, 
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such ducts preferably leading to a pains chimney n, each 
compartment of which is controlled by a damper r, ri, m the 
steam-drum a@ the steam passes through the pipe A! to the satu- 
rated-steam header ¢! of the high-pressure superheater, thence 
th the superheater tubes d! tothe superheater-steam header 
through the pipe 2 to the first stage ¢! of the turbine. 
After expanding in this stage, the steam leaves by the pipe 3, and 
passes to the saturated-steam header e2 of the intermediate 
superheater, through its tubes d2 to the superheated steam 
header f2, and so by the pipe 4 to the second stage ¢° of the 
turbine. After doing work in this e, the steam passes through 
the pipe 5 to the header e® of the low-pressure superheater a, 
and r superheating therein, reaches the third stage t® of the 
turbine through the pipe 6, leaving this - on its way to the | 
condenser or elsewhere by the pipe 7. In such a reheating | 
installation it will be seen that between —— wide | 
limits the d e of superheat in any or all of the superheaters | 
may be varied, or one or more of them may be cut out entirely | 
it desired. (Sealed October 16, 1913.) 
17,972/12. S. E. Alley and G. Woodvine, Glasgow. 
Steam Boilers. (3 Fine] August 3, 1912.—This invention | 
relates to that type of boiler wi which is a horizontal flue | 
having a furnace at one end, and towards the other end series of | 
water-tubes crossing from side to side of the flue at right angles 
to one another, these tubes being fitted into either a flattened | 
a of the flue or into a separate substantially rectangular | 
ue secured to the inner end of the furnace flue. According to 
this invention, the flue, substantially cylindrical, except in parts 
hereinafter set forth, is in one part, with, in some cases, end- 





joa riveted to it for convenient attachment to the rest of the 
er. Where the water-tubes are arranged, the flue is formed 
with flats to receive them—it is at that part rectangular in 
section. The flue A, as already explained, is substantially 
cylindrical, and in the example illustrated is formed in one piece 
with an end-flange B at one end for securing it to the boiler. 
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shell C, and has at the other end a separate flange spigot D for 
like pui At that part of the flue where are arranged the 
water-tubes E, diagonally and at right angles to one another, 
the flue is formed with flats F to receive them, and thus here 
becomes wr rectangular in section, as shown clearly in 
Fig. 2. (Sealed October 23, 1918.) 


559/13. L. P. Perkins, Lancaster. Valve-Gear. 
(6 Figs.) January 8, 1913.—This invention relates to valve-gear 
of the kind in which a po ow eccentric is used to impart a recipro- 
cating movement to a e-block or swing-link and pin actuating 
the valve-rod, and guided in a straight, or approximately 
straight, line forming an angle with the centre line of the valve- 
rod, the variation of which angle effects a variation of the expan- 
sion and the reversal of the motor, and the invention consists in 
an improved arrangement or construction of a valve-gear of this 
class. On the crank-shaft 1 an eccentric 2 is fixed, with its centre 
approximately opposite to the crank-pin, or about 180 deg. in 

vance of the crank. A reversing lever 3 formed with a square 
boss mounted on the shaft, can be turned round it, and is slotted 
for the reception and movement of a slide-block 5. A pin 6 is 
fixed solid on this block for connecting the block to the 
short eccentric-rod and strap 7. Another pin is likewise 
fixed on the other side of the block on the same centre line 
as 6, and to it is hinged a link 9, which is slotted to fit the 
square boss of the reversing lever, and thus receives a reci 
cating motion across the shaft from the eccentric 2 
large end of this link is turned to form a large -_ for the recep- 
tion of the large eye of the link 11, the other end of which is con- 
nected to the valve-spindle 12. Flanges 13 on the shaft bearings, 
or on bosses fixed to the shaft 1, serve to hold the eccentric strap 
7 and link 9 laterally in position. The reversing lever 3 can be 











moved along a stationary quadrant 14 for an angle of about 90 deg., 
and locked in position by any convenient usual means. In its 
extreme positions it forms an angle of about 45 deg. with the 
centre of the valve-rod 11. On the — the eccentric 2 is 
shown at mid-stroke relatively to the centre line of the reversing 
lever. The motion im the eccentric to the pin 6 along the 
centre lines with this arrangement is transferred to the large pin 
which thus moves up and down across the crankshaft and com- 
municates its vertical movement to the valve-rod 12, the move- 
ment being equal to the projection of the movement of the pin 6 
along the centre line of the reversing lever upon th: centre line 
of the valve-rod. The ——— of the large S being 
on this centre line, the influence of the an ity of the 
connecting-rod 11 is reduced to a minimum. e movement 
imparted to the valve-rod is approximately like that which 
would be imparted by an eccentric on the shaft having a throw 
equal to the vertical motion of the rod and a lead of 45 deg. 
and a rapid opening and closing of the ports is obtained. With 
the reversing lever in the position shown, and a slide-vaive or 
piston-valve actuated by the valve-rod, the engine will rotate in 
one direction, while if the reversing lever is turned to the other 
end of the quadrant, the resulting lead will be reversed and the 
engine will rotate in the reverse direction. The direction of rota- 
tion in either case will depend on whether the cylinder and valve 
are arranged to take motive fluid at the ends cr at the middle of 
the valve. (Sealed November 6, 1913.) 
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THE STABILITY OF GYROSCOPIC 
SINGLE-TRACK VEHICLES. 
By H. Cousins, M.Sc., A.M. Inst. C.E. 
(Continued from page 681.) 

PuystcaLLy comparing the above conditions with 
those of equation (5), it was thought probable that 
the long oscillation above was equivalent to the 
mode in equation (6) determined by the single 
negative root, and that the other oscillations might 
correspond one with the other in the same way. The 
effect of altering the sign of V was tried, as before. 

The periods being made as far apart as possible 
for observation, the results were exactly as 
expected. With positive values of V the long 
oscillation was convergent, and the convergence 
was found to be determined by the value of V. 
The short oscillation also was divergent, as before, 
and its rate of divergence depended in the same 
way on the value of V. For negative values of V 
the above effects were reversed, as would be 
expected from equation (6). If large values of V 
were tried, it was found impossible to obtain any 
satisfactory readings during the experiment. A 
reason for this will be shown in the next equation. 

In practice we are particularly concerned with 
the long oscillation and its convergence. It is 
desirable that this should be similar in character to 
that of a damped pendulum after displacement by 
some external force. With regard to the short 
oscillation, I thought, as before, that it could be 
made neutral if the effect of V could be isolated 
from it. If this could be done, the small amount 
of friction which is unavoidable in a mechanism 
would give sufficient damping effect. It was thought 
that the viscous force apparatus might be tuned up 
in some way, so that it would not respond to rapid 
impulses. An obvious method seemed to be the 
introduction of inertia into some part of the pre- 
cessing mechanism. 

For this purpose the two periods should be very 
different from one another. If their difference be 
made sufticiently great, we might suppose that the 
influence of this inertia on the long period would 
be negligible. Since, however, the short period is 
approximately constant for any particular system— 
i.e., incapable of adjustment—we see that to obtain 
this necessary difference in periods we must lengthen 
the period of the long oscillation. This means 
weakening our coefficient of unstabilising force, and 
so decreasing the power obtainable from the par- 
ticular gyrostat. Further than this, the introduc- 
tion of inertia might in this case introduce a natural 
period of its own, since the disc in the viscous pot 
is rendered stable relatively to the gyrostat, so that 
the inertia introduced might easily produce the con- 
dition of, say, the balance-wheel of a watch. At 
first the best result hoped for was that the short 
oscillation might not be very pronounced, and might 
possibly die away slowly, due to friction. 

It was hoped that an experimental value for this 
inertia might be obtained such that no troublesome 
period would be introduced by it ; that is to say, 





the only result hoped for was an experimental com- 
promise. In all the previous equations the disc D 
(Fig. 5, page 679 ante) was considered to be of light 
construction, and all inertia effects are neglected. 
It was found possible to obtain mathematica'ly the 
most suitable value of the inertia I that we wish to 
introduce into the precessing mechanism ; the most 
suitable place for its introduction being obviously 
the disc. The results of the calculation far exceeded 
expectations, and it will be shown that it is possible 
to obtain ‘‘ positive damping ” for both oscillations, | 
and also prevent a free period from being intro- 
duced by this inertia. 

The air-valve is shown as in Fig. 7, page 680 ante, 
for diagrammatic purposes. It is quite workable, 
though the actual construction, as at present used, 
is somewhat different, in order to reduce leakage to 
the minimum possible value. If the arm E and the | 
stem K be connected only by a spring, it will be 
seen that the air pressure in B is proportional to | 
the deformation of this spring. This is measured 
by the angular displacement A of the disc or arm E | 
from the mean position. The travel of the valve is | 
made as small as possible, and its effect on A can | 
be neglected in consequence. This alteration is taken | 
into account in equation (3) when used in the fol- | 
lowing complete equation. By increasing the value | 
of the inertia of the disc D (Fig. 5) as above, we 
see that \ is not now proportional to y ; that is to 
say, the force tending to precess the gyrostat is | 
no longer rigidly proportional to the velocity of 


the precession (neglecting the unstabilising force). 
A careful study of the combined equation of motion 
showed that it was necessary for the disc to be 
made stable relatively to its mean ition with 
reference to the car-frame. The coefficient of this 
stabilising force is T. It is produced by a pair of 
small springs, as shown in Fig. 6, prge 680 ante. 

When this is introduced we see that it may be 
possible under certain conditions for the disc to 
have a free period of its own. In equation (8) the 
unstabilising force S on the gyrostats is produced 
by springs which are separate from the viscous pot 
and act directly on the valve-stems K. The forces 
acting on the disc, then, are the couple due to the 
dragging effect of the viscous fluid in the pot and the 
spring force. The viscous couple tends to dra 
the disc in the same direction as the gyro case, an 
so must be reckoned positive—i.e., + U(w — A), 
wy and A being measured in the same direction. 
So that we may write the equation of motion for 
the disc only :— 

IX=U(y -i)- TA. 

By combining this equation with the equations 
(3) and (4), we may obtain an equation of motion 
for the whole system. 


Compete Equation or Morton, TAKING INTO 
account Inertia oF Disc, &c. 


0,.¢+0;.w.~=G.R.¢, 
0. - 03.0.9 =S. P+ Vo.r 


I. x = U(y-A) - TA. 
Let 
go=A'; 
y= Bett 
A= Ce 


Substituting these values in the three equations, 
we have :— 
A (@,. K? —G. R) + B(#. w. K) 
A (-03;..K) + B(@, K2-S) + C(-V,) 
B(- U.K) +C(IK?+ UK + T)=0 
We can eliminate A, B, and C from these equa- 
tions as follows :— 
{(0,. K? — G. R) (6, K?—S) + 0,2. w. K2 } 
{I.K?+ UK + T}-U V,K (0, K?--G. R) =0. 
If we put V, = 0 we are left with the quantities 
in the first two large brackets only. The first 
bracket is a biquadratic in K or a quadratic in K*. 
Multiplying out we obtain :— 
79 f/92.w? G.R_ S G.R § 
Ks + K2(%s"- @ _ - + .3 <0 
( 0, . 9; 0) 9, Oy 
This is identical with equation (5), which we 
obtained before—as would be expected. We also 
have the quadratic 
IK?+UK+T=0. 
Taking the biquadratic, we have shown before 
that the condition for stability is :— 
> | 


63. f G.R 
> . + , 
0; . 0 (v 6, V3) 
Call the roots of the biquadratic above 
K = + taand K = 748, 


=0 


where 
a>b. 

So that a gives the short oscillation and b gives 
the long oscillation. 

Inserting these values in the complete sextic 
equation we have :— 

(K2 + a2) (K2 + L?) (IK? + UK + T) 
-x* Vo (Ke - $2) =o, 
4 1 

Let us assume V, to be small ; then, for the next 

approximation, let 
K=ta+2, 

where x is a small correction. 

Substituting as before in the equation, and 
expanding by Taylor’s theorem,* we have :— 





* NoTE ON ABOVE EXPANSION. 
J (K) = 0. 

Let K=ta+2. 

By Taylor’s theorem we can expand this co that we may 
write 

S(iat+a)=fl(ia)+azfi(ia)++.. &e. 

We know that z is small and also Vo, since it only supplies 
the damping effect. The only possible experimental 
values also were small, so that the assumption is justified. 
That is to say, we may neglect anything beyond the first 
two terms in the expansion, without sensible error, and 


may write 
S (ia) + af'(¢a) =90. 


In the term f (ia) we include terms in V,. but in the term 
x f1(ta) we may neglect terms in Vo, since the small 
quantity x also occurs. 





= UVo;, 


es a? - oF) +2a.2ia (-a® + Bb) 
ua 
(- Ila? + Uia+T)=0. 

We can consider this expression as a simple 
equation in x. The solution is :— 


G.R 
2 
aoe e 0, Ua 
~ 20° a(at-b) * - Tat+Uiat+T 
G.R 
2 
= Vo bale 9, Ua(-Ia®+T-U ia) 
26, a(u2-6%) * (-Ia?+T) + U?.a?" 


In the same way, if K = ib + y, we can obtain 
the corresponding simple equation in 1; the solution 
of this is :— 

w+ e-B 
Ve : a ,_Ubd(le- T+ Usd), 
Y= 20, bw—-B (-1P+TP + U2 

To obtain damping or conversance of the oscilla- 
tions we must make the real parts of the roots 
negative. The imagivary — will correct tho 
period of the respective oscillations, but will have 
no effect on their convergence or otherwise. So 
that for damping we see that :— 

- Ia? +T, 
and 
Ive-T 
must both be negative. The value of the damping 
effect or the rate at which the oscillations die down 
will 1 entirely on the values that we give to 


T and The greatest possible damping effect is 
obtained when 
U a (Ia? - T) U b(T - IB) 











(Ia? - TP + Uta (1b? — TY + 208 
have each their maximum values. This maximum 
value is obviously 4 for both the expressions. 

It will occur when 
Uaz=Ia®-T 
and 
Ub=T-18 
Solving these two equations for the ratios I:U:T 
we have :— 
I U T 


1 ~a-b ab 


If I, U, and T be so proportioned as to satisfy 
these ratios, we have : — 


(9) 


o. GR 
. <= : —_ 0 
ka diete=z-i- og 
f Vv o + 4-8) 
+} ee Coe _ ' 
+* (4-76, a@-w J 
And 
vy, + or 
bi . _ Yo a 
ea esot uate tit bh 
G. R 
{ , 4 oe | 


7 V, , 
+1 {2 + 40, ‘ba@a- +3) | 


The validity of this investigation requires that 
the corrections shall be small compared with the 
difference between the roots ; or that:— 


‘ G.R 
a? + 
Vo 0; 
40,° a(a® - Bb) 
and 
2 4 G.R 


40," b (a? — b2) 


shall be small compared with a — b and also with 
2b. The quantity a — b should then be large, and 
the quantity V, as large as may be consistent with 
these conditions. The condition, in fact, states 
that the periods of the two oscillations should not 
become equal or nearly equal. A purely physical 
consideration of the problem will show that these 
conditions are what we might expect. We have, 
however, seen before that the more nearly ) 
es we ag a in value, the greater will be the power 
obtainable from the particular gyrostat. 

To consider the matter more fully, we must 
refer back to the sextic equation. The remaining 
two roots of this equation are given by :— 


I K?+ UK + T=0 (nearly). 
Assume I, U, and T to have the ratios to one 


another which we have found before to give the 
best damping effect, we can substitute for these 
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values in the equation, and it will still remain true. | or Each unit has its own intake and disc pas- 
The quadratic can then be written :— Vor ~y, 1 (- Seco t. + a % ) sage, cast in the concrete, and of such shape that 

K?+(s-b)K+ab=0. y 7) 4 4 ind oe a aoe in Fig. 22, 

: j ? ree-quarters of the wheel periphery is embraced 

The roots of this are real if v, 7! ; freed chamber and fed dhrourh omecl es 
(a-vP>4ab_ 3° leading from three 22-ft. by 74-ft. gates; the re- 

e-b>8 vas We can say bs maining quarter is fed independently from a single 
aceubeente y & cos at 22-ft. by 7}-ft. gate. The water drops from the 

and turbine into the draught-tube (see Figs. 20 and 28), 


Va > (L+ 2) Sb 
a> (3+2/z)b 
a> 5.8b. 

When this re’ation between the periods is ubtained, 
we have increased the power obtainable from the 
gyrostat as much as we dare. 

Any further increase in the coefficient of the 
unstabilisiog force will make a < 5.8 b, and a 
new period may be introduced due to the natural | 
period of the viscous force apparatus. This is, 
of course, undesirable, so that the best possible 
design is obtained by giving to the coefficient 
of our unstabilising force a value such that the 
ratio between the periods is (say) 6 to 1, and 
adjusting the coefficient of our viscous force so 
that the ratios (9) are maintained. Having done 
this, we have obtained the best possible results 
from gyroscopes of a given capacity (0, . w). 
I anticipated trouble from phase-lag, due to the 
precessing gear, the air-valves of which must 
necessarily throttle the supply of air to the cylin- 
ders, and so prevent the pressure on the piston 
from immediately corresponding to the pressure 
on the air-valve stem produced by the arm E. 
Treating the matier in the same way as before we 
have :— 

Ta? - T = Uacot (7 + 2) 
4 2 


- 3) 
5 


Where e,; and e, are phase lags of the respective 


-I2+T = Ubcot (% 


oscillations. For maximum damping 
. a? + G.R : 
a Vo _% 1+ sing 
20, ° w(u® — b2) 2 
+ GR 
y= - ee 1 - sing 
20, ° b (a? — b2) * : ere 


In actual practice this effect was found to be 
very small indeed, owing to the fact that air 
was used, The result, as explained before, could 
not be distinguishei from a slight variation in 
the strength of the unstabilising force. This 
effect was so small in magnitude that it was found 
difficult to measure it. So that for all practical 
purposes it may be neglected altogether. The 
character of the precessing force can perhaps be 
seen more clearly as follows. From the beginning 
of equation (8) we have :— 
h_ C_ Uik _ Uk(-IP4T-Uik 
v~ Bo -1h+T+Uik~ * (-1le4+ TP + Oe 

U a(—Ta?+ T - Usa) 





(- Ia? + Ty + U*a? 
for the short oscillation. The value of x we have 


found to be :— 
Pra 
_V 6, Ual-1a2?+T- Via) 
*=30,° a(at— b)° (- Lat + Lp + Ural 
6s G.R 
Bs 
_ 5) ee 6 
oe ay es eee: 


Damping, as explained before, depends on the 
real part of « —i.e., on the imaginary part of ‘a. 


V,) \ can be analysed into two parts :— 
One part in phase with y. 
One part in phase with y. 

The damping will depend on the latter part. 
For damping the real part of x must be negative. 
So that the part of V,\ in phase with y must be a 
negative quantity multiplied by y. That is to say, 
it will be a stabilising force proportional to the 
velocity and opposite in direction, 

(The motion would be similar to a pendulum in a 
viscous medium.) 


Vor\« 00s (at + i) 


The maximum value of V,. will lie between the 
maximum value of ¥ and the following zero value 
of y. For maximum damping it will lie half way 





between these values. 
The long oscillation may be treated in the same 


way :— 





Vod _ ¢ Ub(-184+T)-s. U2. 2 
v (-l@ + TP + U2. 
As shown before, 
G.R 
2, G.R 
~ Subs _Ub(T-T) + 602. 08 
Y= 90,’ b(@?-v) | (-1lo + 4)*4+ U2.” 
or R 
- 
2 
as Pr ‘—— 
426, b(-B) ° iy 


For damping the real part of y must be negative 


as before—i.e., the real part of te must be posi- 
i 


tive. 

V, A can be analysed in the same way into two 
parts :— 

Oae part in phase with y. 
One part in phase with y. 

The damping must, of course, be determined by 
the latter part ; so that the part of V, which is 
in phase with y must be a positive quantity multi- 
plied by y ; that is to say, it must be a force pro. 
portional to the velocity and acting in the same 
direction as that velocity. For maximum damping 
we must have :— 

Ub=-18+T. 

When this occurs we shall have :— 

Me ay, £2! 
2 
i us 
Vo, 4 
V2 


In this case, for damping we have the maximum 
value of V,A between the maximum value of 
and the preceding zero value of y. For maximum 
damping it must lie half way between these values. 
These results agree with and also explain the ex- 
perimental results referred to in connection with 
equations (6) and (7). 

(To be continued.) 





THE MISSISSIPPI RIVER DAM AT 
KEOKUK, IOWA, U.S.A. 
By Extsna N. Fates. 
(Concluded from page 678.) 

The Power-House.—The power-house is designed 
to contain ultimately thirty turbo-generator sets, 
but at present only one half the equipment is in- 
stalled. The substructure for all thirty units, 
however, is built to such a height that when the 
second installation is taken in hand no cofferdam 
will be needed. The substructure is merely mass 
concrete, 1718 ft. in length, 133 ft. wide, and 77 ft. 
high, within which are cast the water-passages and 
turbine-chambers. The superstructure, 100 ft. 
high, is a light reinforced-concrete housing for the 
generators and electrical equipment. In the sub- 
structure are the turbines, of the inward and 
downward types, developing 10,000 horse - power 
each, on a 32-ft. head. In Figs. 20 to 23, page 713, 
Fig. 24, page 714, and Figs. 265 to 29, Plate L., 
with this week’s issue of ENGINEERING, we give 
illustrations relating to the power-house plant. 
Fig. 20 shows, by a cross-section, the general 
arrangement of the machines and water-passages. 
Fig. 21 gives a drawing of the turbines and gene- 





Its maximum value will occur when 
Ua=Ia?-T, 
Whan the condition is satisfied, we shall have :— 


rators. Two views of the site of the power-house 
during construction are shown in Figs. 25 and 26, 
| Plate L.; while Fig. 28 gives the arrangement of 
the intake and discharge passages, and Fig. 27 a 


view inside one of the intake passages, of which a 
sectional plan is given in Fig. 22, page 713. 





where the cross-section changes from 255 sq. ft. to 
. ft., the discharge velocity being 4 ft. per 
second. The general arrangement of the turbo- 
generator is shown in Fig. 21. Fig. 24, page 714, 
isa drawing to a larger scale of the water-turbine 

rtion. The wheel or runner is ordinarily 22 ft. 

low head-water and 13 ft. above tail-water, though 
at low stages it is 16 ft. below head-water and 
18.35 ft. above tail-water. It is bolted to the 
bottom of a 25-in. shaft. Each wheel has sixteen 
buckets. In some cases these are in one casting, 
but in others they are in four quarters of four 
buckets each. One steady bearing is located 
directly over the runner, and another directly below 
the thrust-bearing. 

The thrust-bearing, 16 ft. above the runner, is of a 
combined flat and roller type. Itis shown toa larger 
scale in Fig. 23, page 713. Oil pressure of 150 lb. 
per sq. in. floats the 550,000-lb. load ; should the 
pressure fail, the thrust-block drops on to rollers. 
These rollers are 2? in. in diameter and 260 in 
number ; their centrifugal thrust is taken up on 
balls. Each turbine has its own high-pressure pump, 
driven from the shaft. In addition there is an 
auxiliary high-pressure oil main, fed from turbine- 
driven pumps, as well as a low-pressure gravity 
system for lubricating the steady bearings. 
Governing is by movable guide-vanes of the 
balanced type. These have a stream-line cross- 
section which permits the insertion of a strong 
pivot-shaft without causing turbulence in the water. 
They are twenty in number, arranged around the 
periphery of the runner, as shown in Figs. 22, 
24, and 27. In swinging they slightly change the 
entrance angle and choke the guide-channels any 
desired amount. The vanes are moved in unison 
by a rocker-ring rolling on balls and rotated by 
two oil-pistons (Fig. 24). A motor-driven pump 
supplies the nevessary oil, and the position of the 
pistons is regulated by a Lombard governor-valve 
driven from the turbine-shaft. To the upper end 
of the turbine-shaft is bolted the generator rotor. 
This arrangement is seen in Fig. 21. The rotor is 
a cast-iron spider supporting at its periphery 52 
field-poles, and revolves within a stationary arma- 
ture. A rotor being lowered into position is shown 
in Fig. 31. Each complete generator is 31 ft. 
5 in. in diameter by 11 ft. 3} in. high, and weighs 
307 tons. They were manufactured by the General 
Electric Company. The generator units are 7500- 
kw. three-phase alternators, generating current at 
11,000 volts and twenty-five cycles, running at 
577 revolutions per minute. Two auxiliary 1600-kw. 
sets furnish current for the motor generator units 
for exciting the main sets. These auxiliaries have 
their own direct-current exciters. 

The generators and all electrical apparatus are in 
the superstructure. The current goes from the 
generators to the bus-bars on the second floor, 
thence to large transformers, each measuring 8 ft. 
by 16 ft. by 24 ft., and of 9000 k.v.a. capacity, on 
the first floor. Thence at 110,000-volt oil-switches 
on the fourth floor it passes to the line-towers 
on the roof. The third floor is devoted to 
11,000-volt oil-switches, each operated from an 
overhead motor-driven tripping mechanism. The 
high-tension switches are thrown by solenoids 
using direct current from a special storage battery. 
The controls for the switches are located in a central 
switchboard-room, and are convenient to the hand 
of the chief operator. For moving the equipment 
three travelling-cranes are employed—two of 150 
tons running on the same or above the gene- 
rator floor, and one of 75 tons above the gate-room, 
where its function is to operate the gates. These 
cranes are served from a railway track entering the 
power-house off the dam; by this combination 
most of the heavy machinery has been installed. 

The construction of the power-house substruc- 
ture, the lock, and dry dock and dam, required 
650,000 cubic yards of concrete, 650,000 barrels of 
cement, 300,000 cubic yards of sand, and 300,000 
cubic yards of rock. The work was not done by 
contract, but was under the direction of the chief 
engineer. The construction plant was the largest 
ever used under private capital ; it took six months 
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to erect and cost 1,000,000 dols. The equipment 
comprised eighteen standard-gauge locomotives of 
from 20 to 40 tons weight, 15 miles of track laid 
with 60-lb. rails, 142 cars, cranes aggregating 
3,500,000 lb. of structural steel, 10,000,000 ft. b.m. 
lumber—one-half for cribs, one-half for forms— 





4.7 oO 
1000 


-Draft Tube beneath --------- 


«--- 


was utilised as one wall of the cofferdam, with 
the addition of 3848 ft. of crib-wall; 39.7 acres 
were unwatered in 24 months. The work was 
done by expert Canadian cribbers, two gangs of 
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five 10-ton derrick-cars, seven 10-ton derricks, | fifteen men setting four cribs a day. Three break- 


three steam-shovels, nine concrete-mixers, stone- | waters were built to deflect the river current. The 


crushers of 3500 yards capacity, 50 miles of pipe, 

44 steam-boilers of 3750 horse-power capacity, cen- 

trifugal pumps of 32,600 gallons per minute capa-| 
city, and eleven automobiles. 

_The cofferdam for unwaterigg the power-house 

site was built of cribs, each 24 ft. by 16 ft., 

containing 22,000 ft. b.m., spaced 12 ft. a 

and cut to fit the river floor. An old canal dyke, 
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walls were at one time called on to withstand an 
ice-jam which reached to a height of 30 ft. above 
the top, and at another time a head of water 6 ft. 

greater than they were designed for. All seepage 

and rainfall was removed by a 2-horse-power cen- 

— pump, working eight out of twenty-four 
0 





urs, 
Within this cofferdam was the temporary con- 


struction plant. The necessary rock for the con- 
crete was obtained from the tail-race excavation, 
which was 20 ft. deep, 2000 ft. long, and 50 ft. 
wide at the upper end, and 250 ft. at the lower. 
The rock was blasted, 6-in. holes, 12 ft. apart and 
22 ft. deep, being drilled, and about a ton of 
dynamite used in each shot. The output was 
handled by two steam-shovels, and was then 
carried in 12-yard air dump-cars to the crusher. 

Four travelling gantry cranes were used in the 
construction of the power-house. They are shown 
in Figs. 25 and 26, Plate L., and were of 5 tons 
capacity. They weighed 70 tons, and ran on a 
125-ft.-gauge track. Each gantry supported a 170-ft. 
trolley runway, of which 50 ft. was a cantilever 
extension serving four railway tracks below. As 
the need for the cranes ceased, each was toppled 
over and _— For the continuous hoisting 
and placing of concrete in 1}-yard batches only 
four men and a few tampers were needed. One 
man was stationed at the car to hook up the buckets, 
another dumped them, while, in addition, one sig- 
nalman and one crane-operator were needed. As 
much as 1000 cubic yards per day were av 
during May, 1912, in this part of the works. Wooden 
forms were used in the power-house, since the 
number of repeating sections was but 30, agai 
119 inthe dam. In building the draught-tube forms, 
the floor was first cast and used as foundation for the 
heavy wooden structure, this being very carefully 
shaped and requiring truss-bracing. Five-foot lifts 
were the general wae in pouring concrete ; in the 
case of arches, the surface of bonding between 
lifts was brought to the springing line and made 
perpendicular to the thrust line. Successive lifts 
were bonded by means of sharp boulders. Con- 
crete was poured in winter whenever the tempera- 
ture exceeded —7 deg. Cent., the sand and water 
being heated, and the concrete being kept warm 
after pouring by canvas covers and small charcoal 
stoves. The forms were braced by wooden trusses 
or shores, or by diagonal stay-rods similar to those 
used in boilers. 

Steel forms were used in building the head-gate 
piers. These 125 piers, designed to support the 
intake screens, were cast in steel structures having 
wooden lagging. The steel legs were set on founda- 
tion castings and aligned in a manner similar to 
that of the dam forms, The cast-iron screen lugs 
and gate-seat sections were temporarily bolted to 
these legs until the concrete was set. 

The setting of the pit-liners in the conorete 
was a difficult problem. This was done by sup- 
porting them on eight temporary concrete piers 
until the substructure set firm enough to bear the 
weight. The pit-liners, which take the whole 
weight of the turbine, are 21 ft. 3 in. in diameter, 
weigh 106 tons, comprising a cast-iron ring at the 
bottom and top of a j-in. steel drum. The ‘‘ pit” 
was simply a cylindrical shaft leading up from the 
turbine scroll-case ; the ring casting at the bottom 
formed the foundation for the conical cast-steel 
thrust-bearing support shown in Fig. 24. The 
ledge was made level within 0.004 in. by tooling 
with a special rotary planer, for a perfect seat was 
required to support the total load of 400 tons. 
The setting of the turbine and its adjuncts was 
done by the 150-ton travelling crane. Very careful 
manipulation was naturally necessary in ~~ 
these parts by cranes. Some of the loads exceed 
100 tons, and their exact setting was no easy matter. 
This work on the power-house was carried on simul- 
taneously with that on the lock and dry dock 
described in our former article. 

The Ice-Fender.—The matter of floating ice has 
been given careful attention, as winter temperatures 
often fall to —18 deg. Cent., and the river is often 
frozen with ice 2 ft. thick. An ice-fender has been 
built across the forebay. It takes the form of a 
curved reinforced-concrete bridge of 23265 ft. length, 
made up of a number of spans. A 300-ft. gap pro- 
vides a ship channel, which is closed at the end of 
the navigation season by a floating boom of trussed 
timber. The piers are spaced 70 ft. centre to 
centre; on them rest beams of 15 ft. by 9 ft. dimen- 
sion and 60 ft. span. The top of each beam is 5 ft. 
above high water, the bottom is 4ft. under low 
water. e piers, being located outside the main 
cofferdam, were built in trussed wooden caissons, 
which when floated into place were used as forms 
and filled with concrete from a floating mixing plant. 
Concrete in 14-yard buckets was dumped under 
water im this work. Beside the ice-fender, the tur- 
bine intakes are protected by a grating. Two chutes 
are provided in the substructure for by-passing ice- 
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cakes. Damage from ice jams is not anticipated, 
since the river flow will be tlow, the depth being 
changed from 6 ft. to 40 ft.; the ice will rest against 
the structure, and there is expected to be but little 
risk of damage by impact during the spring thaw. 
Transmission Lines.—In connection with this 
wer plant there are two transmission lines. The 
44-mile 110,000-volt line to St. Louis is on 100 ft. 
right-of-way. It will be carried on 80-ft. steel 
towers of 6700 lb. weight, spaced seven per mile. 
The four legs of these towers stand on concrete 
footings located at the corners of a 24-ft. square. 


The six 19-strand hard-drawn copper cables of 
300,000 circular mils area are suspended on porce- 





I POWER-STATION AT KEOKUK. 














DDE ee RU Ri LAR “4 





"4 \ 
\2 Wa \ 
\ ‘. ‘, 


~-—— 4! 1Ve 





lain disc insulators at either end of three cross- 
arms. A steel cable strung at the top of each tower 
serves as ground conductor. In the 32-mile 11,000- 
volt line to Burlington wooden poles spaced 140 ft. 
apart are employed. They support aluminium wire 
of 334,000 circular mils. Sixty thousand horse- 
wer is sold to St. Louis at about 20 dols. per 
orse-power year, the recent cost of power in that 
city being 55 dols. 
e chief engineer of this undertaking is Mr. 
H. L. Cooper, M.Am. Soc. C.E., and the mechanical 
engineer Mr. B. H. Parsons, M. Am. Soc.C.E. The 
dam was built under the supervision of Mr. D. P. 
Cooper. The power-house substructure, lock, and 





dry dock were built under the supervision of Mr. 
H. T. Herrick. The power-house superstructure, 
electrical installation, and transmission lines were 
constructed by the Stone and Webster Engineering 
Corporation. 

The undertaking is to be worked by the Stone 
and Webster Management Association, of Boston, 
under the style of ‘The Mississippi River Power 
Company.” 





West ArricaN Ngwinc.—With the exception of the 
Abbontiakoon Mines, Limited, which continue to show 
satisfactory profits, there is little progress to report in 
mining upon the Gold Coast. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A SPECIAL meeting of the Institution of Mecha- 
nical Engineers was held at Manchester on Thurs- 
day, the 20th inst., in the Memorial Hall, Albert 
Square, the President, Sir H. F. Donaldson, 
K.C.B., occupying the chair. 

At this meeting, a paper entitled ‘‘The Cutting 
Power of Lathe Turning Tools,” by Professor 
Ripper and Mr. G. W. Burley, both of the Uni- 
versity of Sheffield, was read and discussed. The 
same paper was also taken at the ordinary meeting 
in London on the following day, Friday, the 21st 
inst. This paper is reprinted elsewhere in this 
issue, and we give below accounts of the discussions 
at both the Thursday and Friday meetings. 

The President, in opening the proceedings at 
Manchester on Thursday evening, remarked that 
the occasion constituted a reversion to a system 
which was in force in former years; there was, 
however, a slight change in practice, since it was 
now his privilege to welcome members of the Man- 
chester Association of Engineers, the Manchester 
Association of Students of the Institution of Civil 
Engineers, the Manchester Local Section of the 
Institution of Electrical Engineers, the Manchester 
Geological and Mining Society, the Municipal 
School of Technology, and the Manchester Univer- 
sity Engineering Society. 

Currine Power or Latae Turyine Toots. 

After Professor W.. Ripper had summarised the 
paper and a vote of thanks had been passed, the dis- 
cussion was opened by Mr. C. W. James, who said 
that the majority of the authors’ experiments had 
been made upon small cuts, not comparable to those 
used in actual practice on heavy forgings or gun 
work, He would like to ask if Professor Ripper’s 
conclusions would hold good for heavier cuts. In 
making experiments on the shearing strength of 
material, he (Mr. James) had found that the shear- 
ing stress per square inch did not increase directly 
as the thickness of the material. The cutting 
action of a tool in a lathe being, to a great 
extent, a shearing action, he thought that = 
sibly the same effect might take place. e 
authors’ experiments showed that the section of 
the tool materially influenced its capacity ; a 4-in. 
square tool would turn off a certain amount of mate- 
rial, whereas a 3-in. square tool would turn off a 
great deal more without showing any signs of dis- 
tress. Apparently the capacity of a cutting tool 
depended almost entirely upon its ability to absorb 
and dissipate heat. The tests had all been 
made with the tool working dry. The quantitative 
results were not such as could reasonably be 
adhered to, therefore, in the shops. With copious 
lubrication—i.e., jets of water, or other fluid in 
large quantity and at high velocity—the output 
would be largely increased and the limits given 
in the paper greatly exceeded. 

Mr. Alfred Saxon was surprised to read in the 
paper that the measure of the output of lathe tools 
was a question about which very little information 
was readily available. The first important experi- 
ments with tool steel in this country were e at 
the Manchester School of Technology in 1903. 
From these experiments valuable and reliable 


data were obtained. Two years ago also a paper 
was read by Mr. Dempster Smith, and he 
did not, therefore, think the authors had 


grounds for this statement they had made. The 
tests made in the Laboratory of the University 
of Sheffield had been on a smaller scale than 
those conducted in Manchester, in which 1}-in. 
tools were used, not confined to one brand of steel. 
Eight makes of steel were tried. Only ten tools 
were used in the carbon-steel tests made by the 
authors, and these were small in section, } in. by 
}in. and 6 in. long. With regard to carbon steels, 
particularly, Mr. Saxon did not consider tests with 
unlubricated tools reliable from the standpoint of 
workshop practice. Unless the tests were extended 
and lubricants used, the workshop test could not 
be said to have been applied to the carbon steel. 
A distinct point was scored by the authors in their 
table of equivalent output for tool steels of various 
sections. 

Mr. H. W. Allingham was rather disappointed 
with the results, which, he thought, added little to 
the work of Taylor and Nicolson. Mr. Taylor 
conducted his experiments for what he could get 
out of them commercially, and had arranged the 
formule obtained on slide-rules for the use of prac- 





tical engineers. Unfortunately the slide-rules were 
obtainable only by persons ‘* matised ” by Mr. 
Taylor. Professor Ripper would render a great ser- 
vice to engineers if he would continue his researches, 
keeping before him the fact that for such work to be 
of assistance in the shops, means must be provided 
of making quick and certain use of the scientific 
data obtained. Professor Ripper had carried 
matters no farther than other people from the 
point of view of application to practice. The 
results of Taylor and others were not applied in 
this country or elsewhere, because of the neglect of 
variables arising in the shop, such as questions 
of hardening, spring, &c., and the im bility of 
ascertaining the hardness of every casting delivered 
on the floor. The theoretical curves obtained were 
not in a condition to be utilised. He thought that 
kind of experimental work should be conducted by 
a technical school, because a commercial firm could 
not afford to divulge to competitors results obtained 
in their shops. 

He had had an unique opportunity of conducting 
experiments in connection with 250 automatic screw 
machines. In that case a number of tools had been 
working in quick succession, and some simultane- 
ously, and the variables of —_ and feed were com- 
plicated by other factors. special room had been 
set aside, and six machines put down, and run on 
a semi-scientific basis. Two men ran the machines, 
and an engineer from the National Physical Labo- 
ratory was in charge of the work. After 12 months’ 
work, the results had been applied in the shops. 
They had made elaborate wear tests. The ques- 
tion of finish was most important to engineers. If 
machines were merely speeded up until the tools 
collapsed, bad finish resulted. e need for first- 
class quality set one limit, therefore, to the prac- 
tical engineer. Mr. Allingham exhibited a diagram 
which showed the improvement in the average 
output from 105 automatic screw-machines result- 
ing from these investigations. The machines were 
all of the same size, #-in. automatics, mostly by 
Messrs. Browne and S Some time ago the 
average output of pieces was 230 per hour. The 
experimental department was put down in Nov- 
ember, 1912, not for turning out work, but for work- 
ing on scrap material, the results being gradually 
applied in the shops. The output of the shops 
gradually rose until, for the week ending Nov- 
ember 5 last, the average output for the 105 
machines was 470 pieces, an increase of practically 
100 per cent., as a conseyuence of scientific treat- 
ment alone. 

The work had now been discontinued, because 
they had arrived at a point at which there 
would be no adequate return in increased output 
on the cost involved. Supposing about 800. 
been spent to arrive at certain results, an improve- 
ment of a further 5 per cent. would good 
involve the expenditure of an additional 8001. ; 
it was not, therefore, worth while. That was one 
reason why engineers had to look to a technical 
school for such tests. He would like, in ing, 
to allude to some machines for reaming holes in 
mild steel. These were now standardised, the 
reamers having a top rake of 20 deg., just like a 
turning tool. In general practice no clearance 
was used on reamers, or only a very small clear- 
ance and top rake; but he would recommend engi- 
neers to try the effect of making the reamer like a 
cutting tool. 

In this country Mr. Tayler’s ‘scientific manage- 
ment” was — as a refinement of small prac- 
tical value. If, however, they—or perhaps their 
workmen—could be persuaded to allow experiments 
to be conducted in the shops, he thought they 
would find that astonishing results could be 
achieved. It was not only large batteries of 
machines which were worth studying; of course, 
the larger the number the more was it worth while. 
Similar studies, however, had been taken in hand 
for lots of half a dozen machines—boring-machines, 
lathes, milling-machines, &. His experiments 
indicated that the usual speeds at which tools were 
run were too high, generally speaking, and that 
the feeds or areas of chips were not thick enough. 
He agreed that the area of the chip should be 
as thin and as deep as possible; but where 
a certain amount of metal had to be cut off, 
say } in., it often was not feasible to start with a 
special tool with a very long cutting angle. It 
was preferable to use a standard tool, and to take 
the oo“ chip and the heaviest feed that the 
machine was capable of. He thought it a pity that 
the authors had not tested their tools for the 





correct _— for hard and soft steels, but had used 
a tool with a uniform 23 deg. rake. He thought 
they would have got better results on hard steel 
had they used a tool with much less side rake. 

Mr. E. G. Herbert remarked that Dr. Ripper 
had stated in his summary that it was owing to 
reading certain heterodox statements—to which he 
(Mr. Herbert) had to plead guilty —that the work 
described in the separ ted been commenced. Even 
if his own work brought no other results, he thought 
he might well rest satisfied if that were the case. 

He was struck with the fact that all the authors’ 
tools were ground to the same angle. It might or 
might not be correct, but he regarded it favourably. 
In the Manchester experiments the tools were of 
different angles, the makers being left, he believed, 
to grind them as they pleased, and there were 
differences as great as Pi deg. between some of 
them. He thought that was extraordinary at the 
time, but a year or two he had found that 
Professor Schlesinger, at Ghattienine, had also 
used different angles in his tests, leaving it to the 
steel-maker to suggest the best angle for his par- 
ticular steel. Different makers or workmen would 

robably each say a different angle was best, but 
it did not at all follow that there should be such 
diversity. Professor Ripper had reduced the 
num ber of variables by using tools of the same shape. 

He had advocated and practised for a number of 
years the measurement of bluntness as a limit to a 
test, but he did not think the method adopted by 
the authors was ideal. The worn area on the top 
of the tool depended to some extent on the area of 
chip and on the feed. The authors’ method also 
had the objection that the tool had to be repeatedly 
taken from the tool-holder to be measured under 
the microscope. They pointed out that the heat- 
ing effect was cumulative, and the removal of the 
tool therefore introduced, he thought, a practical 
uncertainty, apart from the considerable difficulty of 
replacing it in exactly the same position. In some 
of his own lathe experiments a standard bluntness 
had been used as a limit to the test, but the method 
employed depended on the fact that a tool lost its 


cut. The tool was to slide, and an indi- 
cator was provided to show the increase of the 
diameter of the bar as the tool wore. When it 


had increased the standard amount—so many 
thousandths of an inch—the test was stopped. 
That allowed the measurement of the wear to be 
taken continuously without moving the tool. 

The authors concluded that the durability of 
carbon tool steels was some function of the reci- 
procal of the cutting speed, and that the cutti 
speed-duration curve tended to become et amare 4 
suggesting that there was some speed below which 
the tool would last practically an indefinite length 
of time. In Fig. 1, reproduced herewith, a curve was 
shown which been uced on his testing-ma- 
chine, and compared with those given by the authors 
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in their Fig. 13. It certainly looked as if that curve 
tended to me horizontal at the lower s 

and therefore the tool should last indefinitely more 
or less if the —_ were still further reduced. In 
his work he resisted the temptation to draw 
that conclusion, and had carried the speeds lower, 
with the result shown on his diagram, Fig. 2. 
That was not an isolated case ; every tool he had 
tested had shown that phenomenon when the speed 
had been carried low enough. He did not wish to 
assert that the authors would also have found that 
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result. It was found only when the cutting point 
of the tool was practically cold. The smallest cut 
the authors had used was 27 times as heavy as the 
cut used in his (the speaker’s) experiments, and 
they had not used water-cooling. In order to keep 
the tool point cold under their conditions would 
have required s below anything met with in 
the shops. Had they used a small cut with water- 
cooling they would have found it. 

He thought the authors had missed a great oppor- 
tunity. ey had spent much time, patience, and, 
no doubt, money, in surveying a field already fairly 
completely covered. They had entirely neglected 
another field, equally accessible, important, and 
unexplored. How much tool-steel was used in 
finishing cuts? Was it a quarter, third, or half? 
There was approximately a finishing cut to every 
roughing cut. How did steel behave under the 
finishing cut? Dr. Nicolson, Mr. Taylor, and 
Professor Ripper had ignored this question. Was 
the best steel for finishing the same as would give 
good results in a heavy cut? There was — 
silence on the point. They did not seem to have 
heard of finishing cuts, and it looked as if engi- 
neers had nothing else to do than to thin down 
monstrous propeller shafts. One thing which 
handicap experimenters in that matter was 
the fact that finishing tools were not usually 
run till they broke down; hence a breakdown 
test was inapplicable. The tool was changed 
as soon as it became a little dull and did not 
produce a good surface. The authors’ method of 
measuring the bluntness and wear was applicable 
to finishing tools, and had they used that or, pre- 
ferably, the method described above, they would 
have arrived at some interesting facts. 

On the authors’ point of increasing durability 
with increasingly low s a lot of evidence had 
now been collected. ntly, also on the Conti- 
nent a series of lathe tests had been conducted, the 
results of which were to be published shortly. 
They included finishing and fine cuts generally, 
and the speed-durability curves which were in his 

ossession showed the phenomenon to which he 
hed often called attention—viz., an increase in 
durability with increase of speed. He thought, 
therefore, that the authors’ second conclusion 
should be modified to the effect that it did not 
apply to the lower range of cutting conditions, not 
explored by them. Even then he could not quite 
agree with the statement. Recently a number of 
cases had occurred in which high-speed steel, in the 
tool-testing machine, had shown increased durability 
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with increasing cutting speed. Fig. 3 showed in the 
full line a curve well within the range of the 
authors’ experiments. Between 70 ft. and 100 ft. 
per minute the steel showed increasing durability 
with increase of speed. The blue-chip period began 
at about 70 ft. per minute, and at 140 ft. per 
minute the chips were red hot. The cut was a 
light finishing cut, taken dry. The phenomenon 
was somewhat exceptional with a dry cut, and he 
could not say whether the authors’ tools 

the property or not. But if they did, with all 
respect, he would suggest that they would not have 
found it out, because their speed-durability curve 
was only plotted by means of four points, whereas 
his curve in Fig. 3 was derived from observation at 
fourteen different cutting s s. In the dotted 
line, Fig. 3, he had indicated what might have hap- 
pened had he taken only four different cutting 
speeds, like the authors. He would have got the 
four dots shown, and would have drawn a sweeping 
curve through them. 

He quite a: with the authors on the relative 
importance of feed and depth of cut. It had alwa 
been a surprise to him that Dr. Nicolson had held 
the contrary view—namely, that it was merely area 
that mattered. Some of the Manchester experiments 
clearly supported the view taken by the authors. 





Fig. 29 of the paper showed two series of curves— 
namely, for constant feed and constant depth. They 
were curves of different orders ; they crossed each 
other. They indicated that if the feed and the depth 
were increased alternately, the direction would be 
down one of the curves belonging to one order, then 
sweeping off at an angle on to one of the other 
curves, and then switching back, and so on, pro- 
ducing a zi curve. That was exactly what took 
place in the nchester experiments on cast iron, 
in which the feed and depth of cut were increased 
alternately, and a switchback curve was produced, 
as could be seen in the Transactions. In 1901, 
before the Manchester Association, he had sug- 
— that the cutting speed for constant dura- 
ility of the tool was inversely proportional to 
the cube root of the thickness of the chip multi- 
lied by area of cut. He had re-stated that cube 
aw in a paper read before the Iron and Steel 
Institute a year later. In the authors’ formula 
No. 12, they had feed in place of thickness of chip, 
but the feed and thickness of chip were generally 
proportional. They ceased to be proportional 
when the depth of cut was less than the radius 
of the nose of the tool, and in that case the for- 
mula ceased to apply. It would be interesting to 
him personally to know whether the authors 
had worked this law out afresh, in ignorance of 
the fact that it had been published by him. He 
had found that Mr. Taylor’s curves obeyed his law 
fairly well, and it was gratifying to know that the 
law which the authors had found applied to the 
results of their experiments apparently very closely. 

He did not consider the eaten’ increment test 
on tool steel an ideal test, but it was an improvement 
over the old cutting test at one speed. Testing at 
a certain speed must always hold its own for 
certain classes of work, such as tyre-turning ; the 
best test then would be to test the tool on the job 
itself at one speed. As a test for general work- 
shop conditions, the increment test was good, but 
it required very elaborate speed control to carry it 
out. The tests with tools of different dimensions 
were valuable. It looked as if in the future 
machining would all have to be done with tools 
2 in. square at the least. The authors would have 
added further interest to the paper if they had 
shown the effect of a small tool in a big tool-holder 
as against a solid tool of the same section, but he 
was afraid that tool-holders were not popular in 
Sheffield. 

Mr. S. N. Brayshaw commended the authors for 
their self-restraint in not varying the tool angles. 
Too many variables proved nothing ; if experimental 
work was to be of use, the number of variables 
should be reduced to the fewest possible number. 
The work of the authors was so consistent, that 
it should be ——— as trustworthy as far as it 
went. He considered the method of testing the 
wear by aid of the microscope was not an ideal 
one. Mr. Herbert had already pointed out objec- 
tions to it. It did not apply to high-speed tools, 
the test in that case being automatic. The diver- 
gence between the results of the authors and 
those of Mr. Herbert was curious. It was pos- 
sible that in both cases the results were correct, 
Mr. Herbert having explored ground that the 
authors had not touched. Some of the points of 
difference might be due to the fact that the authors’ 
experiments were carried out dry, whereas those of 
Mr. Herbert were sometimes lubricated and some- 
times not. The authors’ work in was heavy 
compared with Mr. Herbert's. r. Herbert was 
dealing with cuts of ;}, in. or less. A great deal 
of work had to be done with very fine cuts, when 
different conditions arose. Mr. Herbert, in a 
paper before the Iron and Steel Institute, in 1912, 
had said that a low cutting temperature could only 
occur when there was a combination of low s 
with light cut ; and he thought Mr. Herbert had 
conclusively proved that when the temperature 
of cutting was low enough the cutting was in- 
ferior, and it was necessary to speed up to get better 
results. It would be within the experience of many 
(he had himself no doubt, having applied per 
tests) that by running too slow a tool was dulled. 
That, he believed, had been known to all turners 
and workshop people for a long time. When 
apprenticed to Messrs. Beyer, Peacock he remem- 
bered having been told by a turner to run at a 
higher speed to get better results. Although not 
openly admitted, he believed that in workshop 
experience the turners knew better than to act 
upon the statement they usually made when 
asked—namely, that the slower the running the 





longer the tool would last. He had noticed 
the similarity between the authors’ formula 
No. 12 and that worked out by Mr. Herbert, 
published on pege 224, vol. Ixxxi, of the Proceed- 
ings of the Iron and Steel Institute. Formula 


No. 12 was S = ore » where the value of K 

Vax F 
was as described in Appendix IV. A was the area 
of cut, and F the feed. He presumed that this agreed 
with Mr. Herbert’s expression. It was interest- 
ing that two independent investigators had arrived 
at the same result. He hoped that the authors 
would go further, and that the feeds would be 
tested by finer steps, to avoid leaping over points. 
The authors should also be encouraged to explore 
newer ground. 

Mr. Dempster Smith spoke on the method of 
determining the degree of bluntness of an ordinary 
carbon-steel tool by means of the microscope. 
It was a very difficult operation to tell exactly 
where the curve due to bluntness and where the 
straight piece of the tool began. As had been 
remarked, the standard might be considerably 
affected by withdrawing the tool for examination 
and replacing it. In withdrawing for, and re- 
entering the tool after, examination, the point 
was brought into contact with the solid bar, 
and a cumulative bluntness error would arise. 
Having regard to the fact that in many of the 
trials a small pile of shavings adhered to the 
cutting edge of the tool, thereby protecting it, 
and indicating that the point of the tool was not 
subjected to such severe duty as it would be in the 
case of trials where the shavings did not adhere, 
it was surprising that the results should have been 
so uniform. The general expression giving the 
relation between the cutting speed and the area of 
cut was similar in form to that given by the late 
Dr. Nicolson. The values given by the authors’ 
expression 
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were extremelylow. Taking a typical case,a cut; in. 
deep by ;; in. traverse, according to the authors, 
the speed was then 11.84 ft. The practice of, say, 
twelve yearsago, wasabout 21 ft. per minute. Taking 
a cut 4 in. by 4 in. the authors’ equation gave 5.9 ft. 
per minute, with 27-ton steel. Ordinary practice 
about ten or twelve years ago was about 14 ft. 
Coming to the heavier cuts, say 1 in. deep by } in. 
traverse, the speed was generally about 6,ft. or 7 ft., 
whereas the authors’ equation worked out at about 
13 ft. It was necessary to multiply the authors’ 
figures by 2 or 3. 

The authors had given a description of how 
high-speed tool steel failed, by the fusing of the 
nose brought about by the heat generated as 
the result of friction, that friction being due to 
the rubbing of the chip on the upper lip of the tool 
as it off from the work, and also to the 
cutting action of the tool as it traversed the work 
in line parallel to the axis. That was not quite 
correct. The work done in pushing the shaving 
across the tool did not amount to more than 15 per 
cent. of the whole. When cutting at high speed 
the shaving bore upon the tool at some distance 
back from the cutting edge. The cutting point was 
relieved of most of its work, because the shaving was 
bearing on the tool itself at some distance back 
from the cutting edge, the cut actually running in 
advance of the point. The shaving was twisted 
from the stock, and that produced an intense heat, 
which was conducted to that part of the tool most 
closely in contact with it. The point simply 
cleaned up the bar. The pile of small cuttings 
imprisoned in the rent between the shaving and 
the bar was deposited on it. The small heap of 
shavings adhered to the edge of the tool at the 
base, and at the top was being continually removed 
and replenished by fresh stock from the bar, which 
again assisted in carrying off the heat from the tool- 
point. The test temperature and pressure 
were at the p where the heel of the shaving 
bore on the tool, the result being that, with the 
speed at which the shaving slid across the face, a 
groove was gradually worn out at that point, this 
groove deepening and widening until it extended 
to the cu edge, whereupon the lip broke down 
and the tool failed. This failure at high speed was 
caused, not by the tool getting hot at that point, 
but at some distance from the cutting edge, 
thus facilitating the grooving action leading to 
the destruction of the edge. The tool was 
found to be actually cooler at the cutting edge 
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than further back, where this groove was formed. 
The edge was kept cool by a continuous supply of 
fresh cold bar. 

Mr. Taylor had given a general expression for 
high-speed steel, taking into account the cutting 
speed, depth, and radius of nose of the tool. Re- 
sults worked out by the authors’ law only approxi- 
mately agreed with those given by Mr. Taylor for his 
smallest tool of 33, in. nose radius, and were very 
far astray when compared with tools having a 
larger nose radius. 
wide tool, having a radius of }$in., was that of 
Dr. Nicolson. The authors of the present paper 
claimed that their experiments and laws of cuttin 
speeds agreed with Mr. F. W. Taylor’s, an 
were contrary to the views of the late Dr. Nicolson. 
Dr. Nicolson contended that for all practical pur- 
poses the cutting speed varied inversely as the area 
of cut to the nth power, where » varied with the 
material operated upon and the quality of the 
tool steel used. For high-speed steel and mild 
steel Dr. Nicolson gave n = 4, which figure gave 
values within 5 per cent. of the speeds obtainable 
in ordinary workshop cuts for round-nosed tools. 
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The durability of the tool was largely affected by 
the radius of the nose, a point which appeared 
to have been overlooked by the authors, who attri- 
buted the whole of the increased output to 
the increase of section. The authors said the tool 
noses were of similar geometrical form, which 
statement had been taken to mean that the nose 
radius increased with the square root of the tool 
section. Whether this were so or not, it was a fact 
that durability was independent of the section, at all 
events, for tools between } in. and 1} in. square. 


In fact, the law for the 1}-in. | i 








The increased output was due to a change in the 


nose radius. This was shown in Fig. 4 herewith, 
drawn from tests made at the Manchester School of 
Technology. The curve L showed the durability 
with tools of different nose radius. From the 
established relation of cutting speed to duration of 
run, this curve could be converted to give the varia- 
tion of cutting speed for a constant duration. That 
was shown as thecurve v. The relation was approxi- 
mately given by v = k, (r + k,)**® + k;, where 
‘iy key kg were constants. In the same way the 
curve for increase in speed with nose radius might 
be manipulated to give the permissible increase in 
depth of cut for constant durability, speed, feed, 
&c. Repeated trials at Manchester went to show 
that durability was independent of the tool section, 
and only dependent on the nose radius. 

Mr. E. P. Hetherington was the next speaker. 
He thought the paper should have been read in 
Sheffield and studied there before being brought 
to Manchester. He had never heard a more sorrow- 
ful tale of the failure of high-s steel. When 
the Manchester tests were carried out it was said that 
the machines would not stand up to the new tool- 
steel. He had, however, invited engineers to come 
to his works and have their tool steels tested there. 
Nine representative firms from different parts of 
the world brought three tools a piece, of their own 
grinding and tempering. They all broke down 
in from 5 to 15 seconds. The lathe destroyed 
the tools, not the tools the lathe. The tools 
were of 0.4 to 0.5 carbon steels, and the 
makers declared they could turn any steel at 200 ft. 
to 250 ft. per minute. They would not stand at 
98 ft. No tool steel he had seen could stand up to 
modern machines; it had been a case of the 
failure of tool-steel from beginning toend. It was 
commonly said that the tools would cut at over 
200 ft. In one case 400 ft. per minute was the speed 
claimed; but he had destroyed the tool in 2 seconds. 
It was not a question of machines to-day, but of the 
production of a steel that would stand up to the 
work on a commercial basis. Experiments should 
be made with cuts comparable with actual Sheffield 
standards—1} in. deep and 3-in. traverse. What 
was involved by high speed? If people asked him 
for a high-speed lathe, he inquired what was the 
horse-power to be used. On learning that he 
could provide the lathe. He thought that a stan- 
dard of high s ought to be decided upon by the 
Council. His idea of such a standard would be high 
speed combined with power, not high speed alone. 

Mr. Daniel Adamson observed that, as a member 
of the Manchester Committee for the Manchester 
experiments so frequently referred to, he wished to 
state that those tests were not competitive, but 
were experiments undertaken to show what could 
be done at that time. There was then t 
doubt, even in Sheffield, of the capabilities of the 
new steels. It had been said then, and since 
repeated, that the information published, including 
the Manchester tests, was of too academic a char- 








acter. However, in the discussion on the report of 
the Manchester Committee, it would be found that 
a prominent Member of Council at that time had had 
a chart prepared as soon as the report had been 
issued, for use in his shops, and in the fortnight 
which had elapsed between the publication and the 
discussion, had already secured ay favourable 
results. That was on record. He had prepared 
two charts, Figs. 5 and 6 herewith, showing the 
range of the Manchester experiments on mild steel 
and those of the authors. Fig. 5 compared a por- 
tion of Fig. 29 of the paper with Plate II. of the 
Manchester report. The curve marked ‘ maxi- 


mum” indicated the maximum of all the tools of 
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the Manchester experiments on mild steel. The 


‘*average” line following it was the average of 
those tools. The curve marked *‘ J,-in. feed” was 
an approximation from the ,,-in. and ,},-in. feeds 
of the authors’ Fig. 29, and was shown to com 

with the Manchester ,',-in. feedurye above. The 
curve marked ‘‘}-in. feed” was taken from the 
authors’ Fig. 29. Fig. 6 was derived in a similar 


way from Plate V. of the Manchester report and 
Fig. 35 of the authors’ pa r. These diagrams 
seemed to show conclusively the small range of the 


authors’ experiments compared with the Man- 
chester trials of ten years ago. 

At the end of the paper the authors referred to 
cuts up to # in. by 0.188 in. If these had been 
discussed'in the body of the paper, it would have 
been more valuable. In 1 the Sheffield Town 
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Trustees granted 25001. to the Sheffield University 
for the equipment of a high-speed tool-steel testing 
plant. It was disappointing that, after six years, 
the only results obtained were those now embodied 
in the paper. He had hoped that the authors 
would have been able to advance matters. 

Mr. G. H. Nelson said that he had made experi- 
ments in shops in London where lathes were yield- 
ing different results. It was thought that if there 
were some sort of routine for the men to work to, 
matters would improve, and he had been astonished 
at the results obtained when the men were induced 
to work in accordance with the outcome of their ex- 
periments. Difficulties, however, had arisen with 
the workmen, and it had been n to discharge 
some of the men before the full results could be 
put into practice. Cost was important to manufac- 
turers. He had experimented with tools made 
of a combinat‘on of ordinary steel with a tool- 
steel portion welded on. It would be valuable if 
the authors could carry out experiments in that 
direction. In —_ works the cost of high-speed 
steel was considerable. The method he had 
adopted resulted in considerable saving, and enabled 
them to use up small pieces of high-speed tool 
steel which would otherwise have been scrap. 

Mr. E. Millington remarked that much had been 
heard about feeds and speeds, scientific applications 
of the results obtained, rakes, angles, tensile 
strength, &c., but nothing had been said about hard- 
ening of high-speed tool-steels. Every maker was 
disposed to say that the steel he had was the best 
on the market. The steel might, it was true, be 
good s but was it rightly hardened and treated ? He 

plenty of evidence available to show that if 
certain tools had been properly treated, they would 
have given much superior results. The tests 
carried out were comparative, as they had a tool 
that stood up far better than any submitted. 
The hardening question deserved quite as much 
attention as scientific formule, valuable as these 
were. The authors and other speakers had 
none of them treated the subject from his stand- 
point—namely, first seeking the best tool and then 
making the scientific investigations. What was 
most needed was a test of which the results were 
applicable in the shops. He had once attended 
an exhibition at which he had seen all sorts of 
‘* fancy” performances with drills. He had bought 
some and tried them, but he bought no more. 
He had now in hand an exhaustive series of tests 
with drills, which involved several methods of 
hardening, quenching, and heating. Some 
makes of steel yielded good results under one set 
of conditions, and very poor results under another. 
He had recently purchased a lathe that would turn 
out a pair of tyres in an hour, anything up to 
3 ft. 6 in. in diameter. He had reckoned up the 
cost of the cutting tools, and had found that, at 
2s. to 2s. 3d. per pound, a year’s bill ran into about 
201. The tools were 3in. byljin. With such 
sizes the cost was appreciable, and the tools had to 
be treated with respect. The best course was to 
apply investigation to shop work ; to find the best 
tools and best treatment; then to submit the 
tools to test under conditions properly representing 
workshop practice. It was generally supposed that 
tensile strength was directly proportional to the 
hardness. A factor not often considered was the 
elongation, which had a decided effect upon tools. 
That was an important point that appeared to have 
escaped attention. In the case of two steels of equal 
tensile strength, the one which had the higher 
elongation would tend to give a harder Brinell test. 
It did not follow that steel showing a higher tensile 
test would necessarily be harder. 

Professor Ripper, in reply, thanked the members 
for the thorough way in which they had discussed 
the paper. He did not re nt any steel-making 
firm. If the technical schools and universities of 
this country were ever to fall below the level at 
which they could command the respect of the public 
for disinterested and honest work, regardless of any 
other consideration, they would be no longer fit to 
exist as institutions for public service. e first 
duty of such an institution was to serve the public 
and the best interests of engineering science. 


As eg stated, the discussion of the paper 
was also en at the meeting held at Storey’s 
Gate, Westminster, S. W., on Friday, the 21st inst., 
when, after the formal businees, Professor Ripper 
again gave a short abstract of it before the discus- 
sion opened. The President, Sir H. F. Donald- 





son, was in the chair, 





At the conclusion of Professor Ripper’s remarks 
the President pro a vote of thanks to the 
authors, after which he said Professor Ripper 
had frankly admitted that he regarded the paper 
asa step in the acquisition of knowledge, and not 
as the last word on the subject. The authors 
had rightly eliminated as many variables as pos- 
sible, having taken one set of angles for a variety 
of speeds and materials. Some years ago he had 
carried out experiments with carbon steel and high- 
tools to examine the effect of cutting angles. 

e had submitted the results to the Institution in 
1903. His deductions led him to agree that for 
roughing cuts, heavy cuts and slow speed gave the 
biggest output ; but it did not necessarily hold as 
regards efficiency of output. It did not follow 
when finishing. Then the speed went up and the 
cut came down. Nowadays, of course, it was often 
the practice to finish by grinding. It was right, 
therefore, that investigation should deal with the 
heavy work ; he did not believe that knowledge on 
the subject was wanting ; rather it was lacking. 
There was, he thought, a great deal of information 
locked up in the minds of members and others, and 
it was a case for the collation of research, for 
which Mr. Roberts had spoken at Cambridge. 

He thought some standardisation of nomencla- 
ture with regard to the cutting parts of tools desir- 
able, so that when talking of the ‘‘ top rake,” &c., 
everybody would know what was meant. There 
were considerable differences in the results of his 
own experiments and those of the authors. His own 
experiments were made in 1901, and published in 
1903. They had been made upon different qualities 
of carbon tool-steel, including mild and oil-hardened 
steel, and a very hard steel alloy containing a lot of 
chromium and other unpleasant things tocut. With 
the carbon.steel tools for cutting mild steel he found 
the best angle for top rake was from 22 deg. to35 deg. 
At that time he attached greater importance to 
the front cutting angle than to top rake. For 
medium (oil-hardened) steel he had found the best 
angles to be between 19 deg. to 33 deg.; for the 
very hard steel, the range was 4 deg. to 22 deg. 
The authors had taken a uniform 11 deg. Again, 
confining attention to the top rake in his case of 
high-speed steel, the best possible angle for cutting 
the very hard steel was 5 deg.; according to the 
authors it would still be 11 deg. For cutting oil- 
hardened steel his best figure was 12 deg. Then, 
curiously enough, for the steel castings, which were 
really mildish steel, the figure dropped to 6 deg. 
His best figure for the front cutting edge was 
79 deg., as against the authors’ 75 deg. 

If there were 100 makers of high-speed tool steel, 
he believed that there were also 100 different classes 
of high-speed steels, so called, at varying prices. 
Most of the makes required special treatment. If 
it were necessary to buy high-speed steel on a large 
scale, it was necessary to know that the best steel for 
the particular purpose was being secured. It would 
not follow that one make of steel, or, say, the most 
expensive steel of one firm, would be the best for 
one purpose, though it might be so for another. 
It was necessary the requirements should be laid 
down and the sieel manufacturer made to under- 
stand them, and the tests to which it was proposed 
to submit the material, so thata suitable steel might 
be obtained at a price satisfactory to both parties. 
In his own case, he had three main uses for high- 
speed steel—namely, for cutting mild steel, oil- 
hardened steel, and very hard steel, the latter 
including steel alloys of various natures. He laid 
down a line of procedure, and invited makers to 
submit samples of steel for trial. First of all the 
minimum speeds of feeds and cuts for each class of 
material were adopted. Then the tools were 
treated in accordance with the requirements laid 
down by the steel-maker. Then they were tested 
at the defined speeds ; for instance, for a period of 
5 minutes in the case of the very hardest stuff, 10 
minutes for medium stuff, and 15 minutes for soft 
material. That procedure weeded out a good many 
samples ; those that remained being continued in 
work—speeding up about 25 per cent.—for half an 
hour or an hour. 


Mr L. St. L. Pendred, who spoke next, pro- 
ceeded to refer to the work of Mr. E. G. Her- 
bert, whose methods he briefly outlined. Mr. 


Herbert’s tests, to which he particularly referred, 
were not made in a lathe, but in a drilling- 
machine. Instead of a bar he used a tube, which 
was rotated vertically on the drill-press. The tube 
was about 2 in. indiameter. This tube was pressed 





down by a heavy weight against a dead stop. The 


tool itself bore against the lower edge of the tube. 
The tool was carried on the end of a lever so 
adjusted that a given pressure could be imparted 
to the edge of the tool in order to cut to the desired 
amount. A measure of standard bluntness was 
obtained by the deflection of the lever through a 
certain amount, when the edge wore away. That 
made an electrical contact, and gave notice that 
standard bluntness had been reached. The endur- 
ance Mr. Herbert sought was measured by the 
amount of material removed. Mr. Pendred showed 
diagrams giving some examples from Mr. Herbert’s 
paper read before the Iron and Steel Institute, refer- 
ring especially to onewhich showed a peculiar result. 
In that case, at 20 ft. per minute, Mr. Herbert 
removed very little metal ; at 60 ft. per minute he 
removed a gieat deal; at 80 ft. he went back to 
very little, but on increasing the speed further 
he went up to another maximum. 

Mr.G. H. Roberts said the authors had given, early 
in the paper, the approximate characteristic com- 
position of carbon tool-steel ; he thought they 
might add that this was for lathe and similar tools. 
With regard to a standard of breakdown, had the 
authors considered the possibility of determining 
the standard of bluntness by ammeter readings of 
the amount of work put into the machine? He 
had found that to answer, the horse-power, or 
amperes, rising suddenly at the point of break- 
down. He had seen, on many occasions, a false 
nose built —— to a height of »; in. Although 
the tool previously given every sign of 
breakdown, the false nose was built up, and then 
it went on cutting again quite merrily, and the 
power went down to what it was b-fore. The 
authors’ work had been run dry, without lubrica- 
tion. No doubt they had good reasons for that, 
but he thought it unfortunate ; it did not repre- 
sent workshop conditions, and it was. therefore 
difficult to apply the results to them; moreover, 
the tests did not show that the results obtained 
were the best that could be obtained from the tools. 
It might be replied that lubrication would have 
introduced another variable. That would not be 
so to any appreciable extent with copious lubri- 
cation. 

In Figs. 12 to 15 of the paper a »';-in. feed was 
adopted. It was difficult to compare these results, 
therefore, with those in Figs. 4 to 11, where the 
feed was #,in. The authors gave an equation 
(No. 1) for the relation of speed and duration — 
viz., M = consent On applying this to the 
fairest curve on Fig. 13 he had found the equation 


to be M = Let . He had a more serious 
objection to raise to the use of the ‘‘ associated ” 
cutting speed as a fundamental conception. 
‘* Associated” cutting speed involved two or three 
variables, and he considered therefore that in the 
adoption of that idea as a base they had violated 
one of the most important principles of engineering 
research—namely, that only one variable should be 
introduced ata time. It seemed to create difficulty 
in the interpretation of specimen results. With 
a given area of cut proportional to feed and depth, 
they coupled what they called the ‘‘ associated” 
cutting speed, the compound forming one variable. 

He thought it would be interesting if Professor 
Ripper could give the relationship between the 
cutting speeds and a fixed area of cut and the 
life of the tool measured by the volume of 
material removed, dealing with the standard time 
of 60 minutes. There was a workshop adage ‘‘cut 
deep and feed fine,” which amounted to the same 
thing as the recommendation of the authors with 
regard to the combination of low speeds and heavy 
cut, as preferable to high speed and light cut. 

It seemed that tke authors thought the tensile 
or crushing test the most suitable way of determin- 
ing hardness. Had they considered the Brinell 
test or the scleroscope ; by those means useful in- 
fermation would have been acquired in a much 
easier way than with the ordinary tensile test. 
The same size and shape of tool had been adopted 
for the carbon-steel and high-speed steel tests, so 
that they might be comparable. That was all right 
as far asit went, but he did not suppose Professor 
Ripper would like it to be understood that the 
same angles were always the best for both, as it 
was well known that with high-speed tools it was 
often an advantage to have blunter cutting angles. 
On the subject of overheating and the breakdown 





of the point of the tool, it was curious that if, at 4 
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critical temperature, ~o cutting were com- 
menced under severe conditions, the cutting tool 
might break down at once, but if the tool could 
stand up a few minutes until the heat generated 
had warmed it thoroughly, it would probably 

the critical point, and cut for a long time. The 
authors had given the following formula :— 


Net horse-power per pound per minute = 
{0.8 + 0.37 T}. 


He wished to ask whether that should not be 0.037. 
By a little manipulation the formula gave the 
horse-power required for given conditions of cut, 
but it might not be meant to be used in euch a 
universal way. In a case to which he hai applied 
it, it had not worked out happily; the horse-power 
which the formula gave as 40 actually worked out 
at about 75 or 80. 

Professor R. H. Smith followed. The ‘‘associated” 
cutting s was a combined standard depending 
upon various factors which might be varied inde- 
pendently. For the object in view it was necessary 
to use some standard of the sort, and he did not 
see any reasonable objection to it. He wished 
to ask how the dimension in connection with 
the standard of bluntness had been measured 
with microscopic accuracy. The area was quite 
definite on its outside edge, but he thought 
the inside edge was difticult to locate accu- 
rately. He would like to know exactly how 
that was determined. There was another way of 
measuring the blunting. It might be done with a 
micrometer screw in a gauge fitting over the nose 
of the tool, the actual blunting of the tip, or 
throwing back of the original sharp point, being 
measured. For the test shown in Fig. 16, the 
duration was said to be a constant divided by the 
fifth power of the cutting speed. He had always 
looked with scepticism upon such exponential 
formule. He thought the form of equation given 
showed that it could not bea rational one ; in fact, 
the authors pointed out that it only applied 
to a certain portion of the length of the curve, 
and not to the extremes. The same remarks 
applied to Fig. 17, which co-ordinated the sec- 
tional area with the high cutting speed, and also 
to Fig. 31, for high-speed steel, where the s 
was co-ordinated with the feed and the depth of 
cut separately. All these curves, and others in the 
paper, were really hyperbolic, and it was not at all 
difficult to find the constants for the hyperbolas. 
He would submit a sample of the formulz which he 
would recommend for Fig. 16. The bar W in that 


figure had really this formula :— 
= 255 
S= M4 144 + 12.3. 


To M, the time in minutes, was added 12.3 for 
minimum speed. For bar X :— 


129 


S*e7 51 


For bar Y :— 


+ 10.8. 





_ 44 
M + 33.3 
and for bar Z :— 
— 150 
Ss Mi +3.5. 

It would be seen that the minimum speed went 
down in very regular progression. In the case of Z 
the factors did not follow any law that he had dis- 
covered as dependent upon the hardness of the steel ; 
but such a law might possibly be found by further 
study. Those formulz represented the curves truly 
throughout their length. The authors’ formula, 
MS’ = constant,involved only oneconstant, and could 
be applied quite accurately to only one point of the 
curve. His formula could be applied so as to pass 
quite accurately through three points of the curve, 
from which the curve could be drawn in. The figures 
co-ordinating speed with tensile strength were of 
special interest, and showed very simple relations 
depending upon the hardness of the material cut. 
The cuthace tah also described a new speed-incre- 
ment test, which appeared to be extremely good. 
It was easily applied so as to give definite and 
exact results, and not subject to any serious objec- 
tions. The paper dealt an with dry cutting, which 
was unreasonable, especially with modern high- 
5 tools. It was not merely a question of lubrica- 
tion, but of deluging the tool with cooling material. 
Professor Nicolson had held the view that it did 
not much matter how the cross-sectional area of the 
shaving was made up. His own experience was to 
the contrary, and with that the authors had agreed. 


+ 6.7; 





ag 4 had, however, not found the influence marked 
in the case of carbon steels. His own experi- 
ments showed a decided difference with carbon- 
steel tools also. What was really of importance was 
not so much the depth of cut as the proportion 
of the length of cutting edge to the thickness of 
the shaving, which, of course, was not the same 
thing as depth of cut. As they had not found 
this effect in certain cases, he supposed the 
authors had then been really experimenting with 
point cutting ; the heaviest cut they had used was 
about tin. The heat would then flow away readily 
from the point through an area of metal over a field 
of about 90 deg. and sometimes more. When 
cutting witha long edge the heat flowed away only 
at right angles to the long-cutting edge, and the 
area was less; that made a great difference. The 
bending moment of the forces exerted by the tool 
to bend and break the shaving had also to be con- 
sidered. It would be useful if the authors would 
give not only sample diagrams of experimental 
investigations, but a much larger number of dia- 

ams, because, in analysing these experiments, 

ifferent people might take different views as to 
their interpretation. 

Mr. G. W. Burley, in replying to the discussion, 
observed that to make the paper complete, as some 
speakers would have had it, would have required a 
very long time. Even the experiments made had 
taken two years to carry out. All ible variables 
had been intentionally eliminated. That was the 
case with the angles of tools. In adopting these, 
the authors had not intended to suggest that those 
adopted were the best for cutting-tools for any kind 
of steel. It might be found, if they made further 
experiments, that other shapes and other angles 
might be better suited to other kinds of steel than 
those used, as the President had suggested. The 
definitions adopted were those that appeared to be 
in common use. He had always understood ‘‘ top 
rake ” to refer to the angle between the horizontal 
plane and the lip on the top cutting face of the tool, 
while the side rake was the similar angle taken at 
right angles to the length of the tool. With regard 
to measuring the wear which took place on the cut- 
ting edge of the carbon tool, quite a number of 
methods had been tried. The first endeavour had 
been to find the definite point at which the edge 
of the tool gave out, or at which a certain degree of 
bluntness occurred, merely by observing the sur- 
face of the work. 

For the size of tool adopted, the cuts taken were 
really roughing cuts. In fact, on the hardest bar 
used the nose of the high-speed tool was broken. 
The area of cut was made up of } in. depth and } in. 
feed, and, accordingly, no results for that cut were 
shown in the Tables in Appendix V. for bars B 
and C. In measuring wear an arbitrary standard 
had to be adopted. The shape of the area observed 
through the microscopes was variable, and owing to 
difficulties in obtaining an average it was finall 
decided merely to take the maximum widt 
observed. The authors had not tried the ammeter- 
reading method suggested, for the very significant 
reason that the lathe was not electrically driven. 
In addition, the power consumption would be so 
small that the slight change which would take 

lace would not affect the reading very much. 
n ammeters in lathe circuits, the needles were 
continually moving, and it would be difficult to fix 
on the point at which a slight change took place. 
In the case of high-speed tools with a definite 
breakdown point, where the cutting edge of the 
tool gave way, it was usually pulled into the 
work, being jerked off; the amperage fell, and 
the point of change was easily observable in the 
ammeter. 

The building up of a fresh cutting edge was 
the chief obstacle the authors had encountered in 
connection with the wear of carbon tool-steels. 
Several methods of measurement had been tried, 
but in every case the built-up nose masked the 
results, and even with the microscopic method 
the nose had to be removed. A cooling medium 
had not been adopted, because it was another 
variable. It was also thought quite possible to 
make additional tests with a cooling medium, 
and apply the results in the form of a cor- 
rective. The ‘‘ associated” cutting speed was 
really a standard. The object was to find out the 
way in which iathe tools behaved when there was 
an assumption of a definite breaking-down point 
or blunting. A standard of time of 60 minutes 
was used. Mr. Taylor, he believed, adopted, in 
the first instance, a standard of 20 minutes, 





and Dr. Nicolson adopted, at one time, a stan- 
dard of 90 minutes; 60 minutes represented 
fairly good practice. The peer Wes | ” speed 
was really the cutting speed associated with a 
definite area of cut in order to give a life of 
60 minutes to the tool; that was to say, to 
_—— unit bluntness or breaking down in 
minutes. 

Mr. Roberts had alluded to the expression 
M = consant, and had said that he thought that 
the exponent should have been 6. Their ex 
nent was the average for all the curves that 
they had been able to form. It varied according 
to the tests, and 5 was the average value for that 
index. The relation between output and the cross- 
sectionai area of the tool had mn discussed in 
Manchester. They had made tests to see what 
was the relation between output, or depth of cut 
with a constant feed, and the cross-sectional area of 
the tool-steel, and that relationship was indicated 
in Fig. 40, while following the figure would be 
found tabulated the ‘‘ output factor” for different 
sections of tool steel; the formula given referred 
only to tools of the original section, }in. by 4 in. 
That formula could be corrected to apply to tools 
of any cross-section. In the case of carbon 
steels, instead of the formula No. 4 in the paper, 
the formula would be :— 


sS= (67 -T) x 0.0218 4/ a 
JA ‘ 


where T was the tensile strength in tons per square 
inch, and a the area of the tool section. In the 
case of the high-speed tools, in place of formula 
No. 7 of the paper, the formula would be :— 


(65-T) x .24 Va 
3/2 D 


Further observations he would submit in writing. 

Professor Ripper stated that in Manchester, 
on the previous evening, the question Mr. Pendred 
raised had been discussed. The conclusion arrived 
at, he thought, was that the tests made in the paper 
represented the truth in so far as the limits of the 
speed adopted were concerned, but that had the 
speeds been carried still lower, Mr. Herbert's 
results would have been reached. Many people 
believed that somehow or other tool-steels would 
behave very badly at some speeds, and would only 
behave properly at certain others. The authors’ 
experience indicated that there were no such ex- 
ceptional points. Mr. Herbert had clearly stated 
that the results he claimed occurred at lower speeds 
than those recorded in the paper, and referred to 
extremely fine finishing cuts. 

He desired to refer to the increasing respect 
held by the workshop for the technical institution. 
Unless of a broad mind, the practical man was apt 
to sneer at the work done in technical institutions, 
regarding it as playing with the subject ; if the 
same work were carried out in a workshop, how- 
ever, the practical main had faith it its valuo. But 
the workshop had its limitations, and technical 
institutions, however, were also very greatly ham- 
pered. The staff was primarily a teaching staff, 
and research work was a sort of luxury. There 
was also the difficulty of expense. Their experi- 
ments had involved at expense, as did all ex- 
periments worth the — n that connection he 
need only point to the difference in expense which 
would have been involved by a change from 4 in. 
by 4 in. cuts to others of g in. by $ in. 


Tae THomas Hawxkstey Lecture, 

The President, in bringing the proceedings to a 
close, announced that the first Sieone Sootuley 
lecture would be delivered on Friday, December 5, 
at 8 o'clock, the subject being ‘‘ Water as a 
Mechanical Agent.” After the lecture, he and 
Lady Donaldson would be very glad to welcome 
members of the Institution with their friends. 
With regard to lady visitors, some might care to go 
into the gallery to hear Mr. Ellington’s lecture, 
but during the lecture there would be music in the 
library. ter there would be a series of cinema- 
tograph pictures, including, for instance, one 
illustrating irrigation in t by sun-power, while 
others would show the making of a locomotive, 
shops at Elberfeld, and the Italian coast of the 
Mediterranean. 

The next ordinary general meeting would take 
place on December 19. 
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THE MARSHALL-ARTER CYCLE-CAR AT THE OLYMPIA SHOW. 
CONSTRUCTED BY MESSRS. MARSHALL ARTER, LIMITED, ENGINEERS, HAMMERSMITH. 
(For Description, see Page 722.) 
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Fie, 2. 


Fig. 3 


Brake Rods. 
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THE HUMBERETTE CYCLE-CAR. 


CONSTRUCTED BY 


(For Description, see Page 722.) 


MESSRS. HUMBER, LIMITED, ENGINEERS, COVENTRY. 
































Cuassis oF Arr-CooLep Cyc e-Car. 
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Fie. 5. 


CYCLE, MOTOR-CYCLE, AND CYCLE- 
CAR EXHIBITION AT OLYMPIA. 


Tue exhibition of cycles, motor-cycles, and 
cycle-cars, which opened at Olympia on Monday, 
the 24th inst., is a remarkable illustration of the 
development of the motor-cycle. It is somewhat 
curious that while the motor-car trade has shown 
on the whole a pretty steady development from 
year to year for the 15 years since the passing of 
the Motor-Car Act, the motor-cycle trade has had 
& somewhat chequered career. With the advent of 











WaterR-CooLtep EnGIne or Cyciz-Car. 


| the motor-car, motor-tricycles were introduced by 
De Dion and others, and immediately became very 
popular. Starting as very low-powered machines, 
they grew to be about 3 horse-power. These 
machines were of the simplest construction, and 
had no clutch or change-speed gear, the engine 
being permanently geared to the back axle by 
spur gear. Later on a change-speed gear and clutc 

and cone were added, and in many cases the engine 
was water-cooled. Very soon after this was done, 
however, the motor-tricycle went completely out of 





use, and its manufacture ceased. Considering the 





advantages of a three-wheeled vehicle over a two 
wheeler for many kinds of work, at all events, it 
is rather surprising that nothing of the kind should 
now be saleable ; but perhaps the bicycle and side- 
car serve the purpose sufficiently. 

About the time the motor-tricycle was ceasing to 
attract the public the motor-bicycle was seriously 
introduced, and for some time had a very large sale. 
This, however, after a time, quite died away, and 
most of the firms who had been manufacturing it 
gave up doing so. A few, however, notably the 
Triumph Company, stuck to it, and eventually the 
motor- bicycle came into fashion again, and the trade 
has, in the last few years, developed into a very large 
one. The small size of these machines leads one 
to underestimate their importance. Yet several of 
the larger firms turn out engines aggregating over 
20,000 horse-power in the year, and some very 
considerably exceed this. Such figures show the 
importance of the trade. 

e development of the motor-bicycle to its 
present position has been very gradual. Originally 
it was substantially an ordinary bicycle built 
stronger, and with an engine added. A belt was 
used for transmitting the power to the back wheel. 
This machine was uncomfortable to ride, for the 
position suitable for pedalling is not comfortable 
when no pedalling has to be done. As the engine 
required assisting with the pedals when going up 
hill, however, the position could not be materially 
altered. Further, the belt was liable to slip, and 
many parts of the engine, —— the ignition, 
gave trouble. While the modern motor-bicycle is 
not different in principle from the early patterns, 
it has been reconstructed into a very comfortable 
machine, and one which can be relied on. The 
engine has been made capable of taking the 
machine up hills without assistance, a change- 
speed gear being often provided to ensure this, and 
the saddle has been greatly lowered. This, with 


foot-rests, or foot-boards, in place of , makes 
the riding ition comfortable. etes have 
solved the ignition problem, and detail improve- 


ments have largely eliminated mechanical trouble, 
while the more substantial tyres now used are less 
liable to punctures. 

The chief objection to the motor-bicycle is that 
it is a solo machine, except when a passenger is 
carried on the carrier; and accordingly the side- 
car has been arranged to fix on to the side to take a 
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passenger. Starting with being a somewhat flimsy 
arrangement to bit on to the motor-bicycle, the 
side-car has developed into a substantial machine 
built int» it. Naturally, more power is required 
than with the single bicycle, and accordingly we get 
machines of some 8 horse-power. 
* The elaboration of the side-car combination sug- 
ested that there was a market for something 
tween the motor-cycle and the motor-car, and 
accordingly the ‘‘ cycle-car ” came into being, and 
inade its appearance last year. Officially the defini. 
tion of the ‘‘cycle-car” is a chassis, of a weight not 
exceeding 6 cwt., and with a cylinder capacity not 
exceeding 1100 cub. cm. As we pointed out in our 
review of the Motor-Car Show, this definition is 
very unsatisfactory, as it means that a vehicle with 
a motor-cycle engine, belt transmission, &c., deve- 
lopad from the motor-bicycle, would have to go into 
the Motor-Car Show if it exceeded either of the 
above limits, while a miniature car in all details 
would ba shown at the Motor-Cycle Show. Prob- 
ably the most satisfactory arrangement would have 
been to class all four-wheelers as cars, but this 
would have prevented the small cars being 
‘* boomed” with a new name. If it was desired 
that small carsshould have been included as motor- 
cycles, a price limit would probably have been 
better than any other, as this appeals most to the 
average buyer. 

As in the case of the motor-cars, perhaps the 
most striking point about the motor - bicycles 
shown this year is the very t range of sizes. 
It is clearly getting to be realised by both motor- 
cycle and car makers that there is room for all 
sizas and powers. Accordingly the motor-bicycles 
shown range from under 14 horse-power to over 
8 horse-power. Not only does the power vary 
greatly, os also the arrangement of the machines. 
A short time ago it seemed likely that the motor- 
bicycle would settle down toa conventional design, 
but the present Show quite dispels that idea, for 
the time at all events. The number of cylinders 
varies from one to four, and is by no means pro- 
portionate to the power. Thusthere are small twin 
cylinders and large single cylinders. There is at least 
one three-cylinder machine. Vertical cylinders 
are ususl for the singles, but the twins may be 
diagonal or horizontal. The opposed horizontal 
cylinders, in fact, seem to be gaining ground. Not 
only are the cylinder positions very varied, but 
also the valve position. At one time it used to be 
thought that it was essential for the valves to be 
vertical, so as to avoid wear on the stems ; but this 
fallacy has quite died out, and the valves are 
usually placed parallel to the cylinders, whether 
these are verticil, horizontal, or diagonal. In some 
cases horizontal valves are being used in vertical 
engines. Even the cycle on which the engines 
work is not uniform, for while the four-stroke 
engine is in a large majority, the two-stroke has 
many representatives, especially among the lighter 
and cheaper machines. 

Overhead inlet-valves are fairly common, and 
there is a strong tendency to give up the splash 
lubrication in favour of some more positive type. 

With regard to transmission in motor-cycles, 
soms sort of change-speed gear is becoming uni- 
versal, three speeds being usually provided. The 
majority of change-speed gears in the past have 
been incorporated in the back hub, largely, no 
doubt, because this involved least alteration in 
existing patterns. While a large number of makers 
adhere to this plan, there are also many representa- 
tives of the countershaft gear. This is usually con- 
tained in a gear-box of the motor-car type, placed just 
behind the engine. When the gear is on the back 
hub, a belt is usually employed for transmitting the 

ower ; but where it is on a countershaft, a ci ain 
is generally fitted to transmit the power from the 
engine to the gear-box, and often also from thence 
to the back axle. 

Spring front forks are universal, but there are 
comparatively few instances of the rear wheel being 
sprung. 

In general equipment there is a great tendency 
to make the machines more complicated and luxu- 
rious, which has its effect on both weight and price. 
Thus one machine goes to the length of having 
electric light and an electric self starter, just like a 





large car. On the other hand, there are still ex- 
amples of extreme simplicity. Air -cooling is| 


adopted in the very large majority of cases for the | 
motor-cycle, though there are a few examples of | 
water-9sooling. 

As in the case of the motor-cycle, the cycle-car | 


shows very great variety of construction, some 
being developed from the motor-cycle and others 
from the motor-car. Their engines are single, 
twin, and four-cylinder, and are vertical, diagonal, 
or horizontal, either air or water-cooled. Trans- 
missions are by belt, chain, and bevel-drive in 
great variety, while change-sp2ed gears are by 
friction drive, epicyclic gear, expanding pulley, 
sliding gear, or dog-clutches. Framesare of wood, 
steel tube, or pressed steel. Other details are 
nearly as diverse. The general design appears to 
be on the whole analogous to that of the minia- 
ture car, with the usual clutch and sliding gears, 
though there seems to be a tendency to place the 
change-s gear on the back axle in place of 
on the frame. In many cases this type of car 
is built with a two-cylinder engine, either diagonal 
or horizontal ; but the four-cylinder vertical engine 
appears to be growing in popularity. In several 
cases where live back axles are used, the differential 
gear is dispensed with, and both wheels are fixed 
to the axle. 

Altogether the Show is of great interest, much 
more so in fact from the mechanical point of view 
than the Motor-Car Show, as in the latter the 
majority of machines have settled down to a con- 
ventional pattern, while at the Cycle Show the 
patterns are very diverse. 

Having thus dealt with the main features of 
design, we may turn to one or two individual 
exhibits which call for detailed notice. 

A cycle-car following the general lines of the 
ordinary motor-car, but having several special 
features, is shown by Messrs. Marshall, Arter, 
Limited, Beavor-lane, Hammersmith, London, W. 
This car is sold fitted with either two-cylinder dia- 
gonal or four-cylinder vertical engine, the latter 
‘ype being illustrated in Figs. 1, 2, and 3, page 720. 

he engine is of the Chapuis-Dornier make, 
having cylinders 59 mm. by 100 mm. (23 in. by 4 in.), 
if it is desired that the car should come within the 
‘*eycle-car” definition, though the makers wisely 
offer the alternative of an engine with cylinders 
60 mm. by 110 mm. (2% in. by 4% in.) for those who 
prefer the extra power. Transmission is by cone- 
clutch and propeller shaft to a live axle, which 
incorporates a two-speed gear and reverse. A 
uliarity of the transmission is that a spring 
rive is used consisting of a tempered steel bar, the 
ends of which twist relatively to each other. This 
bar is enclosed in a light steel tube, which keeps 
it rigid laterally. The design of the back axle and 
change-speed gear is somewhat peculiar, and is 
illustrated in Fig. 3. In place of the change- 
speed gear being fitted between the propeller-shaft 
and the bevel, it will be seen that it is placed 
between the bevel-gear and the differential. In 
order to accomplish this the differential cage is 
extended through the crown wheel, and is at the 
end formed into a square shaft, on which slides a 
toothed wheel carrying a dogclutch. If slid to 
the left, this engages and gives the top speed; if to 
the right, the low-speed wheels slide into gear. It 
will be seen, therefore, that ths change-speed gear 
runs much slower than the engine—less than a 
quarter the speed, in fact ; and this should, theo- 
retically at all events, make it much easier to make 
the gears run quietly. The gear ratios fitted are 
4.6 to 1 and 11.9 to 1, the ratio of the top speed to 
bottom being, therefore, 2.6 to 1. For reversing, 
a pinion is placed across the be 0 gears by 
means of a separate lever, so arranged that it cannot 
be moved while either of the forward speeds are in 
gear. Both brakes are expanding, and are placed 
on the back hubs, 

A wood frame is used made of straight longi- 
tudinals tapering out to the back, both ends being 
carried on costermonger type springs. The back 
springs take the thrust, no radius-rods being used, 
while a tube enclosing the propeller-shaft takes the 
torque. The wheel- is 8 ft. 9 in., and track 
3 ft. 7 in. 

A very interesting example of the combination 
of motor-car and motor-cycle practice is found in 
the Humberette cycle-car shown by Messrs. 
Humber, Limited, Coventry. This machine was 
introduced last year with an air-cooled engine, but 
is now also made with water-cooling at an extra 
charge. We illustrate the chassis of the air-cooled 
model in Fig. 4, and the engine of the water- 
cooled one in Fig. 5, page 721. The chassis of the 
water-cooled model is-the same as that of the air 
cooled one in all respects, except the water- 
cooled cylinders and radiator. 


This cycle-car follows motor-car practice in| is fitted in thirty-six large boi 





| 





having a cone-clutch, a three-speed gear-box of the 
sliding-gear type, and a live back axle with a bevel- 
drive. Motor-cycle practice is, however, followed 
in the steel-tube frame, tubular front axle and 
diagonal engine, with built-up crank and inside 
fly-wheels. 

The problem of making a cheap car satisfactory 
is largely one of reducing the amount of machining 
and erecting so that good work can be done at a 
reasonable total price, and it is evident that the 
above design has been carefully thought out in this 
respect. ‘Thus the frame consists simply of two 
straight longitudinals and three straight cross- 
pieces, one to take the front springs, one to carry 
the after-end of the gear-box, and one to stiffen 
the frame where the back springs are attached. 
Unit construction is adopted for the engine and 
gear-box, which are bolted together by a turned 
and spigoted joint. The built-up crank-shaft is, 
of course, of the motor-cycle type, and enables 
unsplit big ends to be used. As the engine and 
gear-box form one unit, they can be machined in 
line, and are not dependent on the frame to keep 
them so, hence there are avoided the flexible con- 
nections usual when they are separate. This enables 
a very compact design to be used, giving a long pro- 
peller-shaft. The whole of the engine and gear-box, 
with the clutch-pedal, can be erected on the bench, 
and is fixed to the frame by three lugs. All the 
valves are at the front of the engine, and are driven 
by timing-wheels at the front of the crank-case, as 
in the case of motor-cycles. Costermonger springs 
are used for the back axle, and a single cross-spring 
for the front axle, the position of the latter being 
controlled by two radius-rods, which are attached 
to the bottom of the crank-case. The principal 
dimensions are :—Cylinders, 84 mm. by 90 mm. 
(3% in. by 34 in.); wheel base, 7 ft. 5 in.; track, 
3 ft. 6 in. 





4-6-2 TYPE LOCOMOTIVES FOR THE 
CHESAPEAKE AND OHIO RAILWAY. 

Tuer Chesapeake and Ohio Railway has recently put 
in service eight 4-6-2-type locomotives designed espe- 
cially for handling heavy passenger traffic in the 
Alleghenies. Of one of these engines, with its tender, 
we give an illustration on page 717. The engines 
are to be used between Clifton Forge and Hinton, a 
section of the system on which the ruling grade 
eastward is 30 ft. per mile for 16 miles, and westward 
60 ft. per mile for 134 miles. The new engines are 
designed to handle trains of 19 cars, weighing 692 
short tons, over the division without double heading, 
at an average speed of 24 miles per hour over the 
60-ft. grade. At 85 per cent. boiler pressure the 
engines have a tractive force of 44,000lb. The weight 
on the coupled wheels is 179,900 lb., the ratio of 
adhesion being 4.08. The steaming capacity is liberal, 
and ample to meet the demands of severe duty. 

The cylinders are 27 in. by 28 in., fitted with piston- 
valves 16 in. in diameter. ‘he valve motion is of the 
Walschaert type ; the valves are set with }-in. lead. 
Screw reversing motion is provided. The cylinders 
have by-pass and vacuum valves, and a relief valve is 
fitted to each cylinder-head. The cylinders are keyed 
and bolted to a single frame rail. The mainframes are 
of vanadium steel, the rear sections taking the form of 
slabs. The frames are braced just ahead of the horns 
for the leading coupled axle by a large steel casting. 
The upper rail of the bar-frame is cross-braced between 
the first and second pairs of coupled wheels by a valve- 
motion bearer, and between the second and third 
pairs of coupled wheels by a steel casting supporting 
the boiler-barrel. The junction between the main 
bar-frames and the rear slab-frames is strengthened 
by a heavy transverse brace, which carries a socket 
for the centre-pin of the radius-bar of the rear two- 
wheeled truck. This transverse brace also carries the 
vertical expansion plate supporting the front end of 
the fire-box. Transverse braces are also fitted at the 
main driving-axle horns. The main driving journals 
are 11} in. by 22 io., the journals of the other coupled 
wheels being 10} in. by 14 in. The side-rods, connect- 
ing-rods, straps, &c., are of vanadium steel. 

The boiler is of the extended wagon-top type, 
measuring 78 in. in diameter at the front and 85{ in. 
at the dome course. The dome is 33 in. in diameter 
and 13 in. high, pressed out cf steel in one pieces. The 
longitudinal Soi ler-seam of the dome course of the 
barrel is welded throughout its length. The corre- 
sponding seams of the other two barrel courses are 
welded at the ends. The fire-box is stayed radially, 
and at the front end the crown is supported from 4 
single inverted T hung on expansion-links. In the 
throat, sides, and back head there are 460 flexible 
stays. The fire-box is fitted with a brick arch. The 
fire-door and grate-shaker are pneumatically operated. 
A Schmidt superheater, ae 879 sq. ft. of surface, 

er-flues grouped in four 
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horizontal and nine vertical rows. Steam is conveyed 
to the cylinders by so-called outside steam-pipes—1.c., 
pipes which through the smoke-box sides to the 
steam-chest instead of through passages in the saddle. 

The tender tank is of 8000 gallons capacity ; the 
coal space is sufficient for 14 tons of coal. The tender 
frame is of 13-in. channels. The trucks have cast- 
steel frames. We give below the leading particulars 
of this locomotive :— 


Engine - 
Cylinders 27 in. by 28 in. 
Piston-valves... ..  16in. diam. 
Wheels, cepted sil . 6 ft. Lin. diam. 
ae leading bogie oe Fo ae 
Wh trailing truck ... 4ft. Lin. diam. 
Wheel- driving e. sa 13 ft. 
i engine—total 34 ft. Lin. 
Boiler barrel ... i me ... 78 in. diam. 
- +, thickness of plates ... ? in. and { in. 
Firebox, length oak is ss 9 ft. 6 in. 
e width —_ a ee 6 ft. 3} in 
“6 sheets, sides, thickness... 2 in. 
” ” back ” # ” 
” » crown a S os 
” ~ tube ” 5° ” 
Water space, front ... si ‘ 
a », sides and hack oS 44, 
Tubes, 54 in. in diameter, number 36 
” 2: ” ” ” 206 
se length 20 ft. 6 in. 
Heating surface, firebox 220 sq. ft. 
” ” tubes ose ” 
os + arch tubes ee 
a oa superheater 879 ,, 
Total 4665 ,, 
Grate area ... Sie = 59.6 sq. ft. | 
Working pressure ... ... 185 Ib. per sq. in. 
Weight on coupled wheels... 80.3 tons 


” ” 


leading bogie ... ss 22.9 


“a trailing truck .. 22.66 ,, 
Total engine 125.86 ,, 
Engine and Tender : 
Wheel-base, total 67 ft. 114 in. 
Weight, total... 197.77 tons 





INDUSTRIAL NOTES. 

AN interesting case came before the Glasgow Sheriff 
Court on the 20th inst. A machineman sued his 
employers, Messrs. G. and A. Harvey, Limited, 
machine-tool makers, Govan, for a poe of profit 
on a piece of work done by him—the machining of the 
saddles for three horizontal boring and tapping- 
machines. The estimated time was 80 hours for eac 
saddle, or 240 in all. It was agreed that if the work 
was done in less time the man would receive, in addi- 
tion to his wage, 50 per cent. of the profit ous wo 
the defendants on account of the time so saved. The 
plaintiff claimed that he completed the work in 160 
hours. The defendants denied that he did the work 
allotted to him, and refused to pay him the share of 
the alleged profit. Part of the work consisted in 
boring six 1-in. holes in the saddles—two in each ; 
these holes had to be = b on = 
minus gauge passing through, the plus gauge fail- 
ing to doso. The plaintiff Souiented that the holes 
should admit the latter to pass through, and that he 
bored the holes accordingly. The plaintiff further 
contended that although he might not have earned the 
half share in the profit, he was bound to receive it by 
virtue of the provision of the Truck Act. The 
Sheriff found for the defendants on both points. In 
regard to the first, he found that the holes in question 
were wrongly drilled; in regard to the second, no 
question as to deduction for negligent work arose, 
because nothing was deducted ; the defendants had 
agreed to pay the plaintiff a sum of money if he 
fulfilled certain conditions. He failed to do so, and 
therefore the money was not due. The section of 
the Truck Act relied upon had no application. 





The Revista Minera, in announcing the settlement 
of the strike at the Rio Tinto mines, gives the con- 
ditions under which an agreement has been arrived at. 
Among these we read the following :—From January 1 
next the myn Be in all the various sections of 
the mines is to 84 hours. The minimum daily 
wage of children is to be 1.75 pesetas (ls. 5d.), and the 
minimum daily wage of the men 3 tas (2s. 5d.). A 
scheme for pensions in favour of disabled and old 
labourers is to be started on January 1. When putting 
& request before his chief, a labourer will be accom- 
panied by another labourer to support the request. In 

to the increase of one (24d.) in the wages 
of the basket-carriers and of the labourers who earn 
from 12 to 17 reales (2s. 5d. to 3s. 5d.), the point is to 
be decided by arbitration before January 1. 





The Pennsylvania Railroad Company is considering 
the advisability of establishing a rule that emplo 
shall live, or take their rest, sufficiently near to their 
work to enable them to report for duty at any hour, 
day or night, with not more than one hour of necessary 


travelling between their home or resting place and 
the point where they begin work. Many cases have 
come to the notice of the m ement wherein men 
are living considerable distances from their places of 
work, and though they spend only a reasonable time 
at work, so much additional time is required in 
travelling to acd from work that they do not have 
sufficient rest and recreation. In some instances, 
men live from 50 to 100 miles from the place 
where they report for duty. The subject has 
been brought prominently to the fore by the opinion 
of the Interstate Commerce Commission on the 
North Haven accident on the New Haven Railroad ; 
the Commission’s observations on that point were as 
follow :—‘‘In each twenty-four hour period the engi- 
neer had had less than six hours’ rest in bed at his 
home. No engineer who takes his rest in such a 
manner can be in proper physical or mental condition 
to perform the exacting service required of him on a 
hig —— passenger train. Officers directly in charge 
should have kept sufficiently close watch over an 
engineer performing such a service to know absolutely 
whether or not he was securing proper rest.” The 
pu of the company in considering the adoption 
of the rule in question is that men may have every 
reasonable freedom, directing their private lives to 
suit themselves ; but under the stipulation that the 

shall live, or take their rest, at points which will 
enable them to report for work without undue time 
elapsing in their doing so. 





On Monday last, members of the London Fire 
Brigade met at Carr’s Restaurant, Strand, with a view 
to ask the London County Council to grant the fire- 
men and coachmen a day of rest per week, free re- 
movals, better housing, a subsistence allowance, and 
@ reduction of years for full service. Mr. A. Wilson, 
London County Council, advised the men not to 
strike, so as not to lose the sympathy of the citizens 


of London. He added that the firemen’s quarters 
should be made large enough to enable them to 
keep their sons at home, instead of having to send 


them out at eighteen years of age through lack of 
housing accommodation. The various points sub- 
mitted are being considered. 


The North-Eastern Railway Conciliation Board, 
which had been holding meetings at York, concluded 
its work on Saturday, the 22nd inst. Sir James Wood- 
house’s award will expire on December 21, and the 
men had prepared a programme of demands known as 
the Darlington programme. As a result of the meet- 
ings in question, an agreement has been reached on 
hours and —— the new conditions will come into 
operation on the expiration of the Woodhouse award, 
and will be binding for three years. The Darlington 
programme included an eight-hours’ standard work- 
ing day, and an advance of 2s. per week to all 
men earning less than 30s. per week ; these con- 
ditions have not been granted. But the company 
have granted a nine hours’ working day to most 
of the running grades, and also advances in wages, 
or an improvement in conditions, to almost all 
the grades. The shunters will be paid on length of 
service; other men in the traffic departments and in 
the goods yards will have their hours reduced by one 
_ day and their wage increased by ls. per week. 

he permanent-way men will have their working con- 
ditions improved, and will also receive an extra ls. per 
week. The nine-hours’ working day above referred to 
applies to drivers and firemen, poe | to the guards of 
goods and mineral trains. The passenger guards will, 
at their request, receive an increase of pay without 
alteration in their working hours. 








In this connection it is interesting to put on record 
that a Board of Arbitration appointed to consider 
the wage controversy between the United States’ 
Eastern railroads and their conductors and train- 
men has recently issued its award. This ts an 
increase in wages of 7.3 per cent., or 6,000,000 dols. 

r annum. he men had asked for an increase of 

1 per cent., or approximately 18,000,000 dols. per 
annum. They demanded the Western rates of pay 
in the name of standardisation, on account of the 
increased cost of living, of increased risk, labour 
| and responsibility, of increased production of a train 
crew, on the ground also that the profits made by 
the railroads in recent years had increased out of 
yer to wages. The Board, on awarding the 

.3 per cent. increase above referred to, stated that 
** it could not be controlled in ite findings by the argu- 
ment for standardisation, although it might be in- 
fluenced by it. It found that there had been a sub. 
stantial increase in the cost of living since the 
adjustment of 1910, but it did not found its action 
entirely on the coat of living, though it looked u 
this as a basis. All statistics available indicated that 
the risk to trainmen in later years was decreasing 
rather than increasing. It was not convinced that 
the labour in handling the trains of to-day was any 
greater than in 1910, when the last adjustment was 
made. It believed that there had been a certain 





conflicts, 23, comprising 671 emplo 





increase in responsibility ; but it was impossible to 
state how oe this increase was as compared with the 
responsibility the men had to bear in 1910. It found 
that the extra productivity of the train crew came 
from the increased number of engines, and not from 
any contribution of extra productivity by the train 
crew itself. Finally, the Board found itself ur able to 
relate the facts as to profits and wages in such a way 
as to found thereupon specific increases in the rates of 
pay.” Two members dissented from this award, and 
roposed replies more stringent still. They stated as 
acts that risk had decreased, and hours of labour also. 
They added that the 6,000,000 dols. advance was an 
addition to the 4,000,000 dols. recently added to rail- 
way expenses through extra laws passed at the behest 
of labour organisations, making a total of 10,000,000 
dols. added to the Pay of train men without additional 
service being received by the railroads or the public. 


During last year there were in Sweden 116 labour 
conflicts (strikes, lock-outs, or a blending of both), 
affecting 789 employers and 9980 hands. Of these 
re and 6148 
hands, came under the consideration of the conciliator, 
with the result that 19 conflicts were compromised, 
three terminated to the advantage of the employers, 
and only one to that of the employees. 








We are informed that the voting of the Amalga- 
mated Society of Engineers on the proposal to end the 
national shipyard agreement and the premium-bonus 
— have resulted in favour of terminating both. 

he national agreement was signed on October 1, 
1907, the parties being the Engineering Employers’ 
Federation and the Amalgamated Society of Engineers, 
the Steam-Engine Makers’ Society, and the United 
Machine Workers’ Association. Three months’ notice 
is necessary before the national agreement, or the 
premium-bonus system, can be terminated. 


Diarizs.—We ave received the Companies’ Diary and 
Agenda Book fiom Messrs. Jordan and Sons, Limited, 
116, Chancery-lane, W.C. It is edited by Mr. Jesse H. 
Davenport, and is sold at 2s. 6d. net, and in superior 
form at 4s. 6d. In addition to the diary and pages for 
memoranda and agenda the volume contains a 
amount of legal matter relating to companies and to com- 
pany procedure. 


Tae Worwp’s Orn Inpustaigzs Exuipition.—In_con- 
nection with this Exhibition, which is to held in Earl’s 
Court in March next, a Hy was recently held at 
Cannon-street Hotel, under the chairmanship of Dr. Paul 
Dvorkovitz. The meeting was specially convened to 
interest the manufacturers of oil and gas-engines in the 
forthcoming Exhibition, and from the remarks made by 
the chairman it appeared that the difficulty of obtaining 
water on most of the existing oil-fields made the use of 
steam-engines costly and difficult. There was, therefore, 
in these oil-fields a Jarge opening for oil and gas-engines. 
The representatives of manufacturing firms present at 
the meeting appeared to realise the importance of the 
Exhibition, and there is every » of Earl’s Court 
having a most comprehensive dis; of oil and 
engines. Many of the exhibits will be shown working. 
The general organising manager is Mr. G. D. Smith, 119, 
Finsbury Pavement, London, E.C. 








Tae tate Mr. Vincent Wanker Hitt.—We regret 
to announce the death, which occurred on the 24th inst., 
at Folkestone, of Mr. Vincent Walker Hill, M.V.O., 
formerly — manager of the South-Eastern and 
Chatham ilway. Mr. Hill entered the service of the 
London, Chatham, and Dover Rvilway in 1862, as a 
junior clerk in the superintendent’s department ; he then 

© station superintendent at Victoria, and outside 
superintendent. Later on he was ._ oY Parliamentary 
“a © Mr. cane Sete — = | omens 
and gen manager of the company. In e en 
the service of the Hull and Secoaiey Railway and in 
1900 he was appointed successor to Mr. Willis, the 
retiring general manager of the South-Eastern and Chat- 
ham Tellwer Company, taking up his new position on 
January 1, 1901. Heretired from the position of 
manager in 1911, when he was appointed a director of the 
South-Eastern Railway, and a member of the South- 
Eastern and Cha managing committee. Mr. Hill 
was 69 years of age. 

Tue Royat Trcnnicat Ooiiecr, Giascow.—The 
annual report of this college, just issued, shows that the 
day classes were attended by 610 students and the evening 
classes by 4208 at the college and by 161 at the country 
centres. we | number of ae a as it he 
represents a decrease on bt year oO owing to the 
fact that the college has, in view of the other facilities now 
available, suppressed certajn classes in elementary sub- 
jects. In the continuation classes affiliated to the college 
there are 9641 students. are held in twenty-four 
subjects, ranging from pure mathematics to tailoring. 
The most popu department with day students is 
chemistry, the courses in which are a' by 396 
students. Natural philosophy comes next with 312, 
and mechanical engineering third with 263. In 
evening classes, however, mechanics stands first with 949 
students, followed by mechanical engineering with 751, 
— poset any Ye 
tecture a to poor ng but 
5 day students and 119 seen students in this course. 
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IRONCLAD SWITCH AND CONTROL GEAR. 


CONSTRUCTED BY THE ELECTRICAL APPARATUS COMPANY, 








Fie. 1, 


Onx of the striking detail developments of electrical 
work during recent years has been the manufacture 
of lines of alternating-current ironclad switch and 
control gear by s number of firms. Such gear is, in 
many cases, built up on a basis of unit parte so 
designed that they may be used Sey as 
switches, starters, &c., or mounted ether to form 
complete switchboards. Gear of this class was 
originally introduced mainly for use in collieries, but 
the advantages of ironclad protection are every da. 
becoming better realised, and the gear now finds 
application in many situations in factories, sub- 
stations, &c, Although the practice of building this 
ironclad unit gear is common to several makers, each 
firm naturally has its own detail designs and special 
methods of meeting the problems which arise in its 
construction. In almost all cases, however, the 
idea of unit standard parts, which are suitable 
for use either independently or in combination 
with others, forms one of the basic features of 
the desi An interesting line of gear, in which the 
standardisation of parts has been carried further than 
we think is usual, is manufactured by the Electrical 
Apparatus Company, Limited, of Vauxhall Works, 
South Lambeth-road, London, 8. W., and some illustra- 
tions of the gear are given on this and the opposite page. 

As we have said, it is the usual practice to stan- 
dardise the switches and other parts of the gear, and 
so to design them that they may be used indepen- 
dently or in combinations. It is clear, however, that 
further standardisation than this is possible. The 
contacts, spindles, &c., may also be standardised, so 
that the total number of detailed parts in the gear is 
reduced toa minimum. The further this latter stan- 
dardisation can be carried the cheaper the gear will 
be to manufacture, and the more convenient it 
will be for the user. It is in this latter form of 
standardisation that we thiuk the Electrical Apparatus 
Company have gone further than is usual. This 
aspect of the gear is best illustrated in connection with 
the switches and starters. In all cases a uniform 
pattern of drum contacts is used, so that the main 
portions of the moving parts of such switches and 
starters are similar throughout the whole range of 
goer Star-delta and auto-transformer starters, with 

rum contacts, are fairly common, but the application 
of the same principle to main switches is, we think, 
unusual, Assuming a satisfactory construction, it is 
clearly an advantage both to makers and users that the 
current-making and breaking of all controlling 
ap tus should be similar in a switchboard or in- 
stallation. 

The detail features of the gear will be best ex- 
plained by reference to the figures above. Fig. 1, 
which shows a complete ironclad switchboard, does 
not require much comment. As will be seen, the board 
consists of a series of cast-iron pillars, each carrying 
an oil-switch. The pillars are fixed together side 
by side, and the bus-bars are curried through pockets 
formed at the top of each pillar in such a way as 
to form a continuous chamber when the board is 
assembled. The use of the same class of pillar, but of 
a smaller size, to form independent control units, is 
illustrated in Fig. 2, which shows three pillars each 
carrying an oil- switch and an air-break star-delta 
starter. In the case of the pillars shown in both 
Figs. 1 and 2, arrangements are made so that the 
cables may be connected either at the bottom or top 
of the bus-bar or terminal chamber. The feature of 
the gear to which we desire particularly to direct 
attention is best illustrated in Figs. 3 to 6. These 
figures show an oil-immersed auto-transformer starter 











CompLete IronciLAD SWITCHBOARD. 


from various aspects. As will be seen, the arrangement 
consists of a cast-iron tank containing adrum and set 


of contacts at its front side, with a three-phase auto- | length 


transformer behind. The same arrangement as shown 
in these figures is employed for main switches, except 
that the auto-tfansformer is omitted. It is clear, of 
course, that the arrangement of the drum and fixed 
contacts will be simpler in the case of a switch which 
has merely the make-and-break contact than in an 
auto-starter, but in all details the same construction is 
used for the two pieces of apparatus. The gear shown 
in Figs. 1 and 2 is fitted with drum-type switches of 
this class. 

There are various details in connection with the 
drum and fixed contacts, to which reference may be 
made. Of these an important one is the adoption of 
such a compact form of fixed contact that it is possible 
to mount three or four rows of contacts in a single 
switch, instead of only two, as is usual. As will 
seen, there are four rows in the starter shown in 
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Figs. 3 to 6. The obvious advantage of this possi- 
bility is that the drum may be greatly reduced in 
e as compared with what is necessary if only 
two rows of contacts are used. The result is a more 
compact apparatus, and, for equal weight, a stiffer 
drum. The drum consists of a square steel bar covered 
with a moulded micasleeve. Thecontacts are of cast iron 
or brass, and are fitted with renewable copper contact 
segments. Each drum is put in a lathe and turned 
true, both before and after the copper segments are 
uton. The contact-fingers are of a very neat type. 

ike the drum-contacts, they are mounted on square 
steel rods covered by mica sleeves. The method in 
which they are grouped around the drum will be seen 
in Fig. 5, while the details of their construction are 
shown in Fig. 7. Each finger consists of two iron 
castings, which are clamped on to the mica-covered 
square rod by two screws. A slot is milled in one of 
the castings, and in it slides a copper contact-tip, the 
end of which bears on the contact segments of the 
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drum. A rod is screwed and sweated into the other 
end of the contact-tip and passes through a hole in the 
bottom of the milled slot in the casting. This rod has 
nuts on its upper end, which hold a flexible connection 
to the copper tip. The pressure of about 14 Ib. 
between the copper tip and the contact segments is 
made by a spiral spring situated on the lower part 
of the screwed rod. Current does not pass through 
this spring. The mounting of the copper tip is free 
enough to allow it to bed itself properly on the con- 
tact segments, while the comparatively large volume 
of metal in the tip results in rapid cooling, and 
prevents local burning. 

We have not space to enter at length into the other 
detail features of the switch, as shown in Figs. 3 to 6. 
It may be said, however, that overload and no-volt 
coils can be fitted as required, with the coils either in 
the main circuit or operated from transformers. It 
should be said also that the same standard type of 
drum-switch is used for air-break switches as well as 
for oil-immersed ‘ones. Such air-break switches are 
used, for example, in the upper part of the pillars 
shown in Fig. 2. A final interesting detail to which 
we should like to refer is not fitted to the switch 
shown in Figs. 3 to 6, although it is — to 
switches of the class shown in those figures. In 
order to illustrate this detail adequately, we have 
reproduced, in Figs. 8 and 9, on this page, draw- 
ings of a direct - current starter in which it is 
embodied, and which show it clearly. The detail 
to which we refer is intended to control the move- 
ment of the handle of a starter in such a way that 
when it is being moved in the starting direction 
& pause is necessary at each contact, although it is 
quite free to be moved rapidly to the off direction. 
Applied to a direct-current starter, as shown in 
Figs. 8 and 9, the device prevents any one who is 
operating the starter from cutting out the resistance 
too rapidly, and ensures that he shall actually oo 
the handle as the brush gets to the centre of eac 
contact. Similarly applied to an auto-starter, as 
shown in Figs. 3 to 6, the device ensures that the 
drum shall actually pause in its movement as it reaches 
the various starting positions corresponding to the 
lines of contact-fingers. 1t must be understocd that 
the device is not a slow-motion one in the ordinary 
sense, and that the motion between the various fixed 
positions may be made as rapidly as possible. 

he arrangement of the device will be understood 
from Figs. 8 and 9. It consists of a double rack, 
fixed on the face of the starter, in which works a pin 
which is carried by a slide on the starter-arm. e 
slide has a spring which tends always to pull the pin 
in the direction of the pivot of the arm. From Fig. 8 
it will be clear that if the arm is being moved ina 
clock wise direction, to cut out resistance, the pin 
will ride up the slope of the teeth of the lower part of 
the rack, When the pin reaches the top of a tooth, 
however, it will be necessary for it to move inward 
down the radial side of that tooth before it can begi 
to mount the slope of the next one. It is during this 
descent of the pin down the radial side of the tooth 
that the pause in the motion of the arm is imposed. 
If an attempt is made to avoid this pause, and the 
arm is forced forward rapidly, the only result will be 
that the pin will jam on the radial side of a tooth 
of the upper part of the rack, and the arm will 
be locked. It can only be released by slightly easing 
off the pressure, which will at once cause the 
pin to slide down into the position ready for mount- 
Ing the slope of the next tooth. It is not, of 


course, necessary that the device should be mounted 
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in a vertical plane as shown in Figs. 8 and 9, and its 
applicability to such a starter as that shown in Figs. 3 
to 6 will be obvious. We should say that this device 
is patented, and believe it is used in some applications, 
under licence, by Messrs. Vickers. The patent is, of 
course, the property of the Electrical Apparatus Com- 
pany. In conclusion, we should say that the alter- 
nating-current gear illustrated on page 724 is built for 
a voltage of 650, but that similar apparatus is con- 
structed by the company for 3500-volt working. 





THE LATE SIR WILLIAM HENRY BAILEY. 

WE regret to have to announce the death, which 
occurred suddenly at the Savoy Hotel, London, on 
Saturday, the 22nd inst., of Sir William Henry Bailey, 
the chairman and managing director of Messrs. W. H. 
Bailey and Co., Limited, Albion Works, Salford, 
Manchester. 

Sir W. H. Bailey was born at Salford, on May 10, 
1838, the son of the late Mr. John Bailey, who, in 
his early life, was manager of the experimental depart- 





Guttenberg, Photograph, Manchester. 


ment of the works of the late Mr. Richard Roberts. 
Mr. John Bailey later on founded the Albion Works, 
which his son, Sir William, largely developed. The 
concern, Messrs. W. H. Bailey and Co. state, dates 
back to 1839, when the late Mr. John Bailey took over 

rt of the works of Messrs. Sharp and Roberts. 

ere is no doubt that Mr. John Bailey owed much 
of his acquired power of observation and of his prac- 
tical engineering to his having served under Mr. 
Roberts. It is interesting to note that it was from 
this same engineer, Mr. Shoberts, that Mr. Beyer— 
who afterwards founded the locomotive works of 
Beyer, Peacock and Co.—gained much of his technical 
knowledge. When Mr. John Bailey commenced busi- 
ness on his own acceunt, the works he took over were 


struction of lathes, steam-engines, turret clocks, 
copying ge &c. In course of time the number 
of specialities were ey increased, and now include 
also the manufacture of all kinds of steam boiler and 
engine fittings, pressure-gauges, pumping machinery, 


C. 

Sir William received his education in the Man- 
chester Grammar School. On leaving this school, he 
entered his father’s works as an apprentice in the 
machine-shop, and after a full day t in prac- 
tical work on a lathe, or another machine-tool, he 
attended to the accounts in the evening hours. Like 
his father, Sir William had an ingenious mind, and he 
introduced a large number of inventions covering many 
varieties of improvements in the jalities made by 
the firm. He was only twenty-eight years of age 
when, in 1866, his father retired the business and 
left him in sole charge of the works as they then 
stood. - on his unremitting attention to their 
extension development until his sons were grown 
up and able to undertake a part of the res ibility. 

Sir William’s activity in the matter of the Man- 
chester Ship Canal is well known. He was an “yo 
supporter of the scheme for its construction from the 
very commencement, and in 1886 he became one of 
the directors of the Ship Canal Com , subscribing 
largely to its capital. He entered the Salford Town 
Council in 1874, was made an alderman in 1880, and 
became mayor in 1893. In May, 1894, while he 
was <% ~~ of Salford, Her Majesty Queen Victoria 
visited Manchester for the p of opening the 
Ship Canal; on this occasion Sir William received 
his knighthood. He retired from the Salford Council 
in 1898, 

Apart from his activities at the Albion Works and 
on the Salford Council, Sir William found time to 
devote to numerous other occupations and objects. 
He was President of the Manchester Association of 


Engineers from 1885 to 1887, during which period 
was held the Manchester Jubilee Exhibition ; he 
rendered most valuable service to this Exhibi- 


tion. He also delivered a large number of ad- 
dresses and lectures on engineering, scientific, literary, 
educational, and social subjects. Sir William was 
most widely read in English literature. He was 
President of the Library Association of the United 
Kingdom in 1906, and been president of other 
societies also, among which we may mention the 
Manchester Shakespeare Society, the Manchester 
Literary and Philosophical Society, the Manchester 
Dickens Fellowship, and many others, He was a 
member of the Iron and Steel Institute and of the 
Institution of Mechanical Engineers. 





MODEL OF WHITE-FORSTER BOILER FOR 
INSTRUCTIONAL PURPOSES. 

TuHE illustrations on page 728 represent a medel of 
White-Forster boiler, as manufactured by Messrs. J. 
Samuel White and Co., Cowes, for torpedo craft, which 
has been built for the instruction of engineers of His 
Majesty’s Australian Navy. These models have been 
sent to the Naval College, temporarily located at 
Geelong, in Victoria, for the education of cadets of the 
Australian Navy, who are also trained in the Tingira 
at Sydney Harbour, while at the dépdt at Williams- 
town, Melbourne, similar instructional work is pro- 
ceeding for recruits, who are regularly drafted to sea 
in H.M.A.8. Encounter, for training in practical sea- 
manship and engine-room duties. It will thus be 
recognised that in respect of personnel the Government 
are providing ample and practical means of training. 

The conditions of entry for the common rating 
require that a boy shall be 144 to 16 years of “ge, 
4 ft. 10 in. to 5 ft. 2 in. in height, and possessed of a 
chest measurement of 29 in. to 32 in., the latter con- 
dition varying according to age. This physical stan- 
dard is adhered to very strictly, and it is necessary 
that the would-be seaman should have the written 
consent of his parents or guardians to his joining the 
Navy, that he should sign an en ment to serve in 
it until he is 18, and for seven years after he has 
reached that age. When he has undergone preliminary 
examination in his district, he is sent to Sydney at the 
expense of the Government, and has to undergo a final 
medical examination on the Tingira. Should he suc- 
ceed in ing this—and it is not at all perfunctory 
—he will be entered for service in the Royal Austra- 
lian Navy, and commence his training immediately. 
If he is unsuccessful, his return journey is paid for. 
After he has completed his course of training on board 
the Tingira, he is to be drafted to one of his Majesty's 
Australian ships for general sea service. At the 
of 18, when he begins to count his service, he will, 
as a general thing, be rated as ordinary seaman, 
stoker (second class), ordinary signalman, or ordinary 
telegraphist. His future prospects, of course, depend 
upon himself, but his pay is good, and he has excel- 
lent chances of reaching commissioned rank. Extreme 
care has been taken in the selection of his officers and 
instructors, and it cannot be the fault of the system 
under which he is trained should he not turn out to 








quite small, their principal speciality being the con- 
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have in him, at the time when he begins his service in 
his nineteenth year, the makings of a good man and 
an efficient seaman. 

To return to the model of the boiler which is intended 
for the training of engineering officers, it will be seen 
from the illystrations that it offers the maximum of 
information on this type of steam-generator. The right 
half of the boiler is made up of metal top and bottom 
drums and steel tubes, the casings being of sheet-steel 
bolted tagotior, and so made as to be easily removable, 
as may be found necessary. Several of the boiler- 
tubes can be removed as required through the manholes 
of the topdrum. The back end of the top drum is 
made removable for observation purposes, a handle 
being supplied for this purpose. Phe left half of the 
boiler is made up of mahogany eections, the various 
inter-sections being marked to represent a true section 
at each part in an actual boiler. The complete boiler 
is a true representation of a White-Forster boiler, and 
is similar to the coal-fired, oil-fired, or coal and oil- 
fired boilers constructed by Mesers. J..S. White and 
Co., Limited, for warships. 

To open out and examine the model by removing the 
wood sections, it is only necessary (1) to screw brass 
handles into four sockets provided for the handling of 
the sections ; (2) to lift off the front section of the 
uptake marked ‘‘ A ” (Fig. 1); (3) to pull back the aft 
sections ‘‘B,” ‘*K,” ‘‘F ” (Fig. 4), about 2 in. in order to 
disengage dowel pins, keeping hold of the front sections 
at the same time; (4) to pull out the front outer section 
‘*C” (Fig. 1) towards the left-hand side until the 
holding-down lug is clear of the pin “‘g” (Fig. 4); 
then to draw it forward. This gives a section through 
the oil-burner and furnace, and also a tranverse section 
through the boiler tubes and downcomers. (5) To pull 
section ‘‘ 1)” towards the left-hand side of the stand, 
until clear of the name-plate, then to draw forward a4 
section through the boiler showing the furnace, 
arrangement of the brickwork, baffles, uptakes, air- 
casing, &c. (Fig. 4). The back section of the uptake 
‘*B” and the section ‘‘E” (Fig. 4), when removed, give 
a longitudinal section through the tubes, showing the 
tubes all curved to same radius (Fig. 2). By drawing 
out the remaining section ‘‘ F” towards the back the 
metal half of the boiler is left complete in itself, as 
shown on Fig. 5. The fire-bricks are made of wood, 
and are portable in this half of the boiler. To show 
the method of withdrawing the boiler-tubes, it is only 
necessary to take out the manhole doors of the top and 
bottom drums (to pull out the back end of the top 
drum j for observation only), and to push one of the 
loose tubes up into the top drum and pass it out 
through the front manhole opening. 

Some of the tubes in the model have been fixed, 
only to keep the top drums in position and to pre- 
serve the relative positions of the parts of the model. 
The loose tubes, however, are sufficient in number 
to illustrate the principle. It will therefore be seen 
that the model is made so that, with the minimum 
of trouble, all the working parts and their functions 
can be easily studied. 





THE EROSION OF BRONZE PROPELLERS. 
To THE Eprror or ENGINgRERING. 

Srr,—I notice in your recent issues some correspond- 
ence on the subject of ‘‘ Erosion of Bronze Propellers.” 

The trouble experienced is, as far as I can see, _— 
parallel to that with the impellers or discs of centri ugal 
pumps ; and if the real cause of one could be found, the 
cure of both would probably follow in due course. 

Now, although the results of the ‘‘erosion” of ships’ 
Lay cy are serious, I do not think they can be more 
so than the absolute destruction of pump impellers which 
sometimes takes place. Without, however, stating which 
gives most trouble, it would, I feel sure, do some geod to 
take them ther, in order that eventually a cure may 
be effected. I am not able to say anything about ships’ 
propellers, as my experience has not been in that direc- 
tion, but I will try to make a few remarks as to the 
erosion or destruction of pump impellers, and some 
marine men will be able to say whether the cases are 
parallel. If so, one step for i made. 

When a pump impeller takes it into its head to be 
troublesome in the matter of gradual dissolution (I speak 
thus use for some unknown reason many of them 
begin well, and only gradually decline after a useful life 
of whirl), the decay always takes place in broadly the 
same points—viz., at the extreme tip of the blade, and 
at the cater ate of the rib nearly always found at the 
back of the @; if it is an unsbrouded disc, it is hardly 
ever attacked elsewhere; but in course of working the 
disease spreads until a large portion of the blades dia- 
one es — wee If it is a ao ae ed = 
sides uently present no appearance of attack, but 
the blades decay down between the shrouding. 

Now, if the attack was on the impeller alone, it would 
not perhaps be so serious ; but weeny the ow. 
casing in the way of the revolving impeller gets bad 
dissolved, though no other of the casing is attacked. 
As far as I have noticed, the attack on the sides 


is generally worse towards the eye than towards the disc 
periphery, and it also seems to y 
solve away more metal opposite any ribs which 
may be outside the casing. > 

. Silberrad appears to think that the erosion of the 
ship propeller is due to water friction. I cannot think 


ave a tendency to dis- 


,| out before our scientific sovieties. 





this can be the case with a pee impeller, because 
the attack is always in zones, if I may call it so. One 
will find a new impeller of iron or bronze, it matters 
not which, badly attacked just at the blade tips in a 
few weeks, while the rest of the impeller remains abso- 
lutely sharp and clean. The attack has nothing in it 
to suggest ‘‘cutting” by water, or anything else; it is 
simply a transformation from solid metal to a spongy 
material, like a lump off the top of an ingot, but always 
within well-defined limits, the spread of the ‘‘ sponge” 
yond taking place as the outer spongy metal actually 
isa; rs. 

If't e action were due to water friction, one would 
expect a smooth ual reduction all over the impeller 
and the sides of the pump-casing, just as occurs when a 
pump is used for dredging purposes, and the impeller is 
worn away. Here the reason is obvious, and the destruc- 
tion takes place all over, generally leaving quite a smooth 
surface, but never sponginess. 

The reduction of a pump impeller due to acid, strongly 
alkaline, or bad water, is always clearly distinguishable 
from the dissolution from the ‘‘ unknown” cause. The 
impeller is then reduced all over like that of a dredging- 
pomp, its surface is rough, and slightly pitted all over ; 

ut unless the metal was bad to start with, there i3 no 
sponginess. ; 

Another reason why it does not seem possible that water 
friction could have such an effect is that often the 
worst cases in a pump are where the water is of the 
purest description chemically, and free from any trace of 
solid matter. That the cause of the trouble will be 
found to be electrolytic, as believed by Mr. William 
Ramsay, seems probable. 

When pumps were first coupled to electric motors, 
and impellers gradually disappeared, it was thought to 
be some leakage of current from the motor that caused 
the trouble; but when one remembers that steam-driven 
pumps are also similarly attacked, it is clear there is no 
truth in this suggestion. 

It is abundantly clear from many results that very 
high speeds have the effect of very much hastening the 
dissolution. If the points where ship propellers fail 
and where pump-impellers are attacked are plotted 


down ther, haps it may be possible for some 
a ly eory of the reason of the trouble to be 
evolved. 


Yours faithfully, 
FE. W. SARGEANT. 
Minchinhampton, Gloucestershire, 
November 26, 1913. 








**METALS, CRYSTALLINE AND 
AMORPHOUS.” 
To THe Enrror or ENGINEERING. 

S1r,—I have read with great interest Dr. Rosenhain’s 
letter, published in the issue of the 2\ist. His attitude 
will ensure a friendly diseussion of his views, and in this 
connection I should like to point out that although he 
considers my letter ‘‘hostile” to the amorphous theory, 
my position would more accurately described as one 
of “ philosophic doubt.” Dr. Rosenhain writes with such 
conviction that the need of further discussion would, in 
a reader’s mind, seem to have been eliminated ; it should 
not be overlooked, however, that just as I ‘‘ glibly, and 
with apparent confidence,” use the terms ‘‘ molecules and 
atoms,” so does his own contribution necessarily contain 
terms which have undoubtedly a considerably less con- 
sensus of opinion to support them. Morespace is required 
than that occupied by a letter to discuss adequately the 

ints for and against the theory propounded, and in the 

uture we, no doubt, shall find the matter fully thrashed 


My desire has been to assist in giving prominence to 
the theory so that it may meet with the discussion it 
deserves. As Dr. bain truly observes, the theory 
is intended to include ultimately all metals and alloys, 
and it is obvious that if it is to survive it must do this, 

Dr. Rosenhain puts forward an interesting explanation, 
according to his view, of the ps contradiction 
between the density results obtained by Brunton and the 
preliminary statement of his (Rosenhain’s) theory. To my 
mind, however, it would still appear that the results are 
not in a line with the theory, and had I been Dr. Rosen- 
hain, I think I should have been inclined to demand 
further experimental support of Brunton’s figures rather 
than produce a further argument which simply makes the 
subject more involved. 

One of the leading fascinations in propounding a new 
theory is invariably found in the agility of intellect 
required satisfactorily to absorb and include facts which, 
at any rate at the outset, appear to be adverse, and in this 
connection it is of interest to mention some of the recent 
work of Professor Dalby. Professor Dalby has shown that 
the speed with which the “ pull” is made in the tensile 
test upon ordinary carbon steel considerably affects the 
figures obtained. Diagrams prepared by the Professor 
indicate that in the case of a test-bar pulled in a fraction 
of the time employed in 7 another, the extension 
obtained was greater, and incidentally it was obvious 
that the breaking load per square inch at the moment of 
fracture was higher. ’ , 

I cannot conclude without discussing Dr. Rosenhain’s 
statement in which it is proposed that the amorphous 

hase of a metal can be produced without heat. Now, 

will readily admit that when the amorphous phase 
crystallises, the heat required to convert the solid to the 
liquid state—i.c., that heat actually responsible for the 
change from the solid to the liquid phase—is evolved. 


there | How, therefore, can the converse action take place without 


the absorption of heat either frictional or otherwise. 
Any “‘ work” that ~~ the amorphous phase must, 
eat. 


in my opinion, first be translated into 





I personally look forward with considerable interest to 
all data published in connection with the theory under 
discussion, and Dr. Rosenhain can be assured that his 
work is being followed with the greatest interest by a 
number of workers who are interested in problems which 
the amorphous theory is devised to explain. 


Yours truly, 
15, Oakdale-road, Sheffield. W. H. Hartrrevp. 





NOTES FROM THE NORTH. 
; Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Lasb Thursday morning 
the pig-iron market sees with a slightly easier tone 
and 2500 tons of Cleveland warrants were done at 49s. 3d. 
cash, 493. 7d. and 49s. 6d. one month. and 50s. three 
months. Closing sellers quoted 49s. 3}d. cash, 49s. 6d. 
one month, and 50s. three months. n the afternoon 
there was little doing and prices were weaker. The 
business consisted of 1000 tons of Cleveland warrants at 
493. Od. and 49s. 1d. cash, and at the close the quota- 
tions were 49s. 14d. cash, 49s. 5d. one month, and 495. 11d. 
three months sellers. On Friday morning weakness 
again prevailed, and Olevelind warrants declined 34d. to 
44d. he dealings amounted to 1000 tons at 493. one 
month and 49s. 5d. February 4, and closing sellers 
named 48s, 9d. cash, 493. 04d. one month, and 49s. 74d. 
three months. Sellers of hematite quoted 61s. 64d. 
three months. - There was no improvement in the after- 
noon, and Cleveland warrants continued to move down- 
wards. Only one lot was done at 483. 11d. one month, 
and the session closed with sellers at 48s. 8d. cash, 
48s. 1ld. one month, and 49s. 5d. three months. 
On Monday morning the market was quite idle, and 
no transactions were recorded. Sellers’ quotations for 
Cleveland warrants were 48s. 10d. cash, 493. 14d. ore 
month, and 49s. 3d. three months. The tone was firm 
in the afternoon, when 1000 tons of Cleveland warrants 
were done at 49s. 2d. and 49s. 24d. one month, with sellers 
over at the latter figure, and at 48s. 1ld. cash, and 
493. 9d. three months. On Tuesday morning the market 
was quiet, but Cleveland warrants were firm and 
closed strong. The turnover consisted of 1000 tons at 
49s. and 49s. 1d. cash, and the closing quotations were 
49s. 2d cash, 49s, 54d. one month, and 50s, three months 
sellers. In the afternoon no dealing took place, but 
Cleveland warrants were firmer, with sellers naming 
49s. 3d. cash, 49s. 6d. one month, and 50s. 1d. three 
montbs. When the market opened to-day (Wednesday), 
the tone was steady, and 2000 tons of Cleveland war- 
rants were done at 50s. and 50s. 1d. three months. At 
the close sellers quoted 49s. 4d. cash, 492. 74d. one month, 
and 50s. 14d. three months. In the afternoon firmness 
again prevailed, but business was small, and consisted of 
1000 tons of Cleveland warrants at 50s. 14d. three months. 
The session closed with sellers quoting 493. 44d. cash, 
49s. 74d. one month, and 503. 2d. three months. 


Sulphate of Ammonia.—A somewhat quieter feeling 
prevails in the sulphate of ammonia market at present, 
and the demand is only moderate. The price is easier 
inclined, and the current quotations for prompt lots is 
now round 13/. per ton, Glasgow or Leith. 


Scotch Stecl Trade.—Once again it is hardly possible to 
write with any very optimistic feelings about the Scotch 
steel trade, and yet there are signs of a little improve- 
ment being forthcoming in the near future. Consumers 
are still holding off, some of them from necessity, through 
having booked large quantities of German material ; but 
there is, nevertheless, rather a better local inquiry, 
and more disposal to give out orders for fairish quan- 
tities. It may take some time before the large 
tonnage of foreign stuff which has been booked gets 
worked off ; but now that home prices are considerably 
reduced, there is little likelihood of many repeat orders 
being sent over to the Continent. The meeting of the 
Scotch and English steel-makers duly came off in London 
last Friday, and many important matters were discussed. 
It was decided tomake a reductionof 5s. per ton in land and 
marine boiler-plates, — these 7/. 7s. 6d. per ton, 
less 5 per cent. discount, delivered Clyde or equal. It 
was also that prices of all sections should be 
“freed.” The latter decision now admits of the different 
local manufacturers competing against each other, but 
at the present time there is very little to compete for. 
Makers of structural material continue busy, and have 
well-filled order-books, but in nearly all other branches 
of the steel industry quietness reigns, and mills are only 
kept going with difficulty. The latter state applies very 
markedly to black-sheet departments. There is no change 
in the export trade, but some respectable orders are on 
hand both for India and Australia. 


Malleable-Iron Trade.—The position of affairs in the 
malleable-iron trade of the West of Scotland has not yet 
improved to any extent, and short time is very general. 
The recent uctions have not brought out much in 
the way of fresh business, but inquiries point to some 
increase in that direction in the near future. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has fallen off a little and outputs are being curtailed. 
Furnaces in blast number seventy-eight, and there is a 
probability that several more may be damped down 
shortly. Consumers are buying very sparingly and only 
seem to be placing orders for their more immediate 
requirements. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 71s.; Calder, Gart- 
sherrie, Summerlee, and Langloan, 71s. 6d. (all shipped at 
G w); Glengarnock (at Ardrossan), 72s. ; Shovts (at 
Leith), 7is. 6d.; and Carron (at Grangemouth), 73s. 
There is very little doing in hematite iron owing to the 
slackness in the steel e, and stocks are increasing. 
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NUTES FRUM SOUTH YORKSHIRE. 


HEFFIELD, hep em 

South Yorkshire Coal Trade.—The advent of colder 
weather, the rapid enem of Christmas, and the 
threat of a colliery strike in the early part of next year, 
have given a very welcome fillip to the house-coal trade, 
which for some weeks past has besa in a decidedly slug- 
gish condition, and colliery stocks are disappearing at a 
far more rapid rate than they accumulated. Though the 
demand for large steam coal for shipment is as good as 
can be expected for the time of the year, tonnages 
leaving the pits show a marked decrease, and orders are 
not coming in with the freedom of a week ago. The in- 
dustrial position is very satisfactory, particularly in 
regard to the consumption in the heavy trades. Follow- 
ing on the settlement of the strike of Sheffield moulders, 
the return to work of the steel smelters employed by 
Messrs. Thomas Firth and Sons has inci the con- 
fidence of better times ahead in the Sheffield engineer- 
ing and armament branches, and this has acted as an 
important stimulus to the manufacturing demand. 
More selling pressure is experien at the collieries, 
and in some cases quotations have been slightly re- 
duced, but values are chiefly marked by continued firm- 
ness. Inquiries for quotations for next year’s supply 
are numerous, and forward business is not so restrained. 
Slacks are the subject of a slightly better demand. A 
brisk business is passing in gas fuels. A number of works 
are bringing their reserve stocks up to the maximum. 
Though still one of the weakest features of the market, 
slacks are a shade firmer. Many collieries with large stocks 
on hand are offering special lots at reduced rates. There 
is a better inquiry for coke. Prices are still at a very 
low level, but an effective check appears to have been 


administered to weakening influences. Quotations :—-Best- 
branch hand-picked, 17s. ; Barnsley best Silkstone, 14s. to | bas 


ie; So a aL oe & 138. ; Der 
ouse, 11s. to 3 large 
small nute, 9s. to 10s.; Yorkshire hards, 
12s. 9d. ; byshire hards, 10s. 9d. to 11s. 9d. ; 
SD, Fe SENG Se oe SS, SS Se 
3s. to 


Iron and Steel.—Inaction is still the most salient 
feature of the local iron market. Spot business is more 
restricted than ever, while forward io age discouraged 
by the continued weakening of values. e fact, how- 
ever, that many of the prices quoted are admittedly 
unremunerative is forcing itself on the attention of 
industrial consumers, who evince greater inclination 
to enter into contract business. That such an oppor- 
tunity will very soon recur is not likely. Imported 
billets and bars are being sold at prices far below the 
cost of production in Sheffield, and though the fact is 
naturally resented by local makers, users of the cheap 
raw material find themselves in a position to accept con- 
tracts for finished material and engineering work which 
in other circumstances they would have had to pass by. 
A slight improvement is shown in the bar-iron trade, but 
depression is still very marked. Many of the Jocal mills 
are only running a few days each week. Forge iron is a 
drug. Prices are being freely cut. Several pure 
have been made at as little as 5ils. Business in 
hematite is the reverse of brisk. Foun iron is one 
of the i. ~~ features, and is benefiting consider- 
ably by the renewed activity in the heavy trades. 
Strenuous efforts are being made in the heavy trades 
to wipe off strike arrears and to complete all orders on 
hand before the Christmas sto in order that new 
and improved plant may be installed. Past ** boom” 
periods have taught manufacturers a lesson from which 
they intend to profit. Orders had then to be refused 
because of the inefficient equipment of works with the 
latest labour-saving appliances. Admiralty departments 
are working at the fullest pressure. 


Finished Steel.—Other sections of the steel trade show 
evidence of the general decline in trade, though most 
of the shops are working full time, and there is little 
unemployment, The wheel and axle departments could 
employ many more men. The outlook in the rail- 
way departments is not very. cheerful. The reserve 
of orders is becoming exhausted, and new business is 
anything but plentiful. There are also signs of re- 
action in the special steel branches. A fairly big con- 
tract is on hand for the supply of wheels and axles 
for the South India Railway. Sheffield firms have also 
obtained orders for points and crossings for the Barnsley 
and District Tramways Company and the Manchester, 
Bootle, and Preston Corporations. Three Sheffield firms 
are sharing a contract for the one of large to of 
springs, engine-tubes, and wheels fe 
the t India Railway, and an order has been received 
from the South African Government for 15 composite 
railway carriages. The Sheffield Corporation has placed 
an order with the Brightside Foundry and Engineering 
Company of the value of 1200/. for engineering work at a 
tramear dép6s, and Leeds Corporation has placed two 
orders in Sheffield, one for nearly 2000/., and the other 
for about 16°0/., in connection with the erection of a 
new tramshed. Two Sheffield firms are supplying a 
large quantity of “loco.” spares, and a third a Lis 
amount of toul steel to the Cape Co; Company. The 
Koppers Coke-Ovens Company, of Sheffield, has work 
on hand of the approximate value of about 600,000/. 
The firm is installmg a number of plants for making 
rectified benzol, and is also erecting about 600 ovens in 
Sheffield and in different parts of the country. Foreign 
bookings and inquiries do not give promise of such a 
prosperous export trade as has been enjoyed in recent 
winters. Acid billets and basic material maintain firm 
quotations. An a 1 for quicker delivery has met 
with a very appreciable response from all sections of the 
steel industry: 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—So far as Cleveland qualities 


of pig iron are concerned a slight change for the better | been 


can be reported. Values are slowly, but steadily, mame 
upward, and a good number of inquiries are reported. 
raders, however, still act with much caution, and hesitate 
to commit themselves ahead. Substantial contracts could 
be made over iods next F raed if sellers would accept 
the rate offered, but this they are not disposed to do. 
There is less pressure to sell in the warrant market, and 
this tends to strengthen the position. Cost of raw material, 
especially the “— price of coke, is the dominating obstacle 
to free selling. Many makers will not = below 5is. for 
spring delivery of No. 3 Cleveland pig, but buyers consider 
t much too high a figare. erchants are selling No. 3 
g-m.b at 49s. 9d. f.o.b., and that may be given as the 
general market quotation, whilst No. 1 is 52s. 3d.; No. 4 
foundry, 493. 3d.; No. 4 forge, 49s.; and mottled and 
white iron each 483. 9d.-—all for early delivery. Unsatis- 
factory accounts are given of the hematite branch of the 
—_ industry. Business is slack, and quotations are 
wea! 
at the Linth Iron Works. This leaves but 78 furnaces 
on various kinds of pig blowing on the north-east coast. 
A saleof Nos. 1, 2, and 3 East t hematite has been 
recorded this week at 62s., but the circumstances are 
understood to be exceptional. There are sellers of mixed 
numbers for either early or forward delivery at 61s., and 
customers consider that the price should be round about 
60s. Sheffield consumers of hematite have this week 
visited the Cleveland market, but so far as can be ascer- 
tained have pet peereee. ree ore values are 
upheld. Sellers take a firm stand, and still quote on the 
is of 19s ex-ship Tees for Rubio of per cent, 
quality. Local consumers of coke experience difficulty 
in obtaining pices supplies. Average blast-furnace 
coke is fully 18s. 6d., delivered at Tees-side works. 


Stock of Ckveland Pig Iron.—The quantity of Cleve- 
land pig iron stored in eg ne warrant stores here 
now stands at 151,625 tons, all of which, except 43 tons of 
standard iron, is No. 3 quality. During the past few 
days a few hundred tons have m added to the stores, 
but since the beginning of the month the stock has been 
reduced by 6631 tons. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries présent 
few new features. Quotations have not been lowered, 
but customers hold off in anticipation of reductions. 
Common iron bars are 7/. 10s.; best bars, 7/. 17s. 6d.; 
best best bars, 8/. 5s.; packing iron, 6l.; iron ship- 

71. 108.; iron ship-rivets, 82. 10s. ; 
steel bars, 62. 15s.; ship-plates, 6. 15s. ; steel ship- 
angles, 6l. 7s. 6d.; steel boiler-plates, 7/. 15s.; steel stri 
61. 15s.; steel hoops, 7/.; and steel joists, 6/. 12s. 64.— ali 
less the customary 24 per cent. discount. t-iron columns 
are 7/. 7s. 6d.; cast-iron railway chairs, 4/. 15s.; light iron 
rails, 7/.; heavy steel rails, 6/. 10s.; and steel railway 
sleepers, 7/. 10s.—all net at works. Galvanised 
sheets, 24 gauge, in bundles, stand at 11/. f.0.b.—less the 
usual 4 per cent. 





Power-DrIVEN ForGING AND STAMPING PLantT.—A 
eee was read on Tuesday, November 25, by Mr. 

ufred Spencer, before the Rugby Engineering Society, 
on ‘‘Some Recent Improvements in Power - Driven 
Forging and Stamping Plant.” He showed the advan- 
tage and importance of stamping, which had rendered 
possible the manufacture of identical pieces in large 
numbers and with t accuracy, and gave an illus- 
trated description of a large number of appliances for 
doing this class of work. 





“Tue ‘MxrouwantcaL Wor.ip’ Pocket Diary AND 
Yrar-Boox.”—This ket diary for 1914, the twenty- 
seventh year of publication, published as usual at the 
price of 6d., has all the features of the preceding editions, 
the various =a having been revised to meet present- 
day practice. ese chapters contain data, factors, for- 
mule, and other useful information on steam-engines, 
turbines, x... boilers ; 2a oo bustion engin at 
on gas-producers ; on ers ; ng, &c.; 
screw-cutting tables; tables of a om rad other arith- 
metical data. It is completed by a diary. The book can 
be obtained from Messrs. Emmott and Co., Limited, 65, 
King-street, Manchester, and 20, Bedford-street, London, 


or colliery trucks for | W.C 





Tue Geeman InstTITUTION OF NAvAL ARCHITEOTS.— 
The meeting of this Institution, the Schiffbauvechnische 
Gesellschaft, took place this year in Charlottenburg, on 
Thursday and Friday, the 20th and 2ist inst. The pro- 
gramme included the consideration of nine papers, not 
one of which dealt with internal-combustion engines 
for ship propulsion—a most significant feature when 
one bears in mind the important place which these 
engines occupied in all the former ings. The 
first paper in the list, and that which appears to us to 
be the most important of the series, was by Dr. 
Bauer, of the Vulcan Shipbuilding Works, Hamburg; 
it dealt with modern steam-turbine installations on 
board ship. We re uce it in abstract on another 
page of the present issue. The other papers described 


A hematite furnace is being put out of operation | mad 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Colliery owners who had tendered for the 
supply of coalj for the Navy have received notice that 
tenders which they sent in about a fortnight since have 
accepted. Little or nothing has transpired as to 
contract prices or other details, but it is at the same 
time understood that tenders for Admiralty list coal 

from 17s. to 19s. 6d. per ton, free on In 
addition to list coal the Admiralty also usually takes 
quantities of dry and semi-bituminous descriptions for 
mixing for special vy =yy and these are understood to 
have been contracted for at from 16s. to 16s. 9d. per ton, 
. Steam coal has ruled strong for ship- 
ment within the next fortnight, and colliery owners 
anticipate that late rates will be maintained until well 
into the New Year. The Senghenydd pits have re- 
started, but their output is not likely to lai for 
some time. There has m no settlement of labour 
trouble at Lianbilleth. For the best Admiralty large 
sellers have been quoting 21s, per ton for the remainder 
of the year. House and bituminous wn 
firmness. Patent fuel has been steady; coke has shown 
little change. The best Admiralty large steam coal has 

le 20s. 6d. to 21s. per ton ; best i 

tions have brought 19s. 6d. to 20s. 3d. ; other secondary 


descriptions, 1 9d. to 19s. 3d.; best bunker 
10s. 9d. to 11s. 3d.; and cargo 


hy 
Rhondda large, 16s. 6d. to 17a. 6d. ; and 
12s. 6d. ida 


to 2ls. per ton. i i 

quoted at 19s. 3d. to 19s. 9d. per upon a basis of 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Oardiff or Newport. 


Barry Graving Dock.—The net fit of the Barry 
Graving Dock and Engineering Company, Limited, for 
the past financial yon, after providing for interest on 
debentures and spplyi 10002. to debenture redemption 
account, was 21,7! dividend and bonus, amounting 
altogether to 11s. per share, is to be paid on the ordinary 
shares; this will absorb 8357/., leaving 27,571. to be 
carried forward. 


Blaenavon Company, Limited.—The accounts of the 
Blaenavon Cue, Limited, for the financial nd 
1913 show a profit of 61,256/., after provision for deben- 
ture interest, as compared with 56,672/., after provision 
for debenture interest, in 1912; 94822. in 1911; 28,5482. 


tes, | in 1910 ; and 25,5F5/. in 1909. Dividends at the rate of 


5 per cent. per annum were paid for the financial years 
1909 and 1910; in the next two years no dividends were 
distributed ; for 1913 it is proposed to pay 5 per cent. 
The development of the company’s business calls for a 
further expenditure for by-products, coke ovens, modern 
coal-screening arrangements, large iron-ore depdts, elec- 
trical plant, aerial ropeways, wagon-shops, &. The 
directors state that while coal prices have advanced, 
there has been a greatly increased working cost. They 
also report a decline in pig-iron prices, and complain of 
the effect of German dumping. 





Tue Late Mr. Hans Herzoc.—We regret to see that 
Hans Herzog, the originator of several Alpine railways, 
died on the last day of ber after a serious operation. A 
son of Professor , of Berne, he was born in 1846, 
educated at the Ziirich Polytechnic, and was first engaged 
im the drajnage of his native town. He then became engi- 
neer to the municipality of Neuchatel, and started in 1877, 
together with J. Brunschwizler, a business as hydraulic 
engineers. This firm built the plants for supplying Fri- 
bourg, Biel, La Chaux-de-Fonds, &c., with water, and laid 
also a conduit for Berne. He then took up the construo- 
tion of ial railways and several adhesion rack-rail- 
ways, those between Interlaken and Grindelwald and 
Lauterbrunnen, the Schinge Platte line via the Wen- 
gen Alp, the e Thun line and issach-Getter- 

inden line were built under his direction. Since 1888 he 
had been a member of the Municipal Council of Berne 
and held other offices, and he was universally esteemed 
as a man of intelligence and capability, and independence 
and integrity of character. 





Lanestonzk Harsourn Drvetorpment.—The question 
of the development of Langstone Harbour, Portsmouth, 
for commercial purposes has been under discussion for 
several years et the initiative having been taken by 
Colonel A. R. Hol k on his appointment as President 
of the Portsmouth Chamber of merce in the year 
1906. That the ——— aroused considerable interest 
was evidenced by fact that while it was prominent 
in the debates the membership of the Chamber was 
doubled. A local syndicate has also been moving in the 
matter, and having acquired the land abutting on either 
side of Milton Creek and the thereto, at the 
entrance of the harbour, have constructed wharves and 
started business on armall scale. The development of 


Langstone Harbour has been advocated as the only means 
by which any importance as a i can be 
secured for Portsmouth. The natural advan of the 


the development of the submarine periscope ;_ rela- | harbour are apparent. Once the difficulty of the bar at 
tion between seaship and airship construction; the | the entrance is removed—and according to Sir J. Wolfe 
development in the ing of the t of Hamburg ; | Barry’s scheme this is by no means impossible of achieve- 
the wireless-telegraph installation on the lmpera- | ment—the harbour would offer enormous attractions, 


7 the ship-propeller problem and the stability of 
ships. 





there being over 5 miles of wharfage accommodation 
available. 








‘yz! ENGINEERING. (Nov. 28, r9r3. 








MODEL OF WHITE-FORSTER BOILER FOR INSTRUCTIONAL PURPOSES. 
(For Description, see Page 725.) 
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“THE AISGILL ACCIDENT. 


To the railway world generally the cause of the 
unfortunate accident on Rateetes 2, at Aisgill, on 
the Midland Railway, has been so apparent that 
little enlightenment on this point was to be ex- 
— in the Board of Trade Inspector’s report. 
his report has now been issued, and while it 
carries this aspect of the case no further, we are 
pleased to note that Major Pringle does not show | e 
any signs of having been influenced in this respect 
by the prevailing mawkish sentimentality which 
has made a hero of an employee who was guilty of 
fatal remissness in the discharge of his duty. We 
have no wish to speak slightingly of Caudle, who 
had an excellent record of service to his credit. 
That he gave his evidence honestly seems, however, 
to have been held for some reason to mitigate, or 
cancel, the fault. Why this should be is not exactly 
clear. The State expects nothing less from its citi- 
zens. At one time it used to be taught in our schools 
that a boy’s duty involved not only “owning up” 
if he had done wrong, but also the manly sub- 
mission to whatever punishment might be decreed. 
If boys can be imbued with such principles, as we 
know they can, what must we say of a race which 
now gives constant proof that,as manhood is reached, 
its sons grow squeamish and chicken-hearted ? That 
way danger lies, for discipline cannot long survive 
such —- 

Major Pringle speaks with no uncertain voice 
on the primary cause of this accident, in which, 
it will be remembered, one express train ran 
into the rear of another stalled on a steep bank 
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46 | and at the trial of driver Caudle. 





All, and more than, it was necessary for the public 
to know was brought out at the coroner's inquests, 
The points of a 
more technical nature need to be considered first 


46 | by technical men, and it is quite time enough for 


them to become public property when the pros and 
cons have all been brought together ad yoo 0 
mented by the Inspector’s report. In any case the 
Board of Trade inquiry is for the protection of the 





— and it is not desirable that the case should 
; prejudged by irresponsible concoctors of head- 
ines. 

The report of oe Pringle raises so many 

ints that we can only touch on afew of the more 
interesting. Among these may fairly be placed 
perhaps the deliberate efforts made in certain 
quarters to confuse the issue. One of the ques- 
tions raised in this connection was the supply of 
small coal to the locomotives. rough this it was 
contended that the engines failed to steam, and 
the collision was therefore the fault of the company 
for buying cheap coal. We dealt with this nonsense 
a little tume ago when we discussed the effect of 
such coal in a locomotive fire-box. The coal hap- 
pened to be small, it is true, but it was of higher 
calorific value and cost more than much of the 
coal used on the line. The accusation of niggardli- 
ness in this respect, brought against the company, 
falls to the pale. With the thousands of tons 
burnt per annum by the railways it would be sur- 
rising if the coal were always uniform. Major 
Pringle admits that it is practically impensihe’ to 
ensure this being so. 

Then, again, an attempt has been made to prove 


- | that one of the injectors of the engine of the second 


train worked badly and needed extra attention owing 
to shortness of steam, which in turn was the result 
of small coal. The Inspector quite rightly dis- 
misses this theory. The second train was travelling 
uphill at about 30 miles an hour, and though the 
load was not great, the pressure must have been 
fairly high for it to do this at the upper end of a 
long bank. In fact, Caudle himself states that it 
was about 140 Ib. per sq. in. This com with 
the working pressure of 175 lb. for that class of 
engine. The point may, therefore, also be dis- 
missed as having no connection with the coal. 
Injectors commonly work over a much greater 
range of pressure, and the trouble arose probably 
from some very ordinary cause, possibly from the 
overheating of the injector itself or from some 
small temporary obstruction. 

Next, the fact that a pilot engine was denied to 
the driver of the first train has been advanced 
as causing the accident; but there is nothing in 
this point either. It has been shown that to fetch 
and attach a pilot at Carlisle would have occupied 
_— time than the unassisted train might have been 

pected to lose on the road. With the signalling 
sie working peepee it should matter little in 
such a case as the present whether the time, which 
could not ibly be saved, was lost at or between 
stations. e company considered it six of one and 
half-a-dozen of the other. There was nothing 
more in it, and it did not cause the accident. 
Neither can the fact that Caudle left the foot-plate 
to oil his boxes of itself be held accountable for 
the disaster. This practice is a common one, and 
with due precaution is attended with less risk to 
the train than to the man. If the men prefer, as 
most of them do, to take at times a look round with 
an oil-can, they know that some caution is neces- 
sary on their part, and they act accordingly. The 
practice, however, involves attention to one or two 
points which Caudle unfortunately overlooked on 
this occasion ; and it was this omission, and not — 
practice itself, which was reprehensible. No 
caution was taken by Caudle to leave the foot-p te 
only on a stretch free from signals, nor did he 
arrange for his fireman to be on the look out 
during his absence. This lack of precautions was 
aggravated subsequently by Caudle assuming that 
his road was clear, though he realised that he 
had signals without noticing them, in which 
case he should only have proceeded with caution. 
Robbed of all accretions, the whole case becomes 
reduced merely to the infringement. of the most 
elementary of all the principles on which railway 
operation is conducted—namely, that signals con- 
stitute protective warnings to be observed. That 
conclusion cannot be gainsaid. All the other issues 
to which the case has given rise are of quite secon- 
dary significance. 

Now let us leave this side of the matter, and 
turn to another aspect of the case. We cannot 
discuss all Major Pringle’s conclusions or recom- 
mendations, but will confine ourselves to a few only. 
Before we come to individual points, however, we 
must F my on record our belief that everyone who 
considers the case impartially will agree that the 
Midland Railway Company has come through the 
ordeal with flying colours. A from the temporary 


lapse of some of its staff, which risk cannot be elimi- 
nated from railway working, especially now-a-days 
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when eo much is happening which tends to under- 
mine discipline, the company has proved that the 
gratitude of the public is due to it for having done in 
recent years a great deal towards minimising travel- 
ling risks. It has given careful consideration to the 
recommendations following upon the Hawes Junc- 
tion accident of 1910. At no small expense, it has 
pa oma with many of them, and actually gone 
further in some cases than was suggested. In 
other. instances, it is true, it has not seen its way 
to fall in with the suggestions made, but it must 
always be remembered that the Board of Trade 
reports and recc dations emanate in each case 
from a single individual, free, it is true, to seek 
for advice anywhere, while the company has at its 
service many — and expert opinions from 
among its own e staff, and, as a rule nowadays, 
from the accumulated experience of other lines 

In no case has a question raised at the time of the 
Hawes Junction accident been intentionally burked 
by the company. 

We now come to one or two detail points which 
require some attention. The report under considera- 
tion sugye sts that in express work only stock having 
steel under-frames should be employed. It is out of 
the question, of course, to comply promptly with any 
such suggestion. Even supposing the expense of 
the conversions necessary, and the loss entailed in 
scrapping the old frames, to be cheerfully awe 
to by the large section of the public who hold shares 
in our railways, some time would still have to be 
allowed for the work, since it would be impractic- 
able to withdraw all the n stock and re- 
construct it at once. The comparative infrequency 
of accidents in which this point is a factor war- 
rants no heavy writing «ff loss of this kind, and all 
that can be reasonably demanded is that new stock 
should be built with steel under-frames. That at 
once disposes of the recommendation, at least in 
the case of the Midland, and, we believe, in that 
of most of our other leading railways, for the Mid- 
land has not built anything but steel frames for 
main-line stock for the last ten years. As the old 
stock is replaced, therefore, we may be sure of the 
increasing adoption of steel under-frame stock, but 
a fair life must be allowed to present stock in 
good condition, though not conforming to this 
requirement, 

he next point to which we think it desirable to 
direct attention is to the question of gas-lighting. 
The evidence in this connection is extremely inte- 
resting in view of r dations made in the 
report. The railway company, since the Hawes 
Junction accident, has taken several steps to render 
gas, which is admittedly not excelled as an illumi- 
nant when used with inverted mantles, as safe as 
possible. Now let us note the evidence as sum- 
marised by Major Pringle in connection with the 
outbreak of fire at Aisgill subsequent to the colli- 
sion :—‘‘The railway-men are practically unanimous 
that no gas-jets were seen or heard ; driver Caudle 
alone amongst them states that the small flame 
observed was like gas. . . . This opinion [that no 
gas-flames were seen] is sup by two pas- 
sengers, Miss Clarke and Mr. Thomas... .. 
Captains Hills and Jotham, and Messrs. Drake, 
Brander, and Maley are equally positive that gas 
was the cause.” The ules <abtm, excluding 
Caudle, were ten in number. Miss Clarke is else- 
where spoken of as one of the most observant of 
the witnesses of the accident. On the other hand, 
Messrs. Drake, Brander, and Maley ‘‘ saw no flames 
or jets of gas at the outset.” There remains, 
therefore, against the weight of evidence the 
statement of Captains Hill and Jotham, and pos- 
sibly of Caudle, in support of the theory that the 
fire may have originated with the gas carried on 
the train. 

Supposing for the moment that we accept the 
views of this small minority, let us consider what 
next occurred. The tools were got out and the 
extincteurs were brought to play on the fire ‘‘ with 
wonderful effect. All agreed that the fires or flames 
observable were apparently entirely quenched, and 
nothing but blackness and smoke remained.” After 
fifteen minutes, however, a fire in broke out, 
this time in the roof, and, fanned by a wind which 
had sprung up, ‘‘soon became an unconquerable 
furnace.” This rather lurid description Major 
Pringle applies distinctly to a second and ‘‘ more 
serious” fire, which, he says, arose ‘‘ from the con- 
tents of the ash-pan and the heat radiated from 
the engine, which was practically buried in the 
wreckage.” It was to this second fire that 








Messrs. Drake, Brander and Maley seem to have 





referred, and it is tolerably clear that the 
two were fairly distinct. Some fifteen minutes 
elapsed between them, and this fact is significant. 
The gas-cylinders on the coaches involved were 
damaged, or their pipe connections destroyed in 
the collision. These cylinders were subsequently 
tested. The apertures were sealed and the cylinders 
filled with gas. The seals were then removed, and 
in two and a-half minutes all the gas was found to 
have escaped. It is quite possible that some portion 
of the damage to the connections may have been 
aggravated by the breakdown work, but that cannot 
have been so with most of the damage done, so that 
it must be admitted the gas apparently had ready 
means of escape after the accident. 

Another interesting point is that no one noticed 
between the first and second fire any smell, usually 
so penetrating and quickly noticed, from escaping 
oil-gas. Itis to be presumed, therefore, that it had 
all escaped either before or during the first fire on 
which the extincteurs were so effectively used that 
it cannot be regarded as having complicated the 
situation. Lastly, the second fire broke out ina 
carriage roof resting onthe engine chimney. Since 
all pipe-connections from this roof to any gas- 
cylinders must have been destroyed about twenty- 
five minutes previously, it does not seem likely that 
this fire can have originated with gas. Major 
Pringle’s conclusion is therefore, we believe, cor- 
rect. The gas fire, if it gave trouble at all, was 
soon settled, and the subsequent conflagration 
which attained regrettable proportions was due to 
the engine of the colliding train. 

Under these circumstances we feel we cannot 
deprecate too strongly the fact that Major Pringle 
has, as it seems to us, overstepped the proper 
limits of this case, and has embarked in his 
report upon a discussion of gas and electricity 
as illuminants for railway carriages. After dis- 
posing of all idea that gas caused any serious 
trouble in this instance, Major Pringle discusses 
other cases in which it has done so, and talks 
generally on the subject of replacing gas by 
electricity. This is an undesirable precedent to 
establish. We can only suppose that the promi- 
nence given to the matter in the columns of the 
daily Press seemed, in Major Pringle’s opinion, to 
furnish a reasonable excuse for importing it into 
his report. The duties of the Board of Trade 
—— are to deal with the facts of each case, 
and in this case the gas question seems to 
have been settled by the extincteurs in a very 
definite manner. If it becomes the general prac- 
tice to wander about outside the scope of a case, 
the door would seem open to all sorts of palpable 
absurdities, especially if the cue is to be taken 
from the daily Press. General recommendations 
are in order if facts of broad import arise. In 
this case none did so with regard to gas, as the fire 
was subdued. Of much wider effect was the danger 
from the locomotive fire, but no one te-day would, 
on that score, seriously suggest the abolition of the 
steam locomotive in favour of electric traction. 

We have no doubt that ultimately electricity will 
be universally adopted for train-lighting. Assum- 
ing, however, a thoroughly satisfactory system to 
be forthcoming, which has yet to be proved in the 
opinion of many railways and travellers, a reason- 
able time must here again be allowed for the work 
of conversion, and for writing off and scrapping the 
stationary and other gas plant now owned by the 
companies, as well as for spreading the necessary 
outlay overa term of years. While development in 
electric train-lighting continues at the recent rate, it 
cannot be expected that the companies should adopt 
or convert to it on-wholesale lines. That would 
involve much wasted expenditure. Indian condi- 
tions are not applicable to this country, nor is the 
case advanced by reference to the trains de luxe 
on the Continent, coupled with the statement that 
what is desirable ‘‘for high-class express trains 
will be demanded in the future as the standard.” 
Such an argument might equally well apply to 
the demand for third-class sleepers and other 
things. In fact, there is no doubt that the third- 
class passenger would always like first-class accom- 
modation if he could have it without paying. There 
is clearly a limit as to what it is reasonable to give 
in return for a fare. The time factor in these 
cases is an important one, unless the public will 
supply the money. Even then it is economically 
indefensible to scrap good material wholesale. Of 
course, if nationalisation, which is so much in the 
air, eventually comes, the public will supply the 
funds for any such work—that is, if it be undertaken. 





That it would be, is by no means certain. The 
German railways, State-owned, think gas-lighting 
good enough, we understand, for their patrons. 
It is a point of some interest that two of our great 
railways, which have, perhaps, the most com- 
letely organised electrical departments and have 

en progressive enough to undertake electrifica- 
tion schemes, have not seen fit to convert their 
stock from gas to electric lighting. 

One other point before we conclude. Major 
Pringle suggests that fireworks should be used as 
a protection behind trains. They are so used in 
America ; but there the distances between controls 
are greater than here, and the protection is not so 
complete. Would they have helped in this case ? 
We believe not, for they would never have been 
lighted. If the rear guard had known that the 
delay to the first train was likely to be serious, 
he would have gone back to place his detonators on 
the line, according to rule. Instead he was given 
to understand that the delay would only be short. 
That very fact would also have prevented the use 
of Major Pringle’s fireworks had they been on the 
train. The rule only broke down ina way which 
would have rendered nugatory this suggestion to 
use flares. 

We cannot refrain from complimenting the 
Midland Railway Company on the manner in which 
it has weathered so unpleasant an experience as 
this accident must have been, with its repeated 
inquiries, and the great and altogether undue 
notice which has so generally been accorded to it. 
The statement mod by Sir Guy Granet, supple- 
mented ky those of other officials, &c., is extremely 
creditable to the railway. We only regret that all 
the good work done recently should only become 

ublic knowledge through such an inquiry as this. 

he attitude of the public, at least its unreasonable 
side, towards the railways is often due to misin- 
formation. The companies should not wait for an 
inquiry into an accident to let the public know 
what is being done for their advantage. In 
America they have learnt to do things otherwise, 
because popular demands have become oppressive, 
as they bid fair to do here. The large companies 
have many of them departments whose duty it is 
to see that information of any progressive policy 
on which they may embark duly reaches the public. 
One lets everybody know through the daily Press 
that it is abolishing grade or level - crossings ; 
another that it is conducting surprise tests for 
enginemen, and gives the results. By another, the 
adoption of steel coaches, or of the block system, is 
proclaimed, and so on. Labour matters are also 
dealt with in this way. Why, in like manner, 
should not our English lines also court a little 
publicity? Unless some such attempt be made, 
the misconceptions now so prevalent will un- 
doubtedly gather head. It is to the mutual 
advantage of both parties that these should be 
dispelled. Can that possibly be accomplished when 
the railways work so quietly and unobtrusively 
that their very silence is taken as condemnatory 
and indicative of an unprogressive policy? The 
maintenance of this attitude will lead to difficulty 
in these days of public criticism, much as retiring 
and reserved men often find themselves the victims 
of unexpectedly and inexplicably unjust treatment. 





CHAIN-DRIVING IN TEXTILE MILLS. 

THE question of textile-mill driving is undergoing 
investigation at the hands of a Special Committee 
appointed by the Textile Institute, and already 
some extremely useful work has been accomplished. 
At the 1912 Hawick Congress four papers were read 
dealing with the employment of steam, gas, and oil 
prime movers, and also with electricity as a means 
of transmission. Subsequent discussion at Man- 
chester and Bradford resulted in the obtainment 
of some most excellent information, which has 
already been published. To further the work, 
the Committee invited Mr. H. T. Hildage, 
M. Inst. C.E., to read a paper on ‘‘ Chain-Driving 
in Textile Mills,” at a meeting held in Manchester 
on the 25th inst. Subsequently it is proposed to 
have a paper on “‘ Rope-Driving.” Further than 
this, the Committee are preparing a set of ques- 
tions which it is proposed to submit to the manage- 
ment of various textile mills, and will later 
appoint a visiting committee to obtain data relative 
to the various drives. In his paper Mr. Hildage 
summarised the advantages to be obtained from 
chain - driving as follow :—(1) Improvement in 
quality and product due to uniformity of turning ; 
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(2) increase in production ; (3) saving of space ; 
(4) lower first cost ; and (5) economy of power. 

A number of striking installations were described 
in the paper, and in connection with a woollen 
mill in Yorkshire a series of tachograph diagrams, 
showing clearly the increased regularity secured by 
the employment of a chain drive, were given. 

Probably, at the moment, the most interesting part 
of the paper was that which dealt with ‘‘internal 
drives on the machines themselves.” For many 
years chains of the roller type have been employed 
with success in various textile machines, particularly 
carding - engines and heavy woollen looms, and 
the increased application of such means of power 
transmission is well within the range of immediate 
po sibility. One known application and one pos- 
sible application were illustrated. In the discussion 
that followed the reason for the employment of a 
chain to drive the swing motion in roving-frames 
was stated to be improved regularity in the rovings 

roduced. This was deprecated by certain speakers, 
Put it is so. Under the old conditions, where the 
swing-wheels rise and fall, breakages were common, 
but. apart from this, it has been found that the effect 
of ths rise and fall is to accelerate the motion of the 
carrier-wheel employed during the ascent, and to re- 
tard it during its descent. The bobbins are affected 
in the same way as the carrier-wheel, with the 
result that stretching or thickening of the roving 
takes place alternately. Naturally, irregularities 
occur in the roving. To obviate these defects a 
silent driving-chain is employed, and in order to 
obviate slackness as the motion swiogs, a specially 
mounted carrier-wheel is employed. This motion 
in a modified form was described by Mr. Hildage. 


Another recent application, not described, is that | posed 


of a chain-driving motion for looms. It is usual 
to transmit motion from the main shaft to the 
tappet-shaft by means of spur-gearing, so that the 
disadvantages of gearing running at high speeds 
are always likely to become evident. In the new 
application chain-driving is employed, sprocket- 
wheels being mounted on the crank-shaft and 
on the tappet-shaft, the chain also passing round 
a third chain-wheel mounted in the lower part 
of the loom-framing. The claims made for this 
method are justified in practice. ‘There is a more 
even drive, free from fluctuation, and there- 
fore it is possible to speed up the loom without 
achange of pulley. The noise of running is re- 
duced and the drive is altogether more itive. 
One important feature is that when, owing to a 
trap or the inability of the shuttle to reach the 
box, the subsequent impact caused by the loom 
‘* banging-off” is thrown upon the first motion, the 
chain acts as a kind of buffer, so that the loom 
is stopped before the second motion receives the 
shock. In the generally employed method the 
whole impact is focussed upon a given point— 
namely, one tooth, resulting in many cases in the 
breakage of that tooth. There are numerous other 
applications which will, no doubt, be evolved in the 
near future. The great deterrent will undoubtedly 
be the cost of such applications. 

Considering the delicate and intricate operations 
performed by textile machinery, its cost is ridicu- 
lously cheap. When one considers that an efficient 
plain loom can be purchased for 8l., there is not 
much margin on which to work. It cannot be 
argued that we have reached finality in textile 
machinery design; far from it; but it must be con- 
tended that the spinner and manufacturer is pro- 
vided with machinery which will do all that he 
asks of it at a remarkably low first cost. It will 
be necessary to demonstrate very forcibly the 
advantages to be secured before one can hope 
to see any very considerable application of such 
improved means as chain transmission. Just as 
the electrical engineer had to devote considerable 
time and money to missionary work in the textile 
industries in order to obtain recognition of his 
system of driving, so also will the advocates of this 
new drive have to act before it is completely 
accepted. The paper read by Mr. Hildage is, we 
believe, the first one to be entirely devoted to the 
question of chain-driving in textile mills, and it is 
worthy of wide publicity. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

No doubt in an old and well-settled country the 
Opportunities for a further development of its 
resources by the execution of well-considered 
public works are less obvious than in regions where 





all, or almost all, is yet to do. Nevertheless, no 
one, we think, would seriously maintain that there 
is not still in this country an ample field for public 
improvements by which great economies in manu- 
facturing costs might be effected, and the ameni- 
ties of life enhanced. In fact, every advance 
in civilisation creates new needs ; but though the 
investor has the courage to promote, and the 
engineer the ability to carry through, public works 
likely to prove of the greatest benefit to the nation, 
Parliament has become more and more infected 
with the spirit which regards the investor with 
suspicion. It seems to forget that ability and enter- 
prise have a claim to a fair reward, and that if they 
cannot find it in one country they will seek it in 
another where juster views predominate. 

With this spirit daily becoming stronger in Par- 
liament, it is not surprising that in successive years 
the Gazettes show a continuous decrease in the 
engineering schemes for which Parliamentary sanc- 
tion is sought. In fact, the November Gazettes 
contain now probably not more than one-fourth 
the number of pages usual a few years ago. 


Rattways. 


The work proposed by the Great Western Rail- 
way includes an improvement at Rogerstone, 
Monmouthshire, to their Western Valley line ; 
whilst at Margam, in Glamorganshire, new junc- 
tions are to be constructed between the company’s 
South Wales branch and the dock branch of the 
Port Talbot Company. In Neath what are, 
apparently, additional sidings to the Vale of Neath 
branch are to be laid. A deviation, about ? mile 
long, of the Western Valley branch is pro- 
near Cross Keys Station. Further work 

ro .in Wales is a junction at Pembrey 
[Scbenesthend between the South Wales line and 
the Swansea District branch, whilst the line 
between Pontardulais and Hendy Junction is 
to be widened. Other widenings proposed are at 
Cwmdows level-crossing on the Pennar branch, at 
the Pont-Sarn level-crossing, and at Miskin level- 
crossing (both on the South Wales Railway), and 
at the Tirydail Station level-crossing on the 
Llanelly line. In Devonshire, junctions between 
the South Devon line and the Torquay branch are 
to be made at Newton Abbot, and in Staffordshire 
between the Birmingham, Wolverhampton, and 
Dudley branch, and the Oxford, Worcester, and 
Wolverhampton line at Bilston. 

The Midland Railway Company propose a number 
of new works, having as objects the development 
of the London, Tilbury and Southend Railway, 
of which they have become the proprietors. It is 
understood that ultimately the company intend to 
claim their share of the Continental traffic to 
Northern Europe, and will run fast boats between 
Tilbury and Ostend. Some of the work now pro- 
posed will apparently be somewhat expensive. In 
particular the new Stepney and Bromley Rail- 
way, which is to commence in a junction near 
we smd Station with the London and Blackwall 
Railway, and end in a junction near Bromley 
Station with the company’s Gas Factory junction 
line. At Hornchurch, Essex, a junction, to be 
known as the Hornchurch curve, is to be made 
between the Barking and Pitsea line and the com. 
et Romford branch. Further, the existing line 

tween Barking and Upminster is to be widened. 
In Ireland a small deviation is to be made at 
Killowen, in the junction between the Coleraine- 
arene age line and the line from Ballymena to 
Portrush. The company also seek powers to under- 
take the working of the Tottenham and Forest 
~~ a, 

e Great Northern Railway Com ro 

to run a new line from their Waltham branch at 
Melton Mowbray to Welby. A deviation is to be 
made at Wood Green, on the Enfield line, which is, 
moreover, to be widened on both sides at Southgate. 
A number of important widenings are proposed 
on the company’s main line. Of these the most 
important ap to be from Bawtry to Rossing- 
ton, a distance of about 5 miles. Another widening 
is to be carried out between Grantham South 
signal-box and the River Witham Bridge, and from 
Gamston signal-box to Retford. The Nottingham 
branch is to be widened for a distance of about 
1} miles, from Trent box to Muskham. 

In another Bill, promoted in conjunction with 
the Metropolitan Railway Company, it is proposed 
that the two companies shall constitute a joint com- 
mittee to take over and work the Great Northern 
and City Railway. The Bill in question grants 





powers for the construction of a junction between 
the Great Northern Railway at. Finsb Park 
and the Great Northern and City line at yton 
Park, whilst at the other terminus junctions are to 
be made with the Inner Circle and with the Waterloo 
and City Railway. A further clause in the Bill 
oe the Metropolitan Railway ——— to 
make a junction at Harrow-on-the Hill between 
their Uxbridge branch and the South Harrow line. 

The Great Eastern Railway Company intend to 
lay an additional line of rails on the south side 
of their Colchester branch at Mile End Old Town, 
and another line of rails from Poplar to West Ham. 
This will involve a bridge over the Lee. In 
West Ham an additional line of rails, involving the 
bridging of the City Mill River, is to be laid on the 
north-west side of the Colchester main line, and 
further work of a similar character is to be carried 
out at Ilford, a new track being laid on the north 
side of the Colchester Railway. At Ipswich a new 
track is to be laid on the north-east side of the 
Norwich branch, whilst a new siding is to be con- 
structed at Chelmsford. 

The London, Brighton, and South Coast Railway 
Company propose to widen their West-End and 
Crystal Palace line on the north side from Balham 
Junction to Streatham High-road, and thence on 
the south side for a short additional distanco. 
An additional widening is to be made at Norwood 
Junc'ion, whilst the Peckham and Sutton branch 
is to be widened at Tulse Hill, an operation which 
will involve some disturbance of the London, 
Chatham and Dover Railway. 

The North Eastern Railway Company propose to 
construct at Longbenton a junction between their 
Newcastle and Berwick branch, and the Blyth and 
Tyne Railway. In addition, the Berwick line is 
to be widened between Killingworth Station and 
Forest Hall Station. A new line is also to be laid 
from Grangetown Station to Redcar Wharf. Other 
work pro in the Bill is a loop at Middles- 
brough to the existing West Marsh branch, and at 
Tickhill (West Riding) to the South Yorkshire 
line of the Joint Committee. Powers are also 
sought to take over by purchase or lease the 
Brampton Branch Railway, Cumberland, and also 
the Scarborough, Bridlington, and West Riding 
Junction Railway. The Bill also has a clause 
empowering the company to operate a ‘‘ trackless 
trolley” system across their high-level bridge at 
Newcastle. 

The proposals made this year by the London 
Electric Railway Company include no further 
extension, but seek powers to build a subway from 
the Tottenham Court-road Station to the adjoin- 
ing station of the Central London Railway. In 
Piccadilly-cireus it is pro to construct a sub- 
way under the Circus from Swan and Edgar's to 
the company’s station, and additional subways are 
also proposed at Trafalgar-square. These are, it is 
understood, to accommodate moving stairways. 

The Mansfield Railway Company have a Bill 
sanctioning junctions with the Great Central Rail- 
way at Kirkby and at Edwinstowe, whilst powers 
are also sought for branches to the Chipstone 
Colliery and to the Rufford Colliery. 

A Bill is being promoted to revive the powers 

nted in 1901 for a junction between the Isle of 
ight Railways and the London and South- 
Western Railway Company by means of a tunnel. 

The Alexandra (Newport and South Wales) 
Docks and Railway Company propose to widen 
their existing line at tone and to make a 
junction near Bassaleg Station with the Brecon and 

erthyr Tydvil line, and with the London and 
North-Western Railway near Nine Mile Point 
Station. 

The Mold and Denbighshire Railway Company 

ropose to construct a new line, 1 mile 4 chains 
me (to be known as the Bodfari curve), which will 
form a junction between their metals and those of 
the London and North-Western Railway. 

The aap point of interest in the Bill pro- 
moted by the Brecon and Merthyr Tydvil Railway 
is a proposal to abolish the existing restrictions in 
their running powers over the Bargoed branch of the 
Rhymney Railway Company. 

The Rhondda and Swansea Bay Railway Com- 

ny pro to widen on both sides their main 
ine (inclusive of the bridge at ay over the 
Avan) from Aberavon to the Copper Miners’ level- 


crossing at Michaelstone Lower. A new line— 
apparently a siding—is also to be laid down in 
Aberavon itself. 

The Central London Railway Company is seek- 
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ing powers to enlarge ites tunnels along Holborn, 
from Kingsway to Holborn Bars, and there are also 
clauses in the Bill authorising the construction of 
subways between the company’s Oxford-street 
Station and that of the Bakerloo line. Another 
subway is to be constructed from Shepherd’s Bush 
Station to the Uxbridge-road. 

In Cornwall, the St. Ju-t’s Railway Company, a 
new incorporation, is seeking powers to construct 
about 15 miles of new line from a junction at St. 
Austells with the Great Western Railway to a new 
quay to be built at St. Just. The route to be 
followed traverses Lamorran and Philleigh. 

The oft-rejected Northern Junction Railway 
makes still another appearance. It is proposed 
to build a line from a junction at Old Brentford 
with the South-Western metals to junctions with 
the Great Northern Railway at Finchley and 
Southgate. Junctions will also be made with the 
Metropolitan District Railway at Park Royal, with 
the Ealing and South Harrow line at Hanwell, at 
Wembley with the Great Central Railway, and at 
Willesden with both the Metropolitan and the 
Great Central Railways. 

A Bill is being promoted for the construction of 
an electrically-operated ‘‘tube ” between North 
and South Shields, passing under the River Tyne. 

The Rhymney Railway Company seek powers for 
constructing near Caerphilly a junction between 
their Penallta line and the Taff Vale extension of 
the London and North-Western Railway. 

In the Bill promoted by the Hull and Barnsley 
Railway Company a junction at Sculcoates is pro- 
posed between the company’s main line and their 
Neptune-street and Alexandra Dock line, and also 
with their Neptune-street and Springhead line. 
A widening and deviation of the company’s main 
line is proposed at Howden. Another clause in the 
Bill authorises the Great Central and Hull and 
Barnsley Joint Committee to make a junction at 
Bentley between their No. 2 and No. 6 authorised 
lines, now in course of construction. 

The Bill promoted by the North British Railway 
Company proposes the taking over the Invergarry and 
Fort Augustus Railway, and empowers the County 
Council of Inverness to subscribe 50001. towards 
the purchase price. Powers are also taken to 
abandon the existing pier in Loch Ness, and the 
portion of the line leading thereto. 

In Ireland, the Cavan and Leitrim Railway Com- 

ny propose tho construction of a short branch 
om Arigna Station to River Lower. 


Lieut Rarways, TRAMWAYS, TRACKLESS TROLLEYS, 
AND OTHER MecHanicaL TRACTION SCHEMES. 


The term light railway includes lines running on 
their own right of way, but also lines which differ 
from tramways solely by legal definition. A tram- 
way which traverses the areas of more than one 
local authority may be constructed under the 
Light Railways Act, whilst if it be wholly com- 

rised within a single such area it is a tramway 
in the eye of the law. Of light railways in the 
original sense of the term the most important 
proposal a rs to be one for a line in the 
North Riding of Yorkshire, extending the Forcett 
Railway from Forcett to Hutton Magna. In Flint- 
shire, the Flint Light Railways Company propose 
to construct, at Holywell, junctions with the 
London and North-Western Line. Of the tram- 
way brand of light railway, one of the most im- 

rtant proposals is that put forward by the 
Orban District Councils of Wombwell, Wath- 
on- Dearne, Bolton-on- Dearne, and Thurnscoe 
(West Riding), for the construction of what are 
in effect tramways, from a junction with the existing 
lines in Barnsley, to Wombwell, Wath-on-Dearne, 
and Mexborough. From Wath-on-Dearne there 
will be lines to Swinton and to Thurnscoe. Powers 
are taken either to give or receive a supply of 
electricity in bulk. An ambitious proposal is that 
of the Glasgow Corporation, which involves the con- 
atruction of about 21 miles of new track. Running 

wers are also sought over the tramways in Airdrie 
and Coatbridge. Ina similar way the Corporation 
of Newcastle-on-Tyne are anxious to speculate in 
transport well outside the city limits. Not merely 
do they propose to construct new tramways through 
Longbenton to Weetslade, but to establish in the 
independent area of Longbenton motor-bus services, 
a clause in the Bill giving the Board of Trade 
powers to over-rule any objections of the local 
authority. The Walsall Corporation are also pro- 
moting similar schemes, taking powers to operate 
a trackless trolley system or motor-bus services to 





Pelsall, Wyrley, Camwick on the one side, and 
to Great Barr on the other. The Leeds Corpora- 
tion Bill contains, in addition to proposals for new 
tramway lines within the borough, proposals for 
operating motor-buses or trackless trolley-cars out 
as far as Otley and Burley-in- Wharfedale. 

The London County Council proposals are this 
year of little interest. For the present, at any rate, 
the extravagant proposals to lay down long new lines 
of tramway along routes where the cost of construc- 
tion would be unwarrantably great are abandoned ; 
but their Bill contains proposals for work in. the 
City, which must necessarily be very expensive. 
Powers are sought to extend the Aldgate-street 
line to Tower Hill and to Aldgate Station, and the 
Farringdon-road lines to Ludgate Circus. In order to 
get room for the Aldgate extensions it is a 
to widen the roadway at Aldgate, Tower Hill, and 
Mansell-street by reducing the width of the foot- 

ths. The same expedient is to be resorted to 

om Lee Green to Eltham, a distance of about 
1} miles. 

The London United Tramways Company propose 
no new work, but seek powers to enter into agree- 
ments for through running with other tramways, 
and also to postpone the period at which their under- 
taking can be acquired by public authorities. 

Unimportant extensions of existing lines are 
proposed at Rotherham, Birmingham, Chesterfield, 
Newport, Aberdeen, Great Yarmouth, Bolton, and 
Preston. Powers to run motor-buses or to operaté 
trackless-trolley lines are sought by Preston, Aber- 
deen, Birmingham, Reading, York, Birkenhead, 
Newport, and Cleckheaton. 

The Bournemouth and District Railless Traction 
Company propose to instal this system at Bourne- 
mouth, taking also powers to run motor-buses ; and 
a similar scheme for Poole is promoted by the Sand- 
bank Railless Electric Car Company. A number of 
new lines are proposed by the Norwich Tram- 
ways Company, who also desire to abandon part of 
their existing lines, and operate motor-buses. An 
interesting proposal emanates from Oxford, where 
the Electric Tramways Company are promoting a 
Bill for the purchase of their lines by the Oxford 
Corporation, who are to remove the tracks and 
make good the streets. The Bill confers on the 
Corporation a motor-bus monopoly, with powers 
to exercise this through the company. 

We shall deal with the remaining schemes in 
our next issue, when the time for filing notices 
will have expired. 





THE RAILWAY CONCILIATION 
SCHEME. 

A situation is developing in connection with 
labour matters on the railways of this country 
which is of interest to all large employers. This 
is primarily due to the fact that it is now open to 
the respective parties to the railway conciliation 
scheme for dealing with questions affecting wages, 
hours or conditions of service, to notify their desire 
to revise or determine it. We may recall that, in 
its present form, the scheme is based upon the 
recommendations of the Royal Commission of 1911, 
which was appointed as the result of the strike of 
railwaymen, and a subsequent agreement entered 
into in December, 1911, by representatives of the 
railway companies, the trade unions of railwaymen, 
and the Board of Trade. Clause 53 provides that 
the scheme shall remain in operation until Novem- 
ber 6, 1914, and thereafter subject to revision 
or determination as — apy company by 12 
months’ notice, given by the company or by a 
majority of the aggregate representatives of em- 
ployees on all the conciliation boards for the com- 
pany’s system. 

It is generally understood that the National 
Union of Railwaymen are advising the men’s repre- 
sentatives on the conciliation boards to give notice 
to terminate the scheme, and the notices are 
expected to be served on the Ist proximo. It 
is also rumoured on good authority that effort 
will be made to induce the railways to negotiate 
with the executive committee of the National 
Union of Railwaymen with the object of drawing 
up an amended scheme. 

The desire of the National Union to amend, not 
to end, the conciliation scheme is a significant 
admission that it has been the means of materially 
improving the service conditions of railwaymen. 
The last Board of Trade Railway Returns show that 
in the year 1909 the wages paid by fourteen selected 
companies in their permanent way, locomotive, and 





traflic departments amounted to 14,470,250/., while 
last year the total was 16,004,1271. is year’s 
figures will be much higher. Further evidence of 
the satisfactory manner in which the conciliation 
machinery has generally worked is to be found in 
a recent Blue Book [Cd. 7037] containing the 
settlements effected under the 1911 scheme. Out 
of 219 settlements, . 107 were made by agreement 
between deputations of the men and the com- 
panies ; 93 were by mutual agreement between the 
two sides of conciliation boards ; four by agreement 
arrived at with the mediation of an independent 
chairman appointed by the Board of Trade; and 
in only fifteen cases, or less than 7 per cent. of 
the whole, was it necessary for the independent 
chairman to give a decision in the exercise of his 
functions consequent upon failure of the two sides 
to agree. 

But it would appear that this record of achieve- 
ment is not regarded as representing sufficient ‘‘pro- 
gress” by the men, and it is clear that the revision 
of the conciliation scheme is part of a settled plan 
having for its object the forcing of railway companies 
to grant official recognition to the men’s trade 
unions and higher wages and shorter hours to the 
men. The demand for recognition is an old one. 
So far, the North-Eastern Railway is the only large 
company which has granted it, and strong views 
adverse to recognition are held by most railway 
managers and directors. Moreover, the Royal 
Commission of 1911, after hearing the evidence 
of all parties, reported that :—‘‘ With their great 
responsibilities, the companies cannot and should 
not be expected to permit any intervention between 
them and their men on the subjects of discipline 
and management.” But outside of discipline and 
management there are many matters affecting the 
men, while the changed situation in regard to 
trade unionism on railways is an important factor. 
The National Union claim to have enrolled from 
3000 to 4000 new members weekly for a consider- 
able time past, and its total membership is said to 
amount to some 270,000, as compared with less 
than 100,000 three years ago. If the executive 
committee can show that it is able effectively to 
control its members and can give guarantees for 
the observance of contracts, most commercial men 
would incline to the view that the case for recog- 
nition in some form or another is reasonable. 
Everything depends upon the strength of the case 
in this respect. 

In this connection we note with satisfaction that 
the National Union of Railwaymen are making a 
bold stand against the policy of sympathetic 
strikes by railwaymen. It is obvious that railway 
employees are peculiarly concerned in this matter, 
and, if encouraged to do so, might be constantly 
raising trouble in regard to “ blackleg”’ traffic. 
The recent strikes in Liverpool and Birmingham 
demonstrate this. We do not expect that railway- 
men would pledge themselves not to strike under 
any circumstances, although from the point of view 
of the community they have as little right to strike 
as have employees of the State ; but they should be 
prepared to give pledges for observance of con- 
tracts and settlements: On this basis an applica- 
tion for recognition of the National Union would be 
one for very serious consideration. 

Other matters that will probably arise include 
the extension of the scope of the conciliation 
scheme. The National Union recently absorbed 
two other railway trade unions, and now caters for 
all persons employed by railway companies. There- 
fore, the larger the number of grades embraced in 
the conciliation boards, the more powerful will the 
union become. The conciliation scheme is at 
present limited to ‘‘ railway employees engaged in 
the manipulation of traffic,” a definition that 
obviously excludes mechanics, artisans, labourers, 
and many other employees of railway companies. 
Disciplinary matters have also been cited by the 
men’s representatives as fit matters for considera- 
tion. We should ourselves regard the conciliation 
boards as entirely unsuited to perform the func- 
tions of appeal , and such a situation would 
be most objectionable from the point of view of 
effective management. At the same time, any useful 
suggestions for removing causes of discontent or ill- 
feeling between employers and employed are to be 
welcomed ; and, as bearing on the matter, we may 
recall that the Select Committee which recently 
reported on the conditions of Post Office servants 
recommended that when an employee is charged 
with an offence of such a character that disciplinary 
action may be taken, he should be entitled to the 
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assistance of a friend in the service, or of an officer 
of his Association. 

Another proposal which will be put forward by 
the National Union of Railwaymen is likely to 
arouse a difference of opinion amongst railway 
trade unionists. This is a request for the abolition 
of what are known as sectional conciliation boards, 
and the substitution of one composite board for 
each railway. This would give the National Union 
a controlling voice in all matters at issue, and 
would be opposed to the interests of the only other 
trade union of railwaymen—viz., the Associated 
Society of Locomotive Engineers and Firemen, a 
body of about 31,000 members. This union desires 
to maintain the conciliation scheme on grade or 
sectional lines, for reasons that are obvious. We 
understand that with this object the Associated 
Society has put forward to the railway companies 
the following proposals :— 

1. That a fuller recognition should be given to 
the representatives of the trade unions. 

2. That all matters affecting the contractual 
relations between the company and its employees 
shall come within the scope of the conciliation 
scheme. 

3. That a conciliation board shall be established 
on all railways for engine-drivers, firemen, loco- 
motive cleaners, and motormen, distinct and apart 
from all other grades. 

4. That vacancies shall be filled by election at 
any time other than six months before re-election. 

5. Sectional boards by twelve months’ notice to 
have power to determine the scheme. 

The precise bearing of these proposals will be 
apparent when the National Union’s notice is served 
upon the companies. Meanwhile, it is clear that 
railway labour questions, and particularly the 
matter of trade-union r ition, are likely soon 
to ‘* bulk large”’ in the public eye. 








NOTES. 
Naval CabDEtTs. 

As one result of the investigations of Admiral 
Sir Reginald Custance’s committee on the system 
of the entry and training of cadets and midship- 
men, certain modifications have been made, and 
are this week officially announced, regarding the 
entry of naval cadets. The usual charge to 
parents is 75/. per annum during the course of 
the training at Osborne and Dartmouth. The 
committee recommended that a certain number of 
entrants should only be charged 241. per annum, on 
the principle that genius is not the 7 of 
the class which can afford to pay high fees 
Hitherto ‘‘a limited number” of sons of officers 
of the Navy, Army, Marines, or of civil officers 
under the Admiralty, were admitted under a 
reduced scale of 40]. perannum. In the new regula- 
tions now issued, the number of officers’ and officials’ 
sons so admitted is not to exceed 10 per cent. of 
the total entrants, while others will be granted the 
same privilege up to 25 per cent. of the total en- 
trants. Thus, from the general community there will 
each year be entered 15 per cent. of the total who 
will only require to pay 40/. per annum instead of 
75l.; but if the sons of officers and officials fall 
below 10 per cent., the number from the general 
community will be increased proportionately. Of 
course, the reduced scale ‘* will be allowed only in 
cases where the i circumstances of the 
parents are, in the opinion of the Lords Commis- 
sioners of the Admiralty, such as to justify it.” 
The Admiralty, too, can reject any cadet who 
during the period of training shows himself to be, 
in their opinion, unsuitable for the naval service 
on intellectual, moral, or other grounds. The new 
regulations, now in force, give full particulars, as 
well as information regarding the qualifying ex- 
amination, and can be got by application to the 


Admiralty, and those looking out for a career for 


their sons should carefully consider the opening 
thus widened by the Admiralty. 


Procress In BatrugesHip Desicn. 


The battleship Emperor of India, formerly named 
the Delhi, launched from Messrs. Vickers’ works 
on Thursday last, is the fourth floated this year 
for the British Navy, and a fifth, the Tiger, will be 
launched at Clydebank a fortnight hence. In 
addition three foreign ships have been launched, so 
that the total number of ships of the line is eight, 
a number which no country in the world has 
equalled. These ships tend to become more 
and more powerful, and consequently the time 





involved in their construction, the capital required 
for the equipment and maintenance of factory, and 
the experience requisite in the workmen, become the 
=. Mr. Albert Vickers, the chairman of the 

ickers Company, at the luncheon which followed 
the launch of the Emperor of India, gave some 
a ht into the immense p: in design that 
has made. He said that in respect of gunnery 
the advance in the past seven years had been un- 
equalled in any corresponding period in the history 
of naval construction. This he forcibly illuminated 
by stating that the muzzle-energy developed by one 
round from all the guns in the latest battleship 
was equal to lifting the battleship through a 
height of 27 ft., or completely out of the water, 
whereas the corresponding energy developed by 
one round of the guns in the Dreadnought of 1906 
would only raise the same load through 17 ft. 
He referred also to the fact that the ballistics had 
been arranged to ensure greater accuracy and less 
wear. At the same time the power of the big 
gun in battleships was between 50 and 60 per 
cent. greater, and by reason of the improvements 
in the gun-mountings, the effectiveness of the 
complete battery was probably doubled, This 
was more remarkable as the length. of the 
ship had only increased by about 20 per cent., 
and the displacement by about 50 per cent., 
while the speed and armour protection had also 
beep greatly improved. In respect of cruisers 
he pointed out that in the corresponding period 
the collective gun power had been ovat four- 
fold, while the — had enormously gone up; 
but here the displacement has practically doubled 
and the horse-power trebled, to give a speed 5 or 
6 miles per hour higher. 


Marine SteamM-TurRBINES AND GEARING, 


In a paper on ‘‘Steam-Turbines,” read by Dr. 
Bauer before the meeting of theSchiffbau-Technische 
Gesellschaft, held in yee on the 20th 
inst., we find it stated that the total horse-power 
of marine turbines built in Germany to the end of 
1906 amounted to 97,000 horse-power, whilst the 
figure will reach at the end of the present year a 
total of 3,200,000 horse-power. One of the troubles 
the steam-turbine builder had to contend with was, 
he said, damage to the blading ; theory and practice 
had combined together for preventing this trouble 
without, however, complete success so far. He 
classified the difficulties under two headings :—-Difii- 
culties arising from the material of which the blades 
were made and from the manufacture of the blad- 
ing, and difficulties due to outside causes. In regard 


. | to the first, the alloys of which the blades were 


made, he reviewed the well-known experience 
gained in the matter of nickel-steel and copper-zinc 
alloys, and gave a few general data on clearances 
and on blade-fixing. In rd to outside causes, 
the blading might, he said, become damaged in some 
instances foreign bodies entering the turbine, 
but the most frequent and most serious damage to 
turbines was due to water-hammer, a danger which 
specially threatened when in turbine installations 
the forward and the astern runniag turbines were 
set working alternately. Water in turbines, even in 


large quantities, caused, he added, no trouble when | pq 


the turbines ran in normal service always in the same 
direction of rotation. The sudden entry of water 
into the turbines when starting up, or when revers- 
ing, was, however, a dangerous incident. The author 
illustrated the point by showing views of the 
damaged guide-blades of an impulse turbine. He 
then reviewed recent developments involving the 
insertion between the turbine and the propeller- 
shaft of a non-reversible mechanical g, or of 
a reversible epenes. sdb se ym he main ad- 
vantages of the mechanical gearing were the possi- 
bility of employing high ratios of transmission, and 
its high efficiency. Its main disadvantages were the 
transmission of the power by mechanical parts 
working together under pressure, resulting in an 
evident delicacy of thetransmission mechanism ; the 
necessity, in the case of very high powers, of a large 
subdivision of the driving turbines, whereby com- 
plications and losses in economy were to be feared ; 
finally there was the non-reversibility of the system, 
which latter disadvantage entailed a series of others, 
rendering the aes of mechanical gearing more 
difficult to warships and liners. To these conse- 
quential disadvantages must be added the danger 
of the water-hammer above referred to, and the 
difficulty of using superheat, since without previ- 
ously heating them up it was dangerous suddenly to 
supply the forward running or astern turbine with 





hot steam. There was also the impossibility of 
attaining high astern efficiency, since special astern 
turbines were necessary for this, and these astern 
turbines could not be made by any means so large 
as the forward-running ones. The circumstance 
that the turbines ran at one time forward, and 
then astern, might, he said, lead, where there 
was slight deformation of the blades, to blade- 
stripping. The main advantages he claimed for 
the Fottinger transmitter were its reversibility ; 
the absence of parts in contact, the power being 
transmitted simply by water, whereby there re- 
sulted the highest possible safety in working ; 
and the possibility of transmitting the greatest 
— without subdivision of the turbines. Its 
isadvantages were : the somewhat lower efficiency 
of transmission, since, when special attention was 
paid to attaining the best efficiency, the transmission 
ratio was low—the speed reduction ranging from } to 
a eee md +, limits which, however, gave ho 
of further developments in higher ratios. e 
author further added that the efficiency of the 
Féttinger transmitter was from 88 to 90 cent, ; 
by adding to this 1.5 to 2 per cent., being the 
saving due to utilising the water heated in the trans- 
former for boiler feed, the total efficiency was 90 to 
91.5 per cent. The mechanical gearing had an 
efficiency of from 97 to 98 per cent., less 0.5 per 
cent. thrust-block friction (in the Féttinger trans- 
mitter the propeller-thrust and secondary wheel- 
thrust practically balanced each other), also ven- 
tilation losses when running astern, which, when 
a good astern turbine was provided, amounted to 
2 per cent.; there thus remained 94.5 to 95.5 per 
cent., equal to 4 or 4,5 per cent, greater efficiency 
for the mechanical gearing. With mechanical gear- 
ing, moreover, ratios of 4; were applicable only to 
the transmission of comparatively low powers, whilst 
for transmitting higher ones, where 3000 horse- 
power per driving-wheel formed the limit, only ratios 
of 1 to 4 or 1 to 6 were applicable. The Féttinger 
transmitter, he added, tly facilitated the man- 
cwuvring of a ship. The author gave compara- 
tive illustrations of installations on board ship, 
comprising direct-working turbines and turbines 
coupled to transmitters, showing the simplicity of 
the latter and the space saved thereby. He also 
= drawings showing the engine-room of a 60,000- 
orse-power battleship equipped, on the one hand, 
with turbines and mechanical gear, and, on the 
other, with turbines and the Fottinger transmitter, 
the advantage being, he claimed, on the side of 
the latter. 





BoroucH Po.yrecunic InstiTvTe.—A conversazione 
in celebration of the twenty-first anniversary of this 
Institute will be held to-day and to-morrow, at the 
Institute’s premises, 103, Borough-road, S.E., com- 
mencing both days at 7.30 p.m. The workshops and 
laboratories will open, and demonstrations of gless- 
blowing, acetylene welding, &c., will be held. 





Conrracts.—The Mirrlees Watson Company, Limited, 
of Glasgow, have recently received orders for condensing 
plant from fourteen industrial firms, collieries, gold and 
other mines, corporations, &c., in this country and the 
Colonies.—Messrs. W.. Holland and Sons, Limited, Miles 
Platting, Manchester, have placed an order with Messrs. 

id. Bennis and Co., Limited, Little Hulton, Bolton, 
for a complete coal and ash-handli plant, which 
includes a coal-conveyor, ash-elevator, an ash-bunker. 
The capacity of the plant is about 5 tons of coal and 
5 tons of ash per hour. The overhead coal-bunker has a 
capacity of about 15 tons.—Messre. Ourran Brot 
furnace-builders, Cardiff, have been favoured by H.M. 
War Office with an order for a large number of furnaces, 
to be erected on the ‘* Curran ” patent system of heating, 
at the Royal Arsenal, Woolwich. 


Personal. — Messrs. Hunt and Mitton, Oozells- 
street North, —s= State that, for family reasons, 
they have conve their business into a private 
limited company, under the name of Hunt and Mitton, 
Limited. The company. will be under the same 
ment as the firm, an conversion will not affect 
the general conduct of the business.—The er Oil- 
Separator Coens Limited, engineers and contrac- 

Union orks, Sayner - road, Hunslet, Leeds, 
states that the title of their company is now altered to 
“Bakers (Leeds), Limited.” This change of name has 
been considered necessary on account of their having 
taken over the boiler works of the executors of Barker 
Oxley, and now being in the manufacture of all 
classes of riveted and ded steel-work, repairs and 
constructional work, in addition to their speciality, the 
manufacture of the patent oil-separator for exhaust 
steam.—Mr. A. E. Brewer, who has acted in the capacity 
of manager for the old-established Geun of Hanes, 
John Bellamy, Limited, of Millwall, for the past 24 
years, has now joined the board of directors, and wi 
continue the active management of the business as manag- 
ing director. 
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THE CHILIAN BATTLESHIP * ALMIRANTE 
LATORRE.” 

Sm W. G. Armstronc, WuHiITwoRTH AND Co., 
Limrrep, launched from their Elswick shipyard, on 
Thursday of this week, the first of two battleships 
being built for the Chilian Navy. This vessel, named 
the Almirante Latorre, has been designed by Mr. 
J. BR. Perrett, of the Elswick firm, and in her 
characteristics she is only equalled by the Queen 
Elizabeth class, the second of which, the Warspite, 
was launched on the preceding day from the Devon- 
port Dockyard. The keel of the Chilian warship 
was laid earlier, and her design antedates that of the 
Warspite. It is therefore interesting to examine = 
ticularly the offensive qualities of each ~, e 
Queen Elizabeth t mounts in the primary battery 
eight 15-in. guns, firing projectiles weighing about 
1850 lb., while the Chilian ship is to have ten 14-in. 
guns, firing 1400-1b. projectiles. The secondary battery 
is in the one case fourteen 6-in., and in the other six- 
teen 6-in. breech-loading guns. 

In ao recent article (page 530 ante) we fully 
described the Queen Elizabeth, and the particulars 
apply to the Warspite. The Alm‘rante Latorre is a 
rather larger ship, the length being slightly greater, 
and the displacement tonnage 500 tons more, partly 
because she uses coal and oil instead of oil only, not- 
withstanding which she is to steam 23 knots. The 
ee is 625 ft., beam 92 ft., draught of water 28} ft., 
and displacement 28,000 tons. The propelling machi- 
nery will consist of turbines by Messrs. John Brown 
and Co., Limited, Clydebank, supplied with steam from 
boilers by Messrs. Yarrow and Co., Limited, Scotstoun. 
Prot ction is afforded by a Krupp armour-belt of 9 in., 
tapering to 6in., and ese is a belt 44in. thick above 
this, as well as a heavily armoured deck. The heavy 
and light guns will be protected by 10-in. and 6-in. 
armour respectively. Each of the two Chilian ships will 
be manned by a complement of 1100 officers and men. 





AIRSHIP-BUILDING WORKS. 

Tue First Lord of the Admiralty, in every speech 
made on naval affairs in the t few months, has 
referred in unmistakeable terms to the great need 
of an air fleet, including airships, aeroplanes, and 
hydroplanes, and he has indicated very clearly his 
determination to ensure that these shall be provided 
in adequate numbers for the Navy without delay. 
This announcement has been well received, and is the 
more important in view of the fact that in the German 
Navy Estimates for next year 400,000/. is included for 
aviation and aeronautics. A great amount of experi- 
mental work has been done, not only by the Navy Air 
Department, which is under the directorship of Captain 
Sueter, but by Messrs. Vickers, Limited, and the 
courage and enterprise which they display in connec- 
tion with the building of submarines is to find a 
counterpart now in their attitude towards the new 
aerial navy. It is gretifying also to kaow that Sir 
W. G. Armstrong, Whitworth and Co., Limited, are 
taking up with their characteristic ability the building 
of all types of airoraft. There is now under construc- 
tion by the Vickers Company, in Walney Island, 
opposite Barrow-in-Furness, a shed capable of hous- 
ing the largest models of airships built by the 
firm, while at Cavendish Dock there is a building in 
which the work of constructing and testing the 
balloons will be carried on. The machining of the 
constructional parts of airships will be carried on 
in the naval construction factory, and the whole of the 
assembly of the parts and the erection of the air- 
ships themselves will proceed in the new shed at 
Walney Island. 

The new shed at Walney is a structure of modern 
design, with sloping sides and arched roof, guaran- 
teed to withstand the fiercest gales that are likely 
to be experienced on the west coast of England from 
time to time. In many ways the site chosen for 
the erection of this shed is most suitabie, not the least 
advantage being that, given ordinary fine weather, a 
ship can be taken out and trials conducted over sur- 


roundings which are quite free from obstructions of 
any kind for several miles radius. 
The internal dimensions of the shed are :—Length, 


540 ft. ; breadth, 150 ft. ; height, 98 ft. The breadth 
enables two of the largest ships to be built side by 
side. The foundations of the shed consist of solid 
reinforced-con:rete blocks of special design, with 
foundation bolts set in. The door area of the shed is 
laid throughout with 6-in. of concrete, ensuring a 
dry and level floor. The main columns, of which there 
are thirty-four on each side, consist of two uprights of 
pine timber in one length, suitably braced with timber 
and bound with steel rods, each — forming a rigid 
column. In view of the great width of the shed, the 


roof principals are of very special construction, con- 
sisting of pl wood compression-members arched to 
the shape of the roof, supported below by mild-steel 
tie-plates and tension-rods. 

The weight of one of these principals is about 8 tons, 
and in order to place these in position on the uprights, 





alter being assembled on the ground, it was found 
necessary to’erect a large travelling gantry, on rails, 
to be used for lift‘ng the principals, the lifting tackle 
being attached at seven points in the girder. The 
lifting was done by hand-winches worked from the base 
of the gantry. A platform at the top of this scaffold 
enabled the men to carry out the work of fitting the 

urlins, rafters, &c., into position in comparative com- 
ort, with a rigid platform some 20 ft. below. 

The walls and roof coverings consist of pine board- 
ing, tongued and grooved, the walls being creosoted 
outside and inside, and the roof covered with a layer of 
waterproof felt. Effective lighting and ventilation is 
embodied in the design. In order that the work may 
be carried on efficiently when hydrogen gas is being 
used, all secondary arc lights will be enclosed in air- 
tight lamp-boxes built into the side of the shed, en- 
suring complete safety against explosion or fire. 

At each end of the roof are fitted towers, from 
which the work of taking out a ship when completed 
can be directed. ‘These towers are in communication 
with one another by a gway running the whole 
length of the shed under the ridge of the roof, from 
which a staircase leads down tothe ground. A runway 
extends the full —_ of the building capable of 
lifting 2 tons, situated below the gangway. 

A special feature of this shed is the fitting of double- 
hinged doors at both ends instead of curtains as usually 
provided. These doors are of special construction, con- 
sisting of a strong metal framework suitably stayed 
and covered with Pine boarding tongued and grooved. 
They are designed to withstand the full wind pres- 
sures when closed. In view of the weight of each 
door and their peculiar construction, they are each 
mounted on two roller paths, and opened and shut by 
means of hand-operated gears acting on the wheels of 
the outer path, the inner wheels acting as guides. 
The disposition of the wheels, four in number, sup- 
porting each door, forms a movable base, at the same 
time ensuring the requisite stability necessary when 
opening and closing the doors. When full open, the 
doors form an le of 108 deg. with the end of the 
shed, leaving a clear space for taking out a ship in 
fine weather. 

For the safe handling of a ship when being warped 
in and out of the shed, three lengths of rails are 
fitted extending the full length of the shed inside, and 
about 450 ft. outside at both ends. By this means 
the ship is ‘‘ tied” to trolleys on the underside of the 
rails and run out ‘‘at the double,” being in the 
hands of marines. The system of fitting three sets 
of rails spaced wide apart, and the extra width of 
the shed, enables the ship to be placed diagonally, if 
required, to suit the direction of wind and taken out 
head to wind. The hinged doors, too, when open, 
afford additional protection from the wind. As the 
winds in these parts are least during the early morn- 
ings, and assistance may be required to take a ship 
out at short notice, accommodation for 200 men is 
arranged for in wooden buildings beside the main shed. 
In order to facilitate the handling of the ships when in 
the open air, mooring masts are provided as required 
clear of the flying area, and strong ring-bolts mounted 
in concrete blocks in the g ‘are fitted at various 
points of the aerodrome. A complete system of fire- 
extinguishing is embodied in the equipment of the 
shed, and enables eight jets to be brought to bear on 
the building, the water being pumped from a reservoir 
on the site. 

The airship envelope and gas- 
of a — well-lighted building, 


factory consists 
ft. by 100 ft. by 


60 ft. There are also several small buildings adjoining 
where the processes pre tory to making up are 
carried out, and a store ohne a large stock of balloon 


fabric and the various solutions necessary for the work 
are kept. The factory, when in full working order, 
will employ about 100 hands, and will be capable 
of constructing one non-rigid sirship envelope per 
month, as well as the gas- for rigid airships on 
order. Special long cutting-out tables have been 
installed, also sewing and cutting machines of a 
special type adapted for balloon work. The cut- 
ting- machine is capable of cutting from ten to 
twenty layers of material at one time. The work 
is of such a delicate nature that hand labour must 
be used to a large extent. All the joints made in the 
material have to be made as strong as the material 
itself, and must also be im canals. The methods 
adopted have been selec after a close study of 
English and Continental methods, and are considered 
superior to any in use on the Continent. A wide 
selection of materials is used, varying according to 
the type and size of airships under construction ; for 
instance, for the envel of non-rigid airships very 
strong and comparatively heavy materials have to be 
used to withstand the stresses on them, whilst for 
the ballonets of these, and the gas-bags for the 
rigid airships, much lighter fabrics may be used. 
Special materials and methods are used to make 
the fabrics almost impermeable to hydrogen. The 
material for outer covers of rigid airships is, again, 
different. This is only a surfacing material, and need 
not be hydrogen-tight, but only water-proof and 





weather-resisting. It can, therefore, be as light as 
possible, consistent with sufficient strength to allow it 
to be drawn taut to prevent flapping, and to be handled 
without tearing. 

It is ene ry aged good balloon work that all 
materials should be accurately tested. A strength- 
testing machine, similar to that used at the National 
Physical Laboratory, has been installed for this pur- 
pose. The special feature of this machine is that it 
applies a load at asteady, constant rate, so that errors 
due to varying rates of testing are eliminated. An 
apparatus has also been designed for accurately testing 
the permeability of hydrogen through the fabrics, a 
sample cut from each length of fabric being tested for 
permeability. 

The airship shed at Cavendish Dock is built over 
the water, with one side resting on the dock-side, and 
is 534 ft. long, between centres of columns. The main 
columns and roof trusses are spaced at 50 ft. centres, 
and are connected by continuous lattice girders at the 
centre line and at 25 ft. from the centre line, these 
lattice girders carrying a runway on their lower flanges 
suitable for lcads up to 2tons. The main columns on 
the water side are connected by and rest on double 
lattice girders carried on pile clusters. There are two 
intermediate columns and trusses between each main 
column. All columns are of lattice-box type, the main 
columns being 3 ft. wide, and the intermediate 12 in. 
wide, built of angles diagonally braced on all sides. 
The land columns rest on concrete foundations, and 
are also piled. 

One end of the shed is closed in by a \/-shaped end 
of similar construction to the main building. The 
other end is closed by means of a canvas curtain above 
the ground-level, and by a steel gate covered with 
boarding from ground to water-level. The canvas 
curtain is built up on vertical wire ropes, with rollers 
at the top and bottom, and is senjeniind toon a suitable 
girder at the top, acting as a runner ; the bottom 
rollers act as a guide. The vertical wire ropes are 
stayed by means of wire-rope guys, led to pile clusters 
at the side of the shed, so as to leave the opening clear. 
The curtain is opened and closed by means of a winch 
with three eo and can be opened or closed in 
fifteen minutes. e clear opening through the 
curtain when furled is 70 ft. wide by the full height 
of the shed. The opening through the gate is 44 ft. 

The sides and closed end of the shed are covered 
with No. 22G corrugated iron, with a window, 20 ft. 
by 13 ft. 6 in., between every two main columns, alter- 
nately 15ft. and 33ft. above ground to the bottom of the 
glass. The roof is boarded and covered with fibre cement 
slates. There are eighteen B yyle’s ventilators on 
ridge, of 36 in. diameter head. For a length of 350 ft. 
the shed is now boarded over at the ground-level, and 
in the remaining part there is a platform 28 ft. wide 
on the land side. For drawing the ship from the shed 
a bollard has been fixed some distance from the end of 
the shed on a pile-cluster and fairleads fitted on the 
dock-side. 

An extensive factory for the production of hydrogen 
has also been constructed. Messrs. Vickers have 
acquired all rights in the Joubert process largely 
used in France, and of which we hope to give a 
description later. 





ON CHANGE OF RANGE IN ACTION. 

In view of the controversy in the daily Press on the 
design of the Dreadnought type of battleship, and of the 
importance of the in number of large guns in each 
ship being effective at my | range and during change of 
range, through the use of thoroughly efficient fire-control 
methods, we think that the following letter, recently 
written by Mr. A. W. Pollen to a correspondent in reply 


to an inquiry as to how great a change of range was to be 
expec in a modern engagement, will be read with 
much interest. 


S1r,—The reason that Admiral Sir Reginald Custance 
and many other writers, both English, European, and 
American, have laid it down that naval gunnery can 
only be effective when opposing ships are on identical 
courses, and at cig emg equal speeds, is that in 
any other relation there must be a changing range. It 
is therefore taken for granted that change of range is 
fatal to efficiency. This must obviously be so, if the 
factors creating the change, and hence the change itself, 
are unknown. But if these are known, the change can 
be instrumentally eliminated. The question is, How far 
are these ascertainable ? f 

In a recent publication, Rear-Admiral Bradley Fiske, 
of the American Navy, himself a pioneer of fire control, 
laid it down that a of range of 160 yards a minute 
was considerably more than could be expected in action. 


Now 160 yards is ac! of range which would be created 
if two ships ing 24 ts were to approach end on. 
The speed of fhe modern battle-cruiser is said to exceed 


30 knots. If, therefore, two such ships were to approach 
end on at full , & change of range of over 2000 yards 
a minute would be created. This may be r ied as the 
maximum that can be created. The question I am asked 
is, What is the maximum that will be created? The 
reply can only be shat it depends upon the tactical ideas 
of ers of the opposing forces. 

It seems very obvious that there are two schools of 
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tactical thought straggling for mastery in the navies of 
the world to-day. One school believes that, once in the 
neighbourhood «f the enemy, it will be possible to 
manceuvre to obtain a favourable position before engaging 
in the final melée at short range. They think that, in the 
interval between the fleets being, so to s in sight of 
each other and close engagement, there 1s _e for the 
employment of tactical skill resulting in a relative dis- 
tribution of forces that should be favourable to the side 
which is the better handled. It is thought that during 
these manceuvres possibly an overwhelming advantage 
may be obtained by long-range fire. 

The other school holds that the moment an enemy is 
seen, the fleet should form as rapidly as possible and 
close immediately and at top speed to the range preferred 
for action, then to turn into a course parallel to the 
enemy’s, 80 as to engage him in conditions as favourable 
as possible to the rapid and effective use of artillery. 
The first school relies upon the closing movements being 
more or less — at long range, so that the change 
of range would not be very high, and hence that gun-fire 
could reasonably be expected to be effective. The second 
school, however, have no intention of voluntarily sub- 
mitting to long-range fire in such conditions, and rely 
upon the use of their speed to create so great a change 
of range during the approach as to afford an absolute 
protection against hostile artillery. 

When the Dreadnought design was first proposed. it 





of the scale between the tenth and twelfth minutes shows, 
in Fig. 3, every 50 yards change in the rate as it occurs. 

What is involved in enabling guns to maintain con- 
tinuous hitting in such changing conditions as those 
illustrated ? The standard of accuracy required for hivting 
is half of the danger s he Whits ” is making an 
end-on attack on * Black,” the artillery conditions are 
more favourable for ‘‘ Black” than for ‘‘ White,” because 
the length of ‘* White’s” ships adds so much to the 
danger space of the target. At 14.000 yards, therefore, 
“B ” will have to know the range within about 100 

ards (0 7 per cent.), and at 7000 yards within about 125 
1.8 per cent.). ‘‘ White,” supposing it wished to 
**Black,” would have to know the range within 20 yards 
at 14,000 (0.14 per cent.), and within 50 yards at 7000 
(1.16 per cent. ). 

It is clear that it is not sufficient to know a range at 
- one moment. A right range must be set on all the 
sights, and it must then be changed in exact accord with 
the movements of both ships, after allowance has been 
made for the change in the that takes place while 
the projectile is in the air. is allowance may exceed 
200 yards at 14,000 yards. Exact knowledge of the enemy’s 
8 and course are essential. 

It will be quite fatal for ‘‘ Black” to continue the 
900-yard rate into the third minute, when it is already 
changed to 725, while he could not obtain the initial rate 
correctly he undere:timated ‘‘ White’s” speed by 























trying to maintain a reasonably steady course, it will be 
impossible for many ships in a line of ships to avoid 
some helm movements if anything approaching accurate 
station is to be kept. Should the necessity arise for 
** Black” toc course, the rear ships of line will 
be apt to be under continuous helm for some minutes 
before and after the change of course is made. Whatever 
arrangements, therefore, “‘Black” employs both for 
ascertaining the speed and course of the enemy, and for 
keeping his sights changing in the terms of a forecasted 
rate, they must be such as will be unaffected by his ships 
being putunder helm. If the rate-keeping device satis- 
fies this cundition, there is no reason why being under 
helm should cause a cessation of fire, for guns can 
trained much more rapidly than a ship can be turned. 
Thus, while ‘‘ Black” could not hit “White” in the 
10-12 minute period there is no reason why ‘‘ White” 
should not bit ‘‘ Black,” assuming ‘‘ Black’s” speed and 
course to be known. 

And, lastly, there is a condition the im of 
which cannot be overrated. ‘ White's” ag and 
course having been ascertained, it may easily happen 
that his ships may be completely concealed from view for 
periods of a minute or more at a time, either by the 
smoke of his own guns or by the spray and smoke caused 
by the bursting of ‘* Black’s” projectiles on striking the 
water. ‘‘Black’s” arrangements for keeping the rate, 
therefore, must von! be dependent on a continuous supply 











































































































was officially given out that the purpose of giving these ; 2 knots, or failed to get the exact angle of his course by | of ‘* White’s” ngs. 
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ships a high speed was to enable them to maintain a/} point. It is clear, too, that in the interval from the| In other words, it is indispensable to fire-control, if it 


range favourable to the use of their long-range guns. It 
is obvious that if an enemy decides to close at top speed, 
the only way of ‘‘maintaining” a range is by retreat, 
and it is very doubtful to-day if any Commander-in-Chief 
would have the moral courage to order so extremely 
equivocal a movement. If, therefore, a force led by a 
tactician of the first school were to en a force led by 
a tactician of the second, it seems a that the first 
force, unwilling to increase the change of by advanc- 
ing on the enemy, and unable to reduce it by retreat, 
would yh — form in a 4 ~. so as to 
receive the ap ing enemy with the maximum 
number of guns Penring. : 

_If this supposition is correct, while it ma; 
sible to answer the question, ‘‘ What is the test 
change of range that may be expected’” it mes 
obvious that the minimwm change of that must be 
expected is that which can be set up in these conditions. 
This minimum will naturally depend partly on the — 
of the fleet attacked, but much more on the speed of the 
fleet attacking. The diagrams herewith illustrate this 
proposition generally. 

ig. 1 shows a “Black” fleet formed in line ahead, and 
travelling from left to right at 20 knots. The “White” 
fleet, also at 20 knots, is in line abreast, and is advancing 
approximately perpendicularly on the course of ‘‘ Black.” 
At each two minutes a slight change of course is made by 

“White,” and at the tenth minute ‘‘ White” turns 
together from line abreast to line ahead, so as to form 
up parallel to ‘* Black.” 

@ second diagram, Fig. 2, shows a time and range 


be impos- 





scale esteating conssoutive ranges from the first minute 
to the fourteenth, and the slope of this line indicates the 
rate from moment to moment. It 
the first minute and a half the rate is 
900 yards a minute ; it changes then from 1} minutes to 
725, increases then to 850, dro 
775, and between the tenth an tw 
: - ards to mil. A rate 
e 


th minutes drops from 
protractor, Fig. 4, shows how 


will be seen that for | tional light. 
practically steady at | employ his 


in to 725, increases to ! 


tenth to the twelfth minute, that the rate c 80 
rapidly that ‘‘ White ” could probably complete the turn 
to parallelism without running the smallest risk from 
** Black’s” fire. ‘‘ White’s” period of danger would be 
not during this turn, but in the Ls ay ae periods. 

The oe of ‘ Black ” hitting during this period 
depends upon two things. First, there is the capacity to 
ascertain ‘*‘ White’s” speed and course exactly, and to check 
the change of course the very moment it occurs. Nex 
* Black” must be agate, once ‘* White’s” speed an 
course are known, to forecast the rate of change, and to 
cause the sights to change their setting in exact coinci- 
dence with the — in the range as they occur. 
are the —— s of fire control. But to be useful 
they must, as [ think is clear from this illustration, be 
carried out both instantaneously and synchronously with 
the occurrence of the two movements. The whole operation 
must occupy — no time at all. That is the first, and 

haps the most difficult, of the conditions that has to 
met. 

But it must next be remembered that no tactical in- 
formation can be obtained about an enemy’s ship except 
by the agency of a range-finder. When suitably mounted 
and controlled, the range-finder can yield a succession 0! 
ranges and ings. ut usually range-finders can only 
be used when the light is exceptionally bright. There 
are apt to be come hours of half-daylight in the early 
morning and in the evening, and sometimes whole days of 
opaque atmosphere, when nothing at a greater distance 
than a few hundred sme off can be seen through the 
range-finder at all, although objects 5 miles off are dis- 
tinctly visible to the naked eye. Unless, therefore, 
“Black” is furnished with range-finders of quite excep- 
thering capacity, he will not be able to 





-control in the early morning and the late 
evening, or in thick and hazy weather. 

Next, it is not easy in rough weather to keep a range- 
finder continually trained and laid upon a target. It must 
be mounted in a special manner to render these operations 


ope cf the lines indicates the rate. An enlargement|easy and continuous. Again, while “Black” may be | 


is to be battleworthy, that it should be absolutely acou- 
rate in the results it gives; that it should be instan- 
taneous—or, in other words, automatic—in its action ; 
that it should be helm-free, weather-proof, and capable 
of being used in a half-light. re are, of course, many 
other conditions that it ought to satisfy. For instance, 
it must not make too heavy demands either on the num- 
bers or on the skill of the personnel. But it would prob- 
ably be found that if it fulfils the conditions I have 
enumerated it will necessarily comply with all others that 
are likely to be raised. 
Tam, Sir, yours truly, 
A. H. Pouien, 
14, Buckingham-street, London, W.C. 





INTERNATIONAL TaBLE OF Atomic WricutTs.—The 
sapere for 1914 of the International Committee on Atomic 
“ight, consisting of F. W. Clarke, W. Ostwald, 
T. Th and G. Urbain, does not propose an 
in the Table of Atomic Weights issued for 191 

of Applied Chemis 
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no changes should be 
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The ngress 
1912 passed a resolution that 


f | made, for legal and commercial work, before the date of 


the next congress, 1915, because the Pa ch 
had proved embarrassing to technical mists 
Committee has found it easy to omy with this wish, 
for the work of the past year, though by no means un- 
important, did not call for any corrections of the atomic 
weights such as would affect technical chemistry. We 
notice in the report presented by Sir T. E. Thorpe to the 
Chemical Society that the presumption is in favour of 
Hénigschmid’s low value for the atomic weight of radium 
225.97, against the ee value of 226.4, 
but that a change in tho table is not yet deemed advis- 
able. Another interesting point is that su 
complexity of tellurinm hes once more been investi- 
Dudley and .Bowers with negative results ; 


gated 
' thus A 2... is once more recogniced as an elemen- 


tary body. 
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THE LATE MR. JAMES HOWDEN. 


Tue death of Mr. James Howden, who, by his work 
directed towards increasing the efficiency of the steam 
boiler, has merited a place in the record of the recent 
history of steam engineering, will be widely regretted. 
Endowed with all the tenacious characteristics of the 
Scottish race, and with a large measure of ingenuity, 
he, partly by dint of application and perseverance 
along the lines of trial and error, achieved far-reach- 
ing results, which were not always so — 
recognised as their potentialities justified. -day, 
however, there is no question of the value of the 
work he did, particularly in the introduction of a 
system of heating forced oa for increasing the 
evaporative efficiency of steam boilers. It is applied 
now to every type of marine boiler, whether of the 
tank or oan. design, and has resulted not only 
in an appreciable decrease in coal consumption, but 
also in ter durability. These benefits are of as 
great wokin: te the high-speed merchant and war-ship 
as to the cargo liner ; because, in the case of fighting 
ships, the radius of action has been increased, in high- 
speed merchant ships the weight of boilers and fuel 
been reduced, fore in cargo ships the economy has 
oftentimes, in periods of depression, transfe: the 
balance in working results from the debit to the credit 
side of the ledger. The system, it should be remembered, 
is applicable not only to the use of coal, but also to oil 
fuel, and in this latter respect Mr. Howden again 
showed his inventive ingenuity in adapting mechanical 
details to the new conditions. In other directions he 
made his impress on engineering from the creative 
point of view ; but one must not forget in any appre- 
ciation of his work the value of his criticism, sendin 
at all times, tenaciously in intent, and, if directed 
sometimes towards establishing the superiority of 
his own conceptions of boiler design, at the same 
time useful in its stimulus to general discussion and 
reform. 

Mr. Howden built up his reputation and bis business 
without adventitious aid during the whole course of 
his eighty-one years of life. He was born in 1832, at 
Prestonpans, in East Lothian, the scene of one of the 
memorable Jacobite battles, and was educated at the 
Parish School there and at that of the neighbouring 
village of Tranent, under the care of one of the 
many old schoolmasters, who did more for their 
oath by the solidity of the foundation laid for the 
acquisition of future knowledge in the school of 
the world than can always be credited to many of the 
teachers of to-day, who are concerned more with 
the instilling of knowledge than the development of 
the power to acquire it. Karly in his youth Mr. 
Howden proceeded to Glasgow, beginning his pro- 
fessional career, when fifteen years of age, as an 
apprentice in the works of Messrs. James Gray 
aa Co., engaged in the manufacture of blowing- 
engines and of steam-engines for driving factories. 
Before his apprenticeship was completed he became 
chief draughtsman, and in 1853 he very wisely chose to 
broaden his experienge by entering the drawing-office 
of Messrs. Bell and Miller, civil engineers in Glasgow, 
who were then, and for many years afterwards, 
engaged on important railway and other bridge and 
hoteeaiie work in various parts of the country and in 
India. After being nine months at this work, the 
subject of our memoir obtained an appointment with 
Mr. Robert Griffiths, whose name is identified with 
the screw propeller. He was, however, only a short 
time on this work, deciding, in 1854, to begin 
business on his own account in general engineer- 
ing practice. About this time he designed machinery 
for rivet-making, disposing of the patent to a Bir- 
mingham firm, and thus began a long series of i:ven- 
tions. He also for a period utilised his sparc time as 
a teacher of drawing in the old Government School of 
Art in Glasgow. 

Mr. Howden began his work in connection with 
marine engineering in 1859, when he contracted to 
construct compound engines and water-tube boilers 
generating steam at 100 lb. pressure for the Allan 
liner Ailsa Craig. The boiler was of his own a.“ 
and as the compound engine was not then generally 
adopted, the single-cylinder engine with steam at 
20 Ib. to 25 1b. being still in use, the move made 
by Mr. Howden was indicative of that enterprise 
and courage which was characteristic of all his work. 
Indeed, at that time he had conceived the idea of 
triple compounding, using steam at from 150 lb. to 

lb. pressure, although the proposal was not 
carried out in practical work until much later. His 
business steadily grew, and in 1862 he purchased 
ground in Scotland-street, near to the site of his present 
works, and founded the firm of James Howden and 
Co. Nine years later he had to remove to a larger 
site further west in the same thoroughfare. There 
he constructed marine engines and boilers for many 
of the principal lines, including the P. and O., the 
Cunard, the British India, the Inman, the Hamburg- 


Amerika, the City, the Clan, the Allan, and the Nippon 


Yusen Kaisha. 
While thus engaged in ordinary manufacture, Mr. 





Howden’s experimental faculty was active, and from 
1862 onwards he worked continuously, as the exigencies 
of manufacturing work permitted, on the method of 
improving the evaporative efficiency of the cylindrical 
boiler. But it was not until the early ‘eighties that 
the question came prominently to the front. At that 
time the demand for higher speed, particularly for 
light cruisers and high-speed merchantmen, was great, 
and there was a tendency to demand more from the 
existing boilers by high air-pressure in the stokehold 
than may have been prudent. Mr. Howden devised a 
— of forced draught in which the air was passed 

rough tubes in the boiler uptake, and thence into a 
reservoir formed on the furnace door, which thus had 
an inner and outer plating. The ashpit, of course, 
was closed, and the hot air was admitted above and 
below the grate through valves which regulated the 
flow, and therefore the pressure of the air draught. 
There was thus not only increased evaporation and 
saving of space by possible reduction in the heating 
surface of the boiler, but also economy in fuel. It 
was also found that the heated air was less injurious 
than the cold air of the stokehold system, especially 
at the junction of the tubes with the tube-plating. 
Later Mr. Howden introduced a system of spiral 
deflectors in the tubes, in order more effectually to 
bring the hot gases into contact with the heating 
surface. 

The first installation of the system was made in 
1885 in a vessel trading to the West Indies, and named 
the New York City, and following this the advantages 





THE Late Mr. James Howven. 


of the system became fully appreciated. Mr. Howden 
then ceased to manufacture engines, devoting him- 
self almost entirely to the construction of boilers and 
the apparatus necessary for the application of his 
system. In 1898 the business had increased to such 
an extent that he had to extend his producing faci- 
lities. Later the system was applied to many naval 
—_ as well as merchantmen. 

n 1900 Mr. Howden produced a special design of 
high-speed engine of the forced-lubrication type, for 
the generation of electricity. This engine qonelies 
the accumulated experience of his earlier years, and 
is based on practically the same design as the marine 
engines built by him, one of the leading features 
being the method of conveying the steam from one 
cylinder to another without using outside pipes. 
Since then he developed a separate department for 
the construction of this type of engine in units up to 
2000 horse-power. He, however, recognised early in 
the steam-turbine era that this prime mover was bound 
to take a high og and he produced a large number 
of Howden-Zoelly impulse steam-turbines, the most 
important being those constructed for the Corporation 
of Manchester, the fourth set made being of 30,000 
horse-power. The boiler problem continued to have 
fascination for Mr. Howden, and amongst his latest in- 
ventions was a combination sectional water-tube boiler, 
to embody the best features of the cylindrical ty 
with those of the water-tube boiler. This was specially 
arranged to utilise the hot-air system of draught. For 
the manufacture of these boilers he organised new 
works at Govan, and many contracts are now bein 
carried out for the electric power-stations of the lead 
ing corporations, as well as for steamship owners. 
Thus, even with advancing years, Mr. Howden con- 
tinued active, jally in connection with experi- 
ments and invention, the management of the manu- 
facturing department passing to his nephew, Mr. J. 
Howden Hume, on the conversion of the concern into 





a limited company in 1907, while one of his sons, 
Mr. William H. Howden, became a director, and 
took over the conduct of the high-speed engine and 
turbine works. 

Mr. Howden was the last survivor of the original 
members of the Institution of Engineers and Shi - 
builders in Scotland, which was founded in 1857. 
He became a member of the Institution of Civil 
Engineers in 1892, and was one of the early members 
of the Institution of Naval Architects. He contributed 
many papers to the Proceedings of such institutions, 
the more notable having reference to the screw- 
a gpoarsy. to the comparative merits of water-tube 
and cylindrical boilers, upon which, at the time of 
the controversy he held strong opinions, as well as 
to his system of forced draught. He was a member 
of the Advisory Committee of the International Engi- 
neering Congress, held at Chicago Exhibition in 1893, 
when he read & paper on forced combustion in steam- 
boilers. In the City of G w he occupied a high 
— in the respect of his fellow citizens, being a 

ustice of the Peace, and a member of the Merchant’s 
House and of the Corporation of Hammermen. He 
did not, however, take any part in the public life of 
the city. 

Although an uncompromising critic, expediency 
never swayed him from the path along which honest 
conviction led him. He was scrupulous in his search for 
truth, and when he made a mistake was ready to admit 
it. He had ideals in respect of business as wel as in re- 

ard to the conduct of life, and strove to attain to them. 
is death, therefore, is widely regretted, particularly 
as it was unexpected. He had been at business to 
within a short time of his death ; but had gone to a 
nursing home to undergo an operation. On the day 
as that on which he died he was considered to 
pro ing satisfactorily, considering his advanced 
years, but he had a relapse and died during the after- 
noon of the 21st inst. 





_Copprgr OrE.—Extensive copper-ore deposits have been 
discovered on the south side of Stora Blasjon, Frostviken, 
Jimtland, Sweden. The ore is reported to be of high 
quality, and over distances of as much as 600 ft. it reaches 
to the surface. 





Hovusz-Drainack Law.—Mr. W. Addington Willis 
delivered a few days ago at the Institution of Civil 
Engineers, Lecture 1. of the Chadwick Public Lectures, 
on ‘The Pipe of Dissension.” He stated that the law 
of sanitary —.. was scattered piece-meal among 
many Acts of Parliament. The various statutes, and 
the decisions thereon, constituted a puzzle of uncertain- 
ties, inconsistencies, and sometimes absurdities. After 
a brief sketch of the history and evolution of the present 
law, the lecturer proceeded to a consideration of the 
eternal question of ‘‘Sewer or drain?” Upon the correct 
answer to this question depended the liability of main- 
tenance ; and if a pipe was a sewer on private land, the 
owner’s proprietary ~ were affected by the Council’s 
rights of access and the prohibition against build- 
ing over sewers without the Council’s consent, which 
it was in their power to give or withhold. The defi- 
nition of ‘‘drain” was so cast that any pipe which 
did not exactly coincide with the definition fell into the 
category of a ‘‘sewer.” Drains might be used for rain- 
water only, and, according to the cases, might include 
the stack-pipes on houses. All drains which were not 
“‘ drains” were ‘‘ sewers.” But as it was essential that a 
sewer should, generally speaking, carry its contents away, 
pipes which ended in a cesspool were not ‘‘ sewers,” not- 
withstanding the apparent decision to the contrary in 
several law cases. One of the most interesting rulings 
of modern times was that a sewer, vested in the 
council, might exist entirely on private property, and 
it was the establishment of this principle which had 
given rise to many of the anomalies and ips (from 
the ratepayer’s point of view) existing at the present 
time. e law of drainage had its doctrine of con- 
version, for where two drains from separate sets of 
premises met, they generally constituted a sewer from the 
= of juncture. These joint sewers might be made 

wfully or unlawfully. The astonishing feature of this 
doctrine of conversion was that, broadly speaking, if 
@ private individual effected a combination of drainage 
surreptitiously and without authority, the law rewarded 
him, or at least his successors, by throwing the lia- 
bility of maintaining the unlawful connection on to 
the ratepayers. ight boroughs in London spent 
annually on an ave’ 21002. each in repairing these 
unauthorised sewers. ecatch phrase, ‘‘Once a sewer 
always a sewer,” had to be used and received with 
caution. A recent case had shown one exception at 
least to this—namely, when a Metropolitan Council exer- 
cised their power to compel a wrongdoer to restore un- 
lawfully constructed drainage to its proper condition. 
Even if it became a sewer by such wrongful acts, it 
did not continue to be a sewer after the restoration. 
The lecture concluded with a consideration of the ques- 
tion whether a rain-water pipe fixed to a house can be a 
sewer. Mr. Justice . in one case, regarded the 
suggestion as ridiculous, but at the same time admitted 
that decided authorities gave support to it. Ridiculous- 
ness was not a fatal termination to a proposition in 
drainage law. If this were entirely new ground, any one 
would hesitate to answer the question in the affirma- 
tive, and so probably would the Courts if they were not 
bound by decided cases. 
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CUTTING POWER OF LATHE TURNING 
TOOLS. 


(Beinc AN AccouNT OF EXPERIMENTS MADE IN THE 
Macuine-Toot LABORATORY OF THE UNIVERSITY OF 
SHEFFIELD. )* 


By Professor Wiit1aM Ripper, D.Eng., D.Sc., Member, 
Dean of the Faculty of Applied Science, and Mr. G. W. 
Bus.ey, of the University of Sheffield. 


OssecT OF THE TESTS. 

THE question of the definite measure of the output of 
work, or of the removal of material, of which lathe-tools 
are capable, is one about which there is very little infor- 
mation readily available; and it was for the purpose of 
determining the behaviour of cutting tools over a fairly 
wide series of working conditions, and of deducing there 
from some tical results, that the following experi- 
ments have been undertaken. 

The object of the tests includes the determination of 
the way in which the output, of both high-speed and 
ordinary carbon-steel tools, is affected by such elements 
as the speed of cutting, the depth of the cut, the feed 
of the tool per revolution of the work, the shape of the 
nose of the tool, and the physical properties of the metal 
upon which the cutting tool is acting. In particular, 
the question of the association of a high speed and a light 
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cut versus the association of alow speed and a heavy cut 
received consideration with a view to finding the relation 
of these two factorsto maximum output, 

Further points were to determine whether the above 
relationships are, on the whole, as regular and uniform as 
they may reasonably be expected to be when the con- 
ditions of the tests are approximately uniform; or 
whether they are irregular erratic, as they have some- 
times been reported to be ; also whether the usual work- 
shop notions as to the durability of tools at varying 
cutting speeds are confirmed by careful experiment. 


Typrgs or Toots TESTED. 


Two classes of tools were tested—namely, ordinary 
carbon-steel tools and high-speed steel tools. 

By the term ‘‘carbon-steel tools” is meant tools made of 
ordinary tool-steel, as distinguished from those made of 
self-hardening steels and high-speed steels. The charac- 
—— composition of carbon tool-steel is approximately 
as follows :— 


Per Cent. 
Carbon... 1.3 
Silicon ... 0.12 
0.2 
Sulphur ce 0.02 
Phosphorus ... he ies fs 0.01 
_ Its characteristic behaviour as a cutting tool is that 
it possesses the Property of becoming hardened by heating 
and quenching, and of retaining its ness while work- 


ing as a cutting tool up to a temperature at the nose of 
about 300 deg. Cent., beyond which temperature the 
a ng disappears and the cutting edge ef the tool 
softens. 

By the addition, however, of certain materials in the 
manufacture of carbon tool-steel, the temperature of 
stability of the hardness, or, in other words, the tem- 
perature at which the steel softens or breaks down, due 
to the heat generated by friction at the nose of the tool, 
1s raised, and the ability of the tool to cut is greatly 
unproved. The first step in this direction was made by 


* Paper ry before oe in of Mechanical 
a 
November 2. lak , on November 20, and at London, 





the addition of tungsten to the ordinary carbon steels 
forming the celebrated Mushet or self-hardening steel, 
and raising the temperature of the softening point to 
about 400 deg. Cent. Later, by the further addition of 
chromi and afterwards of vanadium, we have the still 
more celebrated high-speed steels with a considerably 
increased temperature of stability of their hardening 
properties, the steel retaining its cutting edge for a short 
time, even at a visible red heat. 

The increased working temperature of the steel thus 
produced by the addition of these metals to ordinary 
carbon s' has resulted in increasing enormously their 
capacity for output by increasing the possible cutting 
speeds, as well as the possible depths and feeds of cuts 
taken. 


I. Carson-Steet Toon Tests. 


The ordinary carbon-steel tools tested were made from 
§-in. by 4-in. bars, and 6 in. long, and the tools were ten 
in number. The shape of the tool nose adopted as the 
standard shape for the first set of tests was that indi- 
cated in Fig. 1, in which an elevation, sections, and ¥ 
of the nose are shown. The side cutting edge A B is 
horizontal, and inclined at an angle of 25 deg. to the length 
of the tool, so that when the tool is in its correct tion 
in the slide-rest the cutting edge makes an angle of 65 deg. 
to the axis of the work or test-bar between the centres. 
The end of thetool is inclined at an angle of 75 deg. to the 
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length. The angles of the tools were as follow :— 


Top rake, front... 


Side rake ss a 23 
Front or heel clearance si si 5 
Side clearance ... oh : oda ad 5 


These angles were ground exactly, on every tool tested, 
on a universal tool-grinder, so that the question of the 
angles of the tool did not affect the comparative results in 
the first part of the research. 

Test-Bars.—The test-bars on which the carbon tools 
were tested were steel bars of various chemical composi- 
tions and physical properties, four different classes being 
worked upon, mar! W, X, Y, and Z, and varying in 
composition from 0.23 per cent. of carbon to 0.82 per cent. 
of carbon. The bars were made from cast ingots in the 
metallurgical laboratories of the University of Sheffield, 
under the direction and with the kind co-operation of Dr. 
J. O. Arnold, F.R.S., and were about 2 ft. 6 in. long and 
6 in. in diameter when finished, after hammering and 
annealing. : 

Test-Lathe.—The tests were made in a 6-ft. by 6-in. 
centre Lang lathe fitted with a variable-s: rt, 80 
that fine adjustments of cutting’speed could be obtained 
through a fairly wide range, this range being from 10 ft. 
per minute to 300 ft. per minute on a diameter of 6 in. 

Measure of Standard of Blunt of Tool.—The method 
adopted in testing these tools involved the microscopic 
examination of the cutting edge, this being found to 
the only possible method of establishing a standard of 
measure of the working life of the tool. Each tool was 
allowed to cut -* a parma $8 ramen - a 
selected speed with a selected area of cut (depth of cut 
by feed of tool per revolution of test-bar), at the end of 








which time the tool was removed from the tool-holder 
and then placed under the microscope for the purpose of 
examining the cutting edge to see to what extent the 
edge had heen dulled or blunted. A micrometer screen 
in the ogee of the microscope enabled the amount 
of the blunting, to be measured. The dimension which 
was measured in each case is indicated in Fig. 2. The 
degree of blunting, as it may be termed, was not in 
any case of a uniform width lens Se ane of the tool, 
but the width actually measured (that is, the dimension 
W) was the greatest width that could be found under 
the microscope in each case. To determine the limiting 
duration of the test—that is, the duration to uce 
unit bluntness—three and sometimes four tests and micro- 
scopic examinations were made on each tool, at one 
constant cutting speed and area of cut, the tool bei: 
measured for bluntness after each test, and then replaced 
in exactly the same condition and ition in which it 
was when removed from the lathe. us, the values of W 
corresponding to three or four durations were obtained, 
and from these results curves were plotted, and the 
duration of the test which corres led to what was 
adopted as the ‘“‘unit” or “‘standard wear” was found 
by measurement from the curves. In no other way was 
it found possible or practicable to obtain this duration 
satisfactorily. The ‘‘ unit” or ‘standard wear” adopted 
finally was 0.005 in., as this was found to be about the 
average amount of blunting which is usually allowed on 
the cutting edge of a carbon cutting tool in practice 
before it is re-sharpened. In the plan, Fig. 2, the 
squares are ruled on the micrometer screen to the 
standard width, and W is shown equal to 1.9 units or 
1.9 by 0.005—that is, 0.0095 in. 

This method of testing the durability of tools was 
finally adopted after repeated failures to find a method 
of determining a standard breaking-down point for the 
tool. One difficulty arose from the almost invariable 
tendency of the tool to build up a new nose, or new 
cutting edge, on the point of the original one, as shown 
in Fig. 3. This new nose appeared to form a protecting 
cutting edge for the tool and to prolong indefinitely the 
life of the tool; but on examining the matter more 
closely it was found that, although asharp nose was being 
presented to the work, a cumulative blunting action was 

ing on all the time on the cutting edge of the tool 

low the falsenose. As soon as this blunting effect was 
discovered, it became an easy and straightforward task to 
find a measure of bluntness of the given tool for any 

iven duration of oot speed and dimension of cut. 

he false nose is formed by particles scraped from the 
work, which form themselves into a solid mass between 
the chip, the work, and the nose of the tool, the false 
nose mi as the tool itself becomes blunter ; 
the blunting of the tool itself is due apparently to the 
pressure transmitted to the cutting edge of the tool 
through the superimposed material. The built-up nose 
had, of course, to be removed before a microscopic 
— ~a of the bluntness of the cutting edge could be 
made. 


RELATION BETWEEN WEAR OF Too” AND DvuRATION 

or Trst. 

Representative curves showing the relation between 
the wear of the cutting edge (or the above dimension W) 
and the duration of the test are given in Figs. 4 to 11, 
page 738. Each set of curves coqeating the whole figure 
represents experiments made with a definite area of cut 
(depth of cut by feed of the tool per revolution of the 
test-bar). Each curve represents experiments made at 
a definite cutting speed. The areas of cut and test-bar 
designation numbers for which these Figs. 4 to 11 stand 
are as follow :— 


Fig. 4. Area of cut = 0.020 x #, BarW( Mild steel ) 
” 5. ” ” = 0.120 X sy ” wi ” ) 
— a » = 0.020x,, »» X ( Medium steel ) 
wo % ow» » == O10Xy, » X¢ » ) 
» 8 yon = 0.020 X gy » Y( Hard steel ) 
» o ” ” = 0.120 x yf, .* » ¥ ” ) 
“ee »  =0.0280x4 .. 4 Z (Very hard steel) 
» 11. ” ” = 0.120x ge . » Z ” ” ) 
The tensile and compression strengths and chemical 
compositions of the are given in Appendix II. (a) 
and ITT. (c. page 745. 7 
The following is a complete list of all the areas of cut 


used in the tests with carbon-steel tools, these bei 


» ing used 
on each of the four classes of test-bar :— 





Feed per Revolution. 
in. | 





Depth of Cut. 
in. in. 
as 
ve ae 


ats 
as 


| | 


0.020 
0.040 
0.080 
0.120 


ae B 
-{-s 


aa 
Ww oe 
v a 


xxx x 


An important limitation to the size of cut is the heav 
cost of material used up during the tests; but altho 
the ae of be ne are 5 they —_ Le i- 
tions under which a very large ion of the machine- 
tool work of the world done. — 

Altogether about 320 cutting-speed and cut-area com- 
binations were taken, involving the making of about 
1000 individual micro-examinations of the cutting edges 
of the tools. 

In all cases the work has been run dry—that is, with- 
out lubrication at the cutting edge of the tool. 


Currinc Spreps To Propuce Stanparp BLUNTNEsS. 
From each set of wear-duration curves, Figs. 4 to 11, 
the durations for standard or unit bluntness at the 
selected cutting speeds were measured, and these were 
utilised to form speed-duration curves such as are shown 
in Figs. 12 to 15. Thus in Fig. 4 page 738, the dots or 
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poet indicate the results of actual measurements of wear 
or given cutting speeds; then, by noting the points of 
the horizontal line of unit bluntness, with 
the respective curves, the corresponding durations are 
obtained. These results, arranged as a separate figure, 
form the curves of duration for unit or standard wear at 
given cutting speeds. Each curve of this set c 
to one set or batch of curves of the wear-duration variety. 
These fcur figures contain representative curves for each 
of a four test-bars as follow (the area of cut being as 
given) :— 


intersection of 


9.4, RELATION BETWEEN WEAR & TESTDURATION. 
Fig.4. peprn:0-020' FEED: 4 





; RELATION BETWEEN WEAR & TEST-DURATION. 
MEDIUM-STEEL BAR. 


Ftg.6. pepry--720! FeEn: Jf 





Duration ur 


Fig.&. RELATION BETWEEN 
: DEPTH:0-020 FEED 





5 


Units of Wear. 


Duration in 


wuites. 









Fig. 12.—Bar W ... Areas of cut = 0.02 in., 0.04 in., 
0.08 in., and 0.12 in. x »\-in. 

; feed 
Fig. 13.—Bar X ... Areas of cut = 0.02 in., 0.04 in., 
0.08 in., and 0.12 in. x y\-in. 

, feed 
Fig. 14.—Bar Y ... Areas of cut = 0.02 in., 0.04 in., 
0.08 in., and 0.12 in. x »4-in. 

' feed 
Fig. 15.—Bar Z ... Areas of cut = 0.02 in., 0.04 in, 
0.08 in., and 0,12 in. x Jy-in. 

feed 
These curves, owing to their tendency to become hori- 
zontal, seem to indicate that there is a cutting speed for 
each area of cut and each test-bar, beyond which the tool 
would last more or less indefinitely under given con- 
ditions; in other words, it would cut efficiently for many 
hours, but if this speed is exceeded hy from 4 to 25 per 


MILD STEEL BAR. 


AND TEST-OURATION. 
HARD-STEEL BAR.’ 


cent., the conditions are such that the tool will fail some- 
what rapidly. 


Errect OF Hagpness oF Bak on Courtine SPEED. 


Comparisons between the four test-bars in regard to 
the relation between the cutting s and the cutting 
time are made in Fig. 16 (page 739). e area of cut 
selected is 0.040 in. by 7; in., and the tools are run at a 

iven speed until they reach standard bluntness. The 





RELATION BETWEEN WEAR & TEST-DURATION. 
MILD STEEL BAR. 


FUQ-5. pg p74 :0-120' FEED: Ps 


(3746.0) uv 


Fig. 







Duration wv 


(9746.4) 


' Duration in Minutes. 


cutting speeds for any given life of the tool being approxi- 
mately equal to the inverse ratio of the carbon contents 
of the bars. Thus for an 80 minutes’ run the cutting 
speed, Fig. 16, for the hard bar (C = 0.82) is 5 ft. 


r minute, and the cutting for the soft (C= 
.23) is 15 ft. per minute; that is, the sean Be pony 
are, roughly, inversely proportional to the carbon con- 


tents, as also to the tensile strength. The exact degree 
in which the cutting speed is affected by the tensile 
strength of the bar is given later. : : 

It also shows that, for all the bars, the high cutting 
8 are associated with the short durations or times 
of cutting, so that if the cutting is in q 
the time of cutting required to produce the standard 
amount of wear is redu The relationship between 
the increase of speed and the reduction of time is not 
a very simple one, but for cutting times between 10 
minutes and 100 minutes the average duration is found 
to be— 


gure shows that, for any given cutting time the harder 
the bar the lower the cutting speed, the ratio of the | 


RELATION BETWEEN WEAR & TEST-DURATION. 
DEPTH:0-120. FEED: # MEDIUM-STEEL BAR. 


Fig./1. RELATION BETWEEN WEAR AND TEST-DURATION. 
DEPTH:0-120"° FEED: VERY-HARD-STEEL BAR. 





_ constant 


s5 


where S = the cutting speed in feet per minute, and 
M = the time of cutting, in minutes, required to produce 
the standard amount of wear on the cutting edge of the 
tool ; that is, the duration of cutting is approximately 
inversely proportional to the fifth power of the cutting 
speed. The value of the constant depends, of course, 
upon the test-bar (or the composition and properties of 
* metal being machined) and the area of cut. 


(1) 





12, CUTTING SPEED AND DURATION TO 
PRODUCE STANDARD BLUNTNESS. 
CARBON TOOLS ON M ; 


Fig 






Duration in 
Fig.13. CUTTING SPEED AND DURATION TO 


PRODUCE STANDARD BLUNTNESS. 
CARBON TOOLS ON MEDIUM STEEL. 


20 
(ame) 


120 «6140 


40 60 | 8 100 
Duration tr Minutes. 


Fig.9. RELATION BETWEEN WEAR AND TEST-DURATION. 
DEPTH:0-i20° FEED:3, HARD STEEL BAR. 


hig44 CUTTING SPEED AND DURATION TO 
PRODUCE STANDARD BLUNTNESS. 
CARBONTOOLS ON HARD STEEL. 


tag 


o 





7 in Minutes. 
4ig.15.cUTTIYG SPEED AND DURATION TO 


PRODUCE STANDARD BLUNTNESS. 
ON 


0 





(27464) 


Duration in Mizuaites. 


Sranparp Tests. ReLaTion oF OvTrine SPEED AND 
Arga or Cut TO Propuck STANDARD BLUNTNESS IN 
60 MINUTES. 


To systematise matters it was decided to make a 
standard test, which should produce a condition of unit 
bluntness of the cutting edge of the tool after a 60 minutes’ 
run. This unit bluntness in 60 minutes could be obtained 
in various ways by & series of combinations of and 
areas of cut, These results were then combined into one 
curve, as shown in Fig. 17, the upper curve representing 
such a series for the mild-steel test-bar W, and the lower 
curves representing respectively the other barsof gradually 
increasing hardness Z 


With each given area of cut there isa certain speed 
which will produce standard bluntness in 60 minutes, 
this speed having been termed the ‘‘ associated” cutting 
speed for the given area of cut. In this series it has not 
been found necessary or possible to separate the two 
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factors of depth of cut and feed, which make up the area 
of cut, use with carbon tools in practice the cuts are 
comparatively light, and the differences of result pro- 
duced by changing the ratio of these factors are so small 
as to be almost negligible. The relation between the 
area of cut and the associated cutting speed is found to 
obey approximately the law— 
AS? = aconstant (2) 
constant 
———— 3 
JA (3) 


where A = area of cut, and S = cutting speed in feet per 
minute. The value of the constant depands upon the 
composition of ne 3 . Fig. 11, the epeed 

Output Curves.—From the curves, Fig. 17, the s 
associated with each area of cub was measured, and with 
these factors the output, or the number of cubic inches 
of material removed per hour, was calculated, and the 
curves, Fig. 18, below, sonstructed therefrom. : 

The ordinates of the curve = area of cut x cutting 
speed x 12 x 60 = cub. in. turned off per hour. 

Effect of Hardness of Test-Bar, Speed, and Cut Area on 
Output.—It will be seen from Fig. 18, below, that for 
any given cutting with its associated area of cut, 
to give the tool a life of one hour, the volume of metal 
removed is greatest with the softest bar and least with 
the hardest. It also shows that large output is by no 
means associated with high cutting speed, but that as 
the cutting s; is a (with, of course, a suitable 
increase in the area of cut), the output is increased ; in 


or 
8 = 


EFFE6T OF HARONESS OF BAR ON CUTTING 
SPEED ANDO DURATION TO PRODUGE 


Fig.16. 
50 






Speed, Feet per Mirurte. 


Duration, tv Minutes. 


Fig. TERI Sanne GONE Mga 
- oe MBON rooLs, “ 


Speed,Feet per 


0 





(3746. 4.) Arew of Cub iv Sq.Ine. 


other words, a heavy cut is better than a high cutting 
speed. Thus it will be seen that, for bar W, when the 
cutting speed is 10 ft. per minute, the volume of metal 
removed per hour is 40 cub. in. when the associated area 
of cut for this speed is used; whilst when the speed is, 
say, 20 ft. per minute, and the associated area of cut is 
correspondingly less, the volume removed is only about 
21 cub. in. Hence, asa general law, it may be stated that 
for maximum tool output the area of cut employed is a 
maximum, and the associated cutting s is correspond- 
ingly low. This is also indicated in Fig. 19, which gives 
the relation between the volume of metal removed in 
the hour under the standard conditions, and the area of 
cut. It will be seen that the greater the area of cut, 
accompanied by its appropriate or “associated” cutting 
speed, the greater the volume of metal removed. In 
other words, a low cutting speed and heavy cut combina- 
tion is preferable to a high cutting 5 and light cut 
combination from the point of view of output. 
_ Fig. 19 shows further that witha fixed area of cut and 
its accompanying associated speed, the ratio of the out- 
put on steels of varying hardness is inversely proportional 
to the tensile strength of the material being machined. 
Relative Hardness of Material as Measured by Tensile 
Strength.—To determine the relative hardness of the 
material turned many methods were tried, but it was 
ultimately found that the test of the tensile strength of 
the material was the most reliable and conveniently made 
test of relative hardness, the hardness being ——, 
directly proportional to the tensile strength.  crush- 
ing test of a sample compression piece would seem to be 
the most reasonable test of hardness of a material, but 
the Se ne Settee 3 dotennined in tie way was 
a5 nearly as e similar to that obtain compar- 
ing the tensile steongthe. d = 


Relation between Tensile Strength of Material and 
Cutting Speed of Tool.—In Fig. 20, above, is shown 
the relationship between the tensile strength of the metal 
being machined and the associated or working cutting 











speed for four different areas of cut, the speed and the 
area of cut being i to give a standard life of 
60 minutes to the tool. The law is a straight-line law, 
the equation to it being— 
(67 — T) x 0.0185 
Smears: ane 4 
JA (4) 
where S = the associated cutting speed in feet 
minute; T = the tensile st of the metal being 
machined in tons per square inch; and A = the area o} 
cut in square inches. 

Effect of Shape of Nose of Tool on Cutting ——- 
determine the effect of a change in the shape of the nose 
of the tool, and in the disposition of the cutting edge with 
respect to the axis of the test-bar, tools having a shape of 
nose as reprezented in Fig. 21 were tested against tools of 
the shape of Fig. 1 (see Fig. 22). The same conditions as 
to test were adopted in each case—that is, the tools were 
tested for wear of the cutting edge, with a standard tool 
life of 60 minutes. : 

Under these conditions the relation between the os 
= and the associated area of cut was determined. 

his relation is indicated graphically in Fig. 23, the 
curve D, being obtained with the form of tool-nose repre- 
sented in Fig. 21, and the curve D, with the origi or 
standard, shape of nose, Fig. 1. It will be seen that for 
each area of cut the associated cutting speed is less for the 
standard shape of nose, which has a comparatively short 
cutting — a b, Fig. 22), than it is for the second sha 
of nose, which has a longer cutting edge (ac, Fig. 2 
These speeds have an average ratio of 1 to 1.40, whic 


Fig.18.EFFECT ON OUTPUT OF INCREASED CUTTING 
SPEED WITH ACCOMPANYING REDUCED AREA 
OF CUT. CARBON TOOLS. 


Cubic Inches per Hour. 





Fiat? Speed , Feet per Minute. as 
1g.19. EFFECT ON OUTPUT OF INCR: AAS 
WITH ACCOMPANYING REDUCED a we ORs. 


Cabic Inches pa Hoar. 





(9746.2) in Sq.Ins. 
ratio is also approximately that of the length of the respec- 
tive cutting pt of the tools in contact with the —_. 
In other words, for a given depth of cut the associated 
cutting speeds of tools for a given amount of wear are 
directly proportional to the length of the cutting edge of 
the tool in contact with the work—that is, a a. 
tionately greater output can be obtained with the tool 
having a longer cutting edge. In all other respects the 
angles of the tools were the same. 


Summary or Conciusions. 
(1) From Carbon-Steel Tool-Test Results. 


1. Blunting of the cutting edge develops more rapidly 
at high s s than at low speeds, given the same area of 
cut and the same shape of nose of tool. 

2. The er of carbon-steel tools is in all cases 
some function of the reciprocal of the cutting speed ; in 
other words, the higher the cutting speed the shorter 
the durability of the tool, and rice versd. 

3. Assuming a standard amount of bluntness of 0.005 in., 
the cutting speed to eer this bluntness is inversely 
proportional to the fifth root of the duration or life of 
the tool for durations between 10 and 100 minutes for 
any given area of cut, or conversely the life of the tool 
is ee! proportional to the fifth power of the cuttin 
speed. is Jaw does not hold good for durations whic 
are external to these limits. 

4. The cutting speed duration curve beyond the point 
representing a duration of 100 minutes tends to become 
horizontal ; this suggesting that there is, in each case, a 
definite cutting speed below which the tool would last 
practically an indefinite length of time. 

5. For a standard tool life of 60 minutes and a standard 
amount of bluntness of 0.005 in., as determined by means 
of the microscope, high a speeds are invariabl 
associated with light cuts, and low cutting speeds wit 
4 ~~ 

6. The associated cutting speed for a given area of cut 


cut upon the associated cutting speed is exactly the same 
as that of the feed. This lies only to carbon-steel 
tools with which cuts of area only are possible ; 
with high-speed steel tools this condition does not apply, 

7. The associated cutting speed is not reduced or in- 
creased in the same ratio as the area of cut may be 
increased or reduced. 

8. The associated cutting speed for any area of cut 
depends upon the hardness of the metal which is being 
machined, a high speed being associated with a low degree 
of hardness, or vice versd. 

9. For a given area of cut with its associated cutting 
speed the output of the tool acting on steels of various 
qualities is, roughly, inversely proportional to the tensile 
strength of the tive materials being machined. 

10. A tool working at a low speed with its associated 
area of cut will remove far more material under standard 
conditions in one hour one which is working at a 
high speed with its associated area of cut. 

ll. A tool with a long cutting edge has a longer life 
(under similar conditions of area of cut, cutting speed, 
and hardness of metal being machined) than one which 
has a short cutting edge. 

Il. 
Hicu-Spezp Sreet Too. Tests. 

The Tools.—The high-speed steel tools which were put 
under test were made from }-in. by 4-in. bars, as in the 
case of the carbon-steel tools, the tools being made about 
8 in. in length. The shape of nose adopted for the 





first set of tests was that used for the corresponding 


Fig.20. RELATION OF STANDARD CUTTING 
SPEED TO TENSILE FOR VARYING 
CARBON TOOLS. 


STRENGTH 


AREAS OF CUT. 





(ome6.ry Strength, in Ions per 


Fig.2]. PLAN AND ELEVATION OF TOOL WITH 
LONG CUTTING EDGE AB 




















ordinary carbon-steel tool teste, and as illustrated in 
~, o page 737. The tools were made of a high grade 
of | igh-speed steel, shai entirely by grinding in a 
universal tool grinder—thus dispensing with the necessity 
of forging—and then hardened according to the directions 
of the maker. This size and shape of tool were adopted 
so that the tests would be comparable with those made 
on the carbon-steel tools. 

A further series of tests have since been made to deter- 
mine the relative effects of area of tool-steel section upon 
the possible output, as measured by the relative areas of 
cut which the tools would respectively take, the condi- 
tions as to cutting speed being similar, and a series of 
factors obtained, so that when the output with the given 
section is known, the output with a tool of any other 
required section may be obtained by the aid of a factor 
(see page 742). 

The Test Lathe.—The tests were made on the 
electrically-driven experimental tool-testing lathe (18-in. 
centres) installed in the machine-tool laboratory of the 
University of Sheffield, and described in Appendix I, 
page 744. (See also Fig. 50, page 745.) 

The Test-Bars.—The test-bars used were three in 
number, and of different chemical compositions and 
ee properties (see Appendix ITI.b and III.b, page 

45). Their approximate original dimensions were :— 


Length ... 
Diameter - sik om 
Their identification letters are A, B, and C, bar A 
being mild steel, bar B medium steel, and bar C hard 
steel. Two of the bars—the mild-steel and medium- 
bars—were parts of propeller-shafts of dismantled 


9 ft. 6 in, 





is not influenced by the manner in which the area of 
cut is made up—that is, the influence of the depth of! 





ships. The hard bar was cast, forged, and 
annealed for the purpose of t! teak. Test-pieces were 
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cut from each end of the respective bars and tested. ‘The 
bars were found to be practically of uniform quality 
throughout. ; 

Breaking-Down Point of Tool.—With the high-speed 
steel tools it was not necessary to submit the cutting 
edges of the tools to microscopic examination, as it was 
found possible to obtain a definite point at which the tool 
failed to cut, or broke down. This is the point at which 
the working cutting edge collapses, and, instead of con- 
tinuing to cut, causes the surface of the bar to become 
highly polished. The exact instant at which each tool 
broke down, or n to produce this polished surface, 
was observed, and from this the exact duration of 
test was determined. 

Standard Duration of Test.—In these tests a standard 
life of tool of 60 minutes was selected as being a con- 
venient value. It is true that in machine-shops high- 
speed tools are usually allowed to run for a much longer 
period than this before arpening, and the curves of 
performance seem to su t that this practice has a 
reasonable basis, since the cutting s which corre- 
sponds to a life of 60 minutes is in practically every case 
but about 5 or 10 per cent. greater than that which will 
allow a tool to last for, say, 3 or 4 hours. 

The failure of a high-speed turning tool working under 
normal conditions is, in most cases, brought about by 
the fusing of the nose due to the heat generated as the 
result of friction. The friction is due: (1) to the rub- 
bing of the chip on the upper lip of the tool as it passes 
off from the work (see . 24). This rubbing action 
frequently causes a pit or hollow to be worn out of the 
upper face or lip of the tool just in front of the cutting 

ge as shown in Fig. 24; (2) to the friction due to the 
cutting action of the tool as it traverses the work ina 
line parallel tothe axis. When the tool is worked under 
conditions which are not excessively severe, the heat 

nerated at the nose of the tool is conducted away as 
fast as it is generated, and thus the nose is not subjected 
to overheating ; but if the conditions of speed of cutting 
and of area of cut are such as to generate heating of 
the nose faster than the tool can conduct it away, 
fusing and breakdown at the nose takes place, Also, 
as the work proceede, the tool accumulates heat from the 
nose backwards, and the rate of flow or conduction of the 
heat away from the nose correspondingly decreases, with 
an increasing tendency to accumulation of heat at the nose. 
In the case of high-speed tools, as with carbon-steel tools, 
in many cases a false is built up upon the nose of 
the tool composed of fine particles scraped from the 
surface of the work, which gives the appearance of having 
been fused on to the nose, and which no doubt is con- 
tinually being ground away in the process of rubbing of 
the chip upon it, as well as replenished by the process 
of building up. There does not appear to be the same 
cumulative blunting of the high-speed tool as is the case 
with the carbon-steel tool, but when once the cutting 
edge of the tool is damaged, heating, fusing, and break- 
down occur almost instantaneously. 

The Tests.—A copy of the observation test-sheet is 
given in Appendix VI., page 746, and the data taken 
include the circumferential or cutting speed, the depth 
of cut, the feed per revolution of the test-bar, the power- 
input to the motor on light load at the cutting speed 
selected, the time of starting the cut, the power-input to 
the motor during the actual cutting, and the time at which 
the tool failed. 

The tools were tested for the following areas of cut on 


each bar :— 
Depth of Cut. Feed per Revolution. 
In. In. 
ts x do» to» ta 4 
a3 x voy aor tor 2 
x sy. aos a B 


Relation between Cutti » and Durability of the 
Tool.— Altogether apaesie of 200 tests were made, the 
duration of each test ranging from about one minute to 
70 minutes. For each area of cut (or, rather, combina- 
tion of depth of cut and feed per revolution) data for a 
cutting speed-duration curve were obtained, and curves, 
Figs. 25, 26, and 27, page 741, were plotted as shown. 
= curves in the figures are identified with the bars as 
follows :— 


Fig. 25 Bar A (mild steel 
Fig. 26 Bar B (medium steel) 
Fig. 27 Bar C (hard steel) 


The curves are for a feed of ;; in. per revolution of the 
test-bar, the depth of cut in each case being stated 
on the curve. These curves, Figs. 25, 26, 27, when 
compared with the corresponding curves for the carbon- 
steel tools, Figs. 12, 13, and 14, page 738, show ef the 
extraordinary difference in ong seer, area of cut, 
and output which is possible with use of high-speed 
tools of the same section as in the carbon-steel tool tests. 
The curves also show the effects of hardness of the bar, 
and area of cut, on the pony Cason and the relation 
between the cutting speed and the life of the tool up to 
the point of breakdown or failuve. They further indicate 
(as do the corresponding curves for the carbon-tool tests) 
that at high cutting speeds the durability of the cutting 

is very short, but that as the rate of cutting is 

uced to a speed which permits of a durability of 40 or 

50 minutes the tool then continues to cut for a more or 

less indefinite period, as indicated by the Seas of the 

curves to the horizontal. If this s is, however, ex- 

ceeded by from 10 to 15 per cent., the life of the tool is 
rapidly shortened, _ 

The a relation between the cutting speeds and 


the life of the tool M in minutes for any given area of cut 
between durations of 10 and 60 minutes is represented 
approximately by the formula 

S x M2 = constant 


(5) 





The value of the constant depends, as before, upon the 
ge. of the steel being turned and upon the area of cub. 

he relation between these two quantities, as determined 
by Mr. F. W. Taylor, for high-speed turning tools is 


8 Mé = constant. 


Relation between Cutting Speed and Area of Cut.—For 
each test-bar the relation between the cutting speed and 
the — a rig the for es yrogy oy of 60 po 
was determ: , the data in to the cutting s 
being drawn from the curves of which Figs. 25, 26, and 
27 are representative. trary to the experience and 
views of Dr. Nicolson, and in agreement with those of Mr. 
F. W. Taylor, it was found that the cutting speed did not 
depend only upon the area of cut as such, independently 
of its component factors, but that it depended upon these 
factore—namely, the depth of cut and the feed per revolu- 
tion—in two different ways. Thus, referring to the 
curves on Fig. 29, and taking a cut 4 in. deep and 5; in. 
feed, it is seen that the associated cutting speed belonging 
to these conditions is 112 as measured from the top curve, 
where it is intercepted by the ;4-in. constant feed-line. 
Now, taking the same area of cut, made up by a cut 
rs in. deep and ,;, in. feed, the associated —o- 
under these conditions, as measured from the bottom 
curve for the same area of cut. is 93. In other words, 
the output in the two cases would not be the same, but in 
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the ratio of 112 to 93 in favour of the deep cut over the 
large feed. This is further explained in Figs. 30 and 31, 
in the former of which the relation between the cutting 
speed for standard-tool life and the depth of cut is shown 
for the various feeds adopted, whilst in the latter the 
relation between the cutting speed and the feed per revo- 
lution is given for the various depths chosen, the curves 
referring to A in each case. 

_ It is seen in Fig. 30 that a cut } in. deep by 4; in. feed 
is taken at a greater cutting speed than a cut ;; in. deep 
by yy in. feed which is of equal area, but less efficient as 
a means of output, as already explained. A similar de- 
duction can be made from Fig. 31 where it is seen that a 
cut, say, 4 in. deep by 7, in. feed, is taken at a greater 
cutting speed—namely, 125 ft. per minute, while a 7, in. 
deep by ;; in. feed is taken at 100 ft. per minute. 

Some explanation of this is given in Figs. 32 and 33. In 
each of these figures a tool having the standard shape of 
nose is represented taking a cut of a definite area, this 
area being the same in the two cases. In the case of 
Fig. = e depth is one-half of that in the case of Fig. 33, 
while the feed per revolution is twice as t. It wi 
be noticed that the length of the cutting which is in 
contact with the work in the first case is considerably less 
than the corresponding dimension in the second case ; and 
there is, in the second case, therefore, a correspondingly 
larger cooling area behind the cutting edge to conduct 
the heat away as it is generated than there is in the first 
case. Under such circumstances, therefore, other things 
being equal, the rise in temperature of the cutting edge 
of the second case will not be so rapid as that occurring 
in the first case. In other words, a higher cutting speed 
can be employed with the tool having the longer cutting 


edge. 

_ examination of Figs. 30 and 31, page 741, shows 
that the cutting speed is a linear function of the depth of 
cut, whilst it depends upon some power of the feed per 
revolution other than the first. The relation deduced 
from the above figures is :— 

K, 


(feed) 


in which S = the cutting speed in feet per minute, and 
K,, Kg, and K; are constants, the values of which depend 


$= — (Ky — K; feed) depth (6) 








upon the quality of the steel being machined. For the 
three bars A, B, and C, the constants are as follow :— 











— Bar A. Bar B. Bar C. 
K; 24 21 9 
Ko 780 584 | 268 
Kg 4000 3340 1530 





As will be shown later, however, the above formula may 
~ reduced to a simpler though somewhat approximate 
‘orm. 

Output of High-Speed Tools.—The standard output of a 
high-speed turning tool is defined in these tests as the 
number of cubic inches which the tool will remove in the 
standard life of a tool—that is, in a run of 60 minutes and 
breakdown at that point. This volume of material for 
each cutti ~ re and associated depth-feed combination 
has been calculated from data obtained by measurement 
from the curves for the three bars, and the relation 
between this quantity and the cutting speed determined 
for each case. The curves for bar A are given in Fig. 34; 
the curves for the other bars are similar in form. This 
figure shows that the maximum output, or removal of 
metal, is associated with the lowest cutting speed, with 
which, for a standard life of 60 minutes, the heaviest 
depth-feed combination is associated ; the great influence 
being, of course, on the side of the depth. Thus, with a 
depth of cut of 4 in. and a feed of ; in. per revolution, 
the volume of metal removed in 60 minutes is 504 cub. in.; 
whilst, with a depth of cut of /, in. (or one-half of the 
above) and double the feed—namely ,; in., the output is 
405 cub. in. per hour. This shows a gain of about 25 per 
cent. of output in favour of the deeper cut with a reduced 
cutting speed. This law —- generally to all the bars 
and speed-depth-feed combinations. Hence, it may be 
stated that for the maximum tool output, the area of cut 
is a maximum which the tool will stand without fracture, 
with the depth of cut a large factor, and the associated 
speed correspondingly low. 

This is also indicated in Fig. 35, which shows the rela- 
tion between-the area of cut and the output of the tool. 
From an examination of this figure, it will be seen that 
for any given area of cut the tool output is reduced if 
the depth of cut is reduced and the feed is correspond- 
ingly increased, this being due to a consequent reduc- 
tion in the associated Fong A speed fer a standard 
life of 60 minutes. On the other hand, if the depth is 
increased and the feed is reduced accordingly, then the 
tool output is increased. This is due, of course, to an 
increase in the associated cutting speed. 

Relation between Cutting Speed and Hardness of Bar.— 
In Fig. 36 is shown the relation between the tensile 
strength of the metal being machined and the associated 
cutting speed for the different depth-feed combinations 
used in the tests. These lines show the general condition 
of a fall in working cutting speeds, as the area of the cut 
is increased and as the hardness of the material to be cut 
is increased. The law is practically a straight-line law 
(as in the case of the carbon-steel tool tests), the equation 


to the law being 
8= (65 — T) x 0.207 
~ /feed? x depth 
in which S = the associated cutting speed in feet per 
minute, and T = the tensile strength of the metal being 


machined in tons per square inch ; or, for mild steel, this 
equation becomes om 


8 = . j—.- = 
</feed? x depth 
For table of values of S for varying feed and depth 


of cut, see Appendix V., 745, or the values of S 
dl rd quality of steel may measured directly from 


is expression has been deduced in place of the more 
complicated expression (6) given above, and though this 
is approximate it is only slightly so. In regard to expres- 
sion t6), it should be pointed out that it could be ed 
to include a function or functions of the tensile strength 
by determining the relation between the values of the 
constants K,, Ko, and Ks, and the tensile strength, since 
these—the constants—are the only ——€ which 
depend upon the tensile strength, and they depend upon 
this only. Expression (7) is, however, a much simpler 
and more desirable form. It clearly shows that the 
influence of the depth of the cut is not the same as that 
of the feed upon the value of 8, but that S is inversely 


proportional to the cube root of the square of the feed 


(7) 


(8) 


will | and to the cube root of the depth. This indicates, as do 


741, that for any given area of 
cuta higher “* associated ” cutting speed can be employed, 
with a corresponding increase in the output, when the 
cut is deep and the feed fine than when the cut is shallow 
and the feed coarse. . 

By the aid of this equation it is to show the effect 
on the output of varying the ratio of these two factors 
with a constant area of cut. Thus, for example, if the 
area of the cut is doubled by doubling the depth of the 
cut, the influence on the associated cutting speed is shown 
to be less than when this increase in area is effected by 
doubling the feed, as follows :—_ , 

By slightly modifying expression (7) we obtain 


Figs. 29, 30, and 31, 


(9) 


| teres 
Feed # x depth® 


where 
K = {(65 —T) x 0.207}, 


and has the values given in Appendix IV., 745. 
Suppose, now, that the area of the cut is doubled by 
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doubling the depth of the cut, the corresponding value of | cutting speed in the double-depth case, there is a 37 per | C being a constant depending u the tensile strength 
ee “ cent. reduction in the Goublo-feed case. Or the oP ma of the metal being turned, an: wae equal to 


 S 


$= — = 0.7938 S. 


Feed? x (depth x 2) 


\\ Fig. 2. 

\ DIAGRAM SHOWING REMOVAL OF 
CHIP FORMATION OF BUILT-UP NOSE, 
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Fig. 27, 
CUTTING SPEED AND DURATION TESTS FOR 
VARYING AREAS OF CUT. 
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Fig.30.RELATION BETWEEN CUTTING SPEED 
AND DEPTH OF CUT FOR VARYING FEEDS 
FOR A STANDARD LIFE OF 60 MINUTES. 
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Fig. 31. RELATION BETWEEN CUTTING SPEED 
AND FEED FOR VARYING DEPTHS OF CUT 
FOR A STANDARD LIFE OF 60 MINUTES. 
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‘ per Rey. 
If, however, the feed is doubled instead of the depth, 
we find that the corresponding value of 
A XK he = 0.6299 S. 
(Feed x 2/8 x depth® 
These figures demonstrate the point referred to above. 





Whilst there is only a 21 per cent, reduction in the 


depth cutting speed is 26 


Fig.25.CUTTING SPEED AND DURATION TESTS 


FOR VARYING AREAS OF CUT. 
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28, CURVES SHOWING EFFECT OF HARONESS 
OF BAR ON DURABILITY OF TOOL 
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Fig. 32. 


r cent. higher than that 
associated with the double-feed case ; and since the two 
areas of cut are the same, the method which is associated 





{149(65 - T)}, 
T being the tensile strength, in tons per square inch, of 


Fig. 26 CUTTING SPEED AND DURATIONTESTS FOR 
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Fig.29. RELATION BETWEEN CUTTING SPEED 
AND AREA OF CUT FOR VARYING 
CONDITIONS OF DEPTH AND FEED. 
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DIAGRAM SHOWING EFFECT OF DEPTH AND FEED ON LENGTH OF CUTTING EDGE 
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with the higher eutting speed will, of course, produce 


the ter output. 
e pape of the influence on the output of the 
depth of cut and the feed per revolution can also be con- 


sidered directly by regarding the cutting po as a func- 
tion of the depth and feed. Thus, let V = the volume 
of metal, in cubic inches, removed per hour, then— 


V=12S xA x 60 


> ‘ - (10) 
where S, F, and D re t the cutting speed, the feed, 
and the depth respectively. Now, from expression (9), we 
have that— K 


720K FD 
Fé pi 

=7200K F* pi 

=oF*pi 


Ss 
Therefore 
Vv= 


(11) 


et 
> 





SS aie 
7 i 
aol hy | 





this metal. The influence on the speed, and therefore 
on the output of a change of feed for any given 
area of cut, is also shown from the following—as 
before— x 


S = ips 
a 
vyF? x D 
But F D = A (area of cut) ; therefore 
K 
S/A x F 
This shows that if A is maintained constant, 
aw constant 
F3 


Shape of Cutting Edge.—As in the case of the carbon- 
steel tool tests, the effect of a change in the shape of the 
nose of the tool and in the disposition of the cutting edge 


S= (12) 


(13) 
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of the nose with respect to the axis of the test-bar was 
considered. The change of the shape was made from 
the s' Fig. 1, to the shape illustrated in Fig. 21, 
page 739. test conditions were exactly the same 
as in those of the previous tests. ple comparative 
curves are shown in Fig. 37, below. Ourves E and E, 
are for the same area of cut (7, in. by a in.) for the two 
different shapes of nose on the same bar, E i 

the standard, Fig. 1, and E, the second shape. 
and F, are corresponding curves for another area of cut 
(ye in. by 4in.). An examination of these curves will 
ow that, for a life of 60 minutes, the second shape of 


nose will, other things being equal, admit of a higher | 


tg.34. RELATION OF OUTPUT TO CUTTING 
SPEED, FEED, AND DEPTH OF CUT 
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cutting en being employed, and will therefore be 
capable of greater output. 

CoMPARISON BETWEEN HicH-SpgepD AND ORDINARY 

Carson STEELS. 
Tools of Small Section. (} In. by 4 In.) 

For an area of cut 4 in. by 7; in., the outting oon 
which will allow the tool to last one hour under the above 
conditions is 78 ft. per minute for the high-s tool, 


o 
(3746.2) 





Arew of Tool Section,in Sg.dns.* 


e 
and 8 ft. per minute for the plan carbon-steel tool on a 
bar having a tensile strength of about 25 tons per = & 
This ratio is about 10:1. That is, for a cut as above, 
the high-s tool will remove ten times as much metal 
from stock as will the plain carbon-steel tool in a given 
time, or it will remove any given amount in one-tenth of 
ee i f th f f high 
ical comparison of the performances o . 
8 a plain carbon turning-tools is shown in Fig. 38. 


RELATION BETWEEN OvTPUT AND Cross-SEcTIONAL 
AREA oF TooL-STeet. 


To find the effect on the output of the use of high-speed 
tool-steels of various cross-sectional areas, a number of 


in Fig. 39, co ing with } in. square section, and 
proceeding to ? in. b in., ? in. square, 1 in. square, 
and 1} in. square. All these tools were prepared with a 


cutting edge of exactly similar geometrical form at the 
cutting nose, the form ge ty same as already illus- 
trated in Fig. 1, 737 he tools were all tested on 
one common mild-steel test-bar A, about 20 in. in dia- 
meter and 10 ft. long, with a composition given in 
A ix IIL, page 745. ‘ 

@ object of the tests was to determine the maximum 
output with tools of each of the above sections, and then 
to compare the relations of these outputs with one 
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experiments were made with tool-steels of sections shown 


another. The method adopted for determining the 
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CUT, FEED,AND DEPTH OF CUT 
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Fig.38. RELATIVE OUTPUT OF HIGH-SPEED 
AND CARBON STEEL TOOLS. 
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maximum output was to employ the ‘‘speed-increment” 
test described later, 743. An experiment was first 
made upon sample a of each section to find what 
depth of cut the tool would take, with a given feed, to 
break it down in exactly 20 minutes. It was found 
possible to adjust the depth of cut in such a way that 
the tool would break down within a few seconds above 
or below the 20-minutes period. The feed was kept con- 
stant at , in. per revolution throughout all the tests. 
The commencing cutting speed chosen was 75 ft. per 
minute, and the cutting speed was increased by 1 ft. per 
minute speed increments, every minute, until the break- 
ing-down point wasreached. The breaking-down cutting 
speed in each case was therefore 95 ft. per minute. The 
total material turned off during the test for each par- 
ticular tool section is proportional to the respective 
depths of cut employed. e results of the tests are 
— Py Fig. 40, and a 4 ee pee -_ points 
a, b, c, d, and e representing the results obtained respec- 
tively with the tools of the above sections. 

The tool taken as the standard or unit section was the 
}-in. by 4-in., this being the size of tool employed through- 
out all the tests mentioned in the previous parts of the 
paper (see b, Fig. 40). From this curve itis now possible 


(3987 A) 





to convert the output obtained with a cutting tool of any 
given section into its equivalent output for any other 
given section, each working respectively with its appro- 
priate or associated area of cut. Since the s in 
these tests were similar for each size of tool, the respec- 
tive output factors represent actually the proportional 
areas of cut taken by the standard tool. Thus, taking the 
?-in. by 4-in. as the unit, the following table of factors 
is prepared, so that when the output given by the j-in. 
by 4-in. tool is known, this output, multiplied by the 
factor opposite the required section of tool-steel, gives 
the equivalent output for that section. The factor is 
also shown on ascale on the right-hand side of Fig. 40. 


Fig.36.RELATION BETWEEN CUTTING SPEED 
AND HARDNESS OF BAR. 
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The relation between the cross-sectional areas of the 
tool steels and the associated depth of cut with constant 
feed and constant average cutting speed is found to be 
given approximately as follows :— 


D= VA x constant (14) 


in which D = the depth of cut (with a constant feed and 
constant ave cutting speed) and A = the cross- 
sectional area of the tool-steel ; also 


Output = ./ A x constant (15) 
Equivalent Output for Tool-Steels of Various 22r\ons. 
Section of Tool-Steel. Output Factor. 
In. In. 
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RELATION OF Motor Power To Output. 


To determine the relations existing between the area 
of cut, the associated speed, and the actual horse-power 
requirements, tests were made on the different bars with 
the various adopted depths of cut and feeds and their 
associated cutting speeds, the power consumption in each 
case being obtained by taking voltmeter and ammeter 
readin, These readings were taken when the cut was 
in, and again when it was not in (the speed being the 
same in each case), the net horse-power—thad is, the 
horse-power required to ~~ the actual cutting— 
being calculated from the difference between the two 


readings. : : 

The results are given in the accompanying tables, 
Appendix V., page 745, in which also the number of 
one inches removed per horse-power hour is given for 
each case. 

It will be seen that the actual net horse-power re- 
quired to remove a given number of cubic inches per hour 
is a constant for each quality of steel machined. In other 
words, the output per horse-power hour is practically a 
constant quantity—that is, for a given output per hour 


Fig.43. SPEED- INCREMENT TEST 
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Speed 


there is nothing to gain from the point of view of economy 
in net power consumption by altering the ratio of area of 
cut to speed of cutting, the net horse-power required 
being approximately directly proportional to output only. 
Another point to observe is that the number of cubic 
inches removed per horse-power hour depends upon the 
hardness of the bar being machined ; the harder the bar the 
~~ the number of cubic inches removed per horse-power 
our. 

If the results of the experiments shown in the tables 
are plotted, and an average line be drawn through the 
points, an approximate law can be determined showing 
the relation of output in cubic inches per horse-power 
hour to hardness of bar. This line is drawn in Fig. 41, 
and the law determined from it is found to be given by 
the formula :— 


Cubic inches per horse-power hour= {167-1.7 T}, (16) 


where T = tensile strength in tons per square inch ; or, 
expressed as weight W in Ib. per horse-power per hour, 
W ={47 - 0.48 T}- (17) 

Again, if the tensile strength of the material bein 
turned is plotted against the net horse-power requi 

r pound of material turned off per minute, it will be 
ound that the power required for any given quality of 
bar (see Fig. 42) is expressed by the formula :— 


Net horse-power per lb. per minute= {0.8+0.37T} (18) 
Thus, taking T = 25 tons per sq. in., we have :— 
Net horse-power per Ib. per minute = 0.8+ 0.37 25 
= 1.725. 








It should be noted that the power given above does not 
include the power requi 
running with the cut withdrawn. The additional power 
required to drive the lathe when the cut is in includes: 
(i.) the power required to perform the operation of cutting, 

ther with (i1.) the additional friction of the lathe- 
dle on its bed due to the pressures on the tool. The 


latter item (ii. = small, and the whole additional power | both 


is therefore debited to the process of cutting. 
ConcLusions FROM Hiacu-Spgep Too. Tests. 


1. The breaking-down point of a high-speed tool is 
usually well defined, it being indicated by a more or less 
sudden refusal on the part of the tool to cut, accompanied 
by a polishi ae the surface of the work due to collapse 
by fusion at se edge. 

2. The durability of high-speed steel-tools is in all cases 
some function of the reci of the cutting speed ; in 
other words, the higher cutting speed the shorter the 
durability and vice versd. 

3. For a reasonable working duration or life of a tool 


say, 60 minutes as a standard) high cutting speeds are 
an LD associated with light cuts, and low cutting 
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speeds with heavy cuts—that is, high cutting speeds and 
ae oe do not co-exist. : ; : 

4. The cutting speed, which is associated with a given 
area of cut to permit of a given or standard life of tool, 
depends upon the relation between the depth of the cut 
and the feed per revolution, so that there is a definite 
“* associated ” as speed for any area of cut for each 
of the ways in which the depth and feed are combined to 
form the area. : 

5. If the area of the cut is kept constant, a higher 
associated cutting speed is obtainable when the cut is 
deep and the feed fine than when the cut is shallow and 
“ eX 1 k ] peed with its 

. A tool working at a low cutting s with i 
associated depth-feed combination will accomplish a 
greater output in the standard life of the tool than will 
a tool which is working ata high cutting speed with its 
associated depth-feed combination. 

7. For maximum tool output the area of the cut em- 
ae is the maximum which the tool will stand without 

ture, with the depth of cut a large factor and the 
associated cutting s apeenpensey low. 

8. The associa‘ cutting speed for any depth-feed 
combination depends upon the quality of the material 
which is being operated upon, a high cutting speed being 
associated with a low degree of hardness, and vice versd. 

9. A tool with a long cutting edge has a longer life 
(under similar conditions of depth of cut, feed per revolu- 
tion, cutting spon’ and tensile strength of the metal 
being machined) than one which has a short cutting 


fo. The number of cubic inches removed per net horse- 
power hour is practically a constant quantity for each 
quality of material turned when the tools work under the 
standard conditions, whatever the area of cut or depth- 
feed combination. There is therefore no economy in 
energy-consumption to be gained by using high or low 
cutting pew or light or heavy cuts, provided that the 
tools work u 
and cut. 


nder standard associated conditions of speed 
There is, however, an economy in time-con- 





ired to drive the lathe itself when | the 





sumption to be gained by using low cutting speeds and 
em. 


Vy cuts associated wi 


Tue Spgep-IncreMEent Test ror Turnine Too.s.* 


Since the introduction of high-speed steel for turning 
and other tools, the question of the comparative testing 
of steels of this kind has become a very important one, 

th to the manufacturer and to the user of such steel. 
Comparative tests are necessary to the maunfacturer in his 
efforts to improve the qualities and capabilities of his pro- 
ducts (from the s point of chemical composition as 
well as of heat treatment); and to the user in his efforts 
tocompare the various makes of steel of this kind, with a 
— to obtaining the best tool for any particular class of 
work, 

The ordinary comparative test consists of running the 
test-bar at a constant circumferential speed (such as 
60 ft. per minute), and causing the tool to take a cut of 
standard dimensions until it breaks down or loses its 
cutting edge, the duration of the test, or the life of the 
tool under such circumstances, bein; en as the criterion 
value by which to estimate the quality of the tool. 

The method introduced and adopted by Mr. F. W. 
Taylor involves the selection of a fixed duration of test— 
namely, 20 minutes—the object of the test being the deter- 
mination of the speed (under given and constant condi- 
tions of area of cut, &c.) at which the out may be made 
to down the tool in 20 minutes. To carry out this 
test satisfactorily a fairly number of tools must be 
made from the same bar of steel, the required number 
varying from four to eight. 

method adopted in the machine-tool laboratory of 
the Sheffield University is one in which a uniformly- 
accelerated cutting speed is the essential part. The form 
of the test is comparable with the method of applying 
the load in a tensile test. It has been designated the 
‘*speed-increment test,” because, starting at a definitely 
fixed cutting Ce a constant increment of 1 ft. 
minute is added to this cutting speed every minute. The 
number of cubic inches which the tool removes up to the 
point of breakdown is taken as the numerical value by 
which its quality is judged. 

The principle of this test is as follows :—The tool is 
started to cut at a starting speed of 30 ft. per minute 
with a standard area of cut on the test-bar. By “‘ stan- 
dard area of cut” is meant the area of cut which will 
secure a test of about 20 minutes’ duration for one tool 
of the set, its magnitude varying according to the hard- 
neas of the tend lar and the sectional area of the tool- 
steel. This area of cut, once decided, is used for each 
tool of the series. This cutting speed is accelerated at 
the end of each minute at the rate of 1 ft. per minute, to 
the end of the test—that is, until the breakdown point of 
the tool isreached. At the beginning of the test the first 
8 of 30 ft. per minute is run for 4 minute only, for 

e@ purpose of getting a straight average line on the 
output diagram, Fig. 43. In all other cases the time of 
running is a 1-minute period for each newly accelerated 


speed. 

From the data obtained during the test the number of 
cubic inches of metal removed by the tool during the test 
can be calculated, this number being taken as the criterion 
value by which the quality of the tool is judged. This 
number equals the average — speed during the test 
in feet per minute x 12 x area of cut in square in 
x duration of the test in minutes. 

The speed-time curve for this test is indicated in 
Fig. 43. The - y line indicates the progressive 
nature of the test for hi 4 -~ steel to the breaking- 
down point. Towards the bottom of the diagram the 
same method of test is shown for the carbon-steel tool. 
The vertical scale in the two cases is made proportional 
to the respective areas of cut. The vertical steps, in the 
case of the carbon-steel tool, are too small to be shown. 
The areas enclosed between the respective speed-incre- 
ment lines and the base represent the amounts of material 
removed. 

In Fig. 44 are represented the cases of three tools :— 
(1) @ plain carbon-steel tool ; (2) an ordinary high-speed 
tool; and (3) a superior high-speed tool. In the case of 
(2) and (3) the same area of cut was used, but in the case 
of the first a much smaller area of cut had to be used, 
the ratio of the two areas being equal to the ratio of the 
speed scales of the figure. Tools Nos. (1) and (2) lasted 
for 21 minutes, whilst tool No. (3) lasted for 30 minutes, 
The output of the plain carbon-steel tool is represented by 
the area A; that of the ordinary hi ee tool by the 
sum of areas A and B; and that of the superior high- 
speed tool by the sum of areas (A + B) + C. 

The final speed of cutting of the first high-speed tool 
was 51 ft. per minute, and of the second high-speed tool 
60 ft. per minute, so that the mean custing epsom were 
40.5 ft. and 45 ft. per minute respectively. refore the 
criterion values of these two tools were respectively 
(40.5 x 21) = 850.5; and 45 x 30 = 1350. The ratio of 


these two values—namely, at 5= 1.5—is the ratio be- 


tween the two areas (A + B + C) and (A + B) repre- 
sented in Fig. 44, the larger area representing the case 
of the better tool. 

This test can only be made on lathes which are provided 
with means age: A the speed can be chan instan- 
taneously (or nearly so) and in regular and definite 
amounts. For an explanation of the method employed, 
see Appendix I., page 744. 

To render elaborate calculations unnecessary in connec- 
tion with this test, a curve (Fig. 45) which gives the rela- 
tion between what has been designated the ‘output 





* A paper describing an earlier form of this method 
of testing lathe-tools was submitted Py Dr. Ripper to 
the Engineering Section of the British Association in 
September. 1910 
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coefficient” and the duration, has been worked out. 
This coefficient is actually the length of the turning 
removed under the above conditions by the tool in inches 
in any given time, so that the number of cubic inches 
removed in that time is found by ee the constant 
for the time by the area of the cut. This renders the 
determination of the average speed during the test un- 
necessary. ; : 

The diagram, Fig. 45, is used as follows :— 

The zero of the d represents the starting-point 
of the test at the cutting speed of 30 ft. per minute; at 
the end of 10 minutes the speed has obviously inc 
to (30 + 10) = 40 ft. per minute; at theend of 20 minutes 
the cutting speed is (30 + 20) = 50 ft. per minute, and 


so on, 

To find the material turned off in the case of a tool 
which has broken down after a speed increment test of, 
say 33 minutes, we take the value K from the di m, 
which is 18,000. Multiplying this by the area of cut 
equals the output in cubic inches, which is the number 
representing the criterion value of the tool: thus for a 
cut § in. by 7, in., we have 18,000 by § by y, = 562.5 
criterion number. A special feature of this method of 
testing togl-steels is the exceedingly regular results when 
repetition tests are made. 


APPENDIX I. (see Fig. 50). 
Description oF THE Too.-Stee, Testinc-LATHE IN THE 

ENGINEERING DEPARTMENT OF THE UNIVERSITY OF 

SHEFFIELD. 

This lathe was built by Messrs. Joshua Buckton and 

., of Leeds, and is of such a design that it can be em- 
ployed for testing either high-speed lathe-tools or large 
twist-drills, the latter being made possible by a special 
arrangement vided in the loose headstock. It is an 
18.in. centre lathe, the bed, however, being of the size 
usually vided on 20-in. lathes, thus giving extra stiff. 
ness to the lathe. 

The over-all length of the lathe, including the bed-plate 
of the main driving motor, is about 25 ft. The dimen- 
sions of the largest test-bar which can be carried between 
the centres are:—Length, 10 ft.; and diameter, 25 in. 
The test-bar is held by four independent dogs or jaws 
mounted on a large driving-plate, which is carried by the 
main driving-spindle. At the loose headstock end the 
bar is supported by an ordinary centre of ample pro- 
portions. 

The lathe is driven by a 40-brake-horse-power direct- 
current motor. This motor can actuate the driving-plate 
on the main spindle in the headstock in two different 
ways: (1) directly, by ee the armature of the 
motor to the main spindle ; (2) indirectly, through gearing. 
The direct connection is obtained by means of a tongue 
on the headstock end of the motor armature shaft, and a 
corresponditig slot in the motor end of the main spindle 
of the headstock. This mode of driving is only used 
when very high rotary speeds are required, as in the 
case of drill-tests. The indirect connection is obtained 
by means of a pinion on the headstock end of the motor 
armature shaft, which engages with another pinion 
mounted on a gear-shaft passing through the headstock. 

In the headstock any one of three sets of gears can be 
used for transmitting the power and motion to the driving- 
plate. This plate is driven by a toothed pinion, whic 
works in gear with the teeth on the back portion of the 
rim of the driving-plate, and which is an in part of 
the plate. The power is thus transmitted directly to the 
rim of the driving-plate, and not through the main spindle. 
The gears are so arranged that only one set can be in 
action at the same time, and a are controlled by means 
of levers on the front of the headstock. The gears are :— 
(1) single gear, giving driving-plate or spindle speeds 
from 50.5 to 202 revolutions per minute, according to the 
a of the motor; (2) double quick, giving 

riving-plate speeds from 16 to 64 revolutions per minute; 
and (3) double gear slow, giving driving-plate s from 
5 to 20 revolutions per minute. The gear ratios, includ- 
ing ratio between the driving-pinion and driving-plate 
gear in each case, are as follows :— 


Single gear ad << ve si 1: 3.96 
Double gear quick 1:12.50 
Double gear slow 1 : 40.00 
The slide-rest is of the ordi compound type, having 
a top swivelling slide, with tool-clamps, and a cross or 
surfacing slide. A large feed-apron is vided on the 


slide-rest for carrying gesrs for power sliding and surfac- 
ing. The slide-rest is rack-driven, the power being sup- 
lied to it by a feed-shaft on the front of the lathe bed. 
his feed-shaft can be actuated either directly from the 
main driving spindle in the headstock or by a separate 
feed motor. 

Altogether eight different feeds (travel of the slide- 
rest per revolution of the test-bar) can be obtained for 
—_— surfacing, and drilling with the direct drive as 
follows :— 








Olutch-Lever. Coarse. Fine 
= Pl 
Sliding-key Lever. af G1 81 i Ba Sr Bi a 
in, in.| in. in. im. | in. | in. in. 
Slidin oe ee ee i 4 4 te why ah } ts as 
Surfacing . + Ye} wei ek | as jo | wo | rhs 
Drilling vo ovo | vs | ds rho} yes) eho sho 





The feed-shaft drive from the independent feed motor 
is through a motor feed-gear box containing spur- 


and clutches, so that fast and slow feeds are provided 
for. 
per minute can 
jor the feed. 


Feeds varying from 0.090 in. per minute to 200 in. 
obtained when using the motor drive 





A graduated dial is mounted on the cross-slide screw, 
the ter mers Say the pane ges % in., 4 that depths of 
cut varyi in. can be attar with great accuracy. 
The pt | che diel is adjustable. . 

The loose headstock is of massive proportions, the 
mandrel or spindle of this being so ph com that it can 
be fed along either by hand (when making slight adjust- 
ments) or by power for drill-testing. On the tail end of 
the screw of the headstock is mounted a worm-wheel, 
with which a worm can be pe into mesh. This worm 
receives its motion from the feed-shaft through spur and 
bevel gearing, and transmits to the screw through the 
worm-wheel. 

An auxiliary rack is provided on the bed for the special 
purpose of moving the headstock along the bed whenever 
required. This is done by means of a handle on the 
front of the headstock, which is connected to the rack 
through spur and bevel gears and rack pinion. 

The lathe-bed is graduated in inches, so that the travel 
of the slide-rest in any given time for any given number 
of revolutions of the test-bar can be determined. A 
revolution counter is connected to the main spindle of 
the driving headstock, so that the number of revolutions 





switchboard and instruments is of Westinghouse manu- 
facture, except the voltmeter and the recording. watt- 
meters, which are of Kelvin and White’s and Elliott 
Brothers’ makes respectively. 

The main driving-motor on the lathe is of 40 brake 
horse-power capacity, le by Messrs, Vickers. It is 
a four-pole volt shunt-wound machine with inter- 
oar and is capable of running at s varying from 

to 800 revolutions per minute, the variation 
being obtained solely by means of a rheostat inserted in 
the field-magnet circuit of the motor. The feed-motor 
is a four-pole shunt-wound 220-volt 5-brake-horse-power 
motor, also of Vickers’ make, and is capable of having 
its varied from 275 to 1100 revolutions per minute 
by shunt regulation, as in the former case.- An electro- 
magnetic speed-indicator is connected by a flexible shaft 
to each motor. 

From the generator panel cables are led to two smaller 
switchboards, containing the necessary gear for starting 
and operating the driving and feed-motor respectively. 
These contain an ordinary type of direct-current 
motor-starter with no-load and overload release magnets. 
two main fuses, and a 23-step rheostat for speed variation, 


1") p Fig.47. METHOD OF APPLYING BRAKE TO LATHE 
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Fig.48. MAIN DRIVE CURVES. 









(3747) Feed per Rev. 


made by the test-bar in any given time can be deter- 
mined. 


DESCRIPTION OF ELECTRICAL PLANT FOR OPERATING 
EXPERIMENTAL LATHE (see Fig. 51). 


The lathe is driven by means of two direct-current 
motors, one arranged for the main drive, and the other 
for operating the feed mechanism. These motors take 
their power from a motor-generator set situated in close 
proximity to the machine, and the whole forms a good 
example of an isolated plant for motor driving. 

Two-phase current at 2000 volts pressure and 50 fre- 
quency is received from the Corporation mains, and 
operates a two-phase 2000-volt slip-ring induction motor 
made by the British Westinghouse Company, Limited, 
and capable of giving 76 brake horse-power at a speed of 
960 revolutions per minute. Direct-coupled to this is a 
50-kw. compound-wound dynamo of the same make, 
generating at a pressure of 220 to 250 volts. These 
machines are controlled by means of a two-panel marble 
switchboard. The alternating-current panel contains a 
two-phase high-tension oil-break switch, with automatic 
overload release ; a voltmeter capable of reading either 
the received or the generated pressure ; two ammeters; 
and a two-phase wattmeter, so that the input to the 
alternating-current motor can be observed. e second 
panel controls the tor, and is arranged with 
switches and instruments enabling the input to each of 
the motors to be observed separately. The chief feature 
of this panel is that a ten ay wattmeter is inserted in 


ae 






Efficvency per Cent. 





per Rev. 


there is also a 
motor, so that s intermediate with those given by 
the former ma; obtained. This supplementary rheo- 
stat, having eleven contacts, is connected in series with 
the main rheostat, the two being so arran; that any one 
of the contacts of the first rheostat can used in con- 
junction with any one of the second. Thus 253 different 
motor 8 Ss can obtained for one voltage, these 
ranging from 200 to 800 revolutions per minute. With 
the four different methods of driving, the face-plate of 
the headstock, with and without gearing, upwards of 1000 
different surface speeds are available for one diameter of 
test-bar. The rheostat of the feed motor provides for 
twenty-three different motor s and these, with all 
the possible changes in the feed-gear boxes, give upwards 
of 700 different feeds (travel per minute) for one voltage. 


MEASUREMENTS GF LATHE EFFICIENCY. 


Experiments were made on this lathe to determine the 
various losses which occur in the driving motor, head- 
stock gearing, &c., when the lathe runs without cut 
under the various possible conditions of speed, &c., and 
also the motor input, useful power, and efficiency when 
cutting at a given speed for both the driving and the 
feeding parts of the lathe. 

The relation between the various power losses and the 
motor speed is indicated in Fig. 46. Curve M represents 
the case of the motor running light, the horse-power being 
the motor input (electrical), this being obtained by read- 
ings from the switchboard instruments. The fall in the 


a ap temmeias | rheostat for the driving 





each motor circuit, and a permanent revord, in the sha 
of a power-time curve, is obtained. The whole of the’ 


wer uired with an increasing rate of revolution 
Petween 200 and 500 revolutions per minute is due mainly 
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to the reduction in the magnetisation current (to produce 
the weakened magnetic field) being greater than the 
increase in the armature current required to cover the 
increase in the mechanieal frictional losses in the bear- 
ings, &c., due to the speed increase. Beyond 500 revolu- 
tions per minute the latter is much greater than the 
former; hence the rise in the curve for this speed 
range. 

Carve A is the corresponding curve for the motor and 
headstock gearing without the driving-spindle and face- 
plate. It was found that the power lost was practically 
the same for each of the three sets of headstock gearing, 

rovided that the driving spindle and face-plate were not 
in motion. Curve E, which represents the difference 
between M and A, gives the net power lost in the gearing 
only at the different motor 5) 8. 

Genven B, O, and D are the corresponding curves for 
the motor, headstock gearing, driving-spindle, and test- 
bar without cut. These curves represent the three sets 
of gearing as follow :— 


Curve B—double gear slow... as 1:40 
Curve C—double gear quick ... wae 1:12.5 
Curve D—single gear oak = 1: 3.96 


Curves F, G, and H represent the net losses due to the 
motion of the test-bar and driving-plate. 


To determine the horse-power developed at the nose of 
the tool under a cut, brake-load tests were made on the 
lathe with different loads, at different motor speeds, and 
with the different sets of headstock gearing in action. 
The conditions of these tests were arran so that, as 
nearly as possible, they corresponded to actual cutting 
conditions. The form of brake used is shown in Fig. 47. 
The brake-drum was mounted directly on a test-bar which 
‘was run in the ordinary way, being driven from the face- 
plate by dog-chucks. length of the arm of the brake 
was 45 in., and the pillar carrying the knife-edge rested 
on the platform of a 20-cwt. weighing-machine. The 
xe EDEN was calculated by means of the 

ormula :— 


BH.P.= 27x ,pywa= PN 


12 x 33,000 1400 


P and N being the load in pounds and the revolutions per 
minute of the test-bar respectively. 

From the data of these tests an input curve was drawn, 
from which the output or brake hoses-power for any 
input could be obtained. This curve was used in connee- 
tion with the actual cutting tests to determine the horsse- 
power developed at the nose of the tool corresponding 
to —_ input as obtained from the switchboard instru- 
ments. 

In the cutting tests, in which the cutting speed was 
50 ft. per minute, the feed was obtained independently 
from the feed motor, four different average feeds bei 
adopted, as follows :—0.0185 in., 0.0551 in., 0.1417 in., 
and 0.1880 in. per revolution of the bar. These are the 
actual feeds, their values having been obtained by means 
of actual measurement and calculation. The depths of 
cut were three in number, as follows :—4 in., } in., and 


(19) 


in. 

The net feeding power in each case was obtained by 
taking the difference between the motor input, with the 
cut in and with the tool withdrawn respectively, the 
slide-rest being in rane = each instance. This differ- 
ence may not be exactly the power uired to propel 
the slide-rest against the resistance iol to the onl cule, 
but it is — a close for all practical purposes. 

The curves.in Fig. 48 give the relation between the 
gross main driving-motor input X;, the net cutting 





The curves in Fig. 


In the case of the main-drive curves X, = ~ 


while for the feed curves X; = 





° Motor 
Cut. Revolution.| Input. 


Fie. 51. 


power X», and the over-all main drive efficienc 

lh pie the corresponding relation 
gross feed-motor input, the net feeding 
wer, and the over-all efficiency. The curves X are 
r the g-in. depth, Y for the }-in. depth, and Z for the 
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APPENDIX III. 


CuemicaL Compositions OF Terst-BaRs. 
(a) Test-Bars for Carbon-Steel Tool Tests. 
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(2) Feed Drive. 














APPENDIX II. 
PuysicaL Propertigzs OF Trst-Bars. 
(a) Test-Bars for Carbon-Steel Tool Tests. 


Motor one — | Feed 
Input. ciency. | ciency. Efficiency. 
h.p. h.p. ent|per cent per cent 
1.38 0.02 1.5 45 3.3 
1.40 0.03 21 46 4.6 
1.43 0.04 2.7 47 6.8 
1.51 0.05 3.3 4s 6.9 
1,42 0.06 4.2 46 9.2 
1.45 0.08 5.5 47 11.7 
1.49 0.10 6.7 48 14.0 
1.58 0.12 7.6 49 15.5 
1.46 0.10 6.9 47 14.7 
1.50 0.13 8.7 48 18.2 
1.56 0.17 10.9 49 22.0 

1.66 0.20 12.1 50 





Silicon. 





SP 


i=) 
3 
al 


S 
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0. 
0. 
0. 
0.030 
0.100 


0.075 
0.249 








[RF 
21g | 4 — 
£ ‘ 
r) = ba 
& a = 
= & = 
per cent per cent/per ce 
0.45 | 0.025 | 0.026 |Mild steel 
0.50 0.030 | 0.038 Medium steel 
0.60 | 0.082 | 0.040 |Hard steel. 
0.36 | 0.082 0.049 | Very hard steel 


est-Bars for High-Speed Steel Tool Tests. 


0.42 0.037 0.028 Mild steel 
0.50 0.030 0.088 Medium steel 
0.83 0.053 0.030 |Hard steel 








APPENDIX IV. 


Values of K in Expression (9). 


T=Tensile Strength. K = {(65 - T) x 0.207}. 
25 8.28 
80 7.24 
35 6.21 
40 5.17 
45 4.14 
50 3.10 


APPENDIX V. 


Power Tests. Hicu-Sprep Sree... 
Bar A.—Tensile Strength, 27.2 Tons per Square Inch. 














Breaking Load in Elon 
Tons per Sq. In. 


tion Compressive Load 
in Tons per Sq. In. 





NMS 


Qu> 





24.8 
33.4 
39.5 
51.2 


27.2 
33.5 
50.5 





74.8 
90.0 
106.8 
128.0 


(6) Test-Bars for High-Speed Steel Tool Tests. 


81.2 
90.0 
126.4 
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~~ se, 





xx-K KKK X 


36 


Average cubic inches removed per horse-power hour = 115.8. 
Bar B.—Tensile Strength, 33.5 Tons per Square Inch. 


al ah al 


ea! 
a a) 


1 
a6 


ts 


a he 


67 
92 
180 
74 
106 
144 


62 
83 
118 
164 


Asso- Cubic Net 
Area of ciated Inches Power. Oubic Inches per 
Cut. Speed. Removed Horse- Horse-Power Hour. 
8. per Hour., Power. 
4 60 674 5.95 113.3 ) 
we 80 599 5.04 118.9 | iig9 
hs 112 504 4.49 112.8 . 
do 156 460 4.28 107.5 
} 68 572 5.07 112.8 
Ys 88 493 4.52 109.1 |i199 
As 129 427 38.97 107.5 ‘ 
sb 176 393 | 8.19 123.2 
! 78 438 3.71 118.0 
ts 100 374 8.02 123.9 | 1919 
ar 142 319 2.73 116.9 _— 
, 196 282 2.24 125.9 


| 5Ol ; 440 ) 1139 
418 8.78 110.8 $112.6 
390 8.45 113.1 J 
416 3.70 112.4 
357 8.25 109.8 $112.4 
324 2 82 114.9 
349 «6©| Cl 8.20 109.1 
311 2.85 109.1 
266 2.85 113.2 [12-8 
245 2.04 120.0 


Average cubic inches removed per horse-power hour = 112.6. 
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Bar C.—Tensile Strength, 50.5 Tons per Square Inch. 


Axe 2 217 2.67 | © 818 
Xs 43 192 2.38 | 80.7 } 80.7 
Xd | 56 165 206 | 80.1 

d's X py 35 196 2 43 80.7 

oe a ee 162 2.08 79.8 \80.1 

~aXdo | 64 143 1.79 79.9 

ve xX 3 23 185 2.28 81,2 

+k 39 146 1.83 70.8 lerg 

wh % ¢h 55 122 1.48 82 4 

wn X gs 75 108 | 1.34 80.6 


Average cubic inches removed per horse-power hour = 80.6. 


APPENDIX VI. 
SHeErrigLp University ENGInggRING DEPARTMENT. 
Lathe-Tool Test Sheet. 





Dabo et TO cvcvccccvcsssses BP GE WBiscsscccs cvscseeess 
WO. BE POD ivccevccceseseevcd PE aves erescsce ts cosven 
Shape of Tool Nose .......... 
Angles of Tool Nose :— 
Clearance: Front.............. SEED chews) wesdctveavence 
Top Rake: Front .............. SGI  Fesesccssecvcvccspes 
TE EF ED dveccvcewesssred Diameter of Test-Bar ........ 
, mah} erentaed } Duration of Test............+. 
ee e+ +2008 } Total Revs. ............ 
Surface Speed in Feet per Minute . ...........ccccecececeeeeees 
Depth of Cut..............+- Feed per Revolution ............ 
Wee is ve iv Socvevesss ) 
Sesvstecne co NN arcceiicccesseseueen 
Amps.: Light.... pa a keseNsvetaeereaten h.p 
NS suche denatrews 


Headstock Gearing 
Motor Rheostat Contacts 


see eennee 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on the 24th ult., at the Imperial 
College of Science, Professor C. H. Lees, F.R.S, Vice- 
Deastivah in the chair, a paper entitled ‘‘ The Ice Culori- 
meter, with Remarks on the Constancy of the Density of 
Ice,” was read by Mr. Ezer Griffiths. The primary 
object of the work was the redetermination, by an elec- 
trical method, of the constant of Bunsen’s ice calorimeter. 
The heat was supplied pi! & manganin coil wound ona 
mica rack which fitted the interior tube of the calori- 
meter, and the results are based on determinations of 
the electromotive force and resistance. The current was 
adjusted so that the difference of potential at the ends 
of the heating coil was exactly equal to the electromotive 
force of a number of standard cadmium cells in series. 
The conditions were varied as much as possible. Thus 
the rate of energy supply in the fastest experiments was 
more than seven times that in the slowest. Errors due 
b> progressive freezing or thawing of the ice mantle were 
gceatly diminished by suspending the calorimeter within a 
transparent vacuum vessel of cylindrical form, the stem 
and capillary of the calorimeter projecting through a 
rubber stopper, and the vacuum vessel being completely 
embedded m powdered ice. The mean value of the calori- 
meter constant was found to be 15.486 milligrammes of 
mercury per mean calorie. 

The Constancy of the Density of Ice.— Various observers 
have advanced evidence tending to show that the density 
of ice at 0 deg. Cent. is not a definite constant. A con- 
sideration of their work leads to the conclusion that the 
small variations of density found for different samples 
might be simply due to the presence of occluded water or 
an amorphous modification cementing the ice crystals 


ee 
he value (80.30) of the latent heat of fusion of ice, 
calculated from the ice calorimeter, supports this view, 
as it is higher by about 0.7 per cent. than the value 
obtained by direct determinations with ice in buJk. 
Professor H. L. Callendar opened the discussion, and 
noted with pleasure that the author had very closely 
verified Dieterici’s value, using an entirely different 
method. He had had occastion to look into Dieterici’s 
determinations in connection with the specific heat of 
water, and thought them very reliable. They agreed 
very closely indeed with the results obtained by Dr. 
Barnes and himself by the continuous electric method. 
The most uncertain element in Dieterici’s work was the 
thermal capacity of his silica bulb, which amounted to 





about 25 per cent of thewhole. The extreme uncertainty 
of the calculation of latent heat from the volume c 

on melting was not, perhaps, sufficiently realised. e | 
calculation depended on the difference of the specific 
volumes of ice and water, so that any error in the value | 
assumed for the density of ice seriously affected the value 
obtained for L. Thus the author, taking Vincent’s result | 
for the density of ice (= 0.9161 gramme per cub. cm.) | 
had calculated L = 80.3 mean calories, whereas, if 
0.9167, the density as ay by Barnes, had been assumed 
79.5 (approx.) would have been obtained for the latent | 

eat. 

Dr. J. A. Harker mentioned a possible error due to the | 
suction of mercury at atmospheric temperature through a | 
ay of varying temperature into the body of the | 
calorimeter. Was the author’s method of getting rid of | 
“‘drift” superior to the method of putting one calori- | 
meter inside another and larger one, and by varying the 
pressure on the ice in the second one, adjusting its tem- | 
perature until the “drift” waszero? He had at one time 
tried glacial acetic acid instead of ice. It had the advan- 


tage that when heat was supplied mercury was pushed 
Also the transition temperature 


out instead of sucked in. 


was between 16 deg. and 17 deg. Cent., and the constant 
was about 30. 

Mr. F. E. Smith referred to the question of the leads 
to the coil. If they were too thick, too much heat was 
conducted along them ; if too thin, too much heat was 
produced in them by the current. If the cross-section 
was assumed to be 2 sq. mm, then the resistance of a 
pair of manganin leads, each of which was 25 cm. long, 
would be 0.1 ohm. Since the heating coil was of 20 ohms 
resistance, it followed that the heat produced in the leads 
was 0.005 times that produced in the coil. This heat was 
not accounted for in the calculations, and he would be 
glad if Mr. Griffiths would state what became of it. In 
his opinion much of it passed into the oil in the calori- 
meter. The experiments made by the author did not 
appear to him to indicate the magnitude of the effect, 
since the heat passing from the leads to the oil would be 
proportional to the time of an experiment, and also to the 
square of the current used. 

Professor Silvanus Thompson asked whether there 
was any evidence of an allotropic or amorphous form of 
ice. According to the theory of crystal formation by 
arrangements of densest packing of molecules, any amor- 
phous form should be less dense (as is the case of fused 
silica as compared with quartz crystal), and its specific 
heat unit mass should be greater. Was the author 
sure that the water used was perfectly air-free? 

Professor C. H. Lees said the author had raised his 
opinion of the ice-calorimeter. He would like to know 
where it now ranked ip the author’s own estimation 
among other instruments used for similar pu 

The author agreed that the calculated value of the latent 
heat must be accepted with reserve, as it was difficult to 
predict in what direction the assumed value of the 
density of ice might be in error. The presence of occluded 


*| water in the specimens used would make the value too 
‘| high, while minute air-bubbles, due to dissolved air 


separating out, would make it toolow. He had not yet 
attempted the substitution of other substances for ice. The 
use of glacial acetic acid would obviate the trouble at the 
orifice,since mercury would be ejected instead of sucked in. 
The heating coil was so designed that the heat generated in 
the leads was small. Moreover, only a fraction of this 
would pass into the bulb of the instrument, since the coil 
proper extended nearly the entire length of the inner 
tube. The heat generated in the leads outside the bulb 
would be partially absorbed by the glass stem and the 
air surrounding the leads. The slight conduction by the 
glass stem and leads down to the bulb would cause a 
minute “‘drift” lasting for a considerable time after switch- 
ing off the heating current. This was corrected in the 
manner indicated in the paper. He regarded the varia- 
tion of the density of ice to be due to occluded water, and 
not to allotropic crystallisation. He considered the water 
to be present as an amorphous cement binding the 
a together. In reply to Professor he con- 
sidered electrical methods—as, for example, the continu- 
ous electric method of Professor Callendar—superior to 
the ice calorimeter. One advantage of the latter was, 
however, that there was no radiation correction. 

A paper on “An Electrostatic Oscillogragh,” by 
Messrs. H. Ho and 8. Koto was read by the latter. 

The paper describes an electrostatic oscillograph suit- 
able for recording very high voltages. Two vertical bronz3 
strips pass symmetrically between two parallel metallic 

lates called ‘‘ field plates.” 
ower ends by a silk fibre which passes under an ivory 

ulley. An extremely small mirror is fixed to the strips. 

his arrangement constitutes the vibrator, which, 
mounted on an ebonite frame, is immersed in an oil bath. 
To the upper extremities of the strips are connected the 
terminals of a direct-current vol of about 300. The 
alternating voltage to be recorded is connected to the 
‘‘ field plates,” in parallel with which there are two oil- 
condensers in series. The electrical mid-point of the 
direct-current battery is connected to a point between the 
condensers. 

The nore | moment on the strips is proportional to 
the product of the momentary values of the alternating- 
current voltage and the direct-current voltage, so that if 
the latter is constant, the deflection of the mirror 
accurately follows the variation of the former. 

Oil plays an important part, not only acting as a 
damping agent and insulator, but increasing the sensitive- 
ness on account of its high dielectric constant. 

In cases where voltage is low, but the source of energy 
is so limited that a sufficient current cannot be taken to 
actuate the ordinary oscillograph, 
vibrator may be used by applying the voltage in ques- 
tion to the strips, while the terminals of a high-tension 
battery, or influence machine, are connected to the “field 
plates.” The instrument may also be used for recording 





They are connected at their | P’ 





the electrostatic | 
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ing the arrangement of Fig. 8 in the paper, the instru- 
ment could be used as a watt-meter. 

Mr. J. T. Irwin said he was already aware of the 
device suggested by Mr. Rayner, having described it in 
1907. The principal difficulty with an electrostatic 
oscillograph was that a very high polarising voltage is 
required if the zero is to be stable. The authors had 
reversed the process—using a small polarising voltage 
compared with the alternating-current voltage. Hence 
it is only when the alternating-current voltage is applied 
that a change of zero is produced. In most cases this 
cannot be compensated beforehand, as we do not know the 
value of the potential to be applied. Castor oil was not 
suitable for, use in oscill phs, as it became acid and 
conducting under high voltages. Well-filtered paraffin 
had not this defect. 

r. Owen regretted that the paper contained so 
little in the way of actual work accomplished with the 
instrument. If one took the values stated in the paper 
for the inductance of the high resistances used with 
E.M. oscillographs, and assumed a frequency of 100 
periods per second, calculation seemed to show that the 
phase-differences introduced by the use of such resistances 
were much too small to account for the discrepancies in 
the experimental curves. 

Mr. L. G. Addenbrooke said that if castor-oil free 
from dust and moisture were used, he did not think 
oscillograms with the instrument would be affec r- 
ceptibly by action in the oil at 40 periods or higher. 

ith a dry oil much lower periodicities might be used. 
The influence of moisture was greater with mineral oils 
than with castor. The dielectric strength varied almost 
directly with the percentage of moisture present. 

Professor Koto, in reply, said that the frequency of 
the voltage used for the tests was 60 periods, the records 
being taken on a falling-plate camera. He saw no objec- 
tion whatever to the use of the oscillograph as a watt- 
meter, as suggested by Mr. Rayner and carried out by 
Mr. Irwin. He stated that the oil used was that supplied 
by the Cambridge Scientific Instrument Company, and 
that, from some rough measurements he had made, he 
found it to have a specific inductive capacity of about 2. 
The deviation of the strips from the centre was a cause 
of the change of zero, as Mr. Irwin suggested, if a large 
polarising voltage be applied. To suppress this effect, 
the authors made the distance between the two field 
plates, consequently the distance between the strip and 
the plates, sufficiently great to make this inevitable slight 
deviation from the centre a very small] percentage of the 
distance between the strip and the plates, and conse- 
quently, this deviation from symmetry would cause no 
— ‘‘out of balance” of the forces due to the 
polarising voltage acting upon the strips, and effecting 
this change of zero. ee nape | to the effect of the oil 
on the phase relationship of the curves, Professor Koto 
stated that he had no doubt that the curves obtained 
on the electrostatic oscillograph and reproduced in the 
paper were correct, but he intended to make a series of 
experiments on different oils to see whether any serious 
phase-differences were caused by the oils having different 
dielectric hysteresis constants. 





FOREIGN ENGINEERING PROJECTS. 
WE give below a few data on several foreign engineering 
rojects, taken from the Board of Trade Journal. Further 
information concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, E.C. 

France: With reference to a call for tenders for the 
construction of quays on piles in Nantes Harbour, the 
British Vice-Consul at that place reports that the con- 
tract has been awarded to a French firm, whose name ard 
address may be obtained by United Kingdom manufac- 
turers of cement, &c., on application to the Commercial 
Intelligence Branch. ; 

France (Algeria): The Journal Officiel, Paris, contains 
a copy of a decree, issued by the French Ministry of 
Public Works, authorising the East Algerian Railway 
Company to spend the sum of 679,000 francs (27,160/.) 
for preliminary works from the sum of 5,100,000 francs 
204,000/.) intended for work on the lines from Sainte 

be-du-Tlélat to Sidi-bel-Abké:, from Sidi-bel-Abkés 
to Ras-el-Ma, from La Sénia to Ain-Témouchent and 
from Tabia to Tlemcen. 

Brazil: The Diario Official publishes a decree (No. 
10,180) approving the plans and estimate of 1,178,624 
milreis be ste 78,000/.) submitted by the Sao Paulo-Goyaz 
Railway Company for the construction of-244 miles of the 
line between Monte Azul and Maribondo. The Diario 
also notifies the issue of a decree (No. 2809) granting to 


|Senhor Justin Norbert, or to a company which he may 


very small currents, by replacing the oil-condensers by | 
two exactly equal resistances, which are traversed by the | 


current, 

The discussion was opened by Mr. A. Campbell], who 
thought it was a considerable advantage to be able to do 
without high resistances. Dr. G. W. C. Kaye had sug- 

ted to him that the instrument might be of great use 
in work with X rays and in other cases where the charge 
was being taken from an induction coil. 

Mr. R. 8S. Whipple emphasised the commercial advan- 
tage of the instrument. High resistances were very 
expensive. Einthoven was the first to propose an elec- 
trostatic oscillograph, and a Belgian inventor had con- 
structed an instrument similar in principle. 

Professor G. W. O. Howe stated that in the two curves 
given the difference was assumed to be due to a ‘‘lead” 
in the electromagnetic instrument. Was there any actual 
evidence that it was not due to “‘lag” in the other? If 


the oil did produce a phase-difference, it would introduce | 


a ‘‘lag” and give the observed effect. 


eventually form, a 70 years’ concession for the constructicn 
and working of a railway from Guarantingueta, State of 
Sao Paulo, to Paratymirim, in the State of Rio de Janeirc. 

Norway: Tenders are invited by the Norwegian State 
Railway Authorities for the supply of 206,200 spring 
rings. Sealed tenders, marked ‘‘ Anbud paa laskeskruer, 
m.m.,” will be received, up to 3 p.m., on December 5, at 
Hovedstyrets, kontor for baneanliggende, Statsbanerne, 
Christiania, where further particulars may be seen. No 


| special form of tender is required, but local representa- 


tion by a resident agent (not necessarily a Norwegian) 1s 
required. It should be noted that in all Norwegian 
Government contracts a preference of from 10 to 15 _ 
cent. (sometimes more) is given to Norwegian manufac- 


turers. 





Aoumal jeer: pd 4 bt cago Dawaten. 
—The King has approved the following appointment :— 
Rear-Admiral Godfrey H. B. Mundy, M.V.O., to be 


Admiral Superintendent of Devonport Dockyard, in suc- 


Mr. E. H. Rayner pointed out how, by suitably alter- | cession to Vice-Admiral R. H. S. Stokes. 

















Nov. 28, 1913.] 


ENGINEERING. 


747 








‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
CATIONS UNDER THE AOT OF 1907. 

"iin ‘each ot -¢ = given 1° ee oe og rawings is on -_ 

where inventions are communicated from abroad, the Names, é&c., 
of the Communicators are ee in italics. 

may be obtained at the Patent O, 


Copi. Specifications , Sales 

oS 25, Southam: Buildings, Chaney lone WC. at 
the uniform ges of 8d. 

The date of the advertisement of the nce of a Complete 


ifieation is, in each ease, given after the abstract, unless the 


atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months the date of 
the advertisement nce of a Complete } u 
of opposition 


give notice at the Patent O, to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


6772/13. H. W. Handcock, A. H. Dykes, and W. 
Duddell, London. Remote Resonance Control. [4 Figs | 
March 19, 1913.—This invention is an improvement in that de- 
scribed in the former specification, No. 6716, 1912. In connection 
with the invention described in that specification it is sometimes 
convenient to supe the alternating current by introducing 
an alternating electromotive force in the connection at the gene- 
rating station between one po'e and earth. It generally happens 
that the supply main which is connected to the earth terminal at 
the station is not so well insulated as the other mains because 
there is naturally no necessity for maintaining its insulation in 
such a high state of efficiency. This earthed main is conse- 
quently much more likely to “‘ go down” and become temporarily 
earthed at points outside the station. The effect, whenever this 
happens, is to short-circuit both the superposed electromotive 
force and also the distant-control resonance appliances on the 
system, so that although the system is still in a condition to give 
a supply of energy to consumers, the distant-control appliances 
on such occasions cannot be relied on to act. Owing to the fact 
that the applicants do not put the distant-control aomunens on 
the earthed main when the superposed alternating electromotive 
force is introduced into the earth connection, they are able, in the 


@ 


roy 


case of direct-current systems, to provide against short-circuits 
of the nature described, by inserting a choking coil into the 
earthed main at the point where it leaves the station. In the 
control system shown in the drawing, a choking coil is inserted in 
M2, just prior to its leaving the station, say at C!, orat any suitable 
point between the tion to the Board of Trade earth and the 
point at which additional earths are likely to occur on M?; it is 
evident that in the event of such an earth coming on to M®, the 
choking coil will prevent this from short-circuiting either the 
alternator A or the distant-control resonance appliances connected 
between M! and earth. It is obvious that the position of the 
choking coils and the number of the choking coils to be used 
must depend on the individual arrangement of each system, and 
also on whether the alternator be placed on the earth connection 
or across the mains, or in the mains themselves, these variations 
being possible without in any way detracting from the merit of 
the invention. When using choking coils on earth connections 
on alternating-current supply systems, as may sometimes be done 
for the purposes of this invention, care must be taken that the 
coils are of suitable dimensions not to impair the usefulness of 
the earth connection, if primarily inserted for other purposes, 
such as Board of Trade requirements. (Accepted August 27, 1913.) 


GUNS AND EXPLOSIVES. 


26,278/12. Sir W.G. Armstrong, Whitworth and Co., 
Limited, Newcastle-on-Tyne, and S. A. de Castilho, 
Rio de Janeiro, {1 Fig.] Nov- 
ember 15, 1912.—This invention relates to shells containing a 
number of separate receptacles, each filled with explosive, so 
that it forms a separate explosive bomb. Acccording to this 
invention, the patentees fill the interior of a thin-walled shell 
formed of cast or forged steel with cups of steel or any other 
suitable metal arranged so that the axes of all the cups lie in 
the axis of the shell, each cup being filled with high explosive. 
A passage is formed in the base of each cup, so that the flash may 
be communicated from each charge to the next until all are 
exploded. The cups are threaded upon a central tube, down 








(6772) 





CZ 


a 
qin aa at 
hk 


a 
GY IAN \ < <3 SJ D aeeennnanan 
ee eS 


Pe Lda SHH 


SASS 


h 
XG 






S 
WW 


RS 






% 


WY 


which the flash from a nose-fuse passes to a charge placed in a 
cavity in the base of the shell, the tube being filled with com- 
pressed-powder pellets or loose powder. The head or nose of the 
shell screws on to the body, and holds the cups in place. The 
drawing is a section of a shell made in ce with this 
invention, a is the body, and the head screws on to a, 80 as 
to hold in place cups c, each of which is filled with high explo- 
sive. The cups are threaded on an axial tube e, which is filled 
with powder to convey the flash from a fuse which screws into 
the head to a bursting charge f in the base of the shell. The 
cups have holes g in their bases, and they are kept from turning 
relatively to the body and to one another by eee h. (Sealed 
November 13, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


18,879, Cc. Brown, and Brown and Barlow, 
17, 1912, — Carburettors. [1 Fig.) August 


This invention relates to means for controlling the 
car 


i. 





air Op tors for internal-combustion engines. 
According to the present invention, the patentees employ a tube 
through which the air or gas is adapted to pass, and a conical 





spring is arranged within the tube with its larger extremity 
secured within one end of the tube, and its si er extremity 
projecting inwardly to about the centre of the tube, at whi 

point the conical is furnished with a nozzle or nipple 
through which a certain part of the air and with which 
nozzle a second spring is pted to engage, which last-mentioned 
spring is also contained within the tube in which the conical 
spring is provided. By this construction the patentees provide 
acompact and particularly useful means for offering a res ce 
to or impeding the progress of air passing, for instance, to a 





carburettor. a isa tube through which the air is adapted to 

The cone-shaped spring ) is inserted and secu: at its 
ll ——- within one end of the tube, its smaller ex- 
tremity projecting pooreon | to about the centre of the tube. A 
nozzle c is suitably installed at the smaller extremity of the coned 
spring b a which a certain part of the air passes. The 
second spring d, previously tioned, is adapted to bear upon 
the nozzle and to act from the end of the tube remote from that 
at which the coned spring } is secured. The spring d may bear 
upon the extremity of the boss ¢ provided on the carburettor 
body. (Sealed October 23, 1913.) 


HYDRAULIC MACHINERY. 


/13._ Peter Brotherhood, Limited, and C. W. 

t, Peterborough. ulic Motors. [1 Fig.) 
March 17, 1913.—The present invention relates to hydraulic 
motors of the Pelton wheel or other type, and has for object to 
enable such motors, while constructed normally, to discharge the 
used water at atmospheric or other given pressure, to, on occasions 
or for any period, continue to operate in a normal manner when- 
ever back pressure exists in the main or vessel into which the 
used water is ultimately discharged. The invention consists in 
providing, in combination with the hydraulic motor, an ejector 
adapted to operate under the water pressure to withdraw the 
water from a discharge-tank, into which the motor discharges. 
The invention further consists in a combination of a hydraulic 
motor, a discharge-tank for such motor, having a float or the like 
controlling the flow of the high-pressure liquid to an ejector 
adapted to withdraw the liquid from the tank into which the 
motor discharges. The — illustrates an apparatus for 
eusrying the invention into ect where a Pelton wheel is 
employed ; a Pelton wheel a is arranged to drive, for example, a 
dynamo e, the fluid under pressure is supplied at b, and the 
discharge from the Pelton wheél passes through the aperture c 




















to thetank d. At the side of the tank there is mounted a valve h, 
preferably self-balanced, controlling the flow of fluid under pres- 
sure from the entrance to the Pelton wheel to a pipe / leading to 
an ejector m arranged in the outlet from the tank d, so that when 
the fluid is admitted through the valve A to the ejector, the jet 
causes the withdrawal of fluid from the tank d through the 
passage f, and out through the non-return valve n into the dis- 
charge main. This discharge of water from the tank d can thus 
take place whenever the pressure in the discharge main is below 
the pressure at which the ejector m can operate. In the tank d 
there is mounted a bell-crank lever carrying a float g, and adapted 
to operate a plunger k by which the valve A is operated and 
opened when the fluid raises the float in the tank d. As the fluid 
level in the tank d is reduced, the weight of the float g becames 
unsupported by the fluid, and pressure is exerted on the plunger k, 
causing the valve A to shut and cut off the supply of fluid under 

ressure to the ejector m. It will be seen that in the above- 
Seontbed arrangement the ejector is caused to operate automati- 
cally whenever the water in the tank d rises to a certain level, 80 
that the fluid in the discharge side of the Pelton wheel is kept at 
any desired level. (Sealed November 6, 1913.) 


MINING, METALLURGY, & METAL-WORKING. 


849/12. S. H. Priestman, Hull. Excavators. 
(6 Figs.) December 14, 1912.—This invention relates to im- 
provements in excavators, grab-cranes, and similar apparatus, 
and is particularly, though not exclusively, applicable to those of 
the steam-driven type, the object being to enable the clutches 
and brakes employed in the working of such = to be 
operated with greater facility and expedition. In apparatus of 
the character referred to, it has in most instances been the prac- 
tice to operate the clutch and to apply or release the brake by 
means of a hand-lever. The actuation of this lever frequently 
entails considerable physical effort on the part of the driver. 
order to avoid this objection or inconveni , the pat 
provides a pair of steam-cylinders a, a!, whereof the pistons are 
respectively connected with the clutch-shifting gear ) and with 
the brake-strap c or other braking appliance. The distribution 
of steam to the cylinders is effec’ by valves whereof the 
indles are ted to a hand-lever e, whereby the working of 
the valves is rendered to a certain extent interdependent. 
According to the construction illustrated in Fig. 1, the spindles 
terminate in slotted (J-shaped yokes connected to the lever ¢ by 
means of transverse pins. In order that the brake may in all 
cases be applied before the clutch is disengaged, and be released 
before the same is rendered operative, the slots formed in the 


In 
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yokes of the valve-spindles above referred to are so formed that 
the valve-spindle pertaining to the cylinder a controlling the 
brake is always actuated app n advance of the spindle 

rtaining to the cylinder a! controlling the clutch. Under the 
nfluence of a counterweight /, the brake is normally held opera- 
tive; but when it is desired to hoist, the lever is moved to (say) 
the lower extremity of its quadrant, with the effect that the 











brake is released. After hoisting, the lever is rat raised, with 
the effect that the brake is thereby applied and the clutch subse- 
quently disengaged. The bucket is now supported by the wind- 
ing-drum brake alone, and, having been slewed into position, may 
be discha by as the lever, such movement having the 
effect of releasing the brake and thereby transferring the load to 
the opening rope. (Sealed November 6, 1918.) 


MOTOR ROAD VEHICLES. 

3104/13. L. Renault, Ballincourt, France. Speed- 
{8 Figs.) February 6, 1913.—The invention relates to 
reducing gearing for automobile vehi forming a compact 
group mounted on the rear axle of the vehicle and permitting of 
btaining a iderable reduction in speed between the motor- 
shaft and the wheel-axles. The device comprises essentially :— 
(1) two conical gears; (2) two epicycle reducing - gears. e 

through the 





longitudinal transmission-shaft of the vehicle rotates 
medium of a Cardan joint 1, a conical pinion 2 engaging another 
toothed wheel 3 of a larger diameter. The latter rotates a dif- 
ferential-gearing 4 (with conical or spur pinions), the two outer 
wheels of which 5, 6 are mounted on the intermediate shafts 7, 8. 
These shafts are provided with discs 9, 10 at their other ends 
which carry, at equal distances from the 7, 8 and at right 
angles to themselves, a certain numbe;v of pins 11, 12, 13, &c. (the 











Ge 


number being three in the example shown). Pinions with double- 
toothed gearing 14 and 14! are carried on the pins 11, 12, 13, &c. 
The pinions 14! of larger diameter than that of the pinions 14 
mesh with an interior and fixed-tooth gear 15; in the same 
manner the pinions 14 mesh with the second 16, but the 
latter is invariably fixed on one of the ends of the shaft 17, the 
other end of which carries one of the driving-wheels of the vehicle. 
When the pinion 2 rotates it drives the wheel 3 and this, by means 
of the differential gearing 4, 5, 6, rotates the intermediate shafts 
7,8. The rotation of the shafc 7, for example, determines the 
rotation of the disc 9 carrying the axes 11, 12, 13, and, as the 
toothed gearing 15 is fixed, the pinions 14! must run within this 
gearing. The pinions 14 being integral with the pinions 14!, they 
rotate on their own axis besides rotating round the shaft 7, and 
consequently the toothed-gear 16 will be rotated at a reduced 
speed. (Sealed November 6, 1918.) 


RAILWAYS AND TRAMWAYS. 


19,588/12. W. E. E. Jackson. London. Braking 
Apparatus. (2 Figs.) August 27, 1912.—This invention relates 
to apparatus for measuring the volumetric capacity of a closed 
receptacle which is normally maintained at a pressure different 
from atmospheric a and is particularly applicable to the 
measurement of the volume of the train-pipe of a fluid-pressure 
pee ee | apparatus. According to the present invention, the 
ume pe of a fluid-pressure braking apparatus is arranged to be 
provided with an automatic pressure-controlled release-valve, 
which, when it is desired to effect a measurement, is arranged to 
be placed in communication with the train-pipe, the valve being 
so constructed as to automatically release fluid under pressure 
from the pipe, or to admit fluid undef pressure thereto, until the 
pressure within the a has attained a definite constant 
value dependent upon the adjustment of the valve, whereupon 
the valve is automatically moved to ite closed position, and pre- 
vents further escape of fluid out of, or into, the receptacle. 
Arrangements are provided whereby, as soon as the condition 
above referred to is attained, communication is established 
between the pipe and a measuring-chamber having a definite con- 
stant volumetric capacity, and which normally contains fluid at 
atmospheric or other standard re. As soon as this com- 
munication is established, equalisation of the pressure occurs, 
fluid being transferred from the pipe to the measuring chamber, 
or from the measuring-chamber to the pipe, until a uniform pres- 
sure is attained, which is indicated by a pressure-gauge con- 
nected to the measuring-chamberand suitably gradua The 
measuring apparatus is arran adjacent the driver's 
brake-valve 1, and connected to the branch-pipe 2, leading to the 
train-pipe. A cock 3 is provided in the pipe leading from 
the driver's brake-valve 1 to the main reservoir, by means of 
which communication between the main reservoir «nd the driver's 
brake-valve and the measuring apparatus may be cut off when 
desired. The measuring apparatus comprises a chamber 4, pro- 
vided with a pressure-gauge 5 calibrated to indicate the length of 
train-pipe available for braking purposes. The chamber 4 is con- 
noutel to the branch-pipe 2, leading from the driver's brake-valve 
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1 to the train pipe by means of a branch connection 6, in which 

inte: an automatic pressure-controlled release-valve 7, 
which is so constructed that, when placed in communication with 
the train-pipe through the eee 2, it automatically releases 
fluid under pressure from the -pipe, or admits fluid under 
pressure thereto in the case of a vacuum system, until the pres- 
sure within the train-pipe and branch-pipe 2 has attained a 


definite constant value, dependent upon the adjustment of the | d 


valve, whereupon the valve is automatically moved to its closed 
a me and prevents further escape of fluid out of, or into, the 

rain-pipe. Interposed in the branch connection 6, between the 
pa a and the measuring-reservoir 4, is a cock 8, adapted in 
one position to establish communication between the measuring- 
reservoir 4 and the atmosphere, and, in another position, to cut off 
such communication establish communication between that 
portion of the branch connection 6 in which the valve 7 is located 
and the measuring-chamber. A similar cock 9 is interposed 
between the valve 7 and the branch-pipe 2 leading to the 
train-pipe. The cock 9 is adapted in one position to establish 
communication between the branch-pipe 2 and the valve 7, and in 
another position to cut off such communication. The measuring 
operation is effected in the following manner :—The cock 3, pro- 











vided for cutting off communication between the pipe leading 
from the main reservoir of the system and the driver's brake- 
valve, is first moved to its closed position, so as to isolate the train- 
pipe from the main reservoir, and the driver's brake-valve is placed 
in the running position, The cock 8, interposed between the 
valve 7 and the measuring-chamber, is at this stage of the 
operation in its normal position, in which communication is 
established between the measuring-chamber and the atmosphere, 
80 as to ensure that the measuring-chamber is at atmospheric 
pressure. The cock 9, interposed between the branch-pipe 2 and 
the valve 7, is then moved to its open position, whereupon the com- 
poeee air in the train-pipe is admitted to the interior of the 
»ranch connection 6 and escapes to the atmosphere through the 
valve 7 until the pressure existing within the train-pipe is equal 
to that for which the valve 7 is adjusted. The — in the 
train-pipe having been thus reduced to the stan value, the 
cock 8 is now moved into a position in which the train-pipe is in 
free communication with the measuring-chamber 4, 

the compressed air in the train-pipe will flow into the measuring- 
chamber until the pressure therein is equal to the reduced pres- 
sure in the ar due to the equalisation of preseure. As soon 


as the pressure n the measuring-chamber 4 becomes stable a 
vided on the 





reading may be taken of the pressure-gauge pro 
measuring-c ber and the volumetric capacity of the train-pipe 
ascertained. (Sealed November 6, 1913.) 


26,371/12. The Vacuum-Brake Com , Limited, 
and H. J. Dover, London. Vacuum-Brakes. (3 Figs.) 
November 16, 1912.—This invention relates to improved valve 
apparatus applicable for use with automatic vacuum-brakes, 
particularly where brake apparatus of this type is fitted to 
electrically-propelled trains, tramcars, or the like, operated by 
means of a controller such as is commonly employed ; the object 
of the invention being to ensure the automatic application of the 
brakes in the event of the driver becoming for any reason 
incapacitated. Means for ensuring the automatic —— of 
vacuum-brakes upon the driver of a vehicle becoming incapaci- 
tated consist, according to this invention, in a pilot-valve, which, 
in certain itions of the electric controller-handle, is manually 
maintained in the closed position, but which, upon the pressure 
of the driver's hand being released, opens and admits air to a 
diaphragm-vaive apparatus, with the effect that air is admitted 
to that portion of the train-pipe which leads to the brake- 
cylinder, whilst the portion of the train-pipe which leads to the 
exhaust-pump is cut out and the vacuum therein preserved. 


Fig. 
b TT] 





















































The handle of the controller a (see plan view, Fig. 1) is provided 
with a push-button or other suitable appliance, which, in order 
to keep the brakes out of action, has .o be permanently subjected 
to the pressure of the driver’s hand so long as the electric 
controller-handle is in any ‘‘running” position. The — 
button operates a pilot-valve, which, unless held closed, admits 
air to the diaph -valve apparatus illustrated in vertical 
section, Fig. 2, which in turn opens and admits air to the train- 
pipe, or that tion of it which is in direct communication with 
the vacuum-brake cylinder, thereby causing the brakes to be 
applied. The train pipe is divided into two portions. One 

rtion ) extends from the exhaust-pump c or other appliance 
ee creating a vacuum to the Caean-sere us before 
referred to; whilst the other po extends from the valve 
apparatus to the brake-cylinder ¢ and vacuum reservoir f. When 
the brakes are applied, the ea tn apparatus intercepts 
communication between the exhaust-pump c on the one hand and 
the brake-cylinder e and vacuum reservoir f on the other. The 
construction of the diaphragm-valve apparatus or intercepting- 





valve is of the following character :—Mounted in a casing is a 
eS yee g, the upper side of which is open to the atmosphere; 
whilst a passage h of ample area leads from the pilot-valve to the 
underside of the diaphragm \ f Through the stem g! of the 
ragm there is also formed a passage of very restricted area. 

Thi forms a communication between the underside of 
the ragm g and the train-pipe, and serves to restore the 
to its normal or wor! position after the pilot-valve 
has been opened and again cl Upon the stem g! of the 
diay g is mounted a aphragm &, which carries 
a valve adapted to close an orifice formed in the portion 
b of the train - pipe, which is in direct communication with 
the exhaust - pump ¢. A continuation of the diaphragm stem 
g' beyond the second diaphragm & is provided with a second 
valve | adapted to close an orifice in the other portion d of the 
train-pipe—namely, that leading to or from the brake cylin- 
der e and vacuum reservoir f. Upon the driver releasing the 
push-button on the handle of the electric controller, air gains 
access to the underside of the first diaphragm g, thereby causing 
the to rise by reason of the vacuum prevailing on the 
upper side of the diaphragm &. The first valve thereupon 
closes the orifice in the train-pipe, and seals that portion b thereof 
from the portion d in communication with the brake-cylinder e 
and vacuum reservoir f. At the same time the second valve / is 
lifted from the orifice in the portion d of the train-pipe, air enters 
therethrough, and the brakes are applied. So long as the pilot- 
valve remains m, the brakes remain on ; but, upon the pilot- 
valve being again cloged, the underside of the first diaphragm g 
is again exhausted through the small passage before referred to 
as formed in the stem g! of the diaphragm, the latter in falls 
by reason of the atmospheric pressure on ite upper side, com- 
munication is again established, by way of the driver’s operating 
valve, between the two portions b and d of the train-pipe, the 
orifice for admitting air to the portion d of the train-pipe is again 
ry by the valve /, and the brakes go off. (Sealed November 6, 

13.) 


805/13. J. Metcalfe, R. D. Metcalfe and J.C. Met- 
calfe, Romiley. Vacuum-Brake Ejectors. (6 Figs.) 
January 10, 1913.—This invention relates to vacuum-brake ejec- 
tors of the type in which the steam jet is caused to induce an 
inflow of air through a plurality of successive passages or inlets. 
The invention consists in the combination of a steam-nozzle 
having a plurality of successive air-inlets to the jet or jets 
issuing therefrom, with means for preventing any return flow or 
circulation between the said inlets, for preventing any flow of 
steam to the train-pipe, and for controlling the ejector steam 
and air supplies. In combination with the steam-inlet nczzles 
a, » is a plurality of air-inlets c,d, e, 7. Upon each of the air- 

c,d and e, f is placed a non-return valve. During the 
working of the appliance with both ejectors in action, all the air- 
inlets will at first be in operation for creating a vacuum, but, as 
the latter increases, the non-return valves on the passages d and 
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J will close, so that the inle‘s c and are alone acting to increase 


the vacuum. In the illustrated example, each steam-nozzle has 
two air-inlets only, but a larger number of inlets may be em- 
ployed. The air-inlet cleads from the compartment g, Fig. 2, on 
the —- side of the usual non-return valve hk, and the air-inlet 
d leads from the upper side of the auxiliary non-return valve ‘, 
Fig. 2, which communicates with the compartment g. Thus, 
when the ejector is drawing a high vacuum by reason of the fact 
that the vacuum at c is higher than at d, the valve i will be held 
upon its seat and no return or circulation of vapour can take 
place. The small ejector nozzle } draws air in at e and/, the 
inlet ¢ leading from the upper side of the valve j (Fig. 2), and 
the inlet f leading from the upper side of a valve which com- 
municates with the compartment m between the said valves A 
andj. The valve j communicates with the train pipe in the usual 
manner. (Sealed November 6, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


014/12. Newton, Bean and Mitchell, Bradford, 
Cc. er, Iikley, and W. Eastwood, Stanningley. 
Valve-Gear. (6 Pipe. November 13, 1912.—This invention 
relates to valve-operating gear for horizontal and vertical engines. 
and has for object to construct improved trip-gear suitable for 
operating vertically-working piston-valves, or drop-valves, by 
means of which the tendency towards sluggish movement when 
closing will be much less than would be the case if the same valves 
were age yA usual forms or constructions of trip-gear. 
According to invention, the applicants provide means 
whereby the ey By wien is com to its fullest extent 
whether the cut-off oF or late, and it will be evident that by 
thus commencing the closing of the valve at all times with the 
full force of the spring operative, the tendency to sluggish closin 
will be minimised. 1 represents the valve-spindle, 2 a crossh 
secured thereon, and 8 a bell-crank lever, the one arm of whieh 
is forked to embrace the crosshead 2. The lever 3 is pivotally 
mounted on the boss of a lever 6, which, in turn, is pivotally 

ted on a spindle 7 carried by lugs 8, 8 on the casing 9. The 
other arm of the bell-crank lever carries a trip piece 3a with 
which is adapted to e a latch-piece carri y a latch 10 
pivotally mounted on lever 6. A rod 12 connected to the 
steam admission eccentric, and whose one end is connected to 
the lever 6, causes said lever to be vibrated to swing the latch 10 
to and fro inthe usual manner. Clamped to the boss of the latch 
10 is a tongue 13 adapted to rest upon the periphery of a cam 14 
carried by a rod, not shown, extending through the spindle 7. 








The cam 14 is adjustable in position by the governor or by hand, 
and is suitably shaped to cause the tongue 13 to be rocked at the 
desired time in the vibration of the lever 6, to move the latch- 
piece away from the trip-piece 3a. The crosshead 2 has a stalk 
15, on the upper end of which is secured a dashpot piston 16 
movable vertically in the cap 17, the closing spring 18 bearing 
against the wee side of the piston 16. It is usual, in trip-gear 
of the type under consideration, for the upper end of the closing 
ring to bear against a fixed cap, but, according to this inven- 
tion, the applicants arrange that the upper end of the sprin; 
bears against a movable piston 19 arranged to have a vertical 
movement in the bore of a cover 21, The pressure of the spring 
is resisted by a peg 22, the lower end of which presses against a 
recess in the piston 19. The upper end of the peg 22 is connected 
to a pin carried by one end of a lever 25 pivoted to a lug on the 
cover 21, the opposite end of the said lever being connected by 
a link 27 to the lever 6. The action is as follows :—In the position 
shown, the trip-latches are engaged, and the spring 18 is 









































fully compressed, the valve being in the closed position and at 
the extreme end of its movement. As the lever 6 springs 
downwards, the engagement of the latches causes the lever 
3, through the crosshead 2, to raise the valve-spindle and 
open the valve. As the valve-spindle rises, the dashpot pistons, 
16 and 19, and the spring 18 move upwards and keep their 
relative positions. When unlatching occurs, through the action 
of cam 14 on the tongue 13, the full force of the full com- 
pression of the spring 18 is available to start the closing 
movement of the valve. As the lever 6 moves upwardly again to 
carry the latch 10 back to engaging position, the spring 18 is, 
through the link 27, lever 25, peg 22, and movable piston 19, fully 
compressed by the time the latch-piece has en the trip- 
piece 3a. The spring is thus fully com prior to com- 
mencement of the next opening of the valve, so that the full force 
of the spring to commence the closing movement of the valve is 
available whether the cut-off or unlatching takes place early or 
late, or in any position. (Accepted August 13, 19138.) 

19,125/12. D. B. Morison, Hartlepool. Steam- 
Condensing Plant. [4 Figs.) August 21, 1912. — This 
invention consists in improvements in or modifications of the 
steam - condensing plant described in Specification No. 25,118, 
of 1910. According to this invention, the discharge-pipe through 
which the water is discha‘ from the reciprocating air-pump 
or pumps, when such pump or pumps is or are withdrawing water 
of condensation, is provided with a non-return valve through 
which the pump or pumps discharge when a normally-maintained 
head of water in the discharge-chamber or chambers of such 
pump or aw exceeds a predetermined limit. Air is withdrawn 
from the condenser a by the two reciprocating air-pumps g and h, 
which disc! e into a common discharge-chamber to which is 
connected a disc! e-pipe r. The pipe 7, through which air and 
water are disc when the air-pumps are used for withdraw- 
ing both air and water, is fitted with a valve, such as a non-return 
valve b, and another valve is fitted on the pipe through which the 
water of condensation is normally removed from the condenser. 
To one or other of the discharge-pipes, as, for example, to the 
discharge-pipe 7, a pipe u is connected, by which water, such as is 











(3, 185) 


required for admission to the air-pumps, passes into the suction 
system, either direct through the pipe 4 or through a water-cooler c 
by the pipe 5, under the control of a ccck, and this water, on being 

through the air-pump head valves, is delivered by a 
pump 2 into one or the other of the disch -pipes 7, J, or else- 
where, as desired. By this arrangement, and under normal work 
ing conditions, the water discharged by the air-pumps into the 
discharge-chamber is withdrawn therefrom by the pump 2 and 
delivered, as, for example, into the pipe 7, beyond the non-return 
valve b, whereby a constant min'mum head of water is normally 
maintained in the di: -chamber of the air-pumps g and A, 
and the cooling-water delivered to the air-pumps is the deaerated 
water from the condenser, whilst should there be any excess in 
the quantity of water of condensation delivered from the con- 
denser, or should any sudden stoppage ord g tof the rotary 
pump d occur, the water of condensation will be automatically 
discha from the condenser by the air-pumps g and A and 
delivered through the non-return valve } into the discharge- 
pipe r, thereby providing great reliability and safeguard against 
derangement. (Sealed November 6, 1913.) 
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THE CHANNEL STEAMER “PARIS” 
AND GEARED TURBINES. 


Tue Channel steamer Paris, built for the London, 
Brighton, and South- Coast Railway Company’s 
service between Newhaven and Dieppe, represents 
the highest present-day achievements in such 
steamers, whether regard be had to the form of the 
ship and propulsive efliciency, the arrangement of 
passenger accommodation, the design of boilers, 
or the system of geared turbines with which she is 
fitted. Therefore the series of illustrations which 
we now publish will be examined with special 
interest. The vessel was built and engined by 
Messrs. Denny, of Dumbarton, than whom few, if 
any, firms have greater experience of this type of 
merchant ship; while the facilities they possess, 
notably in their model experimental tank, enable 
them to deduce, from a wealth of information of 





will be regarded as striking evidence of its economic 
advantage. There is also the fact that while in 
1910 the total power of geared turbines completed 
or under construction was 15,000 horse-power, in 
1911 it was 32,500 horse-power, in 1912 it ad- 
vanced to 118,050 horse-power, while to-day it is 
435,450 horse-power. 

The results attained by the system in successive 
ships justify this rapid extension of its adoption. 
It may be remembered that the system was 
brought to a mechanical success in a 22-ft. launch, 
of 9 knots speed, which had a 10-horse-power 
turbine driving, through helical gear in the ratio 
of 14to 1, a propeller which still ran at 1400 revo- 
lutions per minute. The results with this vessel, 
and those of a 150-kw. turbo-electric generator with 
2 to 1 gear, justified the Parsons Marine Steam- 
Turbine Company, Limited, in purchasing the cargo- 
ship Vespasian, 275 ft. long, and of 4350 tons 





ing in the ratio of 26.2 tol. The saving in coal con- 
sumption was 15 per cent., deduced from trials 
by both ships simultaneously made on a 36 hours’ 
voyage. The gear in the Cairnross, which has been 
in continuous service for ten months, has given 


complete satisfaction. These facts show the im- 
mense potentialities of the Parsons system as 
applied to cargo steamers, the reductions effected 
in the weight of machinery for a given power and 
the economy of fuel secured resulting in a most 
valuable increase to the dead-weight capacity of the 
vessel on the same displacement and dimensions. 
As regards liners, in an Australian mail steamer 
now building the reduction in the weight of 
machinery is equal to 15 per cent., and in the length 
of the machinery room 17 ft., which, in a vessel 
of great beam, is an important gain. Now there 
are being built geared turbine liners for the Cunard, 
Anchor, Orient, and Brocklebank lines, the Union 











Fig. 1. 


the performances of corresponding ships formerly 
built, data admirably suited to realise the advan- 
tages of that law of similitude which the late Dr. 
Froude enunciated and established. Sir Charles 
Parsons has been associated with the design of the 
turbines and the mechanical gear inter between 
turbine and propeller, while Mr. William Forbes, 
the general manager of the railway company, and 
Captain Morris, the marine superintendent, gave 
of their experience for the realisation of the maxi- 
mum degree of suitability of the passenger accommo- 
dation. 

It must be recognised, however, that, as in so 
many steamships, the type of machinery adopted 
had the greatest influence upon the design of the 
ship, and to this attention may first be directed. 
The application of mechanical gearing has steadily 
advanced in favour, so that the turbine might be 
run at as nearly as possible the most suitable speed 
to achieve thermal efficiency, while the revolutions 
of the propellers were reduced to give the best 
results within the limits prescribed by the draught 
of the ~~ and the degree of propeller immersion 
possible. The Paris, however, may be accepted as the 
most exemplary installation of the system, as it is the 
most powerful. The power transmitted through two 
gear-wheels is about 14,000 shaft horse-power, and as 
it is only four years since the first use of such gearing 
in an ocean-going ship, this indication of progress 








displacement when loaded, in order to remove the 
triple-expansion engines and substitute turbines, 
with 19.9 to 1 gear, to run the old propeller. The 
old boilers were retained, and before fitting the new 
machinery the old engines were renovated and trials 
made for comparison with results got in exactly 
corresponding tests after the geared turbines had 
been placed on board. These results have been 
frequently quoted ;* briefly stated, they showed a 
saving in weight of engines of 25 per cent., a 
reduction in coal consumption of 20 per cent., and 
a proportionate increase in earning power. It 
may be added that the vessel has since been in 
continual service, and that at various intervals the 
gear-wheels and pinions have been inspected, and 
the wear on the teeth was found to a negli- 
gible quantity. The vessel has been purchased by 
Messrs. Cairns, Noble and Co., after experience 
and comparative trials of sister-ships with triple-ex- 
pansion engines and geared turbines, the propellers 
and boilers being the same. These vessels were 
the Cairngowan and Cairnross, 370 ft. long, of 
about 9900 tons displacement loaded, of 1800 equi- 
valent indicated horse-power, giving a speed of 
10 knots.t The Cairnross had turbines with gear- 


* See ENGINEERING, vol. lxxxix., pages 379 and 409; 
vol. xci., 459 and 461. 
+ See ENGINEERING, vol. xcv., page 468. 
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Company of New Zealand, the Canadian Pacific 
Railway Company, and the Nippon Yusen Kaisha. 
So far, however, the system is even more exten- 
sively in use in high-speed warships and Channel 
steamers. 

It was only in the summer of 1910 that a con- 
tract was placed for the fitting of two torpedo- 
boat destroyers for the British Navy with gearing 
by the Parsons Company for the transmission of 
power from the high-pressure and cruising turbines 
to the propeller shaft, and these vessels, when com- 
pa in 1912, gave every satisfaction. There have 

een built since, or are now being built, thirty- 
five war vessels with gearing for all or part of their 
machinery, 

The first Channel steamers to be fitted with the 
system were the Normannia and Hantonia,* for the 
London and South-Western Railway Company's 
service to the Channel Islands. In this case the 
maximum power was 6100 shaft horse-power, and 
the whole of the power was transmitted to two 
shafts through gearing, that for the high-pressure 
turbine on each shaft being in the ratio of 6.35 to 1, 
and of the low-pressure turbines on each shaft 4.45 
tol. Here the aggregate saving in coal, as com- 
pared with vessels on the same service with ordinary 
direct-driven turbines, was about 40 per cent., due 


* See ENGINEERING, vol. xciii., pages 475 and 501, 
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to the higher efficiency of the machinery and pro- 
pellers, the adoption of twin instead of triple screws, 
the reduction in weights, and the consequent de- 
crease in the dimensions of the vessels and the 
-adoption of more favourable lines. The steam 
consumption for the turbines, without superheating, 
was 12 1b. per shaft horse-power hour. Later in 
the same year, 1911, three steamers—the Curzon, 
Hardinge, and Elgin*—were laid down for ferry 
service between India and Ceylon, and with these 
vessels, of 2500 horse-power and 17} knots, cor- 
respondingly satisfactory results were got. The 
King Orry,+ for the Isle of Man service, and of 
8000 horse-power and 21 knots speed, followed in 
May, 1912, and the Anyo Maru, of 6600 shaft horse- 

ower and of 15 knots, was completed in Japan in 

ay, 1913. And now we come to the Paris, which 
may be accepted as an example of the advantages 
of the system. 

Perhaps the first point to note is the extent to 
which the system is applicable. No other system 
of speed-reduction gear offers so great flexibility in 
the ratio of reduction ; that is admitted by sup- 
porters of the hydraulicsystem. With helical gear, 
no limit to the surface speed of the teeth has been 
discerned. It will be noted that in the Cairnross the 
ratio was 26.2 to 1, but even this is nota limit; in the 


TABLE I.—PARTICULARS OF 


Much attention has been given to this subject. In | 
the initial stages tests were made with (1) chrome- 
nickel steel, having a tensile strength of 55 tons, 
an elastic limit of 38 tons, and an elongation of 
20 per cent. in a 2-in. bar; and (2) with special carbon 
steel of 40 to 45 tons tensile strength, an elastic 
limit of 22} tons, and an elongation of 20 to 25 per 
cent. The former was discarded, as it was found to 
crack at the corners and some of the teeth, due 
to brittleness, and perhaps in part to irregularity in 
the cutting of the gear. Nowa carbon steel of 30 
to 35 tons tensile strength, with an elongation of 
26 per cent., is adopted for the wheels, and a nickel 
steel of about 40 tons tensile strength, an elastic 
limit of 24 tons, and an elongation of 26 per cent. 
for the pinions. 

The general efficiency and the quiet running of 
gearing is assured largely by extreme accuracy in 
cutting the gear. In all the ships so far fitted, 
including the Paris, the gear is in two parts, with 
oppositely-cut helices to neutralise end thrust, and 
the pinion-shaft bearings, in the case, are fitted to 
very stiff springs, in order to avoid transmission of 
acoustic odiean to the case and to secure quiet- 
ness. This arrangement is not, as has been stated 
erroneously, adopted to equalise the pressures be- 








tween the working teeth. On the other hand, itis a 


that in cargo steamers it is 15 per cent.; in 
Channel steamers generally it is at least as great 
if consideration be given to the relative sizes of 
vessels, as well as draught, power, and speed. 
Some instructive particulars are given in Table I. 
of the dimensions and performance of the steamers 
on the Newhaven and Dieppe service of the 
London, Brighton, and South Coast, and French 
State Railways. In comparison with the imme- 
diately preceding ship, the Rouen, the Paris steams 
on service three-quarters of a mile per hour faster 
on 10 per cent. less coal, a result partly attributable 
to gearing. 

One must not, however, limit the economy to the 
rate of fuel consumption per horse-power hour. 
There is the gain owing to reduced weight, since 
the ship may therefore be of less displacement for a 
given speed. Again, the table enables comparisons 
to be made. It is significant, for instance, that 
although the power has almost trebled since the 
Sussex, which had cylindrical boilers and reciprocat- 
ing engines, the displacement has only gone up 27 
per cent.; while in comparison with the Brighton, 
the increase in power is 130 per cent., and in dis- 
placement 34 per cent. The weight of the machi- 
nery in the Paris per unit of power is about half 
the corresponding weight in the case of the 


FAST CROSS-CHANNEL STEAMERS OF THE LONDON, BRIGHTON, AND SOUTH COAST AND 


FRENCH STATE RAILWAYS AT PRESENT ON THE NEWHAVEN-DIEPPE SERVICE. 


























| 
| sraane of | Gross | Displace- Draught | Qe ee eee 
. ame 0! : | | " isp! - Draug A | mensions 0} ‘ype 0! eating Grate Speed _ between 
& | Vessel. Builders. \Length. Breadth Ton ment. | Mean. H.P. | Type of Engines. Engines. Boiler. |Surface. Area. | m0” on Newhaven & 
2 nage. j Trials. Servi . 
| | | = rvice.| Dieppe. 
| ft. in.| ft. in. tons. ft. in. Cylinders— | sq. ft. | sq. ft.; knots. knots. | hr. m. s. 
1896} Sussex | W. Denny and | 275 0; 384 0/1147 1213 8 11} | 4770 Two sets triple - expansion, 2 H.P., 23}in.; Ordinary 8,920 | 253.2, 20.4 18.11 8 20 
Brothers | | | four cylinders in each 2 M.P.,35}in.; marine 
| 4 L.P., 37) in.; | 
| | stroke, 27in. | | | 
1900) Arundel Ditto 276 10 | 34 0 1066.9 | 1296 94) 5520 | Ditto 2 H.P., 23} in.; | Ordinary | 9,131 | 300 20.69 18.59 30 0 
2 M.P., in.; | marine | 
4 L.P.. 374 in.; | | 
| } stroke, 27in. | | 
1903) Brighton Dito 1276 10/ 34 0 1129 «|= «1252 9 2% Estimated |Parsons turbines; H.P. ahead| - = | Ordinary | 9,133 | 300 | 21.365 19.41 | 38 0 0 
} } 6000 | oncentreshaft ; L.P. ahead | marine | 
| | | on P. and 8. shaft ; astern | | | 
| on P. and 8, shaft’ | | 
1905) Dieppe Fairfield Co, | 282 0 34 8 1215 1215 9 3 | Estimated | Ditto Ordinary | 9,630 294.0; 21.764 | 18.92 2655 0 
} | 6500 } marine 
1911|Newhaven| Forges et Chantiers, 301 9 84 7 bin! 1485 9 7 ~~» Estimated Ditto | _ Belleville | 21,377 645.0 23.91 22.16 243 5 
| } | 10.000 
1912, Rouen Ditto SOL 9 | 34 7 | 1516 | 1485 9 7 | Estimated Ditto — Belleville | 21,377 645.0 24.06 22.45 241 0 
| | 10,000 
1913s Paris W. Denny and 301 9 | 35 1510 9 O4 Estimated (Twin set of Parsons turbines) — | Yarrow 24,640 568.0, 25.07 23.20 2 85 37 





Brothers | over | 
all | 
' 


—H.P. and L.P. ahead, 
geared to common shaft; 
astern on each L. P. 


14,000 





case of the high and low-pressure turbines in the 
Paris, working on the same gear-wheel, the ratios 
are 6 to Land 4.25 to 1 respectively. In high-s 
vessels, particularly for the Channel service, where 
the depth of water in harbours limits the draught 
of the ship, there is advantage in the greater elas- 
ticity afforded by gearing in the choice of the dia- 
meter of propellers, as a compromise has to be 
made between a satisfactorily large diameter to 
ensure a high efficiency at sea and a moderate- 
sized screw to get good immersion at all times when 
the ship is pitching in a following sea. A propeller 
pitch ratio of 1 to 0.9 is the usual practice ; prob- 
ably the most efficient is 1.25 to 2, especially with 
wide-blade screws, where the loss by skin friction 
is heavy and is the chief loss. Gearing permits such 
coarsening of the pitch without materially increas- 
ing the machinery weights as compared with direct 
turbine drive. The gear, shafting, and propellers 
would be heavier, but not appreciably. With the 
gear there is less racing of the turbines. Tests with 
the Vespasian, for instance, showed that the in- 
crease in speed of the turbines was only 3 per cent. 
when the vessel had in a heavy sea reached the 
maximum angle of longitudinal inclination, the 
immersion of the propeller being only from 6 in. to 
12in. The turbines take longer to accelerate their 
speed than reciprocating engines, and in many cases 
have fully fifty times more inertia. The present writer 
crossed in the Paris in stormy weather with a fol- 
lowing sea, and there was no appreciable difference 
in the revolutions of the turbines. In fact, if speed 
is ever reduced in turbine vessels, with or without 
gear, this measure is only dictated by fear of 
** deck damage.” 

Next, as to the wear of the gearing, experience so 
far points to this being inappreciable. It is largely 
a question of reliable material and effective lubrica- 
tion. The steel must be of high ductility to with- 
stand great shocks without fracture or deformation. 





* See ENGINEERING, pages 10 and 25 ante. 


+ See ENG@IN#ERING, vol. xov., page 871. 





remedy for any minute errors of the gear-cutting 
machine. The spring arrangement has been effec- 
tive, for in most of the geared-turbine steamers— 
and we speak from experience of the running 
notably of the Paris—there is practically no noise 
from the gear. Indeed, as one engineer facetiously 
put it, itis like ‘‘ a canary working under forced 
draught.” But the springs are being dispensed 
with in all ships now ame fitted, since with the 
gear-wheels cut by the new creep method it is 
quite unnecessary, as absolute accuracy is attained. 
This method of gear-cutting was illustrated and 
described in ENGINEERING, vol. xcv., page 372. 

As regards lubrication, here also tests have been 
made. There is much in the remark of the young 
lady that engineering always seemed to her to spell 
oil. This applies specially to gearing. What is 
necessary is an oil which will form a tilm between 
the teeth and yet not be too thin and so flow over- 
freely. The oil, too, must be kept clean, free from 
grit. With these conditions satisfied there is, owing 
to the thin film of oil, no actual mechanical contact 
of the metal of the gear. If the oil be too heavy, 
there is loss in the bearing friction of the pinion. 

All of these conditions—absence of wear, free- 
dom from noise, durability, and low frictional 
loss—have been achieved, and the loss due to 
transmission and reduction is under 2 per cent., 
whereas in the hydraulic and electrical systems it 
is quite five times greater. It has been contended 
that the windage loss in the running idle of the 
astern turbines partly nullifies this advantage ; 
but it is often forgotten in making comparison 
that the astern turbines are revolving in the 
vacuum of the condenser, in which case the losses 
for astern turbines are only 4 per cent, Accountin 
also for the loss due to the thrust block associa 
with geared turbines, the mechanical gearing gives 
an efficiency of about 97 per cent., as compared 
with about 90 per cent. in other systems. 

As regards the relative fuel economy of machinery 
of the reciprocating, turbine-direct drive, and geared 
turbines, much data are available. We have shown | 





Brighton, and about one-third that in the Sussex, 
partly due to turbines and to boilers. 

The adoption of water-tube boilers and of geared 
turbines confers advantage on the designer of the 
hull, especially of Channel steamers, where length 
is restricted owing to the exigencies of dimensions 
of harbour basinsand berths. It will be seen that 
all the later ships are 301 ft. 9 in. long over all. 
To provide for an increase of 40 per cent. in power, 
as was done in the Paris, would have required a 
greater augmentation of dimensions had not there 
been adopted the Yarrow type of boiler with a 
fair degree of pressing, and the geared turbine with 
its possibilities of higher propeller efficiency. As 
it is, the beam only has been increased 11 in., while 
the draught has actually been reduced 64 in., 
although a displacement tonnage 25 tons greater 
had to be provided for. This result has been, in 
part, achieved by the filling out of the water-line 
in the after end, as shown in the plans, Figs. 5 
and 6, page 751, by the adoption of a cruiser stern, 
as shown in Fig. 1, and by the exercise of great care 
in the choice and distribution of hull scantlings. The 
solution of the problems, and the achievement of a 
satisfactory entry and run aft, are direct results 
of model tank experiments such as are made for 
all ships by Messrs. Denny. As a consequence 
it is interesting to recall that while twenty years 
ago the speed-length ratio (the speed divided by 
the square root of the length of the hull) of 
Channel steamers was only 1.15, and in the case 
of the Brighton, included in the table, 1.29, it is 
in the Paris 1.45, which is only surpassed in tor- 
pedo-boat destroyers. Thus it will be recognised 
that the remarkable results indicated by a study 
of the particulars in the table are due, not alone 
to the machinery, but in large measure also to the 
design of the hull. 

And this brings us to a consideration of the 
details of the Paris herself. Fig. 1, on page 749, 
gives a view of the vessel steaming 25 knots over 
the measured mile at Skelmorlie, on the Clyde, 
while Figs. 2 to 6, page 751, are plans of the various 
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GEARED TURBINES OF THE NEWHAVEN AND DIEPPE STEAMER “PARIS.” 
CONSTRUCTED BY MESSRS. DENNY AND ©0., ENGINEERS, DUMBARTON. 








Fig.7. 





—— a ooo0°o 
- 0 Oo oN 
7,209 000006N\ 5000 o 


fo O60 + st RR § 9 amen nn nin cern omer 
\o 4 ooo 


oO 











000 ©9006 


set 

















Dec. 5, 1913.] ENGINEERING. 


753 








YARROW TYPE BOILERS OF THE STEAMER “PARIS.” 
CONSTRUCTED BY MESSRS. DENNY AND 00., ENGINEERS, DUMBARTON. 
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the baggage hold, the seamen’s accommodation, 
while abaft it are the first-class gentlemen's sleepin 
saloon and the first-class ladies’ saloon. This Seok 
is discontinued amidships in the way of the boiler- 
rooms and the machinery 8 abaft of which is 
the second-class ladies’ sleeping-cabin, another 
baggage compartment, and the second-class gentle- 
men’s saloon; all of these apartments are fitted 
with comfortably upholstered sofa-beds. 

In designing the vessel special precautions were 
taken to ensure safety in the event of collision, 
and the ship is so divided by water-tight bulkheads 
that even if struck at any bulkhead she would still 
remain afloat. The bulkheads have also been so 
arranged az to dispense entirely with the necessity 
of water-tight doors, each bulkhead being intact 
from keel to main deck. There is an installation 
of wireless telegraphy, by means of which the 
vessel can be kept constantly in touch with both 
sides of the Channel. The vessel, of course, is 
lighted throughout with electricity; the generating 

lant is in duplicate, each set being driven by a 

e Laval turbine. Special attention has been paid 
to heating and ventilation, the heating being by 
means of steam-pipes and radiators, while ventila- 
tion is largely accomplished by means of electri- 
cally-driven fans. 

e come now to a description of the propelling 
machinery. It is arranged on two shafts, each 
driving a three-bladed solid propeller of Stone’s 
‘*Turbiston ” metal. On the trials between New- 
haven and Dieppe the propellers ran at 435 revolu- 
tions, giving a speed, as recorded in the table, of 
25.07 knots, the time taken being 2 hours 35 





minutes 37 seconds. The high-pressure and low- 





























pressure turbines made 2610 and 1849 revolutions, 
the pinions being thus in the relation of 6 and 4.26 
to 1 of the gear-wheel on the shaft. The design of 
the Parsons turbines and gearing will be clearly 
seen from the drawings reproduced on page 752 
(Figs. 7 to 11); while on page 764 are perspective 
views of the port set as it stood in the works of 
Messrs. Denny. Each shaft has a high-pressure 
turbine and a low-pressure turbine, pm an astern 
| turbine is incorporated in each of the latter. In 
\the high-pressure turbine there are 30 rows of 
| blades, arranged for six expansions. The low- 
pressure turbine has six expansions with 15 rows 
| of blades. The astern turbines have five expan- 
_ sions with sixteen rows of blades in all. A segmental 
pivoted thrust-block is adopted, whereby the losses 
‘in thrust-block friction, as already indicated, are 
greatly reduced. It is capable, too, of standing 
much more pressure than ball or roller bearings, 
and occupies very much less space, as is indicated on 
| the longitudinal section and plan (Figs. 12 and 13, 
‘on Plate LI.). 

| The general arrangement of the turbines in 
|relation also to the auxiliary machin is well 
|shown on the drawings reproduced on Plate LI. 
|(Figs. 12 to 17). The manceuvring platform is 
| immediately above the valves, as shown in Fig. 12, 
|so that the engineer-in-charge has a view of the 
| engine-room, and, by the way, can also see through 
| two of the large ports, of which there sre several, 
‘on each side of the ship, for coaling. This latter 
advantage enables him to see e y the 

of the ship out of harbours. The steam, it will be 
noticed, passes first through a Belleville separator, 
specially useful in such vessels as require to 
attain full s within a few minutes of getting 
under way, use with this accessory any water 
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which may over with steam suddenly demanded 
in large ft mat from the boiler, is separated, an 
does not, therefore, reach the turbines. The valve 
system enables steam from any one boiler to be 

to the high-pressure or astern turbines on 
either shaft. The normal starting and reversing 
valves are of the Cockburn double-beat type, and 
are controlled from the starting-platform, as is also 
the master-valve and the valve for passing steam 
direct into the condenser when the engines are 
suddenly stopped in harbour, so as to prevent a 
blow-off to the disturbance of passengers. The 
forced-draught fans are also cectwalted from the 
starting-platform. 

The two condensers (Figs. 13 and 17) are of 
Weir's ‘‘ Uniflux” type, made by Messrs. Denny, 
and have in each 3621 sq. ft. of cooling surface, and 
are designed for a vacuum of 274 in. at 60 deg. 
Fahr. sea temperature. The tubes are @ in. in 
external diameter and 13 ft. long. The shell is 
of mild steel, and the end doors are of gun-metal. 
The two centrifugal pumps are by Messrs. Paul, 
of Dumbarton, and have 24-in. impellers, operated 
by an engine having 9-in. cylinders by 74-in. stroke. 
The two main air-pumps are of Messrs. Weir’s 
‘*Express Dual” type. Each pump has a dry- 
air barrel 22 in. in diameter by 16 in. stroke, and a 
wet-air barrel 20 in. in diameter by 15 in. stroke, 
and is driven by a steam cylinder 12 in. in diameter 
by 15 in. stroke. Each pump serves one condenser. 
Each pump is fitted with an injection-water cooler, 
by means of which the dry-air barrel is maintained 
at about 10 deg. below the condenser temperature. 
This type of pump is designed particularly with a 
view to saving of weight, and is similar to those 
used in torpedo-boat destroyer practice. 

The feed-heater is of Messrs. Denny’s own design 
and make. The feed-filter is of Edmiston’s design. 
There are three feed-pumps, all at the forward end 
of the engine-room. They are of Weir's direct- 
acting vertical type, 114 in. in diameter, with an 
18-in. stroke, designed also for minimum weight, 
and are specially constructed for feeding the water- 
tube boilers through automatic feed-regulators. 
Two of these pumps are capable of doing the whole 
duty required, and one pump is therefore available 
as a stand-by. 

The oil lubricating pumps, which are, of course, 
of vital importance on an installation of this nature, 
are three in number, of the single-cylinder vertical 
direct-acting type, 7 in. in diameter by 12 in. stroke. 
These pumps are specially designed so that they 
can run under all conditions of steam wetness, as it 
is important that these pumps should not stop in 
the event of water being accidentally primed over 
into the steam-pipes. The three oil-coolers are 
of the surface type. Among the other auxiliary 
engines are two Dawson and Downie duplex bilge 
and ballast pumps with 9-in. steam cylinders, 10-in. 
pone by 10-in. stroke ; a duplex sanitary pump 
xy the same makers with an 8-in. steam cylinder, 
6-in. pumps for 8-in. stroke ; one of their water- 
service duplex pumps, with 6-in. steam cylinder, 
6-in. pumps for 6-in. stroke. The two electric- 
lighting sets are of 30 brake horse-power, having 
De Laval patent steam-turbines, with dynamos of 
a capacity of 20 kw. each. The turbines run at 
20,000 revolutions per minute, and the dynamos at 
2000 per minute. They are placed near the engine- 
starting platform, as shown in Fig. 12, and close to 
them and in front of the engineer at the starting- 
levers is the switchboard. 

The boiler installation is clearly shown on 
page 753, Figs. 18 to 21. There are eight Yarrow- 
type boilers, made by Messrs. Denny. They are 
in two groups of four each, with four stokeholds ; 
only one set is shown on the drawings reproduced. 
The bunkers, which have a capacity for 110 tons, 
are arranged along the water-line on each side. 
The total heating surface is 24,640 sq. ft., and the 
grate area 568 sq.ft. At the base of the funnel, 
as shown in Fig. 21, there is a Dashpur’s patent 
spark-arrester, in order that no cinders may pass to 

e promenade-deck. The boilers are worked under 
forced draught on the closed-stokehold system, the 
average pressure aimed at being § in. The fans 
are pl on the main deck, one set being behind 
the starting-platform, as shown in Figs. 12 and 18. 
The four fans and engines are by Messrs. Paul, of 
Dumbarton. The fans are 78 in. in diameter, and 
the engines, of the enclosed forced-lubrication type, 
have 6}-in. cylinders adapted for a 5-in. ae. 
On trials and in service the machinery has given 


every satisfaction. 
In conclusion, we desire to thank Mr. William 


Forbes, the General Manager, and Captain Morris, 


d | the Marine Superintendent of the London, Brighton 


and South Coast Railway, Messrs. Denny, and the 
Parsons Marine Steam-Turbine Company, Limited, 
for placing at our disposal full information of this 
interesting vessel and for facility to inspect the 
vessel and her engines while running in service. 





LITERATURE. 


—— 

The American Machinist Grinding Book. Modern Ma- 
chines and Appliances, Methods and Results. By Frep. 
H. Convin and Frank A. Stanigy. New York and 
London: McGraw-Hill Book Company. [Price 12s. 6d. 


net. 

In this book the authors have set out to make a 
collection of such data on ‘‘ grinding-machines, 
wheels, and methods as are likely to be of interest 
and service to grinder purchasers, operators, and 
to the men responsible for results in the grinding 
department,” and ‘‘ have drawn liberally upon the 
columns of the American Machinist,” and have 
‘‘also received valuable assistance from various 
machine and wheel-makers.” 

The book opens by classifying the various types 
of grinding-machines into five groups (for cylin- 
drical and conical surfaces, plane surfaces, for 
cutters, &c., centre and tool-post grinders, and 
bench and swing-frame machines) ; a few machines, 
illustrative of each group and representative of 
modern practice, are shown by half-tone illustra- 
tions, and the work for which they are intended 
listed. Then follows immediately a chapter on 
recent developments in grinding-machines, consist- 
ing of a fuller description of an automatic ‘sizing ” 
grinder by Messrs. Pratt and Whitney, a chucking 
grinder, and an automatic grinder. 

In view of the rapidly extending use of machines 
of the first group, the omission of a closer, general, 
and detailed description of them and their capabi- 
lities is one which will be felt by the classes to whom 
the book is particularly addressed, and those un- 
familiar with the machines would be led to think 
that the description of features of the ‘‘ sizing” 
grinder implied their absence in the machines of 
the preceding chapter, while, in fact, the only 
features not embodied are the electrical automatic 
sizing device and the automatic back-rest—and the 
latter has been in use on some English machines 
for many years. A notice might have been given of 
recent developments in gear-grinding. 

The ‘‘ Field for Grinding” is then discussed, 
with general observations upon the economic com- 
parison of the grinder with the lathe, thus intro- 
ducing the question of costs in cylindrical grinding, 
a matter treated more fully in the succeeding 
chapter. An interesting feature in this chapter is 
a table of limits for turning preparatory to grinding 
(Messrs. Brown and Sharpe and the Landis Tool 
Company) and for various fits (Messrs. Brown and 
Sharpe). The latter may profitably be compared 
with the system of limits prepared by the Newall 
Company from comparison of the practice of the 
leading manufacturing engineers of this country. 
After a description of several grinding operations, 
the section concludes with thoughtful observations 
on form grinding, chattering, and the use of steady- 
rests. It is here stated that gearing in the work- 
head does not produce vibration, but those who 
have seen the results of replacing gearing by belts 
will not agree with the authors. The question of 
‘*the work and the time” is treated broadly, and 
in some cases combined turning and grinding times 
are given, and further examples of these are given 
in the later chapter on automobile work. The 
examples given as a rule have several diameters 
ground ; the machine used is seldom mentioned, 
and as the quantity, allowance, limits, and finish 
are all factors in the production, the information 
cannot be regarded as sufficient to form a basis for 
true estimating, and must be regarded as illustrative 
merely. 

Surface-grinding is next treated, the precision 
machines described including two vertical cup- 
wheel machines and a planer-type machine ; several 


| half-tones of the work done are given, and the cor- 


responding times stated. Line drawings showing 
the construction of the machines would have ren- 
dered the action of the various parts more easily 
understood. The chapter closes with a brief des- 
cription of disc and belt grinders. 

The next five chapters are devoted to grinding- 
wheels, mounting and dressing them, wheel-guards, 





chips and water-nozzles. The process of wheel- 


making is briefly described, and tables of the grits 
and grades of wheels suitable for a large number 
of purposes are given as prepared by four firms. 
Sound advice on the matter of wheel selection, 
recognising further the effects of the machine, 
speed and contact area, appropriately follows. 
One section is headed ‘‘ Wheel Cost a Small Item,” 
and although this is usually the case, it must not 
be assumed to be so, and should always be con- 
sidered, more particularly when ~~ wheels 
involving a large contact area are used. heels of 
grit stone, whole or built up, such as are used for 
several purposes in this country, are not referred to. 

Various methods of mounting wheels, including 
chucks for cylindrical wheels, a number of wheel- 
dressers and methods of diamond-mounting are 
then illustrated. Photographs are given of some 
effective wheel-guards (German), and of an English 
wet-belt dust-catcher for use with dry-surface 
grinders. A considerable number of figures illus- 
trate the development of the water-nozzle, and will 
be of much interest to operators who are not certain 
‘*why nczzlces do not splash.” 

After a chapter on the traverse spindle grinder 
of watch lathes and the use uf diamond laps, we 
reach that on automobile work previously referred 
to. In connection with cylinder - grinding the 
authors consider that the difficulties of getting a 
running balance of sufficient accuracy to prevent 
‘throwing ” the cylinder when the cylinder is 
revolved puts this method out of the question, and 
hence leaves the boring type of internal grinder 
alone as suitable for such work. As the requisite 
accuracy of balance needful can be shown to be 
easily attained in usual cases, there appears little 
validity in this argument, while the consideration 
of the taper desirable and the water supply turn 
the scale in favour of rotating the cylinder except 
in the case of monobloc design. Although the 
piston taper is considered, the cylinder taper desir- 
able is not discussed, and in view of the varied 
practice of British makers it would have been of 
interest to deal with it. A machine illustrated 
grinding the bottom and sides of the grooves ina 
shaft for a castellated fit shows the best modern 
practice, as yet used by few firms. 

The part of the volume devoted to reamer and 
cutter grinding consists principally of a description 
of how to sharpen a variety of tools on one parti- 
cular machine; as there are many varieties of 
cutter-grinding machines in use, the description 
of the setting-up should have been made more 
general, so as to apply to a number of different 
machines. The description of how a twist-drill 
should be ground seems to imply that the drill is 
ground by hand, and not in one of the twist-drill 
grinders with which it is commonly supposed all 
American shops are equipped. 

Machines for the rougher classes of work are next 
treated, followed by the subject of polishing. Then, 
returning to more precise work, the use of the 
magnetic chuck is described ; here the authors state 
that the magnetic chuck draws down any slight 
spring in the work and prevents springing when 
strains are released during the grinding operation ; 
the important point, however, is that the work, if 
originally untrue, is ground in a state of strain, 
and when released from the chuck tends to become 
again untrue. 

Throughout the book there are scattered descrip- 
tions and illustrations of jigs and small contrivances 
for special work, such as would be got out by any 
jig and tool draughtsman. Unforeseen difficulties, 

owever, are sometimes described, which give 
interest to those cases. After a section on ‘‘Oil- 
Stones,” the book concludes with a collection (about 
175) of ‘*‘ Hints and Suggestions.” 

A variety of very useful information has been 
brought together in this book, but it suffers some- 
what from lack of continuity, and the material 
would bear further analysis. To those familiar 
with the precision grinding-machines in regular use 
the lack, previously referred to, of a detailed 
description of these machines and their capabilities, 
and of the best mode of operating, will not make 
itself felt; but the classes for whom we gather 
that the book is written will feel this omission to 
be a serious one, particularly to the operator who 
would look to the book to enable him to get the 
best from the machine he is using, and to locate 
the cause of any trouble promptly. The machines, 
wheels, and practice described are almost entirely 
American, and those acquainted with the recent 
See of British and Continental manu- 





acturers will regard this as unfortunate. The 
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trations; Figs. 15 and 37 appear to have been 
omitted. 
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AGRICULTURAL Macuinery IN ITALy.—Although the | 
manufacture of agricultural machinery in Italy is mate- | 
rially increasing, and the export shows a rapid growth, 
the same also applies to the import of agricultural | 
machines, the value of the imports during the last twenty 
years having risen from 5,000,000 lire to 25,000,000 lire 
annually. ‘bere is reason to believe that this upward 
movement will continue, as the Italian farmers are 
se ahead, and often undertake collective purchases 
of machinery. In Libya, too, a good market may ere long 
be lookéd for in this connection. Of thrasbers an 
harvesting machinery, the bulk was supplied by the 
United States, about 10 per cent. hailing from Germany, 
whilst Germany was to the fore in other agricultural | 
machinery and implements, a d coming second, with 
about half of the value of the German imports, and the 
United States again being a long way behind England. 





On pages 756 and 757 we give varicus figures illus- 
trative of the single-battery electric-lighting system 
for trains which is constructed by Messrs. Vickers, 
Limited, of Vickers House, Broadway, Westminster, 
S.W. Messrs. Vickers have, for a number of years, 
made a two-battery train-lighting equipment, but the 
single-battery system which we illustrate is of com- 
paratively recent introduction. Independent of other 
considerations, the new equipment is clearly greatly 
superior to the old, merely in virtue of the fact that 
it demands only one battery in place of two, so that 
the initial cost and expense of maintenance of what is 
probably the weakest link in any electric train-lighting 
yg are reduced by about 50 per cent. Apart from 
the single battery, however, many claims for sim- 
plicity and robustness are made for the gear, and it 
will appear from the description which follows that 
these claims have much to substantiate them. 

The apparatus comprised in the system consists esscn- 
tially of five parte. These are the dynamo, the battery, 
the dynamo-regulator, the lamp-regulator, and the 
main switch by which the lamps are controlled. 
Briefly to review the operation of the gear, it may be 
said that the dynamo is a simple shunt-wound 
machine, the output of which is controlled by the 
dynamo-regulator, which automatically inserts into 
the field-circuit the correct resistance to correspond 
with the speed and load at any moment. This regu- 
lator also assists in easing the duty of the battery and 
prolonging its life by cutting down the charging cur- 
rent to a negligible amount immediately the cells are 
fully charged. The action of the regulator also results 
in the dynamo output being in a large measure pro- 
portioned to the demands of the lighting system, 
which, again, eases the work required from the 
battery. The lamp-regulator automatically inserts 
resistance into the lamp circuit to compensate for in- 
creased voltage of the battery, and so keeps the lamp 
voltage constant. The work done by this regulator 
corresponds to that undertaken by the regulatin 
battery in many two-battery lighting systems. 
diagrammatic arrangement showing the connections of 
a complete equipment is given in Fig. 1. 

In —— in detail with the various parts which 
make up the equipment, we may begin with the 
dynamo, which is illustrated in Figs. 6 to 9. The 
machine presents few special points. It has four 

oles, is plain shunt wound, and, apart from two of its 
eter, might pass for an ordinary stationary ma- 
chine. These features are the suspension lugs by which 
it is attached underneath the coach, and the arrange- 
ment by which the brush-rocker is mounted on a ball- 
bearing in such a way that the brushes are pulled round 
some 110 deg. by the friction of the commutator when 
the direction of rotation of the dynamo is reversed, 
consequent on the reversal of the direction of motion 
of the coach. The stops at each end of the brush- 
travel are adjustable. The brush-moving arrange- 
ment works entirely automatically, and enables the 
machine to generate equally well as the coach 
moves in either direction. detail of the brush- 
rocker as carried on 4 ball-bearing is given in Fig. 9. 
The rocker, shown in position on the dynamo in 
Fig. 6, has a roller-bearing instead of balls. The only 
other feature of the machine which is at all special 
is that the commutator has a larger number of bars 
than is u:ual owing to the wide range of speed over 
which it works. The tension on the dynamo driving- 
belt is maintained wage A by the weight of the 
machine and partly by tension springs. Accidental 
belt-slip is of no consequence. The battery presents 
no special features. It is of the ordinary train-light- 
ing type with Plante positive plates, and is enclosed in 
lead-lined wooden boxes. 

The pte es ay which is the most important 
link in the whole system, is illustrated in Figs. 2 and 3, 
while its internal connections are indicated in Fig. 1. 
It consists of five primary parts mounted ether 
onan insulating base. The five parts are the regulating 
solenoid, the adjusting shunt, the cut-in and cut-out 
switch, the battery stop-charge switch, and the fuses. 
The regulator solenoid has two windings—a series 
andashunt. The series winding is connected up 80 
that it carries a part of the battery-charging current. 
It does not the whole of the current, since it is in 
parallel with a part of the adjusting shunt. The con- 
nections will be followed from Fig. 1. The action of 
the series coil is to regulate the resistance in the 


dynamo field circuit in terms of the a Be ar 
2, 


current. As will be seen from Figs. 1 an 

the plunger of the solenoid is connected up to 
& regulating contact on the field resistance. The 
actual arrangement of the contact will hardly be 
understood from the figures without explanation. It is 
very neat. The contact consists of a curved brush 
built up of copper strips Y-shaped in cross-section. 
This brush rolls over a contact surface consisting of 
thin metal plates insulated one from another. The 
various sections of the field resistance are connected 
to the various metal plates. The contact surface is 
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Fig.1 . WIRING DIAGRAM OF SYSTEM 
COMPLETE, SHOWING INTERNAL 
CIRCUITS OF THE REGULATORS. 
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made in two banks which are bridged by the rolling 
brush, the terminals being situated at the end of each 
bank nearest to the solenoid. The result of the 
arrangement is that when the brush rolls towards the 
solenoid it cuts out resistance, and whea it rolls away 
it introduces resistance. The contacts being narrow, 
and the radius of the brush large, a very small move- 
ment of the solenoid plunger is sufficient to cut in or 
out the whole of the field resistance, and the regula- 
tion is consequently extremely delicate. The plunger 
is fitted with an air dashpot, which can be seen in 


Fig. 3. 

With the regulator in action the solenoid series coil 
is traversed by a part of the battery-charging current, 
as before explained. When the current increases 
beyond the amount for which the regulator is set, 
owing to increased speed of the dynamo or other 
cause, the plunger immediately rises and inserts more 
resistance into the shunt field of the dynamo, so 
lowering the voltage until the charging current is 
brought down to the proper figure. The action of the 
regulator is so delicate that the difference in chargi 
current is quite negligible between the lowest s 
at which the dynamo can furnish the required current 
at all and the highest speed at which it can be run. 
Vibration and shocks due to the running of the train 
are said only to increase the sensitiveness of the 
instrument. The fine-wire winding on the solenoid 
takes no part in the action with which we have so far 
been dedine, Its purpose is dealt with below. The 
adjusting shunt, part of which is connected in parallel 
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with the series coil of the solenoid, consists of a coil of 
thick iron or ‘‘ Eureka” wire. The wire is bare, and the 
coil is fitted with movable clamps, from which the con- 
nections are taken. Any portion of the coil may be used 
in parallel with the series coilof the solenoid. By this 
means any desired proportion of the battery-charging 
current may be shunted, and as the portion Page 
the series coil is always kept constant, the tota 
amount may thus be varied through a wide range. 
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Normally the lamp current does not traverse the 
regulator solenoid coil, hence it does not affect the 
regulator. From this it follows that the battery- 
|charging current is kept constant, and the lamp 
| current varies according to the number of lamps in 
use, with the result that the total dynamo current 
| varies according to the demands of the complete 

uipment. As stated above, the connections to the 
| adjusting shunt are made by means of clamps, the posi- 
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tion of which may be varied. This enables the lamp 
current to be taken off at any point of the adjustin, 
shunt. The normal point is at the top end to whic 
the dynamo is connected. With this position, as 
explained above, the charging current is independent 
of the lamp-load. Should, however, the connection be 
made to the other end of the portion of the adjusting 
shunt which is in use, then the whole of the ourrent 
will affect the regulator and the total dynamo output 
will be kept constant whether the lamps are in use or 
not. By taking the lamp current off at intermediate 
points intermediate results are obtained. Connection 
at such an intermediate point is shown in Fig. 1. The 
advantages of having the lamp-current independent of 
the regulator are so great that it is not anticipated 
that any considerable use will be made of the provi- 
sion whereby the two can be regulated ther. 

The operation of the remaining parts of the dynamo 
regulator is of a simple nature. The cut-in and cut- 
out switch, which forms the main switch of the dynamo 
circuit, consists of a fixed brush and a movable contact 
attached to the armature cf the operating electro- 

1agnet. This magnet has two windings. e first, a 
high resistance one, is across the d 0 ter- 
minals and serves to close the switch when Pg na 
voltage is sufficiently high. The second winding, which 
is of low resistance, is connected in series with the 
dynamo. It reinforces the action of the shunt winding 
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when the switch is closed and maintains good contact 
in spite of shock or vibration. When the train slows 
down and the dynamo voltage falls below that of the 
cells, the return current from the cells weakens the 
pull of the shunt-winding and allows the switch to 
open. The connections of the switch are shown in 

ig. 1, while its details can be seen from Fig. 2. It 
should, perhaps, be said that the relative positions of 
the various pieces of apparatus constituting the 
ei ec correspond accurately in Figs. 1 


an 

The battery stop-charge switch, which is fixed at 
the top of the dynamo-regulator, is in general of 
similar construction to the cut-in and cut-out switch, 
but is much smaller and has only one winding. This 
winding is a high-resistance one and is connected 
across the dynamo terminals. Its action is to close 
the switch when, by reason of the cells being fully 
charged, their back electromotive force forces up the 
dynamo vol to a predetermined value. The exact 


voltage at which the switch will close is determined | by 


by means of an adjustable cam, which varies the ga 

between the et and armature when the switch is 
open. When the switch is closed it admits current 
to the fine-wire winding on the regulator solenoid 
which was mentioned above when we were dealing 
with the action of this solenoid. The connections are 
clearly shown in Fig. 1. The fine-wire winding on 
the solenoid is w in the same eense as the series 


winding, and is in itself nearly powerful enough to 
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lift the plunger. The result of this is that when the 
fine-wire winding is energised the plunger will lift 
with a current of from three to five amperes in the 
series winding, and, as & consequence, on the closing 
of the stop-charge switch the charging current is at 
once cut down to a few amperes, and overcharg- 
ing is prevented. If the lamp circuit is conneoted 
to the adjusting switch in the normal position, as 
described earlier, the lamp current will be unaffected 
by the cutting down of the charging current, and the 
dynamo will supply current to any lamps which may 
be switched on. When the train stops, or the battery 
voltage frem any cause falls back to normal, the stop- 
charge switch opens, and remains open until the ce 
are again fully charged. The only a feature 
of the d 0- lator to which we need refer is the 
fuses, which are fixed in the lower left-hand corner, 
as shown in Figs. 1 and 2. There are two fuses, one 
in the dynamo main circuit, and the other in the field 
and auxiliary circuits. They are of the plug type, held 
spring contacts. 
The lamp-regulator, shown in the u part of 
Fig. 1 and in Figs. 4 and 5, works on a similar prin- 
iple to the dynamo-field lator. It consists of a 
id operating a rolling h which works across 
two series of narrow contacts, between which resiat- 
ances are connected. As, however, the resistances 
the whole of the lamp current, arrangement is 
necessarily on a larger scale than thet ured for the 
dynamo feld regulator. The solenoid has one wind- 
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ing only, which is of fine wire, and is connected across 
the lamp mains. The action is as follows :—When 
the voltage on the lamp mains increases, the plunger 
rises, and so throws more resistance into the lamp 
circuit until the voltage is brought back to normal, or, 
conversely, when the voltage falls the plunger dro 
back and cuts resistance out. As the plunger of the 
regulator is controlled by a spring, it might be thought 
that variations in voltage could never fully com- 
pensated for, since on the plunger reaching a definite 
position consequent on a certain lamp voltage, an in- 
creased voltage would apparently be necessary to hold 
it in that position and prevent hunting. As a matter 
of fact, however, owing to the large radius of the 
brush and the narrow contacts, the total movement of 
the plunger is very small, so that no hunting effect is 
noticed in practice. So sensitive is the instrument 
that when properly adjusted it is capable, under 
working conditions, of keeping the lamp volts within 
0.3 volt, or 1.25 per cent., either side of the normal. 
This variation is less than one-third of that allowed by 
the Board of Trade for town-lighti:.g installations. 
Some experimental curves showing the voltage regula- 
tion obtained in practice are given in Figs. 10 and 11. 
The curves were obtained from a B size dynamo, which 
is intended for a normal load, equal to from 300 to 
600 candle-power. Fig. 10 shows voltage curves with 
an output corresponding to 100 candle-power, and 
Fig. 11 with one corresponding to 750 candle-power. 
In both figures the full lines show the curves obtained 
with rising speed, and the broken lines those obtained 
with falling speed. 

The only remaining feature of the cquipment—the 
main switch—requires little comment. As shown in 
Fig. 1, it is provided with contacts for two banks of 
lights, but other arrangements of the lamps can be 
employed if desired. The switch has also an auxiliary 
contact by which the lamp-regulator coil can be dis- 
connected when the lamps are not in use. The current 
taken by this coil is very small, but if, in the case of 4 
coach left for a month in a siding, the coil were 
left connected, it would be sufficient gradually to 
discharge the cells and cause them to sulphate. Also, 
by switching off this coil when the lights are not re- 
—— the efficiency of the equipment is increased. 

arious curves showing the dynamo efficiency, and 
the output under different conditions, are given in 
Figs. 12 to 14, but the figures being self-explanatory, 
require no comment. In conclusion, it should be said 
that the dynamo and voltage regulators are supplied in 
dust-proof and water-proof casings, so that they can be 
mounted underneath a coach, although alternative 
patterns suitable for installing inside coaches are also 
made. The equipment is made in three sizes: A for 
outputs up to 300 candle - power, B for 300 to 
600 candle-power, and C from 600 candle-power up- 
wards. The only variation in the different sizes is in 
the dynamo and battery, the regulating apparatus 
remaining standard throughout. 





Tue British Antarctic Expepition.—There is at the 
ed time on exhibition at the Fine Art Society 

alleries, 148, New Bond-street, London, a collection of 

hotographs made from negatives secured by Mr. 

erbert G. Ponting whilst with Captain Scott’s Antarctic 
Expedition (1910-13). There is great variety of subject, 
many of the pictures being of considerable scientific 
value, and the super-excellent quality of the prints makes 
the exhibition one of most noteworthy character. 





Tue Correr Market.—In their monthly report dated 
the 1st inst., Messrs. James Lewis and state that 
there has been a fall of 7/7. 17s. 6d. per ton in the value 
of Standard in the course of the ¢ month—from 
731, 2s. 6d. for cash on October 31 to 65/. 5s. on Novem- 
ber 25, closing values being 65/. 7s. 6d. for cash, and 
64/. 2s, 6d. for three months. The sales amounted to a 
total of about 52,000 tons. The leading ‘‘bulls,” who 
forced up the price to 75/. 5s. in October, unexpectedly 
turned ‘‘bears,” and by their extensive sales brought 
about a fall of 10/. per ton. Even this considerable 
reduction in the cost of copper had not induced buy- 
ing on any considerable scale, consumers looking for 
a further reduction in view of the decreasing con- 
sumption and increasing production. European con- 
sumption em | October was 4749 tons less than during 
September, a further falling-off was looked for 
during November. The sale of 10,000 tons (of 2000 Ib.) 
of electrolytic copper at 14 cents per pound and 69/. 
per ton c.i.f. was reported fron: New York —a total 
fall of 2} cents. Another strike had taken place in 
the United States, but on this ovcasion it affected con- 
sumption, not production, 12,000 employees of the 
General Electric Company having struck work. The 
Calumet and Hecla Company had secured as many men 
for underground work as were in its employ before the 
strike and production was being in e Novem- 
ber output was my ep to prove about normal. The 
Superior Company increased its uction over that 
for the period prior to the strike. @ total production 
of copper of the Utah, Ray Consolidated, and Chino 
Companies for the first nine months of this year had been 
82,990 tons (of 2000 Ib.), as against 63,270 tons in the same 
period last year, an increase of 19,720 tons. American 
shipments for November were advised as 29,508 tons. 


Shipments from Australia in October were 3112 tons, 





INDUSTRIAL NOTES. 


Tue North-Eastern Railway employees have held 
meetings in different towns to consider the award of 
the Conciliation Board, referred to on page 723 ante. 
This is generally accepted as a pis aller, the men being 
either against all the conditions, or against either the 
nine hours’ day, or against the three years duration of 
the new agreement. At most of the meetings the men 
expressed their dissatisfaction at their delegates having 
failed at the Conciliation Conference to obtain the 
adoption of the Darlington programme drawn up by 
the employees. 





The Wages Board of the Northumberland Miners’ 
Association met the Coal-Owners at the Coal Trade 
Offices, Newcastle, on Saturday last, when it was 
arranged that wages would remain unchanged for 
three months. The question of ascertaining quarterly 


the eelling price of coal, and the miners’ proposal to 
raise the minimum percentage basis for the lation 
of wages were adjourned. In 1912 the Northumberland 


miners received four increases in wages, amounting to 
a total of 11} per cent. At the end of February, 
1913, their wages were advanced by 37 per cent., at 
the end of May by 6} per cent., and at the end of 
August by 3? per cent., making a 25 per cent. advance 
in less than two years. At the last advance wages of 
the underground workers were 524 per cent. above the 
basis of 1879, and for the other classes of men 39 per 
cent. above the same basis 


The French Parliament has arrived at an agreement 
concerning the mining law. This will come into opera- 
tion six months after the date of its promulgation ; it 

rovides for the miners a working day of eight hours. 

uring two years from the date on which the law 
comes into force the loaders and barrowmen will have 
to work eight-and-a-half hours when required to do 
so. The maximum permissible overtime is to be sixty 
hours annually ; overtime is not to exceed two hours 
per day. Should there occur any exceptional crisis 
the Government may stipulate an increase in the limit 
for overtime. The miners in the different coal-basins 
have returned to work. 


In the issue of the 22nd ult. of the Moniteur Indus- 
triel we read that the Belgian metallurgical and indus- 
trial works are complaining of slackness in orders. 
The hope of an increase in business entertained durin 
the first half of 1912 had led to an improvement aa 
to an increase in the means of production of various 
establishments. Unfortunately, the crisis in the Balkan 
Peninsula supervened, and this, coupled with the 

eneral uneasiness which followed, led to a stop 

in orders and to the immobilisation of a considerable 
amount of Belgian capital. The sales of girders and 
structural work have become difficult; they would 
be impossible if the German metallurgical works 
had been able to maintain their hold on the 
market. For a long time, adds our contemporary, 
the Rhine and Westphalian establishments had taken 
part in Belgian tenders, and had obtained numerous 
contracts due to disconcerting rebates; in carrying 
out the contracts, however, they found that the 
had probably been rather too hasty in their cal- 
culations, fur they endeavoured to obtain compensation 
either on the quantity or quality of the work supplied, 
and raised difficulties with a view to secure modifica- 
tions in the contracts. The Belgian customers have 
tired of these measures, and have now decided to 
favour their own works. The Belgian metallurgical 
establishments at the present moment suffer not only 
through a slackness of orders, but also through having 
to maintain their men only partly occupied ; they fear 
to —- any of their skilled workmen owing to 
the difficulty which is always experienced in com- 
pleting a staff when orders abound. Labourers can 
easily be found in sufficient numbers, but skilled 
workmen are scarce. 

A conference of representatives of the Lancashire 
Coalowners’ Association and of the Miners’ Federation 
took place at Manchester on Monday last, to consider 
the wages of colliery surface workers. Both parties 
held a separate meeting previous to the conference, 
and each prepared a schedule of wages. They failed 
to arrive at an agreement, and the point is to be con- 
sidered at the National Conference to be held next 
week. A similar crisis exists with regard to the 
Derbyshire colliery surfacemen. 


The workmen’s sections of the Railway Conciliation 
Boards have given the railway companies the required 
twelve months’ notice to terminate the existing wage 

ments from December 1, 1914. The chief claim 
which the men will put before the railway companies 
as the basis of the new agreements is the full recog- 
nition of the Railwaymen’s Union. There are also 
uestions dealing with the conciliation boards and 
their constitution and working, for which the men 
have put forward different proposals. The mininum 
wage of 30s. per week for all adult workmen, an eight- 





hour day, with additional time paid as overtime, and 
the forcing ofall the men into the union, are also points 
to be discussed during the next twelve months. 





In our issue of October 31 (see page 587 ante) we 
referred to the possibility of a strike breaking out at 
Christmas time in the postal services of this country. 
Since October, the postal employees have met re- 
peatedly to consider their situation and the conces- 
sions made by the Postmaster-General. A further 
general meeting is announced to take place to-morrow 
at Leicester, to decide finally upon the reply to be 
made to the Postmaster-General. Judging from the 
reports to hand of the former meetings, there appears 
to be every likelihood that the men will denounce 
the concessions as inadequate and will enforce their 
demands by threatening a strike. The movement 
includes, besides the Post Office workers, both the 
telegraph and telephone employees. Should matters 
come to a crisis and a strike occur, the consequences 
would be far-reaching in the extreme. 





Matters in Dublin remain in a most unsatisfactory 
state. Mr. Larkin has come to England and has 
failed to agree with the English labour leaders. One 
result of his propaganda has been to draw a well- 
defined line of demarcation between two sections of 
labour men, the extreme Socialists or Syndicalists, 
and the ordinary trade-union men who joined their 
union from motives of solidarity, pure aud simple. 
The former, the extreme Socialists, desire that sympa- 
thetic action be taken in support of the Dublin strikers, 
and a congress of trade unions is to be held next 
week, with a view to decide whether or not there is 
to be such a sympathetic action. Should the decision 
be in favour of this action, it will in all probability— 
considering all the speeches that have been made 
of late—mean a victory of the extreme Socialists 
over trade-union leaders. Many recent occurrences 
and decisions go to show that these latter are being 
listened to less and less. What the extreme Socialist 
wants is that all British trade unions should declare a 
eo strike, to show that they are at one with the 

ublin strikers. They may fail to gain their point at 
next week’s meeting, but the attempt in itself will 
render the leadership of the men, never an easy task, 
much more difficult in the future than it has been in 
the past. In the meantime, the English labour 
leaders are endeavouring to arrange a settlement in 
Dublin. Mr. A. Henderson, M.P., Chairman of the 
Joint Labour Board, and Mr. O’Grady, M.P., Chair- 
man of the General Federation of Trade Unions, have 
been discussing the points in dispute with Mr. G. 
Jacob and Mr. C. Eason, members of the Employers’ 
Federation. 





A strike of engine-cleaners employed by the Lanca- 
shire and Yorkshire Railway was coe cae | last week, 
and has led to the temporary withdrawal of many 
trains in the districts served by the system. The 
dispute originated at Newton Heath, where the men 
accused a foreman of using tyrannical methods, and of 
unfairly booking the work done in the cleaning-shed. 
The strike spread to other dépéts, and threatened to 
involve stokers and drivers. Matters, however, were 
settled on Wednesday at a conference held at Man- 
chester. All the cleaners who had been on strike 
resumed duty yesterday, one day’s suspension being 
their only penalty for going out on strike. The men’s 
grievances will be looked into as soonas possible. The 
normal train service is being gradually resumed. 


A driver on the South Wales lines of the Great 
Western Railway was discharged some time ago for 
refusing to handle traffic from Dublin. A second 
driver was dealt with in the same way last Tuesday, 
when six others struck work in sympathy. Since 
Tuesday the strike has spread, and, according to the 
latest news from South Wales, the goods and et 
senger train services are being dislocated. he 
railwaymen in the important coal centres decline to 
strike until they are commanded to do so by the head 
officials of their union. Mr. J. E. Williams, the 
general secretary of the National Union of Railway- 
men, has telegraphed to South Wales, saying that 
the members must not stop work under any con- 
sideration, and adding that no support will be given 
by the union to any unauthorised action. Mr. 
J. H. Thomas, M.P., gave similar advice in the course 
of an address he delivered to railwaymen at Llan- 
trisant on Wednesday ; the men unanimously resolved 
to leave the matter in the hands of the Railwaymen’s 
Union executive; but they impressed — Mr. 
Thomas the necessity of reinstating the two dismissed 
drivers as a condition precedent to . The Great 
Western Railway Company will, of course, have its 
say in the matter. 





Tae InstituTI0n or ExxcrricaL ENGingeRs.—As the 
discussion on Dr. Kili berg’s address on “‘ Electricity 


ingen 
Supply of Large Cities” was concluded on December 4, 
there will not be a meeting of the Institution on 


December 11. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of Loudon Metal and Scotch Pig-Iron Warrant Markets.) 


SEPTEMBER. OCTOBER. NOVEMBER. 
£24 8 0126 8 “4 21 


200 












(3779) 





NOVEMBER. 
In the accompanying diagrams each vertical line sapreneiae a market day, and each horizontal line 


4 
SEPTEMBER. OCTOBER. 


represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 


ConTracts.—Messrs. Ed. Bennis and Co., Limited, 
Little Hulton, Bolton, have recéntly booked a la: 
number of orders for their new: Theee include. 
of their various types of stokers complete, many being 
repeat orders ; also 15 hand-fired furnaces, 13 elevators, 
and the extension to coal-conveyors. 


PERSONAL —Messrs. Wm. Geipel and Co., St. Thomas’- 
street, London, 8.E., inform us that they have been 
appoi' concessionaires by Messrs. Ringsdorff and Oo., 
of Mehlem-Rhein, for their carbon brushes for dynamos 
and motors. 








_ Tue InstrTvTs or Merats.—The annual general meet- 
ing of the Institute of Metals will be held at the Institu- 
tion of Mechanical Engineers, Westminster, S.W., on 
eeeeiey one Wednesday, March 17 and 18, 1914. The 
fourth y Lecture is to be delivered by Professor E. 
are Berlin, early in the month of May. Professor He 

will deal with the subject of ‘‘ Internal Strains in Cold- 


Tre Puysicat Socrety’s Annual Exarsition.—This 
exhibition, which is to be held on Tuesday, the 16th inst., 
at the Imperial College of Science, South Kensington 
will be open in both the afternoon (from 3 to 6 p.m.). and 
in the evening (from 7 to 10 pm). Professor the Hon. 
R. J. Strutt, F.R.S., will give a discourse at 4.30 on 
Wrought Metals, and Some Troubles Thereby.” | ‘‘ Spiral Electric Disc ” and Mr. Louis Brennan, 
The Institute of Metals has just published ‘“.The Secona CE. will show some experiments with soap films at 
Report to the Corrosion Committee,” which contains, in | 8.30 pm. Invitations have been given to the Institution 
addition to the important report presented at the recent | of Electrical Engi the Institution of Mechanical 
Ghent meeting o' the Institute of Metals, a verbatim | Engineers, the Fureday Sooiety, the Optical Society, and 
account of the discussion that took place at that meeting, | the Réntgen Society. Admirsion in all cares will be by 
together with many additional contributions to the dis- | ticket onl , and members of these societies (including 
cussion made subsequentiy by correspondence. Copies of | also the Physical Society) desiring to attend the exhibi- 

report, net, can be obtained at the offices of | tion should apply to the secretary of the Society to which 








this ort, price 5s. 
the Institute of Metals, Caxton House, Westminster, S. W. | they belong, 


TEST OF BENNIS STOKERS AT THE 
FORMBY POWER-STATION. 


AN objection which has often been raised to the use 
of mechanical stokers is that though they may work 
satisfactorily as long as the conditions are steady, they 
are, it is often asserted, less able than hand firing to 
cope with great variations in the demand for steam. 
In this connection the results, which we give below, 
of trials made with the stokers fitted by Messrs. 
Ed. Bennis and Co., Limited, at the Formby power- 
staticn of the Lancashire and Yorkshire Railway, 
where there are great fluctuations in the load, are of 
interest. The plant at the station consists of sixteen 
Lancashire boilers, each 32 ft. 6 in. a 3 by 8 ft. 6 in., 
and having a grate area of 42 ft. The products of 
combustion, on leaving the boiler, are passed through 
a superheater having 158 eq. ft. of heating surface, 
and thence to the main flue. The necessary draught 
is maintained by two fans, each 114 in. in diameter, 
placcd at opposite ends of the main flue, between 
which are fitted economisers, the two having an 
aggregate of 14,400 sq. ft. of heating surface. 

These boilers were pee! hand fired, but it was 
finally decided to fit eight*of them with Bennis 
sprinkling stokers, and in view of the very tryin 
character of the load, ample guarantees were demand 
from the makers. Each boiler was required to furnish 
continuously 14,000 lb. of steam per hour from and at 
212 deg. Fahr., for 24 hours consecutively, and to be 
capable of yielding steam at the rate of 16,000 lb. per 
hour for a short time. From this duty all steam 
required for driving the stokerr, fan engine and jets, 
was to be deducted, whilst with the fan out of action 
the output was to be not less than 10,000 lb. of steam 
per boiler per hour. The coal consumption was not to 
excerd 1200 Ib. for each 10,000 1b. of water evaporated. 
As the following tabulated results show, these guar- 
antees were amply met at the official trials. The 
figures have been accepted as correct by Mr. George 

ughes, Chief Mechanical Engineer to the line :— 
Taste I.—Short Period Boiler Test at the Formby Power- 

Station of the Lancashire and Yorkshire Railway 

Company. 


System of firing .. Bennis stoker and 


compressed -air furnace 
Duration of test oe 3 hours 
Number of boilers ee ee Three 
Type and size of boilers -- Lancashire, 8 ft. 6 in. 
by 32 ft. 

Draught, in inches of water-gauge in main 

flue “ ¥ es se i - 1.87 in. 
Draught, in inches, of water-gauge at chim- 

ney base es i am o - 1.75 in. 
Percentage of CO, in flue gases leaving 

boiler .. is eo ~ oe oe 12.8 per cent, 
Temperature of feed entering economieer. . 63 deg. Fahr. 


Temperature of feed water entering boiler 252 se 

Steam pressure by gauge oe os -» 160 1b, per sq. in. 

Number of degrees ofsuperheat .. 171.49 deg. Fahr. 

Factor of equivalent evaporation as from 
and at 212 deg. F., including economiser 1.3027 

Name of coal used ee os - .. White Moss (ordinary 


firing slack) 
Total weight of coal burnt 22,960 Ib, 
Coal burnt per boiuer per hour oe es 2,561 ,, 
Coal burnt per square foot of grate surface 
per hour o -_ se se oe 56.69 ,, 
Total quantity of water evaporated. . 161,181 ,, 
Water evaporated per boiler per hour 17,908 ,, 


Water evaporated per nd of coal 02 », 
™ — Not including 


Economiser. 
Lb. Lb. 
Total equivalent evaporation. . .. 200,904 178,208 
Equivalent evaporation per boiler per hour 23,323 19,801 
Equivalent evaporation per pound of coal 9.14 7.76 


TasLe II.—Long-Pcriod ry of Bennis Stokers at the 





Formby Power-Station of ire and Yorkshire 
Railway. 
System of firing ‘ Bennis stoker and 
compressed-air furnace 
Duration of test ee 8 hours 
Number of boilers oe os Eight E 
Type and size of boilers oe aoe : ft. 6in, 
y t. 
Draught, in inches of water-gauge, down- 
take ee os es + ee oe 0.81 in. 
Percentage of OO, in flue-gases at down- 
take oe ee es _ - oe 15.5 per cent, 
Temperature of fecd entering economiser. . 52.8 deg. Fahr. 
Temperature of fecd-water entering boiler 196.4 


155.75 Ib. per eq. in, 


Steam pressure by 
Ls Bay 2d 185.17 deg. Fahr. 


Number of degrees of superheat 
Factor of equivalent eva) ion as from 


and at 212 deg. Fahr., including econo- 
miser and superheater Se oe ve 1.2920 

Nameofcoal .. +. - os White Moss 

Class of coal os os _ oe Ordinary firing slack 

Calorific value of coal per pound (dry) 18,208.9 8B. Th. U. 

Total weight of coal burnt .. os 88,244 Ib, 

Dry coal burnt per boiler per hour .. 7 1292.8 Ib, 

Dry coal burnt per square foot of grate 

surface per hour i -_ = ot 28.73 Ib. 

Total quantity of water evaporated . 673,454 Ib., atter de- 
ductions e tur 
gauge-glass correc- 
tions, steam jets, 
and iyo Ayo stok: r 

Water evaporated per boiler per hour. 10, b 

Water ev: Lod pound of dry coal .. 8.296 Ib. 

Total equivalent a in = - $36,710 Ib. 

Equivalent evapo: per boiler per hour 13,854.8 Ib. 

Equivalent ev: ion per equare foct 

of ler-h surface per hour ° 11.54 Ih, 
— evaporation per pound of dry o.959 th 
* ** - +. a e 

Total thermal efficiency obtained .. 81.103 per cent, 
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NOTES FROM THE UNITED STATES. 
PuapEeLruiA, November 19. 
Tue past week has shown a further decline in 
activity in iron and steel, but at no time for at least 
18 months have stocks in consumers’ hands been as low 
as at the present time. The possibility of importa- 
tions of crude and semi-finished material has weakened 
prices along the Atlantic seaboard, but not sufficiently 
to jeopardise the control of domestic business, as so 
many of the eastern furnaces have quite a volume of 
orders on hand. Foreign low phosphorus pig iron is 
being offered at 21.50 dols., seaboard, which has served 
to bring down domestic quotations to 22.25 dols. There 
is very little forward buying, although numerous 
inquiries have recently been made, chiefly for the pur- 
of sounding the market. The largest structural 
iron contract in sight is for about 80,000 tons for 
subway work in New York City. Further shadings are 
regarded as probable, as some eastern structural mills 
are working only to about 50 per cent. capacity. The 
late mills are unfavourably affected, but the redeem- 
ing feature is the reasonable prospects for large orders 
for uarious construction onk ship and boat-building 
pur . Rails have been inactive excepting for 
small orders, the big orders still being held up with no 
immediate prospects for their release. Negotiations 
are pending for 55,000 tons of rails for South Africa 
and Siam. Other inquiries from other sources are 
anticipated, and information from various foreign 
countries, especially South American countries, point 
to transactions of some magnitude in rails. hile 
business is extremely light, there is nothing of a 
panicky feeling observable, and the greater steel. in- 
terests are simply drifting along, knowing that latent 
demand is developing and that the consumption 
demand will be heavy. 





A NEW P. AND O. LINER. 

FurtHER proof of the opening of a new era in the 
history of Messrs. Cammell Laird and Co.’s ship- 
building works at Birkenhead was afforded on Satur- 
day by the launch of a P. and O. liner. Years ago the 
Lairds did a t amount of pioneer work and con- 
tinued to build large and fast liners, but in their old 
works the berths were not found to be suited to the long 
ships of recent times, and the firm therefore largely 
confined their operations to high - speed Channel 
steamers, battleships, and cruisers. Now, however, 
that the Tranmere works have been opened, the firm 
are ae Se building of the longest of ships, 
alike for the yal and merchant navies, and under 
the managing directorship of Mr. G. J. Carter 
period of great activity is promised. 

The Khyber, the liner launched on Saturday, is 
one of four on hand for the P. and 0. Com 
The dimensions of the vessel are :—Length between 
perpendiculars, 480 ft. ; breadth, moulded, 58 ft. ; 
depth, moulded, 36 ft. 6in.; gross tonnage, about 

tons; dead-weight capacity, about 10,200 tons ; 
loaded draught, about 28 ft. ; speed, 14 knots ; indi- 
cated horse-power, about 7000. 

The vessel is divided by eight water-tight bulk- 
heads, ali extendin op to the upper deck. Accom- 
modation is provided for 75 first-class passengers in 
cabins on the upper and bridge decks, and 68 second- 
class passengers in cabins on the upper deck. In a 
forecastle accommodation is afforded for the native 
crew, and in the bridge and poop-houses for officers 
and engineers and a few passengers. Ten cargo- 
winches and four steam-cranes, each capable of lifting 
5 tons, are provided to deal with lar, uantities of 
cargo. Two pole-masts are each tted with four 
derricks, capable of lifting 5 tons and 10 tons, and 
one large derrick fitted forward for lifting a weight of 
30 tons. Refrigerating machinery is provided, with 
large chambers for meat and A gies cee Ample life- 
boat capacity is arranged for all on board. rown’s 
steam tiller operates the rudder, and is controlled by 
telemotor gear from the bri wheel-house and flyin 
bridge. A Marconi wireless installation is to be fitted? 
with a sending house for the operator on 
the bridge-deck. 

The machinery consists of two sets of quadruple 
© ion engines, the cylinders being 234 in., 343 in., 
48) in., and 70 in. in diameter, by 4 ft. 6 in. stroke. 
They are designed to run at about 95 revolutions per 
minute, and are balanced on the Yarrow-Schlick- 
Tweedy principle. They are supplied with steam by 
two double-ended and two single-ended boilers at a 

ressure of 215 lb. per sq. in., and are capable of 
eveloping about 7000 indicated horse-power, Howden’s 
system of forced draught being installed. 





AERONAUTIOS IN NewoasTLE.—The Aeronautical Com- 
mittee of the North-East Coast Institution of i 
and Shipbuilders was i on November 27, an 
exhibition being held at the same time of aero 
aeroplane engines and The committee was 
formed last 5; , and has since worked under the chair- 
manship of Hon. Sir Charles A. Parsons. —— 
is to held early in the new year, and a complete study 
aviation matters will form the programme of the new body. 





WIRE AND BAR 


STRAIGHTENING MACHINES. 





























Fia. 2. 


WE illustrate above two machines for which the 
agents in this country are Messrs. Arthur Reiner 
and Co., Limited, 63, Queen Victoria-street, E.C. 
Fig. 1 illustrates one size of a series of machines de- 
signed for straightening and cutting off lengths of 
wire. The particular size of machine in our figure 
takes wire ranging between No. 3 and No. 7/0S8.W.G. 
and will cut lengths up to 24? in. The speed of cutting 
can be varied between 25 and 64 lengths per minute, 
which would give an output per day of ten hours of 
between 70 owt. and 160 cwt. The horse-power re- 
quired is about 1.5, and the floor space occupied 13 ft. 
by 5 ft. llin. The machine consists of a bed, at one 
end of which are two sets of five straightening rollers, 
one set having its axes vertical and the other hori- 
zontal. The centre of the bed is occupied by 
slides, upon which a clutch is moved to and fro, its 
movement being derived from an adjustable crank 
carried on a large gear. This wheel is drivenfrom a 
belt-pulley through reduction gearing. At the end of 
the are cutters operated by cam motion. The 
clutch movement is adjusted, according to the length 
of wire required to be cut, by fixing the crank-pin at 
the distance from the wheel centre, as is 
done on a duaping-esnshion to obtain any required 
stroke. The clutch pulls the wire through the 
straighteners and a length is cut off for each revolu- 
tion of the ~— wheel, or the machine can be supplied 
with which will enable greater lengths to be 
cut off. 





The machine illustrated in Fig. 2 is a bar-straightener 
and polisher. This machine has a single roller on one 
shaft, and two short rollers, visible in the view given, 
on another. The latter are adjustable and are driven 
by a feather on their shaft. They can be moved towards 
or away from each other to suit the size and qualities 
of the material to be straightened. The straightening 
roller-axles are moved towards each other by means of 
the worm-gears at each end of the machine. Both back 
and front axles are moved instead of one, as is most 
usual. The bars are thus always central, and bushes are 
provided for central feeding ard discharging. The 
—- device consists of two long straight-edges 

aced with white-metal pressed agaiust the ager | 
bar from opposite sides. The adjustment is divide 
equally between the upper and lower straight-edge so 
that the bar is alwa 3 held centrally between the two, 
and also central with the adjustment of the straight: n- 
ing-rolls. These polishers and the bushes support the 
bar throughout the length of the machine during its 
paesage, with the result that whipping or swinging at 
the end of the bar is to a large extent overcome, and 
pee wy | high speeds may be employed without 
causing trouble. The use of such machines effects 4 
considerable reduction in thecost of tools for lathe 
work, on account of the removal of the hard scale ; 
while for shafting and much other work, if bars rclled 
to the right gauge are employed, the polishing leaves 
the work with such a finish as to render subsequent 
operations unnecessary. 
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THE PUCH MOTOR-CYCLE ENGINE. 


CONSTRUCTED BY MESSRS. JOHANN PUCH A..G., 








ij “ ‘\i ' 











View oF ENGINE. 


Fie. 1. 


Tue Puch motor-cycle engine, shown by Mr. Harold 
W. Sidley, 115, Fore-street, London, E.C., at the 
recent exhibition at Olympia, is illustrated in the 
views above. It will be seen that the valve gear is 
of very neat design. In the majority of motor-cycle 
engines a considerable number of gear-wheels are used 
to drive the cam-shafts and magneto, but in the Puch 
engine a single pair of spiral gears is enough to drive 
not only the necessary cams, but also the magneto 
and oil pump as well. To accomplish this the cam- 
shaft (Fig. 2) is arranged across the line of the crank- 


shaft and above it on the right-hand side of the| ( 


engine, and drives the magneto at the after end and 
the oil — at the front end. This allows of the 
cam-shaft being placed directly below the valves, and 
therefore the rocking levers, which are ordinarily used 
to work them, are dispensed with, and the valves driven 
direct. This results in great simplification. The gear- 
wheel and cams are a uae in one piece, together 
with the magneto coupling. 

Forced lubrication for the. main bearings is sup- 
plied by the pump at the end of the ae 3 
while the big end is lubricated by splash. The fly- 
wheels are each stamped in one piece with the mal 
shafts. A steel piston is antl 9 having three very 
narrow rings. A glass window is provided in the crank- 
case to show the oil-level, and there is an inspection- 
door over the wee ee The transmission is of pecu- 
liar design, for in place of the belt-pulley being on the 
engine-shaft, it is mounted on a separate spindle, and 
driven by internal gear from the crank-shaft. The 
bearing of this pulley is therefore eccentric to the 
crank-shaft, but the seating can be rotated round the 
latter from the saddle, and therefore the belt tightened 
while the machine is on the road. The cylinder is 
68 mm. by 85 mm. (24 in. by 3§ in.), and the machine 
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THE PASSIVITY OF METALS. 
To THE Eprror oF ENGINEERING. H 

Srr,—May I be allowed to make a small but impor- 
tant correction in your account (pages 664 and 665) of my 
communication to the Faraday Society on the photo- 
electric behaviour of iron in relation to the theory of 
passivity. In the sentence: ‘‘Dr. Allen concludes that 
passivity, like the Hallwachs effect, is due to a gas film,” 
the words ‘* the fatigue of” uire to be inserted before 
‘the Hallwachs effect.” e effect discovered by 
Hallwachs consists essentially in the liberation of nega- 
tive electricity from a metal plate illuminated by ultra- 
violet light. This liberation can be observed in the 
highest vacuum under conditions where the presence of 
a gaseous film is out of the question, But when experi- 
ments are carried out in air or other gases, the photo- 
electric activity diminishes after the plate has been 
polished. This diminution in activity is known as photo- 
electric —— r and is found to be due principally to the 
condition of the surface film of gas. These phenomena 
are fully discussed in my book on “ Photo-Electricity” 
Longmans, Green and Co,). Since an iron plate which 
is rendered passive shows diminished photo-electric 
activity, I am led to the conclusion that the change from 
the active to the passive state is associated with the con- 
dition of the gaseous layer at the surface of the plate. 

Yours truly, 
H. Srantey ALLEN. 
University of London, King’s College. 





BROADSIDE AND END-ON FIRE OF 
BATTLESHIPS. 
To THe Eprror oF ENGINEERING. 


Srr,—I read in the brief description of the Iron Duke | case. 


class of battleship, published in your issue of the 21st ult., 
the following remark :—‘‘ Thestudent of naval design can- 
not have failed to notice in the great increase to the end- 
on fire in the later type of warships a steady movement 
towards a reversion to former ideas in regard to war 
tactics.” 

I fully agree with this statement, for, since 1907, I 
modestly opposed my best argument against the tendency 
of building ships of extraordinary length, having their 
engines and boiler arrangement spoiled by the interposi- 
tion of ammunition compartments, for the — of 
obtaining the greatest possible broadside fire. In this 
connection I may be permitted to refer to my papers on 
= argument, published in your number of January 12, 


can be had either with a single speed or with the | 1919 


Armstrong three-speed hub. 

A larger racing model, with two inlet-valves in the 
top of the cylinder and a special port in the cylinder, 
which is uncovered by the piston at the bottom of the 
stroke, was also shown. 





Tux InstTITUTION or ELgcTRicaL ENGINEERS: SCOTTISH 
Loca Sxcrion.—The annual dinner of this section will 
take place on Thursday next, the 11th inst. Members 
desirous of attending who have not already obtained 
tickets are requested to secure them at once, to facilitate 
arrangements. The tickets are 7s. 6d. each, and can 
be obtained from Mr. James E. Sayers, hon. local 
secretary, 190, West George-street, Glasgow. 





LiGHTING THE AUSTRALIAN Coast.—The sum of 50,0000: 
@ year is to be spent on lighting the Australian coast, as 
soon as the lighthouse branch & properly-organised 
staff. The of the Australian coast which requires 
most lights is that within the Barrier Reef, coming down 
from North Queensland. It is | gen, during this year 
to erect gg We Clark Island, Piper Island, Chapman 
Island, Tih Tih Island, Heath Reef, Dhu Reef, and 
Coquette Island. Then it is intended to provide a new 
light at West Point. in Tasmania, and repairs to the Cape 

Light, in Victoria, are also to be undertaken. 





But if broadside fire is no more, the onl uirement 
asked by tacticians of naval engineers, end-on fire being 
considered now important as well, may I ask, why not go 
astep further and abolish the middle turret, and ammu- 
nition reserve below ? 

The lessening of two guns could be compensated with 
half-an-inch of increase in the calibre. Certainly the 
abolishing of the middle turret would make it impossible 
for the designers to make a practical and efficient Tenge 
arrangement of engines and boilers, allowing ships of 
not excessive length. And also, considering the d 
of torpedoes, in my opinion, ships having a less num 
of places where explosive materials are stored are safer. 

Believe me, — truly, 
ALVATORE ORLANDO. 
Leghorn, vid Nagionale, November 26. 





EROSION OR CORROSION, 
To THE Eprror oF ENGINEERING. 

Sir,—That my article on the above subject (Encr- 
NEERING, vol. xciii., page 687) should have been attri- 
buted to my distinguished namesake is somewhat flatter- 
ing. I should have thought that the nature of the 
subject, its treatment, and absence of literary style would 
have been sufficient to enable even the most casual reader 
to have differentiated between us. Since, however, Sir 
William Ramsay has added to his disclaimer his own 











Cam-SHAFT AND GEAR. 


views on the controversy, I claim your indulgence in so 
far as to be allowed to reply briefly to his criticism. 

That any opinion from so eminent an authority must 
claim attention goes without saying, but as Sir William 
only deals with the subject in terms, one can 
only conclude that his views in this case have been based 
on purely theoretical considerations rather than on prac- 
tical experience of corrosion phenomena, and in this par- 
ticular subject the main difficulty has been to reconcile 
known physical and chemical laws with quite unexpected 
and seemingly paradoxical results. Indeed, were this 
not so, corrosion as a practical difficulty would cease to 
exist. 

At the outset it is necessary for me to correct an error 
by removing the impression that a certain critical velocity 
must be attained before these propeller defects develop. 
At the time the trouble became acute, I certainly, in 
common with others, thought that this factor was the 
dominant one; since then, however, I have had the oppor- 
tunity of examining a number of propellers of merchant 
voneele whose propeller velocities have mere frac- 
tions of those attained in turbine-driven destroyers, and 
in many of these the same defect has been present, 
though in most cases to a minor degree; and this, in 
my opinion, eliminates the critical velocity factor from 
the question. If further proof is essential, one would 
naturally expect to find erosion in the nozzles of fire-hose, 
since these have to withstand very high water velocities 
and pressures; but one of the leading fire - brigade 
engineers in this country assures me that nozzles which 
have done heavy ony for over twenty years do not show 
the slightest sign of either erosion or corrosion; on 
the other hand, ships’ hose-nozzles throwing sea-water 
are not infrequently corroded. I am not inclined to 
think that strain has anything to do with this latter 


I must confess that I cannot follow Sir William’s 
argument with regard to the migration of the electrons, 
No doubt, if they would act in the manner he suggests, 
it would be very convenient, but from practical expe- 
rience we know that zinc protectors will not stop local 
action. Take, for instance, a copper plate with a plug 
of zinc in the middle of it, join it up to a zinc plate, 
so as to form a galvanic couple. and immerse the whole in 
an electrolyte ; if Sir William Ramsay’s idea were correct 
no action should take place between the zinc plug and the 
copper plate, but we know that such local action does 
take place ; and, as I have pointed out when replying to 
Dr. Silberrad, zinc protectors bave proved over and over 
ante to have a very limited sphere of action—often none 
atall, 

A case occurs to me of a circulating discharge-pipe 
(copper) in a Mersey ferry-steamer. In the bend, w 
Awe a been worked most, ee pane deve- 

Oo in patches extending u even undercutting, 
the brazing of the joints. Hy ail the established canons 
of electrolysis the ing metal should have protected 
the copper ; in fact, the brazing should have Gagne 
before the copper was attacked, instead of which it was 
as perfect as w it left the hands of the coppersmiths. 
submitting the sorroded patches to a simple sclero- 
metric test these were found to be decidedly harder than 
the unattacked metal ; the inference being that the cor- 
roded spots had escaped the final annealing, or, what 
is more probable, they had been touched up af 
with the planishing hammer. The corresponding pipe 
on the other side of the vessel was in perfect condition. 

I know of numerous similar instances which do not 
conform to known laws, and which can only be explained 
by the theory of strain or difference of physical con- 
dition, and I find I am in om company in this belief, 
since no less an authority Dr. Teameesh has sub- 
scribed to this — heresy. ; 

Sir William y’s claim that the Silberrad allo 
has proved univerally satisfactory must be received wi 
caution. Personally, my own experience of the new 
alloy does not agree with his statement. If later produc- 
tions have proved more satisfactory, it would be just as 
true to claim that the improvement was due to the present 
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yoncral tendency to redistribute the thickness of the metal 
so as materially to stiffen the blades. I have before me as 
I write a circular letter from an eminent firm of pro- 
peller manufacturers, in which a ae a general 
strengthening and thickening of the and lower part of 
the blades, their idea being to obviate a foundry difficulty 
to which they attributed, in pert, the defect in question. 
It is curious that they should have arrived at same 
solution of the difficulty as myself, but working from quite 
a different direction. That Sic William cannot dis- 
tinguish between the true erosion in shackle-holes and the 
defect under discussion is, I fear, because he has not seen 
the phenomena in all its various phases. erosion 
about shackle-holes presents all the ap nce Of fric- 
tional wear, almost as though a running belt or cord had 
been cutting into the metal, and, further, such wear is as 
pronounced and just as ligible in the Silberrad alloy 
as in the older manganese bronze. 

I agree that there is a certain amount of prone super- 
ficial corrosion ; there always is, and even the zinc plates 
do not stup this; but it is trifling compared with the 
defect we are dealing with. 

To get a true idea of water erosion, one must turn to 
high-pressure water-turbines, such as Pelton wheels. 
Here the enormous pressure and velocity of the water 
often wears out the buckets, until finally it bursts through 
altogether ; such examples as have come under my notice 
have, for the most part, presented a smooth and truly 
waterworn appearance. 

Sir William Ramsay’s statement that Dr. Silberrad was 
the first to submit the problem to scientific investigation 
is rather incomprehensible, and, since I have never laid 
claim to priority in the matter, I fail to see the force of 
its introduction into the controversy; but as a matter of 
historical fact, I find that physical condition as a factor 
in corrosion had received the attention cf several 
eminent investigators, and in connection with propeller 
corrosion, long before either Dr. Silberrad or myself 
A a our divergent views on the engineering 
world. 

The subject of this correspondence is a most serious 
one, and as certain of its features were not consistent with 
erosion, I thought it called for closer investigation, hence 
my article of y 24, 1912. 

As ascientific man, I am ever open to conviction, but 
the more | study this subject the more cumulative and 
convincing the evidence becomes that erosion is a 
secondary consideration in the = 

Yours faithfully, 
Wm. Ramsay, F.I.C. 

23, Sycamore-road, Birkenhead, December 2, 1913. 





CORROSION OF STEEL WATER-MAINS. 
To THE Eprror oF ENGINEERING. 
S1z,—With reference to the correspondence which has 
recently appeared in ENGiNkERING, I have always found 
that the most serious corrosion as affecting the life of 
pipes, both of steel and cast iron, is on the outside. While 
water engineer in Bombay I buried a piece of steel pipe 
at Kurla, at a point where the earth is exceedingly saline, 
and left it there for several years without its becoming 
seriously pitted. The 32-in. main from Behar Lake to 
Bombay, which was lifted eight years ago, after having 
been in use for forty-five years, exhibited several kinds 
of external corrosion. For some miles, where it was laid 
through a dry laberite (‘‘ muram ”) soil, it had hardl 
been attacked at all ; in another length, where the soil is 
impregnated with salt, the metal peeled off in layers of § in. 
to ;, in. thick, whereas in a third section, where the pi 
was laid through paddy fields, and the soil was probably 
of an acid nature, there was a transference of the particles 
of iron to the surrounding soil, ending in the bursting of 
the pipe, generally during the monsoon, when repairs 
were 7 ifficult to effect. The internal corrosion was 
ew 4 slight, and though sufficient to reduce the discharge 
of the pipe to the extent of about 30 per cent., was not 
such as in any way to impair the strength of the pipe. 
In the Seoul (Korea) Water Works I used a steel pipe 
22 in. in diameter for the rising main, and had the 
laid through paddy fields, after being coated, rolled in 
Hessian, and again dipped ; and I believe it has stood 
oeeagra If this precaution is taken when steel pipes 
ave to be laid in soil where there is any reason to fear 
that galvanic action may be set up, I believe the life of 
a steel pipe should be quite as long as that of a cast-iron 
pipe. 
T am, &c. 
A. Farrure Bruce, M. Inst. C.E. 
27, Boileau-road, Ealing, November 27, 1913. 





‘Tue Norra Country Coa anp SuHipping ANNUAL 
ror 1913-14.”—This is edited by Messrs. Joseph Davies 
and Graham Wallis, and is published at the price of 7s. 6d. 
net by the Business Statistics Company, Limited, 20, 
Victoria-street, London, 8.W. It contains over 300 
pages, and covers information on wages in the northern 
coal-fields, figures on production, data on shipment and 
trimming charges, on charters, freights, &c. 


Recent Devevorpwents tN Marine Proputsion.— 





NOTES FROM THE NORTH. 
Glasgow Pig- I Pas... Tharedee yi 

- Iron Market.—Last Thursday morning 

the pig-iron market was dead idle, and Cleveland war- 
rants were the turn easier. Closing sellers quoted 49s. 4d. 
cash, 49s. 74. one month, and 24d. three months, 
with buyers naming 3d., 24d., and 24d. less respectively. 
In the afternoon the deal amounted to 1 tons of 
Cleveland warrants at 49s. 14d. cash, 49s. 3d. eight daye, 
and 50s. three months, with sellers over at the latter 
figure, and at 49s. 2d. cash, and 49s. 54d. one month. On 
riday morning the market was stronger, and 2500 tons 
of Cleveland warrants were done at from 493. 3d. to 
49s. 6d. seventeen days, and 650s. 2d. three months. 
At the close sellers quoted 49s. 5d. cash, 49s. 84¢c. 
one month, and 650s. 3d. three mon After 
opening strong in the afternoon, Cleveland warrants 
eased off, and closed with sellers at 49s. 54d. cash, 49s. 9d. 
one month, and 50s. 3d. three months. The dealings 
totalled 4000 tons at 49s. 6d. cash, and 650s. 4d. three 


months. Oa Monday morning the market opened with | Pe’ 


a steady tone, and the turnover was 4000 tons of Cleveland 
warrants at 49s. 6d. and 49s. 64d. cash, 49s. 9d. eleven 
days, and from 50s. 5d. to 503. 3d. three months. The 
poy rage aa were 493. 5d. cash, 493. 84d. one month, 
and 8d. three months sellers. The afternoon session 
was quite idle, and Cleveland warrants were quoted b 
sellers at 492. 4d. cash, 49s. 74d. one month, and 50s. 24d. 
three months. On Tuesday morning Cleveland warrants 
were dull, and another idle session was recorded. The 
prices’ were easier, and sellers named 49s. 34d. cash, 
49s. 7d. one month, and 50s. 2d. three months. In the 
afternoon there was little improvement, and business 
was confined to two lots of Cleveland warrants at 
49s. 3d. cash, and 60s. 1d. three months. At the 
close the quotations were down to 493. 2d. cash, 
49s. 54d. one month, and 50s. 1d. three months 
sellers. When the market opened to-day (Weduesday) 
the tone was still dull and prices eased off further. The 
dealings consisted of 2000 tons of Cleveland warrants at 
49s. cash, 49s. 14d. five days, 49s. 3d. one month, and 50s. 
three months, and closing sellers quoted 493. 04d. cash, 
493. 4d. one month, and 49s. 11d. three months. In the 
afternoon Cleveland warrants were nominally steady, 
and only 500 tons changed hands at 49s. 1d. nine days. 
The market closed with sellers at 493. 1d. cash, 49s. 4a. 
one month, and 49s. 11d. three months. 

Sulphate of Ammonia.—There is no pressure in the 
demand for sulphate of ammonia at the present time, but 
a ee good inquiry oe. The price remains 

" fe) 


firm at 13/. 6d. per ton for prompt delivery, Glasgow 
or Leith, which is per ton above the lowest price of 
the year, although 28s. 9d. per ton under the highest 


point touched during 1913. 

Scotch Steel Trade.—The changes which have been 
made in Scotch steel prices recently have not yet been 
the means of inducing much new business. As a matter 
of fact, things have sluwly been getting to a very low 
ebb, and ondecs have mostly been of a hand-to-mouth 
character, with the result that unless some decided 
improvement takes place soon a prolonged holiday 
may be general towards the end of the year. On 
Friday last the price for ship-plates for export was 
reduced by 5s. y ton, making it 6/. 5s. per ton, less 
24 per cent., f.o.b. Glasgow, and on Monday a similar 


'Y | reduction was agreed upon for export lots of boiler-plates 


(land or marine), and the price of these is now 6/. 15s. per 
ton, less 24 per cent., f.o.b. Glasgow. These changes may 
influence foreign buyers to pass orders here, as producers 
are now well able to give almost prompt delivery. The 
export trade at the moment is rather off, and there is 
nothing very pressing in the way of demand. Makers of 
sheets—black and galvanised—while experiencing a fair 
turn of home trade, are doing very little in the matter 
of exporting. The local price is down 5s. per ton, 
and 1s now called 7/. 7s. 6d. per ton, less 5 per cent., 
Glasgow. Sections are very quiet, but producers of struc- 
tural material are experiencing a very good run of trade. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is in a very poor state at present, and 
several of the establishments have not been working 
this week, while those who are employed are on short 
time. Three and four shifts per weck have been all too 
common recently, owing to the scarcity of specifications, 
and few will be sorry to see the end of 1913. 


Scotch Pig-Iron Trade.—With other branches of in- 
dustry so quiet, it is not to be wondered at that the pig- 
iron trade shows no improvement; indeed, the y we is 
rather limited this week. Several more blast-furnaces 
have been blown out, but stocks are sufficient to meet 
requirements for some time, and unless conditions get 
better soon, the probability is that the furnaces already 
damped out may not be rekindled again this year. 
Hematite is meeting with an extremely limited demand, 
and stocks continue to increase. Consumers are only pur- 
chasing very small quantities for their more immediate 
needs, and the _— is all a matter of arrangement. The 
following are the market quotations for makers’ (No. 1 
iron :—Clyde, 71s.; Calder, 


ie, Summerlee, an 
loan, 71s. 6d. (all shipped at G 


w); Glengarnock 


Mr. W. H. Watkinson, Harrison Professor of Engineer- : . 

ing and Director of the Engineoring Laboratories at the | (&* Ardrossan), 72s. ; Shoves (at Leith), 7ls. 6d. ; and 
University of Liverpool, elivesed at the University on Carron (at Grangemouth), 73s. These prices show no 
Friday, ae 28th wt, a lecture in which he compared, change over the week. 

in a general way, vy ting engine for the Scotch Shipbuilding. — Once in are we within 
pulsion of ships with the direct-coupled steam-turbine, measurable ae at another pe ome in Scotch ship- 


and with ~ ee — 
gearing an roug’ e Fébttinger transmitter. He 
also sulewed to the boiler question, giving a few figures 
on the Bone surface combustion system, and added data 
bustion engine. His remarks were 





on the internal 
illustrated by lantern-slides. 


the shaft through helical | buildi 





ilding, because the output to the end of November is 
only a few thousand tons behind the total output for the 
whole of last year, which was then the record ton: for 
any year. The present has certainly been a remarkable 
a & many Some and the large tonnage shows the 
eavy bookings which were made during the “‘ boom ” 





riod; but the number of contracts fixed up since last 

anuary not excessive. Certainly there are 
many new vessels on hand, but all over order-books are 
not too well filled, and so the prospects—at present, at 
any rate—are not too promising for next year. During 
the past month the output from the various Scotch dis- 
tricts was as follows :— 


Vessels. Tons. 

The Clyde a - ‘eo 20 68,992 
The Forth an os - oe 2 3,020 
The Tay - és ss os 1 640 
The Dee ‘a ee os oe 3 646 
Total a 26 73,298 

November, 1912, Total ..  .. 40 71,658 


In the above figures the Clyde output for last month is 
500 tons more than for the same month of last year, and 
it is also the highest output for the month of November. 
Its addition to the other figures of the year brings the 
output up to the record total of 628,816 tons for the eleven 
months, which is 40,010 tons higher than for the same 
riod of last year, and only about 12,000 tons short of 
the full total for 1912. The record of that year is now 
certain to be beaten, but it is very doubtful if we can 
expect next year to put up new figures, as the general 
opinion at present is that the trade of the country has 
reached high-water mark, and that business is on the 
decline. Fresh contracts were not very numerous during 
the past month, but, when these are added on to what was 
already booked, activity i3 assured for a few months yet. 





AGRICULTURAL EXHIBITION IN GERMANY.—The German 
Agricultural Society has decided that its exhibition next 
year will be held in Hannover during June. It is the 
twenty-seventh exhibition of this kind, and will embrace 
all machinery and utensils used in agriculture and 
kindred pursuits. Apart from the annual test of new 
appliances, there will be trials next year for machines 
for the production of ‘‘rain,” as well as grass-mowers, 
hay-turners, and rakes. Entries close on February 28. 





University OF LONDON: APPOINTMENTS BoarD.— 
The Appointments Board, constituted by the Senate to 
assist graduates and students of the University in obtain- 
ing appointments, and to co-ordinate and supplement the 
work done by the schools and institutions of the Univer- 
sity in this direction, registers the qualifications of— 
(a) graduates of the University of London ; (6) uates 
of other universities who are students of London; and 
(c) undergraduates in their last term, previous to entry 
on degree examinations. The fee for registration has 
for the present been fixed at 5s., renewable annually 
so long as the name is retained on the registers. The 
secretary (Dr. A. D. Denning) will be pleased to 
give further information, and to see graduates at the 
central offices of the University, South Kensington 
(Room 23), on Wednesday afternoons, 2 to 5, or Thurs- 
days 12 to 1.30, or at other times by arrangement. 

ucational authorities, business firms and others, having 
openings for graduates, are asked to inform the secretary, 
who will forthwith notify the more suitable available 
graduates on his registers, and use every endeavour to 
secure the candidature of the most capable applicants. 
Soeeneey 1000 posts have been notified to suitably 
qualified graduates registered with the Board within the 
last three months and many appointments have been 
secured. Further registrations of well-qualified graduates 
and students are now necessary. 





Tue Sneviinc Boat-LauncHine Gear.—A new boat- 
launching gear for ships, the invention of Mr. J. C. 
Snelling, is being exhibited in model form at 11, South- 
ampton-row, W.C. The r is well worthy of inspec- 
tion, and appears to have been designed with more regard 
to the difficulties of the problem to be faced than are the 
majority of the proposals which are appearing with such 
fertility at the present time. To describe the arrange- 
ment briefly, it may be said to consist of a crane-jib 
pivoted on the centre line of the ship, and of such length 
that it would be capable of carrying boats well clear of 
the ship on either side, even when there was an extreme 
list. he crane-jib is fitted with a fork-head, and 
has two lifting-ropes in parallel, which, riding each over 
py ogy the fork, are attached at, or near, the twoends 
of the boat to be lifted. Connection to the boat is made 
through a yoke which is permanently attached to the 
lifting-ropes and is connected to the boat by bolts, which 
are controlled by a single disengaging lever. The two 
lifting-ropes are carried to the same lifting-drum, so that 
they move always together and keep the boat in fore-and- 
aft trim. The jib is supported from the funnel or a mast 
and is fitted with a luffing-rope, while its base is mounted 
ona turntable. There are thus three motions, which are 
driven from an oil-engine station situated on the upper 
deck and independent from the main engine-room. All 
the motions are controlled from a single point. We 
may say that the jib of the model, at the time of our 
visit, was nob fit with guy-ropes, but we under- 
stand that such guy-ropes form an in part of 


the They appear to us essential for the handling 
ofa boat on a ship in a heavy sea by means of a 
crane. A further interesting proposal in connection 


with the gear is for the stow of the boats in tiers, 
one above the other, in wells formed through several 
decks of the ship. Boats so placed would be well protected 
from the weather, and could be arranged so that in case 
of need passengers could reach the several tiers at the 
eameé time from different decks. The boats would, of 
coursé, afterwards be,launched with the mgers on 
board. The arrapgément should do much to prevent 
confusion and the launching of half-filled boats. The 
— will be on view at 11, Southampton-row, until the 
9th inst. 
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NUTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The export trade con- 
stitutes the strongest feature of the market. It is now 
being found possible to remedy the delay caused by the 
Balkan War in the summer months, and the consequent 
unusually brisk demand is being further ay ee upon 
by the fact that the Baltic ports, profiting from the un- 
expected mildaess of the weather, are still able to handle 
their share of the shipping trade. The industrial 
position is less satisfactory. Delayed orders in the 
iron and steel industries are rapidly becoming ex- 
hausted, and new business is being booked in a less 
liberal manner. ‘The inevitable corollary is a marked 
weakening in the manufacturing demand. Faint signs of 
improvement are shown in the house-coal trade. Pro- 
tracted weakness, however, is having very little effect on 
quotations. A sudden snap of wintry weather would 
brisk matters up considerably, and merchants are keeping 
this in mind and playing the game of wait-and-see 
rather than tempting householders from their inaction by 
issuing attractive lists of reduced prices. companies 
are relieving the colliery position by taking full supplies. 
No fault is to be found with the home demand, while 
tonnages going away for shipment are particularly satis- 
factory. Slacks give no iidication of improvement. 
Stocks are making an almost general appearance. Coke 
and small fuel are similarly weak. Quotations :—Best 
branch hand-picked, 17s. ; Barnsley besv Silkstone, 14s. to 
153.; Derbyshire best hts, 12s. to 13s. ; Derbyshire 
house, lls. 6d. to 12s. 6d. ; best large nuts, 11s. to 12s. ; 
small. nuts, 9s. to 10s.; Yorkshire hards, 11s. 9d. to 
12s. 9d.; Derbyshire hards, 10s. 9d. to 11s. 9d. ; —_ 
slacks, 7s. to 8s.; seconds, 5s. 6d. to 6s. 6d.; 4 
3s. to 4s. 

Iron and Steel.—Despondency is giving way to hope- 
fulness in the raw material market. Though they still 
fight shy of forward buying, steel-makers have had vir- 
tually no option in the matter of entering into spot busi- 
ness. Many of them have so long kept off the market 
that their stocks are nearing exhaustion. The tion 
has been slightly strengthened by a fall of 2s. in the price 
of Lincolnshire brands of pig iron, reducing No. 4 forge 
to 58s. 8d.; No. 3 foundry to 543. 8d.; and basic to 
5ds. 8d., delivered in Sheffield or Rotherham. The 

osition might have been made even more cheerful 

ad makers agreed to sanction slight reduciions in 
East Coast hematite prices ; but they decline to make 
any concessions to assist current business, and are 
resolute in their refusal to sell at below 61s. at Middles- 
brough for forward business. West Coast iron prices are 
more flexible, and are now quoted at 73s. and 74s. deli- 
vered in Sheffield. Basic iron is in better demand, and 
foundry iron maintains a satisfactory tion. Local 
bar-mills have very few orders on hand, and are only 
working intermittently. The heavy steel industries con- 
tinue to work overtime, but the outlook is not nearly so 
encouraging as in previous years. General falling-off in 
trade is reflected in local reaction so far as new business 
is concerned, though thes:esumption of smooth workin 
in every department, following upon the settlement o 
big labour troubles, provides opportunities for steady out- 
put that must necessarily strengthen the position. ere 
is no falling-off either in the shipbuilding demand, or 
for the best qualities of steel. Steel-tool makers are 
unable to find sufficient labour to keep pace with orders. 
Railway and wagon material departments are steadily 
employed, chiefly on export account. The Central Argen- 
tine Railway has divided a big contract for steel and 
machinery among nine firms. essrs. Samuel Fox and 
Co., Limited, of Stocksbridge, are busily engaged in pro- 
ducing rails for the Midland Company, tyres for the 
New South Wales Government Railways, and railway 
springs for the Great Indian Peninsula Railway and 
for Rio Tinto. Steel-billet makers are struggling not 
only against foreign dumping and subsidised competition, 
but against North of England competition. 





More Notts Coat.—The Bolsover Colliery Company 
has commenced boring for a new colliery at Clipstone, 
and a depth of 100 ft. has been reached. The boring is 
the result of a decision to make a start with it as scon as 
coal was reached at the Rufford Colliery. This result 
was attained about a month ago. 





EXPLOSIONS IN CONNECTION WITH THE USE OF BITUMEN. 


—The Board of Trade have appointed Sir T. Edward 
Tho O.B., F.R.S. (chairman), Mr. Robert Nelson (of 
the Home Office), Mr. W. Slingo (of the General Post 


Office), Mr. James Swinburne, F.R.S., and Mr. Alexan- 
der P. payed the Board of Trade), to be a Com- 
mittee to consider the causes of explosions which have 
occurred in connection with the use of bitumen in layin 
electric cables, and to report as to any steps which should 
be taken to prevent explosions in future from the use of 
bitumen or similar substances. Mr. M. J. Collins, of the 
of Trade, will act as Secretary to the Committee. 





“Tue Avtomositg Encinggr YeAR-Book, 1914.”—This 
for heek, which is published, at 1s. 6d. net, by Messrs. 

liffe and Sons, Limited, 20, Tudor-street, London, E.C., 
now enters upon its fourth year. It contains in tabular form 
a large amount of useful mechanical data for motor-car 
users and designers, meager tp physical character- 
istics and analysis of carbon steels and special steels, with 
particulars of heat treatments, &c. The princi i 
over a hundred makes of 1914 pattern of Bri ish and Conti- 
nental touring-car chassis are also given, ther with 
similar information for American chassis. « book is 
completed by full English-French and French-English 
glossaries of motor-car terms. 


details of | ad 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—A feeling of quietness pre- | th 
ward an 


vails in the pig-iron market. Buyers are ; 
values are easy. Producers continue to complain that 
current rates are unremunerative, and there seems little 
likelihood of reduction in cost of production in the near 
future. The result is that makers talk of further re- 
ducing the output by blowing out furnaces. Mensrs. Bell 
Brothers are next week putting out of operation a blast- 
furnace at their Clarence Iron Works. Some sales of No. 3 
Cleveland pig are stated to have been made by makers at 
rices ranging from 50s. to 51s. for Spring delivery, 
t merchants are doing business on early account 
at less. Second hands quote No. 3 g.m.b. at 49s. 6d. 
f.o.b.; No. 1 at 52s.; No. 4 foundry, 49s.; No. 4 
forge, 483. 91.; and mottled and white iron each 
48s. 6d.—all for early delivery. East Coast hematite pig 
is very weak. Reports of considerable sales to Sheffield 
customers are confirmed, the prices realised varying a 
. One rather large line is understood to have 
fixed at 66s. 6d. for Nos. 1, 2, and 3 net at Sheffield. 
This is equal to 60s. 3d. at Middlesbrough, which is 
above the price at which business can now be done. The 
eee market quotation for either early or forward 
elivery of hematite mixed numbers is 60s. Business in 
foreign ore remains at a standstill, and in the absence of 
transactions sellers still base market quotations on 19s. 
ex-ship Tees for Rubio of 50 per cent. quality. Coke is 
still very scarce, and those who must buy have to pay 
high prices. Medium blast - furnace kinds are fully 
18s. 6d. delivered at Tees-side works. 


Manufactured Ircn and Steel.—The various branches 
of the manufactured iron and steel trades present no 
new features of moment. Producers keep busy on con- 
tracts made some time , but new orders are scarce. 
any so iron a 4, 10s. ; say Ag yp Page 6d.; 

b bars, ; packing iron, 6/.; iron ship-plates, 
61. 15s. iron ship-angies, 71. 10s.; iron ship-riveta, 81. 10s. ; 
steel bars, 6/. 15s.; steel ship- 62. 103. ; steel ship- 
angles, 61. 8 : 

61. 128. 6d. ; steel strip, 62. 15s.; and steel hoops, 7/. 

less the customary per cent. Cast-iron railway 
chairs are 4/. 10s.; hght iron rails, 7/.; heavy steel 
rails, 6/. 10s.; and steel railway sleepers, 7/. 10s.—all net 
at works. Galvanised corrugated sheets are 11/. f.o.b.— 
less the usual 4 per cent. 


Finished-Iron Workers’ Wages.—The accountants to 
the Board of Arbitration for the Manufactured Iron and 
Steel Trades of the North of England have certified the 
average net selling price of iron rails, plates, bars, and 
angles for the two months ending October 31 last at 
7l. 6s. 7.77d., as compared with 7/. 12s. 7.16d. for the 
previous two months, and, in accordance with sliding- 
scale arrangements, there is a reduction of 6d. per ton on 
puddling, and 5 per cent. on all other forge and mill 
wages. The reduction takes effect from the Ist inst. 


Tees Iron and Steel Shipments.—The shipments of pig 
iron from the Tees during the month of November were 
on a fairly good scale, averaging 3736 tons per working 
day, the total despatches being returned at 93,413 tons, 

332 tons of which went from Middlesbrough, and 
9081 tons from Skinningrove. The clearances for October 
were given at 125,190 tons, or a daily average of 5007 tons, 
and for the corresponding month a year ago the clearances 
reached 90,196 tons, or an average of 3607 tons per working 
day. Of the iron shipped from Skinningrove, 8541 tons 
went to Scotland and 540 tons to Holland; whilst of 
the iron cleared from the port of Middlesbrough, 51,717 
tons went abroad, and Bo 615 tons coastwise. Scot- 
land, as usual, was the largest buyer, taking 19,140 tons, 
whilst Germany received 10,771 tons; Wales, 7730 tons; 
Sweden, 6955 tons ; yp 6565 tons; Italy, 5603 
tons ; France, 5058 tons ; Japan, 4665 tons ; Norway, 2943 
tons; and Canada, 2191 tons. Of the 16,346 tons of 
manufactured iron cleared from the Tees during last 
month, 9988 tons went to a buyers, and 6358 tons 
coastwise ; and of 41,250 tons of steel cleared, 37,053 tons 
went to foreign customers, and 4197 tons to home buyers. 
India was again the largest buyer of both, taking 7512 
tons of manufactured ironand 16,811 tons of steel. Other 
principal buyers of steel were:—The Argentine, 6237 
tons; West Australia, 5386 tons; Canada, 1276 tons; 
the Straits, 1208 tons ; Cape Colony, 1001 tons ; and New 
South Wales, 814 tons. 

New Tees-side Shipyard.—Negotiations between the 
general manager (Mr. J. H. Amos) of the Tees Con- 
servancy Commission and Mr. W. OC. Gray, shipbuilder, 
of West Hartlepool, and his representatives, have been 
brought to a satisfactory conclusion. The draft agree- 
ment for the sale of 83 acres of reclaimed land at Seaton- 
on-Tees, with a river frontage of 1500 ft., for the erection 
of dry docks, ae yard, and other works neces- 
sary for the building and aay of vessels of the 
heaviest tonnage, have been finally approved, and the 
authority of the Tees Board has been given for the seal- 
ing, after engrossment, of the agreement in triplicate. 

Cleveland Miners’ Wages.—For the pu of revising 
the minimum rates of pay and the conditions laid down 
by Sir Robert Romer in May, 1912, under the provisions 

the Minimum W: Act, the Cleveland Ironstone 
Mineowners and the Clev i representatives 
assembled at Middles' h this week, under the chair- 
manship of Sir Robert Romer. The men claimed an 
vance in the minima for almost every class of labour 
in the Cleveland mi whereas the mineowners sought 
<1 ig _ reduction. ol 16 oe _were also con- 
sidered, miners applying for modifications, especially 
with to the amount of time that had to be worked 


before the minimum was received. 





61. ; tes, 
2s. 6d.; steel boiler plates 7/. 15s.; steel —_ The d 
8 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has continued strong, 
and increased firmness, if anytime. ts anticipated during 
@ remainder of the month. There has been no 


0 
id | amount of fresh business, as many colliery owunes Lave 


been declining fresh orders in view of their being fully 
booked. There have been sufficient ton arrivals. The 


smalls, 

7s. 6d. to 7s. 9d. household coal has 
brought 19s. to 20s.; good households, 17s. to 18s. ; 

Rhondda large, 17s. to 18s. ; and smalls, 12s. 

ton. No. 2 Rhondda large has realised 


insurance, &c., to 


Bristol Docks.—The total number of vessels listed at 
Bristol Docks in November was 85, soguenmating a net 
tonnage of 147,879 tons. The arrivals for October were 
88 vessels, representing 151,654 tons. Eight steamers 
with grain entered the docks last month, their combined 
digin, otis’ o coum of leis Gon Deke 

en, brought a cargo y from 
Four vessels arrived with timber; one of them brought 
the last cargo of the season from Archangel. Last 
month’s arrivals at Avonmouth also included the Maple 
Leaf liner Celtic King, from the North Pacific coast ; she 
brought a quantity of barley and canned goods. 
~— — = ffes’ liner 5 arrived -4 Avonmouth 
rom Costa Rica, Panama, and Jamaica with passengers, 
—_ = fruit. The Chagres sailed on Saturday for 
ita Rica. 


Profit-Sharing. — Messrs. William Cory and Sons, 
Limited, have decided to adopt a puihciooes policy. 

e directors have for some time had under considera- 
tion a scheme by which the employees of the —e 
would be directly interested in its nem agen and it is 
now hoped and believed that the sc proposed to be 
carried out will have this result by offering inducements 
to the “i to place some of their savings in the 
company. To facilitate matters the directors propose to 
create and issue 250,000 employees’ shares at par, ranking 
part passu with the existing ordinary shares. In the 
event of an employee leaving the service of the ompeny, 
it is to have the right to ask that his shares sho 
re-transferred to it or its nominees. 


Mannesmann Tube Company.—Representatives of the 
Mannesmann Tube Company are negotiating with the 
pene Town Council with reference to a site for new 
works. 





“Tue ‘MercuanicaL Worip’ Exgorricat Pocket- 
Book, 1914.”—This pocket-book, which is published at 
the price of 6d. net, by Messrs. Emmott and Co., 65, 
oe Manchester, and 20, Bedford-street, London, 
W.C., is & companion to the ‘“‘ Mechanical World 
Pocket-Diary and Year-Book.” It is on the same lines as 
this latter, but deals exclusively with electrical matters, 
the construction of electric generators and motors, the 
manufacture and laying of cables, -—~ | and power in- 
stallations, accessories and fittings, gives a | 
amount of information for the use of practical men. It 
contains also a number of tables giving figures of power 
transmission and arithmetical data. 





Hovss-Drainack Law.—Mr. W. Addington Willis, 
LL.B., gave his third Chadwick Lecture at the Insti- 
tution of Civil Engineers, on the 1st inst. He dealt with 
the combined drainage problem, using the term ‘ com- 
bined drainage” in a wider sense than usual, 80 as to 
include joint drainage found in the provinces. He 
reminded the audience that both in the provinces and 
in London the union of two drains prima facie consti- 
tutedasewer, He then pointed out that the metropolitan 
definition of ‘‘drain” included a combi drain which 
had been ordered or apgreves by a local authority since 
1848. The lecturer concluded by discussing the practical 
and financial effects of unauthorised drai i 
Metropolis, and the efforts which had been 
an alteration in the law. 


in 
le to effect 





A New Insvutatinc MartertaL.—The “ unmechanical 
character of most of the materials used for insulation 
purposes has long been a matter of comment, and it 
may be of interest, therefore, to call attention to a 
material which the Westinghouse Electric and Manu- 
facturing Company, of Pittsburg, has produced for use 
in commutator bushings, arc shields in circuit breakers, 
and the like. Two varieties of the material are made, 
but most interest attaches to that which is known as 
‘“* Bakelite Micarta.” This will withstand permanently 
a temperature of 300 deg. Fabr., and for a short time 
a temperature of 500 deg. Fahr. It will not w 
and has a low coefficient of expansion, and r 
in alcohol, i turpentine, and weak acids and 
alkalies, whilst it is unaffected by oil. Tubes of this 
material have been made of very uniform quality, and 
the makers find that, if mounted on a rel and com- 
pressed, such a tube fails with a curious corrugated frac- 
ture, and not along a straight line. The line of fracture 
is, in fact, a ular harmonic curve of practically 
uniform pitch amplitude from one end to the other. 
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GEARED TURBINES OF THE NEWHAVEN AND DIEPPE STEAMER “PARIS.” 
CONSTRUCTED BY MESSRS. DENNY AND CO., ENGINEERS, DUMBARTON. 
(For Description, see Page 749.) 
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GENERAL ARRANGEMENT OF GEARED TURBINE MACHINERY OF TYE 
NEWHAVEN AND DIEpPE 


CONSTRUCTED BY MESSRS. WILLIAM DENNY AND BROTHERS, SEIPBUILDgRS, D 


(For Description, see Pe 
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Fig.13. PLAN AT FLOOR LEVEL . 
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F THE LONDON, BRIGHTON, AND SOUTH COAST RAILWAY COMPANY'S 
DIEPPE STEAMER “PARIS.” 


(PBUILDgRS, DUMBARTON; ENGINED BY MESSRS. DENNY AND CO., DUMBARTON. 


Description, see Page 749.) 
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GENERAL PARTICULARS. 
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NOTICES OF MEETINGS. 


Tue Instirurion oF MgcHanicaL Enoineers.—-Friday evenir 
December 5, at 8p.m. The first Haw Lecture w: 
be given in ‘the Meeting Hall of the Institution on ** Water as a 
Mechanical Agent,” Mr. Edward B. Ellin , Past-President. 
The President and 'y Donaldson will a reception at 
9.30 p.m., after the lectane. Friday evening, —— 19, at 8 p.m. 

d 





pe iscussed :— 
“* Mechanical Engineering “an of Road Construction,”  b; 
Colonel R. E. B. pton, Member, of London. 

Tue British FOUNDRYMEN’s ASSOCIATION : LANCASHIRE BRANCH. 
—Saturday, December 6, at 4 p.m., in the Municipal School of 
Technology, Manchester. Paper to be given by Mr. W. H. 
Sherburn, F.R.S.A., of Warrington, on “The Making of a 


Foundryman.” 

THE RITISH hereon MEN’S ASSOCIATION : BIRMINGHAM BRAXCH.— 
8 D 6, at 7 p.m., in the Technical School, 
Suffolk-street, Birmingham. discussion on “ Moulding 
Sands” will be opened by Mr. J. Shaw, Dudley. 

Tue InstirvTion oF Post-Orrics ELEcrRIcAL ENGINEERS : 
Loxpon Osntrs.—Monday, December 8, at 6 p.m., at the Institu- 
tion of Electrical Engineers. A paper r will be read on ‘The 
Elimination of Waste in Telephone Plant and Operating,” by Mr. 
B. O. Anson. 

Tus INSTITUTION OF en yy 





Encineers: GRADUATES’ 
AssociaTion.—Monday, December 8, at 8 p.m. A paper will be 
read entitled “ Shipbuilding and Shipyard ractice,” by Mr. W. J. 
Drummond, Graduate, of London. 

Tus Roya Society oF Arts.—Monday, December Aa at 8 p.m. 
Cantor Lecture. ‘The ¥ of 8 n Materials 
and Structures,” by Mr. E. G. Coker, M.A., D.Sc., Fibener of 
es eee and Applied Mathematics, City and 
Guilds of Technical College (Lecture III ). Wednesday, 





December 10, at 8 ‘P.m. “The Application of Electricity 
culture and Life,” by Mr. T. Thorne Baker. Sir Oliver yn 
Birmingham, will preside. 

ath InstrTvTION oF CiviL ENGINEsRS.—Tuesday, December 9, 

p.m. e 

Rallwey, ” by ie Haldane ae el M. 
Woolwich, 8 

Tue Insriruvion or ELxctricaL EN@mnegrs: Scorrisu Locat 


Lodge, D.8c., Se.D., LL.D., F.R.S., Principal of the University, 
Paper to be further discussed :— 
Mr. Brodi 
Students’ visit, Wednesday, December 10. To the Royal Arsenal, 
Sxcrion.—Tuesday, December 9, at 8.10 p.m., at the Princes- 


street Station Hotel, Edinburgh. Paper: “ Electricity Supply in 
Large Cities,” by Dr. Klingenberg. In the absence of Dr. 
paper will be presented by Mr. 


oe og pe an abstract of t 
Lackie. The twelfth annual dinner of the Section will be 
held in the banqueting hall of the Grosvenor, Gordon-street, 
—, on Thursday, mber 11. 

InstiroTion OF ELECTRICAL ENGINEERS: BIRMINGHAM 
seen Secrion.—Wednesday, December 10, at 7.30 p.m., at the 
University, Edmund-stree:, when Mr. A. BR. Everest, M.LE.E., 
wiil open a discussion on “The Rating of Electric Machinery.” 

Tue IxstrruTion OF AUTOMOBILE ENGINRERS.—W. Dec- 
ember 10, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W. Professor John Goodman, of 
Leeds University, will deliver a lecture entitled **Some Points in 
the Design of Roller and Ball-Bearin 

Tus Conorete Instrruts.—Thursday, December 11, at 7.30 p.m., 
at Denison House, 296, Vauxhall B: -road, Westminster, 8.W. 
Paper to be read : “Some Fallacies in Testing Cement,” by Mr. 
W. Laurence Gadd, F.1.C., M.C.1. 

Tus JUNIOR INSTITUTION or Enoingers.—Friday, December 12, 
at 8 p.m., at 39, Victoria-street. Mr. H. N. une on “* Efficiency 
of Production.” 

Tae INstrruTion oF WATER EnGInkERS.—Saturday, December 13, 
as Le a.m., a the A ments of the Geological Society, Burling- 

House, W. e following poe have been promised for 
eS and discussion : —1. mpulsory Returns by Water 
Undertakings,” by Mr. John Chisholu:. 2. ** The Portland Urban 
District Council Water Works (Description of Friar Waddon Bore- 
hole Scheme),” by Mr. R. Stevenson Henshaw. 3. ‘‘ The Solubility 
of Carbonate of Lime and its Bearing upon Certain Processes for 
the Treatment of Water Supplies,” by Mr. William T. Burgess, 
F.LC. 4. ‘*The Treatment of Plumbo-Solvent Water by Means 
of woe Filters,” by Mr. Frederic John Dixon, Assoc. M. 
mamntbaned C. 


ENGINEERING. 


FRIDAY, DECEMBER 5, 1913. 





AIRSHIPS FOR THE NAVY. 


In a recent article we referred to the measures 
being adopted by the great naval construction 
firms for the construction of airships, and this we 
are able now to supplement with some information 
regarding the type of airship at present in course of 
construction to the order of the Admiralty. Of 
this type, four are being rapidly pushed forward by 
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due to the variation in the propeller thrust, &., 1s 
automatically checked by the altered position of the 
centre of gravity. Another feature is the use of 
limp propeller-blades. An important feature of the 





type is its portability, in which it. is unexcelled. 
It can be deflated and packed on lorries for easy 
; | transport or be carried on board ocean-going ships. 
The four ships under construction are to form 
the nucleus of a squadron for the training of 
officers and men in the handling of airships for the 
; | Navy, and they will be equipped with special regard 
to this aim—the acquisition of —— In 
of pm mn of their advent, large han; ble 
of housing the largest airships so far are 
being erected in the valley of the 5 eaed, ae 
near Chatham, while other stations are in course 
of erection. Indeed, the whole scheme already 
prepared and in process of execution establishes the 
truth of the statement we have already made in 
these columns—that Mr. Churchill is the first states- 
man to appreciate the value of an air fleet. He has 
taken a personal interest in the development of the 
scheme, and has himself acquired much experience 
in connection with aircraft generally. The Admi- 
~ Air Department, under the direction of Captain 
Murray F. Sueter, has done a vast amount of work 
in a quiet and unostentatious way, but nevertheless 
effectively, in connection with the solution of prob- 
lems of design and navigation, and there can be no 
doubt that, now that the actual work of construct- 
ing ships and organising fleets has been entered 
upon, we shall soon realise the First Lord’s 
a that we shall be as efficient by air as by 


Tt is often claimed that the aeroplane could 
destroy the airship, and that therefore the former 
is the more effective instrument ; but it should not 
be forgotten that the airship can mount guns both 
above and below the ‘‘envelope,” and that it 
affords a much steadier platform, so that these 
guns could be used to nega advantage in the 
airship than in the aeroplane. The uses to which 
airships are likely to ut in connection with 
naval operations are long-distance over-sea scout- 
ing, the fighting of the aircraft of the enemy 
travelling by night, and attack upon the enemy's 
dockyards, magazines, &c. The fact that they can 
remain stationary over one spot for any period of 
time, and can send wireless m ‘over a dis- 
tance of over 300 miles, should make them par- 
ticularly effective. 

It is remarkable that in his paper on ‘‘ The 
Coming Airship,” read at the Aeronautical Society 
of Great Britain on the 3rd inst., Captain OC. M. 
Waterlow did not give any particulars re in 
the work being done by the Admiralty, beyon 
mentioning performances of the Delta and Eta, 
confining himself rather to a general description of 
the elements of design suited to British service. 
He justified the aim of our authorities in preferring 
the maximum facility of control and handiness to the 
achievement of a high weight-carrying capacity and 
long-distance travelling—the principle underlying 
the design of some Continental airships. In this 
respect he very properly held that the possible 
terrain of operation had an influence on even the 
broad principles of design, and showed that, owing 
to the extent of forestation in this country, it is 
desirable to practise the control and handling of 
ships within very limited areas; whereas on the 
Continent wide open spaces of land are available 
for the ascent and descent of airships. He 
instanced the success of the British system by 
pointing out that the Delta, whose envelope is 
normally 65 ft. above ground level, was success- 
fully moored in the open behind a row of trees 
about 60 ft. high, and remained there, even 
although the wind varied from a velocity of 
50 miles per hour to calm. The ship’s crew of 
six or eight were ample to look after it, ex- 
cepting’ when landing, whereas in the case of 
some of the large Continental airships 200 men 
were required to hold some of the ships in the 
open. As regards the s of the airships, it was 
pointed out that No. 3 achieved a rate, inde- 
pendently of the wind, of 51 miles an hour, and 
thus there will be no difficulty whatever in attain- 
ing the 47 miles indicated in a previous part of this 
article, as the s aimed at in the new ships. 
This, however, is by no means the limit, nor, 
indeed, is the size or gun-carrying power of the 
four ships now under construction likely to be the 
last word. 

An interesting part of Captain Waterlow’s Paper 
had reference to the safety of airships. Jn regard 
to fire, he pointed out that the three main sources 
of fire were from the engine, from the wireless 
apparatus, and from such causes as defective wiring 
in the electric-lighting circuit, matches, &. In 
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the case of engines much has been done to 
minimise the risk. The carburettor is enclosed in 
wire gauze, and the red-hot portions of the exhaust- 
pipe are dealt with in the same way. Large and 
ample silencers are available to cool the exhaust 
gases. With regard to sparks from the wireless 
apparatus, these can be eliminated by suitable 
design and careful working, while the other 
risks are comparatively small. The gas within 
the envelope, the petrol from the motors, and any 
other combustible material in the structure, also 
constitute sources of fire danger ; all three dangers 
can be minimised under careful design and manage- 
ment. The escaping hydrogen from the envelopes 
can be provided against by satisfactory automatic 
valves on the top of the envelope, or astern. It 
may be also that some light gas mixed with 
hydrogen will be found to render the latter non- 
flammable, and yet not materially impair its 
lifting power. The oo from petrol is reduced 
if the tanks are well e, and kept as far away as 
possible from the engines, preferably astern of them. 
We may say, however, that it is just these and 
similar problems that are receiving the fullest con- 
sideration from Captain Sueter’s department, and 
it may be accepted that the experimental and con- 
structional work being done is proportionate to the 
well-known zeal of Mr. Churchill in this particular 
department, as in others, of naval defence. 





MOTOR-CYCLE AND CYCLE-CAR 
DESIGN. 

In taking a general critical review of the motor- 
cycles and cycle-cars shown at Olympia last week 
it is interesting to compare the tendencies in design 
with those displayed by the motor-cars at the Show 
held earlier last month. While the general prin- 
ciples upon which the two types of vehicles are 
operated are necessarily the same, the motor-car 
and motor-cycle have in many ways developed along 
different lines. 

Taking the engines first, probably the most im- 
portant points of difference are due to the fact that 
the weight of the engine is a far greater proportion 
of the total weight in a motor-cycle than in a car, 
while the classification, for purposes of competi- 
tion, is by cylinder capacity in place of piston 
area. Further, owing to its small size, the motor- 
cycle engine has been usually made with a single 
cylinder, or at the most two, the four-cylinder 
cycles being in a very small minority, while in the 
car the four or six-cylinder engine is almost uni- 
versal, and some makers are using eight cylinders. 
The total weight of a motor-cycle is necessarily 
very limited, otherwise it becomes too heavy to 
handle, and with the single or twin cylinders this 
means that the engine must be of very small size to 
avoid weight in the flywheels and crank-case, and 
must therefore run very fast to develop the 
necessary power. Hence, if the performances of 
specially tuned-up racing-cars are excluded, the 
motor-cycle engine runs habitually very much 
faster > fat any other type. Thus it is unusual 
for the gear ratio between the engine and wheels 
in a car to be greater than 4 to 1, and it is often 
a good deal less, while on motor-cycles gear ratios 
of 5, or even 6 to 1, are by no means uncommon, 
although the wheels are seldom more than 26 in. 
in diameter, as against 30 in. to 34 in. in the car. 
As the average motor-cycle is certainly driven on 
the road as fast as the average car, this means a 
very much higher engine speed. In fact, it is 
quite usual for these engines to be driven by 
ordinary riders, with no special mechanics) skill, 
at 2500 revolutions per minute or more. It is there- 
fore interesting to consider what type of engine 
has been sustnend to run this speed. As com- 

ed with motor-car engines, the most noticeable 
ifference is that the stroke is usually about 
ual to the diameter of the cylinder, or only very 
slightly greater. There are, of course, excep- 
tions to this, some makers favouring a longer 
stroke—e.q., the Norton has a cylinder 82 mm. 
by 120 mm., the stroke-bore ratio being 1.46, but 
the usual stroke-bore ratio is under 1.1. This is 
obviously the result of the different rating enforced. 
The long stroke in the motor-car has been adopted 
not for any merits of its own, but simply to 
get a large cylinder volume for a small rating. For 
running at high speed light moving parts are 
essential, and accordingly we find that pistons and 
connecting-rods in motor-cycles are of light con- 
struction, the pistons not usually having more than 
two rings, and often only one. As the engines are 





seldom run at low revolutions, this construction 
makes them tight enough for practical purposes. A 
very striking point is that the valves are usually 
very much smaller in proportion to the cylinder 
than in car practice. It is usual now for Kuro 
cars to have valves at least half the diameter of the 
cylinder, while some are a good deal larger than 
this. The motor-cycle valves, on the other hand, 
are seldom more than a third to two-fifths of the 
diameter of the cylinder, except for purely com- 

tition machines, and even rh are only about 

lf the diameter. In the majority of cases, the 
valves are placed side by side and driven direct, 
though there are a good many instances of the inlet 
being over the exhaust, and a few of both valves 
being in the cylinder-head, the latter arrangement 
naturally being preferred for competition purposes. 
The side-by-side valves have, however, the advan- 
tage that both can be driven direct. As the valve 
sizes and arrangements are the result of long 
experience, it may be taken for granted that they 
are large enough for the purpose, and that it has 
not been found that larger valves give enough addi- 
tional power to compensate for the extra stresses 
on the valve-gear. It seems possible that one reason 
for the motor-cycle not having such large valves as 
the car is that it is almost invariably air-cooled, 
and it may not be desirable to run an air-cooled 
engine at high speed without throttling the inlet to 
a certain extent, on account of the heating. Further, 
the hot cylinder may help a partially throttled 
charge to explode quicker than it would in a 
water-cooled cylinder. 

The fly-wheels are usually placed inside the 
crank-case, and the Pen se is built up by 

lacing a crank-pin between the two fly-wheels. 

his allows of all the bearings being unsplit bushes 
running on hardened and ground pins. The bearing 
surfaces are generally surprisingly smal) for the size 
of the cylinder, but appear to run satisfactorily. 
Ball or roller-bearings are now frequently used for 
the main bearings, and sometimes for the big ends 
as well. Lubrication is usually effected by splash, 
oil simply being fed into the crank-case and thrown 
about ™ the fly-wheels. Forced lubrication is, 
however, being introduced in some cases. 

Looking back at the history of the motor-cycle, 
and comparing the present engines with those built 
by De Dion fourteen years ago, it is surprising how 
little difference there is. Mechanically-worked 
inlet valves have become practically universal, and, 
of course, the magneto ignition has taken the place 
of the coil and accumulator, but otherwise there is 
little change. Thus, much has been written as to the 
a increase in valve diameters of recent years, 

ut De Dion used valves 0.36 of the cylinder 
diameter in the clear way as long ago as 1899, and 
some of the most popular cycles of the present day 
have only very slightly larger valves, although the 
stroke is longer. In practice, also, it is doubtful 
whether the modern motors will maintain much 
more power for their size than these early ones. 
Thus the 1?-horse-power De Dion had a cylinder 
only 66 mm. by 70 mm., and was used on a heavy 
tricycle having very heavy tyres, and even then 
sometimes it took a trailer and passenger behind 
it. When the higher speed of modern bicycles is 
spoken of it is not always remembered that they 
are usually much lighter machines, have very 
much easier running tyres, and generally consider- 
ably larger yy Further, these De Dions had 
a reputation for consistency and durability under 
this very heavy work which the modern bicycle 
motor does not always attain. It is certainly a 
great compliment to De Dion’s foresight that 
makers are still so nearly copying the proportions 
of his engines. Of course, in the last fteen years 
the performances of specially tuned-up racing- 
machines have developed enormously, largely be- 
cause it is now possible to spend weeks on a track at 
the tuning-up process, but in many cases the tuning 
up makes the machines useless for practical purposes. 

One point in which there has been a great im- 

rovement in the motor-bicycle since last year is 

e fitting of larger silencers. Many of those 
previously fitted were not much larger than the 
cylinder, with the result that either the engine 
was not ey silenced or else the power was 
very tly uced. The fact that the police 
have un to take action against very noisy 
machines has probably forced the question of 
silencing on the makers, and the result is that 
they are fitting very much larger silencers, and 
are in many cases carrying a long exhaust-pipe to 
the rear of the machine, 





Taking the machines as a whole, it is satisfactory 
to note that in the motor-cycle trade, at all events, 
England can be said distinctly to hold the lead. 
Not only were the British machines in the majority 
at the recent Exhibition, but, on the whole, they 
appeared very much the most workmanlike. Now 
that two or three-speed gears and kick-starters are 
usual, the controls of the motor-cycle have become 
somewhat complicated, and it requires a good 
deal of care to make a nice arrangement. In 
this respect a comparison between English and 
American motor-cycles has the opposite results to 
one between cars from these countries. Whereas 
the American car has the accessories better worked 
out, as a rule, than the English one, the reverse is 
the case in the motor-cycles. It is true that one 
American motor-cycle has a more complete outfit 
than any built in England, but the impression of 
American cycles, as a whole, is that there are more 

ipes, rods, &c., wandering about them than in their 

nglish rivals, and that the designs are not so 
carefully worked out to make a neat arrangement. 
The same applies to a large extent to Continental 
machines, which also appeared to be more roughly 
made: There were, of course, exceptions to this, one 
of them being the F.N., which is certainly a most 
attractive piece of work. This machine has a four- 
cylinder engine set longitudinally in the frame, 
transmission being by a three-speed gear-box, mul- 
tiple disc-clutch, and bevel-drive propeller-shaft, 
exactly as in a car, with the exception that the 
gear-box gives no directdrive. The details are very 
well worked out, and the workmanship apparently 
is of the very best, but the peculiarities of the 
design place it somewhat in a class by itself. 

Another matter for great congratulation is that 
the workmanship of the very large majority of 
the machines was of a very high order, and the 
cheap and nasty type had practically disappeared. 
It is to be hoped that this will always the 
case, for there is no doubt that the motor-cycle 
has to run under very severe conditions, owing to 
the high speed of the engine, absence of springs, 
and small wheels, and unless extremely well made 
it is bound to give trouble. The great slump in 
motor-bicycles a few years ago was very largely 
due to the fact that many makers reduced their 
prices to a very low figure, and produced propor- 
tionately bad work, with the result that the public 
got tired of the motor-cycle altogether. 

While there is no doubt as to the general ex- 
cellence of the motor-cycle, however, there are 
many points which strike one as capable of improve- 
ment in the near future. The motor-cycle is at 
present in a very transient stage, and it is not at 
all clear what will be the future conventional type, 
either of engine or transmission. This being so, 
it is natural that designers should spend their 
energies more on making details workable than on 
getting out a good manufacturing design, more 
especially as prices at present afford them a good 
profit. Eventually, however, good manufacturing 
designs, giving the least possible work in the shops 
for the best result, will have to be produced, and 
when this is done there are many points which will 
have to be attended to. As regards the general 
design, this will largely depend on the form of trans- 
mission finally adopted. At present there are two 
— forms—the hub gear and the separate gear- 

x. Inthe former a belt transmits the power to 
the back hub, which contains a clutch and change- 
speed gear, usually of the epicyclic type. This 
forms a very simple transmission, but has the 
objection that the gear has to be put into a very 
small space, and is therefore somewhat delicate, 
while it seems impracticable to use a chain for 
transmission owing to its length and the high speed 
at which it has to run. Alternatively a change- 
speed gear- box placed immediately behind the 
engine is used, the gear being of the sliding type. 
In this case power is usually transmitted to the 
gear-box by chain, and from thence to the back 
wheel by another chain, the latter running at much 
lower speed. Occasionally a belt is used for the final 
drive. In thiscase the drive is through two chains 
on the top speed instead of one belt, while on the 
lower speed the drive is through two chains and 
also two pairs of gear-wheels—an extremely in- 
direct method. On the Phelon and Moore cycle 
two chains are used for the first drive, giving two 
ratios, and therefore the gears are done away with : 
and this appears a distinct improvement, provided 
no trouble is found in adjusting the first drive- 
chains. As usually arranged, there is an adjustment 
fox both the chain from the engine to the gear-box, 
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and also that from the gear-box to the back 
wheel. 

Comparivg the hub and countershaft gears, the 
formerappears the better if belt transmission is used, 
for the belt only takes the engine torque and runs 
at engine speed all the time, whereas with the 
countershaft gear it takes the increased torque 
from the gear-box and runs at reduced speed on 
the low gears. Where chains are used, however, 
the countershaft gear has the advantage of no 
possibility of belt-slip and of having the chains 
completely cased in, while the gear can be made 
more substantial than the hub gear. If the back 
of the frame is sprung also, the weight is transferred 
from the wheel to the springs. On the other hand, 
the hub gear is the most direct on all speeds, and 
avoids the necessity for chain adjustments. 

It is at present impossible to say which system 
will survive, but the tendency for the moment 
appears to be towards the countershaft gear, and 
if it should become general it ought to be incor- 
porated in one unit with the engine. At present 
in most cases it is made quite separate from the 
engine, and is bolted to the frame immediately 
behind it. This plan must be both heavier and more 
expensive than incorporating it in the engine, and 
there are extant several promising examples of the 
batter practice. Thus the small Precision cycle has 
the gear-box and engine built as a unit, together 
with the pedals for changing gear, the footboards, 
and the silencer, the unit being thus ready to bolt 
on to the bicycle. In this way the change-speed 
wheels can, if desired, be used to work the cam- 
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shaft, and the number of wheels required reduced. 
By incorporating the gear-box in the engine-casing 
also the first Lined ins could be made much 
shorter, and the necessity for adjustments possibly 
obviated. 

In the construction of the gear-boxes there 
appears, in some cases, to be unnecessary compli- 
cation. Thus one gear-box at Olympia had an 
arrangement of cams to slide dog-clutches into 
gear, a device which was given up in motor-cars 
owing to its complication. Two and three-speed 
gears were both shown in considerable num- 
bers, the latter probably predominating. It is, 
however, rather curious that the gear ratios were 
very much smaller on the motor-cycles than on the 
cars. Three-speed gears often give a reduction of 
only about 2 to 1, between the top and bottom 
speeds ; two-speed gears a reduction of 1.5 to1. It 
seems as if the car practice in this respect were better 
than that of the motor-cycle. The object of a change- 
speed gear is to give enough hill-climbing power on 
the lowest speed, and yet allow of the engine being 
run at moderate revolutions on the flat. For 
this purpose it has been found in a car that a 
ratio of 3$ to 1 is necessary with a three-speed 
gear and over 2 tol with a two speed. It may be 
that the very great air resistance of the motor- 
cycle on the flit will modify these proportions, and 
that a smaller ratio will suffice; but if a 2 tol 
ratio is enough to give the requisite hill-climbing 
power with the best gear for the top speed, it 
ag hardly necessary to have three speeds. 
If the latter are provided, a really low first speed 
to allow of climbing steep hills with bad surface 
slowly, and to give certainty of starting even if the 
engine 4s a bit out of tune, would certainly be 
— 

n engine design there a 3 room for a 
good deal of iajiitendion capedilty in the 
method of driving the valve-gear and magneto. It 
is not uncommon to see a whole train of gear- 








wheels used, something like Fig. 1, to drive the! 
various parts, and even then the valves are often 
not driven direct off the cams, but by rocking 
levers. In the figure A is on the crank-shaft, B B 
work the inlet and exhaust-valves respectively, C 
the magneto and D D are idle wheels driving C. 
In some cases a chain takes.the place of the train 
of wheels driving the magneto, and this, of course, 
simplifies matters. The difficulty is, of course, 
that the inside flywheels make the crank-case of 
large diameter, and therefore throw the magneto a 
long way from the centre of the crank-shaft. 
Where the fly wheel is outside, therefore, a simple 
arrangement is easier. Even with inside flywheele, 
however, a good deal of simplification might be 
eT with care in the design. A very good 
example of this is the Puch cycle, described on 
page 761, where one pair of skew-wheels and one 
shaft are all that is necessary to drive not only 
both valves and the magneto, but also an oil-pump 
as well. 

Of course, the cheapest and simplest engine is 
the two-stroke, which is being introduced in con- 
siderable numbers in the smaller sizes. The future 
of this type it is impossible to foresee. The cycle 
used is the same as that of the Day engine intro- 
duced many years ago, and extensively adopted for 
small marine motors in America. So far, although 
it has been on the market in various forms for over 
twenty years, it has failed to come into general use, 
except where cost of production was of more 
importance than efficiency. In motor-cycles it has 
been used in a few makes for some time, but for 
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the large sizes the four-stroke type is preferred by 
a very great majority of makers. It is, however, 
quite possible that, for the smaller sizes, it will 
give results as good as the four-stroke, and if so 
the problem of cheap production is very much 
simplified. 

It is noticeable that the American cycles not 
only have spring frames as a rule, but also 28-in. 
wheels in place of the 26 in. usual in England. 
This seems a great improvement, as the very small 
wheels endocttelly cause unnecessary vibration. 

Turning to the cycle-car the problem to be solved 
is a very difficult one. What is really wanted is a 
small four-wheel car, which will take the place of 
the cheap American car and also, to a large extent, 
of the motor-cycle and side-car. A really cheap 
and simple three-wheeler, such as the ‘‘ A. C.,” or 
Morgan, will, no doubt, have a market of its own, but 
the majority of people will want four wheels. 
Now most of these can be divided into two classes : 
those who want speed and those who want quiet ; 
but both classes want a low price. The man who 
wants speed will be hardly willing to pay about 1501. 
for a machine unless it will go as fast as the side- 
car at 901., while the people who want quiet will 
similarly not pay that price unless they get equal 
quietness to that of the American car at 1251., 
especially up-hill. The real difficulty is to meet 
these requirements within the cylinder capacity of 
the cycle-car, which is 1100 cub. cm., or about 
67 cub. in. This is only about equal to the cylinder 
capacity of the powerful side-car and only about a 
third of that of the American car. Hence the 
engine must be run very fast to get the requisite 
power, and this is not conducive to quiet. 

While cycle-cars will doubtless find a certain 
market of their own, it is evident that this 





market would be greatly extended if considerably 
larger engines were fitted. Many of the chassis | 
fitted with four-cylinder engines, 59 by 100 milli- 
metres, have every part amply strong enough for 


engines, say, 70 by 120, or could be made so by the 
addition of a few pounds weight. The extra cost 
would be quite negligible, and there certainly seems 
a market for such a car. At ordinary speeds it 
would not hum like those fitted with the very tiny 
engine, while there would be a margin of power 
for buyers who want it. 

In actual construction the cycle-car has not 
changed a very great deal since last year, and there 
are still the two types, the one developed from 
the motor-cycle, and the other simply a small car. 
The former, as a rule, either fail to meet the re- 
quirements fully, or else approach the price of a 
small car £0 closely that there is hardly justifica- 
tion for departing from the conventional type. The 
friction drive, when well worked out, appears to 
be satisfactory, but on the whole the tendency 
simply to build a small car seems quite justifiable. 
The fact is that the ordinary type of car is the 
surviving one out of a great many which have 
been tried in the last twenty years, and it is not 
easy to find a satisfactory substitute which is 
materially cheaper to make and yet has all the 
desirable qualities. Thus, several efforts have been 
made to do away with the differential. One plan 
is to simply have both wheels fixed to the axle. 
This appears to work all right under ordinary 
circumstances if the wheel-base is long and the 
track narrow, but it is possible it might cause com- 

lications if two non-skid tyres were put on the 

k wheels and a piece of greasy road was met 
with. Two belts meet the case fairly, but entail a 
countershaft, and this makes the saving of total 
vost so small that it is probable most purchasers 
would prefer to avoid the belts and pay the extra 
cost. It does not by any means follow that no 
really cheap and satisfactory transmission will be 
found in the future, however. 

Turning to the cycle-cars which follow car prac- 
tice, there are several points of interest, some of 
which may have an influence on the larger cars. 
For many years the latter have been built with no 
weight limits, and in consequence the weight has 
grown continuously till it is, in many cases, exces- 
sive. The introduction of light American cars will 
force the question of weight on the attention of the 
European makers, and it is therefore interesting 
to see what are the special methods of construction 
adopted when a weight limit is introduced, as in 
the case of the cycle-car. Generally speaking the 
designs show great compactness, and it seems to be 
quite realised that the weight of a gear-box, for 
instance, depends more on the casing than the 

rts it contains. Hence both engines and gear- 

xes are very shortand compact. There is a strong 
tendency to combine the gear-box either with the 
engine or with the back axle. The theoretical 
objection to the latter plan is that it increases the 
unsprung weight, and on the whole an arrangement, 
such as the Humber or Perry, combining the 
engine and gear-box seems preferable, while it 
avoids taking the control rods to the back axle, and 
therefore makes for cheaper erecting. When the 
change-speed gear is placed between the bevel and 
the differential, as in the Marshall Arter car, there 
may be an advantage in changing at its lower speed. 
This also would avoid heavy loads on the worm- 
wheels, if the latter are used in place of bevel 
gear. 

It is noticeable that several firms abandon the 
conventional half-elliptic front springs of the ordi- 
nary car, and use a single crossfront spring. This 
plan appears to have many advantages, as it shifts 
the heavy centre part of the springs from the axle 
to the frame, and therefore reduces the unsprung 
weight, while it also very much reduces the bend- 
ing moment on the front axle. This will be seen 
froin Fig. 2, which shows diagrammatically the two 
forms of springing with their bending moments. 
In this Fig. A A are the wheel tracks, B B the 
points where the weight comes on the axle with a 
cross front spring, CC the point at which it comes 
with the usual half-elliptic spring, as shown in dotted 
lines. D is the curve of bending moments when the 
cross-spring is used, EK E that when the half-elliptic 
spring is used, both reckoned from datum line P y. 

e bending moment is, in fact, largely transferred 
to the spring. It is not at all clear why the cross 
front spring is not more used in the larger cars. 
Several makers use cantilever or costermonger 
back sp’ ings, and there is no reason why these 
should not be splayed out so as to bring the weight 
close to the wheel track. Pressed steel, wood, and 


steel tubes are all employed in different makes for 
the main frame, and it does not yet appear that 
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there is any decided advantage in weight in any of 
these. 

- Very small wheels are fitted to these cars, and 
there is no doubt that larger ones, such as are used 
even in the cheapest American cars, would be better. 
Larger wheels would, however, increase the difficulty 
in getting the gear ratio great enough for the very 
fast-running engines. Many cars have wire wheels, 
but these are by no means universal. 

On the whole the better-quality cycle-cars of the 
car type are satistactory as regards the details, 
though thereare points which are open to criticism. 
Thus a considerable number of makers have gone 
back to the rack-and-pinion steering.. This is a 
perfectly satisfactory form in itself, but it hardly 
appears right to leave the rack exposed, as is often 
done. Dirt getting in will greatly increase the 
wear here, while it is quite possible that a small 
stone, or bit of dirt, might get in and jam the steer- 
ing at a critical moment. In some of the cheaper 
sorts of cycle-car the steering is by wire rope round 
adrum. This may be all right if well worked out, 
but appeared hardly safe in some examples. 





INSULATION RESISTANCE. 

Ir one takes a piece ef copper wire and applies a 
potential difference across its two ends, a current 
will flow through the wire. If, now, one divides 
the value, in volts, of the potential difference by 
the value, in amperes, of the current produced, the 
quotient will give the value of the resistance in 
ohms. If, now, one applies a different potential 
difference to the same piece of wire, and repeats 
the division sum, the quotient which gives the 
resistance will, if the temperature of the wire does 
not change, be equal in the two cases. Many 
people tell us that this is Ohm’s law, but they are 
wrong. If, instead of performing this experiment 
with a piece of copper wire, one takes a piece of 
insulating material, it will in general be found that 
the two resistances with the two potential differ- 
ences will be unequal ; that is to say, it will be 
found that the resistance is a function of the 
applied potential difference. It is sometimes said 
that this shows that the insulating material does 
not follow Ohm’s law, but this again is wrong. 

This property of insulating materials, an ya 
ticularly of absorbent insulating materials, such as 
cotton, paper, micanite, and the more ordinary 

ualities of porcelain, has long been realised in a 
} stn eat way. As far as we know, however, the 
first attempt to investigate the matter in a con- 
sistent manner has been made by Mr. Sydney 
Evershed, who has had a series of experiments 
carried out over several years at his Chiswick 
works. An account of the results of these experi- 
ments up to the present time was contained in a 

per read by Mr. Evershed before the Institution 
of Electrical Engineers, on the 27th ult. Asa 
result of his work, Mr. Evershed has been able to 
put forward a 7 suggestive and well - sup- 
ported theory of the resistance properties of 
absorbent insulating materials. To deal with 
the matter briefly, we may direct attention to 
the accompanying figure, taken from the paper. 
This gives a characteristic curve connecting resixt- 
ance and applied potential difference for cotton 
containing a normal amount of moisture absorbed 
from the atmosphere. It will be seen that the 
characteristic curve consista of two parts, for each 
of which the law determining the resistance is 
apparently different from that of the other we. 
Up to the present the investigation has only been 
concerned with the first part of the curve—that is, 
up to the point of inflexion ; and it has clearly been 
established that the shape of this first part of the 
curve is due to the extent to which condustion 
through the insulator is due to moisture. 

The shape of the curve, or rather the shape of 
the first part of the curve, in the figure is fairly 
characteristic of the shape of sll the other curves 
obtained for different materials at different s 
of moisture. The value of the megohm reading 
at specific voltages, of course, varied enormously 
with different materials and with the same material 
under different conditions, but the general shape of 
the curve was fairly constant throughout. In order 
to furnish a rough-and-ready, but convenient, 
method of comparing the resistance curves of 
various materials, Mr. Evershed introduced into 
his paper the idea of a resistance ratio for each 
curve. This ratio was simply that of the resist- 
ance at 50 volte to the resistance at 500 volts. The 
value of the ratio varied a little, but in general it 





was in the neighbourhood of-2. For instance, the 
resistance curve for a moving-coil ammeter, in which 
the ebonite insulator had become defective from 
accumulation of dirt, gave a ratio of 1.9; cotton 
containing a normal quantity of moisture gave a 
ratio of 2.7 ; 7. partially dried, and under a 
pressure of 2.8 lb. per sq. in., gave 2.4; while 
micanite cloth containing moisture absorbed from 
the atmosphere gave 1.6. 

As we have said, actual values of the resistances 
found for various materials differed enormously, 
while very great variations were also found for the 
same material under different conditions. For 
instance, a piece of micanite cloth containing 
moisture absorbed from the air gave a resistance of 
some 140 megohms at 500 volts. The same 
material one hour after removal from an oven, 
where it had been dried, gave a resistance of 
1,300,000 megohms at the same voltage. Twenty- 
three hours Jater the corresponding resistance had 
fallen to 200,000 megohms, while after exposure to 
the air for five and fdr ninety days, the resistances at 
500 volts were respectively 2600 and 1000 megohms. 
In all these cases the resistance curve was such 
as to show that the conduction was due to the 
presence of moisture. It is interesting to note 
that although oil shows a constant resistance with 
varying applied voltage, even when it contains 
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traces of absorbed water, none the less, oil-im- 
pregnated paper gives the characteristic moisture 
curve showing that the presence of the oil is unable 
entirely to prevent the coincident presence of 
moisture, and that the resistance apparently 
depends almost wholly on the moisture, the oil 
merely being of use as a more or less efficient 
check to the absorption of moisture. 

Mr. Evershed’s experiments led him to the 
conclusion that conduction through insulators of 
the class with which he was dealing was, practically 
speaking entirely due to the absorbed water, and 
that conduction through the body of the material 
itself could be neglected. He conceived that the 
water existed in the interior of the insulator as 
films on the surfaces of the capillary passages. A 
rough and to some extent arbitrary calculation, 

on resistance measurements of a number 
of discs of filter paper containing known quan- 
tities of water, Bn an that only a very small 
proportion of the absorbed water was effective 
in determining the resistance. It was accordingly 
assumed that most of the water was present in 
what may be called a dormant state. It was 
supposed to lie in dead-end capillary channels, so 
that it was unable to form any part of the electric 
circuit passing from one side of the insulator to 
the other, ater might also, to some extent, 
exist in_the form of globules joining the various 
capillary films which were either in or out of circuit. 
This theory affords an explanation of the fall of 
resistance with increase of applied voltage, since if 
the capillary tubes be supposed to have a property 
analogous to that of an electric arc, and increase 
their sectional area, and so decrease their resistance 
with increase of pressure, the characteristic curve 
may be accounted for. Such an increase in area 
might be due to some endosmose effect. 

This theory of the moisture curve has been sub- 
stantiated by an ingenious experiment devised by 
Mr. Evershed. He constructed a model consisting 





of a number of capillary glass tubes, each having a 
horizontal centre part with the ends bent at right 
angles and dipping into two beakers of water. e 
capillary tubes were filled by a succession of drops 
of water separated by bubbles of air. It was sup- 
posed that this model might roughly represent the 
state of affairs existing in the capillary tubes of an 
insulator. On applying a potential difference to 
the water in the two beakers and so across the 
capillary tuber, it was found that a flow of water 
occurred in the films surrounding the air-bubbles, 
a wave starting from the positive end and flowing 
towards the negative. The effect of this wave was 
to increase the thickness of the films and so 
decrease the over-all resistance. The flow was, of 
course, due to endosmose. The glass model could not 
rigidly represent the state of affairs in the interior 
of an insulator, since there was no feature in it to 
correspond with the large proportion of dormant 
water in a moist insulator. None the less, the 
model was evidently a fair representation, and 
went far to confirm the idea that the resistance 
curve was determined by moisture conduction, 
since a curve plotted for the glass model was of 
approximately the same shape as those formed for 
insulating materials, and gave a ratio varying from 
1.8 to 2.1, depending on the time that had elapsed 
after the filling of the tubes. 

A final point we should like to mention in con- 
nection with this paper has reference to Ohm’s 
law, about which we said something in our first 
paragraph. Mr. Evershed, rather unwisely, re- 
ferred to a material having constant resistance as 
one following Ohm’s law, and to a material such 
as an absorbent insulator as not obeying the law. 
The manner of reference was probably convenient 
from the point of view of his paper, but, as Dr. 
Silvanus Thompson pointed out, was quite wrong. 
Mr. Evershed himself mentioned the matter during 
the reading of his paper, and stated that he had 
had an argument in connection with it with the 
President, Mr. Duddell. Mr. Duddell apparently 
had stated that Ohm’s law could not be proved, 
and to counter this assertion Mr. Evershed 
eee mgr. demonstrated during the meeting 
that the insulation of some piece of apparatus he 
had on the lecture-table was constant with dif- 
ferent voltages. Mr. Duddell had no opportunity 
to speak during the meeting, so we do not know 
what he would have replied to the demonstra- 
tion ; but one need hardly say that the statement 
that one cannot prove Ohm’s law is entirely correct. 
We imagine that most of this boggling over Ohm’s 
law arises from an unfortunate mischoice of names. 
Ohm’s law 1s not a law at all; it is a definition, 
and certainly one cannot prove a definition ; the 
expression has no meaning. Ohm’s ‘‘law”’ states 
that the ratio between the potential difference 
applied to a body and the corresponding current 
which flows through it, shall be called the resist- 
ance. This is a detinition pure and simple. There 
is nothing in it about the resistance being constant 
or not constant; and, as a matter of fact, it is 
fairly safe to say that, allowing temperature and 
other conditions, which are not mentioned in the 
‘law,’ to alter, then no body has a constant 
resistance. 








PRESENT POSITION OF THE DIESEL 
MARINE ENGINE. 

A PAPER entitled ‘‘The Present Position of the 
Diesel Engine, chiefly in Marine Construction,” was 
read by M. Georges Carels before the North-East 
Coast Institution of Engineers and Shipbuilders on 
Friday, November 28, and, as suggested by the 
title, the scope of the communication was perhaps 
as comprehensive as that of any paper which has 
so far been read on the subject of this type of 
prime mover. So wide indeed is the field which 
the author attempted to cover that it might be 
urged that many of the sections were rather super- 
ficially dealt with, considering the exceptional expe- 
rience of the author as the principal of the famous 
firm of Carels Fréres, of Ghent. We are unable to 
reproduce the paper in full, but we desire to direct 
attention to its most salient features, and to discuss 
them in the order in which they appear. M. Carels 
sae gave no summary of the history of the 
Diesel engine, as this has so frequently been done; 
but he opened his paper with a tribute to the late 
Dr. Diesel. 

It was pointed out that early in 1908 conviction 
was established that combustion could be equally 
good at high speeds as at low speeds, and that the 
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mechanical efficiency of a four-stroke engine was, to 
a great extent, independent of speed of revolution, 
rovided valve areas and valve timings were correct. 
In some cases, for certain fuels and speeds, it was 
found that aslight explosion occurring immediately 
after the top dead-centre was not necessarily a dis- 
advantage, and this opened up a new and vast field 
of application. This is realised by those acquainted 
with the actual cycle of operations frequently 
occurring in the cylinders of such engines, and 
although much has been written regarding the ad- 
vantage of the slow combustion of this eycle, it can 
be shown that the rate of increase of pressure 
within the cylinder is as great normally with the 
Diesel oil-engine as with most other ivternal- 
combustion engines, an argument which is all- 
powerful in proving the necessity, in the construc- 
tion of such engines, for the best materials, the finest 
workmanship, and minimum clearances. 

Reversal, it is claimed, can be effected in Die-el 
engines in a shorter time than with steam. engines; 
but it is forgotten that with oil-engines, owing to 
their decreased ratio of flexibility —i.e., greater 
possible minimum speed of revolution—it is neces- 
sary with such engines, in order to obtain suitable 
manceuvring capacity with difficult navigation, that 
those in command should be able, in certain cases, 
to replace comparatively long periods of dead 
slow running by short periods of ahead and astern 
running at relatively higher speeds of revolution. 

To the great importance, and, perhaps, greater 
extent, of the theoretical work which has been 
done M. Carels frequently referred, and he pointed 
out that in the early stage designers of note from 
the theoretical point of view were in greater demand 
than those with practical experience. 

Naval considerations influenced the early applica- 
tion of the Diesel oil-engine to the propulsion of 
submarines, and in this connection it was pointed 
out that success was often jeopardised for the 
following causes: the speed of revolution was 
higher than previous experience could justify, and 
the two-stroke-cycle high-speed engine was put 
forward with a confidence based on success with 
the four-stroke-cycle land engines of the light high- 
speed type. But, as M. Carels pointed out, although 
on the test-bed, against no-load or a comparatively 
light load, reversa's could be carried out with the 
desired speed and accuracy, this afforded no 
guarantee that at sea the engine would be successful 
in this respect. 

The charac’ eristic feature of a submarine engine 
should be, it was stated, extreme simplicity, great 
accessibility in all its essential functions, and abso- 
lute reliability, rather than excessive lightness. 
Success with this type of engine is due more tua 
thorough realisation of the questions of manufac- 
ture and metallurgy, and although this was not 
fully realised at the time, the very active period from 
1908 to 1912 strongly influenced design. However, 
at the present time, M. Carels regards as probable 
a reversion to the p licy of more moderate speeds 
and more accessible types than are to be found in 
the usual Continental high-speed engines for sub. 
marine work, and he recommends, wherever s 
and weight limitations require a high nulls ger 
revolution, the four-stroke cycle, although admitting 
that the two-stroke valveless engine is ideal. Since 
the mechanical efficiency of this latter type increases 
so rapidly with the reduced number of revolutions, 
it would be far better if the Admiralties could be 
induced to build the boat around the engine rather 
than to trust to competition between firms to pru- 
duce an adequate type for a given boat, ae to 
seek economy in weight for parts of submarine 
installations and machinery, instead of in the main 
oil-engines, where quick and smooth running are 
the essentials. 

In expressing these views, there is no doubt M. 
Carels is voicing the opinion of the constructor of 
the engines, and does not, perhaps, quite take into 
account the ever-increasing tendency to adopt two- 
stroke-cycle engines for this work, although main- 
taining the speed of revolution at a high figure. 
With increasing experience and research work in 
the all-important study of the most suitable 
materials to eliminate those causes of failure which 
evidently led the author to the afore-mentioned 
conclusions, the vs of the two-stroke-cycle 
engine to this work is meeting with success. The 
strategical naval factors to be satisfied when dealing 
with submarines are not readily appreciated, and it 
must be borne in mind that the eater of a sub- 
marine engine when dealing with the restrictions 
of weight and space so rigidly laid down will un- 





doubtedly evolve results the benefits of which 


‘will be felt in all the branches of marine oil-engine 


application. 

‘assing on to a discussion of the oil-engine for 
the mercantile marine, in the development of which 
the firm of Carels Fréres have played a leading part, 
the author briefly stated the advantages. But we 
regret that, as is usual, the well-known and ad- 
mitted claims of the Diesel oil-engine to its share 
of credit were accompanied by the introduction of 
a controversial element, due to a refusal to give 
steam-engines the credit which is ther due. In 
particular it was stated that the efficiency of 
the Diesel engine was largely independent of the 
men working it, whereas with this new type of 
engine, of which few have long experience, it is 
essential that the men into whose charge it comes 
must, in lieu of experience, have a more than usual 
knowledge of the theories of working and functions 
of parts, accompanied by an instinctive recognition 
of possible sigas of breakdown. This is, of 
course, but a passing phase, but a full realisation 
of these conditions will do much to expedite pro- 
gress. Professor Hoeltze was reported as having 
stated that the increase in the service fuel con- 
sumption above the trial consumption of oil- 
engines is 14 per cent., whereas with steam- 
engines the difference is 102 cent. Such a 
statement requires well-certified detailed informa- 
tion before it can be accepted, and M. Carels gave 
no data to support it. 

It is specially notable that installations of from 
60,000 to 70,000 brake horse-power were not con- 
sidered immediately possible with the Diesel oil- 
engine, and that more experience must be gained 
before such could be attempted. This opinion is in 
direct contradiction to the expressions of many 
Continental engineers in the past, whose optimism 
M. Carels was understood to have shared. 

The main theme of the paper was a general spevi- 
fication of the oil-engine most suited to the 
mercantile marine, and therefrom we will refer to 
the features which seem of the greatest potential 
importance regarding future development, and will 
also indicate those points which might well have 
been dealt with in greater detail. For those parts 
of the engine subject to varivus stresses caused by 
the pressure on the piston, and also by high tem- 
peratures, the heat problems are notably complex, 
and once again the author forcibly referred to the 
enormous importance of the application of the 
lessons of metallurgical work and research, and 
stated that it was only by the closest collaboration 
between the foundry and the designer that the 
right solution would be found. Professor Junkers’ 
researches on the heat transmissiun through the 
cylinder-walls of Diesel vil-engines were quoted, 
in which it was proved that the rate of heat trans- 
mission in units of heat per unit of area and 
time is eight to nine times as great in the oil- 
engine as in the combustion-chamber of a boiler. 
This point led to a mere mention of the question 
of growth of cast iron under conditions of recurring 
high temperatures. 

Regarding the main principles of valve-gear 
design, M. Carels aptly stated that simplicity 
must not be achieved if it were purely superficial 
and obtained by the adjunction of a multiplicity of 
functions carried out by gear — enclosed. 
In this respect the valve-gear of the engine devel- 
oped by his firm is a forcible example, as, although 
complicated at first sight, yet on careful examina- 
tion it is revealed that each link, lever, and cam 
has a distinct, definite, and simple function to 
perform, and no part is inaceessible. 

Interlocking was also strongly recommended to 
exclude any possibility of errur on the part of the 
engineer in charge ; but it should be pointed ou: 
that this interlocking can be carried to too great 
an extent. It must be assumed that those who 
have charge of Diesel oil-engines have a thorough 
working knowledge of all the functions of the 
various controls, and having such, the necessity of 
interlockments to a degree which might give false 
security is not obvious. As for accessibility, it 
was recommended that the steam-engine be closely 
copied, and the terse statement was made that ic 
would have been well had somé of the designers of 
oil-engines been induced to serve a few months’ 
appren:iceship on an average tramp steamer. This 
point has never been more forcibly made. 

Piston design and piston cooling were cursorily 
dealt with, and it was stated that the practice of the 
firm of Carels Fréres was to cool all pistons above 
150 brake horse-power per cylinder. Ease of dis- 





mantling afforded a further argament for the open 
type of engine; but the method advocated of drawi 
the piston for examination by breaking joints an 
taking off the cylinder-cover will not meet with the 
rane of the majority of authorities, who prefer 
that the piston shall be suitably removed from 
below. ith single-acting engines this latter would 
seem to be a very satisfactory method. In dealing 
with valves, the only detail touched upon was the 
rusting up of the starting air-valve, and it was 
recommended that this valve should be opened 
and closed positively, although no details as to how 
this can be accomplished were given. 

The important part played by the compressor 
with all Diesel engines is well known, and it was sug- 
gested that improvements in the fuel injection inte 
the main cylinders might reduce the many troubles 
connected therewith by decreasing the pressure of 
the air required for fuel injection. Uptot e present, 
with very few exceptions, little has been done in this 
direction, and for this work the pressure has remained 
almost constant. The personal factor as regards 
starting air-pressure enters largely into the question, 
as for a quick start a high pressure is required. 
Consequently, before ‘‘stand-by” is rung on the 
telegraph the engineer should charge the starting air 
storage to the maximum air pressure. To deal in 
detail with the recommendations made in this 
section, it was stated that compressors were generally 
too copiously oiled, although, in our opinion, the 
oil which finds its way into the air is largely due to 
oil splashed on to the piston walls, carried in by 
the suction air, or finding its way in through some 
other The efficiency of the intercoolers 
and after-coolers is of great importance, and safety- 
valves placed immediately after the discharge-valves 
on all stages were recommended. Air-bottles, it was 
sugge' , Should be provided with a continuous 
blow-off, to ensure safety. 

The question as to the relative merits of the 
two and four-stroke cycles was gone into in detail, 
and the conclusions arrived at were briefly that for 
powers up to 1500 brake horse-power the four- 
stroke could be applied as well as the two-stroke. 
Further, it was stated that this application had 
been attended by considerable success, owing to 
the greater ease with which such engines could be 
built by firms untrained in Diesel-engine practice. 
But the statement that before two-stroke-cycle 
marine engines were built a certain amount of ex- 
perience was necessary with land engines of this 
type, was not quite supported. No figures were 
given as to the relative weights of the two types, but 
it was suggested that the time was not far distant 
when the two stroke-cycle would give more than 
double the power of the four-stroke-cycle engine 
per unit of cylinder volume. No indication was 
given of the means by which this large increase of 
power might be obtained. Part of the weight 
of the two-stroke-cycle engine—that due to the 
scavenging-pumps—does not require the same 
quality of materials and skill of workmanship as 
the main engine proper, and is, further, not liable 
to breakdown to the same extent. The fuel con- 
sumption was given for the two-stroke-cycle engine 
as being between 10 and 15 per cent. in excess of 
that of the four-stroke cycle. The question of 
balance was, of course, in favour of the former. The 
drive for the scavenging-pump favoured was that by 
links and levers from the main-engine crossheads. 

A clear reference was made to the accident to 
the large two-stroke-cycle engine on the Conti- 
nent, where an unsuitable oil was being used for 
lubricating purposes ; the accident was in no way 
evidence of inferiority in the two-stroke-cycle 
engine. The question of the method of scavenging 
was shortly dealt with, preference being given to a 
system with valves in the main eglinte bean. This 

rticular question is one of the most fundamental 
importance as regards the future of the two- 
stroke cycle, and the opinion given by the author 
that the double-port system of scavenging means a 
reduction of power will not readily be admitted, 
since experience goes to show that, with large 
engines where the stroke-bore ratio, due to exigen- 
cies of piston s , is necessarily small, it does not 
mean a reduction in the mean effective pressure. 
Further, this system of scavenging permits of suit- 
able means of augmenting the mean pressure, whilst 
the main cylinder-head casting may be one of 
admirable simplicity. 

The utilisation of the exhaust gases for power 
for driving the auxiliaries when at sea has been 
tried, but has so far met with little success, since, 
owing to the low temperature and nature of those 
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exhaust gases, it has been found excessively diffi- 
cult economically to extract therefrom any con- 
siderable portion of the large amount of heat which 
they carry away. The author favoured the electrical 
system of driving auxiliaries, and, no doubt, where 
first cost is not of primary importance, this system 
is preferable, but, so far, stean-driven auxiliaries 
are easily in the majority. 

Regarding the question of the fuel supply and 
the suitability of various fuels for the Diesel oil- 
engine, much has been written. Figures were 
given of the output and distribution of fuel-oil, 
which to those wh > are contemplating the adoption 
of this type of prime mover must be very accept- 
able. The specification of fuel-oil given or most 
suitable for use was the same as that given by Dr. 
Diesel, it being recommended, in addition, that 
with a high percentage of sulphur in the oil, 
nickel steel or cast iron is preferable for parts 
which come in contact with the fuel. The adjust- 
ment of the fuel-injection valve to meet the various 
types of fuels met with in practice is one which 
requires a certain amount of skill, and this con- 
tention goes to justify our remarks as to the 
qualities required of those in charge of such 
engines. 

In conclusion, the paper which M. Carels has 
given touched upon so many phases and so many 
vital spots that we can only wish that he had con- 
fined himself to fewer, and had furthered the pro- 
gress of this movement by more detailed references 
to those features upon the fuller knowledge of which 
success will depend. We trust that in the near 
future he msy be induced to do so. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

Tue last of the November Gazettes was issued on 
the 28th ult., and adds but little to the meagre 
programme of proposed public works announced in 
previous issues. 


TRACTION SCHEMES. 


To the proposals discussed in our last issue must 
be added a scheme for constructing a new line from 
the Midland Great Western Railway of Ireland at 
Newcastle to a new harbour which it is proposed to 
establish at Barna, in an inlet off Galway Bay. 
Additional tramway lines are proposed within the 
City by the York Corporation, whilst the Western 
Valley (Monmouthshire) Railless Electric Traction 
Company seek extensions in Abertillery. The local 
authorities at Skegness and St. Anne’s-on-Sea pro- 
pose to operate motor-bus services. 


Harsours, Navicaste Waters, Docks, 
Piers, &c. 


The new harbour which it is proposed to con- 
struct at Barna, Galway Bay, has just been men- 
tioned above. In connection with a scheme for 
establishing a new power station at Old Trafford, 
the Manchester Corporation are seeking powers to 
construct a new dock on the Bridgwater Canal 
near Redclyffe-road. ‘Two new tidal basins at 
Shieldhall, Govan, are pro by the Clyde 
Navigation Trusts. The work will involve a diver- 
sion of the Renfrew-road and the construction of 
a number of dock lines. Tho Poole Harbour Com- 


missioners have a Bill greatly extending the limits | R 


of the harbour, and propose the construction of a 
new training-wall, about 750 ft. long, to the Hook 
Sands. The Naira Town Council propose the con- 
struction of a new dock for drifters at Nairn 
Harbour ; this will involve the construction of a 
solid sea-wall gry the sea side of the existing 
eastern pier for a distance of 264 ft., and the re- 
construction in solid work of the outer portion of 
this pier. 

The Bristol Corporation are seeking powers to 
construct a new wharf on the south side of the 
Floating Harbour. A new breakwater, 900 ft. long, 
across the Shrape Sands is pro by the Cowes 
Harbour Commissioners. The Fishguard and Ross- 
lare Railways and Harbour Company are promoting 
a Bill authorising them to extend and widen their 
existing north pier at Fishguard, and to construct 
a new landing-stage there. The Port Talbot 
Railway and Docks Company seek powers for an 
extension of their south pier by 600 yards, and of 
their north pier by 330 yards, whilst another pro- 
posal in their Bill is one for a new entrance-lock to 
the River Avon. The North-Eistern Railway 
ee an goo to construct a new river-wall on 
the Tees from opposite the Nine Buoy Front light 





to Redcar Wharf. The Burnham Urban District 
Council seek powers to build a new pier 791 ft. 
long from the made at Burnham, and to 
alter the existing jetty by the removal of 40 ft. 
from its western end. At Deal the Corpora- 
tion propose to construct a new pier, about 
50 yards long, together with a pavilion. At 
Brighton the Marine Palace and Pier Company 
propose a widening of the pier on both sides for a 
distance of 580 ft. A new quay at St. Just is pro- 

osed by the St. Just Railway Company, which will 
be connected by rail with the Great Western Rail- 
way at St. Austell’s, At Port Madoc it is proposed 
to form a Board of Trustees to administer the 
harbour, and te authorise this board to improve the 
harbour by the construction of solid jetties. An 
extension of their promenade is proposed by the 
Hastings Corporation. Transfer to the local 
authority of the harbours at Amlwch and at Salt- 
coats form the subject-matter of two Bills. The 
South Suburban Gas Company are promoting a 
Bill authorising the construction of a new wharf 
and jetty at Erith. 

The Preston Corporation are advancing a pro- 
posal for the construction of a new training wall on 
the Ribble to the west of the existing north wall. 
The Severn Navigation Commissioners seek powers 
to abandon the cut and lock at Maisemore, and to 
dredge the lower portion of the River Avon, and 
also to increase existing tolls. 

On the Aire and Calder Navigation a new training- 
wall along the right bank of the Ouse is proposed, 
from the boundary of Whitgift and Ousefleet to the 
junction of the River Trent. The Stourbridge 
Navigation authorities seek to abolish the present 
exemption of coal, clay, and ashes from tolls. 

The Corporation of Weymouth and Melcombe 
Regis are promoting a Bill to reclaim the Radipole 
Lake or backwater. The Swindon Corporation have 
a Bill for the purchase and filling-in of part of the 
Wilts and Berks Canal, taking over the Coate 
Reservoir, which will be utilised for their water 
supply and for a recreation-ground. The Bill 
provides for the incorporation of a new company or 
public body to which certain portions of the canal 
will be transferred and Utilised to supply water for 
agricultural purposes. 

SEWERS AND DRAINs. 


The Bradford Corporation propose works to pre- 
vent the flooding of the Bradford Beck. To this 
end a culvert is to be constructed to act as a by- 
pass, and powers are taken to remove obstructions 
to flow in the existing channel. 

The Corporation of Osset seek powers to con- 
struct a separate system of sewers for dealing with 
trade wastes. An extensive system of sewers is 
proposed by the Corporation of Coatbridge (Lanark- 
shire) with a view to stopping the present pollution 
of the North Burn, the South Burn, Luggie Burn, 
and Calder Water. 


Bripces. 


In their omnibus Bill the Corporation of Glasgow 
ropose the construction of a new bridge over the 
elvin from Hamilton Drive, and also to bridge 
the Clyde at Oswald-street or at Robertson-street. 
In connection with their reclamation of the Back- 
water, the Corporation of Weymouth and Melcombe 
egis propose to reconstruct both the Backwater 
Bridge and the Weymouth Swing-Bridge. The 
Newport Corporation seek powers to rebuild their 
existing bridge over the Usk. At Great Yarmouth 
the Port and Haven Commissioners intend to build 
a new bridge in substitution for the existing one 
across the River Yare. This will have an opening 
span and is to be known as the New Haven Bridge. 


Street Wipenincs anp New Roaps. 


The City Corporation propose to widen Spital- 
square, Spitalfields, on the south side for a distance 
of 27 yards and on the north side for 217 yards ; 


China-passage, on the east side, for its whole |i 


length; White Lion-street between Church -passage 
and Commercial-street, Brickfield-street on the 
south side from Crispin-street to Commercial-street, 
Crispin-street on the east between Brickfield-street 
and Duval-street, and Duval-strest on the north 
side between Crispin-street and Commercial-street. 
The London County Council propose to widen 
Piccadilly for 14 chains east of Arlington-street, 
whilst other widenings, primarily for the conveni- 
ence of their tramways, are proposed at Aldgate, 


Tower Hill, and Mansell-street. The London 
County Council further propose a number of widen- 





ings in connection with the Pall Mall approach. 
Other local authorities proposing more or less 
extensive street-widening operations are those of 
Manchester, Bolton, Sheffield, and Worthing. 
Definite steps towards the construction of the 
long-discussed western approach road have now 
been taken by the Middlesex County Council in a 
Bill to be submitted in the next session of Parlia- 
ment. The new road will leave the Chiswick high 
road a little to the west of St. James’s Church, 
and will run approximately parallel to, and about 
one-eighth of a mile north of, the London and 
South-Western loop line as far as Syon-lane. From 
this point it runs nearly straight through Lampton 
to a junction in Hounslow with the Bath Road, a 
little east of the ‘*Travellers’ Friend”’ public house. 


Water SuppPty. 


All the water schemes brought forward are of 
very minor interest. The Leeds Oorporation seek 
power to supply Doncaster in bulk, and to extend 
their present area of supply in the Tickhill and 
Doncaster di-trict. A new service reservoir, to 
be known as the Marr Reservoir, is to be 
constructed at Brodsworth. The Valley Rural 
District Council have a scheme for the supply of 
Llanfaelog, from a reservoir to be constructed at 
Llechcynfaewydd by an embankment across the 
River Bodsuran. The Abertillery and District 
Water Bcard propose to construct a new reservoir, 
to be known as the Nant-yr-Helyg Reservoir, by 
damming the Grwyne Tawr near its junction 
with the Nant-yr-Helyg. The Tees Valley Water 
Board scek powers for a new service reservoir at 
Nunthorpe, and to extend their limits of supply 
in the rural districts of Ormesby, Middlesbrough, 
Guisborough, and Stokesley. The Amersham, 
Beaconsfield, and District Water Works Com- 
pany propose a new service reservoir at Amer- 
sham. A new service reservoir at Lyminge is 
to be constructed by the Elham Valley Water Com- 

ny, Limited, together with an extension of their 

imits of supply in the districts of Monks Horton, 

Sellindge, cineen and Aldington. The North- 
wich Urban District Council propose a new covered 
reservoir at Hollinshill, and a pumping-station at 
Sandyford, and also seek power to extend their 
limits of supply in the surrounding rural district. 
The West Gloucestershire Water Company seek to 
extend their existing limits of supply in the dis- 
tricts of Chippenham, Chipping Sodbury, Thorn- 
bury and Tetbury, purchasing in the latter case 
the undertaking of the Urban District Council. A 
new pumping-station is to be provided at Shipton 
Moyne, with service reservoirs at Dyrham and 
Hinton. The Bolton Corporation propose to sink 
a new well at Turton and to erect a water-tower 
there. The Market Rasen Water Company propose 
the construction of two reservoirs or tanks at 
Tealby. The Flint Gas and Water Company seek 

wers to lay new mains from the Halkyn deep level. 

he Weston-super-Mare Urban District Council 
wish to purchase from the Bristol Water Works 
Company the Banwell mills and water rights ; also 
to provide a pumping-station and tank at Banwell, 
and to construct two service-tanks at Weston-super- 
Mare. A purchase Bill is being promoted by the 
Corporation of Maidenhead. The Fisherton, Anger, 
and Bemerton Water Works Company seek to 
extend to Quidhampton their existing limits of 


supply. 
ELectricaL UNDERTAKINGS, 


That there is ample room for great developments 
of electric power distribution in this country is 
amply proved by what has been accomplished on 
the North-East Coast ; but in view of the present 
temper of Parliament it is not surprising that the 
Bills to be discussed next Session are mainly of a 
very humdrum character. Probably, however, the 

roposals of the County of London Electric Supply 
we ae will arouse keen opposition. Parliament 

is asked to postpone the period at which Metro- 
politan companies can be taken over by the local 
authorities, and to sanction agreements for mutual 
supply between these companies. The North 
Metropolitan Electric Power Supply Company 
ro to erect a new generating -station at 

t. Albans, and ask power to take a supply in bulk 
from the Metropolitan Railway, the London and 
North-Western Railway, and the Great Eastern 
Railway Company. The promoters also seek autho- 
rity to take over other electric supply undertakings 
within their area. The Yorkshire Electric Power 
Company seek general authority to supply current 
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to any area in their district for which the local 
authority is not already the electrical undertaker. 
Another clause in the Bill sanctions an enlarge- 
ment of the Barugh generating station. Another 
instance in which it is proposed to vary the period 
at the lapse of which the local authority can acquire 
existing works is afforded by the Bill promoted by 
the Merthyr Tydfil Electric Traction and Lighting 
Company. 

Provisional Orders are sought by the local authori- 
ties at the following places :—Lurgan, Harwich, 
Slaithwaite, Whitstable Thornton, West Bridge- 
ford, Llanfairfechan, Gellgaer, Kuottingley, Womb- 
well, Wath-on-Dearne, Bolton-on-Dearne and 
Thurnscoe, Ystradgynlais, Newton-in-Makerfield, 
Skegness, Hawarden, and Ripon. 

Many local authorities are also seeking powers 
to supply areas outside their boundaries. Thus 
the Corporation of Chesterfield wish to supply 
Brampton and Walton, using overhead conductors. 
The York Corporation seek general powers to 
supply in bulk to any lighting authority outside 
the city boundaries and to definitely include within 
their limits Easingwold, Flaxton, Great Ouseburn, 
Tadcaster, Bishopsthorpe, and Escrick. The Cor- 
poration of Manchester propose to build a new 
generating-station at Trafford Park, and to extend 
the limits of supply to parts of Stretford and 
Salford, purchasing the undertaking of the Trafford 
Power and Light-Supply Company. The Corpora- 
tion of Edinburgh seeks to include within their 
limits of supply, Cramond, Corstorphine, Colinton, 
Libertas, and Newton, whilst that of Ayr seeks to 
increase the electric-supply limits to the whole of 
the area for which they are now the water authority. 
Other local authorities seeking similar extensions 
are those at Watford, Worthing, Bispham, Kingston- 
on-Hill, and Newport, whilst the Corporation of 
Leeds seeks to acquire the undertaking of the 
Roundhay and District Electric Lighting nn 

Private individuals or public companies are seek- 
ing Provisional Orders for the following localities:— 
Hightown and District, Ruthin, Ledbury, Brad- 
ford-on-Avon, Rickmansworth, and Chorley Wood, 
Llanidloes, Stone, Midhurst and District, Chorley 
(Lancashire), Oulton Broad, Banstead, Walton-on- 
the - Hill and Kingswood, Tenby, Warminster, 
Blackrock, Kingstown and Dalkey, Feltham and 
District, Cowbridge and District, Abercarn and 
District, Yeovil, Galashiels and District, Ely, 
Ballater, Aboyne and District, Ellon, Bedworth, 
Heanor, Eastwood and District, Kenilworth, 
Hinckley and District, Beeston and District. 

At Farnham the local company seeks to include 
within its limits Trensham, whilst the Reading 
Electric Supply Company seek powers to supply 
current in bulk to the Yorktown and Blackwater 
Gas Company. The South Suburban Gas Com- 
pany propose to erect electric works at Erith and 
take —— to sell any surplus current. The Ley- 
land Gas Company havea Bill enabling them to take 
or give current from or to the Lancashire Electric 
Power Company. The Deal and Walmer Gas Com- 
pany propose to purchase the undertaking of the 
Sandwich, Deal, and Walmer Electricity Supply 
Company, extending the limits of supply. e 
Hull and Barnsley Railway Company nak authority 
to sell current to any one using the docks or lands 
of the company. 

Gas Brn1s. 

Gas Bills practically invariably offer little field 
for comment, and so far as the proposals this year 
are concerned the ~~ item of interest is an 
occasional proposal for the supply of power gas. 
Years ago most gas Bills included a clause autho- 
rising this, but the matter then dropped. Now, 
however, that the pioneer company in South Staf- 


fordshire is beginning to show more favourable c 


financial results, a revival of such clauses may be 
confidently expected. A supply of power gas under 
a reasonable pressure would ce many advantages, 
and might ultimately be adopted for domestic pur- 
poses, since Mond gas as now made contains less 
carbon monoxide than is permitted by law in the 
case of lighting gas. In this connection it is of 
interest: to note that the London County Council are 
taking powers to prescribe rules for high-pressure 
meters. The Brentford Gas Company seeks to 
amalgamate with the Staines and Egham District 
Gas and Coal Company and to make and supply 
power gas. Power to supply petrol gas is sought by 
the Balcombe Gas Company. Another interesting 
scheme is promoted by the City Oil Syndicate, 
who propose to supply natural gas from bore- 
holes to be sunk at Charndon (Bucks). 





Extensions of existing limits are sought by the 
gas authorities at Stone, Bedwas, and Machen, 
Kidsgrove, Deal, and Walmer, St. Ives (Hunts), 
Harpenden, Swansea, Hayward’s Heath, Gar- 
stang, Southend, Leighton Buzzard, South Bank 
and Normanby, Leyland, Riddings, and Liverpool. 

The local authorities are promoting purchase 
Bills at Ashington, Porthcawl, Ellesmere Port, 
Whitby, Skegness, Bourne, and Middlesbrough. At 
Cleckheaton the Urban District Council propose 
to purchase the works within their area of the 
Bradford Corporation, and to repeal the powers 
granted to the Gomersal, Medbenniballin and 
Liversedge Gas Company for the supply of parts 
of Gomersal, Hunsworth, and Liversedge. The 
Corporation of Thornaby-on-Tees is another public 
body which objects to being supplied by an alien 
local authority, and is promoting a Bill enabling 
them to acquire the works within their area of the 
Stockton-on-Tees Corporation. 

A new company proposes to supply gas in the 
Hightown district (near Liverpool). The Gas Light 
and Coke Company have a Bill authorising the 
adoption of calorific in place of a light standard 
throughout the whole of their area. 





Tue Bracksop Rovurz to Canapa.—Mr. Henry C. 
Long, the American engineer, who is now studying the 
possibilities of Blacksod Bay as a terminal port, has given 
the Dublin Cor: mdent of the Zimes some information 
on the subject. r. Long said that for the 
bour are being made, and are ex to be ready in a 
couple of months. There will be little difficulty in 
securing a depth of 40 ft. at low water beside the piers, 
which would te able to accommodate three or four e 
liners at the same time. Questioned in regard to the 
character and quantity of the freight which will be 
handled by the new line of steamers, Mr. Long said that 
in the scheme freight was a secondary consideration. 
The great thing was the convenience which the new route 
would offer to passengers between the two continents. 
There was no doubt, however, that freight would come, 
and would, of course, be an important item. He pointed 
out that the proposed new railway between Blacksod and 
Collooney, quite apart from international traffic, would be 
@ paying ‘‘ proposition,” as it would encourage the deve- 
lopment of the country through which it passed. Asked 
how the difficulty in gauge between Irish and English 
railways would be overcome, he said that this presented 
no difficulty whatever, as the problem had been tackled 
in the United States years ago, and similar methods 
would be applied on this side of the Atlantic. At the 
terminals in Dublin and Belfast there would be hydraulic 
coe which would lift the coaches off the bogies and 
hold them suspended while new bogies of the required 
oa put underneath. It was quite a simple pro- 

ing, and would only occupy five or ten minutes for 
each train. Mr. Long mentioned two years as a rough 
estimate of time for the completion of the work. 





Roya. InstitrvuT1on.—The following are the lecture 
arrangements at the Royal Institution before Easter :— 
Professor H. H. Turner, Savilian Professor of Astronomy, 
Oxford, a course of experimentally illustrated lectures, 
adapted to a juvenile auditory, on “‘ A Vo in Space : 
The Starting-Point—Our Earth,” December 27; ‘‘ The 
Start through the Air,” December 30: ‘‘ Journeying by 
Telescope,” January 1; “ Visits to the Moon an 
Planets,” January 3; ‘‘Our Sun,” January 6; ‘‘The 
Stars,” January 8. Professor W. Bateson, Fullerian 
Professor of Physiology, Royal Institution, six lectures 
on ‘‘ Animals and Plants under Domestication.” Pro- 
fessor Sir John H. Biles, three lectures on ‘‘ Modern 
Shipbuilding: (1) Smooth- Water Sailing ; i? Ocean 
Travel; (3) The War Navy.” Mr. Arthur H. Smith, 
two lectures on ‘‘ Landscape and Natural Objects in 
Classical Art.” Dr. W. Mc two lectures on 
“The Mind of Savage Man” (illustrated by the 
Pagan tribes of Borneo: (1) His Intellectual Life ; 
(2) His Moral and Religious Life.” Professor Sir 
omas H. Holland, two lectures on ‘‘ Petroleum Supply, 


NOTES. 
Tue Frencn Batriesnip ‘* LoRRArNe.” 


Tue French battleship Lorraine was launched 
on September 30 last by the Société Anonyme des 
Chantier et Ateliers de St. Nazaire, approximately 
one year after the laying of her keel. Her dis- 
placement is 23,549 metric tons, and her prin- 
cipal dimensions are the following :— 

Length between iculars 165 m. (541 ft. 

Breadth wie — ~ ae Ge te ?in) 

Draught ... 8.712 m. (28 ft, 7 in. 
Her contract speed is 20 knots during a 10- 
hour run, and she is to carry a complement of 
1166 officers and men. The armament is to con- 
sist of ten 340-mm. (13.386-in.) guns, mounted in 
five axial turrets ; the turrets N. 2 and N. 4 will be 
at a higher level, so that their guns can fire above 
those of the turrets N. 1 and N. 5; eighteen 
140-mm. (5.512-in.) guns will form the secondary 
armament. The ship will be propelled by reaction 
turbines, but having a velocity-compounded impulse 
wheel for the first stage. These turbines drive 
four shafts, there being an ahead and an astern 
turbine, both enclosed, within the same casing, on 
each shaft. Steam is supplied from Belleville 
boilers located in three stokeholds and ending in 
two funnels. Each outer shaft is to be driven 
by a high-pressure turbine set, and each inner shaft 
by a low-pressure turbine set. Theastern turbines 


har- | also have velocity-compounded stages. The boiler 


furnaces will be arranged for burning either coal 
or oil fuel. The electric installation is to consist 
of six steam-driven 200-kw. sets. The ship will 
carry Bullivant torpedo-netting. 


ANoTHER O1L-EnGainep Mercuant Suir. 


One more oil-engine ship has been added to the 
number afloat by the launch of the Arum from the 
works of Messrs. Swan, Hunter and Wigham 
Richardson, Limited. Special interest attaches to 
the occasion, owing to the important announce- 
ment by Sir Marcus Samuel, the chairman of the 
owning company—namely, the Flower Motor Com- 
pany, Limited. He stated that the vessel was the 
peneee of what would become one of the greatest 

eets of ships in the world. Oonfidence in the new 
vessel and her machinery was indicated by the 
fact that the underwriters had accepted insurance 
against total constructional loss at a rate of 
27s. per cent. per annum. About 900 tons of 
fuel would be sufficient to take the vessel along 


for 150 days without the oil-fuel tanks requiring to 
be replenished, notwithstanding that the vessel 
carried 5600 tons of dead-weight. She will be pro- 


lled at a speed of about 10$ knots by twin-screw 

iesel motors of the Polar type, working on the 
two-cycle principle with four working cylinders to 
each motor, and developing together 1150 horse- 
power at 135 revolutions per minute. These 
engines, it is anticipated, will consume about 6 tons 
of oil per day on service, whereas steam-engines 
to attain the same result would uire about 
20 tons of coal per day. Sir us also 
aye out that the engine-room staff was less 

twelve hands than in the case of a steam vessel. 


e spoke hopefully of a reduction in the price of 
oil, and stated that the first 0 of Trinidad oil 
for the British Navy was landed last week in the 


Thames, and the first cargo of Persian oil was 
discharged last week at Sheerness. The opening 
of the Panama Canal, too, would bring the vast 
supplies of oil in California nearer to eepe 4 
the great trade routes, and this, he said, 


from the Geological Point of View.” Professor I. | and to ¢ 
Gollancz, two lectures on ‘ Hamlet in d and| would make oil fuel, ton for ton, cheaper than 
Drama: (1) The Myth: (2) The Play.” fessor | coal is to-day. The Arum, it may be added, has a 


C. F. Jenkin, three lectures on ‘‘ Heat and Cold.” Dr. 
. W. Saleeby, two lectures on “ Progress of 
Eugenics: (1) The First Decade of Modern Eugenics, 
1904-14; (2) Eugenics To-Day: Its Counterfeits, 
Powers, and Problems.” Professor F. Corder, three 
lectures on ‘* Neglected Musical Composers : (1) Ludwi 
Spohr; (2) Henry Bishop; {) Joachim Raff” (wi 
musical illustrations). Dr. J. A. Harker, two lectures 
on *‘ The Electric Emissivity of Matter : (1) The Metals ; 
(2) Other Substances” (with experimental illustrations) ; 
and Professor Sir J. J. Thomson, Professor of Natural 
Philosophy, Royal Institution, six lectures on ‘‘ Recent 
Discoveries in Physical Science.” The Friday evening 
meetings commence on Jan 23, when Professor 
Sir James Dewar will dsliver a discourse on ‘‘ The Com- 
ing of Age of the ‘Vacuum Flask.'” Succeeding dis- 
courses will Sr gf be given by Mr. H. Wickham 
Steed, Dr. H. S. Hele Shaw, Professor J. Norman 
Collie, Professor W. A. Bone, Rev. Canon J.O. Hannay 
{Sona A. Birmingham”), Sir Walter R. Lawrence, 
t.. the Right Hon, Lord Rayleigh, Professor J. A. 


Fleming, Professor Sir J. J. Thomson, Professor A. 


Keith, and other gentlemen. 





length over all of 360 ft., and between perpen- 
diculars of 350 ft. The breadth moulded is 47 ft., 
and the depth moulded is 27 ft. The mean 
draught is 21 ft. 6 in., and the dead-weight capacity 
at this draught 5600 tons. A special feature 
is the large holds, and particularly the great 
hatches, which are able to take a large locomotive. 
The vessels will also be available for military 
transport service. The feature, however, is the 
machinery. The motors, which are of the Polar 
Diesel type, have been man at the 
Neptune Works of Messrs. Swan, Hunter and 
Wigham Richardson, Limited. Each set of engines 
is entirely self-contained, and has four working 
cylinders, four scavenging cylinders, two air-com- 
pressors, one circulating-pump, and one bilge- 
pump. Orude or heavy oil is used, which is 
carried in a tank on the deck aft, in the fore and 
after peaks, or in the double bottom. The deck 
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_and auxiliary machinery will be operated by steam 


generated in two Cochran donkey boilers working 
under natural draught, and arranged for using, in 
the furnace, coal, oil, or exhaust-gases from the 
main engine. Not only in its general arrangement, 
but in many of the details of design, the machinery 
is of particular interest. 


Tue Lewis Automatic Macutne-Gun. 


A definite step in the equipment of the aeroplane 
as a weapon of offence has been rendered possible 
by the introduction of the Lewis automatic gun. 
In saying this we do not lose sight of the fact that 
no munition of war can fairly win its place until it 
has built up a satisfactory record under service 
conditions. None the less, although the Lewis 
gun has seen no service, it is undoubtedly 
a practical weapon which is more suited for the 
purpose of arming an aeroplane than any other 
arm so far introduced. The gun has come well 
through tests in various countries, and it performed 
in every way satisfactorily at a demonstration 
which was held at Bisley on the 27th ult. 
One trusts that its credentials may be thoroughly 
tested by placing it unreservedly in the hands 
of troops. It is unnecessary that we should 
describe the gun in detail at the present moment, 
as we have already given an illustrated account of 
it.* We may say, however, that it is a completely 
automatic gun, weighing only 264 lb., and with 
such a comparatively small recoil that it may be 
fired supported merely on a low bush or the branch 
of a tree, or, if necessary, may even be fired from 
the shoulder. The magazines with which it is 
supplied each hold 47 cartridges, which at the 
demonstration held on the 27th ult. were fired in a 
total time of 5 seconds. The charging of the 
magazines, with a second man to assist the gunner, 
occupies 3 or 4 seconds only. The gun is air-cooled, 
and has an annular chamber furnished with fins 
surrounding the barrel. The discharge of the gases 
from the muzzle of the gun draws air through this 
chamber, and assists the cooling. It is stated that 
the barrel reaches a temperature of 330 deg. Fahr. 
after 1000 rounds have been fired, the temperature 
afterwards slowly rising to a maximum of 440 deg. 
Fahr. The atmospheric conditions under which 
these temperatures are reached are, however, not 
stated. The a of the gun, and the absence 
of water-cooling arrangements and other impedi- 
menta, should render it of great value in the field ; 
while, as we have said, it is peculiarly adapted for 
the arming of aeroplanes. By its aid it is possible 
for a gunner in an aeroplane to concentrate the fire 
from a magazine on to as of a few square 
yards. The practicableness of the gun in this con- 
nection was demonstrated at Bisley, when, from a 
height of 300 ft. or so, a gunner in an aeroplane 
was able to get the majority of his shots through 
a sheet spread on the ground. The manufacturing 
rights of the gun are held by the Birmingham 
Small Arms Company, Limited, of Birmingham. 


MopEerRN APPLICATION OF REFRIGERATING 
PROCESSES. 


At a meeting of the Cold Storage and Ice Associa- 
tion, held at the Rooms of the Society of Arts, 
Adelphi, last month, Mr. J. T. Milton delivered 
a presidential address dealing with various applica- 
tions of refrigerating machinery. He drew attention 
to the fact that the cheapest method of separating 
from each other the oxygen and nitrogen of the 
air was that of fractional distillation of liquefied 
air, andstated that oxygen thus se was now 
being used experimentally at a Belgian blast-furnace 
to ‘‘enrich”’ the blast, and it was ho in this wa 
to realise economies comparable with those whic 
resulted from the substitution of a hot for a cold 
blast. In other cases it was the nitrogen which 
was the valuable constituent of the air, and pure 
nitrogen separated in the way described was now 
being converted into artificial manures, the oxygen 
being a by-product. He also called attention to 
the different considerations which had to be borne 
in mind in insulating a cold-chamber at sea and on 
land. In the former case, questions of weight and 
bulk were of paramount importance, but, on the 
vther hand, a cold-chamber on shipboard was 
usually worked intermittently, whilst on land con- 
tinuous insulation was required. Hence, methods 
which had proved quite successful at sea had given 
trouble om land, since, unless the insulation was 
hermetically sealed, moisture gradually found its 


* See ENGINEERING, vol. xciv., page 636. 


way into the material, which ultimately was frozen, enabling very accurate measurements to be 


up solid. He also directed attention to the neces-| made even with a v 
sity for the periodical cleansing and sterilisation| the gauge - points. 
of cold-storage chambers. On shipboard this was) 


carried out between successive cargoes, but the 
conditions of storage on land offered less facilities 
in this connection. Since, however, the under- 
writers undertook the whole of the risks involved, 
they had found it necessary to insist on careful 
periodical inspection, not only of the ships, but also 
of the barges used and of the cold stores on shore. 


short distance between 
addition to measure- 
ments of the direct strains thus made, a second 
mirror was fitted to record by its tilt any flexure of 
the part under observation. The results, Professor 
Coker stated, were represented in the diagram 
which is reproduced below. It will be seen the 
stress is far from equably distributed in the neigh- 
bourhood of each lap joint, and that it rises to 
very high values at the ‘‘corners” of the dished 


DISTRIBUTION OF STRESS IN THE STEAM DRUM 
OF A BABCOCK AND WILCOX BOILER. 
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Whilst this country led in the sea transport of 
refrigerated goods, it was behind some other coun- 
tries in the land transport of such commodities, 
and there was much need for substantial improve- 
ment in this regard. Referring to other possible 
applications of cold storage, Mr. Milton mentioned 
that hides were now imported in the salted condi- 
tion, and required prolonged steeping before they 
were ready for conversion into leather. This could 
be avoided by transporting them in the fresh con- 
dition in cold-storage chambers. As showing the 
importance of this trade, he stated that the value 
of hides and skins imported into the United King- 
dom exceeded 11,000,000/. per annum, which was 
more than the value of the beef similarly imported. 


THe MErasuREMENT OF STRESSES IN MATERIALS 
AND STRUCTURES. 


The first Cantor lecture of the present session of 
the Society of Arts was delivered on Monday even- 
ing last by Professor E. G. Coker, who has chosen 
as his subject the measurement of stress, a depart- 
ment of inquiry to which he has himself made many 
valuable and interesting contributions. The open- 
ing lecture was devoted to mechanical methods of 
measurement, amongst which the speaker included 
an account of the highly ingenious and instruc- 
tive experiments on rubber models carried out by 
Mr. J. S. Wilson and Mr. W. Gore, and he also de- 
scribed Professor Pearson’s experiments made with 
models of jelly. He showed, moreover, that many 
very interesting results had recently been obtained 
by directly measuring the strains in actual struc- 
tures. Thus, when the Bankers’ Trust Company 
Building was being erected in New York, a struc- 
ture thirty - eight storeys high, measurements 
were made of the amount by which selected 20-in. 
lengths of one of the columns shortened as 
each successive storey was added. The extenso- 
meter used was capable of detecting changes 
of length of 0.0002 in., and stresses could accord- 
ingly be estimated to about 300 lb. per sq. in. 
Professor Coker also described experiments made 
in his own laboratory on the strains produced in the 
flanges and web of an J beam when subjected toa 
uniform bending moment. The results showed 
that the actual strains were in excellent agreement 
with the usual assumption that sections of the 
beam plane before flexure remain plane when 
under strain. In these experiments a mirror 
extensometer was used, capable of detecting changes 
in length of as little as one-millionth of an 
inch. A similar series of experiments were made 
on a reinforced-concrete beam, 6 in. deep by 4 in. 
wide, and reinforced with three steel rods # in. 
in diameter, having their centres } in. distant 
from the lower face. Here again the results 
were in good accord with the usual assumptions, 
though there were some slight discrepancies. The 
speaker next referred to a remarkable series of 
strain measurements made on the steam-drum of 
a Babcock and Wilcox boiler by Messrs. S. H. 
Barraclough and A. J. Gibson, and described in a 
paper printed in the Proceedings of the Engineer- 
ing Association of New South Wales, session 
1910-11. Mirror extensometers were used, 











ends, To what extent these local concentrations 
of stress affect the actual strength of the boiler is, 
of course, another matter, and this point was 
not discussed by the lecturer. 





New Ftoatinc-Dock 1n GOTHENBURG.—A company 
has now been formed for the purpose of constructing a 
new floating-dock in Gothenburg, with a lifting capacity 
of 10,000 tons, and 25 metres breadth. The authorities 
appear to have favoured this considerable breadth with 
a view to a State grant, and as the new Norwegian- 
American liners are only 18.2 metres broad, and the 
P readth of the new Swedish-American liners is 

9.25 metres, the adopted dimensions should suffice 
for some time to come. The dock will be built in sec- 
tions, which, independent of each other, will be able to 
dock smaller vessels, so that it can be of more general 
service to the shipyards, &c. 





Rattway ConstTRUCTION IN AUSTRALIA.—In the con- 
struction of the East and West Trans-continental Rail- 
way Robert’s American track-laying machine is being 
used for the first time in Australia. The first trial, 
which was ys greee 4 satisfactory, was carried out 
as follows :—The ti -layer, which is mounted on a 
truck, was at the railhead. On arrival the trucks of 
the material train were fitted with runway gear fixed 
to the sides of the truck, and joined to the track-layer. 
The machine does not actually lay the track, but receives 
the rails and sleepers, and passes them on to the gang of 
men, who lay them in their places. On either side of the 
train there are fitted for its full length runways, which 
are of king, forming a long box with open top, and 
attached to the trucks with brackets. The sleepers, and 
rails are rolled into the runways, which are provided with 
a series of rollers el to each other, fixed across and 
above the surface of the planks. The power revolving these 
ro!lers is supplied by the locomotive boiler at the rear of the 
train through an engine on the track-layer. The runway 
on the rij ht-hand side of the train receives the sleepers, and 
two men handle them from the truck. They arecarried on 
by the rcllers, which are corrugated, to the end of the run- 
way, which projects some distance from the pioneer car or 
track-layer. There six men take them and place them on 
the roa: . The rails are handled by two men on the truck 
similarly to the sleepers, and placed in the runway, the 
rollers of which are smooth, and they are delivered 
a few feet only ahead of the track-layer. There they 
are lifted from the runway by tackle, and dropped 
on the sleepers, close to their proper position. Six 
men ~~ and edly: ange a ve Its vd bas ral 
joints. e speed o' ing depends upon t exterity 
of these ‘‘linkers-up.” So soon as the rails are linked up 
the train is moved on ready to lay another } h. 
Should there be any delay in linking up the rails, the whole 
gang isidle. In the first trial, the work was carried out 7 
42 men. Half of them worked with the train, and half 
behind it. Half a mile of track was laid in 34 hours, and 
in another hour the follow-on spikers had fixed the rails 
to the sleepers. The work done by 40 men was credit- 
able. So soon as the half-mile was laid, the men ceased 
work. It wasthen3p.m. The fact that work had to be 
stopped was in co uence of lack of rolling-stock and 
locomotives. The half-mile laid, however,:shows what 
the track-layer could accomplish if it were ded.with mate- 
rial. To enable the machine to work to its capacity, 
— must be continuous, and siding accommodation 
will be required every 10 miles. The forecast that it 
would be ible to lay the Trans-continental line at 
the rate of 2 miles a day, even with the new appli- 
ances, may not be reali as construction work and 
bridges are likely to delay it at times; but the track- 
laying, when the machine is properly supplied, can be 
done ata milea day. Satisfaction was expressed by the 
— at the fine work the machine enabled to be 

one, 
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THE ACHESON GRAPHITE LUBRICANT. 


WE have already referred in a previous article to 
the remarkable series of lubricants which have recently 
been introduced by Dr. E. G. Acheson, to whom engi- 
neers are indebted for the discovery of carborundum 
and for the development, on a commercial basis, 
of the manufacture of artificial graphite, or, perhaps, 
it would be better to say, artificial graphites. The 
precise significance of the word ‘‘ graphite” is, indeed, a 
matter of debate. If all forms of carbon are con- 
sidered to be graphite which produce graphitic oxides 
under appropriate chemical treatment, then there are 
many different varieties of graphite. Dr. Acheson 
originally produced graphite by heating carborundum 
(C Si) in the electric furnace to a temperature suffi- 
cient to vaporise the silicon and drive it off. The 
graphite thus obtained retains the form of the original 
block of carborundum, and is very light and very 
unctuous. It does not, however, possess the faculty 
of marking paper. In fact, it welds together so easily 
that the particles adhere to each other in preference to 
leaving a smudge on paper. On the other hand, when 
the graphite is produced by electrically heating the 
refuse coal of an anthracite character, hard masses of 





deposits forming in every part and ket to which 
it Red access. At the ee. indeed, de a of a dry 
lubricant is far from convenient and by no means 
generally applicable, and for this reason the attempt 
to utilise the remarkable lubricating properties of 
graphite graduall ‘ 

Dr. Acheson, Lovee, has within the past few 
years attacked the problem involved with charac- 
teristic audacity and ingenuity. A liquid lubricant 
was required, and to all intents and purposes Dr. 
Acheson has succeeded in liquefying his graphite, 
or, speaking more strictly, has produced permanent 
emulsions or colloidal solutions of graphite. A col- 
loidal solution differs from an entiasey solution in 
that the solute in the latter case consists of discrete 

articles, the largest of which is a molecule, though 
ree atoms also exist in solutions which have the power 
of conducting electric currents. Individual molecules 
of any body are not merely microscopic, but are beyond 
the powers of the ultra-microscope. 


visible in the ultra-microscope. These = it 
has been proved, obey many of the same laws as the 





In colloidal solu- | 
tions, on the other hand, the particles of the solute) 
consist of many molecules aggregated together, and | 
there particles are then sufficiently large to be| 


getting graphite into colloidal solution, Dr. Acheson 
etermined to try the effect of masticating it in a 
solution of tannin in water, a little ammonia being 
added to prevent the tannin fermenting. 

The attempt was most successful, a colloidal solu- 
tion of graphite being produced. The particles of 
graphite in the emulsion are visible only in the ultra 
microscope, and apparently are about of the same 
dimensions as those in a colloidal solution of gold. 
They pass freely through an ordinary filter-paper, and 
if the solution be kept free from acids it is quite 
permanent. The addition of a little hydrochloric 
acid to it has, however, very remarkable effects. 
The particles of graphite then coalesce into larger 
aggregates, which are retained on an ordinary filter- 
paper, a clear fluid passing through. 

he colloidal solution thus produced has been named 
**aqua-dag,” and can, where the conditions are other- 
wise suitable, be used as a lubricant without further 
treatment. One of the most interesting of its applica- 
tions is for the lubrication of the diamond dies used in 
drawing the extraordinarily fine wires of tungsten 
now used for incandescent electric lamps. For this 
purpose the wires are dipped in aqua-dag, to which 
@ little glucose has been added. After drying they 
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carbon can be obtained, which are non-unctuous, but 
still yield the characteristic graphitic oxide. Almost 
every variety between these two extremes can be 
obtained by suitably modifying the conditions of the 
experiment. Thus a very tough graphite is pro- 
duced for furnace electrodes, and this variety can be 
turned and screwed and tapped. Electrodes thus 
made can, therefore, be utilised up to the last, since 
new lengths are screwed on to the old as fast as the 
latter are used up. Graphites suitable for pencil 
manufacture are also produced, and are utilised com- 
mercially. They have the — of being much 
freer from impurities than the natural graphites. With 
these latter'a complete removal of the gangue from the 
graphite is practically impossible, since mica has much 
the same — gravity as the graphite itself. There 
is a wide field open for research in finding uses for the 
different varieties of graphite which it is now possible 
to obtain. Probably some of these are the purest 
varieties of carbon yet produced. By heating a 
very pure graphite in the electric furnace, through 
which a current of carbon monoxide was maintained, 
Dr. Acheson has, in fact, succeeded in producing a 
specimen of carbon in which Sir William Crookes was 
unable to detect the existence of any impurity. 

Of the many possible applications of the new 
varieties of graphite none appears to be of more 
immediate importance than its use as a lubricant. Its 
value in this regard has long been known, and some 
fifteen or twenty years ago, when the growth in steam 
temperatures had led to difficulties in cylinder lubri- 
cation, many engineers experimented with graphite as a 
substitute for oil. The graphite was prarh. an in the 
form of a dry powder, and at the outset promised very 
favourably ; ut difficulties yltimately arose from 
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much smaller particles characteristic of ordinary solu- 
tions, but they have at the same time some very special 
properties of their own. Under suitable conditions 
they are as permanent as a solution of salt in water. 
At the Royal Institution, for instance, there is pre- 
served a solution of colloidal gold — by Faraday 
some fifty or sixty years ago, po this has remained 
unaltered. On the other hand, they appear to carry 
a charge of electricity generally negative, and when 
these charges are neutralised the particles coalesce and 
are precipitated. Hence the addition of very small 
amounts of certain ents, in particular such as 
are readily ionised ie etetien, causes the immediate 
coagulation and precipitation of the colloidal particles. 

Whilst, however, there was no doubt as to the 
stability of a colloidal solution of graphite, could it 
once be formed, the difficulty was to get the graphite 
into solution. Here Dr. Acheson benefi by an 
acute observation made some years previously, when 
attempting to work up American clays into crucibles. 
He found that they proved to be much less suitable 
than clays of apparently identical composition 
imported from Germany. The American clays ex- 
perimented with turned out to be more recent in 
the geological sense of the term, whilst the German 
clays had apparently been transported by water for 
long distances before being deposited. It occurred 
to br. Acheson that the difference in the strength 
and plasticity of the clays might be due to minute 
proportions of the soluble organic compounds naturally 
dissolved in the river waters, and he accordingly tried 
the effect of treating the American clays with a weak 
solution of tannin. The result was remarkable, the 
strength and plasticity of the clays being notably 
increased, When, therefore, the problem arose as to 
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10-Ton Masticator ; Constructep By Messrs. WERNER, PFLEIDERER, AND Perkins, Limitep, PETERBOROUGH. 


are dipped again to thicken the coating, and again 
dried, when they are ready to go to the dies and require 
no further lubricant. Steel immersed in aqua-dag does 
not rust, but nevertheless for most purposes Dr. 
Acheson recommends the use of an emulsion of graphite 
in oil. This, which is known under the name of ‘‘ oil- 
dag,” is intended to be added to ordinary lubricating 
oil, in the proportion of 1 part of concentrated oil-dag 
to 50 of oil. Independent experiments have indicated 
that this addition greatly improves the lubricating 
quality of the oil, allowing the amount used to be 
reduced, in some cases to one-third of what was pre- 
viously necessary. 

The preparation of aqua-dag is, it should be stated, 
& necessary preliminary to the production of oil-dag, 
and some notes describing the process as carried out 
at the works of the E. G. Acheson Company at Ply- 
mouth may be of interest. This location was chosen 
because an ample supply of soft water is essential to 
the production of aqua-dag, it being im ible to form 
the emulsion with hard water. The graphite is obtained 
from the Niagara Works of the Acheson Graphite 
Company, being imported in barrels. 

To make aqua-dag this graphite is, together with 
32 times its weight of water, kneaded in a masti- 
cator, identical in construction with the machines used 
for kneading dough. Anew machine holding a charge 
having a total weight of 10 tons has recently been 
supplied by Messrs Werner, Pfleiderer and Perkins, 
Ltd., Peterborough, and is represented in Fig. 1, above. 
It has two aiate, or beaters, of cast iron, weigh- 
ing 24 tons each, of which one is shown separately in 
Fig. 2. These revolvers are very carefully balanced, 
and are mounted in ball-bearings, and can thus be 
run at relatively high speeds. In this machine the 
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mixture of graphite and water is churned up for a 
period of about seven days, during which time samples 
are periodically collected for examination. During the 
process above # per cent. of the graphite charge dis- 
appears, being apparently subject to some chemical 
change. To the water in the mill is added a solution 
of tannin, to which a little ammonia has been added as 
& preservative, the addition being made by instalments 
extending over nine hours. In the course of this churn- 
ing process a portion of the graphite assumes the 
state of a colloidal emulsion, and when this propor- 
tion reaches about 8 per cent., the mill is emptied into 
a settling-tank, where the liquor remains for fifteen 
days. In this time the gresser particles of the graphite 
settle out, leaving only an ultra-microscopic residue 
in a state of permanent colloidal solution. This 
solution is, however, too weak in graphite to be of 
practical commercial value, and has therefore to be 
concentrated. As already stated, the particles will 
easily pass through a filter-paper, but other filtering 
materials are more effective, and it is this fact that 
makes possible the concentration of the graphite. At 
one time the filtering medium used was rubber-coated 
cloth, but it has since been found that effective filtra- 
tion can be effected without the presence of rubber. 
This is carried out in a bank of 48 filter presses under 
a pressure which towards the end of the process 
attains 60 lb. per sq. in. 

The graphite as removed from the filter presses is 
still in the colloidal condition, but were it allowed to 
dry it would be necessary to repeat the whole process 
Salone it could again be got into solution. As received 
from the presses, it constitutes aqua-dag paste, and it is 
standardised by the addition of water so as to main- 
tain a constancy of carbon content in the lubricant as 
marketed as concentrated aqua-dag. 

To form oil-dag the stift songiite paste removed 
from the filter presses is worked up for four hours 
with oil. This causes the water to collect in drops 
and separate out, its place being taken by the oil. 
After squeezing out the separated water, the paste 
is thinned down with oil, and finally dried out under 
a 27-in. vacuum. The oil-dag thus produced is stan- 
dardised before being packed as concentrated oil-dag. 
This is effected by bringing the graphite out of solu- 
tion and weighing it. To this ai Ge oil-dag is mixed 
with sulphuric ether, and the surface of the fluid is 
then blown upon by the breath. The moist CO, from 
the breath causes the particles to coagulate, although 
the dry gas has no equivalent effect. 

The works ocoupy an area of 165 ft. by 46 ft., with 
two floors having been recently megs enlarged. 
The large 10-ton mill already descri is erected on 
the ground floor, discharged into a set of three tanks 
arranged on the floor above. These tanks are 9 ft. in 
diameter by 6 ft. high, and will hold 2400 gallons 
each. A stirring-gear is provided, and in these tanks 
the mill charge is diluted before being run into the 
— settling-tanks, which are arranged on a lower 

oor. 

The power required to operate the works is supplied 
by a Crossley gas-engine of 100 horse-power, taking gas 
from the mains of the Plymouth Gas Company. 





INCREASING THE POWER OF PETROL- 
ENGINES. 
By Dova.as P. Mureneap, M.J. Inst. E., Gra. 1. A.E. 
Bort little detailed information has as yet been pub- 
lished concerning the methods adopted by makers of 
petrol-engines to obtain the maximum power out of an 
engine of a given bore and stroke. The tax on motor- 
cars has had 1 much influence in this connection, because 
manufacturers bad to keep the bore of their engines 
amall to get inside some particular limit, and at the 
same time they were compelled to increase the power 
output of the particular engine if they wished to find a 
market for their car. Moreover, if a particular make of 
car could break the records of the class under which it 
came at Brooklands track, a valuable advertisement was 
secured. Tbe present-day motorist knows too that the 
car which can stand the high-s work at Brooklands 
must be made of good material, though, of course, the 
charge is frequently made that such cars do not represent 
the normal practice of the builders. This criticism has, 
no doubt, a basis in actual fact, but the makers learn 
far more from high-speed work than do those who refuse 
to join in such competitions, because racing is really a 
test of all parts of the engine and car to the verge of 
destruction, and the material waich will stand this kind 
of work must surely do for the ordinary motorist. To 
increase the power output ef a petrol-engine manu- 
facturers must adopt some or all of the following 
methods :— ’ ’ 
1. They may increase the compression of the explosive 
charge in the cylinders. The ordinary compression for 
touring-car ye ay is about 80 Ib. to 85 lb. per sq. in., 
and this can safely be raised to 100 1b. or 110 1b. per eq. in. 
This will ensure the charge being fired very rapidly, and 
at the same time increase the mean effective pressure 
throughout the working stroke. The mean effective 
reasure should not be lower than about 95 lb. per sq. in. 
if the engine has to be run with any success in record- 


breaking attempts. The compression can be raised by 
fitting domed pistons, by using slightly longer connecting- 
rods, or by putting in extra deep valve-caps. The first 





method is the one usually employed, the pistons used 
being specially made to give this higher compression. 

2. The reciprocating parts, consisting of the piston 
and the top end of the connecting-rod, may be redu 
in weight as much as possible, either by cutting the weight 
of the standard piston and rod, or by fitting pistons and 
connecting-rods made out of one or other of the bigh- 
quality alloy steels. Asan instance of how it is possible 
to cut down the weight of the reciprocating paris in an 
engine, take, for example, an 80-mm. by 120-mm. engine, 
with the valves all on one side. This ine, before 
alteration, gave, as its maximum, 24 brake horse-power 
at 1900 revolutions per minute. Above this speed the 
power began to fall off, showing that the inlet or exhaust 
gases were being throttled by the valves or gas-passages. 
Valve springs were too weak, and the roller of the tappet 
was leaving the cam-face when the speed exceeded the limit 
stated, and the pistons and connecting-rods were too 
heavy. The whole engine was taken to pieces, and the 
following weights taken :— 


No. 1.—Before Reducing Weight. 
Weight of connecting-rod, bolts, and 


top bush ... Ba 2 Ib. 6 oz 
Weight of piston ... ‘ad wh a 
Weight of piston-rings (3) _... or 3 02. 
‘*Suspended” weight of connecting- 

rod, big end ... His sie .- Lib. 902. 
«Suspended ” weight of connecting- 

rod, small end... si =e oa 13 oz. 
Weight of bottom-end bushes... ... 134 oz. 
T weight of connecting-rod, com- 

plete Sa ove ott ae ... SIb. 3$ 02. 
Total weight of piston complete and 

gudgeon-pin ose a7 .. 2b. 1202. 

No. 2.—After Reducing Weights. 

Weight of connecting-rod, bolts, and 

top bush ... owt ae Bee ... 21b. 102. 
Weight of piston ... hes nae es! Te a 
Weight of piston-ring ... = ie 1} oz. 
Suspended weight of connecting-rod, 

big end ... 7 ees re .. Lib. 502 
Suspended weight of connecting-rod, 

small end as he oa me 12 oz 
Weight of bottom-end bushes... oF x 
Total weight of connecting-rod, com- 

plete - ian ies gs . 2b. 1402 
Total weight of piston complete and 

gudgeon-pin : a as ..» Lib. 12} 02. 


As the pistons in this engine were originally of cast 
iron, these were replaced by steel-domed ones, raising the 
compression from 82 Ib. per sq. in. to 100 lb. per sq. in. 
These steel Fay were cut and drilled as shown in 
Fig. 1, and, finally, each was adjusted to be of exactly 
the same weight as its neighbour as measured by an 
accurate spring - ce reading to + oz. The steel 
pistons in this case were machined out of steel bars, 
and the finished piston weighed 14 lb. without its gudgeon- 

in. The writer thinks this weight could have been 
urther reduced a A awn the type manufactured by the 
Oxygen Welding Works, of Birmingham. The pistons 
made by this firm are built up from drawn-steel tube for 
the piston-body, and have the tops welded on to the 
tubes. The tops can be either flat, concave, or convex, 
according to the wishes of the designer. The gudgeon- 

in bosses are welded to the sides, the piston having first 

n machined all over inside. After the bosses have 

welded in position the piston is machined on the sides 
and over thetop. One of the features of this piston is that 
the top is welded to the sides from the outside, metal 
being run into a V-sha groove until it shows all round 
the join inside. Fig. 2 gives some idea of the extreme 
lightness of one of these pistons. The gudgeon-pin of 
this 80-mm. engine was j in. in diameter by 3 in. long, 
and weighed, before lightening, 7 oz. This weight was 
reduced to 4 oz. by drilling the pin from end to end with a 
Sage drill, and machining the ends to a taper, as shown in 

ig. 3. This gudgeon-pin is a tight-push fit in the piston, 
and is kept from turning by means of a taper pin, screw 
through the piston boss, the tapered end passing through 
the end of the pin. This tapered set-screw is kept from 
working loose by a small washer with a square hole in it, 
and kept in position by a split pin. The total weight of 
the piston was reduced by fitting only one piston-ring 
instead of three. This ring, which is oe the Oxygen 
Welding Works, is in sally two rings welded together 
at one point, with the two = coming in at each 
side of this welded portion. Fig. 4 gives an idea of 
this ring. The total weight of the three rings was 3 oz., 
as against 1} oz. of the one double ring. A brand 
of steel which has very largely used in connec- 
tion with racing work for pistons and connecting-rods 
is called ‘‘B.N.D.,” and is manufaetured by Messrs. 
G. Derihon, at Loncin, in the suburbs of Liége. This 
steel has been used by many of the record-breakers at 
Brooklands and elsewhere, and owing to the remarkable 
properties of this steel, the pistons and rods can be made 
extremely light. The connecting-rods of this 80-mm. 
engine, being too heavy, were reduced in weight in the 
following manner :— Being of H-section, they were milled 
down, as shown in Fig. 5; the black portion of the sec- 
tion represents the metal removed. e centre web of the 
H-section was drilled and cut away, as shown in Fig. 6, 
and the bottom ends were lightened by milling off the 
metal at the bottom-end bolts, also shown in 4 The 
bottom ends were also lightened further by drilling 3-in. 
holes over the surface of the metal. e bottom-end 
bolts, instead of having two nuts, bad only one fitted, 
this nut, of course, being serrated at the top for a split- 
-. The crank-pin bushes, which were of white metal 

eld in brass cages, had yy in. machined off each side. 
The total weight of the connecting-rod complete came 


ed | the oil passed through the 





out at 2 Ib. 14 0z., as already noted in Table 2. Die- 
cast white-metal bushes were tried for the bottom-ends— 
that is, bushes without any brass cage—but they were 


ced | not a success, being unable to stand up to the constant 


hammering action, under which they spread out and 
fired up on the crank-pin cheeks. The connecting-rods of 
this engine could have been reduced still further in 
weight if one of the special alloy steels had been used, 
but in this case the engine had to be built of practically 
standard material. e round section rod has been used 
by a few makers for racing work, and has certainly been 
extremely light, being, as it is, drilled up the centre ; and 
in the case of an ——- fed throughout under the forced- 
feed system, this drilled hole is used for supplying the 
gudgeon-pin with oil. One firm who use round-section 
rods for their 78-mm. by 156 mm. engine can reduce the 
weight of their standard rcds from 19% oz. to 14% oz. by 
using special alloy steel. The H-section rod is, of course, 
the strongest form of section to resist the buckling and 
bending strains developed at high speeds. One writer 
has suggested cutting away the top end of the rod, as 
shown in Fig. 7. This certainly lightens the rod at this 
particular point, and as the top end of the rod is taken 
as a reciprocating weight, the idea is plausible, but there 
is always the risk of a piston going through the cylinder 
—. The writer thinks the expedient of doubtfu 
validity. 

The weights of all the little ends of the connecting- 
rods should be identical, and the method adopted for 
determining this weight is shown in Fig. 6. he big 
end is suspended from a small brass clip inserted between 
the halves of the bottom end and round one of the bolts. 
The small end then rests on a finely-graduated spring- 

ce, and each rod is weighed in this way until the 
lightest one is found. This is used as a standard, and the 
rest are reduced to this. The weight to be removed being 
very small, the adjustment is made by filing the little 
end bush on the outside. The rods are next reversed, and 
the bottom end put on the balance, with the small end 
suspended and the weights equalised, either by drilling 
or filing away the surplus metal. The reciprocating and 
rotating parts of the rods are now all the same weight. 
The balance of the crank-shaft is of great importance 
for an engine which has to run at 2800 to 3000 revolutions 
per minute, and it should receive careful attention if the 
engine vibration has to be kept down. It would be better 
to have this balance balanced in a rotational crank-shaft 
balancing-machine, because on knife-edges the crank- 
shaft might be in good static balance, but if tried on 
one of these balancing-machines it may be out of balance 
at a 5 of only 500 revolutions per minute. This is 
ca by want of uniformity in the steel, owing to which 
the principal axis of the shaft does not coincide with the 
centre line. If such a shaft, though statically balanced, ex- 
hibits signs of being out of dynamic balance at 500 revolu- 
tions per minute, one can easily imagine the extra stresses 
seb up in the bearings when the speed is raised to 3000 
revolutions per minute. Before testing a shaft for run- 
ning balance, it should first be tried for static balance on 
knife-edges. 

The crank-shaft having been tested and corrected for 
running balance, then the very important subject of 
lubrication crops up, as it is only by means of a carefully- 
designed and thoroughly reliable means of lubrication 
that an engine can be run for hours on end under full load. 
The system most generally adopted at the present day is 
foi feed to all rings by means of a gear-wheel or 

lunger-pump driven off the crank-shaft or cam-shaft. 

e oil is drawn from the bottom casing or oil-sum 
through a non-return valve, and delivered through oil- 
ducts to the crank-shaft bearings, and thence through 
oil-holes drilled in the crank-shaft to the bottom ends of 
the connecting-rods. The gudgeon-pins may either be 
fed from an oil hole drilled up the connecting-rcd, or 
by splash from the crank-case. In the case of the Peugeot 
engine, which won the Grand Prix last year, the pum 
delivered oil to the five main bearings of the crank-shaft 
at a pressure very much raited above that usual on the 
touring models, and after going into the main bearings 

rilled crank-shaft to the con- 
necting-rods, and from the connecting-rod bearings up 
the hollow rods to the gudgeon-pins. This is certain! 
one of the best methods of lubrication for an engine with 
the bearings so heavily loaded, and the high oil pressure 
reduced the risk of the gudgeons being starved of oil 
should a bottom end get a little slack. This method of 
lubrication is, of course, expensive, and the less expen- 
sive method adopted in the 80-mm. engine, of which some 
particulars have already been given, was forced feed to 
the crank-shaft main bearings, and also to oil-troughs 
cast in the bottom casing, into which the dippers on the 
connecting-rods passed at every revulution, lubricatin 
the crank-pins, and at the same time splashing the oi 
on the cylinder walls and gudgeon-pins. The oil pres- 
sure was raised from the usual 5 lb. per sq. in. to 15 lb. 
per sq. in. by fitting a more powerful oil-pump, the oil in 
the bottom casing being kept cool by the air passing along 
ribs cast on the bottom of the casing. 

3. The alternative plan of reducing the compression 
by lengthening the connecting-rods gives some advan- 
tage by the slight reduction it effects in the angularity 
of the rod and in the side thrust of the pistons on the 
cylinder walls on the explosion and compression strokes. 
It should also reduce vibration, because, if one considers 
an ordinary four-cylinder engine crank-shaft in which 
the two outside are going up as the two inside 
ones are coming down, then, if the connecting-rods were 
infinitely long, this would give perfect balance ; but, 
owing to the length of the rods used in ordinary practice, 


there is a point when the crank-shaft is at mid-stroke 
where the balance is not gocd, owing to the pistons 
coming down moving faster than those going up. Hence, 


in er to make this difference of piston velocity 
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o— th — ith king th ine too high 
be got in the without making the engine igh. 
The 1 length of the rods used in ordinary practice varies 
from 14 to 2? times the stroke ; if made 4 than this 
the engine becomes too high. Making the cylinder offset, 
or desaxé, in relation to the crank-shaft increases the 
side-thrust of the piston on the compression stroke, but 


possible, the rods must be kept as long as can | be taken much above 2000 revolutions per 


minute owing 
to vibration and the inertia of the moving parts. After 
lightening the pistons and connecting-rods, &c., and 
fitting two sparking plugs to each cylinder, the engine 














reduces it on the explosion stroke, and as the p es 
above the pistons are very much less on compression than 
on the explosion stroke, this method has met with a good 
deal of success; at the same time, this plan tends to 
improve the lubrication of the cylinder-walls, as the side 
thrust is less. 

4. The next item to be considered in building a high- 
a engine is the area through the valves and ports. 

‘or successful running at high it is very neces- 
sary to make sure that the valve arrangement is such 
that the cylinders are filled and exhausted completely in 
the very short period of time available. The commonest 
form of valve arrangement is that with the valves all 
on one side and actuated by the one cam-shaft. This 
certainly makes a very neat engine, and is cheaper to 
build than an engine having valves on opposite sides, 
because, of course, two cam-shafts would then be requi 
and also another gear-wheel to operate it, all of which 
adds to the weight of the engine. The different methods 
adopted by makers for valve arrangements are shown in 
Figs. 8 to 13. Fig. 8 is the side-by-side type with all valves 
driven off one cam-shaft. This system is adopted on 
the Talbot, Singer, Straker-Squire, and Sunbeam engines, 
all of which have made a name in the racing world. 


Fig Fig. 
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Before Improvement. After Improvement. 
r.p.m. | b.h. r.p.m. b.h.p. 
1900 4.0. = 
23.8 2600 35 


com | 


could be accelerated right up to 3000 revolutions per 
minute. Bigger valves would have been an improve- 
ment if oe could have eng fitted, _ in the present 
engine this was not possible. Some figures showing 
results which have been obtained with the engines may 


be of interest. 
Engine, Four Cylinders. ae aad H =. 


80 mm. by 148.5 mm. ... 2800 80 
101.5 mm. by 140 mm. ... 3750 133 
90 mm. by 120 mm. one 2590 60 
80 mm. by 200 mm. ice 3000 80 


There is also a two-cylinder horizontally-opposed motor- 
cycle engine known as the ‘“‘ A.B.C.,” which develops 








remarkable power for its size. The cylinders are 68 mm. 


| by 68 mm., and the makers claim that this engine can 
develop 14 brake horse-power, and can run at more than 


Fig. 3. 
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Fig. 9 has valves on opposite sides and two cam-shafts, 
and used in the Austin, &c. In Fig. 10 there is one 
valve above the other, the overhead one being operated 
by a push-rod and rocker-arm. Fig. 11 is the system 
used by the winning Peugeot in the Grand Prix of last 
year. In this case the valves are inclined at 45 deg. 
to the centre line of the cylinder, and are operated 
by two cam-shafts carried on bearings on the cylinder- 
tops. In Fig. 12 there is an inlet valve of large dia- 
meter in the cylinder-top, and slightly inclined to the 
centre line of the cylinder are four exhaust-valves. 
In Fig. 13 the valves are parallel, and only one 
cam-shaft is used and rocker-arms operate the valves. 
These valves are timed so that the two on the one 
side of the cylinder have a lead in opening over the 
other two. This system has proved efficient on the test- 
bench, and a four-cylinder engine with a bore and 
stroke of 105 mm. by 120 mm., the inlet-valve being 
85 mm. in diameter, and each of the exhaust-valves 
35 mm. in diameter, developed 105 brake horse-power 
at 2000 revolutions per minute. The 80-mm. engine 
under consideration having all the valves on one side was 
improved in the following manner :—The diameter of 
the valves fitted to this engine were 35 mm. with7 mm. 
lift, and the port opening was increased by boring out the 
ag below the valves bt See in diameter, see 

ig. 14. A new cam-shaft was fitted, with different timing 
(Fig. 16), giving quicker lift and drop to the valves. The 
lift of the valves was also increased to10 mm. Stronger 
valve springs were fitted to make the tappet rollers follow 
the cams at the high speeds. The springs fitted to the 
valves at first were 1,; in. outside diameter of No. 9 
gauge wire with ten coils. These were taken out and new 
valves were put in, having the valve stems screwed at 
the bottom ; the spring was held in by a screwed 
cap with a lock-nut underneath. @ spring tension 
could in this way be adjusted tosuit. The springs which 
were put in were the same outside diameter and the same 
size of wire, but with fourteen coils. The fly-wheel was 
also considerably lightened, as slow running of the engine 
was not essential. A special twin carburettor was fitted, 
having a separate pipe to each pair of cylinders, and each 
exhaust valve had & separate exhaust pipe, each exhaust- 
_ into an exp chamber. From this chamber the 
exhaust gases were led to the rear of the car. From 
tests taken of this engine after it was finished it was 
found to give out about 10 brake horse-power more than 
before the alterations described, as will be seen from the 
table in the next column. 

In the first case the maximum brake horse-power was 
got at 1900 revolutions per minute, and the power curve 
efter that point began to drop, and the speed could not 











There is only one sleeve per cylinder in this engine, 
and this does not move straight up and down the 
cylinder, but has a compounded vertical and rotary 
motion which results in the sleeve describing an elli 
in the cylinder. This action gives better lubrication 
the straight-line motion, as it spreads the oil over the 
cylinder walls, and also there is less power absorbed in 
moving the sleeve, owing to the twisting action. The 
heads of this engine, which at one time were fitted 
with a broad ring to prevent the compressed gases leaking 
past the top of the sleeve, have now been dune away with, 
as it was found from tests taken off an engine with a set of 
a heads that the engine would develop more power, 
and that, even after a very prolonged test under full load, 
the compression was not decreased in any way. 
power gained by doing away with compression 
i amounted to 2.9 brake horse-power at 1 revo- 
lutions per minute. That these engines are efficient 
there can be no doubt, as the re ye 
Argyll car, at Brooklands, made a world’s record by 
running for 14 hours at a speed of 76.43 miles — hour. 
This shows that the sleeve-valve engine, besides being 
remarkably silent in operation, can also attack records 
which up to now have been held by poppet-valve engines. 
The only engine of this class which bas a safety device on 
the valve mechanism is the rotary valve *‘ Itala.” This 
engine has only one rotary valve for two cylinders, and 
great care has hoon taken in the design to make sure that 


the valves shall be i eee ay | water-cooled. The driving- 
spindles of these valves are 
which, in the event of seizure of a valve (w 


tted with a slipping device, 
Aro ia, how- 




























5000 revolutions per minute. The pistons in this engine 
only weigh 9 oz., and have only one ring. 

Some makers are now fitting nothing else but sleeve- 
valve engines to their cars. For these engines the follow- 
ing claims are made: that they will retain their quietness 
of operation for a longer period than the poppet engine, 
also they will develop more power. The first successful 
engine of this type was the Knight. This engine has 
two sleeves per cylinder, one inside the other. These 
are driven up and down by small connecting rods off the 
side shaft, which in turn is operated by silent chain from 
the crank-shaft. Through these sleeves are cut rect- 
angular ports, which cover and uncover corresponding 
ports in the cylinder walls. engines are very 
silent in operation, and the power does not fall off after 
hard work, as is shown by the results obtained in tests 
made by the Royal Automobile Club on a 22-horse- 

wer and on a 38-horse-power Daimler-Knight engine. 

engines were run on the bench for 132 hours con- 
tinuously. The 22-horse-power engine was under a 
brake load of 38.83 brake horse-power, and the 38 
horse-power develo 54.3 brake horse-power during 
the whole time. The engines were then put in chassis 
and driven 500 miles for four days, and given a final 
bench test of five hours. The brake horse-power of 
the 22-horse-power engine in this final test rose to 38.96 
and that of the 38 horse-power to 57.25 brake horse- 
power. Another t of ve engine which has been 
very successful is i 


Argyll single-sleeve valve-engine. 





ever, very improbable owing to the system of water 
cooling employed), would allow the valve-spindle to 
turn idly without aay By harm. The valve after 
being freed can easily fitted with another of these 
safety-pieces. : 

The rapid ignition of the compressed gases in the 
cylinders of a high-speed engine is of great importance, 
and some makers have fitted as many as four sparking- 
pluge per cylinder to get this rapid firing, and thus secure 

igh mean effective pressures, The position of the plugs, 
too, is of some importance. Their ordinary position is 
usually above the inlet-valve. They have also been 
tried above the exhaust-valve, but here the plug-points 
run the chance of becoming incandescent, and causing pre- 
ignition. Some makers have also fitted two magnetos to 
get better results. The exhaust and inlet pipes call for 
special attention, so that the inlet and exhaust gases may 
xet into and out of the cylinders with freedom. Some 
induction pipes have been made in the form of the 
figure 8, so that there will be no reversal of the flow of 
the inlet gases, each succeeding cylinder drawing from 
the pipe and keeping the flow always moving in the one 
direction. Another in the form of an ellipse has also been 
used, and gives excellent results. The pipes should not 
be too large in diameter, or the petrol vapour will con- 
dence and give trouble ; warming the induction pipe will 
do away with this trouble if properly carried out. The 
warming can either be done with water-jackets fed from 
the cylinders or by the exhaust gases. The exhaust-pipes 
should be large in diameter ard have easy bends, to avoid 
any eddying of the gases during their paseage to the 
silencer. 

The rope-brake dynamometer is that most commonly 
used for testing the output of petiol-engines. In one 
case the writer tried the same engine with a rope-brake 
and with a fan dynamometer, and found the two did not 
agree, the rope-brake showing the — power. The 
makers of the fan dynamometer re-calibrated the latter, 
and maintained that it was accurate, and the source of 
the nore yf has not been traced. The main dis- 
advantage of the fan-brake is that the engine has to be 
stopped and the blades shifted if more power is wanted 
out of the engine. most convenient device, the 
writer believes, though no doubt the most expensive, 
is the electrical brake, the engine being coupled to a 
dynamo, the efficiency of which is known, and the 
current generatcd absorbed by a water resistance, or 
by lamps. The power given out can then be read direct 
on an ammeter calibrated to give the brake horse-power 
without calculation. 

This experiment on the 80-mm. by 120-mm. engine 
showed the makers that in the standard engine the 
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wer could be increased without a great deal of expense 
fitting lighter section connecting-rods, lighter pistons, 
and putting in bigger valves. Makers of petrol-engines 
try to get in the biggest valves they can without having 
too large a combustion-chamber. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


ce Branch, Board of Trade, 73, Basinghall-street, 
| ow E.C. 


Straits Settlements.—The istrar of Imports and Ex- 

rts at Singapore (the of Trade Correspondent 
ee the Straits Settlements) reports that the Singapore 
muniéipal estimates of expenditure for 1914 include the 
followmg appropriations by the Municipal Commissioners 
out of the Four per Cent. (1913) Loan :—Sew scheme, 
850,000 dols. ; gas-works, 100,000 dols. ; Victoria Bridge. 
60,000 dols. ; electrical installations, 50,000 dols. ; new 
incinerators, 15,000 dols. ; and new water-mains, 130,000 
dols. Other items classed as ‘‘special a Yo 
the annual estimates are :—Fire alarms, dols.; carts, 
vans, dust-bins, and motor-wagons, 66,000 dols. ; dis- 
tributing water-mains and renewals, 60,000 dole. ; water- 
meters, 15,000 dols.; motorlorry, 9000 dols.; gas-lamps, 
5000 dols.; gas-mains, 32,500 dols.; carbonising plant and 
condensers, 30,000 dols.; two stone-crushers, elevators, 
and hoppers, 6000: dols. The Penang Municipal Com- 
missioners are appropriating the following from the 1914 
Loan :—For improvements to water supply, 145,000 dols. ; 
new water-mains, 150,000 dols.; destructor, 50,000 dols. 
drai and improvement schemes, 100,000 dols. ;_be- 
sides the following ‘‘ special services ””—motor-van, 5000 
dols. ; “‘Stereophagus ” pump and engine, 3000 dols. ; steam- 
rollers, 3500 dols.; water-meters, 25,000 dols; and fire- 
hydrants, 2500 dols. The Malacca Municipal Commis- 
sioners have, amongst other expenditure, decided upon 
the following :—Meters and waste-not valves and parts, 
5400 dols.; and electric-lighting installation, 3000 dols. 
(Dollar = 2s. 4d.) ; 

Spain: The Gaceta de Madrid | a copy of a 
decree, issued by the Ministerio de Fomento, inviting 
tenders for the construction and working, for a —_— of 
ninety-nine years, of a railway from Orusca to Cifuentes 
via Mondejar and the Tajo Valley. Work must be begun 
within three months from the date of the granting of the 
concession, and be completed within five years. Tenders 
will be received up to March 20, 1914, by the Direccién 
General de Obras Piiblicas, Madrid, and are to be accom- 
panied by a deposit of 235,821 pesetas (about $730/.). The 
minimum amount of rolling-stock required to work the 
line is 12 locomotives, 19 passenger-coaches, 80 _ 
and 4 brake-vans. The concession carries with it a State 
subsidy. The capital required for construction is esti- 
mated at 23,582,180 pesetas (about 873,000/.). e con- 
tract will doubtless go to a Spanish subject, but the 
carrying out of the work a involve the purchase of 
some materials and rolling-stock outside Spain. 

Russia (Poland); With reference to the railway im- 
grovgmenss which are to be carried out in the Warsaw 

istrict, H.M. Consul at that city reports thav United 
Kingdom manufacturers desiring to supply plant and 
material should communicate, in Russian (this is essen- 
tial), to the Traffic Superintendent, Vistula Railway 
Company, Warsaw. Personal representation is prac- 
tically a neceasity. 

Brazil: With reference to previous notices relative to 
a call for tenders for the construction of a railway from 
Piquete to Itajubé, the Acting British Consul-General 
at Rio de Janeiro reports that the date for the receipt 
of tenders has again been postponed, this time inde- 
finitely. The Diario Oficial publishes a decree approv- 
ing the plans and estimates for the erection of ware- 
houses and locomotive and carriage sheds by the Parand 
Railway Company (Brazil Railway Company, 64 Cornhill, 
London, EC), at a cost of 615,068 milreis (about 41,000/,), 





THE CROSSLEY OPEN-HEARTH GAS. 
PRODUCER.* 

In the Crossley gas-producer the fire was, the speaker 
waid, at all times in full view of the operator on all sides 
There was the usual form of generator (see figure) lined 
with fire-brick, with a supply hopper on the top, but below 
there were a series of circular plates forming a stepped 
grate. These plates were so disposed that the fuel, having 
its partioular angle of repose, would not approach the out- 
side edge of each plate, and below the bottom stepped grate 
the fuel reated on its own bed of ashes. The plates were 
made of such a section that « water circulation could be 
effected around the praeretes, the water passing in a 
minute stream through funnels BE, and thence on to the 
grate-plates, flowing from the v pper to the lower. In this 
eo | the grate-plates were prevented from being burnt 
and sufficient steam was generated for making the gas at 
starting up. There were thus no vaporisers at the to 
of the generator, and hence the vertica! ker-holes 

f th d h h ical po f 
could be paces adjaceat to and parallel with the brick- 
lining within the generator. With certain classes of fuel 
clinker was formed, and if allowed to acoumulate and 
stick u the walls of the producer it prevented the fuel 
properly bedding and falling during the process of gas- 
making. It was highly important, therefore, that the 
operator, when dealing with clinkering fuel, should beable 
to pass his poker through the generator, but free of the 


© Abstract from lecture to the Leigh Engineering 
Society, on November 14, by Mr. A. Vennell Coster, 
Messrs, Crossley Brothers, Limited, 





brick-lining. In all producers where the poker-holes 
were at an angle the operator was often unable to tell 
whether he was striking clinker or brickwork, and thus 
very considerable d might be done to the latter. 
In the Crossley open-hearth producer, however, the 
operator was able to pass his poker adjacent to and 
— with the ng sae all round the brick- 
iming, knowing certainly that any obstruction met 
with was clinker, and not brick. Moreover, the 
o tor, after loosening the clinker from the top, was 
able to see, without opening any doors or otherwise 





The base of the scrubber was also made of cast iron, and 
had thus a longer life than if made of mild steel. Within 
the scrubber were two trays for supporting the coke, and 
filling and emptying doors were so arranged that the 
coke in the bottom portion of the scrubber (which was 
the first to foul) could be renewed without interfering 
with the coke in its upper portion. From the scrubber 
the gas to a combined drier and expansion-box. 
Instead of blowing up the producer with a pressure fan, 
an exhaust-fan was which drew the air and 
vapour through the fire, and in fact acted upon the plant 


interfering with the quality of the gas, the ash and/|in asimilar manner to the engine when running, creat- 


i-| clinker that had come down upon the exposed circular- | ing a vacuum in the pipe, and the various portions of the 


stepped plates below, whence they could be easily removed plant. The advantages of an exhaust-fan of this type 


by an ordinary rake. Should, however, the producer be 
left for a considerable time without poking, so that large 


| over the ordinary pressure fan were, he said, as follows: 


It could be placed close to the engine gas-cock, so 


lumps of clinker had accumulated, these. after having | that when the 7 had blown sufficiently long to 


been detached, could be simply pushed, without damaging | obtain good gas 
| test-cock), he could at once start the engine without 


the brickwork, towards the centre of the grate, and thence 
withdrawn with the ashes. 


It would, he said, be seen that one section of the fire | 


| having to 


‘ound by lighting the gas at the small 


7 » give any instructions to an assistant at the plant, 
which might be a considerable distance away frum the 


was supported on the top stepped plate, a second on the engine. With the pressure-fan system, on the other hand, 





























































































































second plate, and a third section on the lower plate, and 
the centre column of the fire supported on the ash-pipe 
under the centre of the bottom plate, so that every section 
of the fire could be readily cleaned and was under obser- 
vation, 

The stepped grate and su 
with which there was eek 
ateel. From the generator, he continued, the gas 
to an external heat-interchanger and vaporiser, which 
formed & communication between the generator and the 
scrubber, In this heat-interchanger the gas was cooled by 
means of ribbed tubes, The water for vaporisation was 

mased first through an automatic water-regulator, and 

owed down « tube J into the hent-interchanger. This 
tube had an open bottom, and the water rose in the ribbed 
tube to the overflow, to which the feed-tube of the next 
ribbed tube in series was connected, and #0 on until M, the 
last, was reached, This tube formed a communication 
hetween the steam-space of the vaporiser and the steam- 
distribution pipe to the producer. The water overflow 
from the adjacent ribbed tube also passed down this pipe, 
and was flashed into steam. There was thus a continuous 
circulation of water down the centre of each ribbed tube 
and up the sides through each in series, and the steam was 
taken away by the ribbed tube and the distribution-pipe 
O, which passed round the fire and distributed the steam 
through a number of holes. 

Before passing to the scrubber R the gas was con- 
strained to pass through two cascades of water at P 
formed by the overflow water from the scrubber. The 
impact of the water on the gas rid it of the heavier im- 
purities, which were continuously washed away, and so 
relieved the coke in the coke-scrubber ; it was therefore 
not to clean and renew the coke as often as 


ob necessary 
with other arrangements, 


ports B were made of cast iron, 
leas corrosion than with mild 











the conditions were quite different from those under 
which the plant worked when the engine was running. 
There was then a difficulty in getting the necessary 
amount of steam through the fire, and, generally speak- 
ing, it was blown to waste during the blowing-up periods. 
The exhaust-fan, on the contrary, drew in the steam, and 
the conditions are exactly the same as when the engine 
was running. 

An automatic water supply to the vaporiser was pro- 
vided, This consisted of two tubes coupled to a small 
vacuum-chamber T, which, in turn, was connected hy the 
pipe to the gas-outlet pipe from the generator, Water 
was fed from a tap into the funnel W; and when the 
engine was not taking a charge of gas, this water over- 
flowed at the pipe X and ran to the seal-box, When the 
engine took a charge of gas, however, a vacuum was 
created in the vacuum-chamber and water was sucked 
over the upper tube 8 and ran into the lower funnel and 
thus to the vaporiser. This automatic water supply 
required no levers, diaphragms, or needle-valves, and 
involved no movin rts, whatever with the exception of 
the water itself. , © supply of water to the vaporiser 
was, therefore, automatically regulated to suit the load 
on the engine, thus ensuring a constant supply of gas of 
good, regular quality 





Coat Exports,—The movement of British coal abroad 
for the first ten months of this year exhibited a marked 
increase, having been 61,257,261 tons, as compared with 
42,550,191 tons in the corresponding period of 1912, and 
53,257,450 tons in the corresponding period of 1911. When 
account is taken of coke and patent fuel, the totals are 
carried to 63,958,136 tons, 54,605,269 tons, and 55,442,836 





tons respectively, 
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Professor Lees asked how small a diff f tem- | Usi ellipsoid led at 45 . to the electri 

THE PHYSICAL SOCIETY OF LONDON. arena throughout the cuavanetien Sank bas aa field, “he had ee te Am Rode down to 
e 


At the meeting of the Physical Society of London, 
held on November 14, 1913, at the os College of 
Science, Professor C. H. Lees, F.R.S., Vice-President, in 
tan en eae depres ely Eaten” ey 
of Mercury b m, ° ty y oO. 

aa Nettleton, B.Sc., was read by Dr. A. 
Griffiths. 

The paper gave an account of the determination of the 
thermal conductivity of mercury at the ordinary tem- 
perature of the room by the impressed-velocity method 
first described by the author in the Proceedings of 
this Society, Vol. XXII., 1910. The mercury is con- 
tained within a vacuum-jacketed — tube about 
17 sq. cm. in cross-section, which is heated at the top 
and maintained ice-cold at its lower extremity. The 
distribution of temperature down this tube is deter- 
mined with the aid of a single thermo-junction, while 
the mercury is at the same time flowing uniformly up 
the tube at 5) ng from 870 to 1420 grammes 
per fifteen minutes. e calorimetry is thus essentially 
continuous - flow calorimetry within the ey 
gradient, the quantity of heat passing down the mer- 
cury being controlled and measured by the flow of 
liquid. The wires forming the thermo-elements—viz., 
iron and constantan—were contained within a vertical 
tube of 6 mm. external diameter, through the glass of 
which the wires were fused; this carrier - tube lay 
within the vacuum vessel. The thermo-junction could 
be raised or lowered to the desired extent by a cathe- 
tometer, or could be rotated in a horizontal plane. 
The isothermals were found to be remarkably hori- 
zontal. 

If 6, is the temperature at a distance L/2 above the 
isothermal surface at a temperature equal to that of 
the enclosure, and @, the temperature at an equal dis- 
tance below, then loge 0;/ — 62 = msL/2K A where s is the 
specific heat of mercury, K ics thermal conductivity, A 
the cross-section of the tube, and mthe mass of mercury 
crossing a section per second. Using this relationship 
a mean value of 0.0201 c.g.s. units at 15.5. deg. Cent. is 
obtained for K. Patel 

The advantages of the method lie in the simplicity 
of the calorimetry and in the fact that temperature 
ratios rather than temperature differences are required. 

Dr. C. Chree said there might be some doubt as to 
the exactitude with which the mathematical formule 
represented the physical facts, but the method seemed 
promising for determining the c with temperature 
of the thermal conductivity, and he inquired whether 
investigations had been directed towards that end. As 
the cross-section of the vessel appeared in the formule, 
it would give increased confidence if vessels of different 
section were tried and found to give accordant results. 

Dr. J. A. Harker asked if the author was satisfied as 
to the distribution of the flow at different parts of the 
cross-section, and wished to know how the results com- 
pared with those of other observers. 

Mr. F. E. Smith said that it appeared to him that 
the practice of Mr. Nettleton did not exactly tally with 
the conditions im by theory. Why did Mr. 
Nettleton assume that the temperature of some water 
in a glass tube in the proximity of the apparatus was 
the same as that of the outer wall of the vacuum 
jacket’? It appeared from the data that it was not, and 
this being so an error was introduced, inasmuch as the 
isothermal taken as the ‘‘zero isothermal” was not so. 
If the assumed ‘‘zero isothermal” was appreciably 
higher than the true one, the deduced thermal con- 
ductivity would be too high. Again, theory imposed a 
condition on the outer wall of the vacuum jacket; it 
must be of uniform temperature. Was this so in 
practice? One end of the jacket was practically at 
0 deg. Cent. and the other at 100 deg. Cent. ; there must 
be a temperature gradient. He wouid suggest that the 
outer wall of the vacuum jacket be cooled with circu- 
lating water in which the second thermo-junction was 
immersed. The beauty of Mr. Nettleton’s method was 
apparent to all, and he trusted he would continue his 
experiments, 

Jr, A. Russell regretted that the author, following 
the usual custom, called the law for the cooling of a body 
by radiation Newton's law, and the coefficient the New- 
tonian coefficient of emissivity. Newton considered the 
case of a block of iron being cooled by a current of air, 
#0 that the heat lost by radiation was very small com- 
pared with that lost by convection, In this case he 
ound that the heat lost by the iron was very approxi- 
mately proportional to the difference of temperature 
between the air and the iron. This law had been 
verified recently up to differences of temperature 
between the cooling body and the air as high as 200 deg. 
Vent. and 300 deg. Cent. In the author's experiment, 
however, the tube had a vacuum jacket, so that the heat 
lost by convection was quite neg igible. As the differ- 
ence of tem rature was, comparatively speaking, small, 
we saw by Stefan’s law that the author's assumption was 
justifiable. In the speaker's opinion the real '‘ Newton's 
law of cooling” was of great importance in practical 
work, and he thought that teachers and the writers of 
text-books ought to lay greater stress on it, 

Dr. W. H. Eccles called attention to the fact that at 
first sight the method would be thought to be incapable 
of high accuracy, because of the form of the expression 
of K, the conductivity. This expression had as its de- 
nominator what was practically the difference between 


two nearly equal magnitudes, and these magnitudes were | P 


themselves differences. That was to say, the denomi- 

nator was of the nature of a second differential co- 

efficient of an experimental curve. That such consistent 

a = obtained indicated remarkable precision of 
riment, 





tected 1 eg therme-couple. 

Dr. Griffiths, in reply, stated that, as shown in the 
earlier paper, the distribution of the flow was not im- 
portant so long as the isothermals were plane. 

The author communicated the following :—In reply to 
the Chairman, Professor Lees, it poms y he stated that a 
difference of temperature of 0.05 deg. Cent. over a hori- 
zontal surface would easily have detected in any 
position of the cathetometer. In the neighbourhood of 
the ‘‘zero-isothermal” all resistances, except that of the 
ewan and wires, could be removed and a more 

elicate test made. It is safe tosay that in this neigh- 
bourhood a difference of 0.02 deg. Cent. would have been 
detected easily. Thus the isothermals are remarkably 
horizontal, the result far meen the author’s expecta- 
tions. Mr. F. E. Smith ised an important point in 
his remarks about the “cold junction” at the tempera- 
ture of the enclosure. The cold junction could not be 
inside the vacuum, as iron and constantan cannot be fused 
through glass and a vacuum of high standard maintained. 
An attempt to surround an earlier vacuum vessel with a 
glass water-jacket (it is necessary to be able to see through 
the vacuum when adjusting the carrier-tube) resulted in 
its collapse, and no risks were taken with the present 
vessel, which is valuable, as at least ten attempts ai 
making a third have failed. The ‘cold junction” was 
maintained in a tube under water just outside the vacuum 
vessel to protect it from air draughts, but on holding itin 
the air just outside the vacuum vessel no serious tempera- 
ture difference was recorded. The vacuum, of course, 
was of ‘*thermos” or X-ray standard. When the ‘‘ warm 
junction” was in such a position as to produce no electric 
current, the zero-isothermal was located. The author 
cannot doubt that the temperature of the cold junction 
was any that of the enclosure ; for it stood the double 
test of Newton’s law holding with respect to it in a 
statical experiment, as well as the constancy of the 


ratio log gL in many dynamical experiments. The 


2 
heigat of the zero-isothermal varies in every experiment, 
being higher the faster the flow, as can be seen in the 
actual temperature curves given in the Paper previously 
alluded to. Under no flow the zero was very Ie 
near the lower extremity of the vacuum-jacketed portion 
of the experimental tube—too low, in fact, to allow of the 
test 0,/—@.=1 over any considerable range. 

A paper entitled ‘‘ Polarisation and Energy Losses in 
Dielectrics” was by Dr. A. W. Ashton, M.1.E.E. 

The object of the paper is to discuss the relations 
which should exist between the coefficients in Pellat’s 
equation as (modified by Schweidler) giving the displace- 
ment in a viscous dielectric as a function of the time of 


c e and the P.D. 
hen the modified equation 
D: = K Ey + K Ky 2e(1-e—“) 


the charging current for constant voltage becomes for 
t > 0% = K E,2aee-“, and in the series of exponential 
7 a and ¢ can be so chosen as to make Daee—“ = 

—*, 

The author makes the following deductions among 
others :—Where the polarisation current is proportional 
to t—", the viscous capacity of any group of molecules 
having the same time constant of displacement is propor- 
tional to the (l—n)th power of the time constant. 

For values of » between 0.5 and 1.5 the maximum 
energy loss occurs in those groups for which a does not 
greatly differ from p, where p = 2r~. 

For all positive values of n less than ge alternating- 
current conductivity is proportional to the nth power of 
the frequency. 

Experiments by Addenbrooke, Fleming and Dyke, 
Curtis and H. A, Wilson, are quoted in support of the 
theoretical deductions, The paper includes a brief 
réswmdé of Pellat’s theory. 

Dr. Russell said that the author’s method was in- 
genious, and that the formula deduced for the dielectric 
current agreed well with many experimental results, He 
thought, however, that Pellat’s theory was not sound, 
and that von Schweidler’s modification of it was too 
elaborate to be of much practical use, He pointed out 
that Dr. Grover had proved that, from the mathematical 
point of view, Hopkinson’s and von Schweidler’s theories 
were identical. He considered that Fleming and Dyke's 
experimental results could not be ignored, and that none 
of the theories advanced up to the present explained 
them satisfactorily. Very different formulm gave results 
which were practically identical over wide os, and #0 
they were of doubtful help in enabling us to discover the 
causes of the ae oa He considered that the nomen- 
clature of dielectric theory stood badly in need of stan- 
dardising. For instance, what the author called the 
displacement was practically the same as Maxwell's 
electric displacement, but Sir J. J. Thomson and several 
other writers called it the polarisation. 

Dr. Ecoles stated that the paper compelled remark on 
the artificial nature of Pellat’s hypothesis. This hypo- 
thesis led to an expression for the displacement current 
asa sum of exponential terms, Experiment required it 
to be a power of ¢, or the sum of several power terms. 
This required that the exponential terms of Pellat’s 
hypothesis should be infinite in number—which deprived 

¢ hypothesis of physical meaning. It would be more 
logical, theref to begin with the power terms as 


fundamental, and to discard the false start given by 
e 


Mr. Addenbrooke stated that in order to get at the 
proper —— of experiments the best dielectrics should 
not be as effects were so minute that the 
chances of error were great. With 
actions were on a greater 


dielectrics the 
easier to observe. 


ow, being’ 





a frequency of 1 cycle in two hours, taking, of course, 
time readings of current and voltage. Dr. Ashton had 
not mentioned a paper by Wagner, which seemed to 
cover much the same ground. 

Professor C. H. mentioned a later paper on the 
subject by Ourtis, who had found that Schweidler’s 
uations held if several terms were taken. » S 

. Ashton, in reply, said that in Pellat’s original 
paper there were results which showed that over a 
certain range the changing current could be represented 
by a constant times ¢—", and that more than one expo- 
nential term might be required. His own experiments 
showed that 7 = St—" held over two or three days. The 
difficulty was to keep the temperature constant over & 
long time. Another difficulty was that if circuit were 
broken for a fraction of a second, the results were 
vitiated. In reply to Dr. Russell, he believed t = St -” 
pee Fleming and Dyke’s results better than 
te =at 

A paper entitled ‘‘ A Lecture Experiment to Illustrate 
Tonisation by Collision and to show Thermo-lwminescence” 
was read by Mr. F. J. Harlow. ’ 

A method of demonstrating to an audience both 
ionisation by collision and the reduction of the sparking 
—— by the presence of initial ionisation is described 
in the paper. ; 

A spherical bulb, in which an electrodeless discharge 
is excited, contains two coils of platinum wire, coated 
with lime and aluminium phosphate eeenre , which 
can be heated by means of a current. Vithin the —_ 
of pressure for which the electrodeless discharge can 
excited, provided the discharge is not too intense, both 
the lime and aluminium phosphate, on raised to 
incandescence, give a considerably increased effect, show- 
ing that the ions given off by these substances are effective 
under the action of the induced E.M.F. in producing an 
enormous number of others by collision. ‘ 

The lower limit of the range of ssure over which 
the discharge can be excited with a given induced E.M.F. 
is considerably extended by heating either the lime or 
the aluminium phosphate, the former, however, being 
much more efficient the latter in this respect. This 
extension of r: is an illustration of the fact that the 
sparking potential is diminished by the presence of ions, 
and by negative ions more than by positive. ; 

If the lime and aluminium phosphate are subjected 
while cold to an intense discharge for some time, they 
exhibit the phenomenon of thermo-luminescence, ' the 
lime on being warmed gently giving out a golden yellow 
marge | and the aluminium phosphate a blue. The 
effect with lime apparently increases with an increase of 
electrical activity caused by continued heating, which 
suggests that the thermo-luminescence and electrical 
activity are closely associated. This s tion receives 
support from the fact that lime alone does not exhibit 
thermo-luminescence, and that both lime on platinum 
and lime on nickel, which are electrically active, do. 
Further experiments are being made on this point, which 
the author thinks will throw _ on the origin of the 
anomalous electrical activity of lime on platinum. 

A demonstration of these experiments was given. 





Krupp, or Essen.—The profit realised in 1912-13 by 
Friedrich Krupp and Co.—the successors of Krupp, of 
Essen — amounted to 2.155,000/., as compared with 
1,687,973/. in 1911-12, The dividend for 1912-13 is in- 
creased to 14 per cent. as compared with 12 per cent. 
distributed for 1911-12. The dividend of 14 per cent. is 
declared upon a share capital of 9,000,000/, An addition 
of 100,000. is made to the special reserve. 


Tue Vatur or Ontna a8 A Marxer.—The British 
Engineers’ Association, which is steadily increasing its 
membership and its influence over the China markets, 
issued a brochure which will be helpful to ites members. 
From this we take the following notes on the value 
of China as a market. For some years, in spite of the 
powerful reactionary influences which existed in China 
until the recent revolution, the progress in that country, 
and consequently the demand for engineering plant, has 
been growing with extreme rapidity. As an examp 
while Japan, usually cived as the most rapid! sive 
country in the world, took thirty years to build 3000 miles 
of railway, China, during the twelve years which . 
ceded the revolution, built no less than 5000 miles. 
Naturally, Chinese imports all round have increased very 
rapidly. During 1910, which was the last mr oar 
under the old régime, they were just over 62, O00, n 
rise of more than 12,000,000/, over the previous year, and 
15,000,000, more than Japan's imports for the same period, 
though 1910 was a in Japan. In the year 1911, in 
spite of the dislocation of trade due to the revolution, the 
imports amounted to well over 63,000,000/., and last year 
they rose to over Yb erg Chinese engineering imports 
during 1910 were about 10,000,000/. In 1911 they rose to 
12, 000, 000%. and in 1912 to nearly 12,500,000/, e main 
object of this Association is to obtain, by legitimate 
means, as much of that business as possible for its 
members. Roughly speaking, in recent years the British 
share of China’s ineering imports was about 40 per 
cent. of the total. That in itself is lower than it should 
be, and it is expected that when the full statistics for 
1912 are eveliaie, Gay will show a decline in the British 





roentage. China is merely commencing her career as 
9 im of machinery. ith her ponsietien of some- 
thing like 450,000,000, people in whom the business instinct 
is ingrained, there is no doubt that under the new régime, 
whatever form that may take, mach’ we Ny ey 
will expand, for the Chinese will be able for the firet 
time to give free vent to their progressive tendencies, 


ee 
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CATALOGUES. 


Electrical Heating and Cooking Appwaratus.—We are | poses. 


indebted to the Credenda Conduits Company, Limited, 
of Chester-street, Aston, Birmingham, for a copy of their 
illustrated catalogue and price-list of electrical heating 
and cooking-apparatus. list includes kettles, warm- 
ing - plates, cooking- plates, pots and pans, flat-irons, 
and ovens, full particulars being given in each case. 

Rotary Cutting-Off Machine.—Messrs. Charles Taylor 
Birmingham), Limited, of Bartholomew-street, Birming- 
am, have recently sent us a sectional catalogue illus- 
trating and describing the new 3-in. rotary cutting-off 
machine for bars and tubes, which was fully dea!t with 
in our issue of January 10 last, on page 51. Four other 
sizes are being got out to deal with work 1 in., 5 in., 
6 in., and 10 in. in diameter respectivelv. 


Electric Hoists.—We have received from the Lidger- 
wood Manufacturing Company, of 96, Liberty-street, 
New York, a catalogue illustrating and giving {full par- 
ticulars of the very large variety of electric hoists they 
manufacture to meet all requirements for this class of 
machinery. All standard types are dealt with, and some 
interesting examp!es of hoists designed and built by the 
company for special purposes are also included. The 
hoists can be arranged with any kind of control, ranging 
from a simple controller of the tram-car type to automatic 
devices, by means of which the hoist can be started, 
accelerated, stopped at the required position, and returned 
to its original position, by simply pressing a button. 


Wooden Poles.—Owing to the Board of Trade having 
reduced the wind pressure to be allowed for in Sy ged 
electric power-transmission lines from 30 Ib. to 25 Ib. per 

. ft., Messrs. Richard Wade, Sons and Co., Limited, 
of Hull, have found it necessary to revise the very useful 
tables they issue to enable the size of poles necessary for 

wer-transmission lines, and telegraph or telephone 

ines, to be determined. We have recently received a 
copy of these revised tables, which | gs the wind pres- 
sure on wires and poles, and the safe loads for single or 
‘*A” type poles of different dimensions. Messrs. Wade 
are sending copies of the tables toall their customers, but 
a charge of 2s. 6d. is made to other persons desirous of 
obtaining @ copy. 

mee ee and Mechanical Stokers.—A new 

mphlet, ressed to steam -users generally, 
vasantie been published by Messrs. Ed. Bennis and Co., 
Limited, of Little Hulton, Bolton. The pamphlet, after 

inting out the superiority of machine-firing over 
ring, ulustrates and describes the Bennis sprinkling 
stoker and self-cleaning compressed-air furnace. Par- 
ticulars of both these appliances will be found in our issue 
of December 22, 1911, on page 825. Some installations 
in which the stokers and furnaces are used are illustrated, 
and a number of drawings are reproduced to illustrate the 
application of the system to boilers of the Lancashire, 
Cornish, water-tube, and marine types; a _brewing- 
is also illustrated among the applications. The pamphlet 
also includes the results of comparative tests on Lanca- 
shire boilers with hand and machine-firing. One of these 
tests shows a reduction of 15.8 per cent. in fuel cost, due 
to Bennis stokers and compressed-air furnaces. 


Concrete-Block-Making Machinery.—Messrs. Matthew 
Wylie and Co., of 81-83, Portman-street, Kinning Park 
Glasgow, have sent us a copy of their new catalogue of 
** Ideal” concrete-block- ing machines and accessories. 
The catalogue illustrates and gives full particulars, with 
prices, of machines of several different sizes, all of which 
can be used for making either solid or hollow blocks for 
building - construction pur On» of the special 
features of these machines is that the blocks are made face 
downwards, so that the faces can easily be made of a richer 
concrete than the backs. Such blocks, although, of course, 
much better in appearance and more impervious to mois- 
ture than blocks made entirely of a poorer mixture of 
concrete, do not cost very much more to uce, and are 
obviously much cheaper than blocks made throughout of 
rich concrete. The catalogue also states prices of moulds 
for making various types of columns, capi and 
for columns, balusters and spindles, garden-vases, lintels, 
steps, pavement slabs, drain-pipes, and other articles. 
Full instructions for block-making are also given. 


Packing, Jointing Materials, Hose, &c.—We have re- 
ceived from Messrs. James Walker and Co., Limited, of 
en Works, be ape mt ll 1 ae age E. 
a catalogue giving particu of their productions, which 
include the wale ‘*Lion” packings for steam- 
Hy steam-hammers, hydraulic machinery, &c. It 
will be remembered that these packings have little metal 

embedded in them to form a wearing surface and to 
ae he friction. The catalogue deals with several other 
brands of packings, some of which are of recent introduc- 
tion. Among the latter is one for hydraulic work com- 
of long strips of raw hide plaited by hand to an 
approximately Bae pon section. 4 being plaited the 
strips are treated with a lubricant containing graphite, 
and the resulting packing is ciaimed to be very stron 
and durable, and also very elastic and easil spplied, 
Particulars are also given of several forms of sheet joint. 
ing materials, jointing-putty, rubber sheets and valves, 
gauge-glass packing-rings, rubber and canvas hose, balata 
and india-rubber belting, non-conducting coverings, and 
other engineers’ supplies. 


Botlers.—From Messrs. W. H. Spencer and Co., of 
Hitchin, Herts, we have received a list of “‘ Spencer- 
Hopwood” vertical boilers. The boilers are similar in 
design to ordinary vertical boilers, except that the upper 
part of the fire-box is flattened at the sides and 


with a number of short inclined water tubes of com- 
paratively large diameter. 


Large manholes are also 





provided in the shell of the boiler to give access to the 
tubes and to the interior of the boiler for cleaning pur- 
The boilers are made in four patterns, which 
differ chiefly in the ratio of height to diameter, and are 
known respectively as the “standard,” ‘‘squat,” 
“marine,” and ‘‘launch” patterns. A full range of 
sizes is made in each pattern, and prices and full par- 
ticulars are given of all of them. Some of the advantages 
claimed for these boilers are that they can be greatly 
forced without damage, are very accessible for se 
are highly efficient, and cost very little for repairs. It 
is also mentioned that the water circulation is rapid and 
certain, and that steam can be raised very rapidly; a 
pressure of 100 1b. per sq. in. can, we understand, be pro- 
— in 30 to 40 minutes from the time of lighting the 
re. 


Aluminium for Electrical Purposes.—The increasin 
employment of aluminium Wars and rods in electri 
work indu the British Aluminium Company, 
Limited, 109, Queen Victoria-street, E.C., to issue a 
special pamphlet dealing with the erection and jointing 
of bare aluminium bus - and connections. The 
pamphlet first compares the physical properties of 
aluminium and copper, mentioning, among other advan- 
tages of the former, that for equal resistance copper is 
twice as heavy as aluminium, and for equal heating the 
ratio of weights of aluminium to copper is 1: 2.3. The 
method of erection is then dealt with, and the processes 
of jointing by means of mechanical joints and butt-welds 
are illustrated and described. Illustrations of switch- 
boards, generator and battery connections, and various 
details are also given. Tables showing the dimensions, 
weights, and agree ony oe J capacities of standard rods, 
bars, and strips are also included, those sizes which can 
be most readily supplied being printed in heavy type. 
Another pamphlet to hand from the company illustrates 
and describes various forms of connectors and service 
tappings for stranded aluminium cables. These pamphlets 
were included in a binding-case, in which later publica- 


tions of the company can be inserted, and kept in a/| im, 


convenient form for reference. 


Switch-Gear.—Messrs. J. H. Holmes and Co., of Port- 
land-road, Newcastle-on-Tyne, have sent us a circular 
givi some particulars, with prices, of high-tension 
ironc. oil-switches, specially designed for polyphase 
feeders in colliery and factory installations. The switches, 
which are mounted on cast-iron frames, are of the carriage 
type, and are fitted with rollers which run in steel 
p ate og They are connected to the bus-bar chamber 


d- | at the back of the frame by means of plug contacts, and 


thus, when pulled forward, the gear is completely isolated. 
Many strong and simple interlocks and other safety 
devices are provided, so as to render the apparatus 
proof against mistakes and accidents of all kinds. The 
switches are suitable for pressures ranging from 2000 to 
6600 volts and will carry continuously currents up to 
250 amperes; they will break the circuit, under short- 
circuit conditions, in 7, sec. We have also received from 
this firm another circular relating to circuit-breakers of 
the clapper type, arranged for remote control. They are 
suitable for pressures up to 600 volts, and, as the 
energising current is only a fraction of an ampere, they 
form a very convenient step-switch for automatic start- 
ing or control-gears. The switches are fitted with 
magnetic blow-outs, and have ge | carbon sparking- 

jeces to deal with the arc formed when the circuit is 

roken. Prices are stated for five sizes, with capacities 
ranging from 25 to 1000 amperes. 


India-Rubber Goods, Electrical Machinery, Cables, d:e.— 
An attractive ag eg dealing generally with their works 
and productions has been issued by the India-Rubber, 
Gutta-Percha, and Telegraph Works Company, Limited, 
of Silvertown, E. The pamphlet first gives some interest- 
ing facts regarding the origin and early history of the 
works, mentioning that they were started in @ compara- 
tively small way in 1852 by Messrs. S. W. Silverand Co., 
a firm of outfitters, for the manufacture of waterproof 
material. By 1860 they had grown sufficiently to justif 
the desiguation of ‘ Silvertown” for the district in whic 


bases | they were situated, and this development has continued 


steadily until, at the present time, the works cover 
17 acres, and give permanent employment to some 4000 
han The enormous extent of the business of the firm 
is then clearly indicated by brief and interesting descrip- 
tions of the t ae of the various depart- 
ments. In the part ting to the india-rubber depart- 
ment, for instance, we find notes on rubber manufacture, 
and some particulars of the manufacture of water-proof 
materials, hose, belting, solid and pneumatic tyres, rubber 
buffers, floor tiling, sports requisites, and miscellaneous 
articles. The well-known mer cord tyres, for motor- 
cars, are made in this department, and their manu- 
facture is illustrated and described fully. The ebonite 
department, in which articles as widely different as 
acid-pumps and fountain-pens are made, is next dealt 
with, after which we come to the gutta-percha depart- 
ment. Here the raw material, so largely used for insulating 
submarine cables, is prepared and also made into vessels 
and articles of all kinds, including golf-balls. A very 
considerable part of the works is devoted to the manufac- 
ture of submarine cables, the total length of sheathed 
cable turned out by the firm up to the present time 
being approximately 60,000 nautical miles. A section of 
the pamphlet is naturally devoted to this work, and in it 
some interesting notes on the manufacture of the cables, 
the different types employed, and the operations of laying 
and repairing, will be found, ther with a list of the 
more important cables laid by the company. The com- 
pany own three cable-laying steamers, and some illustra- 


tted | tions and particulars of these vessels are included here. 


The remainder of the pamphlet deals with the electrical 
department of the works, first illustrating and describing 





their own extensive power plant, and then dealing briefly 
with their productions. These include electrical machines 
of all types, petrol - electric generating sets, storage- 
battery delivery-vans, train-lighting apparatus, all_kinds 
of insulated cables, insulating-tapes and jointing-mate- 
rials, measuring and testing - instruments, telegraph 
instruments, all types of primary cells, arc-lamp carbons, 
search-light projectors, and all kinds of machinery for 
special work. @ pamphlet is well printed and illus- 
trated, and the descriptive matter is in most cases suffi- 
cient to give the general reader some idea of the manner 
in which the various processes of manufacture are carried 
out. Doubtless engineers would prefer to have fuller 
details, but most of them will find something of interest, 
and some of the younger ones, at any rate, may add to 
their store of general knowledge by perusing this little 
publication. 








‘“Nores ET FORMULES DE L’INGENIEUR.”—This French 
reference-book for 1913, edited by M. de Laharpe, and 
ublished at the price of 15 francs by the Librarie des 
iences et de |’ Industrie, now enters upon its seventeenth 
edition. It contains over 2700 pages. The first edition, 
which appeared in 1881, had over 270 pages only. It 
opens with the usual mathematical matter, tables of 
squares and cu roots, logarithms, &c., and continues 
with information on materials, steam-engines, hydraulics, 
heat, gas, and liquid-fuel engines, = automobiles, 
mining, metallurgy, masonry, &c. We have frequently 
used former editions, and have found them most useful. 
Every chapter is written by a French specialist, who is an 
expert on the subject with which he deals, and we feel 
sure the present edition will more than maintain the good 
repute which the former have acquired. Researches are 
throughout facilitated by a very complete index. 





Hovuss-DrarinaGe Law.—Mr. W. Addington Willis, 
LL.B., delivered a lecture on the above subject at the 
Institution of Civil Engineers on Monday, the 24th ult. 
is was the second Chadwick public lecture, and it 
dealt with the rights and ——— of citizens and 
councils. The lecturer took the case of a citizen seeking 
to build upon a bare plot of land. He showed the 
statutory requirements as to drainage, the obligation of 
the individual to deposit plans, and the duties of the 
council in considering them. In this connection it was 
pointed out that a provincial ng passing plans for 
the joint drainage of several houses belonging to the same 
owner, could not adequately protect themselves by an 
agreement on the part of the builder that he and his 
assignees would for all time repair the joint pipes as if 
they were drains, and not sewers. Such an agreement 
was not enforceable against the assignees, even if they 
bought with notice of it. The manner in which the work 
was to be carried out after the plans had been approved 
was next disc It was shown that the authority 
could not compel or authorise the connection of drains in 
any way which involved carrying them through a 
strangers’ land without his consent, even though the dis- 
tance traversed was but a few inches. 





South ArricaN Customs Invorce REGULATIONS. 
The South African Section of the London Chamber of 
Commerce (Incorporated) and the South African Mer- 
chants’ Committee has recently made representations to 
the High Commissioner for the Union of South Africa 
relative to the Regulations under the Customs Manage- 
ment Act of the Union of South Africa, under which it 
is laid down that invoices shall contain :—1. A statement 
in a prominent place as to the current value for home 
consumption in the open market for similar goods at the 
place of purehase, bought in the ordinary manner, and 
manufactured or supplied in analogous quantities; and 
2. That the invoice shall also clearly show the cost of 
packing and pac As a result of the correspond- 
ence with the High Commissioner referred to, it is 
recommended, except as regards definite contracts, 
that suppliers should give effect to these Regulations in 
the following manner :—(a) In cases where the price 
charged on the invoice and discounts allowed and the home 
consumption value are alike, to sign a declaration to the 
following effect :—‘‘I declare that the values appearing 
on the body of this invoice represent at the date of the 
invoice the open market value of the goods if sold for 
home consumption in Great Britain, and that the dis- 
counts shown are the same as those granted on similar 

uantities sold for consumption in Great Britain.” (5) In 
the instances where the aay charged on the invoice and 
discounts allowed and the home consumption value are 
dive t, to enumerate the latter on the invoice in a 

el money column, and declare that ‘‘ the discounts 
or similar quantities for home consumption are...” 
ere the price charged the consumer is a contract price, 
the invoice must clearly indicate the current value for 
home consumption at the date of the contract, and 
the selling price to the purchaser in South Africa, and 
the words ‘‘at the date of contract” be substituted 
for ‘‘ date of the invoice.” In all cases the cost of pack- 
ing and A ges os must be given. The declarations must 
be signed, and the figures given authenticated, by either 
manager, principal, director, or secretary of the firm or 
company making the same. From communications with 
the Commissioner of Customs of the Union of South 
Africa it is understood that if the above recommenda- 
tions are carried out by the suppliers, they will meet the 
a of Clause 108 of the Regulations published 
under the sections of the Act refe to. The Commis- 
sioner of Customs intimates that should | general lax- 
ness become apparent in the signing of such certificates, 
the value and discount for home consumption will be 
insisted on in the body of the invoice for the several 
times thereon. 
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ELECTRICAL APPARATUS. 


19,118/12. S. H. Holden and Chamberlain and 
Hookbam, , am Electricity 
Meters. (2 Figs.) August 21, 1912.—This invention relates to 
electricity meters of the motor type in which mercury is em- 
ployed for completing circuit at the commutator or at other 
contacts or ts. With this object the patentees incline the 
armature spindle at an angle from the vertical, so that the com- 
mutator dips into a pool of mercury at its lower side. 1 is the 
armature spindle of the meter, and 2 the commutator. The 
spindle, as will be seen, is not placed in either ph usual ver- 
sei 1; A t on 4 + 


tical or horizontal positions, but in an i 








the vertical and the horizontal. The commutator 2 is fixed fast 
on the spindle, and consists of a disc or ring of ebonite or other 
insulating material 8. At intervals round the edge thereof are 
fixed the contacts 4, electrically connected with the armature coils 
in any of the usual ways. 5 isa pool of mercury ina cup 6, the 
mercury being in electrical connection with one terminal of the 
instrument. It will be seen that that contact 4 which is in the 
lowest position at any t makes contact with the mercury 5, 
so that as the commutator rotates the tact ted with 
the armature coils dip successively into the mercury and complete 
the circuit successively through the desired coil or coils of the 
armature. (Sealed November 13, 1913.) 


3227/13. Groupee and . ~~ and H. Burge, 
Chelmsford. ‘olyphase tors and Generators. 
(2 Figs.) February 7, 1913.—This invention consists in means for 
automatically keeping the power factor at or near unity, or, 
where desired, to produce a leading current at all loads in alter- 
nating-current motors of the synchronous polyphase type, and it 
is also suitable for Pp ing alter rent g t 

It is well known that when a synchronous polyphase motor is 
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working at unity power factor a steady magnetic flux is produced 
between the field poles, its axis being at 90 electrical degrees to 
the working flux. This flux is approximately pegeens to the 
load, and is used to produce the power-factor regulation required. 
The motor armature is wound with two distinct windings, one 
main winding for the alternating current, the other a small 





coutinugus-current ss with computator and brush 
for supplying the field winding with exciting current, the congue 


field being common to both windings. This invention provides 
means for compounding the field, consisting of a field-winding 
connected to a of brushes ich are so disposed as to collect 
the current due to the electromotive force produced by the cross- 
flux in the armature caused by the load. ferring to Fig. 1, A 
is the stationary alternating-current armature winding, which is 
arranged as ards the number of poles to suit the speed and 
frequency required. B is a stationary continuous-current arma- 
ture winding for exciting the rotating field-magnet H. The 
stator A is shown connected for four poles by means of a set of 
tappings to the ae supply mains 1), 12, 1°, On the 
rotating field-rmagnet H a main exciting-winding D is arranged, 
which winding is connected to revolving brushes F and F! respec- 
tively, which collect the main field-exsiting current from a 
stati 'y tor, and which are located in the neutral 
position between the poles of the rotating magnet H. An 
auxi or compounding winding E is also placed upon the 
rotating field-‘magnet H, and this winding is connected to 
brushes G, G! respectively, which are located at 90 electrical 
degrees from the brushes F and F!, These brushes G, G! collect 
the current due to the electromotive force produced by the cross- 
flux in the armature caused by the load, and this current in the 
winding E serves to regulate the power factor. Instead of employ- 
ing an auxiliary winding for the purpose of regulating the power 
factor, the'arrangement illustrated in Fig. 2 may be adopted. In 
this case the winding E is dispensed with, and the regulation is 
effected by arranging the brushes F, F! away from the central 
position between the field-magnet poles into such a position that, 
as the load increases, the effective magnetic flux cutting the 
winding B increases, and thereby raises the voltage across the 
main exciting winding D; the extent of this backward lead of 
the brushes F, F1, being determined by the ticular require- 
ments of each case. (Accepted September 17, 1913.) 





25,374/12. The Bristol W: mand Works 
, Ltd., and W. A. Copsey, Bristol. Mag- 
neto . (2 Figs.) November 5, 1912.—This invention 


relates to magneto trip-gear of the type in which the striker, 
after striking the bell-crank lever or the like on the magneto 
armature shaft, is moved away clear of the crank-lever in the 
return movement. According to this invention, the applicants 
provide a sheave with two projections, one of which forms the 
wiping contact, and the other is pivotally connected to a link 
which is fixed at one end and adapted to oscillate. In the form 
shown an eccentric a is fixed to the cam-shaft ), outside of which 
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is allowed to ride or oscillate an anchored sheave c, which is 
provided with an extension d freely connected with one end ¢ of 
an anchored link, the other end f of the link being pivotally 
secured to the frame. The sheave c can be either plain or fitted 
with balls to form a bearing, and is also provided with another 
extension A suitably shaped for making a wiping contact with the 
bell-crank ¢ on the magneto armature-shaft &. Further, by 
putting an eccentric pin in either end ¢ or f of the anchored link, 
the timing can, at will, be advanced or retarded. The travel of 
the point of the extension A is shown by the dotted line in. 
(Accepted September 17, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


24,533/12. The Firm Robert Bosch, Stuttgart, Ger- 
many. Internal - Combustion es, (2 Figs.) 
December 16, 1911.— The present invention relates to igni- 
tion devices for re-starting multi-cylinder internal-combustion 
engines where there is a combustible mixture in the cylinders, 
and is also intended to enable the machine to be started without 
any special hand-turning device, even in the cases when the con 
ditions are not favourable for ignition. The invention consists in 
an arrangement in which the auxiliary contact, instead of bein 

laced in a circuit shunting only the mechanically-controll 

nterrupter, is placed in a shunt comprising both the mecha- 
nically-controlled interrupter and the trembler. In the draw- 
ings, Fig. 1 shows diagrammatically the circuit arrangements 


Fig.t. Fig.2. 
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according to the invention, and Fig. 2 shows a construction 
of the parts suitable for practical working. If the auxiliary 
contacts 11 and 111, which are in shunt with the trembler 
and the mechanical interrupter, are closed, when the inter- 
rupter 6 is open, current flows from the battery 1 over the 

mary winding of the induction coil 2 and the auxiliary con- 
tact 11 back to the battery. ning and —s contact 11 
will therefore give rise to single rks which wi ite the 
gaseous mixture in the cylinder and start the motor ; if contact 
ll is then opened the trembler is actuated and controlled by the 
mechanical interrupter. If the auxiliary contact is kept closed 
for a longer time sparking cannot occur in a wrong cylinder, 
since the trembler is short-circuited, and therefore out of action. 
Since the primary winding of the induction coil 2 with regard to 





its normal working, should be of small resistance, too much 
current might be drawn from the battery when the auxiliary 
contact was used, so that it is advisable to insert a resistance 12 
between the contact 11 and the battery. In Fig. 2 the terminal 
11 is attached to a spring which surrounds the trembler contact 
4, but is insulated from it. The other terminal 11! of the auxiliary 
contact is fixed to a part connected to one pole of the battery 
over a resistance 12. The spring carrying the contact 11 is 
attached to the same plate to which the spring contact of the 
trembler armature 3 and the primary winding of the induction 
coil 2 are connected. Condensers 7a and 7) are placed across the 
contacts of the mechanical interrupter and the trembler respec- 
tively. The two condensers in series are placed across the elec- 
trodes of the auxiliary contact 11. The capacity of the condensers, 
therefore, is smaller for the anxiliary interrupter than that of a 
single condenser, but is sufficient for producing a powerful spark 
in the secondary coil. A resistance 12 can, as shown in Fig. 2, 
be inserted in the lead between the insulated terminal of one 
condenser and the fixed electrode of the auxiliary contact. 
( November 18, 1913.) 


29,076/12. Vickers, Limited, and J. McKechni 
Barrow-in-Furness. a EN Engines. 


(6 Figs.) December 17, 1912.—This invention relates to the con- 
struction of cylinder covers for internal-combustion engines of 
high power, in which the cover is made of considerable depth, 
with internal strengthening webs, and sometimes with a series of 
scavenging air-valves around which the cooling water circulates, 
It is found that when covers of this wre are cast in one piece, 
according to the usual practice, there is great difficul: y in avoid- 
ing internal strains, and in preventing excessive differences in 
temperature at different points during the working of the engine, 
80 that the cover is liable to crack. According to this invention, 
the cover is made in two main parts, a deep upper hollow part 
forming the body of the cover, and provided with strengthening 
webs or ribs, usually made in a si.gle casting, and a bottom plate 
of wrought iron, mild steel, or other suitable metal, which makes 
joint with the end of the cylinder, and is exposed to the workin, 
pressure. A is the body of the cover, of deep hollow form, wi 
strengthening web a, which forms a truncated cone. B is the 
bottom plate. ©, C are long screwed studs for securing valve- 
boxes in the valve aperture of the cover. D is the air inlet. The 
valve apertures, }, }1, b°, and 6°, in the bottom plate B, serve 








(29076) 


respectively for the central fuel-valve and four 1 scavenging 
valves placed around the centre and the air-starting and safety- 
valves provided at opposite sides. These apertures are formed 
bosses at b4, project ng upwardly from the plate, and meeting the 
ends of the downwardly-projecting valve-tubes in the cover ly 
A, within which tubes the various valve-boxes (not shown in the 
drawings) are secured. The air starting-valve is somewhat differ- 
ently arranged, an air inlet a leading into the valve-tube a* 
(Pig. 1), which does not abut against any part of the bottom plate 
, but is connected to the aperture b2 by a short connecting steel 
tube. The conical web @ crosses the valve-tubes leading to the 
valve-apertures b!, so that the upper and outer portions of these 
tubes may be provided with apertures nm to an annular air- 
chamber a‘, formed in the upper part of cover by the conical 
web, which divides the cover into the air-chamber a* and a cen 
chamber a for the cocling water. The air-inlet D is provided in 
the outer wall of the cover, and is open to the annularchamber a’, 
and the water circulates through the inlet and outlet passages 
opening through both the web and the outer wall into the chamber 
a. The joints between the bosses 4 and the various valve-tubes 
of the body A are covered by steel rings or liners b°, which are 
in shallow grooves at the joints, and are ex 
the inner faces of the tubes. (Accepted September 17, 1913.) 
24,127/12. J. McKechnie, Barrow - in - Furness. 
ustion es. [6 Figs] October 22, 
1912.—This invention relates to the injection of liquid fuel at very 
1 pressures into the cylinders of internal-com ion engines 
(of the type in which the fuel is ignited as it enters the ag 
by means of a p lator and an injection-valve, the 








chief object of the invention being to ensure the injection of 
such fuel, unmixed with air, at a pressure which is the same for 
varying fuel supply and engine power, so that a greater range of 
power and increased economy at low powers may be obtained. 
According to the present invention, a practically constant maxi- 
mum injection pressure in the resilient accumulator is obtained 
by pumping in a quantity of liquid always somewhat in excess 0 
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the fuel charge and arranging for excess liquid to be returned to 
the suction side of the pump, or to a fuel-reservoir, through a 
reliet-valve set at a predetermined pressure which gives the con- 
stant maximum desired. A is the pump body which carries all 
the valves required for the present method of injection. B is the 
pump-plunger. © is the pump-section valve operated by the 
cam con the cam-shaft D. E is the relief-valve. F is the injec- 
tion-valve controlled by the sliding-cam f on the shaft D. G isa 
ng accumulator of the pressure-tube type. H is a nozzle in 
oe | sar J, through which nozzle the oil is injected into 
the cylinder. K is a pressure-gauge on the small-bore pipe con- 
necting the nozzle H to the pump-casing. The pump-plunger B 
is driven by the eccentric) on the shaft D, the diameter of the 
plunger and its stroke being so proportioned that the volume 
swept out by the plunger is in excess of the maximum amount of 
fuel required for each stroke. During the suction stroke of = 
plunger B the fuel is drawn into the pessage a! of the punip- 
casing from the fuel-chamber L, the suction-valve C heing opened 
against the pressure of a spring. Acamc on the shaft D is so 
formed as to allow the valve C to close gradually during the com- 
pression stroke, so that the fuel pressure in the passage a) due to 
the compression stroke of the plunger B gradually increases and 
reaches its maximum only at or after the complete closing of the 
suction-valve. During this gradually increasing pressure the 
accumulator tube G expands to receive its charge of fuel, the 
walls yielding to an extent corresponding to the pressure attained 
in the passage a}, This gradual closing of the suction-valve is 
not an essential feature, as the resilient action of the accumu- 
lator G prevents any sudden shock due to reversal of the — 
lunger. The maximum pressure develo by the pump is 
letermined by the relief-valve E, on which bears the powerful 
spring ¢, the strength of which spring can be lated. The 
spring e is set 80 as Lo give the maximum pressure desired at the 
beginning of the injection, this pressure being attained before 
the plunger B reaches the end of its stroke. The remainder of 
its stroke, usually only a small portion, drives any excess fuel 
through the relief-valve. The injection-valve F is shown fitted to 
the pump body. The opening of the valve F always occurs after 
the closing of the pump-suction valve, and when the maximum 
fuel pressure has been attained, so tha diately the valve F 
is opened the accumulator or tube G contracts and forces the fuel 
under the extremely high maximum pressure through the small- 
bore pipe and the cylinder-nozzle H, the fuel entering the 
cylinder as a fine spray which instantly vaporises. (Accepted 
August 27, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


25,116/12. H. Parsons, Southampton. Reversing 
. [4 Figs.) Novem 2, 1912.— rhis invention relates 
to that form of combined gear and clutch for use in connection 
with screw-propeller shafts, worm-drive shafts, and any similar 
mechanism wherein the end thrust of the driven shaft, which 
shaft is coaxial with the driving-shaft, is or can be e use of 
to engage, or partly en . or maintain or partly maintain, in 
engagement the respective clutches for the direct and the reversing 
drives. In accordance with this invention, the end thrust of the 
driven shaft, which is coaxial with the driving shaft, is employed 
only to engage or partly engage, or maintain or partly maintain 
in engagement the respective cones or clutches for the direct 
and reverse drives, the full engagement or disengagement being 
effected by the movement of the cone on the driving-shaft, that 
is to say, an apparatus construeted and operating ens pee | 
as hereinafter described, comprising a driving-shaft provided wit! 
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a direct-drive inner cone slidably mowated on and driven by the 
driving-shaft ; a reverse-driven outer cone or ring slidably 
mounted inside and carried by the containing-box in suc! 

a way that the said cone or ring cannot revolve, and 
an intermediate conical extension on the reverse gear-wheel 
box, the direct drive being obtained by mov the inner 
cone on the driving-shaft, the axial movement of the driven 
shaft being reduced to a minimum. With reference to 
the drawings, A d tes the containing-box, and B, B!, 
B2, B® denote the n of reversing wheels, which are of the 
usual form. C© denotes the yg and D denotes the 
driven shaft. The -shaft C is ordinarily registered or 
otherwise butted to the shaft D. The reversing-gear 
wheels comprise the bevel-wheel B mounted on the end of the 
driving- C, and the bevel-wheel B! mounted at the end of 
the driven shaft D, the wheels B, B!, meshing with the wheels 


B2, B*, which are carriedon the cross-piece E. Hitherto it has 
been usual to move the driven shaft D axially to engage the 
direct drive or the reverse, this necessitating there being suffi- 
cient leverage to actually overcome the thrust on the driven 
shaft D when disengaging the clutch and resulting in other 
drawbacks from the axial movement of the driven shaft D. Ac- 
cording to and in carrying out this invention, a conical extension 
F! is provided on the reverse gear-wheel box F to engage inter- 
nally for direct drive and externally for reverse drive. The 
direct-drive inner cone G is slidably mounted on the driving-shaft 
C, and is driven by it at all times. The reverse-drive outer cone 
or ring H is slidably mounted inside and carried by the box A, 
enclosing the whole mechanism, and in such a way that the cone 
F! cannot revolve. Depending through and carried upon a pivot 
or pin J is the rating lever K, the lower end K! of which is 
forked and straddles the driving-shaft C, and the upper end of 
which forms a handle for operating the gear by moving the 
lever on the canting-rod K%. Mounted on an ex of the 
direct-drive inner cone clutch G, in such a way that .the cone 
extension can revolve within it, is a trunnion or cage L 
with ball-thrust. Now by means of extension pins N on 
the trunnion cage L, and brackets or arms ©O with pins P 
on the reverse -clutch outer ring H, the inside or forked 
depending end K! of the operating lever K is made to en 
with and move together both the direct-drive cone G and the 
reverse-drive cone or clutch-ring H. A clamping device, such as 
the set-pin handle K4, is arranged to hold this lever in the ahead 
or astern or neutral position. When the direct-drive clutch G 
is engaged, the driven shaft D revolves in the same direction as 
the gear is locked solid, and the more the end-pressure of the 
propeller, screw, or worm, or similar mechanism driven, the more 
pressure comes upon the trunnion L and is taken by the operating 
lever K. At the same time, should the clutch G slip, more pres- 
sure can be — by means of the operating lever K, but the 
driven shaft D does not move endwise, or, if at all, only sufficient 
to take up any play or clearance. In the same manner, but in 
the opposite sense, the reverse pull operates to keep in engage- 
ment the outer clutch F!, since movement of the operating 
handle K draws the ring H over it, and with results exactly 
similar to the direct drive, ——- that holding the gear-wheel 
case F brings the train of wheels B, B!, B2, B® into operation and 
reverses the driven shaft D. (Sealed November 13, 1913.) 


MOTOR ROAD VEHICLES. 
lied 


28,279, O. D. North, Chelsea. Motor-Prope) 
Road Vehicles. (3 igs.) Deceniber7, 1912.—This invention 
has reference to motor-propelled road vehicles, and has relation 
to motor-propelled vehicles of the class or type known as 
cycle-cars—that is to say, vehicles that have three wheels and are 
constructed to carry at most, two passengers. In a motor-pro- 
pelled road vehicle of the class or type herein referred to, the 
chassis is, according to this invention, of triangulated formation 
and iscarried by three wheels, arranged to runin or form two 
tracks, the disposition of the various parts being such that the 
greater portion of the weight is borne by the rear wheels which 
have a common axis. The motor-propelled road vehicle, or cycle- 
car, has three wheels1, 2,3, mounted on axles carried by a framework 
or chassis 4, 5, 6, such that the wheels form or run in two tracks. 
1 is the front or steering-wheel, and 2, 3 are the rear off and near 
side wheels respectively. The rear off-side wheel 2 is driven from 
and by the engine. The steering-wheel 1 and the rear off-side 
wheel 2 rotate, when the vehicle is travelling in a straight line, in 
the same plane. The framework or chassis is of triangulated 
construction, the members 4, 5, 6 thereof, when the framework 
or chassis is seen in plan or is looked at from above, appearing 
to form the sides of a triangle, of which the angle contained 
between the sides 4 and 5 is equal to, or approximates more or 
less closely to, a right angle. The members 5 are connected 
together by a casting or socket-piece 6a, the members 4, 6 by a 
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casting or socket-piece 4a and the members 4, 5 by a casting or 
socket-piece 5a. e castings or socket-pieces 5a, 6a serve also 
to carry members, or such members are made in one therewith, 
which are utilised and form axles for the rear off and near side 
wheels 2,3. The member 5 serves to support or carry the engine 
7. 8,8 are brackets mounted on the ber 5 at a dist 
apart ; and on these brackets are mounted quarter elliptic and 
laminated springs 9, the free ends of which extend rearwardly of 
the vehicle. 11 is a rod or member that passes through a boss on 
the engine-casing. The engine 7 is tioned between the 
brackets 8 and to the rear of the member 5, the endsof the rod 11 
being mounted in or secured to the free and outer ends of the 
springs 9, 12 isa second boss or projection formed in one with or 
attached to the crank-casing of the engine. The boss 12 is of 
such construction that it extends, when the engine is in position, 
forwardly of the vehicle, and its forward and free end is con- 
nected by a link or connector 13 to a member or sleeve 14 mounted 
on and secured to the member 4. The arrangement is such that 
the boss 12 acts as a torque-rod. The drive from the engine to 
the rear off wheel 2 is from the engine pulley 15 by belt to pulley 
17. The pulley 17 is mounted on a shaft 18 carried in bearings 

ted on the bers 4 and 6 of the framework or chassis. 
20 is a chain-wheel mounted on the shaft 18, and the drive is 
transmitted from the shaft 18 through chain-wheel 20 and chain 
to chain-wheel 22 mounted on the inner side of the rear off-side 
wheel 2. (Sealed November 13, 1913.) 


MINING, METALLURGY, & METAL-WORKING. 


A. Hil, eld. Metallurgical 
{1 Fig.) May 2, 1912.—This invention relates 
to furnaces particularly applicable to metal- heating and 











metallurgical purposes of the type provided with two com- 





bustion - chambers, one having a grate, whilst the other 
acts also as a heating-chamber, and leads to a second heating- 
chamber, the combustion taking place in successive stages and 
means being provided for admitting air into the combustion 
space after it has been previously heated in the crown of the 
furnace. This invention consists in a furnace applicable for metal 
heating and oe pn pe pu comprising two combustion 
chambers, the first only of which is adapted for the direct admit- 
tance of air heated in the crown of the furnace, whilst the second 
which opens direct from the first and is also adapted to serve as a 
heating-chamber for materials, is fitted with transverse projec- 
tions across its base and roof, a second heating-chamber extendin 
from and below the second combustion-chamber, and being fit: 
with a roof adapted to force the gases down upon the material to 
be treated. The gases undergo two stages of combustion in the 
furnace, first in the combustion-chamber c, and, subsequently, in 
the combustion-chamber d, the latter being provided with suitable 
transverse projections e extending across its base and roof, and 
serving also as a heating-chamber for the materials, being pro- 
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vided with an end door n and side doors o for the purpose of 
working in the materials. The air for completing the second 
stage in the combustion is heated in the crown of the furnace by 
being through a heating-chamber f extending over the 
whole width of the furnace-crown, and provided with an inlet g 
and an outlet h, the circulation of the air being permitted and 
assisted by means of one or more inducing jets m of steam or 
other medium under pressure situated in the neighbourhood of 
the outlet h. After passing through the two combustion spaces 
the gases are led into the chamber in which is situa’ the 
hearth k, and are deflected or forced down on to the material to 
be treated by means of a suitably curved roof l, and subsequently 
allowed to escape through the flue m to the up-take of the 
chimney. Means are provided for admitting compressed air or 
steam, as may be desired, into the conduits a, suitable blowers or 
nozzles being provided for the purpose, and valves or other regu- 
ting means being fitted, so that the amount of compressed air or 
steam admitted may be readily and easily adjusted at will, so that 
it will be s*en that a furnace constructed in accordance with 
this invention can be very readily and adequately controlled. 
(Sealed November 13, 1913.) 


TEXTILE MACHINERY. 


19,718/12. A. Orr, Belfast. Hac - Machines. 
(4 Figs.) August 29, 1912.—This invention relaves to a corner 
motion for hackling and other like machines, as used in the pre- 
paration of flax, — and other fibres, the chief object being to 
provide an improved method of conveying the holders of such 
machines from one main channel to the other, and to bring the 
holders into a position to be operated upon by screwing or other 
apparatus. The invention comprises a holder-carrier, arranged to 
receive a rectilinear reciprocating movement for carrying the 
holder from one main channel to the other, or to another holder- 
carrier, and a turning movement for traversing the holder around 
the corner, the arrangement being such that the holder is auto- 
matically turned into a correct position for screwing or to effect 
the screwing operation during its longitudinal traversing move- 
ment. A indicates the flax-holder, B, B! indicate the holder- 
carriers, C, C! the carrier-nuts, D indicates the screw, and E, E! 
indicate the main channels. In the example shown two sets of 
ps ane are employed, one for the left and the other for the 
right-hand end of the machine. These sets comprise two holder- 
carriers B, B!, each of which is rotatably mounted upon an arm b 
projecting from a shaft b! that is pivoted in its respective carrier- 
nut Cor Cl. Rigidly fixed on such shaft are two arms b2, which 
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ees through the heads of studs 5? that are pivoted in slides +. 
h of these slides is mounted on a guide }5 that carries a spring 
66 which presses against the slide. Each of the carrier-nuts O, C 

is mounted upon the screw D, which is rotated first in one direc- 
tion and then in the other. The holder-carrier B is provided with 
a pinion G, which is adapted to engage with a rack g as it is 
traversed along the screw after attaining its horizontal position, 
and by means of which the holder may be rotated into any desired 
position. The holder-carrier B! is in like manner provided with a 
pinion G1, adapted to engage with a rack g!, and to be turned 
thereby in the — direction to the pinion G. This rotary 
motion of the holder-carriers in alternative directions may be 
employed to perform the screwing and unscrewing operation, the 
nut being held by any appropriate device, such, for example, as a 
box key slidably mounted in guides that are capable of being 
lifted to disengage the nuts from the holder-studs. In the ex- 
ample shown each of the holder-carriers is also provided with a 
friction-wheel F, which travels over the surface of a plate f that is 
fixed to the carrier-nut C, with the result that the holder is 
turned from a transverse to a longitudinal position during the 
time that it is turned from a vertical to a horizontal position, a 
similar plate being fixed to the nut C! to effect the return move- 
ment. (Sealed November 18, 1918.) 
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TAPPING SIZES FOR DRILLS. 
z By A. H. Sxrexp. 


Compartson of various manufacturers’ and mer- 
chants’ lists shows that there is no recognised stan- 
dard for tapping siz +s of holes. The general practice 
is to give the stock size of drill nearest to the dia- 
meter of the screw at the bottom of the thread, or 
‘‘core” diameter. This has necessarily a variable 
relation to the core diameter, and cannot be relied 
upon to ensure the production of a nut having a 
full thread within the limit’of error allowed by the 
Engineering Standards Committee. It is also well 
known that in steel or any metal producing tough 
or continuous chips, it is hard to drive a tap in a 
hole of the correct size, and breakages are frequent. 



















































































DIA. AND PITCH OF | PER CENT OF THREAD. 
SCREW. 95 90 85 80 752 
core Dia. es 
1 Wh. Stpt. |% Sm %| | 
Core 840 840 850 #0 3m soils 
¢ BSF tpt. |% | Be |” 
Gore 872 8% = 880 “890 Ss 900 
% Wh. 9¢.pl. || ee % — he 
Core 733 730} 700 750 160 
% B.S.F atpu. Keen | 
Gore 759 60 = 770~=S 780 ~—S—«\ 290 
% Wh. wept. |% _ “ee |e 
Core622 620| 630 640 650 
% BSF 2tpt %4 1 he ba 
Core 643 — 660 660 670 
|% Wh. "tp. 4 Xe %2 | 
Core 509 10 520 530 = |540 
% BS.F tpt. Me “Me 
Core 538 540 «550 
K Wh. ‘tpi. %j % ¥ % 2 
Gore393 ~| 400 40 44 
* BSR wtpi fee He 
Core 420 r 430 ~ 440 
he Wh. mMept. |S 9" TH WT 
Core 346 “850 860 ~~ I70 
“~ BSF tpt. |9 FRY | 
Core 366 “870 ~—«880 
% Wh tpl. %e NX So ° 
Core 295 00° 310° 520 
, sete 16 2 |S it. 
Gore311 sia —S—(iéi CS 330 
Me Wh. tpi. € D EK  F) 
Core 241 T 250 os 
4% BSE 220. p.v. ‘ = « mm ? A% 
Gore 254 - 20 06©=©6——té«dS' 20 
so BSF tpt , we wes 
lore 232 7” 240” 
ie Wh sept | Sa9 49 2, 1% 
Core 186 190 200\ 
“ BSEbtp. 7] B65 4 F 
Gore201 wl —ti(‘i—«iO 
(363967 qT ut 
In a paper read before the American Society of 


Mechanical Engineers last year by one of the leading 
makers of taps in the United States, the increase 
im power required to drive the tap, and in the 
frequency of breakage, as the drill approached the 
standard size, was illustrated by experimental data. 
The use of tap-drills over the correct size was also 
recommended as a necessity for economical manu- 
facture. In the discussion on this paper, {, or 
87 per cent., of a full thread was mentioned as the 
limit for commercial manufacture, and as resulting 
in freedom from a from customers. A 
table showing the tap-drill practice of the American 

motive Company was put in, and this table 
affords an interesting study. Eliminatingcases which 
appear to be abnormal, the following examples are 
selected as fairly representing the principle on 
which the table has been compiled :— 


i 


Tap-Drill for 
. Core 
Diameter. Thread. Diameter. 


| Steel. Cast Iron.'. Brass, 











lin. (8(U.S.S.) 0.837 Zin. | §gin. #3 in. 
(76 p.c.) | (86 p.c.) (95 pc) 
4 in. hs (U.%.8.) 0.400 mp. | 7 42 io. 
| (7 p.c.) | (87 p.c.) (94 p.c.) 
vein, |18(U.S.S.) 0.240 ee eee © 


(sz p.c.) | @Op.c.) (95 p.e.) 


The core diameter has been added in each case, 
and (in brackets) the percentage of full thread 
given by the prescribed tap-drill. The table 
affords a frank avowal of the view that it is 
economically undesirable, on account of the time 
taken in tapping and the breakage of taps, to 
endeavour to obtain a full thread in steel nuts or 
screwed holes in steel. 

Without entering upon the question how far such 
deviations from standard practice are desirable, it 
will generally be admitted that any deviation 
should not be made haphazard or unadvisedly, 
and the annexed diagram has been prepared for 
British sizes to show what stock drills are avail- 
able for each thread from } in. to 1 in., within the 
limits of full to 75 per cent. thread. It is also 
arranged to show at a glance the extent to which 
each drill diverges from the proper size. The 
space between the two vertical lines I and II repre- 
sents half the depth of the thread or one-fourth on 
each thread. It is marked in mils, the scale vary- 
ing inversely with the pitch of the thread, and the 
stock sizes in which drills are obtainable are 
marked upon it in their proper position according 
to their diameter. Those sizes which are close 
to the vertical line I allow for a full thread and 
correspond to those specified in the American 
table for brass. Those in the middle allow 80 
to 90 per cent. thread and correspond to the 
American practice for cast iron. Those near the 
line II approach the limit of 75 per cent. thread 
and correspond to the American practice for steel. 
Those to the right of line If (only inserted when 
there is no stock size near it) give less than 75 per 
cent. thread. Sizes marked to the left of the left- 
hand line are under size and require that the tap 
shall act as a reamer. They have only been in- 
serted when there is no size available near enough 
to the line to give even an approximately full 
thread. By the use of this diagram it is easy to 
see at a glance whether a particular drill (possibly 
the only one available) will give a good, bad, or 
indifferent thread; or to select and order from 
the tool-room or store the proper drill to give any 
desired limit of accuracy or economy to the work. 





THE STABILITY OF GYROSCOPIO 
SINGLE-TRACK VEHICLES. 
By H. Cousins, M.Sc., A.M. Inst. C.E. 
(Concluded from page 712.) 

From a practical point of view the value of the 
experimental results is considerable, since if a trial 
diagram be taken with any adjustment of the appa- 
ratus, we can see by inspection of this what altera- 
tions are required to each part of the mechanism 
so that the final diagram may be the best possible. 
The effect of friction in any ieee of the precessing 
mechanism or in the gyrostat bearings is very notice- 
able, particularly in the long period. This might be 
expected, as for small velocities of precession this 
friction force might exceed the velocity force, and 
thus prevent damping below a certain amplitude for 
the long oscillation (only). This is shown clearly in 
Fig. 10, described later. 

Great care had to be taken in the design for 
this reason, and the sliding friction was almost 
eliminated. For instance, the gyrostats were 
mounted on ball-bearings, and the piston weight 
was not taken by the cylinder walls. Each piston 
had at its centre of gravity a — wheel or roller, 
which ran on the bottom side of the cylinder. This 
construction held the piston central in the cylinder, 
and friction was almost entirely eliminated. The 
absence of friction in the mechanism was such that 
rail friction was noticeable. If the rails were rusty 
the effect was to produce a small continuous oscilla- 
tion. This did not quite disappear after greasing 
the rails, though it was much improved. Ifthe car 
were run on to a “‘ knife-edge,” the oscillation dis- 
appeared entirely. Also, when the car was in 





motion, there was no oscillation due to that, o 
to the decrease of sliding friction between the rail 
and wheel. The amplitude of this oscillation was 


|always very small, and not of much practical im- 
portance. It was finally got rid of entirely by 
giving a slight dead space to the unstabilising force 
in the central gyrostatic position. 

Practical design limited the travel of the gyro- 
stats to about 45 deg. to 50 deg. from the central 
position. It was, of course, only in extreme cases 
|—i.e., for large overturning forces on the car— 
| that they approached this angle. The greater the 
coefficient ot the unstabilising force (S), the less 
nearly would the gyrostats approach this limiting 
angle for a given overturning force on the car. 
The coefficient was for this reason increased towards 
the end positions on either side—that is to say, 
it was made almost proportional to y for about 
25 deg. or so, after which it increased more rapidly 
than w, so that at the limiting angle the force was 
as strong as the conditions of stability would permit. 
The whole of the force diagram was a smooth curve 
actually, as the increase of the coeflicient was 
gradual and uniform. The latter part was nearly 

rabolic. The effect of this gradual increase will 

seen in the diagrams, Figs. 8 and 9, page 782. 
Only the initial displacement of the gyrostat (due 
to an external force on the car) could bring this 
increased coefticient into action under any possible 
working conditions. . After that the amplitude 
would diminish and the damping continue in the 
manner before discussed. 

The maximum value of the coefficient was ob- 
tained experimentally. Too great a value for this 
would cause the negative amplitude of the gyrostat 
to exceed the positive or initial amplitude; that is 
to say, the tendency was for the system to overturn 
on the opposite side to that which might be expected 
from the direction of the overturning force. This 


effect is shown in the first diagram, Fig. 8. 
The diagrams, Figs. 8 to 13, are pricked off the 
actual working diagrams, as drawn by the mecha- 


nism of the car under the circumstances which are 
discussed in each case below. 

The curves are arranged to correspond on a time 
base, so that the intersection of any ordinate with 
these curves gives the values of ¢, y, and the pre- 
cessing couple at that instant. 

The full line represents the angular displace- 
ment @ of the car from the vertical. 

The broken line gives the angular displacement 
of the gyrostat y corresponding to this. 

The chain dotted line represents the difference 
of air pressure in the two precessing cylinders, and 
so measures the couple acting on the gyrostats. 

Fig. 8.—To obtain this the car was heeled over 
till it rested on a prop. The precessing mecha- 
nism was then put into operation, and at the same 
time the prop was knocked away by a sledge- 
hammer. 

The first drop in the car is due to inertia of 

rostat and lag of mechanism. The change in the 
phase relation of the curves as the amplitude de- 
creases will be noticed. It is one of the effects of 
the varying coefficient of unstabilising force. Thi 
force is very small in the middle position, and the 
result is practically equivalent to a dead space. 
Hence the gyrostat does not come back to rest in 
the middle position for some time. 

In this diagram the ratio (9) is fulfilled and there 
is no secon oscillation. The slight spring or 
elasticity in the car-frame will be noticed. For this 
diagram the whole apparatus is modified as re- 
quired to satisfy equation (8), &c. The unstabilising 
force might be increased slightly as the periods 
are further apart than 6 : 1. 

Fig. 9.—The general conditions under which this 
diagram was taken were similar to those in the 
previous case, but the secondary oscillations are not 
damped out. The ratio a : b is greater than neces- 
sary or the coefficient of the unstabilising force is 
smaller than required to give the 6 : 1 ratio for the 
two periods. No other period is thus introduced. 
We see from this di that there can be very 
little time-lag due to air-valves. 

Fig. 10.—This diagram was taken with very weak 
precessing forces for better illustration. The co-: 


efficient of unstabilising force was constant. No 
dead space in the centre. S constant from ~ = 0 
to y = 45 deg. The oscillation is entirely due to 


friction of the rail and in the mechanism. The 
first was made as great as possible for the experi- 
ment. The want of symmetry in the diagram is 
due to a slight defect in one of the air-valves used. 
The oscillation is continuous and of constant 
amplitude. 

ig. 11.—This diagram shows the effect of in- 
creasing Vy. The oscillation in this particular case 
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is only slightly divergent. 
V, produ a greater rate of divergence. Th 


same air-valves were used as in the previous dia- 


gram. 

Fig. 12.—Tiis di 
with the exception that springs were placed ove 
the air-valves, —s to keep them closed. I 
will be noticed that t 


increased, the general effect being similar to weaken 
ing the coefficient of unstabilising force. 


Fig. 13 —This shows the effect of increasing the 
unstabilising force too much and also of increasing 
The former adjustment has brought the two 
One effect of the latter 
is shown by the long period superimposed. The 
whole system, as will be seen, is very nearly 
unstable, though secondary oscillations are damped 
The initial disturbince was 
oduced hy hand in this caso —by pushing the arm 


o 


riods too close together. 


out almost entirely. 


a 


in Fig. 5 (page 679 ante). 


A further increase of | 


m is similar to the above, 


e period is lengthened and 
the ratio of car amplitude to gyrostat amplitude is 


e| tended to rotate both gyrostats in the same direc- 
tion. The result was, of course, equivalent to one 
large single gyrostat, no relative action being 
possible. For very small values of 8 the results 
obtained were hardly distinguishable from those 
obtained with two gyrostats. When, however, the 
car deviated much from the natural angle it was 
found to oscillate in an irregular manner, due to the 
— possible gyrostat positions. This is explained 
ter. 

As mentioned before, it is undesirable in practice 
to increase the possible travel of the gyrostats 
beyond 45 deg. to 50 deg. on either side of the 
central position, so that if for the above reason 
there was a mean position of oscillation for the 
gyrostat much removed from the central position, 
its ible travel in that direction—and so indi- 
rectly its power—would be decreased to a corre- 
sponding degree. Experimentally, it was found 


r 
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sisted of two links, so that the precessing couple | 


If the car is loaded symmetrically, this becomes : 
&[Rcos ¢M.H + cos ¢sin  f —m) dm). 
The actual velocity of precession of gyrostat will 


be 3 cos >, taking into account the inclination ¢ of 
the car. The couple due to this will be 


03. w. B cos ¢. 


The equation of moment about rail may then be 
written :— 


#. Roos ¢ M.H+ fcos pein p /(5'— 7?) dm + 
0; w 62 cos @ = My H sin ¢, 
where Fg 8? dm includes everything on car—i.e., 
gyrostat, &c., and S n? dm assumes gyrostat to 
have its whole mass concentrated at its axis. 


This simplifies the work, and introduces no 
appreciable error in the results. 


(2? RMH + B®. 65) cos ¢ + 8? cos ¢ sin > 





that the gyrostat would 
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and simply tends to lift one or other end of the 
car or frame A from the ground. The reaction 
produced by the precessing force is equivalent 
to a couple tending to rotate frame A in a 
horizontal plane. This force in conjunction with 
the above force was found, in the case of a 
model, to be sufficient to derail the car under 
certain conditions such as, for example, when 
y was large, due to some external force or 
sharp curve on the track. With a single gyrostat 
the reaction due to the precessing force is neces- 
sarily unbalanced. This effect was found to be 
negligible in the case of a full-sized car owing to 
the longer wheel base and more efficient mechanism 

Let us consider the case of a car traversing a 
curve of uniform radius at a constant speed. It 
will pass over a certain are in unit time. If this 
arc subtends an angle 8 at the centre of curvature, 
we see that the angular velocity of the car about 
this centre will be 8. The angular velocity of the 
car about the centre of its wheel-base will also be 
8. Since the curve is uniform, we wish to keep 
the gyrostat in its middle position, and so its 
velocity also will be 8. Ifit has not this velocity of 
precession (absolute), it will ultimately get to one or 
other of the end positions and tie car will overturn. | 
This velocity of precession will produce a force tend- | 
ing to incline the car one way or the other from the 
natural angle. This force has to be balanced by 





| Components of acceleration are 
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unpleasant lurch of the car. In some cases the 
lurch was sufficient to send the gyrostat back again, 
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This may be written :— 


A cos ¢ + Boos ¢sin ¢ + Csingd = 0. 


when the motion gencrally became divergent, and | Let 
if not prevented the car would overturn. This, of} ., on i-? on! ctemcnutnt 
course, was the result of extreme conditions im- l+z2’ 1+22’ 2° 


posed for purely experimental purposes. An 
external force acting on the car, such as, for 
example, a movement of the cargo, was found to 
have, as might be expected, a much greater effect 
with the single gyrostat than with two gyrostats. 
This decrease in stability was thought to be a suffi- 
cient reason in itself for employing two gyrostats. 


Streapy Morron on Uni rorm Curve, SincLe Gyro- 
STAT IN CentRiL Position witH Axts Hort- 
ZONTAL RELATIVELY TO Car. 


From Fig. 14. 


AM = écos¢ — naing 
PM = ésin ¢ + 7 cos ¢. 
From Fig. 15. 
AM = dbcos¢ - 7 sin ¢ as before 
PM = +. 
Acceleration towards 
C = PC. s. 





Substituting these value we have :— 


A (1-2?) (1+22) +B. 2” (1-2?) + C. 24 (1+22)=0. 
By putting x = + land —1 we see that there 


are three (or one) roots hetween + 1 and — 1. 
These are the only roots to be considered, for roots 
outside these limits would mean that the car was 
running below the rail. 


This equation is discussed later. 
Let us take equation (10), and substitute a for B. 


If R is very large, we may neglect . so that 


R 


equation becomes :— 


Mo (Mo VH+@) cos @ = M, Hsin ¢ 
mens 3 


Rg, (!* u,v.) 
This gives the only possible value of ¢ for the 


+ (11) 


- (R+ dcos¢@ - n sin ¢) 


and 


y: 2. 


inclining the car in the opposition direction so as Moment of acceleration multiplied by mass about 
to obtain a moment of gravity equal to the gyro- | Tail 


scopic moment @,.. 8. This deviation from the | 


= /(R + 5 cos ¢- sin ¢) §2(5 sind + 7 cos p) dm 


natural angle was measured experimentally on the or 


car by means of a dam pendulum reading on a 
scale. For these experiments both tats were 
run in the same direction and the congling gear con- | 


82[R sin @ fs. dm + Ros ¢ fn. dm + 
cos ¢ sin  [(P-7) d m+ (cos*¢ — sin? 9) f6 .dm.) 





case. 

If 6,@< M.V.H, the inclination of the car 
will be always towards the centre of curvature, 
as in diagram. 

If 6,0 > M.V.H, the car will incline towards 
the inside or outside of the curve, according to the 
sign of V. 
at is to say, if the top of the gyroscope be 
running in the direction of the car's motion, the 
inclination will be less than the natura] angle, and 
may even be outwards from the vertical. If the 
| direction of motion of car or gyroscope be reversed, 




















Dec. 12, 1913. | ENGINEERING. 783 
the inclination will be greater than the natural This is not of much practical importance, as R we shall obtain a graph somewhat as shown :— 
angle. 


It will be seen from the above that with a single 
gyrostat the car can never take the natural angle 
on a curve—i.e., the car can never have the same 
inclination as a bicycle. 

By employing two gyroscopes running in opposite | 
directions and geared together, as shown in Fig. 6 | 
(page 680 ante), equation (11) becomes :— 

v2 


tan ? = Ry , 
which is the ‘‘ natural angle.” 


| 






Ftg. 7. 
- a 


is always large, so that KR? 2 be neglected. ¢ has 
then only one value, as shown before. 


| 


| 
PosITIoN OF THE GyROsTAT ON CURVES, 


We have assumed the gyrostat to be in the | 
middle position when considering the inclination of 
the car. It will be of interest to discover if there 
can be any other positions possible. The angle ¢ 
can be readily calculated as shown above. This 


being known, we wish to find the position of the 
F B 
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Let us consider equation (11). 
Acos ¢ + Bcos ¢sing + Csin¢g=90, 
or 
A+Bsing+C tan ¢=0. 


wv 





90 


0 \ 
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The graph between 
a ee 
6= + 3 and 5 





of 
y=Bsing+Ctan¢g 
will be as shown, if there is a maximum or mini- 
mum between these values. 
To find when this is the case, 


dy _ i 
ag = Bond + 5g =? 
cos? @ = — F. 


al 


B is negative and lies between 0 and — 1. 


So that the condition that equation (11) should 
have three roots is that— 
C and B are of opposite signs, and 
|A|< BV BI - ct : V Bi = cl 


B - oc 
BY |W Boi 
—C 
| A| < (Bt - ot) (Bt- ct); 
< ( Bi - ct)! 
| A\8< |B &- | 0 |@ (absolute values), 








Centre Line of Car on rail A 


AL is paralld to Floor of Car 
ae” ary point on Car 


AL-# 

0 — Inclination of CarfromVertical 

C - Centre of Curve on which Car 
is running. 


gyrostat corresponding to this. The simplest way is, 
perhaps, to refer the matter to moving axes. We 
will take our three axes to be — 
Fig. 16.—(1) The gyroscopic axis. 
(2) The axis of gyrostat or frame B. 
(3) An axis perpendicular to both of 
these. 
The angular velocity of car and the angular 
momentum of gyroscope are resolved on to these 
axes as below :— 


Gyro Frame Axis Perpen- 
Axis. Axis. dicular to Both. 
Angularvelo- . A “—? d 
city ofcar... Bsingcosy fcos¢ Basin ¢ sin 
Angular mo- y 
mentum of 4 o ? 
gyroscope... 03. B.Bcos? C.Psingdsiny 


B and C are moments of inertia about these axes. 
Their values can be obtained simply if required. 
The rate of change of angular momentum about the 
frame axis can now be written as below :— 

Bein ¢ sin y. B sin ¢ cos y 

C.Ssin ¢ sin y. 03 

This must be equal to the moment of the un- 

stabilising force S. y. Multiplying out we have:— 


Bsin ¢ sin y (0,. 0-C. B sin ¢ cos ¥Y)=S sin y (approx.) 
For one value we have :— 


y=0. 
Also 


6,,0 — C. Bsin ¢ cos y = 





6 sine 
Or 
Ss 
O,.0 — a S 
Cae 6 0 ang et . (12) 
C.Bsin¢d 
Or 
0,.0 1 Ss 1 
Cosy = -4-_. ->.- . 
C psing © Psinr¢ 


This gives us two more values of , so that the 
gyrostat can have three possible positions of equili- 
brium for certain values of 8 sin ¢. 

Let us consider equation (12). 

Plotting values of cos y against those of 8 sin ¢, | 
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Since y must lie between — 7 deg. and + 7 deg. 


(owing to the construction of the apparatus), only 
values of 8 sin ¢ corresponding to the thickened 
part of the curve give practical values of y. For 
small values of 8 sin @ we have impossible values 
of cos y, so that the central position (y = 0) is the 
only possible position for equilibrium. For the first 
thickened part of the curve there are three possible 
equilibrium positions which gradually approach one 


Boos 











(9822 P) 


another, and ultimately coincide with the mean 
position as 8 sin ¢ increases to the approximate 


value ie 


In practice no corresponding effect was observed, 
probably because the central position was one of 
stable equilibrium, and the other two unstable (as 
regards y). For that portion of the curve lying 
between the two thickened — we have only one 
possible position of equilibrium—i.e., the central 
position of gyrostat. As sin ¢ increases beyond the 


approximate value at we have again three posi- 


tions of equilibrium equidistant on either side of 
the middle position. These itions are close 
together at first, and gradually become further 
apart as 8 sin ¢ increases. 

In practice the central position is unstable, and 
the other two stable. Hence these are the mean 
positions of oscillation of gyrostat for large values 


of 8sind. There isa noticeable decrease in the 
stability of the car when running on a curve, even 
though the radius is very large. 


Practical values of 8 sin ¢ occur which make the 
two gyrostat positions so far apart that a tran- 
sition from one mean position to the other will 
cause the car to overturn. This changing from 
one position to the other can be caused by an 
external force on the car—due, for instance, to 
some displacement of load or an irregularity in the 
curve. If it were not for curves there would be no 
objection to using a single gyrostat on small cars. 
For a large car, however, the wheel would have to 
be larger than about 40 in. in diameter if a single 
gyrostat were used. This is about the limiting 
size for commercial reasons. That is to say, it 
would be preferable to use two smaller wheels than 
to exceed this size. They would then, of course, 
be run in op ite directions, and curves would 
present no difficulty. 


Errect oF Curves. Single GyrostaT WITH 
Axis VERTICAL. 


To obtain anything approximating to satisfactory 
running with a gyrostat suspended in this way the 
coefficient of the unstabilising force (S) must have 
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a different value on either side of the mean posi- 
tion, the difference between the values depending 
on the angular velocity 8. If curves in practice 
occurred only in one direction, a compromise might 
be effected ; but as this is extremely unlikely, we 
need not discuss it here. The coefficient of the 
unstabilising force must be the same on both sides 
of the mean gyrostat position, so that I have 
omitted the equations for this mode of suspension, 
as their solution simply gives ratios of the two 
values of In consequence they are of no 
practical value. 

Throughout this paper any mathematical results 
which have no direct bearing on the practical design 
have been omitted, and in the same way I have 
been obliged to exclude a great number of experi- 
ments carried out by Mr. Louis Brennan during 
the time I had the privilege of assisting him. 

Many of these mathematical results were of 
extreme interest, and also of some value, inasmuch 
that they made it possible to consider some parti- 
cular problem from a new standpoint, and so 
explein many of the apparent contradictions so 
inseparable from gyroscopic action. 

In the same way the practical experiments made 
it possible to obtain definite and accurate data com- 
paratively simply, and under actual working con- 
ditions, whereas a purely theoretical investigation 
would have in many cases necessitated making 
assumptions, on the validity of which it was not 
always easy to decide. 





THE FILTRATION OF RIVER WATERS 
IN INDIA. 

Tue system of purification of river waters most 
generally adopted in India is that of decantation 
in settling-tanks, after treatment with sulphate of 
alumina, followed by slow sand filtration in open 
beds of the ordinary type. 

The works are ounaly of modern construction, 
and the results obtained from the use of this 
system are highly satisfactory from the bacterio- 
logical point of view. The filters provide an 
efficient safeguard against water-borne diseases 
with the minimum of risk of breakdown. But 
for the most part, Indian rivers are excessively 
turbid, and decantation for twenty-four hours has 
little effect in removing the extremely fine silt 
in suspension, although the coarser particles of 
sand are rapidly deposited in the settling-tanks. 
In the River Ganges, from which many important 
cities draw their supplies, the fine silt consists 
of clay and lime in nearly equal proportions, and 
this is only removed in a very slight degree by 
decantation, even when sulphate of alumina or 
other chemicals are employed. So long as the 
sand filters are worked at a moderate speed they 
are effective in entirely removing the suspended 
silt, but they become blocked very rapidly if a 
speed exceeding 35 gallons per sq. ft. per 24 hours 
is adopted. 

In the United Provinces the following important 
towns have adopted sand filtration for more than 
twenty years :—Benares, Cawnpore, Meerut, Agra, 
Delhi, Lucknow, and Allahabad. Of these, Benares 
and Cawnpore draw their supplies from the 
Ganges, Meerut from the Ganges Canal, Lucknow 
from the Gumti, and Agra, Delhi, and Allahabad 
from the Jumna. The effluent from the sand 
filters at all these works is under frequent obser- 
vation by the analyst and bacteriologist to the 
Government, and the annual reports show that the 
character of the filtered water is extremely satis- 
factory. But in India, as in Europe and other 
countries, it has been found that, when dealing with 
extremely turbid waters, decantation alone cannot 
be relied upon to bring about that degree of clari- 
fication previous to filtration which is necessary for 
the efficient and economical working of open sand- 
beds. It has also been found that during the hot 
weather preceding the annual monsoon, when the 
river water is comparatively clear, the working of 
the filters is greatly interfered with by the develop- 
ment of alge, although this trouble rapidly dis- 
appears with the rising of the rivers tow 
end of May. 
summer, the maximum flood-level being reached 
early in September. 

ith the increase in the flow of the rivers the 
water becomes turbid, though the character of the 
silt varies with the change of season. The com- 


mencement of the rise of the Ganges in May is due 
to the melting of the snow in the Himalayas, and 
the turbidity is then chiefly due to fine particles of 


s the! 
The rise continues throughout the, 


lime in suspension, and this condition of the 
water appears to be unfavourable to the growth of 
alge. But with the commencement of the monsoon 
rains towards the end of June a change occurs, and 
large quantities of clay add to the turbidity of the 
raw water, which would be very difficult to clarify 
by the process of decantation and sand filtration 
but for the fact that an extremely find sand is 
also carried in suspension, and this prevents the 
deposit on the filters from becoming absolutely 
impervious. The maximum turbidity of the Ganges 
slightly exceeds 200 parts per 100,000 of ‘‘ total 
solids,” a figure which is often reached by the 
Rhone and other European rivers when in flood. 
A curious fact in regard to the water of the 
Ganges is revealed by a reference to the analyses 
of the water over a series of years; that is, while 
the amount of ‘‘ total solids” varies greatly ac- 
cording to the season, the quantity of organic 
matter, shown by the loss on ignition of the total 
solids, remains constant at 15 to 17 parts per 
100,000. 

With the increase in the area of land under 
irrigation in India, a great change has occurred 
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in the conditions prevailing in the winter months 
with regard to the flow of the Ganges and other 
great rivers, and this change has created diffi- 
culties, already becoming acute in some instances, 
in the case of large towns drawing their water 
supplies from the rivers. Formerly some four 
or five months were required for the subsidence of 
the river from its maximum flow in September to 
the minimum, and in the case of the Ganges the 
dry-weather flow still left a considerable stream 
available for local navigation between Cawnpore 
and Allahabad and other places. 

At the present time, when the irrigation canals 
are opened at the end of September, the level of 
the river is lowered very rapidly, and in four or five 
weeks nothing is left but an insignificant stream, 
the level of which is far below the normal summer 
level of twenty or thirty years ago. The rapid 
decrease in the volume of the flow makes it exceed- 
ingly difficult to control the position of the channel 
in the bed of the river, which carries the stream 
at dry-weather level. 

At Cawnpore for three successive years, 1909 to 
1911, the channel had remained on the south side 
of the river on which the city is built, and no difti- 
culty was experienced in keeping a e open 
from the stream to the intake at the low-lift 
pumping-station of the water works. The bed of 
the river is, at this point, over 2 miles in width, and 
after the rains of 1912 had ceased it was found that 
the channel had formed close to the north bank ; 
it was therefore necessary to cut a canal, 2 miles 
in length, across the bed of the river to maintain the 
water supply to the city (see Fig. 2, page 785). In 
this work 1000 coolies were employed for three 





months, at a cost to the Municipality of over 30,000 


rupees (2000/.). As a result of this work the water 
at the intake contained large quantities of silt in 
suspension, and the maximum turbidity recorded 
exceeded that which is reached annually in the rains. 
The filtration plant was severely taxed in dealing 
with the water, while the valves of the pumps at the 
low-lift pumping-station were rapidly destroyed by 
the quantity of sand in the water. 

The conditions described above illustrate some 
of the difficulties which are met with in connection 
with river-water supplies in India, and which had 
to be considered at Cawnpore when it was decided, 
in 1910, to increase the supply and remodel the 
existing pumping and filtering station. 


New Fitrration Piant at CawnroreE Water 
Works. 


The city of Cawnpore lies on the south, or right, 
bank of the Ganges, which is here 2 miles in width 
(except at a point where the railway to Lucknow 
crosses), although 700 miles from the sea. The 
native city has a population of about 250,000, and 
there is a large and important civil station to the 





Fig.t 








north and west of the city ; cantonments occupying 


CAWNPORE WATERWORES. 
GENERAL PLAN OF FILTERING STATION. 













a large area to the east. The city and the European 
civil and military stations together cover about 
15 square miles, and the place is one of the most 
important manufacturing and commercial centres 
in India. 

The water works at Cawnpore were constructed 
in 1892, and with extensions had, in 1910, a capa- 
city of 4} million gallons per 24 hours. The intake 
from the Ganges is at Bhaironghat, to the north- 
west of the city, and close to the site of the old 
magazine. The low-lift pumping station is also at 
Bhaironghat, and from this point the water is 
delivered through two 20-in. mains to the high-lift 
pumping station and filtering station at Benajhaber, 
to the west of the civil station, and about 5 miles 
from the cantonments. The filtration plant, in 
1910, consisted of three ordinary decanting basins, 
with a total capacity of 9 million gallons, and seven 
sand filters, each of 20,000 sq. ft. area. As the 
supply was to be extended to the cantonments, it 
was decided to increase the capacity of the plant to 
7 million gallons per 24 hours. Three alternative 
schemes were Considered in connection with the 
necessary extension of the filtration plant in order 
to deal with the increased supply :— a 

(a) An extension on the same lines as the existing 

lant. 
(b) The adoption of mechanical filters as ‘‘ rough- 
ing filters.” , 

(c) Multiple filtration, retaining the existing sand 
filters, and increasing their capacity by complete 
clarification of the water previous to filtration. 

With regard to (a), the existing plant had yielded 
a satisfactory effluent since it was brought into use 
in 1894, but at certain seasons it was difficult to 
keep the filters going when supplied with water 
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any chemical to the water is strongly objected to 
by the natives of India, and the cost of sulphate 
of alumina is now becoming prohibitive. Crude 
alumino-ferric has recently been used, and the cost 
of this delivered at Cawnpore is 84 rupees (51. 12s.) 
per ton. 

Statistics showing in detail the cost of working 
the various water works in the United Provinces are 
issued annually in the report of the Sanitary Engi- 
neer to the Government, and from these reports and 
the daily records the following figures as to the cost 
of working the plantat Cawnpore have been obtained. 

For the six months May to October, 1912, the 
number of scrapings of the sand filters (each 
20,000 sq. ft. area) amounted to 159, distributed 
over this period as follows :—May, 33; June, 47 ; 
July, 27; August, 21; September, 18; October, 
13; while on no less than thirty-five occasions it 
was found necessary to lay off two sand filters on 
the same day, leaving only five available for the 
supply. For an average daily consumption of 
3,900,000 gallons during 1911-12 the cost of clean- 
ing and renewing the filter-beds and purchasing 
sand was 17,962 rupees (11981.). The cost of clean- 
ing settling-tanks averaged 2000 rupees (1331.) per 
annum, while 61 tons of alumino-ferric, at 84 rupees 
(51. 128.) per ton, cost 5124 rupees (3421. ). 

The annual cost of working the filtration plant 





the use of settling-tanks altogether ; and a reference 
to the plan will show at onee the enormous saving 
in space obtained by the use of multiple filters in 
place of decantation for the treatment of the water 
antecedent to slow sand filtration. It was decided 
to adopt the Puech-Chabal system at Cawnpore, so 
as to make use of the existing settling-tanks and 
slow sand filters. The raw water is delivered 
through two 20-in. mains into Nos. 1 and 2 settling- 
tanks (see plan), and circulated from thence by 
24-in. floating arms into No. 3 tank, from which it 
flows into a canal 8 ft. wide, which supplies the 
degrossisseurs. This canal may also be supplied 
direct from the raw-water mains when the con- 
dition of the river is favourable. The level of the 
water in the supply canal is only 2 ft. below full 
water-level in the settling-tanks, so that these 
cannot be used as decanting-basins, in which the 
water remains at rest for some hours. The water 
is simply passed through the tanks in order that 
some of the heavier silt may be deposited; the 
removal of the fine silt, consisting mostly of clay, 
is left to the degrossisseurs and pre-filters. These 
are divided into twenty separate basins, any one 
of which can be isolated for cleaning without in- 
terrupting the working of the remainder. 

The first twelve basins are rapid degrossisseurs 
or strainers in three series of four basins each. 





the number of sections into which the filtering area 
is divided. After passing the degrossisseurs the 
water flows through a series of seven pre-filters, 
an eighth being provided as a stand-by (Fig.5). The 
pre-filters are designed for a maximum flow of 20 in. 
vertical fall per hour. The floors are laid with a 
steep fall towards a collecting-drain on one side, 
and the whole area of the floor is laid with per- 
forated blocks of a special form designed to secure 
an even flow over the whole surface of the filtering 
bed. This consists of a layer of pea gravel laid 
on the perforated drainage blocks, and about 2 ft. 
of coarse sand. The outlet chambers are provided 
with weirs, over which the water is delivered toa 
covered canal leading to the sand filters. Suitable 
regulating-valves are provided, and, when working, 
the whole of the pre-filters are placed in parallel 
by means of valves connecting the various outlet 
chambers. The walls of the pre-filters and de- 
grossisseurs are of brickwork, and the whole in- 
stallation, including the ferro-concrete work, was 
carried out by native labour under European super- 
vision. The view, Fig. 7, annexed, shows the whole 
of the pre-filtration plant. 

Over the by-pass inlet from the raw-water 
mains a canopy inv red sandstone has been erected 
(Fig. 8). This was designed by the municipal 
engineer, Mr. W. T. Nash, and the style is taken 
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for a supply of 3,900,000 gallons per 24 hours 
amounted to 25,086 rupees (1673l.), and for an 
extension to 7 million gallons this would have been 
raised to 36,199 rupees (2413l.). The pro 
extension of the decanting-basins and sand filters 
would therefore have involved a capital expenditure 
of 156,250 rupees (10,4161.), and an increased annual 
working charge of 11,113 rupees (7411. ). 

The second alternative considered for the exten- 
sion of the Cawnpore works was the adoption of 
mechanical filters, either as ‘‘ roughing filters” for 
the preliminary treatment of the water before pass- 
ing it to the existing sand filters, or to be worked 
in parallel with these as finishing filters. 

he estimate for this scheme amounted to 
190,000 rupees (12,6661., without filtering materials. 
The tender provided for seven filters of the gravity 
type, each 21 ft. in diameter, the filters themselves 
costing 165,000 rupees, and foundations and build- 
ing 25,000 rupees ; but it was estimated that sulphate 
of alumina in excess of the quantity already used 
would be required. The third alternative—multiple 
filtration on the Puech-Chabal system—was finally 
adopted, on the recommendation of Messrs. James 
Mansergh and Sons, of London, who visited and 
reported on the working of various multiple-filtra- 
tion installations in Europe. The cost of the 
Puech-Chabal plant at Cawnpore was 172,000 
rupees (11,466l.). 
The general arrangement of the filtering and 
umping-station at Cawnpore js shown on the plan, 
ig. 1. The existing settling-tanks, with the 


degrossisseurs and pre-filters, and the seven exist- 
ing sand filters, are shown in full lines, while the 
space which would have been occupied by the pro- 
posed extension of the settling-tanks and sand 
tilters is indicated by dotted lines. When multiple 
filtration is ad »pted in the case of new works it is 
usual to have four series of degrossisseuis and avoid 








GeneRAL View or Pre-Fittration Piant; Puecu-CHaBal System. 





The water, after passing through each series, flows 


into a common collecting canal, from which it is 
again distributed into the four basins of the next 
series. This is an important feature incorporated 
in all Puech-Chabal installations, as the repeated 
mixing of the water after each step in the system 
of multiple filtration tends to equalise the results 
and ensures a uniform character in the water 
flowing on to the final filters at all seasons. The 
area of the three series of degrossisseurs is pro- 
gressive, so that the speed of the water through 
the ——s materials is reduced as elarification 
proceeds. In the first two series gravel alone is 
used for straining, and this is carefully graded so 
that the pebbles are of a uniform size. 

In the third degrossisseur a layer of coarse sand 
is used. All three series are fitted with an arrange- 
ment for rapidly cleaning the filtering materials by 
air while they are being flushed with water. For 
this purpose raw water is used for the first series, 
and water from the supply canal in succeeding 
series, so that there is no waste of filtered water 
for washing. The air-pipes and other parts of the 
cleaning arrangements below water are constructed 
of ferro-concrete, and the general arrangement will 
be understood from a reference to the photograph, 
Fig. 3, page 785, showing the interior of one of the 
basins during construction. The air for cleaning is 
distributed through a series of steel tubes sus- 
pended over the basins and provided with valves, 
by means of which the air can be supplied to any 
particular section. 

These distributing-pipes are seen in the view, 
Fig. 4, page 785. The air cleaning arrangement is 
very similar to that at Magdeburg, Derwent Valley, 
Port Said, and other works, and it has been found 
in practice that one man can easily control this 
part of the installation, the time occupied in cleaning 
a basin varying from 7 to 30 minutes, according to 


















Fie. 8. Raw-Water Inuet To Muttipre FIi- 
TRATION PLant ; Pueco-CHABAL SysTEM. 


from the Mogul architecture of Fatepur Sikri, the 
fortress of the Emperor Akbar, near Agra. From 
this inlet the water is delivered to a distributing 
canal 8 ft. in width, shown in the view, Fig. 6, 
page 785. This canal can also be supplied from 
the settling-tanks. The seven sand filters in which 
the final purification of the water is carried out 
have not been modified in any way. They are 
each 200 ft. by 100 ft., and were constructed in 
1892. They are of brickwork of the ordinary Simp- 
son type, and are fitted with drains consisting of two 
layers of brick. Very fine silver sand from the 
Ganges is used as the filtering medium. It will be 
seen that the average yield of the filters amounts to 
50 gallons per sq. ft. per 24 hours when the in- 
stallation is worked at its maximum capacity of 
seven million gallons per day. 
The new installation has been in use since 
November 1, 1912, but owing to lack of pumping 
wer at the low-lift pumping-station it has not 
n possible to utilise the settling-tanks, and the 
degrossisseurs have been supplied generally from 
the raw-water mains. Notwithstanding this, the 
sand filters had not been laid off for cleaning at 
the commencement of June, 1913, although during 
May the raw water was heavily charged with algx. 
The spores were completely eliminated by the pre- 
filtration plant, and there was no growth in the 
final filters, although in previous years they have 
had to be scraped every two or three days during 
the hot weather. 
Reference hag already been made to the large 
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number of scrapings of the sand filters required 
under the old conditions of working. From Nov- 
ember, 1912, to June, 1913, a period of seven 
months, it was not found necessary to scrape an 
of the sand filters which had been supplied wit 
pre-filtered water; and it will be seen that, by 
means of the now installation, one of the principal 
objections to sand filtration in India has been 
removed by avoiding the frequent contamination 
of the surface of the sand filter 7 the feet of the 
men employed for scraping. hese excellent 
results were obtained without the use of sulphate 
of alumina or other chemicals, with a saving in 
working expenses of 6000 rupees (400/.) under this 
head alone. A test of a section of the installation, 
running at its maximum speed, was made by the 
municipal engineer, Mr. W. T. Nash, on September 6, 
1912, at the period of highest flood-level of the 
Ganges. Samples of water taken during the test 
after the various stages of treatment have been 
examined by Dr. S. Rideal, with the following 
result as regards removal of matters in suspen- 
sion :— 


Total Solids. 
Parts per 100,000. 
at water ee _ ry 
grossisseur No. 1... 

ae No. 2... 31.9 

ns No.3... 21.1 
Pre-filter _... i 13.4 
Sard filter No. 7 15.7 


Samples taken on July 6, 1913, have also been 
examined by Dr. Rideal, but, unfortunately, the 
bottle containing a sample of the raw water was 
broken in transit. Other results are as follow :— 





Parts per 100,000. 
Degrossisseur No. 3. Pre-filter. 
Total solids ... ; 12.4 12.8 
Sediment :— 
Inorganic (clay) ... 8.85 1.15 
Organic... ae 0.30 0.06 
Total ... 9.15 1.21 


It is interesting to compare the above figures 
with these obtained by Dr. i Hanbury Hankin, of 
Agra, Chemical Examiner to the Goverament of 
the United Provinces :— 


Parts per 100,000. 
Nov. 6. 1912. Nov. 13, 1912. 

Raw water ... neo 28 37 
Degrossisseur No.1... 21 25 
Pe No. 2... 22 20 

me No.3... 27 18 
Pre-filter ... = 11 14 
Sand filter ... 15 16 


It will be noted that all the analyses show a 
slight increase in ‘‘ total solids” after passing the 
sand filters, which are supplied with very fine 
silver sand from the Ganges. The above analyses 
by Dr. Hankin are taken from an interesting report 
on the installation by Captain C. L. Dunn, LMS., 
Deputy Sanitary Commissioner, United Provinces, 
who carried out a series of tests for the Govern- 
ment during November and December, 1912.* 

The report is accompanied by a large number of 
tables relating to the level of the river and tem- 
perature of the water, with details as to the 
removal of turbidity, and chemical and bacterio- 
logical results obtained during the tests. 

From the general notes of Captain Dunn relating 
to the working of the installation during the 
—_ of observation, the following extracts are 

en :— 

1. ‘The bacterial efficiency of the old system 
was exceedingly bad when the bacterial content 
of the raw water was low, but good when the 
bacterial content was high. The new system gave 
an excellent percentage of bacterial efficiency in a 
month when the bacterial content was low and 
when the plant was new, both of which conditions 
were against it. 

2. ‘Even the effluent from the third series of 
degrossisseurs is better by the platinum-wire test 
than the effluent from the settling-tanks. This is 
also made evident by the silt by weight tests. 

3. ‘It is evident that the new system has a 
marked effect in preventing the spores of alge 
reaching the final filters, and that in the old 
system the spores were actually increased in the 

umino - ferric water. This led to frequent 
choking. 

4. ‘‘Algvee have grown in filters 2 and 6, which 
have been run with pre-filter water entirely 
since October 28, but the growth may have been 





_* Interim report on the Puech-Chabal multiple filtra- 
tion installation at Cawnpore, by Captain o.T. Dunn, 
1.M.S. Allahabad: Government United Provinces. 


caused by pre-existing spores in the sand. These 
algee grew in profusion, and then died, evidently 
without sporing. The loss of head in these filters, 
which have now 1un over two months, is only an 
average of 3 in., so the alge have no effect in 
choking the filters. The pre-filters have large 
growths of alge on them, which are scraped off 
without interfering with the 1un of the filter.” 

Careful records of the temperature of the raw 
water were kept during 1912. These show that 
the minimum temperature of the water varies from 
60 deg. in December to 90 deg. in June, while a 
maximum of 95 deg. in the water in the settling- 
tanks was recorded on several days in June. 

The following table has been compiled from 
records supplied by the present municipal engineer 
of Cawnpore, Mr. J. G. Alexander, A.M. Inst. 
C.E., and shows the working of the sand filters 
during the hot season and monsoon tains for two 
years before, and one year after, the adoption of 
multiple filtration. 

In 1913 the filters were on some occasions sup- 
plied with water from the settling-tanks, and not 
through the pre-filtration plant. Notwithstanding 
this, the number of cleanings has been reduced by 
66 per cent., although the average speed of work- 
ing has been increased from 33 to 49 galious per 
square foot per twenty-four hours. 


Caunpore Waier Works. Details of Working of Sand Filters 
in Hot Season and Munsoon Ruins. April to September. 


Quantity of Water Filtered. 














a2 Estimated from Recorded by 

Quantity Pumped. Meter. 

191. | 1912 | 193 
April .. 130,363,854 | 132,669,027 | 139,940,000 
- | 142,405,852 | 137,156,405 | 135,570,000 
June .. + | 144,105,?52 | 124,811,909 | 135.840,000 
July .. .| 185,113,S88 | 122,692,561 | 182,890,000 
August oe --| 128,244,8L0 | 124,434,794 | 142,860 010 
September .. -| 120,226,126 | 121,088,051 | 144,812,000 








| ee 
800,5 9,87z | 763,351,747 | §31,822,000 
183 } 1 181 


Total number of gallons.. 
° 83 


lendar days record: . 
Average number of filters 





usd as oo a 6.64 | 6 30 | 4,68* 

uare feet of surface in use 132,800 126,000 93,€00* 
Filtering surface in reserve 7,200 14,000 46,400" 
Average quantity filtered | 

per 24 hours .. gals.) 4,375,100 | 4,171,320 | 4,595,756 
Number of filter days | 

worked... ot - 1,216 1,153 848 
Total gallons filtered per 

square foot os - 6,028 6 048 17,927 
Average number of gallons 

filtered per square foot 

per 24 hours eo ee 32.94 33.10 49.10 
Total cubic feet filtered 

per square foot .. a 966 74 | 2,872 
Total number of cleanings 165 154 38 
Number of cleanings per 

filter os os oe 24.84 2441 8.11 
Average height in feet of 

column between 

cleanings .. os os 38.88 39.85 354.13 
Gallons per square foot | 

between cleanings 241 | 248 | 2,%10 





* Number of filters available, seven; total filtering surface, 
140 000 aq. ft. 

The new installation at Cawnpore was introduced 
at a time when local circumstances combined to 
render the conditions of working of a filtration 
plant extremely difficult. A complete change in 
the staff of the sanitary departments of both the 
Government and the Municipality led to many 
delays in the remodelling of the pumping plant and 
other works comprised in the extensions necessary 
for the increase in the supply. As a consequence, 
it has been necessary at times to work the new 
filters at a high speed to wake up for delays due 
to the stoppage of the low-lift pumps. Notwith- 
standing this, it will be seen from the reports 
quoted above that the introduction of the new 
system has resulted in a great saving of labour and 
expense, with an increase of safety, by the complete 
elimination of suspended matters from the water 
before slow sand filtration. 





RAILWAYS IN CHINA. 

Tue unsettled state of affairs in China has pre- 
vented the carrying out of many of the schemes for 
railway development, but still, as we learn frou the 
report of the Commercial Attaché to His Majesty's 
Legation at Pekin, some pr has been made. 
Roughly speaking, out of nearly 6000 miles of rail- 
way now open to traffic in China (including about 
1800 miles of lines in Manchuria, which, from a 
commercial point of view, might perhaps be more 
appropriately regarded as Japanese or Russian rail- 





ways), some 1200 to 1300 miles have been constructed 


by British enterprise and British capital. On such 
railways British types and standards have naturally 
been established, as the indiscriminate competition 
of Continental or American makers would only lead 
to difficulties and confusion. The report contains 
a word of warning in this connection. At the 
resent moment the engineering trade in the United 
<ingdom is exceedingly active, and the works are 
fully occupied in filing orders from home, colonial, 
and foreign railways, for which higher prices are 
readily obtained than Chinese railways can afford 
to pay. Now, the railways in China are notoriously 
understocked, and their mt requirements are 
on so comparatively small a scale that one can 
hardly wonder if British manufacturers are inclined 
to cverlook the importance of this market. But 
recent experience of the financial possibilities of 
Chinese railways has been so striking that even the 
most ignoraut and inexperienced of Chinese railway 
directorates may have it driven into their heads at 
any moment that parsimony in the supply of loco- 
motives and rolling-stock is bad economy, and that 
railways which contrive to pay big dividends with 
insufficient stock would ane still more lucrative 
if properly mg hen that moment comes, 
numerous orders for quick delivery will be forth- 
coming, and it will not be the fault of British 
engineers on the spot if, in these circumstances, they 
are obliged to have recourse to American workshops, 
even at the risk of thus introducing a new and 
unfamiliar type. The danger of thus altering the 
existing favourable conditions to conditions un- 
favourable to British industry will be more apparent 
to British manufacturers if they reflect on the 
enormous development of railway communications 
in China that is bound to come as soon as a govern- 
ment is established strong enough to keep order. 

During the year 1912 the most important event 
in the history of railway construction in China was 
the completion, in November, of the Yellow River 
bridge in the Tientsin-Pukow line. Since Decem- 
ber 1, 1912, through trains have been running 
between Tientsin and Pukow, at first twice a 
week, afterwards daily, and Pekin is now 40 
hours from Shanghai. The line from Chang- 
chun to Kirin (80 miles), a branch of the South 
Manchurian Railway, which had been under 
construction since February, 1910, with Japanese 
capital and engineers, but under Chinese control, 
was opened in October, in addition to two short 
branches of the Tientsin-Pukow Railway in Shan- 
tung—namely, Yenchowfu to Tsiningchow, 19 miles, 
and Lincheng to Tsaochwang, 20 miles. Apart 
from these events there is little or no progress to 
record in railway construction during 1912, not- 
withstanding the wild talk of vast railway projects. 
Dr. Sun Yat Sen’s grand scheme of railway construc- 
tion, which contemplated the building of 70,000 
miles of railway in ten years at acost of 600,000,0001., 
was never taken very seriously, although on April 1, 
1913, a Presidential mandate appearcd in the 
official gazette granting what may be called a 
charter to the Ghinese National Railway Corpo- 
ration, by which the latter was empowered to 
undertake the construction of all new trunk lines 
in China, existing railways and railway concessions 
remaining under the control of the Ministry of 
Communications. Recent events have upset - Bond 
proposals ; Dr. Sun Yat Sen is a refugee in Japan, 
and it is at present impossible to say what may 
happen in the matter of railway construction. 

A more definite indication of the future railway 
policy in China is afforded by the signature, in 
September, 1912, by the Chinese Government 
and a Belgian syndicate, to a loan agreement for 
10.000,000/. for the extension of the Pien-ho 
(Kaifeng Honanfu) Railway westward to the 
capital of Kansu, and eastwards to a seaport on 
the coast of Kiangsu, so as to form a grand trunk 
line some 1100 miles in length. The provision 
for foreign supervision and the stipulation that 
the engineer-in-chief and the chief accountant 
are to Belgian or French, and that Belgian or 
French materials are to have preference on equal 
conditions of quality and price, are similar, mutatis 
mutandis, to the terms of the British loan for the 
Canton-Kowloon Railway. In criticising railway 
agreements in China, it should be remembered that 
British commercial interests are so closely inter- 
woven with those of China that it is far more 
important that railways should be built in China 
for the development of trade than that any par- 
ticular conditions should be insisted upon in the 
loan agreements, or even that the railways should 





be constructed under British auspices, 
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“STELLITE” 


FOUR-CYLINDER LIGHT MOTOR-CAR. 


CONSTRUCTED BY THE ELECTRIC AND ORDNANCE ACCESSORIES COMPANY, LIMITED, BIRMINGHAM. 
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FOUR-CYLINDER LIGHT MOTOR-CAR. 


CONSTRUCTED BY THE ELECTRIC AND ORDNANCE ACCESSORIES COMPANY, LIMITED, BIRMINGHAM. 
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Some time ago the Wolseley Tool and Motor-Car 
Company, Limited, of Adderley Park, Birmingham, 
took up the question of the manufacture of a motor- 
car of considerably smaller dimensions and lower cost 
than the cars constituting their ordinary lines of manu- 
facture. After considering the matter it was decided 
to build such a car, and designing and experimental 
work was accordingly put in hand. In some months 
& satisfactory model was produced, and tested on the 

- This model is now being manufactured on a 
commercial scale, not by the Wolseley Company, but 
by their associates, the Electric and Ordnance Acces- 
sories Company, Limited, of Aston Works, Birming- 
ham. The car, which has been named the “‘Stellite,’ 
is illustrated on this and the opposite page. 

The main idea underlying the design of the car 
has been the production of a machine which, while 
retaining all essentials, should be so simplified as 
to enable the manufacture of a reliable article at a 
very moderate price. This aim towards simplicity has 
naturally enabled proportionately greater care and 
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ter expense to be expended on essentials, so that 
In quality the new small car is the equal of much more 
expensive and ambitious models. It should be under- 
stood that the “‘ Stellite”’ car is a light motor-car, and 
not a —_s It exceeds the cycle-car definition in 
weight by about 1 cwt. We have had an opportunity 
of inspecting and travelling on the car, and found that 
in finish, appearance, and comfort it reaches a high 
standard. 

The general lines of the chassis are well shown in 
the elevation and plan given in Figs. 1 and 2. The 
over-all length is ib ft. 9in., and the over-all width 
4 ft. 9in. The wheel-base is 8 ft., and the track 3 ft. 
10 in. A four-cylinder engine is fitted, having a 9.45 
horse-power R.A.C. rating. The gearing gives two 
speeds forward and one reverse. At the normal 
engine speed of 1600 revolutions per minute the 
forward 8 are respectively 10 and 27 miles per 
hour, while the reverse is 9 miles an hour. 
speeds for the three gears for other engine speeds 
are given by the curves in Fig. 9. The standard 
body is a two-seater with a large locker behind for 
spares and tools, but alternative three-seater bodies 
are built. The frame, as will be seen from Figs. 1 
and 2, isa very simple affair. It is built of two ash 
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longitudinal members, each reinforced with steel 
sheets on the inner side. The steel sheets have narrow 
flanges along one edge to add to the stiffness. The 
ash longitudinals are connected together by the engine- 
bed wa by a tubular cross-member which is secured 
into the back-axle spring-brackets. 

The engine, as already stated, has four cylinders. 


These are of 2,',-in. bore and 3}-in. stroke. They are 
cast together and form a very compact unit. The 
jackets completely encircle each cylinder. The cy- 


linder heads are a separate casting. The admission- 
valves are carried above the cylinders and are operated 
by long tappet-rods and rocking-levers from the cam- 
shaft which is carried along the magneto side of the 
engine at the level of the bottom of the cylinders. The 
exhaust-valves are carried in an extension of the 
cylinder casting and are operated direct by short tappet- 
rods. The monobloc casting of the cylinders allows the 
engine to be kept very short, , accordingly, two 
crank-shaft bearings only are fitted. The crank-shaft, 
however, is of larger diameter to ensure adequate 
stiffness. The connecting-rods work in pairs on cranks 
180 deg. apart. General lubrication is by pump and 
trough, the big ends being provided with dippers. 
Petrol feed is by gravity, the 6-gallon iy 
mounted above the Eahens. Cooling is by thermo- 
syphon, and the radiator is of the honeyoomb type. 

he cam-shaft and magneto are driven by roller 
chains. The brake horse-power which the engine is 
able to give at different speeds will be seen from the 
curves in Fig. 10. It may be said that the discon- 
tinuation of the fan brake test at the top end of the 
curve was due to the limitations of the fan, and not 
of the engine. The engine may easily be run at 3000 
revolutions per minute. 

The clutch mechanism is illustrated in Figs. 3 and 4. 
As will be seen from these figures and from Figs. 1 and 2, 
the whole of the clutch control and pedal mechanism 
is carried from brackets bolted to the engine-bed. 
The same brackets also carry the brake-pedal mount- 
ing. This arrangement assists in maintaining the 
simplicity of the main chassis frame and also simplifies 
erection and lining up. The clutch is of the cone t 
faced with Scandinavian belting. The drive aft 
the clutch is made through a shaft rr jointed 
at both ends, which connects to the propeller-shaft, 
The arrangement is best shown in Fig. 2. The pro- 

haft is contained in a casing, which acts as 
the torque-tube and is formed as a rigid unit with 
the -box and back-axle casing. The arran t 
can Some from the plan of the chassis given in Fig. 2, 
and is shown in greater detail in Fig. 5. The arrange- 
ment is also clearly shown in the perspective view 
given in Fig. 6. From these illustrations it will be 
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seen that the gear is very neatly housed iu an exten- 
sion of the back-axie casing. The commana 
requires no comment, as it is well shown in Fig. 5. 
From this figure also it will be seen that the final drive 
is.by worm, and that the differential is operated a 
parallel gears, The propeller-shaft and live back axle 
are fitted with Timken roller-bearings. 

The back-axle springs are of the cantilever type. 
They are secured to the brackets which form the end 
bearings for the tubular stay, which braces the rear 
end of the chassis frame, and serves for the attach- 
ment of the torque-tube. The two brackets are 
bolted to the longitudinal members of the frame. The 
a is well shown in Fig. 6. The rear wheels 
are of the Sankey pressed-steel detachable type, of 
approximately 28 in. in diameter. They are fitted 
each with two brakes, both of the internal expanding 
type. One set of brakes is operated from the pedal, 
and the other from the side lever. The arrangement 
of the various operating links will be followed from 
Figs. 1 and 2. The front axle arrangements are shown 
in ige. 7 and 8. As will be seen from these figures and 
from Figs. 1 and 2, the axle is carried by cantilever 
springs, which are secured to brackets bolted to the 
longitudinal members of the main frame. The axle 
itself is tubular, while the wheels, of the same type 
and dimensions as the rear wheels, are carried on 
Timken roller-bearings. The steering is through rack 
and pinion. 





INDUSTRIAL NOTES. 

A RECENT issue of La Métallurgie contains an article 
to the following effect :—All those men whose interest 
it is to lead the people astray generally argue from 
the standpoint of economics, use that standpoint 
is the one which lends itself the best to Utopian de- 
velopments, and to alluring promises. Every day, at 
public meetings, in trade unions, and in the Press, the 
greatest errors and the most designing fallacies are 
put forward, and are accepted as so many evident 
truths. Since nobody takes the trouble to show up 
these errors and to refute these fallacies, it is not 
surprising that they get scattered broadcast, and that 
frequently they cannot be eradicated. Among these 
fallacies is the one which represents the manual labourer 
as having the right, if not to the totality of the profits 
of an industry, at all events to the greater part, 
‘* because he is the only one to do productive work.” 
This is a gross error. The man who manufactures the 
elements of a bridge is told by demagogues that he 
alone made these elements ; does he not handle the 
finished pieces? But before he was able to produce 
these finished pieces, numerous ‘‘ productive ” agencies 
have been at work, without whose intervention he 
would not have been able to do anything. There have 
been the works principal, who has given effect to his 


scheme for putting down the works, after a lengthy | j 


consideration of all conditions—cost, output, and 
so forth. Then the financier intervened for col- 
lecting the capital necessary to the starting of the 
business in the first instance. Afterwards, the share- 
holders brought their funds and risked them in the 
new business. The architects drew up the plans; 
the contractors and their men ‘‘ produced ” the build- 
ings and tools ; and a host of men contributed to the 
work by their supply and delivery of all the raw 
material, There should be reckoned also the genius 
of a Bessemer and of other inventors to which is due 
the ‘‘production” of admirable discoveries which 
have transformed metallurgy, and have placed it in a 
position to supply work and wages to thousands of 
men. The skill of the manager and his staff, the 
activity of the agents in bringing business to the firm, 
the ony work of the technical men, draughts- 
men and clerks, should not be forgotten either. It is 
only after all the above have contributed their quota 
of energy that the manual labourer has been able to 
come in and to do his share, by manufacturing the 
different parts of the bridge, which the engineers have 
to fit in their respective places to complete the work. 
A manual labourer is only a factor, and without the 
co-ordinate co-operation of all the other factors briefly 
referred to above, he would be absolutely unable to 
** produce ” anything at all. Notwithstanding this, 
he is always certain to receive his wage, whilst capi- 
talists and shareholders frequently receive no re- 
muneration, and occasionally lose all or part of their 
contribution to the running of # business. 

The Welsh railway strike came to an end last 
Saturday. The terms of settlement were the follow- 
ing :—The two engine-drivers referred to in our last 
statement (see page 758 ante) cannot be re-employed. 
The men’s accredited representatives stated they were 
authorised by the men who went on strike to express 
their regret that the men had taken such an action, 
and to give an assurance that the men will not take 
similar action in the future. They ec to 
recommend the men to subscribe from 1s. to 2s. 6d. to 
the Swindon Victoria Hospital. No guaranteed week’s 
payment would be made to the men during the period 
of the strike. The men were to, and did, resume work 








immediately. In regard to this strike, the Railway 
Review states the following :—‘‘... If every member 
of @ trade union is to become a free lance, to do just 
what seems to him best, without reference to the 
opinions and decisions of his organisation, and yet to 
expect the support of such an organisation, then we 
shall arrive at absolute anarchy. . . The basic prin- 
ciple of trade unionism is associated effort.” : 





The Leicester meeting of the indoor staff of the 
tal service took place last Saturday, as announced. 
Mr. J. McCarthy, of the London Cable Room, chair- 
man of the Telegraph Clerks’ Association, occupied 
the chair. There were present 200 delegates from all 
parts of the United Kingdom, who represented 20,000 
members of the Post Office indoor staff. The meeting 
decided to push forward the all-grades claim for a 15 per 
cent. increase in salaries. In regard to striking with 
a view to enforce this claim, it was agreed to hold a 
general conference of all postal workers to settle the 
int, the conference pledging itself to stand by any 
ecision of the genera 'y of postal workers. The 
Syndicalists then proposed to bring about a general 
strike by agreement with the National Union of Rail- 
waymen, the Miners’ Federation, and the Transport 
Workers’ Union, but this was defeated by a majority 
of two only. The Postmaster-General stated that the 
Government has finally decided not to grant the 15 
per cent. all-round increase in salaries demanded by 
the men. The latter, through their associations, 
declare that they will accept nothing less. At the 
time of writing, a meeting was being arranged with 
the Postmaster-General, to be followed by the general 
conference above referred to. 





The conference which was held in Dublin last 
Saturday, the 6th inst., failed to arrive at a settle- 
ment. The representatives of the employers were 
Messrs. Eason, Good, Howat, Jacob, Martin, McCor- 
mick, McLaughling, O’Reilly, snd Spencer. Those of 
the men were Messrs. C. W. Bowerman, M.P., 
H. Gosling, A. Henderson, M.P., J. O'Grady, M.P., 
and Seddon. After the sitting the Dublin Employers’ 
Executive issued a statement in regard to the confer- 
ence. This statement showed that both parties had 
agreed, as a basis for discussion, that (a) the sympa- 
thetic strike should be abandoned ; (b) the em- 
ployer should conduct his business in his own way ; 
(c) no strike should be entered upon without a 
month’s notice or without a ballot; and (d) the 
men’s unions should be conducted on trade-union lines. 
These main points were accepted, but the men’s 
representatives proposed at the last moment an 
amendment to the effect that there should be com- 
plete reinstatement. This broke down the Dublin 
Conference, since the employers, whilst agreeing to re- 
employ such men as were required as soon as possible, 
it ae understood that — firms would be unable 
to employ a full staff immediately, declined to dis- 
charge men who had been engaged since the strike 
broke out, and who had given satisfaction. A National 
Labour Conference was held in London on Tuesday 
last, the 9th inst., with a view to discuss the ways and 
means of ending the Dublin dispute, when the follow- 
ing resolution was carried unanimously :—‘‘ That this 
Conference records its high appreciation of the un- 
stinted support rendered in this (the Dublin) dispute 
by the whole trade-union, labour, and co-operative 
movements, together with other organised bodies and 
sympathetic members of eo public, assisted 
by the labour Press, and pledges its continued help 
until the dispute is settled.” A further resolution 
was passed to the effect that ‘‘this Conference in- 
structs the representatives of the Joint Board to 
continue their consultations with the Dublin strike 
committee, endeavour to resume negotiations with 
the employers’ committee, and to use every legitimate 
method consonant with the preservation .o 
unionist principles to achieve a satisfactory and lasting 
settlement.” An amendment to this latter resolution 
a a sympathetic national strike was defeated 

y 2,280,000 votes to 203,000. 


The executive of the Miners’ Federation of Great 
Britain met at Westminster Palace Hotel last Monday 
to consider their policy at Tuesday’s Conference above 
referred to with regard to the Dublin dispute. A 





large majority voted against a general strike policy to | p.... 


support the Dublin strikers. The Federation, how- 
ever, decided to support a proposal for giving increased 
financial aid to the Dublin strikers until these latter 
**eould secure ition of their trade unions and 
the reinstatement of all the strikers.” This action was 
emphasised by Mr. R. Smillie, President of the Miners’ 
Saieasitee, at the National Labour Conference referred 
to in the above note. 





The result of the Northumberland miners’ strike 
ballot on the three-shift question was published on 
Friday last. For giving notice to cease work 15,303 
votes were counted, and against 14,114, or a ma- 
— for of 1189. There were 246 spoiled papers. 

ince, as will be seen from the above figures, the vote 


trade- | Soo 





did not show two-thirds of the members to be in favour 
of ceasing work to enforce the point, a strike is not 
entertained. 





We read in the Moniteur Industriel that the tension 
between the employers and men is particularly 
marked in Germany, where the trade unions having 
Socialistic tendencies are greatly on the increase. 
They have at the present time a membership of over 
2,559,000, and they are setting to work in a manner 
which bodes ill for the future. It is stated that 
since 1900 the men have contributed to the unions 
a total of over 423 million marks (21,150,000/.) ; strikes 
which have occurred since that same date have led 
to a loss of 47,122,814 working days, corresponding to 
a total loss in wages of over 200 million marks 
(10,000,000/.). The receipts of the unions during 1911 
reached 72 million marks (3,600,000/.), and one-fifth 
only of this latter total was used for aiding neces- 
sitous workmen, whilst 11 million marks (550,000/.) 
were spent for remunerating officials of all classes. 
In Germany the employers have two federations, the 
‘* Central Federation ” and the ‘‘ Industrial League,” 
and both intend to show increased resistance to strike 
threats and to demands which they cannot meet. The 
number of employers who establish welfare institu- 
tions is on the decrease ; the men show very little 
gratitude for these, and mistrust all actions which 
have the least semblance of protectorship towards 
them. The wisest course, therefore, seems to be to 
seek an equilibrium between a strong combination of 
employers and the strong combination of men. 





Quick DrspatoH oF ADMIRALTY Work. — H.M.S. 
Lysander, an ocean-going torpedo-boat destroyer, built 
by Messrs. Swan, Hunter and Wigham Richardson, at 
their Wallsend Shipyard, and engined by the Wallsend 
Slipway and Engineering Company, has m taken over 
by the Admiralty officials. is vessel, as well as the 
sister ship, H.M.S. Laertes, built under the naval pro- 
gramme of 1912-1913, have been delivered before their 
contract dates, H.M.S. Laertes being the first of her class 
to be finished. Since then one other destroyer of the 
naval year 1912-1913 has been completed by other 
builders, and now H.M.S. Lysander is the third. 


LaMInaTeD GeEaRS.— A new method of making 
accurate gears is being developed commercially by Lami- 
nated Gears, Limited, of Sedgley-road, Owlerton, Shef- 
field. ‘The method, which is due to Mr. A. E. Terry, 
of Messrs. Terry and Sons, steel stamper*, Redditch, 
consists in constructing a spur-wheel or pinion by 
assembling together a number of discs of thin steel, in 
which teeth are formed by a process of stamping. Such 

rocesses have now been brought to a high pitch of per- 
ection, and it is claimed that very accurate gears can be 
rapidly and cheaply produced, whilst the use of thin 
plates facilitates the operation of case-hardening the 
teeth where this is desirable. In assembling the discs, 
any errors of form can be distributed if need be, and 
successive discs are stepped forward by half the pitch. 
Very smooth and silent running is claimed as a char- 
acteristic of this type of gear. Moreover, the wheel, 
consisting of a number of laminations, cannot be vibrated 
as a whole, and if suspended and struck by a hammer, 
there is not the sustained and penetrating “ring” a 
duced when a solid wheel is similarly treated. The 
makers claim that with these gears the noise is so reduced 
as to make them suitable for adoption where raw-hide 
pinions are now considered essential. 





Tue Soorety or Encingers (INCORPORATED). — The 
annual general meeting of the Society of Engineers 
(Incorporated) was held at their offices, 17, Victoria- 
street, on Monday, the 8th inst., the President, Mr. 
Arthur Valon, M. Inst.C.E., being in the chair. The 
result of the postal ballot for the election of the Council 


and hono: officers for 1914 was announced as follows :— 
President, H. C. H. Shenton ; Vice-Presidents, Norman 
ie, T. E. Bower, Percy Griffith ; Members of Coun- 


cil, Henry Adams, C. T. Walrond, —. C. Adams, 
S. Cowper-Coles, B. H. M. Hewett, F. H. Hummel, 
G. A. Becks, C. W. V. Biggs, W. B. Esson, F. L. Ball; 
Associate Member of Council, R. J. Simpson; Hon. 
Secretary and Hon. Treasurer, D. B. Butler. It was 
announced that the following premiums had been 
awarded for papers published in the Society’s journal 
during the current year:—The President’s gold medal 
to Dr. Eric K. Rideal, Ph.D., M.A., for his paper 
on ‘The Corrosion and Rusting of Iron”; the 
mer premium of books and instruments to the 
value of 5/. 5s., to Mr. Bernard L. Rigden, for his paper 
on ‘** The South-Eastern Coal-Field ;” the Clarke pre- 
mium, value 5. 5s., to Mr. Gerald O. Case, for his paper 
on ‘‘ Accretion at Estuary Harbours on the South Coast 
of England ;” a Society’s premium, value 3/. 3s., to Mr. 
William Yorath Lewis, A.M.I. Mech. E., A.M.I.E.E., 
M. Am. Soc. C.E., for his paper on “‘ The Bus versus 
Tram Controversy, and Other Aspects of the London 
Traffic Problem.” The report of the Council dealt with 
the many activities of the Society, and referred particu- 
larly to the consideration that is being given to the status 
of the engineering profession. Messrs. Begbie, Robinson 
and Cox, c accountants, were appointed as audi- 
tors for the ensuing year, and votes of thanks were 

to the retiring Council and to the scrutineers of the ballot- 
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“THE CHANNEL STEAMER ‘PARIS’ AND 
GEARED TURBINES.” 
To THe Eprror oF ENGINEBRING. 

Srr,—In your issue of the 5th inst. reference is made 
to the extremely high mechanical efficiency obtained with 
Sir Charles Parsons’s geared turbines in the above-nam 
vessel, part of which is rightly ascribed to the use of 
‘*segmental pivoted” thrust-blocks. I think it is only 
fair to state that the credit for this invention is due to 
Mr. A. G. M. Michell, of Melbourne, Australia, and that 
the thrust-bearings were made under his licence. 

If the invention were merely an ingenious mechanical 
detail, the omission of Mr. Michell’s name would be of less 
importance than is the case; but the invention is much 
more than this, for Mr. Michell has raised the study of 
the lubrication of bearing surfaces above the ‘‘rule of 
thumb” of the drawing-office and the ‘‘ quack doctoring ” 
of the shops, and placed it upon a scientific basis, thus 
laying the engineering world under an obligation which 
should not be overlooked. 

The late Professor Osborne Reynolds showed how the 
high ne capacity and low friction loss of some journal 
bearings could be accounted for by hishydrodynamic theory 
of lubrication, but his mathematical treatment of the sub- 
ject fell short of being of practical value to mechanical 
engineers owing to its assumption that the dimension at 
right angles to the direction of motion was infinite. 
Mr. Michell improved this mathematical treatment, and 
showed how the conditions necessary for the automatic 
maintenance of a pressure oil film between plane sur- 
faces could be determined when both dimensions were 
considered, thereby giving for the first time the complete 
solution of the theoretical problem. He then showed 
its practical value when applied to a segmental pivoted 
thrust-block. 

Mr. Michell made his first thrust-bearing in 1905, and 
since that date the writer hag been ‘‘a voice crying in 
the wilderness” of engineers in this country to get the 
invention taken up; but whether due to his calling not 
being ‘‘effectual,” or owing to their blind conservatism, 
converts have been very slow in coming in, especially 
among marine engineers. 

In striking contrast to this lack of enterprise or want 
of technical insight on the part of British engineers, it is 
instructive to notice the rapid development of a similar 
idea in America, although introduced much later, and in 
a much cruder form. me very large bearings of this 
kind are in use there for water-turbines, a recent applica- 
tion being for a load of 225 tons on a single collar. 

In their old form thrust and footstep bearings were 
always the béte noir of the mechanical designer, but when 
designed in accordance with a rational theory of lubrica 
tion, the journal bearing is inefficient by comparison. 

Yours faithfully, 
H. T. Newsicin. 
(Licensing Agent for the Patentee.) 
3, St. Nicholas Buildings, Newcastle-on-Tyne, 
December 8, 1913. 





MECHANICAL GEAR versus HYDRAULIC 
GEAR FOR MARINE PROPULSION. 
To THE Eprror OF ENGINEERING. 

Sir,—In your interesting article in your last issue on 
the geared-turbine steamer Paris, I notice that you state 
“the mechanical gear gives an efficiency of about 97 per 
cent., as compared with about 90 per cent. in other 
systems.” 

In wean se | the mechanical gear with the hydraulic 
gear you give the relative efficiencies as 98 to 90 per cent., 
and credit 4 per cent. for windage loss in astern turbine, 
and 4 per cent. for thrust-block, thus arriving at the 
comparative figures of 90 : 97. In the Féttinger hydraulic 
transformer, however, the heated water in the transformer 
is directly utilised for raising the temperature of the 
boiler feed, which is raised thereby about 30 deg. Fahr., 
or equivalent to approximately 2 per cent. saving in fuel. 
In the case of a ship fit with a large number of 
auxiliaries, any —— steam in excess of the capacity 
< = feed water is diverted into the low-pressure 

rbine. 

As regards the windage loss in s:tern turbines, careful 
and detailed equines have.been made by ho Veen 
werke, of Hamburg, on the question of windage loss in 
astern turbines running at the ranges of speed of the low- 

ressure turbine in the system, and it has been 
ound that with turbines of astern capacity of 55 per 
cent. of the ahead, the windage loss varies from 34 per 
cent. of full capacity with 80 per cent. vacuum, down to 
1 per cent. with 98 per cent. vacuum. With an average 
vacuum of 93 ig cent. to 94 per cent., the astern wind- 

e loss would be, at —_ 7 per cent. COrediting, 
therefore, 2 per cent. due to feed-water heating and an 
additional 1 per cent. due to astern windage loss, we 
obtain a ratio of comparison between the two systems of 
90: 94 per cent. ; not 90:97 per cent. It must also be 
recollected that in the bydravlic transformer there are 
no mechanical parts in contact, and consequently no 
mechanical wear is possible ; the efficienc may therefore 
be considered to be constant during the life of the ship. 

The excellent manceuvring qualities of ships fitted with 
hydraulic transformers are due, not only to the high 
astern capacity of 89 to 85 per cent. of the ahead, but 
also to the fact that the turbine runs always in one direc- 
tion under the best thermal conditions ; prompt reversal, 
therefore, can be effected without any danger of priming 
or water-hammer ; and, moreover, in so far as the turbine 
is concerned, steam can be used at as a high a tempera- 
ture as is prevalent in central-station i ations where 
superheat of 200 deg. Fahr., or even 250 deg. Fahr., is 
now common practice. 

Experience with direct-coupled marine turbines with 





highly superheated steam has hitherto not been successful 
on account of blade troubles due to the thermal strains 


set up by sudden change of tem ture on reversing, 
and though the mechanical turbine, especially in 
the smaller sizes, on account of the better distribution 


of heat on the smaller mass of metal, can better with- 


ed | stand these thermal changes than in the case of large 


direct-coupled turbines, it is admitted that the ideal 
system for high temperatures is in cases where the astern 
turbine is dispensed with. It is quite true that the 
Fottinger system is restricted to ratios of 5: lor 6:1 
for maximum efficiency ; but this ratio, for any system of 
gearing, covers Channel steamers, Atlantic liners, fast 
mail steamers, and warships of every class. That this 
field is a sufficiently important one is evidenced by the 
fact that at the present time there is under construction 
245,000 shaft horse-power in Fittinger ormers for 
marine propulsion, including one 45,000-shaft-horse- 
power warship and one 20,000-shaft-horse-power liner. 

It is interesting to note that the bulk of these orders 
were obtained ome | the last few months. This rapid 
progress was primarily due to the satisfactory perform- 
ance of the steamship Konigin Luise. Not only were the 
coal and water consumptions on this ship per 't horse- 
power some 20 per cent. better than her sister-ship—the 
direct-driven turbine steamer Kaiser—but the Konigin 
Luise stopped dead from 19 knots to stop in 1} lengths, as 
com with the Kaiser in 4 lengths. 

Impartial critics of the comparative merits of the 
mechanical gear and the hydraulic yw will recognise 
that there is a large and growing field for both systems. 
For some types of ship the mechanical will be found 
most suitable, for other yg the hydraulic ; but it will 
be admitted that the rapidity of manceuvring, the entire 
absence of noise and vibration, the small taken u 
in the we te es and the ease of manipulation, are 
factors which show that the hydraulic system merits the 
careful consideration of all inte: in marine propulsion. 

I am, Sir, yours truly, 
For British FéTTincrR MARINE TRANSFORMERS, 
LimrtTep, 
Rotanp 8S. Portuetm, Director. 
Broad-street House, London, E.C., December 6, 1913. 





THE TRANSPORT OF PASSENGERS’ 
LUGGAGE, 
To THe Eprtor oF ENGINEERING. 

Sir,—The editorial in your issue of October 10, on 
** Electric Trucking,” brings to my mind some impres- 
sions on the different methods of taking care of baggage 
and express packages in England and the United States. 
A conspicuous feature of English methods is that shortly 
before a train departs the platform is filled so full of 
porters, trucks, trunks, bags, and boxes that it is difficult 
to navigate, while in this country we seem never to get 
into such a state of congestion. I remember in July of 
this year, when taking an afternoon ex at the 
Liverpool-street Station, London, for Cambridge, the case 
was very marked. The cause of this appears to be due 
to the English custom of everybody employing and 
qoompenying — to take their baggage to the train. 
The porter, if he has hand-bag enters the compart- 
ment and places the pieces on the racks, gets into every- 
body’s way, and stops the process of filling the compart- 
ment. If he has both trunks and hand-baggage there is 
the added complication of both ; gers are anxious 
to know where their trunks are to be put, and yet do not 
dare to go to see for fear that they will lose their seats. 
People are running from one end of the train to the other 
for seats, and selfish people are standing with their heads 
out of the compartment-door windows to keep others from 
entering in order to prevent crowding. I am not oneof those 
Americans who think that we do things better in this 
country than they are donein England. On thecontrary, 
I see many things that you do better than we ; but I do find 
it much easier to undertakea railway journey here. Here 
we take our large pieces of baggage to the baggage-room 
and check them to their destination, and have no more to 
do with it, and when we go to the train we get on and 
the platform is very clear of people. Likewise, when we 
arrive at our destination we go to the room for 
our articles or give our checks to a porter, cabman, or 
delivery company, and do not block up the platform. 
One result of these outward and inward processes here is 
that platforms can be narrow and uncrowded, for every- 
body is moving in one direction and disappearing into 
the train in one case, or to the baggage-room or streets in 
the other. Platforms in Europe are usually much wider 
than ours, with the evident object of accommodating big 
quantities of scattered bag, and a collection of pas- 
sengers and porters looking it over. ‘The effect on the 
area of a terminal station is very great. An American is 
astonished at the width of the new station at Leipsig, 
and still more astonished when he finds that it contains 
only 26 tracks, while the South station in Boston, Mass., 
which is much narrower, contains 28 tracks. : 

I have pictured the congestion of a London terminal 
on an ordinary day, but on the approach of that greatest 
of nuisances, a Mem holiday, the condition is almost un- 
bearable. 7 2 

Your description of the make-up of American trains 
is in the main correct, but sometimes, and at the Boston 
South station in particular, trains are made up of smaller 
trains, which are uncoupled at points for branches, and 
each sub-train has a ny pp This necessitates a 
baggage truck standing for a short time at the 
car, but as the truck is narrow it is not much in the way. 

Atthe South Station there is a sub-passage to 
elevators at the outward ends of a number of platforms, 
and this does away with the inconvenience of trucks on 
the platforms, except in the case of trains made up in 
branch sections. At the North Station, however, which 





you describe, the trucks pass between the ends of the 
tracks and the fence separating them from the general 
concourse, and this is troublesome for the passengers, as 
trucks are often in their way. 

It should be stated that both the North and South 
stations have separate outward and inward baggage- 
rooms. Outward trains occupy tracks as near as prac- 
ticable to the former, and inward to the latter. This is a 
feature of most American stations of large size. 

Yours very oy, 
F. W. Dean. 


Boston, Mass., October 27, 1913. 





REGULATIONS FOR THE SPECIAL ENTRY 
OF NAVAL CADETS. 

TuErr has just been issued the regulations for the 
special entry, during the years 1914, 1915, and 1916, of 
naval cadets as supplementary to those passed through 
the naval colleges at Osborne and Dartmouth. 

The number to be admitted under these lations in 
1914 will be about sixty. Candidates for admission must 
be not more than 184 nor less than 17} years of age on 
June 1 of the year in which the examination is held. No 
nomination is required. Applications should be made 
to the Secretary of the Admiralty, Whitehall, 8.W., not 
later than April 1. Candidates must be of pure Euro 
descent, and the sons either of natural-born or naturalised 
British subjects. Candidates must be unmarried. fn 
cants who satisfy these conditions will be invi to 
appear before a Committee at the Admiralty. This Com- 
mittee will interview each candidate and examine creden- 
tials furnished by the head master of the school he is 
attending or last attended. A report will be obtained 
beforehand from the head master for the information of 
the Committee ~| to Co sears See ae, 
past training, and gen promise of suitability. n 
the report of this Committee it will be determined 
whether the candidate shall be admitted to compete. 
Candidates will be required to pass at the same time a 
medical examination, ing to the yy regula- 
tions, as to their physical fitness for the Navy. Oandi- 
dates admitted to compete will present ves for 
examination in June by the Civil ice Commissioners. 
By arrangement between the Admiralty and the War 

ce a candidate who is admitted to compete in the 
examination for ial entry as a naval cadet may, if he 
so desires, and vided he fulfils all the con- 
ditions, pot i f at the same time for admission 
to the yal Military Academy, Woolwich, or Royal 
Military College, Sandhurst, or to supplementary first 
appointments in the Royal ines, in which case he 
must express definitely his order of preference before the 
examination has begun. 

Successful candidates will be appointed as cadets to 
undergo a course of training for a period of one and a 
a During this period they will be accommo- 
dated on board @ cruiser, part of the instruction being 
given on board and part onshore. On completing this 
course, and ing out satisfactorily, they will join the 
Fleet as midshipmen. They will e midshipmen 
later in than cadets who enter through Osborne, but 
their services in that rank will be shorter, with the 
general result that except for the effect of the accelerated 
se pomen which they may obtain by doing well in their 

nal examinations, their will usually be about a 
more on attaining the rank of lieutenant. This will be 
no bar to their advancement according to merit. The 
same subsequent career will be open to them as to officers 
who have entered the Navy through Osborne and Dart- 
mouth. Parents or = are required to make a 
private allowance of 50/. per annum to cadets from the 
time they join the naval service until they reach the rank 
of acting sub-lieutenant (namely, for a period of about 
three years and four months), and thereafter a private 
allowance at the rate of 20/. a year for the period (usually 
not exceeding two months) that 7 remain acting sub- 
lieutenants, with pay at the rave of 3s. 6d. a day, ore 
becoming sub-lieutenants. On reaching the rank of sub- 
lieutenant an officer is required to vide himself with 
the uniform of a commissioned officer. Cadets will be 
paid 1s. a day from the time of entry until they become 
midshipmen, when their pay will become Is. 9d. a day. 
On reaching the rank of sub-lieutenant an officer will 
paid 5s.aday. The commencing rate of pay of a lieu- 
tenant, reached after at most two years as sub-lieutenan 
is 10s. a day. A sub-lieutenant can meet his mess an 
other necessary expenditure on the pay of 5s. aday. The 
parent or ian of every cadet is required to provide 
outfit under the regulations in force. The outfit, together 
with a sextant, costs about 60/. 





AUSTRALIAN Marts.—The London office of the Sydney 
Morning Herald, 40, King-street, Uheapside, E.C., has 
issued the annual time-tables of the Australian and New 
Zealand mails for 1914, covering all the services between 
Europe and Aus' and containing full information 
of postal and cable rates in a handy form for the pocket. 
Copies may be obtained gratis. 





** BROADSIDE AND Enp-on Free or BATTLEsHIrs :” 
Erratoum.—We t that an error crept into Signor 
Salvatore Orlando’s letter on ‘‘ Broadside and -on 
Fire of Battleships,” published on page 761 of our last 
issue. A sentence in the last paragrap! Cer: 
tainly the abolishing of the middle turret would make it 
im ible for the designers to make a practical and 
ment of engines and boilers.” 


aan ** 
—_ = 


cient arrange’ 
The w ** impossible” should, of course, read ‘*‘ pos- 
sible,” i the sentence read:—‘‘ Certainly the 


abolishing of the middle turret would make it pos- 
sible. . .” 





792 


ENGINEERING. 





[Dec. 12, 1913. 








HAMBURG-AMERICAN CO.’S T.S.S. “KONIGIN LUISE” WITH FOTTINGER TRANSFORMER 


CONSTRUCTED BY THE VULCANWERKE, HAMBURG. 








Be 


WE illustrate on this page, on pages 793 and 796, 
and on the two-page plate accompanying this issue, 
the twin-screw steamer Konigin Luise, built at the 
Vulcan Company’s works at Hamburg, for the Ham- 
burg-American Line’s Channel passenger service, the 
chief feature being the adoption of the Fiéttinger 
transformer between the turbines and the propeller, 
not only to effect a reduction in speed between them 
in the ratio of 4.03 to 1, but, when required, to reverse 
the relative direction of rotation, so that while the 
turbines run continuously ahead, the screw may run 
ahead or astern. 

Fig. 1 illustrates the vessel on trial, Figs. 2 and 3 
on the two-page plate are respectively an elevation 
and plan of the arrangement of the propelling machi- 
nery in the ship, Figs. 4, 5, and 6, also on the two- 

plate, are sections of the transformer and turbine, 
which latter is of the impulse and reaction type for the 
full range of expansion from boiler pressure to exhaust 
on each of the two shafts. Figs. 7 and 8, e 796, 
are perspective views of one set, the fenane’ dnoien 
the arrangement made for tests in the Vulcan Works, 
and the latter showing the rotating part of the trans- 
former being lowered into the bottom half of the trans- 
former casing with the guide-blades. Figs. 9 and 10, 
on page 793, show the relative space occupied by the 
machinery in the Kaiser, also built by the Vulcan 
Company for channel service, and fitted with impulse- 
reaction turbines of 6000 shaft horse-power, with the 
usual reversing turbines on each shaft, and that in the 
Konigin Luise. 

Professor Sir John H. Biles attended the trials of 
the Konigin Luise on behalf ot the British Féttinger 
Marine sformers, Limited. with which Messrs. 
William Beardmore and Co., Limited, Dalmuir, are 
associated. We publish Sir John’s report in full, as 
it gives not only the reason for the evolution of the 
transformer, but a complete description of the installa- 
tion adopted in this particular veesel, with full details 
of the trials and comparison -with other vessels de- 
signed by him—the Cesarea and Normannia—for the 
London and South-Western Railway Company’s 
English Channel service. So comprehensive is the 
report that no supplemen notes need be given. 

t will be seen that the turbines of the Konigin Luise 
were using steam superheated to 70 deg. Fahr., and 





TB 
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at a boiler pressure of 240 Ib., that Howden’s system 
of heated draught was applied, that the estimated 
steam consumption for turbines and transformer, but 
without auxiliaries, was 12 lb. per shaft horse-power 
per hour, and that the coal consumption for all 
agers was 1.31 lb. per shaft horse-power per hour. 
he efficiency of the transformer, including thrust 
losses, was 89 per cent., but this takes no account of 
gain from the heated water from the transformer, which 
was in series with the boiler-feed supply. This, it is 
estimated, raised the temperature of the feed-water 
by 27 deg. Fahr., and it is claimed that this made a 
difference of 2 per cent. in the coal economy. 

It may be added that the total orders in hand for 
Féttinger transformers make up an aggregate of 245,000 
shaft horse-power, including a 20,000-shaft-horse-power 
liner, a 45,000-horse-power and a 30,000-horse-power 
cruiser, and several destroyers, each of 25,000 shaft 
horse-power. 

Sir John Biles’s report is as follows :— 


The necessity for high revolutions in the turbine and 
low revolutions in the propeller, in order to obtain the 
maximum efficiency of both, causes the selection of some 
system of reduction of revolutions by a transformer to be 
a problem requiring immediate solution in a large number 
of cases of new ship design. 

The mechanical gearing of the Parsons type has been 
successfully tried for ranges of speed of ship in which a 
directly-coupled turbine is wasteful. The ratio of reduc- 
tion in the cargo-steamer Vespasian was 19.9: 1, with a 
service speed of 10 knots. In the cargo-steamer Cairn- 
ross the ratio was 26:1, with a speed of 10 knots. In 
the cross-Channel steamer Normannia the ratios were 
6 4:1land 4,45: 1in the high-pressure and low-pressure 

tively, or a mean ratio of 5.4 : 1, and a service speed 
of 18 to 19 knots. Pas ' 

The Féttinger hydraulic transformer is principally suit- 
able for the last-mentioned type—t.e., where the shaft 
horse-power required is large in proportion to the dis- 
placement, as in cross-Channel ~~ Steamers, de- 
3troyers, and light cruisers, or equally in the case of 


vessels of large tonnage of 18 knots and over—e.g.. 
Atlantic liners, fast mail steamers, armoured cruisers and 
battleships. 

In the Channel steamer Konigin Luise the Fittinger 
hydraulic transformer was adopted. Its reduction ratio 
is 4: 1 at full power. This. however, is not the economical 
limit of ratio. Several Féttinger transformers of large 








power are at present under construction with ratios of 
5: Land of 6: 1. 

The results of the Féttinger system as applied in the 
Konigin Luise are given herewith, in order to enable an 
idea to be formed of the gain in efficiency which has been 
obtained by the hydraulic transformer as compared with 
a directly-conpled turbine installation ; a comparison is 
= made with a similar type of mechanically-geared 
ship. 

The Konigin Luise is of the following dimensions :— 


Length between perpendiculars ‘aa 275 ft. 
Breadth, moulded — ans = ... 98.62 ft. 
Depth to promenade deck an ne Sw 
Draught, Yoaded tts “ee ae sie 9.75 ,, 
Displacement _... my cee ... 1800 tons 


She has three boilers, of the Yarrow water-tube type, 
titted with uptake superheaters and Howden’s hot-air 
forced draught. The amount of superheat is, however, 
smal], being about 60 deg. Fahr. The superheating sur- 
face is 3000 sq. ft. The working pressure of the boilers is 
240 Ib. per sq. in. 

Ths total boiler heating surface is ... —_ sq. fo. 


”» grate ” 1 9 
ES/S.E.P. ... ae =e see 2.44 ,, 
S.H.P./G.S.... =e = —- = 


There are two independent turbine sets, each designed 
to give 3000 brake horse-power at 1800 revolutions per 
minute. They are fitted, one on the port and the other 
on the starboard side of the ship. These turbines are in 
hydraulic connection with the port and starboard pro- 
peller shafting through the Fiéttinger transformers. The 
principal advantage of this system of transmission is that 
the astern turbine is dispensed with, and consequently 
there is a considerable reduction in the losses due to an 
astern turbine, and there is a saving of weight and space. 
Further, the main turbine can be run at a speed which is 
practically constant, and is in one direction only, so that 
during manceuvring there is no sudden change of tempera- 
ture in the steam. In a reversing turbine, which must 
usually be not much hotter than the condenser, the inflow 
of boiler steam has a tendency to cause damage. Steam 
with a considerable amount of superheat can be used 
without fear of damage to the turbines when the Fétuinger 
transformer is used. Also t rapidity of reversing 1s 
obtained by this system, and freedom from noise. : 

Steam-Turbines.—The turbines in the Konigin Luise 
are of the combined impulse and reaction type, the im- 
pulse part being aft of the reaction. Steam nozzles, 

in three groups of twelve each, are fit 
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TABLE A.—TRIAL RESULTS OF THE T.S.S. ‘*KONIGIN LUISE,” H.A.P.A.G., OCTOBER 17, 1913, AT 84 PER CENT. OF 
FULL POWER, BETWEEN CUXHAVEN AND HELIGOLAND. 
| Torsion-Mersr| SBOONPARY | geconpary SHAFT Horse- bates oe Conpensep Stzam, | Warsr Per Suarr Horse 
REVOLUTIONS PER MINUTE. =| ““ READINGS. _ Powsr. BINR Nozzims. |Tempe-| _V4°UU™- Maw Torsuves. Powsr zx Hour, 
| ‘ (Gaver.) — (Bar. 30.7 in.) 
— # = aes. 8 0! coteegiendennen legis . <= 
Primary. Secondary | | sm | | 
Time, — | Star- Star- Star- Star- Star- . 
Port. Port. | Port. Total. | Port. Nozzles.) Port. | Star- | port, | St@r- | otal.| Port.| Str. 
Pe | ae | Star- | port | (Star: | board. | board. board. board. board. board, board. | Total. 
Pa ie | “ Foot-Pounds. English Units. Pony 4 |Deg. F. |In. of Merourv.| Pounds per Hour. | Pounds per 8.21.P. Hour. 
4.0-415| 1665 | 1715 | 418 | 413 | 87.5 | 520 | 29,200| 26,850| 2330 | 2110 | 4440 [170 | 171 436 | 28.5 | 28.78 |29,250| 27,800 | 56,550| 12.54| 12.94 | 12.74 
4154.30 | 1680 | 1720 | 420 | 417 | 87.6 | 54.7 | 29,250 | 28,800| 2345 | 2250 | 4695 |171 | 172 | 440.6 | 2839) 28.72 |20,400| 27,450 |56,850|12.52| 12% 12.87 
430-445 | 1678 | 1720 | 420 | 416 | 87.2 | 54.5 | 29,100 | 28,100| 2330 | 2220 | 4550 |171 | 170.5 | 487 | 2835 | 28.68 |29,500| 27,400 | 66,900| 12.66! 12.34 12.5 
4455.0 | 1672 | 1725 | 419 | 415 | 86.6 | 58.6 | 28,900 | 28,100| 2810 | 2210 | 4520 | 170.5/ 171 440 | 2831 28.68 |29,400| 27,210 | 56,610| 19.71 | 12.82 12.52 
5.0 5.15 | 1715 | 1750 | 430 | 425 | 91.5 | 55.4 | 30,550 | 28,600 / 2500 | 2310 | 4810 (181 | 181 449 | 2831 2862 30'810 | 28,570 |69,880| 12.88 | 12.36 12.85 
5.15-6.30 | 1680 | 1715 | 421 415 | 87.1 | 524 | 29,000| 27,050 | 2330 | 2180 | 4460 |170.5| 170.5 | 449.6 | 2881 28.66 |29,180) 27,080 56,260| 12.51 | 12.7 12.61 
5.30-5.45 | 1675 | 1725 421 417 | 88.0 | 5&5 | 29,400 | 27,650 | 2350 | 2200 | 4550 (171 | 171.5 | 468 | 2835 28.70 |29,250| 27,190 |56,370| 12.44! 12.88 12.89 
5.45.60 | 1677 | 1725 | 421 | 418 | 86.8 | 584 | 28,950 | 27,600 | 2320 | 2200 | 4520 | 170 | 173 | 458.5 | 2835 | 2880 |29,080| 27/300 | 56,880| 12.53 | 12.41 12.47 
6.06.16 | 1672 | 1720 | 423 | 417 | 87.0 | 58.0 | 29,000 | 27,860 | 2885 | 2170 | 4605 | 171 | 170.5 | 454 | 28% | 28.86 |20,250| 20,920 56,170) 12.62 | 12.41 12.46 
615630 | 1675 | 1730 | 492 | 418 | 87.2 | 53.4 | 29,100| 27,600| 2885 | 2190 | 4595 [171.5] 171 458 | 28.43 | 28.86 |29,250| 27,080 66,830| 19.52 | 12.36 12.44 
630.645 | 1620 | 1780 | 413 | 408 89.5 | 55.5 | 29,900 | 28,650 | 2345 | 2930 | 4575 |171 | 171.5 | 458 | 28.47| 28.91 |29,150| 27,100 | 56,250 1243| 1238 12.3: 
6.46-7.0 | 1690 | 1720 | 417 | 411 87.6 | 56.5 | 29,260 | 28,650 | 2320 | 2250 | 4570 |170 | 171 51 | 28.47 | 28.90 |20,080| 27,080 | 56,160) 12.54 | 12.08 12.3 
| | (mean 
4.07.0 | 1680 | 1725 | 420 | 416 | 87.8 | 539 | 29,800 | 27,850) 2346 | 2906 | 4550 [171.0 | 172 448.8 28.38 | 28.76 |29,880| 27,800 | 66,680) 12.52) 12.4 120 for 
| 72 deg. hrs. 
| | super- 
| heat | 











Total coal burnt, 18,964 Ib. = 6321 Ib. per none = 1.88 Ib. per 8S.H.P. per hour). Make-up pump, 3800 revolutions 


r minute. Pressure, 57 Ib. per sq. in. Temperature, 118 deg. Fahr. 


rculating pumps, 180 revolutions per minute. Air-pumps, 48 double strokes per minute. 


Under normal working conditions two groups only are in 
use, but for extra power a third group controlled by a 
separate stop-valvecan be used. The nozzles are ‘ 
circumferentially on the aft end of the at a radius 
from the centre line of the shaft of about 2ft.6in. In 
the impulse part of the steam-turbine there is one Curtis 
wheel having two rows of buckets. There are seven 
expansion stages in the reaction part. The exhaust is led 
to the condenser from the low-pressure end of the turbine 
through a large exhaust bend. On the forward end of 
the turbine shaft a centrifugal governor is mounted which 
operates a small piston-valve in a valve-chest, connected 
by means of a system of piping to a balanced piston- 
valve, which works the main throttle-valve for saguiaties 
the admission of steam to the main turbine-nozzles ; the 
pressure for working this system is obtained from the 
main feed-line. The object of this governor is to control 
the s of the main turbine automatically when man- 
ceuvring. The throttle can also be worked from the 
starting platform by means of a hand-wheel and rod. 
The governor also operates the steam throttle-valve on 
the water-pressure or make-up pump for the transformer. 
The speed of this latter pump can be controlled from 
the starting platform. 

The Transformer.—Keyed on to the after end of the 
primary or turbine-shaft is the primary water-wheel. 
Keyed on to the propeller-shaft are two secondary s' - 
wheels, which are bolted together. The water from the 
primary wheel delivers up part of its energy to the vanes 
in the first secondary stage wheel. From here the water 
is led through stationary guide-blades fixed in the casing 
to the secondary stage wheel, where it delivers up the re- 
mainder of its energy, and it is then returned to the suc- 
tion side of the primary water-wheel, where it receives 
energy by acceleration from the primary shaft, and the 
operations above descri are repeated. Some leakage 
takes place during the pane of the water at a high 
pressure. This leakage is le up as is described later. 

The primary water-wheel is contained in a separate 
chamber forward of the ahead section, and is keyed on the 
turbine-shaft. This wheel discharges through blades 
which are fixed in the casing, and are set so as to reverse 
the direction of the flow into the secondary wheel. This 
wheel is bolted to the first secondary stage wheel of the 
ahead section, and through this is connected to the pro- 
peller-shaft, which it drives in an astern direction. Owing 
to less power being ay ae for going astern, sufficient 
energy can be extracted from the water in one stage, so 
that there is only one secondary stage wheel in the astern 
section of the transformer instead of two, as in the ahead. 
The astern power is about 70 per cent. of the ahead power. 
It will be seen from the above that when manceuvring the 
main turbine can be kept running at a constant speed in 
one direction. This speed is controlled by means of the 
governor. 

The Make-Up Pump.—The make-u mp is of the 
centrifugal type, having its shaft wostien aa is driven 
by asmall independent impulse steam-turbine. The 
pump-chamber is submerged in the tank which supplies 
water to the transformer. The pump discharges through 
the main manceuvring valve into either the ahead 
or astern portion of the transformer, Boiler feed- 
water is used for the transformer, and is being con- 


stantly heated owing to the work done upon it in the 
transformer. In order to save this heat and put it back 

oe the boiler, t of the water from the air-pump 
ise 


is admitted through a ey my valve to the 
transformer tank, and an equal amount is drawn off (by 
means of a branch in the discharge-pipe which leads 
from the make-up pump to the transformer), and is led 
to the main feed-pump suction tank. There is an 
indicator above the engine-room floor, which shows the 
water-level in the transformer tank, so that it may be 
seen that the amount of water sent back to the boiler 
from the transformer is equal to theamount pub into the 
tank. The pressure of the di from make-up 
pump is about 57 lb. per sq. in., and the temperature is 





Counter Readings. 
Time. Port. Starboard. 
3.14 p.m. 1,517,560 2,300,350 
7.18 1,620,030 2,401,620 
4 hrs. 4 min. 102,470 101,270 
Revolutions per minute 419.9 415.1 


Fig.9 TURBINES IN T.S.S."KAISER™ 
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Fig .10. TURBINES 1N 1.5 5 "KONIGIN LUISE” 
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54A) 
InpEx TO Fies. 9 AND 10. 


T. Turbine. o. Drinking-water pump. 
Tr. Transmitter. p. Evaporators. 

C. Condenser. q. San’ pump. 

a, Circulating pump. t. Tur ynamo. 


v. Bilge-pump. 

a. Ausiliary Cet-gump. 
V.T. Ahead turbine. 
R.T. Astern turbine. 


c. Main feed-pump. 
d, a g tank. 
¢. Oil-pumps. 

g. Make-up pump. 


usually regulated to about 170 deg. Fahr. In addition 
to the gain due to saving this amount of heat for the 
boiler, it is also found that there is a considerable gain 
in the efficiency of the drive by using water at this high 
temperature, owing to the viscosity of the water being less 
than at lower tem ures. 

The function of the make-up pump is to replace the 
water which leaks from the stages of the ‘ormer ; it 
also, when manceuvring, supplies water to the or 





astern primary water-w! in the transformer. The 


TaBLE B.—Comparative Table of Full-Power Trials. 




















” | Normannia” i 
al. (Turbine (Mechanical (Hydraulic 
Direct Driven)| Gear). Gear). 
Jan., 1911. | Feb. 28, 1912, Sept. 26, 1913 
Length between per- 
pendiculars o 284 ft. 290 ft. 275 ft. 

Breadth moulded . 29 ft. 86 ft. 88 ft. 7 in. 

Depth os -.| 23 ft. 10in 28 ft. 6 in. 23 ft. 6 in. 

Draught (trial) . 12 ft. 12 ft. 8 in. 9 ft. 94 in. 

Displacement at D. 1990 tons 1864 tons 1800 tons 

Propeller diameter 5 ft. 6 in. 8 ft. 6 ft. 6} in. 

* pitch ..| 5 ft. 6in, 7 ft. 6 in. 6 ft. 7 in, 

Propeller area (pro- — 17.7 aq. ft. 8.1 sq. ft. 

peetae (di 20 ft. ft. 

eller area (deve- os .4 8q. 0 aq. 
loped) 

8.H.P. " os 6670 4080 5330 

Revolutions per min. 500 310.25 453.32 

8) ee .. knote 20 19.686 20.0545 

umber of shafts .. 3 2 2 

Boilers, type 2 D.E. 23.0 by| 1 D.E. & S.E 3 Yarrow 

16.3 - — water-tube 
Working pressure ..| 16C Ib, per 160 Ib. per 240 Ib. per 
. in. . in. » in, 
Draught sa Closed stoke- Closed stoke-|Ho nm hot- 
hold hold 0.5 in. 2.3 in 
water. 

Superheat - None None 70 deg. Fahr. 

Heating surface ..| 12,985 aq. ft. | 10,221 8q. ft. | 12,222 aq. ft. 

Grate surface -| 338 aq. ft. 808 aq. ft. 268 aq. ft. 

H.8./8. 8. P. 1.94 aq. ft. 2.05 sq. 2.29 aq. ft. 

8.H.P./G.S. 19.8 16.4 20.6 

H.8./G.8. : al 38.5 88.7 47.7 

Turbines, type .|Parsons’ reac-|Parsons’ reac-/1 Ourtis Vul 

tion 1 h.p. & =} ss penconitined 
2 Lp.’s, three) combin p.| impulse an 
shales and__revers-| reaction 

ing. Each 

shaft 

Receiver pressure ..| 145 lb. per 146 Ib. per 176 lb. per 

8q. in. 6q. in. 8q. in. 

Vacuum 28.3 in. 28.25 in.; 28.27 in. 

28.1 in. 28,31 in. 

Feed temperature ..|190 deg. Fahr.|190 deg. Fahr.|198 ote 

Revs. per minute .. 600 Re 1 

“p- 
Reduction ratio Direct drive | 6.4: : ~? ; 4.08 1 
4.4: —?p.5 
mean, 5.4: 1 

Weight, turbines and — 77 tons 42 tons 

gearing 
Steam per s8.h.p. per (1) (2) (3) 
hour (estimated),| 15.1 1b. per | 12.2 lb. per 12 1b, per 
turbines and re- hour our hour 
duction gear, but 
excluding auxi- 
liaries* 

Coalt conmengtinn, At 6670 s.h.p.,| At 4980 s.h.p,/At 5330 s.h.p., 
= ib. per| = 10,4721 = 6720 Ib. = 7050 Ib. 

our 
Coal per s.h.p. hour 1.72 1.34 1.81 
(all purposes, 

Duration of ti 6 hours 6 hours 3 hours 
Estimate 
for Auxi- 

liaries. 

*1, Actual steam per s.h.p. including auxiliaries 17.1 os 

2. ” ” ” ” 14.0 . 
3. jn i. excluding ,, 12.0 1.6 
t Calorific value = 13,500 B.T.U. 


discharge from the make-up pump is led to the trans- 
former thro the main manceuvring valves. 

valves are placed horizontally, and are of the 

piston type worked by a hand-lever from the starti 
platform. The ports in the valve-chest are so 

that when the primary ahead pump chamber is open to 
i primary astern ber is open to the 
drain tank, and vice versd. 





The ports in the valve-chest and the in the valve 
are so arranged that both the ahead astern chambers 
can be ptied simult ly (which is what occurs 
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when the manceuvring valve is in its mid-position and 
the secondary shaft is stopped), but it is impossible to 
fill both at the same time. 

The ratio of reduction—.¢c., the ratio of the turbine 
revolutions to the propeller revolutions at which the set 
is designed to run in this ship—is 4:1. This ratio can 
be temporarily increased for manceuvring pur by 
slowing down the make-up pump, which causes the water- 
wheel to cavitate. The — ey | pressure is lated 
according to the desired number of secondary revolutions. 
A thrust-block is fitted aft of the transformer, which takes 
up any difference of thrust there may be between the 
propeller-shaft and the secondary-stage water-wheels in 
ths transformer. There is also a thrust-bearing fitted on 
the forward end of the turbine shaft, to take up the differ- 
ence between the steam thrust in the turbine and the 
water thrust in the primary water-wheel of the trans- 
former. 

Trials.—The vessel was tried at full power on Sept- 
ember 24 and September 26, 1913, in the presence of the 
representatives of the owners —i.¢., the mburg- 
Amerika Company. The contract speed of 20 knots 
was obtained with a shaft horse power of 5330 on 453 
revolutions of propeller. The mean results, as taken by 
the Vulcan Company, are shown in Table B, where the 
results of this trial of the Konigin Luise are com 
with the trial of the Normannia, a geared-turbine ship, 
and Cesarea, a direct-driven turbine ship. 

On October 17 a further trial was made at which the 
writer was present, and the results of this trial are given 
in Table A, and are detailed hereunder. During this 
trial the average shaft horse-power was 4550, or 16 per 
cent. lower power than the full-load results shown in 
Table B ; and this difference is reflected in the water and 
coal consumption results. 

The vessel left the dock at Hamburg at 9.45 a.m., 
drawing 10 ft. 2in. forward and 10 ft. 7 in. aft. The 
weather was calm and fine. 

Maneuvring Trials.—At 1.20’ 44” the telegraph was 
ut ‘*full speed astern.” Abt 1.22 the ship was abso- 
utely stopped ; time taken, 1 minute 16 seconds; dis- 
tance run, not more than two lengths. The revolutions 
before the telegraph was rung down were 430 starboard 
and 435 port, corresponding to about 19knots. The time 
to reverse the shaft was 8 seeonds, and in another 
16 seconds the propeller was running astern at 320 revo- 
lutions starboard and 310 port. These times were taken 
from the ringing of the tel ph to the moment when 
the propeller shaft stop’ or reached its maximum 
revolutions astern. This experiment was repeated at 
1.31, the time taken to stop the ship being 1 minute 
10 seconds. The revolutions in this case were 430 star- 
board and 420 port, and the vessel stopped in about the 
same distance—namely, a little under two lengths. In this 
case the time to reverse the shaft was 4 seconds. It took 
20 seconds more to bring the revolutions to 320 starboard 
and 310 port. At 1.44’ 16 athird experiment was tried. 
The engines were running about 430 starboard and 410 
port. The propellers were stopped in three seconds, and 
were not moved for some considerable number of seconds, 
when they were put to full speed astern, and in four 
seconds from the time the valve was opened they were 
running at 370 revolutions. In this case it took 1 minute 
17 seconds to stop the ship, but the stopping was done in 
about a length and a half. It seems as if the immediate 
reversing of the ns on the stopping of the propellers 
is not so good as allowing them to go for some seconds 
without being reversed. 

The vessel then proceeded to sea and reached Helige- 
land at 4.55 p.m. On the way out, between No. 3 to 
No. 1 lightships, the mean speed over the ground was 
20.15 knots. On the return journey the ue over the 
same distance was 17.5 knots. The average revolutions 
maintained throughout the whole of the run were t 
420, starboard 416. The mean speed between F sma 
lightships was 18.82 knots, and the revolutions 418 port 
and 413 starboard. On the way back the revolutions were 
423 port and 417 starboard. During part of the run, 
from 5.0 to 5.15 p.m., the revolutions were 430 port and 
425 starboard. The mean horse-power, corresponding to 
the revolutions between the lightships out and | was 
4480. On the _—< run, which was not done 
between these lig ips, the shaft-horse-power was 
4810, and the revolutions 4274. The speed for this 
quarter-of-an-hour was not measured, but it is estimated 
to be about 19.26 knots. The water in which the vessel 
was running was shallow, so that the speed obtained is 
not a fair measure of the deep-water speed. Butas the 
trial was made to test the economical and manceuvring 
qualities of the vessel extreme accuracy in speed is of 
minor importance. 

The results are given in Table A, from which it will be 
— - oe — Leen pena = shaft nee pe . 

or turbines and gear , as com’ wit 
121b. at full load. 

Coai was measured on the trial, ..nd found to be 1.38 Ib.* 
per shaft horse-power (including auxiliaries), as compared 
with 1.31 Ib, at full load. The coal (Westphalian steam) 
was sampled and tested at the University of G iW, 
and the ascertained calorific value = 12, B.T.U., as 
compared with 13,500 B.T.U. on previous trials ; thus the 
coal was of inferior quality. 

The Vulcan Company had a large record party on 
board; and readi were taken simultaneously every 
2 minutes for the following :—Main steam pressure, nozzle 
steam and temperature, primary and revolu- 
tions, and torsion-meters ; these readings were plotted to 





* The boilers had not been cleaned between the first 
trials of September 24 and 26, and date of this trial— 
October 17—and in the meantime the ship had steamed 
from Stettin to Hamburg. 





a base of time, and the means taken for every 15 minutes 
are given in Table A. 

At 5 p.m. the power was increased for 15 minutes ; the 
average pressure at the nozzles was 181 Ib. per sq. in., 
and the mean shaft horse-power was 4810 at 427.5 mean 
revolutions per minute. 

The pressure in the fan-cases was about in. water 

s ashpits ‘n i os 
os furnaces ee ms. os 


The following auxiliary machinery was working:—Three 
fan engines, one dynamo, two air, feed, and circulating 
pumps, sanitary pump, and two make-up pumps. 

The machinery worked very satisfactorily throughout 
the 3 hours, and there was practically no noise or vibra- 
tion from the transformer when going ahead. Also the 
results of the manceuvring trials show that this form of 
transmission is very efficient for quick manceuvring. __ 

At the conclusion of the three hours’ trial the ship 
was stopped, in order to see whether the zero position of 
the torsion-meter indicator had moved from that observed 
before starting. It was found to have slightly altered, 
and the mean of the two readings was taken as the true 
zero, from which the shaft horse-powers have been deter- 
mined. The ship then p ed up the river, and 
arrived at the Vulcan wharf at 11.35 p.m. 

The measurement of the shaft horse-power was taken 
by means of the Féttinger torsion-meter, which measures 
the angular twist over a certain length of the shaft. The 
instrument and shaft were carefully calibrated in the shop 
after the trial, and the assumed constant multiplier for 
the twisting moment, and also the magnification ratios of 
the instrument, were found to be correct. 

The steam consumption was measured by recording the 
steam pressures in the nozzle used. It is known that the 
amount of steam which passes a nozzle depends on the 
size and shape of the nozzle and the pressure and tem- 

rature of the steam. This amount can be estimated ; 

ut, to have no doubt, the main-turbine nozzles were 
taken from the ship after the trials, and the steam con- 
sumption was obtained by calibration of the nozzles. 

e nozzles were fitted to the exhaust receiver of the 
condenser in the test-house, and connec up to the 
power-house boilers. The steam pressure and tempera- 
ture were measured by the same gauges and thermometer 
as were used on the trial. The conde steam was 
pumped by the air-pump out of the condenser and dis- 
charged into a measuring-tank. Each group of nozzles 
was tested at three different pressures, each for one half- 
hour. The results obtained confirmed the results of 

arene trials witnessed by the Hamburg Baupolizie- 
orde. 

The Efficiency of the Transformer.—The actual losses 
-—% a may be baer pe as follow :— 

. Energy dissipated in fluid friction. 

2. Heat lost by radiation. 

3. Heat lost by conduction. 

4. Friction of Hane: may thrust, &c. 

Of these, the first is by far the greatest. A very com- 
plete series of tests was carried out by the Vulcan Com- 

ny on the starboard set before it was fitted in the ship. 
The secondary rg me a was measured by means of a 
water brake, and the friction and other losses in the trans- 
former were obtained by measuring the amount and rise 
in temperature of the leakage water from the transformer. 
The mechanical equivalent of this amount of heat, plus 
the friction in the bearings, added to the secondary shaft 
horse-power, gives the primary horse-power. Every pre- 
caution was taken to make the temperature and water 
calibrations as reliable as possible. It was found that the 
efficiency of the transformer varied with the temperature 
of the water in the transformer. This is due to the differ- 
ence in the viscosity of the water. The fluid friction 
diminished at the higher temperature. With the trans- 
former temperature—i.e., the working temperature—at 
170 deg. Fahr., and at 1070 shaft horse-power (40 per cent. 
of full load), the efficiency, including thrust-block, equals 
88 per cent., from which it may be safely stated that, at 
2700 shaft horse-power, the efficiency would be 89 per cent. 

Comparison of ‘‘ Cesarea,” ‘‘ Normannia,” and ** Konigin 
Inise.”—Reference to Table B shows the pe nea results 
of the full-load trial of the Konigin Luise, taken on 
September 26, as compared with the published results for 
the mechanically-geared Normannia, and the direct-driven 
turbine vessel Cresarea. From these it will be seen that, 
so far as the results have been taken, there is practically 
no difference between the first-named two vessels in the 
coal consumption per shaft cage oe yd for all purposes. 
The steam consumption per shaft horse-power for tur- 
bines only at the maximum shaft horse-power obtained is 
121b. in the Konigin Luise (5330 shaft horse-power), 
which is the same as that obtained in the Normannia 
when running at 5000 shaft horse-power, as against 
15.1 Ib. in the direct-driven turbino-steamer Czesarea, at 
6675 shaft horse-power. 





Tue Institution or Crvit ENGIngERS: STupDENTS’ 
Meetincs.—At the students’ meeting, held at the Insti- 
tution on Friday, December 5, at 8 p.m., Mr. H. V. Hutt, 
B.Sc., Stud. Inst. C.E., read a oe entitled ‘The 
Liverpool-street Extension of the Central London Rail- 
way.” The chair was taken by the President, Mr. 
Anthony G. Lyster, M. Eng. The paper dealt with the 
construction and setting out of the tube railway, and was 
accompanied by a number of lantern-slides showin 
details of the shields used for driving, the timbering, an 
the work in various stages of construction. The dis- 
cussion was 0) by Mr. W. C. Mitchell, and continued 
by Messrs. H. V. “44> M. H. Schwab, F. Shaw, 
J. Hay, F. T. Lane, R. Powell, A. C. V. Orrell, W. E. 
Gurry, A. F. Hewett, R. 8. Carroll, and W. R. McKim. 
The author having replied, the proceedings closed with a 
vote of thanks to chairman, proposed by Mr. J. Hay. 





NOTES FROM THE NORTH. 

Giascow, Wednesday. 

sgow Pig- Iron Market.—Last Thursday mornin 

the pig-iron market opened fairly strong, and Clevelan 
warrants were done at 49s. 34d. cash, and at 49s. 6d. 
eighteen days and one month. The turnover was 1500 
tons, and closing sellers quoted 49s. 4d. cash, 49s. 7c. one 
month, and 50s. 1d. three months. The tone was steady 
in the afternoon, but business was again quiet and con- 
sisted of 1000 tons of Cleveland warrants at 49s. 4d. cash 
and 50s. 14d. three mon with sellers over at the latter 
figure, and at 49s. 44d. cash and 49s. 74d. one month. On 
riday morning the dealings were confined to 1500 tons 
of Cleveland warrants at 49s. 6d. fourteen days, and 
49s. 5jd. twelve days. The closing cash price was 
unchanged at 49s. ia. but the forward quotations were 
stronger, with sellors naming 493. 84d. one month and 
50s. 3d. three months. In the afternoon Cleveland war- 
rants were firmer, and 1500 tons were dealt in at 49s. 54d. 
cash and 50s. 3d. three months, closing at 493. 6d. cash, 
49s. 94d. one month, and 50s. 3d. three months sellers. 
On Monday morning the market opened strong, and 1000 
tons of Cleveland warrants changed hands at 49s. 7d. cash, 
and 50s. 5d. three months, and at the close sellers named 
49s. 8d. cash, 49s. 114d. one month, and 50s. 54d. three 
months. The afternoon session was a blank as regards 
business, and sellers’ prices for Cleveland warrants were 
a shade easier at 49s. 7d. cash, 49s. 104d. one month, and 
50s. 5d. three months. On Tuesday morning the market 
was quiet, and only 500 tons of Cleveland warrants were 
done at 50s. 4d. three months. The closing quotations were 
49s. 8d. cash, 49s. 114d. one month, and 50s. 5d. three 
months sellers. In the afternoon Cleveland warrants 
were steady, and 3000 tons were put through at 
49s. 8}. sixteen days, 493. 11}d. one month, and 
50s. 5d. three mont. Sellers’ closing prices were 
49s. 8}d. cash, 49s. 11}d. one month, and 50s. 5d. three 
months. When the market opened to-day (Wednesday) 
the tone was firm, and a turnover of 2000 tons of Cleve- 
land warrants took place at 493. 9d. cash, 503. 14d. and 
50s. 24d. one month, and 50s. 6d. three months. At the 
cloee sellers named 49s. 11d. cash, 503. 2d. one month, 
and 50s. 7d. three months. In the afternoon Oleveland 
warrants were a trifle easier, and some 2000 tons were 
done at 49s. 10d. and 49s. 9d. cash. The closing quota- 
tions were down from the morning, with sellers naming 
48s. = cash, 503. one month, and 50s. 6d. three 

months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market again exhibits an easier tendency, and values are 
marked down a little this week. The current quotation 
for prompt delivery is now from 12/. 18s, 9d. to 131. per 
ton, Glasgow or Leith. 


Scotch Steel Trade.—The conditions prevalent in the 
Scotch steel trade during the past week or two have not 
materially altered, and the general slackness continues. 
Specifications are extremely scarce, despite the lower 
prices of the local products, and mills are not running 
full time. The orders booked lately, while certainly 
very acceptable, are not of any very great volume, 
and the present outlet for heavy material is rather 
limited. xport business is also on a very small 
scale and keen competition exists for almost anything 
on offer. Black-sheet makers are feeling the pinch 
just now, and even the recent reduction of 5s. per 
ton has not brought forth much fresh business. The pre- 
sent output is considerably below the productive capacity, 
and it is freely stated that some of the orders being 
accepted leave no margin of profit and only help to keep the 
works in motion. For structural sections there is a fair 
inquiry, but in other branches there is very little doing. 
Official prices are unchan A notice has been 
up at Glengarnock Steel Works that all contracts with 
workmen will expire on December 20, and engagements 
will only be from day to day thereafter until further 
notice. 

Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland, and 
new business is as hard to secure as it has been for some 
time back. One or two small lots have been fixed 4 
during the past few days, and, although hand-to-mout 
conditions prevail, the majority of the works are still 
partially employed. 

Scotch Pig-Iron Trade.— The general slackness all 
round has been the cause of several more blast-furnaces 
being a down. The demand for the ordinary 
qualities of iron is only fair, and prices are the turn 
easier. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 69s. 6d.; Calder, Gart- 
sherrie, Summerlee, and loan, 70s. (all shipped at 
er og G ock (at Ardrossan), 71s. ; Shotts (at 
Leith), 70s. ; and Carron (at Grangemouth), 71s. Hema- 
tite is almost dead idle. 


Shipbuilding.—Messrs. Scott and Co., Greenock, have 
booked an order for a new Cunard intermediate steamer 
for the Canadian trade. This new vessel will be about 
500 ft. in length, and similar to the Andania, built by the 
same firm. 








PeRSONAL.—The London offices of Messrs. Thomas 
Smith and Sons, Rodley, near Leeds, will, from the 
25th inst., be removed from 25, Victoria-street to 9, 
Victoria-street, Westminster. 





WIRE AND BaR-STRAIGHTENING Macuines : ExpateM. 
—In our description of these on page 760 ante 
we gave the former address of Messrs. Arthur Reiner and 
Co., Limited. Their = address is Parliament Man- 
sions, Victoria-street, lon, 8. W. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. | 

South Yorkshire Coal Trade.—So far as house coal is 
concerned, the local pe shows surprisingly little 
activity for the time of the year. Some ht improve- 
ment is seen upon last week’s demand, but m ts 
would not consider themselves busy if the present flow 
of orders were doubled. A snap of wintry weather would 
be warmly welcomed by all classes of dealers. Both at the 
dépts and at the collieries there is pronounced weakness. 
On the other hand, the hard-steam market maintains a 
most unusual state of activity. The tonnage going to ports 
is almost as large as in the September of several ing 

ears. The position was strengthened by the Sou 
Wales trouble, and it is satisfactory to note that now that 
a settlement has been reached no reactionary tendency 
has set in. It is quite possible that the new firmness may 
develop into a position of unqualified strength. South 


Yorkshire hards are still from 9d. to 1s. to the good on 
the quotation of a week ago. ufacturers in 
the Seeey iron and steel trades are taking far r 


uantities, though the uncertainty that prevails in some 
departments respecting the condition of after-Christmas 
activity tends to restrict forward business. Buyers are 
hoping for easier rates. A to of gas fuels is 
going away on contract account. A fair business is pass- 
ing in outside sales for shipment and to inland works. 
The best that can be said of slacks is that they are no 
weaker. The rapid accumulation of stocks is resulting 
in the sale of special lots at reduced rates. Cokes show 
no perceptible improvement. Quotations :—Best 
hand-picked, 17s. ; omg A Silkstone, 14s. to 15s. ; 
Derbyshire best brights, to 13s. ; Derbyshire house, 
11s. 6d. to 12s, 6d. ; best | nuts, 11s. to 12s. ; small 
nuts, 9s. to 10s.; Yorkshire lls. 9d. to 12s. 9d. ; 
Derbyshire hards, 10s. 9d. to lls. 9d.; rough slacks, 
7s. to 83.; seconds, 5s. 6d. to 6s. 6d.; smalls, 3s. to 3s. 6d. 


Tron and Steel.—The feeling that the worst has been 
experienced in the local iron market has become almost 
general. Although depression is still very marked, no 
further drop has occurred in East Coast hematite, basic, 
and foundry pig, and both in inquiries and actual volume 
of business an improved tone is evidenced. Buyers 
are beginning to feel that to keep off the market any 
longer is to risk the ——— of increased prices, and 
forward contracts are being arranged more freely. Com- 
pared with a year , producers are selling West 
Coast hematite at 21s. less, East Coast at 21s. 9d. less, 
Lincolnshire No. 3 at 14s. 4d. less, Lincolnshire forge 
at 14s. 4d. less, Derbyshire No. 3 at 5s. 9d. less, and 
Derbyshire forge at 16s. less. The December figures 
are :—Hematites, West Coast, 76s. 6d.; East b, 
66s. 3d.; Lincolnshire No. 3, 54s. 8d. ; fo 538. 8d. ; 
Derbyshire No. 3, 558, 3d. ; forge, 52s. 6d. , Which 
are now listed at 8/., and sheets, at 10/., have respectively 
fallen from 92. 10s. and 117. Though the figures of 


December last were abnormally high, the present quota- | } 


tions represent what producers declare to be the irre- 
ducible minimum. In finished iron, the position has 
been slightly relieved by the drop of 10s. in the South 
Yorkshire Bar-Iron Association’s basis price. In bars 
and billets, however, imported material is still sold at 
15s. to 30s. a ton below the local figures. The steel trades 
present an pow 2 of full activity, largely because of 
the anxiety of manufacturers to get delayed orders out of 
hand before the Christmas holidays. But apart from the 
immediate aspect of trade, there has within the last week 
or so been a welcome influx of orders sufficient to warrant 
confidence of hardly less busy conditions in the opening 
months of the newyear. Throughout virtually the whole 
of the branches a much more cheerful] and optimistic tone 
prevails. The Admiralty departments have a lot of work 
on hand. Messrs. Vickers, Limited, have secured an order 
from the — Admiralty for _— eT . They have 
just completed a gun specially desi or firing at air- 
craft. Messrs. Cammell Laird and Co. are e - on 
American Admiralty work. All the firms devoted to the 
manufacture of munitions of war are well supplied with 
orders both on home and export account. A fair business is 
passing in tramway and railway material, in mining, motor, 
and tool steel, and in agricultural and mining machinery 
es. Colonial orders are coming in freely, particular] 
or railway material. An order for railway tyres that wi 

extend over three years been placed by the Victorian 
Government. A number of firms are working on axles, 


tyres, and le parts for the New South Wales Govern- 
ment. The Railway Company has placed an order 
with the Yorkshire Engine etene ‘or seven loco- 


motives. Fair tonnages of steel have been booked for 
Freemantle and Durban. Trade in files, hand and 
circular saws, rasps, shovels, and steel tools generally 
shows a slight falling off. An improvement is confidently 
aioe a new year. Trade in carbon-steel twist- 
is rapidly ex ing, 80 as to em practical] 
the whole of inducteial Britain. There is some uneaal. 
ness in the steel alloy market owing to the scarcity of 
molybdenum. 





Natura Gas In THE Unitep Srates.—The United 
States Geological Survey that the consumption 
of natural gas in the United States exceeded all records 
in 1912, having amounted to 562,203,452,000 cub. ft., 
valued at 84,563,957 dols., or an average of 15.04 cents 
per 1000 cub. ft. The corresponding consumption in 1911 
was 512,993,021,000 cub. ft., valued at 74,621,534 dols., or 
an average Of 14.55 cents per 1000 cub. ft. in 1911. Daur- 
ing 1912 a pe-line was laid which is to convey natural 
gas from Buena Vista Hills, Kern county, California, 
to consumers at | and surrounding 
towns. The pipe-line was built under great difficulties 
and at a heavy cost. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppDLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron market is 
steady and firm. Rather numerous inquiries are reported, 
customers now showing some anxiety to arrange for the 
needs of the early part of next year, but buyers’ and sellers’ 
ideas as to for _prices are still somewhat wide, and 
consequently there is not much doing ahead. That there 
is still confidence in the future, however, is shown by the 
fact that buyers are pre; to pay more for forward 
than for early delivery. Of late a good deal of No. 3 
Saamaee has been sent to Germany, and inquiries 
are repo’ rom quarters in that country that have not 
imported Clev pig for some years past. The pro- 
duction of pig iron is being still further curtailed by the 
blowing out of a blast-furnace at the Thornaby Works of 
Messrs. Whitwell. This reduces the number of furnaces 
blowing on the North-East Coast to 75, of which 40 are 
making Cleveland pig, 24 are producing hematite, and 11 
are manufacturing basic, spiegel, and other special irons. 
Apart from stoppages due to labour troubles, it is many 
ears since so few furnaces were ——s No. 3 g.m.b. 
Soutend pig is firm at 50s. f.o.b.; No. 1 is 52s. 6d. ; 
No. 4 foundry, 49s. 6d.; No. 4 forge, 49s. 3d.; and 
mottled and white iron each 49s. These are merchants’ 
quotations for early delivery. Producers ask higher 
rates. For forward delivery makers put No. 3 at 51s. 6d. 
for the first quarter of next year. ere is a better feel- 
ing in the hematite branch of the staple industry. 
Buyers show more disposition to operate, and offer 
60s. 6d. for either early or forward delivery of Nos. 1, 2 
and 3 East Coast brands. Makers ask 61s. for Spri 
delivery of mixed numbers. So far as can be ascertain 
there is still nothing passing in foreign ore, and in the 
absence of transactions, it is difficult to ascertain on what 
terms business could really be done. Nominally market 
rates remain on the basis of 19s. ex-ship Tees for Rubio 
of 50 cent. a. Coke is still very scarce and 
dear. edium blast-furnace kinds are 18s. 6d. to 19s. 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores at Middles- 
teonah now stands at 145,777 tons, all of which but 43 
tons of standard iron is No. 3 quality. So far this month 
the stock has been reduced by 2320 tons. Shipments of 
pig iron from the Tees to date this month average 3177 
tons per working day, the total despatches amounting to 
28,594 tons. To the same date last month the total load- 
i were returned at 32,298 tons, or a daily average of 
3588 tons, and for the omeeeaes pest of December 
last year the clearances reached 39,985 tons, or an average 
of 4443 tons per working ay. 

Manufactured Iron and Stecl.—Better accounts are 
oe of the manufactured iron and steel industries, a 
‘ew fairly useful orders are coming to hand, and the out- 
ook is certainly improved. Several contracts for ship- 
building and railway material are understood to have 
been arranged, amongst them being a 4000-ton rail 
order for the Bengal-Nagpur Railway, secured by the 
North-Eastern Steel Company. Inquiries from India 
and Nigeria are expected to result in business. Quota- 
tions are stationary. Principal market rates stand :— 
oe oe iron bars, 71. 10s.; best bars, 7/. 17s. 6d. ; 


best 81. 5s.; iron, 61.; iron ship-plates, 
61. 15s.; iron shi 71. 103. ; 3 er 10s. ; 
steel bars, 6. 15s.; steel ship-plates, 6. 10s. ; steel ship- 


angles, 61. 2s. 6d.; steel boiler-plates, 7/. 15s.; steel stri 

6l. 15s.; steel hoops, 7/.; steel joists, 67. 12s. 6d.—all 

less the customary 24 per cent. discount. Cast-iron railway 

chairs are 4/. 5s. ; light iron rails, 7/. ; heavy steel rails, 

61. 10s.; steel railway —- 71. 5s8.—all net at works; 

and galvanised corrugated sheets are 11/. f.0.b.—less the 
4 per cent. 





Our Raits ABpRoaD,—The present nearly-closed year 
has witnessed a satisfactory ex ion in the foreign and 
colonial demand for British rai The exports are still 
hardly what they formerly were; but there has been a 
tendency to improve both in 1912 and 1913. 

New Drepcer ror Rancoon.—Messrs. William Simons 
and Co., Limited, of Renfrew, lauched on November 28, 
with machinery on board, a drag suction hopper-di r 
named the Cormorant, for Rangoon, built to the order of 
the Rangoon Port Commissioners. This vessel is fitted 
with a suction and discharge pump capable of raising and 
di ing 2000 tons of material per hour. Triple- 
= ; - auaiioe ar engines = fitted oe 

riving the or mping out as may 
ae. Steam is supplied from two oplindrical multi- 
= ag boilers constructed for a working pressure of 
per sq. in. main centrifugal pump is con- 
nected to a suction frame fitted in a central well at the 
stern, and powerful water jets are on the nozzle 
at the bottom of the suction frame. The r doors are 
controlled by hydraulic gear, for which power is 
supplied from a duplex set of steam pressure pumps. 
The hopper arrangements include suction ap tus 
which enable the load in the hopper to be dischanges 
overboard for reclamation pu as well as through 
= doors in the bottom by the. ordinary ee 

7 rm’s patent -trapping system is provi 
in . This ment has been proved to be 
very effective in retaining the light material which would 
otherwise be lost in Sores Sa So The 
. George 


vessel was i under the direction of 
OC. Buchanan, M. Inst. C.E., chairman and chief i 
of the Port Commissioners, and Mr. C. Mik, 


M. Inst. C.E., consulting engineer to the Commissioners. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—In consequence of eaee weather, steamers 
have not arrived so freely as had been hoped and expected. 
The settlement of the threatened strike on the Great 
Western Railway is, of course, a favourable influence ; 
but it is doubtful whether normal working can be fully 
restored all at once. Colliery owners are, as a rule, fully 


Nantyglo and Blaina.—The directors of the Nantyglo 
and Blaina Iron Works Company, Limited, in their 
report for the year ended September 30, state that the 


past twelve months 6/. I od 
share upon the 100/. 8 per cent. preference C) 
output of coal and other mi forthe past year was 
1,753,098 tons. The amount allowed for depreciation of 
the properties for the year is 4000/., which, with the 
income from investments, 877/., has been added to the 
reserve for depreciation account. As a result of a new 
lease granted by the Marquis of Abergavenny, the 
directors have been able to enter into new arrangements 
of a satisfactory character with some of the principal 
mineral lessees. 


Retirement co ineer.—Mr. H. 8. OC. Ree, chief 
engineer of the iff Railway (Bute Docks), has 
decided, in consequence of the unsatisfactory state of his 
health, to resign his appointment, which he has held for 
the last 11 years. . Ree, who has been 15 years with 
the company, has; however, to remain with it 
until March 31. Mr. Ree superintended the construction 
of the Queen Alexandra Dock at Cardiff, and he was 
afterwards engaged by the Cardiff Railway Company as 
chief engineer. 

Welsh Fuel Abroad.—Orders have been obtained in 
South Wales for fuel for the Northern of Spain Railway. 
The bulk of the orders for patent fuel were secured, how- 
ever, by German makers. German firms have also 
obtained orders for fuel for the Algerian lines of the Paris, 
Lyons, and Mediterranean Railway Company, German 
capitalists having undersold Welsh producers by about 
2s. 6d. per ton. 


Dowlais.—The Goat Mill has been actively employed 
= billets, ingots, tin-bar, and heavy steel rails. The 
eeper-press has also turned out a tonnage. The 
Big Mill has been occupied with steel curves for roofs of 
underground workings, small-sized steel sleepers, fish and 
sole-plates, &c. The collieries have had a full output. 





Our Locomotive Exrorts.—There is now no doubt 
that 1913 will be a year for our locomotive 
export trade. The value of the engines and parts of 
engines exported in November was 267,560/., as compared 
with 230, in November, 1912, and 234,476/. in 
November, 1911. The te ane for the eleven 
months ended November 30 was 2,759, 123/., as compared 
with 1,925,004/. in the first eleven months of 1912, and 
2,075,902. in the first eleven months of 1911. 





Tuer STANDARDISATION OF RaviumM.—By resolution of 
the International Radium Standards Committee in 
March, 1912, a preparation of 21.99 milligrammes of pure 
radium chloride, pee Curie, was 
declared to be the International standard, and deposited 
at the Bureau International des Poids eb Mesures at 
Sévres. The National Physical Laboratory, bee ge en 
is in possession of the British Radium Standard, which 
has been certified by the International Committee after 
comparison with the International standard. The 
Laboratory is prepared to undertake the standardisa- 
tion of radium and mesothorium preparations by 
eemparison with the standard. For the present, the 
Laboratory will confine itself to the testing of specimens 
which permit the use of methods + on the 


measurement of the penetrating y — ests on 
radioactive minerals, waters and the 6, which are 
of feeble activity, cannot be undertaken. ray 


method requires that the preparation shall have 
es closed in a containing vessel for at least six 
’ ore the test, as until that time has elapsed the 
intensity of the 7 rays is not proportional to fo queatiy 
of radium present. i ing to send radi 

test must advise the tory of his intention at least 
one day previous to sending the specimen. The letter of 
advice should yo age the value of the speci- 
men, and the me by which it is being sent. All 
communications and specimens should be addressed to 
the ee. The a Physical Laboratory, Tedding- 
ton, Middlesex, containing specimens 
should be clearly marked RE Bercrtmens.” 
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TURBINE AND FOTTINGER TRANSFORMER OF T.SS. “KONIGIN LUISE” 


CONSTRUCTED BY THE VULCANWERKE, HAMBURG. 
(For Description, see Page 792.) 
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TURBINES, WITH FOTTINGER TRANSFORMERS, 
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PLATE LII. 
BURG-AMERICAN LINE CHANNEL PASSENGER T-.-S.S. “KONIGIN LUISE.” 
THE yLCANWERKE, HAMBURG. 
Description see Page 792.) 
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NOTICES OF MEETINGS. 


Tus Norte OF Epetanp INSTITUTE or MINING AND MECHANICAL 
} mee YY = ~ &$r at 2 —, in the Mp 
emorial Hall, Geatean n. e. 

be open for discussion “= Notes’ on Coal Coal. Min ning in te Unived 








8, y Mr. Ban 
“The Com ve Inflammability s Mixtures of Pit- 
ited by Momentary Electri by Pro- 
fessor W. M. Thornton. The following papers will be tend or 
taken as read:—‘* Notes on a New Process for the Washing 
of Coal at the St. Nicholas Pit of the son lan des Charbon- 
rey A de I’ rance et Bonne Fortune, n of the Bi. 
Leo Dorey Ford ; Rotes on the, Working of = 
Nicholas Pit of the —_— des Char 
Bonne Fortune, near Liége, Belgium, with S i to 
the Hydraulic Packing of the Goaf,” by Mr. Dorey Ford. A 
a, - will be exhibited, described, and 


new brake for colli 
ae by Mr. Enos Parry. A new — for automatically 


su iy 4 my the event of the win breaking 
Been exhibited, described, and demonstrated or Fr. W. Nunn. 

Tue ioe InsTiTUTs oY ScoTLarD.—Saturday, December 13, 
at 3 o'clock, at the Institute, 39, ce ete Glasgow. 
The followin papers will be discussed :—Mr. Henry Rowan’s 
paper on “ Underground Fires ;” Mr. John Watson’s paper on 
. : Testing of Fans: A von © Magentis De Lng ay ~ ol 

r. ames r on ** Magnesite i 
Greece ;” Mr. . te Dunn’s “The Electric 
Winding Plant at seth coo liery on and Mr. Henry 
Briggs’s paper on “ Gas and Fuel Caps.” a paper will be read 
by Professor D. Burns on “ A tus for the A. A EY of 
Carbon Dioxide and Oxygen in Mine Air.” 

Tus Roya Society or Arts.—Monday, December 2, at 8 p.m. 
Cantor Lecture. ‘‘The Measurement of Stresses in Materials 
and Structures,” by Mr. E. G. Coker, M.A., D.Sc., Prefewer of 
woe BW neering and A plied Mathematics oe and 
Guilds of London Technical College (Lecture III ). Wed 

+ r. Arthur 


Fell, M.A., M.P., F.S.8. Lord Rotherham will 

Tur SuRVgyoRS’ InstrTUTION.—Monday, December * at 8 p.m., 
a de will be delivered by Protesset —- m oA. 

** Modern Science and Modern Agricul! 

"Ta InstiToTIon oF CiviL ENGINEERS. — ~tocoter, December 16, 
at Sp.m. Paper to be read and discussed :—‘‘ Cyclical Chan: 
of Temperature in a Gas-Engine Cylinder,” 4 fessor Ernest 
George Coker, M.A., D.Sc., and Mr. Walter Alfred Scoble, B.S8c., 
Assoc. MM. Poa sv E. Students’ meeting, Friday, December 19, 
— 2 to be read :—“ Air Filtration i. the Cooling 

sntilatine "of Electrical Machines,” by Mr. E. Gurry, 
Stud. Inst.C.E, Mr. J. S. Highfield, M. Inst. C.E., aan chair. 

Tue IviuMiInaTING ENGINEBRING SoctiETy, — Tuesday, Decem: 
ber 16, at 8 p.m., at the house of the Royal “4a Arta, 
18, John-street, Adelphi. A Fag M will be read by Mr. P. J. 
Waldram, F.S.I., entitled ‘‘ Some Problems in Daylight Illumi- 
nation, with Special Reference to School Planning.” 

THE PuysicaL Socirty or Loxvon. — Tuesday, December 16. 
The ninth annual Exhibition of Physical Apparatus will be held 
in the afternoon from 3 p.m. to 6 p.m., and in the evening from 
; p.m. to 10 p.m., at the Im College of Science, Imperial 

Uetitate-road, South Kensington. = the Exhibition short dis- 
pc mn will be given by Mr. Louis Brennan, O©.B., on ‘‘ Soap 
— at 4.30 p.m. and 8.45 p.m., and by Professor J. x °Fleming, 

, F.R.8., on ‘* The Production of Vibrations on Loaded and 
Unloeded Strin »” at 5.30 p.m. and 8 p.m. 

Tue Royal MergoroLoeicaL Society. — Wednesday, Decem- 
ber 17, at 7. 30 pm, at the Institution of Civil Engineers. Papers 

to be read :—‘‘ The Great Rain-Storm at Doncaster, September 17, 
918," by Mr. R. O. Mossman, F.R.S.E., and Mr. ©. Salter ; 
“Recent Studies of Snow in the United States,” by Mr. J. E. 
Church, Jun., Ph.D. ; “‘ The Meteorological Conditions of an 
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Tur AsronavTicaL Society or Great Britarn.—Wednesday, 
December 17, at 8.50 p.m., in the Royal United Service Inetita. 
tion, Whitehall. $ mae) (followed by discussion) :—‘‘ Th 
Science of Fast Flying,” by Mr. C. T. Weymann. 

Tue LystirvTion OF ELxcTRICAL ENGIneEBRS.—Thursday, Decem- 
ber 18, at 8 os “The Employment of Power in His Majesty's 
Post Office,” y Mr. H. C. Gunton, Member. 

Tae INSTITUTION oF MINING AND METALLURGY. — Thursday, 
December 18, at 8 p.m., at the Rooms of the Geological Society, 
Burlington House, Piccadilly, London, W, The following rs 
will be submitted for discussion :—‘‘ Cupellation Experiments 
(Part{l.): A Simple Method for the Detection of the Platinum 
Metals in Cupellation Beads,” by Mr. ©. O. Bannister (Member) 
and Mr. G. Patchin. (A set of microscopes to illustrate the 
actual structures will be Te on * Notes on Mines in the 
Ottoman Empire,” by Mr. Edwards (Associate). 

Tue INSTITUTION OF MECHANICAL ENGmnEERS.—Friday, 
ber 19, at8 p.m. A paper will be read on the “ Mechanical En 
neering Aspects of Construction,” by Colonel R. E. 
Sey B., Member. 
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vt THE DISPOSITION OF DISPLACEMENT 


TONNAGE OF SHIPS. 
Tue Tiger, to be launched on Monday from the 


3 | Clydebank shipyard of Messrs. John Brown and 
= 08 Co., Limited, is the fourth, and last, to be floated 


of a battle-cruiser squadron which promises to 
remain for some time the most formidable at the 
disposal of any admiralty. The other shi - already 
in commission are the Lion, the Princess Royal, and | m 


807 | the Queen Mary, and all will be capable of main- 


taining for a — long period a speed of 28 knots 
under easy conditions, alike i in the stokeholds and 
the turbine-rooms. Normally coal will be used, 


go9 | but the boilers are adapted also for burning oil 
ws fuel, and as provision is made for carrying a large 


won s of liquid fuel, it follows that the maximum 
will be maintainable for a much longer time 

would otherwise be the case. Mr. Goschen, 
when First Lord of the Admiralty, referred to the 
cruisers of that day as ‘‘mighty ships,” and yet 
their displacement tonnage was vnly one-half that 





of the vessel to be launched next week ; the engine 
power was considerably less than half, while the 
collective weight of one round from all the guns 
was —— and the muzzle energy one-tenth. 
ted | These fi gures are remarkable evidence of the pro- 
ot | gress in cruiser design during the paeouee years, 
especially as the results have achieved in 
association with such an improvement in armour 
protection as makes the present-day crusier second 
only to the latest battleships. The speed has 
increased practically five miles per hour. 

The four ships are of the same length, but in 
order that the draught might remain the same, not- 
withstanding increased displacement tonnage due 
to greater . = ting power, the beam has had to be 
augmented by 2 ft. To ensure the same speed 
with greater displacement tonnage, the power of 
the boilers and turbines in the later ships been 
increased; but we understand there is no intention 
of attaining with the Tiger a higher speed under 
normal conditions than the 284 knots by the 
preceding ships of the class. The emplacement of the 
guns, however, is the same in all four ships, so that 
to all intents and pu their tactica qualities 
are alike. The Tiger is fitted with twelve 6-in. 
guns, all of them with armour protection and 
arranged especially for end-on fire ; whereas in the 
earlier cruisers of the class the torpedo-repelling 
armament included sixteen 4-in. guns. In the Tiger 
the Brown-Curtis turbine has been adopted, while 
in the other vessels the turbines are of the 
Parsons type. The turbines on each of the four 


eet | Shafts constitute a separate unit, each shaft having 


high-pressure impulse and low-pressure reaction 
turbines, along with astern turbines. But beyond 
these general particulars, it is not in the interests 
of the Service to deal further with the Ti 
The simultaneous presence in the lydebank 
shipyard, in various of construction, of the 
largest ocean liner, the most powerful battleship, 
and the most remarkable battle-cruiser yet laid 
down—a unique condition—evokes a train of mental 
_ — particularly in regard to the disposition 
e displacement tonnage in ships of various 
io It may not be prudent to give precise data 
ing any of the three vessels, but a considera- 
tion of the subject may be profitable from the 
general point of view, even when we confine our- 
selves to average results. The designer of warships 
has always envied those responsible for the plans 
of the merchantman, because there has never been 
prescribed the same limits to the development in 
size of the liner as is applied in the case of the war- 
ship. This follows from the fact that the growth 


é}in the displacement tonnage of the merchantman 


means, at least, a. proportionate augmentation in 
earning capacity, and results, moreover, in a still 
greater degree of popularity with the travelling 
public.. The former is a direct result, because the 
growth in dimensions adds to the area of the pas- 
senger decks, and, in some cases, to the capacity for 
carrying cargo ; while so far as the latter point is 
concerned, it is recognised that the larger the 
ship the better she stands up against the storms of 
-|the ocean, and there is the greater prospect too 
’ | that, as a structure, she is correspondingly stronger. 
In the warship, however, increase in displacement 
tonnage is only justified by increased fighting 
wer, and while every advance has, in the past, 
n justified by a still larger increase in offensive 
power, there is ever the argument in favour of 
smaller ships, based upon the a concerning the 
safety of eggs in separate baskets. Again, inc 
length is a factor tending towards higher propul- 
sive efficiency. A long ship can be driven at a 
given high speed with relatively less power than a 
shorter ship. There is practically no disadvantage in 
the case of the merchant ship in increased length, 
but in the case of the tm the cost increases 
in much ter ratio, owing to the increased 
length of broadside, which requires to be protected 
by armour of great thickness and cost. Thus it 
may be taken that while the cost of an ocean 
liner of the largest. size works out at something 
like 20001. per foot of length of ship, the rate for 
the modern battleship or battle cruiser is not less 
than 35001., even when we exclude the guns and 
gun-mountings. The difference, due entirely to 
the weight at mate, would be considerably more 
if it were possible to deduct from the outlay for 
the Atlantic liner the great cost of the elaborate 
decorations in the passenger quarters of the modern 
ship, which have no counterpart whatever in the 
warship. 
Because of this limitation in length the warship 
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designer is obliged to increase the beam of the 
ship in order to limit the draught. The great 
Atlantic ships are required to enter only such ports 
as New York, Liverpool, and Southampton, where 
depths of water are available to permit ship 
draughts of 35 ft. to 36 ft. The depth to which 
warships are immersed must be limited, so that 
that they can enter a great variety of harbours and 
fight in waters where the depth is not great. Thus 
it comes that warships have a proportion of length 
to beam of about 7 to1, as compared with 9.3 to 1 
in the case of Atlantic merchantmen. Greater pre- 
caution requires to be exercised in order to reduce 
in every conceivable way the weight put into the 
ship. Thus, while in the case of the British shi 
the sacrifice made is always consistent with the 
attainment of a higher degree of reliability than in 
the case of most warships for foreign Powers, it 
cannot be said that the conditions are so favourable, 
from this point of view, as in many merchant 
ships. The latter vessels require to steam from 
port to port at given times irrespective of wind, 
weather, and sea, and to maintain a precision 
in respect of hours of arrival which, considering 
the length of the voyage, may be favourably 
compared with the running of trains on 
the great trunk lines. Consequently the aim is 
rather to ensure reliability, and, as far as possible, 
duplication in order to overcome the difficulties of 
breakdowns, rather than to minimise weight. In 
respect of structural strength, too, the stresses in- 
volved in steaming at a high rate across the North 
Atlantic in the teeth of a winter gale are much 
more severe than may always be accepted in con- 
nection with the design of a warship; but it must 
not be assumed that, either in connection with 
reliabilty or structural strength, either type of 
ship shows marked superiority. 

Having thus broadly indicated the outstanding 
influences which must be considered in the design 
of a ship, it becomes interesting to examine the 
effect on the disposition of displacement weight in 
each type. If we take the case of the fastest 
Atlantic liners now in service, we find that some- 
thing like 48 per cent. of the total displacement in 
service is ieneléed in the hull, including, of course, 
the weight of material worked into the habitable 
quarters of the ship. In the average of the latest 
battleships this figure is 39 per cent., and in battle- 
cruisers itis only a small fraction in excess of the 
same ratio. When, however, the armour required 
for the pretection of the warship against gun- 
attack is included, the warship hull becomes 
heavier than that of the Atlantic liner. In that 
case armour contributes materially to the struc- 
tural strength, especially if regard be had to 
longitudinal stresses. But it would be a mistake to 
assume that such vessels as the big Cunard liners 
are without protection, even against gun-fire, as 
they have, for one half their length, a double skin, 
due to the fact that the inner walls of the bunkers 
are 18 ft. from the outer skin, and that they are 
built almost of the same strength as the outer skin. 
Thus, even were the outer skin to be penetrated, 
the coal protection and the inner skin would con- 
stitute some safeguard against complete penetra- 
tion of jjectiles into the interior of the vessel, 
should these vessels be utilised in war as armed 
cruisers. In the case of the later design of battle- 
ships, something between 27 per cent. and 30 per 
cent. of the displacement tonnage is devoted to 
protective material, including, of course, armour, 
while in the case of the armoured cruisers 
the proportion is less—one-fourth of the total. 
The difference is due to the importance of achiev- 
ing the very high speeds now demanded from 
the battle-cruiser, and the consequent increase 
in propelling power and therefore in weight of 
machinery. Some compromise has to be made, 
and thus the defensive quality suffers somewhat, 
as compared with the design of battleships, in the 
interests of speed. The hull therefore, including 
the protective material, takes up, for the battle- 
ship, about two-thirds of the total displacement 
weight, and for the modern battle-cruiser over 
60 per cent., while for the modern high-speed 
merchant liner the percentage, as we have said 
already, is 48 per cent. 

These figures show that the engineer who is 
responsible for the design of machinery to attain 
high speeds is set a somewhat difficult task in the 
case of the battleship and the battle-cruiser. Even 
where cost is not the determining element in the 
design of the units of machinery, there is difficulty 
in providing a satisfactory factor of safety if 





weights are too severely reduced, although very 
considerable progress has been made in this direc- 
tion during recent years, owing to the introduction 
of superior metals. Another important element is 
the period during which full power must be con- 
tinuously maintained. In the Atlantic service 
it is five days. In war it may be anything ; the 
success of an engagement may depend on the 
prolongation of full speed for a very short 
time. The British Admiralty, therefore, have 
done well, while striving for the highest results, 
te ensure at the same time the greatest pos- 
sib'e degree of reliability. In our service, 
especially since the advent of the turbine, full 
power has been maiotained with a less degree of 
pressure in the stokehold, and a greater degree of 
ease generally in the machinery compartment 
of the ship, than in the warships of most other 
Powers. This must be carefully considered when 
we state the average weight given to ships of dif- 
ferent types. In the case of the high-speed battle- 
cruisers, each ton of machinery yields, under easy 
steaming conditions, 15 horse-power ; in battleships 
dep°ndent entirely upon oil-fuel 17 horse-power may 
possibly be got, and in others, where coal is used, 
13 horse-power per ton of machinery ; whereas 
in Atlantic high-speed liners the rate is about 
7 horse-power. At the beginning of this century 
the rate for first-class cruisers was 12 horse-power, 
for battleships 10.7 horse-power, for the Atlantic 
liner 6.8 horse-power. The advance in the case 
of warships is due to improvements in the water- 
tube boiler, to the adoption of the turbine, and 
to the utilisation of oil fuel. It will be under- 
stood, therefore, that the machinery absorbs 
a low proportion of the displacement tonnage in 
a modern battleship, and it is highly satisfac- 
tory that this proportion has been reduced to 
between 11 and 12 percent. In the case of the 
high-speed battle-cruisers, however, where a high 
rate of steaming is a dominant consideration in 
design, from 20 to 22 per cent. of the total dis- 
placement weight is placed at the disposal of 
the engine-designer. In the case of the high- 
speed Atlantic liner the proportion varies, of 
course, with the speed, but in the case of the 
fastest ships the rate is from 23 to 24 per cent., so 
that it will be seen that the absence of armour is 
here an advantage to the engineer. 

There is one other benefit which the Atlantic liner 
has, in respect that under normal conditions no gun 
weights have to beaccounted for. If these should 
be required to be carried, their weight will be com- 
pensated for by the absence of those stores which 
are necessary for the sustenance of passengers in an 
immense caravanserai afloat. In the case of a war- 
ship, however, they have to be taken into conside- 
ration for the normal service of the ship. Few 
realise the enormous complexity and weight involved 
in the manipulating machinery for a pair of 13.5-in. 
or 15-in. guns. Only by the ingenuity of the military 
engineer and by the successful production of alloys 
of high tensile material have the guns and gun- 
mountings of the modern ship attained on a moderate 
weight such a great striking energy and rapidity 
of fire with a degree of reliability which is one of the 
most remarkable achievements in modern engi- 
neering. Nevertheless, 4000 or 5000 tons can easily 
be disposed of in the armament of the modern 
warship, and thus in our latest battleships it is 
found necessary to allot about 17 per cent. of the 
total displacement weight to guns and mountings, 
apart altogether from the ammunition, shell, and 
torpedoes; in the case of modern eruisers the 
allotment is 11 per cent. to 12 per cent. of dis- 
placement. 

The remainder of the weight in a ship is accounted 
for by stores. In the fast Atlantic liner these may 
include 6000 or 7000 tons of coal, the food for a 
= population, and all the other elements of 
uxury which modern conditions seem to demand, 
or competition seems to make inevitable. Some- 
thing like 29 per cent. of the tonnage of the 
Atlantic liner goes in fuel, reserve feed-water, 
stores, &c. In the warship there is added to the 
fuel and stores the important items of ammuni- 
tion, torpedoes, &c. ; but as the normal displace- 
ment of these ships only includes a moderate 
supply of coal, the proportion of the normal dis- 
placement thus absorbed by such items is, in the 
case of a battleship, about 7 per cent., and of a 
battle-cruiser about 8 per cent., the difference, 
of course, bei due to the speed, and, conse- 
quently, the fuel supply. These figures, which are 
accurate so far as the average results of the latest 


types of ships are concerned, must not, we repeat, 
be taken as applicable directly to the three types 
which are now in course of construction at the 
Clydebank yard, but are, from the general point 
of view, indicative of the outstanding differences 
in the weights available for each of the important 
elements in the design of these respective features. 





OIL FUEL. 

Tuat oil fuel has some very great advantages 
over the solid variety is hardly a subject for con- 
troversy, its many merits being too patent for dis- 
pute. It is much more easily handled and trans- 
ported, a pipe-line providing a means of transport 
which, where possible, probably costs less even 
than by large oil-tank steamers, low though ocean 
freights may be. Many of its advantages remain, 
whether it be employed for generating steam 
or its energy be directly converted into power in 
an internal-combustion engine. An oil-fired torpedo- 
boat destroyer can be brought to rest for half- 
an-hour from a speed of over 30 knots with 
scarcely the loss of a pound of steam through the 
safety valves, and, when restarted, full speed can be 
attained again within a space of some 10 minutes. 
ong By ora in ceases to be a laborious opera- 
tion. fact, the advantages are such that, were 
oil as readily available as coal, the latter would 
cease entirely to be utilised in ship propulsion. 
Unfortunately, however, the supply of oil by no 
means keeps pace with the demand, so much so 
that low cost of fuel is no longer claimed as an 
advantage for a Diesel-engined ship operating in 
any but special trades, or within any but particular 
and strictly limited areas. 

An interesting survey of the oil-fuel problem 
was given by Sir Boverton Redwood, Bart., in the 
address which he delivered on the 5th inst., as 
President: of the Junior Institution of Engineers. 
On this subject Sir Boverton’s views may justly 
be claimed as authoritative, and we gather that he 
recedes but little, if at all, from the view which 
he expressed before the Royal Commission on Coal 
Supplies in 1903, when he confessed his inability 
to see where supplies of oil were to come from, 
adequate to a general adoption of it in the produc- 
tion of power. At that date the output of petroleum 
was 22,160,701 metric tons, as against 789,128,476 
metric tons of coal, being thus 2.8 per cent. of the 
latter quantity. Since that date matters have im- 
proved, since in 1911 the oil output was 46,526,334 
metric tons, and that of coal 1,067,150,635 metric 
tons, so that the. proportion of oil had risen to 4.36 
ned cent. Itappears, however, that this rapid rate of 

evelopment was not maintained in 1912, when the 
oil production only increased 18 per cent. on the 
figure for the previous year. This slackening in 
the rate of growth may be partially attributable 
to lack of transport facilities ; but Sir Boverton 
believes that the enhanced price of oil at the fields 
— to the conclusion that the rate of production 

indeed failed to meet the demand. 

This view derives support from the fact that certain 
railways in Western America have had to abandon 
the use of oil fuel for locomotive purposes, the 
cost having risen to a point at which coal, in 
spite of the greater difficulty with which it is 
handled, forms a cheaper fuel. This is perhaps the 
more noteworthy in that the demand for fuel oil 
is of relatively recent development. Not many 
years ago Baku producers complained that in com- 
—o with America they were handicapped by the 
act that their oil yielded but 30 to 35 per cent. of 
kerosene, a notably smaller fraction than was ob- 
tained from the American fields. The problem ot 
increasing this yield was consequently attacked by 
Sir Boverton Redwood and Sir James Dewar, but 
by the time they had arrived at a practicable solu- 
tion the demand for fuel-oil had increased so much 
that producers were no longer anxious to get highe1 
yields of = but were, in fact, in search of 
some method of increasing the proportion of oil ot 
high flash-point. 

Nowadays the two principal demands are for 
light spirits and heavy oils, and in view of the fact 
that, whatever its price, petrol will remain in demand 
for certain services, owing to its cleanliness and 
convenience, there is an ample future for any process 
which will increase the yield of spirit from crude 
oil. Something has already been accomplished in 
pe direction, though doubtless much remains to be 

one. 

In his address Sir Boverton suggested that 





further supplies of spirit should be obtainable from 
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the bituminous shales of Scotland. At present, 
however, only ? of 1 per cent. of the to 100 
million gallons annually consumed in this country 
are thus derived. About 46 million gallons are 
imported from the Dutch East Indies, and only 
16 million gallons from the United States, which 
promises soon to have no surplus for export. The 
increase in the value of petrol has, it — made 
it profitable to condense the volatile hydro-carbons 
suspended in the natural gas usually found in 
association with oil. For future needs, Sir Bover- 
ton Redwood seems inclined to rely upon alcohol, 
although the output of benzol is capable of very 
considerable extension. It has been proved that 
alcohol makes a very good substitute for petrol, but 
the abnormal taxes levied upon it in this country 
interpose very great difficulties in its use for any 
industrial purpose. The profit to be derived from 
the illicit sale of duty-free spirit is so large that the 
Excise declare that any relaxation of present pre- 
cautions, which necessarily add to the cost of pro- 
duction, would lead to heavy frauds on the revenue. 
It may be, however, that ethyl alcohol is not the 
only type suitable for use as engine fuel, and cheap 
methods of producing other furms of alcohol may 
not prove to be beyond the skill of the biologist and 
chemist. 

So far the Diesel engine appears to provide the 
most economical method of using oil fuel. Its 
capacity for satisfactorily utilising fuels of every 
degree of viscosity is so great that it is of some 
interest to note that there is a limit to its flexi- 
bility in this regard. Sir Boverton Redwood 
stated that some trouble had been experienced 
even with this engine when the fuel was heavy 
Ostaki from the Grozny field, though it operated 
admirably with the ordinary Baku Ostaki. When 
steam transport was relied upon in the Caspian 
oil-carrying trade some 3 to 3.4 per cent. of the 
cargo was consumed in the work of Op eee but 
since Diesel engines have been fitted this quantity 
has been reduced to about $ per cent. 

Unfortunately, however, the Diesel principle 
seems badly adapted to the construction of really 
large units. There is, we think, very great force 
in Mr. Ferranti’s contention that reciprocating 
machinery is inherently unfitted for use in very 
large units. This view, indeed, was to some 
extent foreshadowed by Osborne Reynolds in 1883, 
in a discussion of the comparative resistances and 
stresses in oscillations and rotations. Whilst it 
seems improbable that the steam-turbine will ever 
reach the net over-all efficiency from fuel to fly- 
wheel possible with an internal-combustion engine, 
it has to be observed that whilst there is some reason 
to believe that this latter type has reached the 
limit of its efficiency, this is very far from being the 
case with the steam-turbine. Tenens backed by 
guarantees have already been made for turbines to 
operate with steam at a pressure of 350 lb. per 
sq. in., and a temperature of 700 deg. Fahr., which, 
if combined with efficient feed-heating arrange- 
ments, should require an expenditure of fuel per 
horse-power-hour not greater than was considered 
quite satisfactory in gas-engines not many years ago, 
and further advances beyond the limit of tempera- 
tures and pressures noted are by no means out of 
the question. In fact, Dr. de Laval, some years 
since, operated small turbines with steam supplied 
at a pressure of 1600 Ib. per sq. in. 

So far as operations on land are concerned, 
gaseous fuel, whether used in boilers or in internal- 
combustion engines, will, in this country at least, 
more than hold its own with oil save in special 
cases. It might par be cheaper in the long 
run to pump fuel to London in the form of gas 
rather than transport it in the solid form by rail, 
and such a c¢ e would greatly add to the 
amenities of city life. At the same time such a 
conversion of coal into gaseous fuel would render 
available large quantities of by-products valuable 
for agricultural and other pur The increas- 
ing use of Mond gas in Staffordshire for fur- 
nace work is, in fact, a portent of no little sig- 
nificance for the future. 

For obvious reasons, however, gaseous fuel is un- 
suited for — at sea, at least unless it be 
generated on shipboard, in which case all the dirt 
and inconveniences attached to the handling of 
coal remain with little or noamelioration. Further 
supplies of oil are accordingly greatly to be desired, 
and Sir Boverton Redwood is sanguine that much 
may be expected from many areas as yet prac- 
tically untouched. Whilst little is to be hoped 
for from the older Canadian oil territory, there 


appear, he said, to be excellent prospects in 
Alberta. There is also, he stated, an immense 
petroliferous region extending from the Persian 
Gulf to the Turco-Persian frontier, which trial 
borings show to be highly productive. 

Deeper drilling may = & render available other 
areas, and it appears that in Galicia a depth of 
5873 ft. has already been attained. Naval officers 
will be glad to have had it authoritatively stated 
that the Navy supply is assured. It is not incon- 
ceivable, moreover, that large quantities of suitable 
oil may be obtained from coal. So far experimenters 
have been mainly concerned in minimising the pro- 
duction of the heavier liquid products from coal, 
but there seems no reason for believing that if the 
need arises processes may not be developed by which 
the yield of products adapted for use as liquid fuel 
may be very materially augmented. 





THE MEASUREMENT OF STRESS. 

THERMAL methods of measuring stresses were 
chosen by Professor E. G. Coker as the subject of 
his second Cantor lecture, delivered at the rooms 
of the Society of Arts, on Monday evening last. 
The fact that changes of stress were accompanied 


¥ 3 





(arora) 


¢ 
i) 


Load Pounds. 





fanTa) 

















Galvanometer Deflect.™ 
0 im 10 15 20 
—- 
N ° 
“N Fig.4. 
N 
N 
N 
N 
_N_9§ 
N © 
N 
N THERMAL TEST 
N OF CHANNEL 
NY 
N 
N 
me! 
h—-74--1 -© -5 0 


(8797TC 


by slight changes of temperature had, the lecturer 
said, been noted first by Magnus. The pheno- 
menon, he continued, was, however, much better 
adapted for investigation in the laboratory than for 
demonstration before a large audience, since it was 
very essential that the specimen under examination 
should be protected from air currents, and that the 
flow of heat from surrounding objects should be 
minimised as much as ible. in spite of this 
difficulty, however, Podleine Coker succeeded in 
showing that the stretching of a specimen did lower 
its temperature, which was measured by a themo- 

ile connected up to a delicate galvanometer. In 
Hocunta ing this demonstration, the speaker said that 
the change in question was not to be confounded 
with the large and sudden rise of temperature 
observed when a specimen was stretched beyond 
its elastic limit, since within the elastic limit the 








stretching of a bar was accompanied by a fall, and 


not by a rise, of temperature. The theory of the 
matter had, he proceeded, been worked out by 
Lord Kelvin, who deduced the following connec- 
tion between the change of temperature and the 
change of stress :— . 

a 


au = -9-. 


In this formula A T denoted, he said, the change 
of temperature corresponding to the change of stress 
A p. was the absolute temperature of the speci- 
men, a its coefficient of expansion by heat, J Joule’s 
equivalent, s the specific heat of the material under 
constant pressure, and p its density. 

In the case of steel this density might be taken 
as 7.5, and the specific heat as 0.11 at 20 deg. Cent., 
whilst a was 1.2 x 10-°, so that we got :— 

AT = — 0.000012 p. 

The order of the effect was, however, he pro- 

ceeded, better shown by the following table :— 


Ap. 


Stress. Temperature Cent. 
Lb. per Sq. In. Tension. oe, 
0 20.0 .0 
5,000 19.04 20.06 
10,000 19.88 20.12 
15,000 19.82 20.18 
20,000 19.76 20.24 


It would, he said, be seen that a change of stress 
from 0 to 20,000 1b. per sq. in. produced a change of 
temperature equal to only about } deg. Cent. 

It was assumed in the above formula that the 
specific heat of the material and its coefficient of 
expansion were independent of the stress. The 
former assumption had not, so far as the speaker 
was aware, been actually tested, but it was very 
unlikely that the specific heat was sensibly different 
in strained and unstrained material. That the 
coefficient of expansion was independent of the 
stress had, however, been proved in the speaker’s 
laboratory in the case both of mild steel and brass. 

Joule was, he said, the first to test the accuracy 
of Kelvin’s law, which he proved to be true for a 
considerable number of materials, using thermo- 
electric couples inserted in holes drilled in the 
specimen. In the speaker’s own experiments he 
had simply pressed a thermopile against the sur- 
face of the test-piece, insulating it by a layer of 
thin paper or a coat of insulating varnish. It 
was essential that the load should be applied to 
the specimen at a uniform rate, because the 
actual galvanometer readings had to be corrected 
for an inflow of heat by conduction and convec- 
tion; and since these corrections were effected 
by means of ‘ cooling” curves, it was n 
that the scale of time should be proportional to the 
scale of loads. A set of readings taken on a ten- 
sion specimen were, the speaker continued, shown 
by the rising portion of the lower curve in Fig. 1. 
After the maximum stress was attained, the speci- 
men was allowed to warm up, which gave the 
descending portion of the curve shown, and from 
this the rate of heat gain at any temperature could 
be deduced. It wasassumed, for such small changes 
of temperature as were involved in experiments of 
this kind, that the rate of heat-flow was propor- 
tional to the temperature difference, and on this 
assumption it could be shown that the observed 

lvanometer readings should be multiplied by the 
actor 4c t D,, where D, was the observed reading 
at the time ¢ and c a constant deduced from the 
**cooling”’ curve, In this way the corrected curve 
shown by the upper curve in Fig. 1 was obtained, 
which corresponded, it would be seen, to a straight 
line law, the temperature rise being therefore 
proportional to the intensity of the stress. 

It had at one time been thought that, by these 
thermal methods, an elastic limit could be detected 
below that observed in the ordinary methods of 
testing. The speaker had, however, found that this 
was not the case, the yield-point, as determined by 
mechanical means, coinciding with that indicated 
by the sudden heating of the bar. This was well 
illustrated in Fig. 2, where the two curves to the 
left were obtained thermally, and that to the right 
by an ordinary extensometer. When the yield- 
point of a bar was raised by stretching it beyond the 
elastic limit, the ‘‘ thermal” yield-point was also 
raised to exactly the same extent. 

Since a compression caused a rise of temperature, 
and a tension a fall of ual amount, thermal 
methods gave, he said, no indication of the existence 
of shearing stresses, since every shear could be re- 
placed by a tension and a a acting ab 
right angles to each other. On the other hand, ifa 
specimen were simultaneously subjected to two 
tensions at right angles to each other, the tem- 
perature change would be the sum of that due to 
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each. Hence, if a channel, such as shown in Fig. 3, 
were subjected to bending, and an attempt were 
made to determine the stresses at different points by 
the thermal method, the results did not indicate the 
same linear distribution of stress as could be proved 
to exist by the extensometer. The curves yielded by 
the thermal method were, in fact, of the type repre- 
sented in Fig. 4, and showed a marked departure 
from the straight-line law. This arose because a 
channel was not a symmetrical section, and when 
subjected to bending, the web also bent in a trans- 
verse plane. The thermal method added the 
stresses due to this warping of the web to those 
directly due to the bending moment, giving thus 
the results indicated in the —_— In an I-beam 
the web remained straight, and the thermal method 
gave results in exact accordance with ordinary 
extensometer observations. 

Thermal methods of detecting changes of stress 
were, the speaker added, applicable to other 
materials as well as to metals. Excellent results 
had, for example, been obtained with a beam of 
slate. With cement and concrete, however, the 
results were discordant, unless the concrete was of 
an age measured by years rather than by months. 

Since stressed and unstressed materials had 
different thermo-electric properties, it had been 
suggested that these might form a basis of stress 
measurements. Ewing’s researches had, however, 
shown the phenomena to be of too complicated a 
character for this suggestion to prove fertile, and 
this conclusion was confirmed by the work of later 
investigators. 





THE SYDNEY HARBOUR BRIDGE. 

Tue scheme for connecting up the capital city 
of New South Wales with the northern suburbs 
across the harbour, was recently advanced a 
stage further by the final adoption of the 
bridge scheme recommended by Mr. David Hay, 
M. Inst. C.E., of Messrs. Mott and Hay, West- 
minster. Taking into consideration the variety of 
traffic which it was desirable that any scheme 
should provide for, and the configuration of the 
most promising sites, together with the situation of 
present or possible railway and other connections, 
this bridge scheme certainly appears to have the 
advantage over others in many respects. The various 
points which influenced Mr. Hay’s decision were 
discussed in a report presented by him to the Par- 
liamentary Standing Committee on Public Works. 
The recommendations were recorded in an article 
in the last volume of ENGINEERING.* 

The bridge project recommended was adopted by 
the Standin Femmnibten, and has since been finally 
approved. The Metropolitan Railway scheme, of 
which the bridge forms a part, is now actually in 
hand, so far as the railway construction work is 
concerned. The bridge scheme adopted is one of 
seven considered by the Committee, the estimates 
for which ranged from 160,0001. to 7,000,000. 
sterling. The proposed works are estimated to 
cost 2,750,000/., the design being one of three 
alternatives submitted by Mr. J. J. C. Bradfield, 
M. Inst. C.E., of the Public Works Department, 
Chief Engineer of Metropolitan Railway Con- 
struction. Briefly, the scheme is for a cantilever 
bridge, with a main span of 1600 ft. and two side 
spans of 500 ft., with the necessary approach 
viaducts, and providiny accommodation for four 
lines of railway, of which two may be used for 
suburban railways, one roadway 35 ft. wide, for 
horse and heavy road vehicles, a motor road for 
lighter traffic 17 ft. 6in. wide, and a 15-ft. footway. 

The bridge is to stretch from Dawe’s Point on 
the Sydney side to Milson’s Point on the North 
Sydney side of the harbour. It will give a clear 
headway of 170 ft. at high water for a width 
of 600 ft., while the whole central span will 
afford a headway of 156 ft. The design provides 
for two main cantilevers and a central girder. The 
piers are 1600 ft. centre to centre and are situated 
on either shore. The shore arms of the cantilevers 
are each 500 ft. long, while the harbour arms, 
520 ft. long, carry a central girder 560 ft. in length. 
The total length of the structure, which is to be 
mainly of nickel steel, will be 2600 ft. The main 
girders are vertical, and are placed 94 ft. 6 in. a 
centre to centre, the ov width of the bridge 
being rather under 140 ft. On the outside on one 
side is a cantilever pathway. On the outside, on 
the other side, is the motor road on cantilever 





* Vol. xcv., page 675. 





brackets. The lines of track, placed all together, 
and the main roadway, occupy the centre of the 
bridge between the girders. e arrangement will 
be clear from the accompanying figure. 

The central span, of 560 ft., is level, but the 
remainder of the bridge on either side, and the 
approaches, are on a grade of 1 in 39. The canti- 
levers are 270 ft. deep at the towers standing on the 
two piers, and are reduced towards the centre toa 
depth between chords of 100 ft. The central span 
is of this depth throughout. The bottom chord is 
either level or on the slope of 1 in 39. The top 
chord of the anchor or shore spans is a circular arc, 
while that of the cantilever spans has a parabolic 
contour running from the tower out into a tangent 
at the end of the suspended central span. The 
cantilevers are to be seated on cast-steel bearings on 
pyramids of rolled joists and concrete, through 
which the load will be distributed to the piers. 
The upper and lower chords of the bridge are 
braced to withstand wind pressure. The wind 
pressure on the central span will be transferred to 
the cantilevers by a pin connection and sliding cross- 
head. Transverse bracing is provided between all 
verticals. The main systems are of the Warren 
type, with the panels subdivided by minor support- 
ing and stiffening members. 


| length and of a weight of 160 tons, and cars for a 
length of 550 ft., weighing 2000 lb. per foot run. 
The heaviest long-distance cars in use in New South 
Wales run to about 1300 lb. per foot, but in 
America the weights are heavier, in some cases 
reaching 2613 lb. loaded. It is considered that the 
2000 lb. figure adopted allows ample margin, 
since only American tal and baggage-cars ordi- 
narily exceed this limit. The type of locomotive 
adopted was similar to a class in use on the Penn- 
sylvania Railroad, with central articulation. The 
curves to be traversed will be of 8 chains minimum 
radius. Allowing a margin, the locomotive has 
been taken at 5500 Ib. per foot run. 

The two eastern tracks are to be used for 
suburban railways, and in this case an electric train 
500 ft. long, and weighing 2240 lb. per ft., has been 
taken. his figure allows a margin beyond the 
present loads adopted in American railway service 
of this class, and should therefore amply suffice, 
though as the gradients in the northern suburbs 
will be severe, cars rather heavier than those in 
America may be required. The railway connection 
between Sydney and the northern suburbs will 
certainly result in the development of a consider- 
able amount of goods traffic. The train- loads 
adopted will ensure any ordinary traffic of this kind 
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Eye-bars have been adopted for all tension chord 
members, but as the cantilever method of erection 
is proposed, the use of eye-bar tension members in 
the suspended span will be precluded. The floor 
systems are to of carbon steel. The railway 
tracks are carried on three deep stringers runnin 
the length of the bridge. On these stringers wil 
be placed transverse plate-girder beams, and on the 
latter the floor troughing will be constructed. 
The eight lines of rails (four tracks) will be laid on 
longitudinal wooden sleepers carried in troughs. 
Between the troughs the floor will be at a level 
slightly above the rail-level, and laid with }-in. steel 

lates. The main roadway is supported by three 
ongitudinal stringers and by the ends of the trans- 
verse beams carrying the railway trucks. Above 
the stringers are placed 15-in. by 5-in. rolled joists. 
over which are laid buckle-plates # in. thick. The 
surface is to consist of w blocks, between which 
and the buckle-plates there is to be a filling of at 
least 3 in. of coke concrete. The motor roadway 
shown on the right-hand side of our illustration will 
have a surface of asphalt, with coke-concrete fillin 
between that and the buckle-plate flooring, as wil 
also the footway on the other side. 

In the design of the bridge the possibilities in 
the way of future developments of traffic have been 
carefully gone into. It 1s proposed to use the two 
western railway tracks for feat Gistenes traffic. In 
working out the design a conventional train make-u 
has been adopted, having a total length of 615 ft., 
and consisting of an electric locomotive of 65 ft. 


being able to cross the bridge. Suburban and 
goods traffic will be able to cross the bridge by all 
four tracks, but the heavy passenger locomotives 
for long-distance traftic will be restricted to the two 
westernmost tracks if they = the weight 
adopted for the purposes of working out the design. 
For the main roadway a uniform load of 100 lb. per 
sq. ft. was adopted, and the deck system was designed 
to meet severe conditions of concentrated loading 
with a uniform load of 100 lb. per sq. ft. over the re- 
mainder of the floor. The extreme type of vehicle 
taken in this case was a motor-lorry assumed to 
have a load of 8 tons on the front axle and 16 tons 
on the back, with a wheel base 12 ft. by 6 ft., the 
space covered being 25 ft. by 12 ft. These are 
figures which, as far as can be foreseen, should 
result in no restrictive regulations of traffic in the 
future. For the motor roadway the load taken 
was a uniform 80 lb. per sq. ft., and for the deck- 
ing a uniform 100 Ib. per sq. ft., or a number of 
nger motor-cars each supposed to weigh 
4 tons, with one axle-load of 44 tons. In the case 
of the footway, the load adopted was 100 lb. per 
sq. ft. for the deck system, reduced to 80 lb. per 
sq. ft. for the design of the cantilevers. . 
The bridge will be connected at either end with 
the railway system, of which an account was given 
in the article referred to above. On the northern 
side of the harbour, beyond the shore span of the 
cantilever, there is to be a series of steel-arch 
approach spans on an 8-chain curve. The largest 





span will be about 180 ft. in length on the centre 
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line, and they will be of the three-hinge spandrel- 
braced type. Beyond this there will be a length of 
steel-girder viaduct. The railway will continue for 
some distance on a higher level than the roadway, 
which drops more rapidly, so that at the first railway 
station, Kirribilli, the line is still 22 ft. above the 
ground-level, in order that the main streets may pass 
below it, while the roadway has fallen to the normal 
street-level. The footway continues as far as the 
railway station, and one set of steps will give access 
from the street to the station or bridge. Two im- 
portant streets, Burton-street and Willoughby- 
street, are crossed by the railway near the station, 
the roadway also ccossing over the former, but 
running out to grade in the latter. The Willoughby- 
street crossing will involve a skew bridge for the 
railway of 86 ft. span, and a little further a bridge 
of 122 ft. span will be required across Alfred-street. 
Another steel bridge will be installed over Arthur- 
street, but the line will then drop, on an embank- 
ment, to ground level, and will then run into the 
North Sydney station. 

The southern approach will embody four steel 
three-hinged spandrel-braced arches, taking all the 
traffic, beyond which one double line of railway curves 
away to the south and west, or to the right hand 
leaving the bridge, and, making a wide detour, is 
continued on a steel viaduct to Fort-street, which, 
with Lower Fort-street, will be crossed on 150-ft. 
steel bridges. Continuing thence on steel truss 
and plate-girder spans, two of which in Argyle- 
place will Se of 155 ft span, the natural surface 
will be reached a little before the junction of 
Crescent and Princes-streets, whence it will pass 
underground to the underground city railway 
station at Wynwyard-square. ; , 

The roadway meanwhile continues straight into 
Princes-street, reaching the ground-level at Argyle- 
street. The footway dips under the railway where 
the latter curves away to the right, and continues 
afterwards alongside the roadway into Princes- 
street. In addition, access will be given to the 
pathway by means of stairs at various points. 





THE THOMAS HAWKSLEY LECTURE. 

On Friday last, the 5th inst., the first Thomas 
Hawksley lecture was delivered at the Institution 
of Mechanical Engineers by Mr. E. B. Ellington, 
Past-President. The President, Sir H. F. Donald- 
son, in introducing the lecturer, said that the 
occasion was a memorial to the late Mr. Thomas 
Hawksley. Through the generosity of Mr. Charles 
Hawksley, the Council had been enabled to institute 
such a memorial and also to doa service to the Insti- 
tution by utilising the fund placed at their disposal 
for lectures of this kind. 

Mr. E. B. Ellington’s lecture was entitled ‘* Water 
as a Mechanical Agent.” His earlier remarks 
naturally referred to the founding of the Thomas 
Hawksley lectures. The late Mr. Thomas Hawksley 
was, he said, the water-works engineer of the Vic- 
torian era. Early in the nineteenth century London’s 
water supply was taken from the tidal water of the 
Thames, and it was the quality, and not the quantity, 

which was deficient. Cholera was frequently ram- 
pant, and it was probably only due to the fact that 
the inhabitants had become partly immune that the 
results of the bad supply were not worse. To 
Hawksley principally, as to his successors, we owed 
an immense debt. He was representative of his age, 
which was one remarkable for mechanical develop- 
ment. Great men in every age had always been 
men of great imagination ; but for that to prove of 
value it had to be coupled with industry and prac- 
tical ability. 

In the early years of the nineteenth century 
engineering was an unorganised profession. Thomas 
Hawksley, who was born in 1807, started his career 
at fifteen as an architect’s apprentice. Water works 
at the time offered a prolific field for his energy. He 
began his own work with the Trent Water Works 
at twenty-three years of age. He was a strong 
advocate of the constant-supply system. In 1852 
he came to London, and altogether he established 
150 water works during his professional career. He 
believed that all portions of his work should be as 
far as — pleasing to the eye, and he devoted 
Special attention to the buildings he erected. 
Besides water works, he was also engaged on gas 
works and drainage schemes, the latter being, of 
course, complementary to water works. A great 
point in his career was that he had to take respon- 
sibility at an early age. Now that was not quite 
possible until it was sometimes too late ; but without 





it no one could show what he was fit for. ae 
devoted himself chiefly to providing towns wit 
water, involving collection and distribution over 

e areas, and he necessarily had to rely largely 
on his own judgment and collection of data. A good 
deal of knowledge had been accumulated on the 
flow of water through pipes, but empirical formuls 
should not be relied upon too much. At the National 
Physical Laboratory research is now being carried 
out on flow at high velocities, when the effect of 
eddies come in. 

Passing next to the subject of water-power, the 
lecturer remarked that to obtain work from water 
either involved a fall from a high to a low level or 
from a high to a low pressure. A boat floating 
down stream was a form of hydraulic work at an 
efficiency of nearly 100 per cent. Recent develop- 
ments, such as the Humphrey pump, would have 
astonished Hawksley. A water-works pumping- 
engine built in 1827 showed an efficiency of 42 per 
cent., compared with the 63 per cent. of a 
expansion engines built ten years or so ago. e 
steam used by the former was 30 lb. per horse- 

wer per hour against 12 lb. by the latter, or the 

tter used two-fifths the amount of steam, while 
the mechanical efficiency had been improved in the 
ratio of 3:2. The great development of recent 
years was not due to a better class of men, but to 
increased knowledge and to improvements in manu- 
facturing appliances Peace and the accumulation 
of wealth were also important factors. 

Mr. Ellington next proceeded to discuss a few 
points relating to water collection and supply, and 
then passed on to the utilisation of water pressure, 
by Bramah in the press, and also in turbine and 
Pelton wheels, pointing out the distinctions between 
supply of this kind and that for household use. As a 
recent example of the use to which water pressure 
is put, he instanced a large hydraulic press lately 
installed at the works of Messrs. John Brown and 
Co., Limited, Sheffield, which has a capacity of 
6000 tons and a working pressure raised by means 
of intensifiers to 24 tons per sq. in. 

It was, the lecturer continued, Lord Armstrong 
who first appreciated the necessity of having inde- 
pendent high-pressure water-supply systems. Tank 
towers 250 ft. high had been erected, but towers 
1500 ft. high or so, for high-pressure supply, were 
impracticable, and the hydraulic accumulator took 
their place. Referring to the development of 
hydraulic power distribution—a development, by 
the way, in which Mr. Ellington has himself taken 
such an important part—he observed that high- 
pressure supply varied from 700 Ib. to 1500 lb. per 
sq. in. in different localities, and there was no 
reason now why 1 ton per sq. in. should not be 
adopted. Water and electricity were, to some 
extent, similar, if electricity were compared to water 
without weight. There were, however, no natural 
sources of electricity available to our knowledge. 
Among other advantages of hydraulic over electrical 
power was the fact that a defective water machine 
would work somehow, but a defective electrical 
machine would not work at all. A rainfall of 25 in. 
represented no less than 1,600,000 tons of rain 
per square mile per annum, equivalent to 100 horse- 
power per square mile throughout the year. 

The lecture, which was listened to with much 
interest by a full audience, was illustrated by means 
of various lantern-slides showing some of Thomas 
Hawksley’s works and modern water-power instal- 
lations. At the close of the lecture, after the ing 
of the votes of thanks, and a few remarks by Mr. 
Charles Hawksley, a reception was held by Sir 
Frederick and Lady Donaldson. 





THE SMITHFIELD CLUB SHOW. 

THE machinery exhibits at the Smithfield Club 
Show, which was opened on Monday last, offer 
little of novelty. Indeed, a comparison between 
the exhibits of two successive years would almost 
lead to the view that agricultural engineering 
had reached a condition of stagnation. Never- 
theless, if the character of the machinery shown 
ten years ago be recalled, it becomes obvious that 
not merely have entirely new implements become 
effective competitors with their predecessors, but that 
the standard types of steam traction engines, road 
locomotives, and the like, have been very materially 
improved in detail. A fact significant of one change 
that has taken place is that Messrs. Robey and Co., 
Limited, of Lincoln, whose exhibit at this Show 
used to consist solely of steam machinery, have, at 
their stand this year, internal-combustion engines 
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only. These were crude-oil engines of the semi- 
Diesel type. It is not possible to ascertain merely 


by runs on the test-bed whether or no an engine of a 
new type will peeve trustworthy in practice, and 
Messrs. Robey have accordingly thoroughly tested 
this type of engine by using it to furnish the power 
for a considerable section of their works. As in- 
stancing the degree of reliability now attained, an 
engine of 50 horse-power recently supplied to a 
customer in Surrey made immediately after erection 
a continuous run of 60 hours, being engaged in the 
work of charging accumulators. The engines have 
shaft - governors, ring- oiled shaft - bearings, and 
forced lubrication elsewhere. 

Perhaps the most interesting exhibit at the stand 
of Messrs. Petters, Limited, of Yeovil, is a small 
two-cycle engine which is pated at 5 brake horse- 
power. These small engines are not intended to be 
operated with crude oil, but with paraffin, and are 
started with petrol, of which about 4 pint suffices. In 
this way the engine can be started on load. After 
5 minutes’ running the paraffin supply is turned on, 
and the engine will then run on this without further 
adjustment. The makers are able to turn out 100 
of these engines per week, special tools having 
been laid down by which on one machine thirty 
cylinders can be bored per day, and an equally 
efficient special tool has been put in for finishing 
the fly-wheels. The engine is intended to compete 
with the small petrol-engines, which, owing to the 
simplicity with which they can be operated, have 
of late years found a steadily increasing sale amongst 
agriculturalists. 

Small vertical oil-engines, rated at from 14 up to 
5 brake horse-power, are also exhibited at the 
stand of Messrs. Blackstone and Co., Limited, of 
Stamford. These are in essentials reduced copies 
of the firm’s well - known horizontal engines, 
operating on the Otto cycle, with water injection to 
eliminate the ibility of premature ignitions at 
full load. essrs. Blackstone also exhibit. one 
of their crude-oil engines, for which they claim a 
very high efficiency, although the maximum air 
pressure used is per sq. in., instead of 
about double this, as is uired with the Diesel 
cycle. These crude-oil engines are built with one 
cylinder up to 120 horse-power, and in a recent 
test at a pumping-station the oil consumption is 
stated to have been but 0.35 lb. per indicated horse- 
power per hour. The engine in question has been 
erected at the Romford sewage works, and the trial 
consisted of a continuous run of 144 hours. 

The Campbell Gas-Engine Company, Limited, of 
Halifax, exhibit, in addition to a suction-gas plant, 
a two-cycle engine of the so-called semi-Diesel 
type, and a four-cycle horizontal engine of the 
high-compression type. In these engines the com- 
pression is between 230 lb. and 250 lb. per sq. in., 
and crude oil is used without difficulty. The semi- 
Diesel engines are mainly being built for use in 
boat-propulsion, but the firm are also supplying 
many oil-engines for pumping in the fens. ere 
the work is very intermittent in character, a rest of, 
perhaps, many weeks being followed by many hours’ 
continuous panes. The advantages of an oil- 
engine which can be started up in a few minutes 
are obvious under such conditions as these, the cost 
of fuel being a matter of subsidiary importance. 

Oil-engines also form the principal exhibit of 
Messrs. Richard Hornsby and Co., of Grantham. 
This type of engine has long since been standardised 
and the small engines exhibited embody no new 
features. The builders are, we learn, supplying 
these engines to operate on crude oil in units up to 
as much as 370 brake horse-power. 

A first appearance at the Show is made by the 
Keighley Gas and Oil-Engine Company, Limited, 
of the Imperial Works, Keighley, Yorkshire, who 
exhibit a number of small petrol-engines ranging 
from 4 up to 10 brake horse-power. These are 
fitted with forced lubrication and high-tension 
magneto ignition, and have met with a consider- 
able demand in mae —, An oil - engine 
capable of using crude oil up to 0.9 specific gravit 
ie ie shown. This maieinen on the Otte eycle 
and works with water injection. 

A 16-horse-power portable crude -oil engine, 
operating on the semi-Diesel system, is shown at 
the stand of Messrs. Marshall, Sons and Co., 
Limited, of Gainsborough. This is mounted on a 
strong carriage, and for convenience of starting 
a compressed-air cylinder is provided. The adop- 
tion of the two-cycle system ensures steady running 
without the use of heavy flywheels, and thus 
renders the engine more readily portable. At full] 
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power the engine is said to consume one half-pint 
of oil per brake-horse-power hour. 

The convenience of small petrol-engines makes 
them very popular with those who require to use 
power intermittently and ona small scale. Their 
great cleanliness is, moreover, an additional advan- 
tage. That there should be a yearly increase in 
the number of firms exhibiting this type is there- 
fore only to be expected ; but the wares exhibited 
differ mainly in detail and in perfection of finish. 
The Otto cycle is practically universal, and high- 
tension magneto ignition is becoming more and 
more generally recognised as the best method of 
firing the charge. Some neatly-arranged engines of 
this character, well adapted for small private elec- 
tric-lighting installations, are exhibited by Messrs. 
R. A. Lister and Co., of Dursley, Gloucestershire. 
The Bradford suapneetias Company and the Eagle 
Engineering Company, Warwick, also exhibit small 
petrol-engines, whilst the Bristol Wagon and Car- 
riage Works, Limited, show both small petrol- 
engines and oil-engines, the latter, at the present 
relative prices of petrol and paraffin, having advan- 
tages when the work is not too intermittent in 
character. 

The steam-operated traction and agricultural 
engines exhibited show no departures of special 
interest, but each successive year shows slight im- 
provements in detail. Forced or automatic lubri- 
cation is becoming more and more popular, whilst 
steel is steadily replacing cast iron in all parts sub- 
ject to severe strain. This transition to a tougher 
material for parts subjected to shock is well 
illustrated by a finely- finished road locomotive 
and by a ploughing-engine exhibited by Messrs. 
Aveling and Porter, Limited, of Rochester. The 
plan of mounting the cylinders on a pressed-steel 
seating riveted to the boilers and planed to a level 
surface has now been extended by this firm to all 
their engines. The ploughing-engine is notable 
for the size and width of its wheels, enabling the 
machine to travel over soft ground in wet weather. 
A fine ploughing-engine is be exhibited by Messrs. 
J. and H. Maclaren, Limited, of Leeds. This 
engine is fitted with two speeds to the winding- 
drum, enabling the machine to do trenching work 
30 in. deep, or to plough at a higher speed up to 
four miles an hour. 

Messrs. Marshall, Sons and Co , Limited, Gains- 
borough, show, in addition to the oil-engine already 
mentioned, one of their new type single-cylinder 
traction engines, which, though rated at 6 nominal 
horse-power, is claimed to be capable of developing 
as much power as the old type 7 nominal horse- 

ower engine, and to be very economical in fuel. 

he heating surface has been increased, and special 
attention paid to the lagging of all radiating sur. 
faces. A compound steam tractor having jacketed 
cylinders is also shown at this stand, the cylinders 
being mounted on a planed seating riveted to the 
boiler, which is designed for a working pressure of 
200 lb. per sq. in. Provision is made } which the 
tractor can, when desired, be converted into an 
eflicient road-roller. 

A compound spring-mounted traction engine, 
rated at 7 nominal horse-power, forms the principal 
exhibit at the stand of Messrs. Ruston, Proctor 
and Co., Limited, of Lincoln. This engine is 
illustrated on page 805. The cylinders, which 
operate cranks a. at right angles to each other, 
are 52 in. and 9} in. in diameter by 12 in. stroke. 
The flywheel is 4 ft. 6in. in diameter, having a 
turned rim 6 in. wide, and the engine is designed 
to run at 165 revolutions per minute. The driving- 
wheels are 6 ft. in diameter and 1 ft. 6 in. over 
treads. The transmission gears are arranged within 
the horn-plates, giving greater rigidity than if they 
were overhung, and in addition they are incidentally 
better protected against dust and grit. A single 
lever changes the gears, so that is is impossible for 
fouling to occur. The cylinders are fitted with 
forced lubrication, and provision is made by which 
high-pressure steam can be admitted direct to the 
low-pressure cylinder when a high torque is tem- 
porarily required. The Ruston oil-engine is also 
shown at this stand. The specimen exhibited is 
rated at 7 brake horse-power, but the type is 
made in sixteen different sizes, ranging from 3 u 
to 55 brake a and in all sizes above 5} 
brake horse-power the engines will run on crude oil. 


Semi-portable and stationary oil-engines form 
the principal exhibit at the stand occupied by 
Messrs. E. R, and F. Turner, Limited, of Ipswich. 
This firm, it appears, were exhibitors at the Smith- 
field Show before the present Agricultural Hall was 





built. Both the engines shown operate on the 
same cycle. The semi-portable machine is carried 
on a strong wooden frame mounted on iron wheels, 
which is provided with shafts for horse traction. Both 
engines have ring-oiled bearings to the crank-shaft. 

A single-cylinder oil-tractor, rated at 35 to 40 
brake horse-power, is exhibited by Messrs. Ran- 
somes, Sims and Jefferies, Limited, of Ipswich. 
The engine fitted is of a thoroughly tested type, 
burning low-grade oils, being capable of running 
on any such oil with a specific gravity of less 
than 0.9, and also with some still heavier oils. The 
engine is primarily intended for the driving of 
thrashing-machines and the like, but is quite 
capable of hauling a thrashing-machine or doing 
similar light traction work, and can be employed in 
direct-traction ploughing when the land is in a 
suitable condition. 

Messrs. Saunderson and Mills, Limited, of the 
Elstow Works, Bedford, show one of the ‘‘ Uni- 
versal ” agricultural tractors which secured the gold 
medal in the recent competitive tria!s in Kent. The 
Ivel Agricultural Motors, Limited, of Biggleswade, 
also show one of their well-known tractors. 

Messrs. Richard Garrett and Sons, Limited, of 
Leiston, were pioneers in this country in the con- 
struction of agricultural engines working with 
superheated steam. They have applied this system 
to a 3-ton motor-wagon, the engine for which is 
accordingly fitted with piston-valves. As in a 
number of other instances this year, this steam- 
wagon is fitted with rubber tyres, an improvement 
which up to the present has been in the main con- 
fined to petrol-driven wagons. 

Messrs. Clayton and Shuttleworth, Limited, of 
Lincoln, also exhibit a rubber-tyred 3-ton steam- 
wagon which is representative of their latest 
agg This wagon has a Belpaire boiler designed 
or a working pressure of 200 lb. per sq. in., and 
has compound engines with cylinders 3? in. and 
6? in. in diameter with a 6 in. stroke. Two speeds 
are provided for—viz., 6 and 12 miles an hour, the 
latter being the legal limit for the type. Self- 
lubricating bearings are fitted throughout, and the 
feed-pump is arranged in a most accessible position, 
in full view of, and within easy reach of, the driver. 
It is claimed that at present prices this wagon is much 
more economical of fuel than the petrol type, being 
capable of running 60 miles over average roads for 
an expenditure of 34 cwt. of fuel. As showing 
the growing importance of the internal-combustion 
engine, we may add that the firm are organising 
a special department for the manufacture of the 
semi- Diesel engine. 

Messrs. John Fowler and Co., Limited, of Leeds, 
have as their principal exhibit a compound road 
locomotive fitted with a superheater in the fire- 
box. A very extended trial was made of this super- 
heater before it was definitely adopted as being both 
efficient and reliable, and the makers state that 
they attain steam temperatures of 608 deg. Fahr., 
with a consequent saving of up to 20 per cent. in 
the coal bill, and, what is nearly equally as im- 
portant in many cases, a reduction of from 20 to 25 
per cent, in the water consumption. Provision is 
made by which the superheater can be cleaned by 
steam-jets operated from the foot-plate without 
opening the smoke-box door. Another interesting 
exhibit at this stand is an oil-operated road loco- 
motive. This is fitted with an oil-engine developing 
50 horse-power on the brake, which is nonutes on 
a casing resembling in appearance the boiler of an 
ordinary steam traction-engine, but which is really 
a fuel-tank. The gearing is accommodated in the 
space which would correspond to the fire-box of the 
boiler of a steam-tractor, and is thoroughly well 
protected from dust and grit. 

Messrs. Davy, Paxman and Co., Limited, of the 
Standard Iron Works, Colchester, show not only 
one of their neatly-designed traction engines which 
have already been described in detail in our 
columns, but a complete suction-gas plant. We 
believe that the popularity of certain types of oil- 
engine have for some little time past checked the 
natural growth of the demand for the suction gas- 
producer, but recent increases in the price of oil 
serve as a useful reminder that the natural fuel in 
this country, asin many others, is coal or its deriva- 
tives, and the demand for suction producers is 
likely to increase in consequence. 

Mann’s Patent Steam-Cart and Wagon Company, 
Limited, of Hunslet, Leeds, exhibit one of their 
standard steam-wagons, having the characteristic 
side-fired locomotive boiler, which has been fully 
described in past years. 





A steam motor-wagon of their standard type is 
also shown by Messrs. Fodens, Limited,of Sandbach, 
Cheshire, and by the Yorkshire Commercial Motor 
Company, of the Vulcan Works, Leeds, whilst 
Messrs. Wm. Foster and Co., Limited, of Lincoln, 
and Messrs. Wallis and Steevens, Limited, of 
Basingstoke, show specimens of the small but 
handy steam-tractors which in so many cases have 
proved successful rivals to full-sized traction 
engines, as these are handicapped in certain trades 
by the difficulty of securing full loads. 

To America, we believe, belongs the credit of 

pularising the small petrol-engines amongst the 
arming community, and exhibits of small American- 
built petrol-engines are made by Messrs. Fairbanks, 
Morse and Oo., of Southwark-street, S.E., and by 
the ‘‘ New Way” Motor Company, represented by 
Messrs. Theodore Butler, Limited, of 149, Queen 
Victoria-street, E.C. The engines shown at the 
stand occupied by the latter are all air-cooled, a fan 
driven by the engine maintaining a rapid current 
of air over radiating fins cast on the cylinder and 
exhaust-valve casing. It is claimed that the engines 
can be run in any climate without overheating, a 
considerable advantage in cases where cooling water 
can only be replenished with difficulty. 

In the entrance hall, small ammonia or CO, 
refrigerating plants are exhibited by Messrs. Bar- 
nett and Foster, 20, Eagle Wharf-road, N. ; Messrs. 
A. G. Enock and Co., Limited, Fountayne-road, 
Broad-lane, Tottenham ; Messrs. Ernest West and 
Beynon, Limited, 82, Belvedere-road, S.E.; Messrs. 
J. Kirkaldy, Limited, 101, Leadenhall - street, 
E.C. ; and Messrs. J. H. West and Co., Limited, 
of Saxilby Iron Works, Lincolnshire. Machines of 
this type are exceedingly handy, occupying little 
space and consuming little power. They can be 
driven by an electric motor or by a gas-engine, a 
plant sufficient for the needs of most butchers and 
poulterers requiring not more than about 1 horse- 
power to operate it. 








NOTES. 

PRIZES FOR PaPERS ON ENGINEERING SUBJECTS. 
At the meeting of the Junior Institution of 
Engineers on the 5th inst., the announcement was 
made that Mr. Albert Vickers had intimated his 
intention of conveying to the Council a sum sufli- 
cient to endow an annual prize, to be awarded 
for the best paper read on a practical subject. 
The occasion was the termination of the very 
successful presidency of Sir Trevor Dawson, the 
friend and colleague of Mr. Vickers, and the gift was 
intended to be a mark and memento of Sir Trevor's 
occupancy of the chair and to show appreciation of 
the work being done by the Institution in guiding 
engineers to a closer study of the theory and 
practice of their work The money will be in- 
vested, and the interest will be spent, each year 
in which a paper of sufficient merit is brought for- 
ward, upon a gold medal and a premium for books 
or instruments. In the very unlikely event of 
the Council deciding that this condition has not 
been fulfilled, the year’s revenue will be credited 
to the Benevolent Fund. In the older institutions 
there are several funds designed to be used to 
signalise the merit of the papers selected for read- 
ing or publication, and the awards are greatly appre- 
ciated. The younger institutions naturally are 
not so well provided in this respect, although 
such gifts are of greater value in their cases, since 
they serve to stimulate and encourage young men to 
observe and reflect, and to put their ideas before 
their fellows. This prize is very properly re- 
stricted to authors not exceeding thirty-five years 
of age, and ought to give rise to a healthy competi- 
tion. The Junior Institution has always displayed 
the vigour of youth combined with much of the 
sagacity of age, and has attained an enviable repu- 
tation for its success in obtaining the assistance of 
engineers of great reputation as its presidents. In 
this respect it need not fear comparison with any 
society, because as the presidents are selected out- 
side its own ranks, it is not hampered by questions 
of seniority. We believe it has always obtained a 
good supply of papers, and we should expect that 
in the future an even higher standard will be 
attained, since there will be an added stimulus to 
those who contemplate putting their experience on 
record. Itis a very valuable proviso that the papers 
to be honoured shall be practical, as this will rule 
out many which would smell rather of the labora- 
tory than of the workshop. On this point Mr. 
Vickers follows the example of another great engi- 
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neer and metallurgist—Sir Joseph Whitworth— 
who restricted his scholarships to those who were 
capable mechanics. 


Tue Guiascow Ciype-Bripces PRoBLeM. 


The Glasgow Corporation at their meeting on 
Monday came to a decision as to the site of the 
bridge to be constructed across the harbour in order 
to relieve the congestion on the bridge at Jamaica- 
street—the one furthest seaward among the series 
which span the Clyde within the city. Close to 
the Jamaica Bridge on the seaward side is the 
broad railway bridge of the Caledonian Railway into 
the terminal Central station. It is now proposed 
to get Parliamentary powers next session to build 
the new bridge on the other side of this railway 
bridge, at only a short distance from it, so 
that there will be three bridges—one railway and 
two road bridges—close together. The alternative 
was a bridge slightly further seaward. This latter 
the harbour authorities threatened to oppose 
strenuously, since its construction would have 
deprived them of the most effective use of part of 
the quay walls above the proposed bridge, on 
which about 100,000/. have recently been spent 
on reconstruction. If a bridge near this point is 
necessary in order to relieve the traffic on the exist- 
ing westernmost bridge, the difference in its location 
—50 or 150 yards from the railway bridge—scarcely 
justified an expensive fight between the city and 
harbour authorities. The new bridge will doubtless 
relieve the existing Jamaica bridge of vehicular 
traffic coming eastward from the harbour on the 
north side, going westward on the south side, or vice 
versa ; but tramears and vehicles between points 
further afield going over the river by the new bridge 
cannot avoid entering upon at least the fringe of the 
vortex of excessive traffic immediately to the north 
and south of the existing bridges. We are glad to 
note that the new bridge is only regarded as an 
immediate relief to the nearest road bridge, and is 
not accepted by the Corporation as a solution of 
the wider and even more clamant problem of a bridge 
or other line of communication across the harbour 
fucther westward or seaward. In writing on this 
subject in our issue of March 29, 1912, we advocated 
the formation of a new main thoroughfare from the 
south to the north of the city, crossing the river 
half a mile west of existing bridges, opening 
through one of the districts north of the river, 
where the dwellings and other buildings are not 
highly creditable to the city, and terminating at 
Charing Cross. This project has been strongly 
and influentially supported in Glasgow, with the 
addition, suggested by Mr. Archibald Orr, of an 
opening behind the hotel at Charing Cross into the 
great thoroughfares leading direct to the north and 
north-west districts of the city. The line of this 
thoroughfare is through existing narrow streets, for 
the most part of mean buildings, is most favourable 
as regards gradients, and interferes in no way with 
existing routes, but crosses them at right angles, 
thus affording connection with all east and west 
thoroughfares. Moreover, it crosses the Cale- 
donian and North British suburban railways, and 
passes close to the principal hall, concert-room, and 
library in the city. The Corporation cannot fail 
to recognise that congestion is better relieved by 
such new lines of thoroughfares from outskirt to 
outskirt, than by new loops within the congested 
area. Only thus will a permanent solution of the 
problem be found. It is true that a bridge over 
the river half-a-mile down the harbour may inter- 
fere with the river traffic, but this interference can 
be minimised by the most suitable design of opening 
bridge. In any case it is essentially a matter for 
compromise in the interests of the whole com- 
munity. 


TELEPHONE-CaBLE Economics. 


An interesting example of the importance which 
questions of maintenance and depreciation may 
assume in engineering work is furnished in the 
case of the underground cables which are coming 
so largely into use for telephone work. If a case 
arose, for instance, in which there was an imme- 
diate load for a 50-pair cable, and a fair assump- 
tion that in fifteen years there would be a load 
demanding a 300-pair cable, some consideration 
would be required to determine the economically 
best size to instal at the start. As the life of 
underground telephone cables is considerably over 
fifteen years, it is clear that the conditions 
might be met by putting down a 300-pair cable 
from the first, and gradually bringing it into full 





use as the load increased. This procedure would, 
however, entail the disadvantage that a large part of 
the capital cost would for long be unremunerative, 
although it would throughout have to carry interest, 
depreciation, and maintenance charges. Another 
way of dealing with the problem would be to instal 
a 50-pair cable to begin with, and add other 50-pair 
cables as required. This method would cut down 
the loss due to idle capital, but would in the end 
entail a considerably greater capital expenditure. 
The underground pipes in which the cables are 
carried introduce a further factor into the problem. 
These pipes can be laid for the full capacity from 
the first, cables being afterwards drawn into them 
as required; but a given pipe cannot carry as 
many circuits when they are made up in 50 pair 
cables as when made up in 300-pair cables. As a 
consequence, asystem which employs 50-pair cables 
will require a greater pipe capacity, and consequently 
a greater capital expenditure on pipes than one in 
which 300-pair cables are used. Also, of course, a 
larger part of the pipe capacity will be unproductive 
for several years, if from the first it is made sufficient 
for the needs at the end of fifteen years. Between 
the limits of a complete installation from the first, 
and an installation added to only as the load justifies, 
it is clear that there are intermediate courses. In 
general the employment of one of these will prove 
the most economical way of meeting the conditions, 
but no accurate solution of any case is likely to be 
arrived at by mere guesswork. Only by working 
from accurate data in capital, depreciation, and 
maintenance charges, can the most economical 
method be determined. Some figures dealing with 
this matter were given in a paper recently read 
by Mr. Harvey Smith, before the Institute of 
Post Office Electrical Engineers. Mr. Smith con- 
sidered a case in which a 3-in. pipe was being 
laid to provide cable capacity for nine years, and 
showed that if a total life of twenty-five years 
were taken, and it was assumed that another 3-in. 

ipe would be required after nine years, it would 
* economical to lay both pipes from the first 
rather than pull up the road again for the second 
pipe. The period over which it is economical 
to provide pipe capacity varies, with the type of 
paving, from seven years with gravel to eleven 
years with tar macadam and sixteen years with 
wood blocks on concrete. It is the practice of the 
Post Office to provide pipe capacity for fifteen 
years ahead. Cable calculations showed that on 
routes with a maximum fifteen years’ requirements 
of 100 circuits it was economical to provide full 
capacity for fifteen years from the first. On routes 
where the fifteen years’ capacity ranged from 100 
to 300 circuits the economical period of provision 
was eight years. In cases of the many existing 
circuits consisting of 20-lb. gauge-cables of 100 to 
200 pairs, it was in general economical to substi- 
tute 10-Ib. omapeiliie provided that 10-lb. con- 
ductors were adequate for the service. This 
proceeding would increase the pipe capacity, but 
its economy would be greatly dependent on the 
cost of keeping the circuits working during the 
substitution. 








CanaDIAN Exxcrric Rartwayrs.—The le’ of line in 
operation last year on the electric railways of Canada was 
as follows:—First-class main track, 1308 miles; second- 
class main track, 295 miles; sidings and turn-outs, 121 
miles ; total computed single track, 1724 miles. The effec- 
tive = of electric railway in operation in Canada last 

ear—that is, the length of single and double line com- 

ined — was 1308 miles, the capital involved being 
122,841,946 dols. The revenue collected for the year was 
23,499,250 dols., while the working expenses of the twelve 
months were 14,266,674 dols. ‘The additions made to 
capital in the five years ending with 1912 inclusive 
amounted to 48,783,224 dols. 


Om In Parva.—Latest re from Papua indicate 
that further discoveries of oil have been made among the 
hills near Kerema, 40 or 50 miles south-east of the 
Vailala Purari oil-fields. At the latest find there were 
petroleum gas and mud volcanoes on the surface, as in 
the case of the other fields mentioned, which are about 
400 miles square. One bore is now down about 345 ft., 
and oil was struck at 324 ft. From the surface to the 
bottom of the bore the indications are favourable. OCom- 
mercial oil is sometimes struck at a shallower depth than 
1000 , but y the depth is eae. ere are 
many disappointments in connection with prospecting 
for oil, ono far as the latest field is concerned the 
poo indications are that the find is a good one. The 

st report received from the Federal analyst on the oil 
of the Vailala Purari field states that it is similar to that 
obtained from the Borneo and Sumatra fields, and paraffin 
is obtained from the residual portions of it. In the 
opinion Ly the analyst it is suitable for the preparation 
of pure oil. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 26. 

Tue continued weakness in steel productions was 
emphasised this week by concessions of 1 dol. to 
2 dols. a ton on sheets made by Eastern independent 
mills. Foreign makers are becoming more aggressive 
by shading quotations, calculated to attract American 
trade. As yet business is unimportant. There has 
been a further curtailment in production in mills and 
furnaces, and the production is below 60 per cent., 
and sliding towards 50 per cent. All of the recent 
concessions have not brought out any business which 
would not have otherwise come. The aggressiveness 
of foreign makers is responsible for some of the 
dulness and delay in placing orders. Steel-makers 
are seeing to it that no surplus productions accumu- 
late. Some Eastern mills have offered steel plates 
at 1.26 dols. at the mill, which is 1.20 dols. at 
Pittsburg. Agricultural implement makers are speci- 
fying slowly against contracts, expecting prices to 
fall from 1.40 dols. to 1.30 dols. The most encouraging 
feature is the fact that iron and steel output is now 
below actual consumption, and, as stocks are prac- 
tically non-existent, a reviving demand is logically 
inferred. When this month’s bookings are figured up, 
it is believed that a marked deficit will be shown over 
October. Sales of rails for the past week were much 
under the average. Sales of structural material, 
including rolled steel and subway work, foot up 82,600 
tons for the week. Semi-finished steel has dropped 
from 9 dole. to 10 dols. per ton since the first quarter 
of the year. Billets are relatively higher than steel 
bars or structural material, which has receded from 
4 dols. to 5dols. a ton. There has been a marked 
contraction in pig-iron sales, and there is a general 
disinclination to make more than hand-to-mouth pur- 
chases. Notwithstanding all these discouraging sur- 
face indications, the fact that immense require- 
ments are withheld gives an undertone of confidence 
that, with the restoration of confidence unsettled by 
tariff and pending currency legislation, an increased 
volume of business must of necessity present itself. 
It is problematical how long the present influences 
will support the present extreme conservatism. Con- 
sidering the remarkable decline in actual production 
as ed by city, it is remarkable that prices 
have not weakened to a greater extent, but this may 
be largely accounted for by the fact that the level of 
cost has been reached at many mills. 








Trape.—Messrs. John Gibb and Son, Liverpool, have 
received an order in connection with the ventilation of the 
new Cunard liner Aquitania, now ry. completed by 
Messrs. John Brown and Co., Limited, Clydebank. 





Mrnine Macuinery.—The value of the mining machi- 
nery exported from the United Kingdom in October was 
80,537/., as compared with 84,437/. in October, 1912, and 
74,3162. in October, 1911. The te value of the 
ag eee exported to October 31 this year, was 
886, -» a8 compared with 744,804. in the first ten 
months of 1912, and 838,798/. in the first ten months of 
1911. 


City anp Guitps or Lonpon Instrrute.—The report 
on the work of the department of technology of the 
City and Guilds of London Institute for the Session 
1912-13 has now been issued. The number of subjects 
in which examinations were held was seventy-four ; 
the number of claases held shows an increase from 
4532 to 4859 for the year, and the number of students 
in attendance an increase from 53,999 to 54,510. The 
popularity of mechanical engineering and allied subjects 
continues, the number of students registered in these having 
risen from 5250 last year to 6612, but the number J ner 7 
ing themselves for examination showed a slight falling off. 

ilst the number of students and candidates has in- 
in electric wiremen’s work and electro-metallurgy, 
there has been a great falling off in the subjects of tele- 
graphy and telephony—viz., from 1483 to 890. is fact 
constitutes a striking comment on the policy of nationalis- 
ing the telephones, in consequence of which promotion in 
the future will depend more on seniority than ability. 
The examiners report that absurd numerical answers are 
still very common, owing to arithmetical blunders and 
the like. No doubt this may arise in part from nervous- 
ness due to working against time, and would be avoided 
in practice, where there is more time for reflection than in 
examination conditions. The candidates generally a ood 
to avoid questions relating to workshop operations. T e0- 
retical principles ap to have been little understood, few 
of the candidates being able to deduce the central accelera- 
tion of a icle moving in a circle, or the velocity of 
water discharged under a given head. The examiners 
draw attention to the necessity of establishing special 
classes in modern foundry work. As for the final exami- 
nation, it is stated that the standard of the work sent 
in was poor, indicating but a superficial + of 
engineering principles, the majority of the candidates 
showing little advance on the know necessary for a 
pass in the lower grade. On the other , in the prac- 
tical examination the work submitted was stated to have 
been of a very high order. The paper on structural engi- 
Eliey Rakion, contioces (lng fenpecbestl cuaietet 
ashion, candi ng imperfectly acquain 
not only with the theory of the subject but also with the 
details of design. 
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THE LATE MR. CHRISTER PETER 
SANDBERG. 

WE regret to have to announce the death, which 
occurred at his residence in Sydenham, on Thursday, 
the 4th inst., after a short illness, of Mr. Christer 
Peter Sandberg, the well-known Swedish civil engineer. 

Mr. Sandberg was born at Venersborg, Sweden, on 
October 8, 1832, and after completing his technical 
education, he was employed at various blast-furnaces 
and iron works of his native country. In 1855 he 
received a premium from the Swedish Iron and Steel 
Association (Jernkontoret), to enable him to pursue 
still further his practical study in iron manufacture. 
Later on, he held the position of manager of several 
Swedish blast-furnaces and iron works, and undertook 
a journey to Germany and Belgium, with a view to 
study the manufacture of iron in those two countries. 
In 1860, the director of the Swedish State Railways, 
Mr:.Nils Ericsson (a brother to the world-famed John 
Eriésson), acknowledging the importance of a thorough 
knowledge of metallurgy for an inspector, and con- 
sidering the experience which Mr. Sandberg had 
acquired in this branch, appointed him consulting and 
inspécting engineer in England and Continental coun- 
tries for rails intended for the railways in question. 
Mr. Sandberg held this position until the time of his 
death. We may add inthis connection that, in 1862, 
Mr. Sandberg was sent by the Swedish Iron and Steel 
Association to Spain, Italy, and Austria, to study and 
report upon the iron industries of these countries. 

hen Mr. Sandberg came to London, in 1860, on 
behalf of the Swedish State Railways, he also estab- 
lished a general consulting practice for permanent-wa, 
material. He had made a special study of this material, 
and soon acquired world-wide reputation, for he was 
well recognised as an authority on the subject, and 
his services were requested by the railways of many 
nations. : 

The commencement of Mr. Sandberg’s practice in 
England may be said to have coincided with the intro- 
duction of the Bessemer process and with its — 
tion to the manufacture of rails. He immediately 
saw the great future which was ible for this 
to which he devoted all his attention. 


rocess, 
\~ all his researches he approached the problem 
both from the point of view of the user of the rails 


and from that of the metallurgist, his investigations 
bearing upon the composition of the steel best suited 
for various climatic and traffic conditions, and upon 
economical conditions of actual manufacture; from 
both these standpoints, his early practical experience 
in the Swedish iron works referred to above proved 
to him of very great value. 

Mr. Sandberg read s number of. papers before 
British and American institutions. At meetings of 
the American Institute of Mining Engineers, held in 
1880 and 1881, for example, he dealt with the manu- 
facture of long rails from the economical standpoint, 
and with the value of chemical analyses of the rail steel 
as a guide to the control of the usual mechanical tests. 
On numerous occasions, when taking part in the discus- 
sion on papers dealing with permauent-way material, 
he strongly reiterated his opinion that for cold climates 
it was safer to have in the rail steel as little phos- 
phorus as possible and to secure hardness by the pre- 
sence of carbon. 

His papers read before the Institution of Civil 
Engineers, aotably, were reproduced in the technical 
Press throughout the world. One of the papers read 
by him before this latter Institution in 1886 bore 
upon the wearing of rails, and in this he stated that in 
regard to badly-wearing rails he had no better solu- 
tion to offer than to use harder steel within limits, 
and at the same time heavier rails, for to increase hard- 
ness whilst at the same time keeping to the same 
weight of rail per yard might, in many instances, 

rove disastrous by leading to fracture and acci- 

ents. On the same occasion he oe the adoption 
of a 100-Ib. flange rail, 5? in. deep, t ok ig ytanpen in 
the section being 43 per cent. in the head, 22 per cent. 
in the web, and 35 per cent. in the flange. his rail 
had twice as much wearing surface as the 66-lb. rail 
then in use. He also advocated the strengthening 
of rail joints on existing roads. Shortly after, the 
Belgian State Railways decided to adopt the 100-Ib. 
(Goliath) rail he recommended, and they have main- 
tained this section in their tracks ever since ; the 
Dutch and Danish State Railways also decided to 
increase their section from 62 1b. to 80 lb. 

Mr. Sandberg was a frecuent contributor to our 
columns, and in an article in our issue of January 13, 
1888,* by no means his first or his only contribution, 
he stated that no more rail fractures occurred in the 
north of Sweden than in the south, although in the 
north of the country the temperature fell as low as 
— 34 deg. Cent. The temperature in South Sweden 
was more variable, and the strength of the permanent- 
way was influenced by the variations in temperature 
more than by intense cold. The hardness of the ground 
also came into play ; when it was hard the track did 





* See ENGIngERING, vol. xlv., page 41, 





not yield under the shocks, and thus tended to induce 
crystallisation in the rail steel. This article gave a 
very complete description of the Swedish lines then 
existing. 

Dealing in 1889 with the United States practice in 
the manufacture of rails, he stated before the American 
Institute of Mining Engineers that the American fast 
driving of the metallurgical processes was account- 
able for the non-homogeneity of the steel, and that the 
fast driving of the mills did not permit of finish-relling 
at low temperatures so as to produce physical hardening 
and close grain. He found that the English method of 
using chairs gave a good bearing, but was expen- 
sive; in order to obtain the same bearing with a 
suitable section a flange rail would have to weigh 
120 lb. per yard. The vibrations from a heavy chair, 
he thought, could not but be felt at great speeds ; 
nevertheless, he was not certain that the fixing of the 
flange rail to the sleeper could be as efficient as that of 
the English bullh rail to the chair. He always 
expressed an adverse opinion in regard to the use of 
base-plates, and advocated putting the base-plate into 
the flange, making this 7 in. 

In a paper he read at the Stockholm meeting of the 
Iron and Steel Institute in 1898, Mr. Sandberg dealt 
with the hardness of steel rails, and stated that a 
medium hardness and a minimum of phosphorus 
content had always been aimed at for the rails 
intended for service in the cold climate of Sweden, 




















and the hardness had been obtained by means of 
carbon and manganese, both giving satisfaction as 
regards safety and wear. Later, the greater loads and 
higher speeds had made it desirable to use a harder 
— steel in order to avoid the crushing of the rail- 
ends. The regularity achieved in the carrying out of the 
Bessemer process had allowed of hardness being gradu- 
ally increased, and at the time the paper in question 
was read the Swedish rails contained from 0.35 to 
0.45 per cent. of carbon, up to 1 per cent. of manga- 
nese and up to 0.1 per cent. of silicon, the phosphorus 
content not exceeding 0.075 per cent. Rails weighin 
100 Ib. per yard (Goliath rails) of the above chemica. 
composition, laid for experimental purposes at Barrow 
and subjected to a heavy traffic, showed a wear of 
3 mm. only after a period of ten years. 

In regard to the hardness of the rails and to their 
ge | for withstanding a crushing effect jicu- 
larly at the ends, it is mteresting to note that Mr. 
Sandberg carried out crushing tests as early as 1894, 
with a view to applying them to rail inspection. He 
experimented at that date with samples of steel con- 
taining 0.40, 0.50, and 0.60 per cent. of carbon, which 
he obtained from British steel works, and found that 
the specimen containing 0.60 per cent. of carbon with- 
stood twice as heavy a load as that with only 0.40 per 


cent. He, however, insisted repeatedly upon the | 4 


desirability of not using harder rails than necessary to 
stand the traffic. 

In his experience, the comparison of a rail made of 
acid Bessemer steel of normal composition, with one of 
exactly the same composition but made of basic open- 
hearth steel, showed this latter to be a much softer rail. 
He had found in the course of his numerous investiga- 
tions that the various elements suitable had of necessity 





te vars in other words, that a universal composition 
for rails to suit all cases could not be arrived at satis- 
factorily. Phosphorus induced fractures, and its per- 
centage had to limited as far as possible, notwith- 
standing the good wearing results given by rails con- 
taining a high percentage of this element. Sulphur 
gave red-shortness, and gave much more trouble to 
the rail manufacturer than to the railway authorities. 
No more manganese should be allowed than that 
necessary for clean rolling, for he had found that 
many cases of rail fracture were attributable chiefi 
to a high percentage of manganese. For rail steel, 
the effect of silioon added to the steel was very dif- 
ferent from the effect of silicon left in the steel and 
proceeding from the pig iron. When the silicon from 
the pig iron was eliminated as far as was practicable, 
and a known quantity of silicon was added to the 
steel bath, absolute regularity was obtained in the 
silicon content, and this element then toughened the 
steel and did not induce brittleness. The amount of 
silico-spiegel or ferro-silicon added to the bath was 
such that the finished steel contained from 0.25 to 
0.50 per cent. of silicon. Carbon was the most suit- 
able hardening element; in his specifications Mr. 
Sandberg did not specify the carbon limits, but 
stated only that it should be as high as safety 
—i.e., the drop test—would allow, and although the 
drop test was not a criterion, it was still the best 
safety test available. These latter views on the com- 
position of rail steel, and especially on the high value 
of the added silicon content, he emphasi at the 
se rome Conference of the Institution of Civil 
Engineers held in 1907, when he read a paper on 
‘**The Chemical Composition of Steel Rails and Latest 
Developments.” His success in the line which he had 
made the study of his life-time may be illustrated by 
the statement that the Sandberg silicon rails, his 
latest improvement in rail-steel manufacture, have 
oe nam the life of rails from 25 per cent. to three- 
fold in some cases ; up to the present time, the British, 
colonial and foreign railways have ordered a total of 
900,000 tons of such rails. 

Mr. Sandberg was one of the oldest members of the 
Institution of Civil Engineers, having been elected in 
1866. He was awarded a Telford gold medal and a 
premium for his paper to that Institution, read in 1868, 
on ‘*The Manufacture and Wear of Rails.” He was also 
a member of the Institution of Mechanical Engineers 
and of the Iron and Steel Institute. He was, further, 
a life member of the Société des Ingénieurs Civils de 
France since 1868. For his services in regard to rail- 
ways he received decorations from his native country, 
from France, Belgium, Russia, and China. In his 
general railway consulting and inspecting practice of 
recent years, his most distinguished work has been for 
the Chinese Government Railways and, more recently, 
for the Siamese Government ilways. With the 
Chinese Government Railways he was connected from 
their very start, and his name is exceedingly well 
known and highly respected in Government and rail- 
way circles in China, Siam, and other countries. His 
three sons have’ assisted in his work, and have been 
partners in his firm for many years. 

Mr. Sandberg was of a most kindly disposition ; his 
cheery mind soon. led to a lasting cordiality. He 
numbered a host of friends in England, in his native 
land, and all over the world. Although he had settled 
in London since 1860, he always reckoned his native 
town, Venersborg, as his home also, and he was buried 
there yesterday, the 11th inst. 





NorTHAMPTON PoLyTEecHNnic InstTiTuTE.—On Friday 
last, the 5th inst., Mr. Cyril S. Cobb, Chairman of the 
London County Council, distributed the prizes to the 
successful students of the above institution. He im- 
pressed upon the young people of his audience the 
necessity of taking advantage of the many evening 
classes arranged for their benefit, and he appealed for the 
co-operation of employers to enable their hands to get 
the greatest good from the instruction offered. He also 
said that he considered the education and skill of the 
workman a national asset, and he foreshadowed the 
time when, if masters do not grant facilities for the 
employees’ improvement, the school age would be raised 
from 14 to 16 years. 





Contracts.—The Underfeed Stoker Company, Limited, 
inform us that they have recently received orders for 76 
of their various classes of stokers complete fcr this country, 
the Colonies and foreign lands.—The Edison and Swan 
United Electric Light Company, Limited, have secured 
the important contract for the supply of electric lamps 
to the Caledonian Railway ae og Messrs. Wm. 
Johnson and Sons (Leeds), Limited, tleton Foundry, 
rmiey, Leeds, have recently secured orders for four com- 
plete fuel-briquette-making plants of an aggregate output 
of 750 tons day. Three of these plants are for ship- 
ment pommel ye one is for a works in the Midlands. 
They have also received orders for a number of stamp 
battery parts for South Africa and tube-mills for a mining 
ame wap in the South of England. They are, moreover, 

uslly engaged on the manufacture of « special mill for 
the production of stone dust for use in coal-mines as a 
preventative to explosions, 




















Dec. 


12 


—9 


1913.] 


ENGINEERING. 





805 








7-HORSE-POWER TRACTION ENGINE ON SPRINGS AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY 


MESSRS. RUSTON, PROCTOR AND ©CO., 


(For Description, see Page 802.) 
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THE WORK OF THE REICHSANSTALT 
IN 1912. 

Tue following account of the work of the Reich- 
sanstalt is based upon the report presented by the 
President, Professor E. Warburg, to the Kuratorium 
of this institution. The official abstract of this 
report, published in the Zeitschrift fiir Instrwmen- 
tenkunde, gives reliable information, of course, 
about researches in progress ; as regards completed 
researches, the numerous publications in scientific 
and technical journals should be consulted in addi- 
tion to the brief notices. The arrangement of the 
report might be altered; mention of some mea- 
surements on calibrated arcs, of a comparator 
for an ohm coil, of a stand for reading telescopes, 
and a thermostat — subjects which one surely 
would look for under metrology—is made in the 
few lines dealing with the work done in the 
workshops, right at the end of the report, and 
cognate matters are not always classed together. 
The numbers of the staff are not stated in the 
official abstract. The Reichsanstalt has taken the 
initiative in establishing a German Illumination 
Society, in conjunction with Professor A. Bunte, 
of Karlsruhe, and the Secretary-General of the 
Verband Deutscher Elektrotechniker. 

We do not keep the Physical and the Technical 
Departments apart in our account; names in 
brackets following the headings indicate the names 
of the investigators. 

Heat. Resistance and Hydrogen Thermometers 
(F. Henning).—The comparison between the elec- 








tric resistance (platinum) thermometer and the 
hydrogen thermometer has been completed for the 


range Odeg. to —190 deg. Cent. For the com- 
parison baths containing solid carbon dioxide and 
alcohol are unsuitable, since they are not uniform 
in their temperatures. Kammerlingh Onnes, at 
Leiden, lets liquefied gases boil under different 
— this method requires expensive pumps, 

owever. By means of a new thermostat tempera- 
tures could be kept steady within 0.02 deg. or 
0.03 deg. Cent. over the range 0 deg. to — 150 deg. 
Cent. The apparatus consists of a Dewar vacuum 
vessel, 10 cm. in diameter, which is filled with 

trol ether; as this material loses its fluidity 

low —150 deg. Cent., possibly owing to absorp- 
tion of moisture, the apparatus does not work well 
below that temperature. Into the petrol ether 
dips a stout tube of porcelain, which has a perfo- 
rated bottom, and a propeller-blade (for stirring) 
above it. Within the tube is a glass U-tube, into 
which liquid air drips from a reservoir through a 
silver siphon, which is provided with a vacuum 
jacket ; the rate of fall of the drops depends upon 
the pressure in the gas over the liquid air in the 
reservoir, and upon the depth to which the siphon 
penetrates into the liquid air; the stirrer maintains 
a regular temperature distribution. 

Other measurements were made in liquid air and 
in liquid oxygen, and the ratios R = 1/r, of four 
platinum resistances at ¢t and at 0 deg. Cent. were 
determined with the aid of the hydrogen thermo- 
meter ; the different value of R agreed within 0.1 per 
cent., and it would appear that Callendar’s plati- 





| num resistance formula is correct for tempeiatures 


down to — 40 deg. Cent., but yields slightly too 
small values at lower temperatures. Thatisto say, 
down to 230 deg. Cent. absolute the observations 
agreed with Callendar’s formula ; at 220 deg. Cent. 
absolute there was a deviation of 0.1 deg. Cent. 
from the calculated value, at 180 deg. a devia- 
tion of 0.16 deg., at 110 deg. absolute a deviation 
of 1.10 deg., and at 80 deg. absolute a deviation 
of 2.06 deg. If we refer to the ratio R, this 
ratio would have, by definition, the value 1 at 
273 deg. Cent. absolute (which is 0 deg. Cent. on the 
ordinary scale), and would steadily decrease down 
to 0.20861 at 80 deg. Cent. absolute. These figures 
apply to the recently-used most pure platinum ; 
some older thermometers of less pure platinum 
were not quite in satisfactory agreement (dis- 
crepancies up to 0.5 deg. Cent. were observed), 
and this was so especially when they differed 
already between 0 and + 100 deg. Cent. Observa- 
tions were also made with four lead thermometers, 
which were compared with the platinum thermo- 
meters at — 50, — 100, — 150, - 183, — 193 deg. 
Cent. The temperature coefficient of this lead 
was, at + 100 deg. Cent., 0.0042 (against 0.00391 
of platinum); the lead, however, ened a per- 
manent set when reheated after strong cooling. 
Specific Heat of Gases (K. Scheel and W. Heuse). 
—The specific heat of gases at low temperatures 
has been determined on the continuous-flow method, 
the apparatus being modified for closed circulation, 
so that poisonous and also rare gases, if 5 litres 
were available, could be investigated. The c, were 
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directly determined in electric measure, and the 
caloric equivalents were found by multiplying 
these values by the heat equivalent of the watt- 
second, which is 0.2387 gramme-calories at 15 deg. 
Cent. per watt-second. From the caloric c, again 
the molecular specific heat C, was deduced by multi- 
plying the c, by the molecular weight, and the c, 
and ©, (specific heats at constant volume) were 
further derived from thermodynamical considera- 
tions in order to find K, the ratio of the two 
specific heats C,/C,. This K was found to increase 
in all the cases of diatomic gases as the tempe- 
rature was lowered from + 20 to — 180 deg. 
Cent.; for helium. from 1.660 to 1.663; for 
hydrogen, from 1.407 to 1 597 ; for nitrogen, from 
1.398 to 1.419; for oxygen, from 1.399 to 1.447 ; 
for atmospheric air (free from CU,), from 1.401 to 
1.450 ; for carbon monoxide, from 1.398 to 1.472 ; 
for carbon dioxde, from 1.298 to 1.368; and for 
nitrous oxide, from 1.283 to 1.341. The molecular 
heats were calculated on the assumption that the 
gases obeyed the simple gas laws ; but the recent 
observation of Eucken was confirmed that —— 
behaved practically like a monatomic gas below 
60 deg. absolute. The confirmation is especially 
interesting, since it has been suggested by Einstein 
and also by Ehrenfest that the rotating molecule 
would, at absolute zero, retain some kinetic ener, 
—namely, the amount h v/2, which figured so largely 
in the discussion on radiation and Planck’s quantum 
theory at the British Association meeting* at Bir- 
mingham. 

The experiments on the specific heats of gases 
at high pressures are being continued ((.. Holborn, 
M. Jakob). The difficulty is to secure a uniform 
performance of the compressor and uniform heat 
losses at different rates of gas-flow, which ranged 
from 36 kg. to 8 kg. per hour in the preliminary 
experiments at 1, 11, 26, and 56 atmospheres. The 
experiments so far appear to agree with Regnault’s 
statement of 1862, and the specific heat of gases 
at 60 deg. Cent. seems to increase by 1 per cent. as 
the pressure is raised by one atmosphere, whilst 
Lussana, in 1898, estimated the increase at 5 per 
cent. under the same conditions. 

Specific Heat and Specific Volume of Steam.—The 
experiments made by Jakob have been noticed by 
us on other occasions. : 

Electr‘c Unils and Standards (W. Jaeger, H. v. 
Steinwehr, Feustel) —The constancy of the four 
manganin standards has further been confirmed by 
comparisons of the standards with the other ohm 
standards, which are kept in air-tight boxes or 
which consist of mercury columns in quartz tubes. 
Since these measurements have been going on for 
twenty years, the Reichsanstalt protests against a 
statement issued by E. B. Wenner, on behalf of the 
Bureau of Standards at Washington, that there had 
been fluctuations of 0.1 per cent. in the values of the 
1000 ohm manganin standards of the Reichsanstalt. 

The following arrangement (E. Griineisen) is 
being tested for the preservation of ordinary wire 
resistances covered with shellac. The wire is coiled 
in the usual fashion on a tube. Over that coil is 
pushed a thin walled cylinder of brass, and the very 
narrow annular space is closed by a brass washer 
below and an ebonite washer above ; the wire ends 
are taken through perforations in the ebonite. To 
prevent moisture from gaining access the parts are 
soldered or smeared with shellac below. Above, a 
layer of paraffin or of shellac, or of both super- 
posed, is poured on the ebonite. 

High-Frequency Researches (H. Fassbender and 
E. Hupka).—At high; frequencies, such as are 
required for radiotelegraphic work, the magnetic skin 
effect becomes much more important than at low 
frequencies, and an apparatus has been constructed 
to study the » = B/H at high frequencies. The 
variation in the induction is determined by means 
of a Braun tube which photographs oscillations of 
small amplitudes, as low as 20 volts; e4., the 
tube has a length of 1 metre, and exposures of 
0.1 second are sufficient. 

Knerqgy Transformation in Photo-Chemical Re- 
actions (E. Warburg).— When ammonia is exposed 
to the silentdischarge, it is no longer decomposed 
when the proportion of undecomposed gas has 
fallon to 5.6 per cent.; but since waves of smaller 
wave-length than 0.2 » are not absorbed by either 
hydrogen or nitrogen, that equilibrium is not attained 
with shorter waves. On the other hand, waves of 
length 0.2 » are almost completely absorbed by a 
column of oxygen 2 cm. in length, and about half 





* See page 448 ante, 





the radiant energy absorbed (46 per cent.) is used 
in the production of ozone, while according to 
Hinstein the figure should be 50 per cent. These 
ozone experiments are made in Siemens tubes, the 
ozone concentration ranging from 0.5 up to 11 per 
cent.; for the highest concentrations the Siemens 
tubes are cooled down to —79 deg. Cent. The ratio 
of the ozone destroyed to the radiation absorbed is 
greater in moist than in dry gas. By liquefying 
ozone at —175 deg. Cent. and then distilling it, 
a solution of ozone in nitrogen may be prepared ; 
in these solutions the photo-chemical action is 
greater than in a mixture of ozone and oxygen. 
Mixtures with helium were also tried. 

Diffusion of Silver into Glass (Giinther Schulze, 
E. Warburg).— When glass tubes (soda glass) open 
at both ends, or test tubes are dipped into fused 
silver nitrate mixed or not with nitrate of potas- 
sium or sodium, there is a replacement of the 
sodium in the glass by silver, slowly by diffusion, 
and more rapidly by the action of the current. 
The conductivity of the altered glass is at first 
apparently decreased, owing to the continued heat- 
ing of the glass; but it is really increased. Exact 
measurements as to the depth to which the silver 
penetrates, &c., are very difficult, because the glass 
always cracks, and is moreover attacked by the free 
alkali liberated ; for this reason it is advisable to 
fill the test-tube inside with fused KHSO,. The 
resulting silver-glass looks like guld in reflected 
light,and bluish-green in transmitted light. Warburg 
studies the theory of these phenomena on the 
assumption that only the positive metallic ions 
migrate both in the diffusion and in the electrolysis 
experiments, sodium ions leaving, and silver ions 
entering, the glass. Silver also diffuses into glass 
from molten silver chloride and bromide, and in 
this way the dissociation of these fused salts has 
been determined. 

Radiation Constants (E. Warburg, E. Hupka, 
C. Miiller).—The redetermination of the radiation 
constant ¢ of the Wien-Planck radiation formula 
is stated to be completed ; but it is pointed out 
that the results obtained, especially with the fluor- 
spar prism, are not in good agreement; the 
research will be resumed. The experiments were 
made with an open black-body radiator and with a 
vacuum radiator at higher temperatures. In the 
first instance the one temperature T, was always 
kept (by the aid of a thermo-couple) at 1337 deg. 
Cent. (which would be 1335.8 on the Day-Sosman 
nitrogen scale), and the second, T., at 1673.4 deg.; 
T, was not measured, however, but deduced from 
T, by the displacement law, because in that case 
the error in the ratio (T,—T,)/T, would be small. 
Photometrically ¢ was found to be 14,385 for A = 
0.6563 ; for large wave-lengths in the ultra-red six 
different apparatus, built up of quartz and fluorspar, 
were used, and determinations were made at 
A = 1.132, 1.329, 1.588, 2.172, the method used 
being either that of the isochromates or of the 
isothermals. In the second instance the T, was 
1673.4 deg. and the T, = 2238 3 deg. Cent.; both 
were somewhat uncertain. It appeared that the 
c increased in the ultra red with increasing wave- 
length, and it was thought that enclosures, which 
are frequent in the fluorspar, might be responsible 
for irregularities in the dispersion curves ; but that 
soucce of error did not appear sufficient to account 
for the discrepancies. 

Interference of Wedge-Shaped Plates (E. Gehrcke, 
L. Janicki) —Light incident upon a wedge-shape 
plate in a principal plane (i.e., in a plane which is 
at right angles to the line in which the two faces of 
the wedge intersect) will give rise to a divergent or 
a convergent beam, according to whether the light 
has a component away from the wedge-apex or 
towards it. In the experiments made with partly 
silvered wedges of an angle of about 14 min. (exactly 
measured, of course), 1.58 mm. thick, the inter- 
ference bands were always sharp as long as the 
light was incident in the principal plane, otherwise 
indistinct ; but they always remained parallel to the 
edge of the wedge. Hence it would not be so neces- 
sary that the two faces of plane-parallel plates should 
be rigorously parallel to one another, provided they 
be plane; this is technically important, since perfect 
parallelism is very difficult to secure. 

Diffraction Grating (L. Janicki) —The large 
diffraction grating which the Krupp Works of 
Essen have mounted for the Reichsanstalt is ready 
for work. Photographs of the arc spectra of iron, 
nickel, manganese, between 4000 to 6500, show 
that the resolution is satisfactory, and that it will 
be possible to prepare wave-length standards of the 





third order which the International Union for Co. 
operation in Solar Research requires. 

Cathode and Anode Rays (QO. Reichenheim, 
E. Gehreke, R. Seeliger).— Very slow positive rays 
have been obtained between metallic plates excited 
on Wehnelt’s plan ; these rays are still able to 

roduce luminescence and ionisation of the gas 
Sssene the plates, but they are scattered by the 
gas particles, so that well-defined bundles of rays 
were hardly obtainable. The anode gradient has 
been investigated in the halogen gases. According 
to Raisch (Freiburg in Baden), this gradient was 
to be like that in other gases, even near chemically 
inert electrodes of magnetite; but it was found 
that when the area of the magnetite anode was 
reduced from 600 sq. mm. to 10 sq. mm., the 
gradient rose, in iodine vapour under a pressure of 
1 mm., from 50 volts up to 1000 volts and more. 
In the attempts made to determine the e/m, it was 
noticed that electric double layers of great varia- 
bility form on the surfaces of metallic conductors 
in vacuo exposed to cathode rays. The charges 
rise to a few volts in a few seconds ; they persist 
for a day, though they diminish with time, and 
pass from positive to negative ; these charges are 
very awkward for potential measurements. It was 
also noticed in the course of these still-continued 
experiments that the colour of a cathode ray de- 
pends upon its velocity, and that rays of different 
colours can be obtained in the different portions 
of a gas discharge by different velocities. The 
velocities are altered by applying external longi- 
tudinal fields, and also by changing the direction 
in which the rays enter the field ; thus with a para- 
bolic cathode the curved ray is, in air, partly blue 
and partly red ; in nitrogen these colours are purer ; 
in helium they are green and golden red ; in mer- 
cury, blue violet, white, green ; and in iodine, red 
violet to golden brown. When the potential of the 
field becomes smaller, the colour changes to that of 
greater wave-length. Below acertain potential there 
is no luminosity ; this minimum potential is 35 volts 
for argon, 29 volts for hydrogen and nitrogen, 
26 volts for helium, and 10 volts for mercury. 

Radioactivity (H. Geiger).—Radioactive investi- 
gations and measurements are conducted in a special 
laboratory which has been fitted up since October, 
1912. The secondary standard consists of 19.73 
milligrammes of radium chloride. 

Strong-Current Laboratory (E. Orlich, H. Schering, 
R. Schmidt, Alberti).—The laboratory for strong- 
current testing has been rebuilt and re-equipped, 
and the Reichsanstalt has taken further part in 
the work of the Verband Deutscher Elektro- 
techniker, together with the Materialpriifungsamt. 
A simplified method for testing insulators at 750 
volts maximum has, for instance, been worked out, 
in which the surface resistance is alone determined 
under varying conditions. Transformer testing has 
also been simplified with the aid chiefly of the firms 
of Siemens and Halske and of Koch and Sterzel. 

Absolute Ohm (E. Griineisen, E. Giebe).—Three 
coils have been prepared and measured, one of 
0.01 henry (162 turns, 1 mm. pitch, 355 mm. dia- 
meter), and two of 0.05 henry (447 turns, 0.75 mm. 
pitch, 355 mm. diameter each). In the measure- 
ments each coil is divided into three sections, and 
the length, diameter, pitch, wire thickness, and self- 
induction are determined and calculated in each 
case ; the measurements, so far, do not appear so 
thorough as those made at Teddington, but the 
examination is not yet concluded. 

Transformers and Bridges. Phase- Angle of Re- 
sistances. Insulaturs (H. Schering, R. Schmidt).— 
When the apparent resistance of a bridge S, for 
alternating - current measurements is noticeably 
smaller than that of the zero instrument S,, the 
sensitiveness of the arrangement can, according to 
M. Wien, be much increased by raising the potential 
of the zero instrument with the aid of a trans- 
former. The most favourable transformer ratio for 
this pur has been determined and found to be 
2m = »/S,/8,, and the factor by which the sensi- 
tiveness is raised will in the most unfavourable 
case, that S, and S, are both free of induction or 


both not, be 
=3(2+ , ) 
1 = O\m an P 


and in the most favourable case, that one is free 
from self-induction and the other not, 
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In determining the phase-lag of resistance sets 
use is made of a liquid resistance consisting of a 
solution of mannite (a sugar) and boric acid, which 
has practically no phase-lag, and of a perfectly sym- 
metrical bridge in which all disturbance of earth 
capacity and mutual induction of the arms is 
avoided. Decadic sets and a 10,000-ohm bifilar 
resistance have in this way been examined. In the 
second set of new standard air-condensers the 
metalsare aluminium and nickel-aluminium instead 
of brass and bronze, and fused quartz is used 
instead of amber as insulator, so that the finished 
condensers may be aged by heating. Some insulat- 
ing materials are being tested within the frequency 
range 12 to 4500 and between 15 and 25 deg. Cent. 
As regards the dielectric constants (E. Griineisen, 
E. Giebe) of solid insulators (porcelain and fill- 
materials supplied in pg oe lel discs), it was 
observed that the usual two determinations with a 
two-plate condenser—without and with the plate 
inserted between the two plates of the condenser— 
leave a great deal to be desised, as it is difficult to 
allow for the edge effect and the ——y of the 
condenser with respect to the earth. With a three- 
plate condenser, whose two outer plates are earthed, 
the capacity is independent of the surroundings, 
and the edge effect is small. A formula has been 
devised and tested by experiments for condensers 
of different thicknesses. 

Ferraris Meters (W. Rogowski).—The determi- 
nation of the torque acting on the disc of an 
alternating-current meter has been completed, and 
the braking torques due to the permanent magnet 
and the fields of the current and potential coil have 
in particular been investigated by assuming thut a 
plate limited on one side only is moving through a 
field. 

Switching-in Currents of Transformers.—In order 
to investigate the decrease in the switching-in cur- 
rents accompanying an increase in the transformer 
resistance, and to be able to integrate the formul:e, 
Rogowski divides the magnetisation curve of the 
transformer into three straight-line portions; he has 
then only to settle certain constants by graphical 
analysis. 

Magnetic Tension Meter (W. Rogowski, H. 
Steinhaus).—In investigating the magnetic pro- 
perties of a material the B/H curve is usually deter- 
mined ; but the H are difticult to measure, and the 


line integral of the magnetic field intensity / A, ds 


could so far not directly be measured. To do thisa 
new apparatus, the magnetic tension-meter, has been 
introduced, which has the shape of a strip and is a 
coil everywhere of the same cross-section and uni- 
formly wound, the flux of which is proportional to 
the magnetic force between the two ends of the 
coil, the direction of the force being along the axis 
of the coil. The force should be constant for all 
paths involving the same circulation, and should 
vanish if there be no force in the enclosed circuit ; 
the introduction of iron into the field would distort 
the field without affecting the line integral. With 
the aid of this instrament, magnetic circuits in 
electric machines and apparatus, very strong cur- 
rents, &c., have been measured. Recently abso- 
lute static measurements have been made with the 
Epstein apparatus, for instance, of the air-gap:, by 
this method, and the results are in agreement with 
those of Gumlich and Rogowski. The new mag- 
netic meter is also said to be suited for oscillo- 
graph measurements ; we should refer our readers 
to the Archiv fiir Elektrotechnik, vol. i., pages 141 
to 150, 1912 ; further details were to follow. 
Magnetic Laboratory (W. Gumlich, H. Steinhaus, 
Vollhardt)—The demands for commercial tests 
increased so much (by 50 per cent.) in the year 
under review, and the tests required were so much 
more thorough, that little time was left for re- 
search. The inquiry into the hysteresis phenomena 
in magnetic circuits, the coils of which are irregu 
larly distributed, and in combinations of hard and 
soft steels, are hence not yet completed. As regards 
the discrepancy frequently prevailing between the 
results of the magnetic tests made by the manu- 
facturers and by the users of the materials, it 
has been ascertained that the shaking, which the 
specimens undergo in the transport from the manu- 
facturer to the user, may account for a good deal. 
Pairs of sets of sheets were first tested and then 
retested, one set of each pair having been shaken 
for 100 hours in a revolving drum, whilst the other 
set was quietly stored ; the concussions distinctly 
increased the coercive force and hysteresis whilst 
reducing the maximum permeability. A combina- 





tion or a yoke and isthmus method seems to allow of 
testing rods, 6 mm. in diameter, up to saturation, 
and with field intensities of 4000 gauss in the yoke 
coil. Some special alloys of iron and aluminium 
(containing up to 10 per cent. of Al) have been 
submitted by Krupp, of Essen ; they are technically 
promising, but the research is proceeding. 

Electric Motors (Vieweg).— When the current 
losses in electric motors are directly determined as 
differences between the losses at load and no-load 
runs, some losses (sometimes called additional) are 
found which are mainly ascribed to copper and iron 
losses. The Reichsanstalt has collected a consider- 
able amount of data on such measurements, from 
which Rogowski and F. Emde have concluded that 
in small three-phase motors, the —— losses may 
practically be disregarded, the iron losses coming 
chiefly into play. The material has recently again 
been analysed, and it has been found that when 
the additional losses are plotted, not in their 
absolute amounts, but as percentages of the useful 
work done, all the small motors give straight-line 
curves. In the efticiency test eddy-current brakes 
are used, and a new 5-horse-power brake at 1000 
revolutions per minute has been constructed. 
Experiments with a torsion-dynamometer, which 
is to be read by the aid of a sector and prisms 
like Brodhun’s photometer, are also proceeding. 

Boas Standard Generator (Rogowski, Vieweg).— 
The generator used for standardising experiments 
supplied by the firm of Boas, it resulted, yielded 
not a pure sine-wave, but a wave on which upper 
harmonics were superposed. In the attempted 
improvement, corners of the pole-pieces were made 
oblique ; then the grooves of the stator were p'aced 
obliquely, and the exciting coils were distributed 
over the spindle-shaped rotor; this seems to 
answer. In connection with this research, the 
question arose: Supposing an alternating-current 
meter, standardised with the aid of pure sine- 
currents, yield an error of a per cent.; what will 
be the error if there are upper harmonics super- 
posed on the sine-currents? Both the theoretical 
and the experimental investigation demonstrate 
that these harmonics affect the standardisation to a 
very slight extent only. 

(To be continued.) 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


‘ We give below a few data on several Colonial and 
ore, 
Trade Journal. Further information concerning these 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

New Zealand: H.M. Trade Commissioner has for- 
warded an extract from the local Press stating that the 
ratepayers of Cambridge have sanctioned the raising of 
loans of 80007. for a water-extension scheme, 8000. for 
street improvements, and 2000/. for gas extension. 
H.M. Trade Commissioner for Australia has forwarded 
a copy of a report by the Engineer-in-Chief to the South 
Australian 7 arte on Captain E. N. Johnston’s 
report on the Murray River improvement scheme. The 
Engineer-in-Chief recommends the adoption of Captain 
Johnston’s scheme for nine low movable weirs and locks, 
with full development of Lake Victoria storage, at an 
estimated cost of about 1,070,000/. 

Norway : Consul at Christiania reports that 
tenders are invited by the Stavanger Gas Works for a 

asometer of 12.000 cubic metres capacity. Tenders will 

received, up to January 11, 1914, at *‘Gasverkets 
Kontor,” Stavanger, whence conditions of tender, &c. (in 
Norwegian) can be obtained. 

Russia: H.M. Chargé d’Affaires at Sb. Petersburg 
reports that, according to the official Bulletin of Laws, 
the sanction of the Government has been given for the 
raising of loans as follows :—J/rkutsk: A loan of 248,600 
for constructing a permanent bridge across the River 
Angara. Ivanovo-Voznesensk: A loan of 116,400/., includ- 
ing 42,300/. fora water-supply system, 31,700/. for purchase 
and extension of electrical station, 15,8001. for construction 
of market buildings ; and 10 500/. for sanitary organisation. 
Riga: A loan of 1,322,000/., including 158,000/. for exten- 
sion of electrical station, 40,0007. for improved gas supply 
and lighting, 40,000/. for extension of covered market, 
95,0007. for military and police barracks and offices, 
15,0007. for improved steam-ferry, 156,000/ for canalisa- 
tion, 53,0007. for water supply, and 256,000/. for miscel- 
laneous public works. Kharkov: A loan of 1,313,400/., 
including 360,000/. for completion of electrical station, 
318,000/. for canalisation, 240,000/. for water supply, 
90,000/. for tramway consti uction, 30,000/. for construction 
of covered market, and 60,000/. for military and police 
buildings. In all these cases preference is to be given to 
Russian factories and works, and foreign material may 
only be or ag with the special sanction of the Minister 
for the Interior, acting in agreement with the Minister of 
Commerce and Industry. Although the contracts may go 
to local firms, however, it does not follow that opportuni- 
ties for the sale of plant and supplies will not occur. 

Russia (Cawcasia): H.M, Embassy at St, Petersburg 


engineering projects, taken from the Board of 


reports that, according to the Pravitelsvennei Vyestnik, 
the Council of Ministers has approved for introduction 
into the Legislative Chambers Bills seeking authority to 
expend 11,988,700 roubles (about 1,265,000/.) on the 
doubling of the line of the Trans-Caucasian Railway 
between Navtlug and Kars, and the sum of 1,061,700 
roubles (about 112,000.) on the reconstruction and re- 
organisation of the Ugolnaia-Shtokovo section of the 
Suchansk branch of the Ussuri Railway. 

Switzerland: The Feuille Fédérale Suisse contains the 
text of a concession which has granted to a syndicate 
represented by Messrs. R. Meyer, of Thoune, F. Frutiger, 
of Oberhofen, and H. Morgenthaler, of Interlaken, for 
the construction and working of an electric rack-railway 
from Kandersteg to Lake Oeschinen. The concession is 
for eighty years. The line, which is to be single track 
and to have cy ., - of 1 metre, is to be completely 
finished and y for wang in two years from the 
commencement of the work. The estimated cost of con- 
struction is 1,700,000 francs (68,000/.). The same Feuille 
also contains the text of an eighty years’ concession 
awarded to Messrs. Banz, of Ruswil, and Brunner, of 
Grosswangen, for the construction and working of a rail- 
way line from Sursee to Wolhusen. The time allowed 
for the construction of the line is Soren pean, and the cost 
of construction is estimated at 2,000,000 francs (80,000/. ). 

Austria-Hungary: The Lieferwngs. — Vienna, 
states that plans for the water supply and the sanitation 
of the town of Neusatz (Ujvidek), Hungary, have been 
presented to the Ministry of the Interior for official sanc- 
tion. The cost of the construction of the works for the 
water supply is estimated at 1,800,000 kronen (75,0004/.), 
and that for the sanitation of the town at 2,750,000 kronen 
(about 115,000V.). 

Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Commission Générale des 
Adjudications et des Marché. for the construction of (1 
a section, 45 km. (about 28 miles) in length, of the 
from Casablanca to Morocco City, and (2) a section, 
44 km. (about 27} miles) in length, of the road from 
Casablanca to Mazagan. The estimated values of the 
contracts are 1,098,850 francs (43,954/.) and 786,650 francs 
(31,4662.) respectively ; a deposit of 18,000 francs (720/.) is 
required in the case of (1) and of 13,000 francs (520/.) in 
the case of (2). Tenders, accompanied y certificates of 
competency, will be received by M. le Président de la 
Commission Générale des Adjudications et des Marchés, 
a En-Niaba, Tangier, up to 10 a.m. on January 20, 
1914. 

Siam: The Acting British Consul-General at Bangkok 
reports that tenders are invited by the Siamese Southern 
Railway Department for the supply of 50 steel bridges, 
of spans varying in size from 6m. to 70 m. (about 64 yds. 
to 764 yds.) Sealed tenders, on the proper forms, 
marked ‘‘ Tender for Bridges,” will be received * to 
10 a.m. on February 21, 1914, by the Acting-Controlling 
Engineer, Southern Line Department, Royal State Rail- 
ways, Bangkok, Siam, from whom specifications, &c., 
can be obtained on payment of a fee of 10 ticals (about 
15s.), which will not be returned. This intimation will 
be of use only to firms having agents in Siam. 

Bolivia : With reference to the notice to the effect that 
tenders for the construction and equipment of the pro- 
posed railway between La Quiaca and Tupiza will be 
received, up to 3 p.m. on December 30, at the Minis- 
terio de Gobierno y Fomento, La Paz, H.M. Legation in 
Bolivia bas forwarded a copy and translation of revised 
specifications of locomotives and rolling-stock wh:ch have 
been issued by the Ministerio. A bank guarantee of 
100,000/. must accompany each tender. All materials, 
machinery, and tools destined for the construction of the 
line may imported free of Customs duty. Further 

ticulars regarding the ca)! for tenders may be obtained 
rom the Ministerio de Gobierno, as above. This intima- 
tion will be of use only to firms having agents in Bolivia. 





**Gas Works Directory AND Statistics, 1913-14.”— 
This is the thirty-sixth issue of this directory, which is 

ublished, at 10s. 6d, net, by Messrs. Hazel], Watson and 

iney, Limited, 52, Long Acre, London, W.C. It gives 
particulars of the gas works in Great Britain, classified 
alphabetically by the names of the towns. The information 
includes the population of each town, the railways by 
which it is served, the distance from London, the owner 
of the works, date of establishment of plant, capital 
involved, annual make and price of gas, names of autho- 
rities, &c. Similar data are given for the foreign and 
colonial gas works having offices in London. 





Inp1an Inon Imports.—The imports of iron into 
British India have greatly increased during the last ten 


years. This is shown by the following recapitulation of 

the annual value of the imports during that period :— 
—" — Teas —- 
1902-3 .. .. 2,020,326 1907-8 .. 3,317,985 
1963 4 .. . 2,263,860 1908-9 .. 3,173,188 
1904-5 .. .. 2,623,408 1909-10... 3,312,620 
1905-6 .. . 2,271,704 1910-11... 8,310,901 
1906-7 . 2,878,888 1911-12... . 8,671,651 


Iron received from the United Kingdom figured in these 
values as follows :— 


Year. — Year. V Ye 

1902-3. 1,528,270 1907-8.. .. 2,644,182 
1903-4 .. 1,760,671 1908-9... -. 2,540,247 
1904-5 . 2,087,654 1909-10 - 2,721,461 
1905-6 1,769,055 1910-11 .. 2,690,968 
1906-7 2,890,911 1911-12 - 8,007,461 


The value of the iron imported from the United States 
in 1911-12 was 213,445/.; imports from Belgium were 
valued at 173,790/.; from Germany, 141,121/.; and from 





other countries, 135,734/, 
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HIGH-LEVEL SUSPENSION BRIDGE. 


THE annexed engraving shows a high-level suspen- 
sion bridge, built, and erected over the Bulkley River 
at New Hazelton, in North-West Canada, by Messrs. 
George Cradock and Co., Limited, of Wakefield. The 
canyon is 420 ft. wide, with perpendicular cliffs at 
each side, and the height of the platform is 250 ft. 
above the river. At each end of the bridge is a tower 
of local timber, 68 ft. high, reaching 47 ft. above the 
bridge platform. The total span between the tower 
centres is 451.1 ft. The main cables are of steel 2,7, in. 
in diameter, of locked coil construction, each having a 
tensile strength of over 300 tons. Suspension rods, 
spaced 4 ft. apart, with screwed ends, carry mild-steel 
cross-beams, diagonally braced for wind pressure. 
Along each side is a mild-steel stiffening girder, 5 ft. 
— These girders serve also for railings. The floor 
is of wood planks carried on longitudinal floor-joists 
bolted to the steel-work. The bridge has been 
designed by the builders for foot passengers and light 
vehicular traffic ; in the calculation the effects of snow- 
falls and high winds have been provided for. 





THE TRANSANDINE RAILWAY.* 
By Bropre Hatpanr HENpeERSON, M. Inst. C.E. 


Tuer idea of connecting the railways of Argentina with 
those of the countries on the western slope of the Andes 
was first brought to the notice of the public as long ago 
as 1854, when a suggestion was put forward to connect 
the Caldero-Copiapo line with the Argentine railways at 
or near Cérdoba. Nothing came of this project, and 
another scheme was brought forward about 1870, the 
originators being Messrs. Juan and Mateo Clark, who 
were also the originators and constructors of the railway 
from Buenos Aires to Mendoza. The 1870 project was 
to connect the Cuyo Provinces of Argentina with Chili 
by means of a railway from Mendoza via the Uspallata 
Pass to Santa de los Andes, a station on the Chilian 
State Railways. The Cuyo Provinces of Argentina had 
drawn their supplies from, and carried on trade with, 
Chili over the Uspallata and other passes for many 

ears. 
4 The Transandine Mailway, starting from Mendoza, runs 
along a valley formed by the Rivers Mendoza and Cuevas, 
which presents many difficulties for railway construction, 
owing to its tortuous course, its narrowness in many 
places, and the steep rise of the valley bed. There are 
numerous side streams, and the slopes of the mountains 
on either side of the valley are at such an angle that loca- 
tion work was exceedingly difficult. Many avalanches 
and mud slides of a more or less permanent nature are 
encountered. On the Chili side the railway runs along 
the valley of the River Aconcagua, the bed of the valley 
being steeper than on the Argentine side, but, owing to 
its greater width, there was more scope for development. 


Mendoza is 2520 ft. above sea-level, and 1048 km. 
(651 miles) from Buenos Aires. Santa Rosa de ine homes, 
in Chili, is 


the terminus of the Transandine Railwa 

2723 ft. above sea-level, and 144 km. (39h miles) from 
Valparaiso, the seaport on the Pacific Ocean for this part 
of Chili. The distance from Mendoza to Andes is 
249.68 km. (155 miles). Thus the distance from Buenos 
Aires, on the Atlantic Ocean, to Valparaiso, on the 
Pacific Ocean, via the Transandine Railway, is 1441.68 km. 


(805 miles). 
The highest point on the Transandine Railway is in the 
Summit Found, under the Uspallata Pass, where a height 


of 10,521 ft. is reached, this being some 6700 ft. higher 
than the San Gothard summit, but it isconsiderably lower 
than other railways in South America; for instance, the 
summit of the Galera Tunnel of the Central Railway of 
Peru is 15,583 ft. above sea-level. The height of the 
Uspallata Pass above the tunnel is 2000 ft. Although 
the construction of the railway was commenced in 1887, 
for financial reasons the work was not pushed on with, 
and the line was only completed throughout in 1910. It 
was found that the snow-fall amounts to about 21 ft. in a 
severe winter, whereas on the Canadian Pacific Railway 
the highest recorded fall is 45 ft. The severest cold 
recorded at the Summit Tunnel is 20 deg. below zero 
Fahr., but this is exceptionally low ; in ordinary winters 
& pany does not drop much under 7 deg. below zero 
‘ahr. 


The gauge of the railways from Buenos Aires to Men- 
doza, and from Andes to Valparaiso and Santiago, 
the capital of Chili, is 5ft.6in. The gauge of the Trans- 
andine Railway is 1 m. (3 ft. 33 in.) It was found 
impossible to locate an adhesion railway for the whole 
length of the line, and therefore it became necessary to 
employ arack, the Abt system being adopted. The total 
length of rack on the Argentine side, divided into seven 
different lengths, is 15,381 yards; and on the Chili side, 
divided into six different lengths, 23.316 yards, a total on 
the whole line of 38,697 yards, equal to 21.93 miles. The 
maximum rack grade is 8 per cent., or 1 in 124, with a 
minimum curve of 200 m. (10 chains) on the rack. The 
minimum curve on the adhesion portion is 120 m. 
(6 chains) radius, and the maximum adhesion grade is 2.5 
per cent., orl in 40. At the ends of each rack section 
entrance tongues have to be placed; the tongues are 
10 ft. 9 in. in length, with specially-shaped teeth, and are 
hung on springs. 

On the Argentine side there are nine tunnels, with a 
total length of 575 yards. On the Chili side there are 
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twenty-six tunnels, with a total length of 3481 yards. The 
Summit Tunnel, partly in Argentina and partly in Chili, 
is 34634 yards long. hus, the total length of tunnels on 
the whole line amounts to 75194 yards. Most of the 
tunnels are unlined, being in rock; the Summit Tunnel 
was the only one which presented difficulty in construc- 
tion, and this was chiefly owing to climatic causes, and 
to the distance the work was situated from the base from 
which supplies, men, &c., where drawn. This tunnel is 
in rock, with the exception of about 600 metres at the 
Argentine end, where there has obviously been, at some 
remote _— a slip on the face of the mountain, the 
material in this length being composed of rock and earth 
saturated with water. Towards the Chili face the rock 
in the tunnel is friable and the strata nearly vertical. 
The Summit Tunnel is lined throughout with Portland 
cement concrete in mass of the following proportions :— 
One cement, two sand, four shingle. For rock-boring, 


Ingersoll-Sergeant drills were employed, the compressed 
air for them being obtained by means of Diesel engines, 
which were also used to generate electric current for 


lighting purposes. 

he permanent way consists on the adhesion line of 
50-lb. rails, laid on timber sleepers at the rate of 1810 per 
mile. On the rack, a 55-lb. rail is employed on steel 
sleepers, weighing, with fastenings, 119 lb. each, laid at 
the rate of 1828 per mile. The rack consists of three 
vertical plates, each 20 mm. (0.787 in.) thick, made in 
lengths of 8 ft. 8in., and laid so that the teeth break- 
joint with one another. At the entrance to each rack 
section there is a rail 10 ft. 9 in. long, with specially 
formed teeth and laid on springs to facilitate the engaging 
of the teeth of the locomotive cogs with the teeth of the 
rack-bars. At numerous points along the line snow 
shedding, made of timber and galvanised iron, has been 
constructed. Avalanche sheds have also been put up at 
various points. 

In 1893, when the Argentine side of the railway was 
still being worked as a lodal line, combined rack and 
adhesion locomotives were employed. These locomotives 
were built by Messrs. Beyer, Peacock and Co., Limited, 
of Manchester. They are tour-wheeled coupled, with a 
leading axle and trailing axle. There are two rack 
wheels engaging with the rack ; the hind cog-wheel 
is worked by outside cylinders, 13 in. in diameter by 
18 in. stroke ; the front cog-wheel runs free, and is used 
only for braking purposes. The boiler is 4 ft. 2 in. in 
< ameged by 9 ft. 6 in. long, the heating surface being as 
follows :— 


Fire-box 90.19 sq. ft. 

Tubes 1067.40 ,, 
Total 1157.59 sq. ft. 

Grate area ... 19.95 ,, 


The working pressure is 150 1b. per sq. in. The total 
wheel-base of the locomotive is 19 ft. 64 in., and the total 
weight of the engine is 45 tons. 

When the line was completed, and through traffic had 
to be carried, more powerful engines were required, and 
two types of engine were adopted. One was made by 
the Maschinenfabrik Esslingen, and is of the articulated 
class, being a modification of the Mallet type. Its leading 
dimensions are as follow :— 


154 in. in dia. by 
194 in. stroke 
21} in. in dia. 

by 173 in. stroke 


Adhesion cylinders 
Rack cylinders 


ze itee 


Heating Surfuce : 





Fire-box 115 sq. ft. 
Tubes 2068 _ ,, 
Total 2183 sq. ft. 
Grate area ... sis 35s, 
Working pressure st 215 Ib. 
Weight in working order 87 tons 


These engines have three rack-pinions coupled together 
by connecting-rods. The adhesion engine has eight 
wheels coupled, the wheels being 36 in. in diameter. The 
total length of the engines over buffers is 45 ft. 94 in. 

In addition to the foregoing, another type of articulated 
engine is in use, made by Messrs. Kitson and Co., of 
Leeds. It is a modification of the Meyer type of engine, 
and consists of two bogies, one for adhesion purposes and 
the other for carrying the rack-wheels. The general par- 
ticulars of this engine are as follow :— 


Heating Surface : 





Fire-box 140 sq. ft. 
Tubes 1900 ” 
Total 2040 sq. ft. 
Grate area ... 34 ” 
Tubes a 292, 13 in. in dia. 
outside 
Water capacity 2100 gals. 
Fuel capacity 34 tons of coal 
Cylinders : 
Adhesion 164 in. in dia. by 
19 in. stroke 
Rack... 183 in. in dia. by 
19 in. stroke 
Boiler pressure 200 lb. per sq. in. 
Coupled wheels 3 ft. in dia. 


The locomotives made by the Maschinenfabrik Esslin- 
gen and Messrs. Kitson and Co. are very powerful engines 
for a rack-railway. Up an 8 per cent. (1 in 124) ient 
they haul 140 tons total load, in addition to their own 
weight, at a speed of about 8 miles per hour, and have 
nm known on occasions to haul even more than this. 





Yxrar-Book oF ScrgnTIFIC AND LEARNED SOcieTIES.— 
This year-book, which is published by Messrs. Charles 
Griffinand Co., Limited, Exeter-street, Strand, London, 
W.C., at the price of 7s. 6d., gives information on the 
scientific and learned societies of Great Britain and 
Ireland. The information includes the names of the 
offices, dates of meetings, membership, fees, a list of the 
later papers read and discussed, addresses, and indica- 
tions on the proceedings of each society. The volume for 
1913 is the thirtieth annual issue. 





Tron-OrE Briquetres.—The South Varanger Com- 
pany, Norway, of whose interesting briquetting installa- 
tion a description was given in ENGINEERING some time 
ago, has decided to extend its capital by 55,000/.. so that 
the share capital will be augmented to 880,000. The new 
shares are all taken up by old shareholders. The reason 
| for the increase is to be found in a decision of the board 
| to erect a new briquetting installation in addition to the 
| one already in operation. The demand for the company’s 
briquettes is constantly increasing, and the present plant 





cannot deliver fast enough. The new briquetting plant 
ee constructed on the improved Gréndal-Ramen 
method. 
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TEMPERATURE ALARM FOR GRINDING-MILLS 
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Tue danger of explosions 
and fire in milling establish- 
ments has been emphasised 
on several occasions in 
recent years. Such explo- 
sions, followed by outbreaks 
of fire, are often caused by 
sparking due to mill-stones 
coming into contact with 
one another. A good deal 
of loss to millers also results 
from overheating, which, 
though it may not result 
in fire, may, and often does, 
cause permanent damage both to the material ground 
and to the discs. In order to avoid this, an alarm 
giving an indication of a rise in temperature has been 
introduced, and is now being extensively adopted. We 
illustrate this in Figs. 1 to 3, herewith. It has been 
devised and patented by Mr. J. G. Jackson, of 34, 
West George-street, Glasgow. ; ‘ 

In the case of dise-mills, ¢.g., vertical mills fitted 
with composition or natural stones, where one disc is 
fixed and one revolves, it is found that in close grind- 
ing a temporary stoppage of the feed will cause a very 
rapid rise in temperature inside the machine. If the 
feed restarts of itself, the material will pass between 
two discs at a high temperature, possibly resulting in 
an explosion in the chute or worm. The temperature 
of the outside of the machine is no guide in this matter, 
as the discs are thick and of bad heat-conducting 
material. The apparatus to be described is designed to 
give an indication of the temperature at the grinding- 
face. 

Fig. 1 represents a grinder with one fixed and one 
revolving wheel. In the fixed wheel, or disc, at E is 

laced the little apparatus shown toa larger scale in 

‘igs. 2 ard 3. This consists of a rod D extending 
through the disc K, and mere at its outer end the 
case KE (Fig. 1). The end of this rod is in constant con- 
tact with the material being ground. It contains an air- 
chamber H, at the end of which, and connected with 
it, is a sensitive diaphragm plate C. A pair of elec- 
trical contacts are arranged at A, so that when the 
chamber H heats up the diaphragm C is forced out- 
wards, a contact mace, and an electric bell is rung. 
The contacts are adjustable, and the alarm can be 
set for any temperature up to 500 deg. Fahr. If it is 
found that the discs are —s economically at 
90 deg. Fahr, the alarm would be adjusted for 
95 deg. Fahr., and when that temperature was reached 
warning of probable danger would be given. The 
bell can, of course, be placed in the foreman’s office 
if — 

he rod D, which is fixed through the disc, naturally 
grinds down as the disc wears. It is usually of copper 
or brass, though if this material should be considered 
undesirable when milling foodstuffs, some other equally 
serviceable substance could be employed. In any case 
the metal ground off is very ne compared with the 
output of the mill. By procuring in this way some 
indication of the conditions inside the mill, the loss of 
moisture may be reduced below that which occurs in 
ordinary mills at the present time, while grinding is 
more economically carried out, and the life of the 
discs considerably extended. 
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InpIAN Rattway Workinc.—The net revenue of the 
various railways of British India was as follows during 
the ten years ended with 1912 inclusive :— 


Year. Revenue. Year. ae 
£ 

1903 .. - 12,598,200 1908 . 11,882,983 

1904 .. 13,920, 1909 . 13,786,000 

1905 . 14,497,267 1910 15,900,000 

1906 .. 14,742,467 1911 .. 17,626,667 

1907 . 15,821,200 1912 .. 20,994,334 


The large increase observable in last year’s net revenue is 
very encouraging, the advance, ‘- 17 | 1912 with 
1903, being as much as 84 per cent. It been feared 
that increased working expenses would have absorbed 
the additional revenue for the year, but it will be seen 
that this has happily not been the case. 

















CATALOGUES. 


Portable Electric Tools.—Messrs. H. W. Butler and 
Co., of Craven House, Kingsway, W.C., have issued a 
catalogue of portable electric tools, among which are 
included a very complete range of electric drills for metals 
and other materials, as well as grinding and polishing- 
machines. The tools are built with direct-current motors 
wound for voltages up to 250, and can also be supplied 
for use on single-phase — ve circuits. Each tool 
is illustrated and described, and full particulars, with 
prices, are a“ in each case. The descriptive matter 1s 
printed in the English, French, and German languages. 


Air-Compressors.—Three bulletins, giving > aggre of 
different types of air-compressors, of widely varying 
capacities, have reached us from the Chicago Pneumatic 
Tool Couper, of Fisher Building, Chicago, Ill., U.S.A. 
One of the bulletins deals with belt-driven and elec- 
trically-driven compressors of both the single-stage and 
two-stage types, while a second bulletin gives particulars 
of compressors driven by steam cylinders arranged in 
tandem with the air-cylinders, the steam distribution 
being controlled by Corliss valves. The third bulletin is 
devoted to compressors of the enclosed self-oiling type, 
and includes both belt-driven and steam-driven machines. 
Many of the compressors illustrated have mechanically- 
operated inlet valves of the Corliss type. 


Railway Switches and Crossings.—We have received 
from Messrs. Edgar Allen and Co., Limited, Imperial Steel 
Works, Sheffield, a pamphlet relating to — switches 
and crossings, constructed of their ‘‘ Imperial” manga- 
nese steel. This material. which has been very largely 
used in tramway-track work, is very hard and tough, and 
has a most remarkable resistance to abrasion. The 
ultimate tensile strength of the steel is about 55 tons 

r sq. in., and it gives an poy eo of 40 per cent. on a 
a of 4in. Drop tests are, however, more important 
for railway work, and these = practically twice the 
strength required by the British stundard specifications. 
The production of rails rolled from this steel, and the 
manufacture of switches and crossings for railway work, 
is the latest development of its utility, and although its 
application to this class of work is comparatively recent, 
excellent results have, we understand, already been 
obtained. As an instance of this, it is mentioned that 
two 45-ft. 95-lb. British standard bulb-head rails, sup- 
plied to one of the London electric railways, lost 141 
and 22 1b. respectively in a period of nine months; the 
hardest rails previously obtainable lost 135 lb. when used 
in the same position for the same period. The same two 
rails were then removed to the very worst position on the 
line, where ordinary rails had to be replaced in less than 
five months. In this position the manganese-steel rails 
only lost 21 lb. and 281b. respectively in a further period 
of nine months. The pamphlet, which is well printed 
and illustrated, gives other interesting information 
relating to these rails, and shows sev examples of 
trackwork carried out by the firm with them. 


Steam Fittings.—From Messrs. J. Blakeborough and 


Sons, of Woodhouse Works, Brighouse, Yorkshire, we = 


have received a catalogue of Dikkers’ patent valves, of 
which they are the sole makers for the United Kingdom 
and the Colonies. The catalogue first deals with stop- 
valves, illustrating and describing their construction and 
pointing out their —_ features, Among the latter it 
18 mentioned that the valve-seat is renewable, and that 
the seat may be removed and replaced without discon- 
necting the valve from the pipe, since the seat is kept in 
position by the valve-cover itself without employing 
either springs or cages. Another point mentioned is 
that the passages in the valve-body are designed so that 
steam-fiow is uniformly distributed all round the stopper, 
and thus there is no tendency for uneven and premature 
wear to occur as there is in the case of ordinary valves in 
which the steam impinges more powerfully on the side 
nearer theoutlet branch. The valves are made in several 
patterns for superheated or saturated steam, and also for 
water and other fluids, in sizes ranging from j in. to 
10-in. Most sizes are made in light and heavy 
a, the former aang ene for pressures up to 
ti 


20 lb. per sq. in., and the latter for up to 
225 lb. per sq. in. The catalogue deals with 
feed - check volven, asbestos - packed blow - off cocks, 


reducing - valves with spring or diaphragm control, 
and overflow reducing-valves. The latter are designed 
to regulate the pressure in a steam-main connected to two 
or more boilers working at different pressures, so that 
i ly taken from the low-pressu 


steam is normal]. re 
only; but when the demand is greater than the low- 





pee boilers can supply, steam is taken from the 
igh-pressure boilers through the reducing-valve. They 
are thus especially useful in sugar-refineries, breweries, 
and other works where high-pressure steam is used for 

wer production and low- ure steam is required 
or heating purposes. All the fittings included in this 
catalogue are made under Dikker’s patents, and each is 
fully described and illustrated by cectional views; prices 
are also stated in every case. 


Railway Buffers. Springs, d&:c.—We are indebted to 
Messrs. George Turton, Platts and Oo., Limited, of 
Savile-street, Sheffield, for a catalogue of their produc- 
tions, which include buffers, springs of all types, draw-gear, 
ca ventilators, steel oth ear and other appliances 
for railway and general use. The buffer section of the 
catalogue includes the Matthews, Platts-Turton, Turton, 
and other typ«s of solid plunger buffers, and also contains 
examples of hollow plunger buffers of various patterns. 
This section also deals with central - coupling baffers, 
Moreton’s flexible draw-gear, standard parts for wagons, 
and the “‘ Eros ” air-extractor for railway carriages. The 
next part of the catalogue relates to springs, and first 
descri Cowen’s patent equal-temper helical springs. 
These springs are made from steel of a heavy channel 
section, the object of which is to reduce the number 
of breakages that occur with springs of solid sections. 
The nee ae are frequently found to be due to the 
presence of minute cracks caused during the pro- 
cess of hardening by the difference of temperature 
between the interior and exterior parts of the steel. The 
cracks develop and extend during testing and in work, 
eventually causing fracture. With the Cowen section, 
however, the temperature distribution during hardening 
is claimed to be much more even than in the case with 
solid sections, so that the steel is tempered uniformly 
throughout, and is also free from oil c Some parti- 
culars of these 4 ey are given and numerous examples 
of helical, nested, and volute spri of various sections 
for railway and general use are illustrated. The last 

t of the catalogue is devoted to Stuart's patent rail- 
ey, which consists of a split tube of spring steel having 
oue side pressed in longitudinally so that it meets the 
other side along the slit. The section is thus something 
between a letter C and a distorted figure 8. The key is 
placed in between the rail and the chair and afterwards 
expanded by driving a double-tapered wedge into the slit. 
This causes a very great pressure on the rail, which pres- 
sure is said practically to eliminate ‘rail creep,” and its 
attendant evile. The keys, of course, cost more than 
wooden wedges, but the firm state that, since they never 
work loose, considerable economy results from their use 
owing to the reduced cost of maintenance. 


Electrical Thermometers and Hygrometers.— A catalogue, 
giving prices and particulars of electrical thermometers 
and hygrometers for industrial —_—~—: has recently 
been issued by Messrs. Siemens Brothers and Oo., 
Limited, of Caxton House, Westminster, S.W. The 
thermometers, which are of the platinum. resistance type, 
are operated by one or two dry cells or accumulators, and 
they are suitable for measuring all eye omnes between 
— 200 deg. and + 700deg. Cent. The platinum resistance 
wire is enclosed in a quartz tube, and may be situated at 
any convenient distance from the indicator. The latter 
works on the phe mm pty principle, and the 
galvanometer is graduated to directly in d of 
temperature. The indicator is usually placed in some 
convenient central position, and leads are vided to 
thermometers in several different parts of the building. 
By means of push-button switches any one of the thermo- 
meters can be connected to the indicator, so that it is 
possible to read the temperatures at any point, however 
inaccessible it may be, without leaving the switchboard. 
This is of great advantage in cold-storage plants, where 
the opening of cold rooms to read mercury thermometers 
allows warm air to enter, and so raises the temperature 
and causes a certain amount of power to be wasted. The 
pamphlet illustrates and explains the construction of the 
instruments, and states prices for several different forms 
of thermometers, and also for indicators and switchboards. 
Recorders for use with these thermometers are also illus- 
trated and described, but prices are not mentioned. 
The pamphlet also gives full particulars, with prices, of 
hygrometers on the tanz Schmitz system, which can 
used in a similar manner to that above described, to 
measure the humidity at a number of different points. 
In these instruments two aim resistance coils, similar 
to those used with the thermometers, are fixed at each 
point. One of the coils is kept wet by being enclosed 
in a porous tube which is partly immersed in distilled 
water. If the air in the apartment is stationary, it must 
be circulated by a small electric fan, the latter being 
arranged so that it is automatically switched on when 
the hygrometer is brought intouse and switched off when 
it is finished with. © temperatures of the wet and 
dry thermometers are then taken in succession by means 
of the indicator, and from their difference the amount 
of moisture present can be calculated by the usual tables ; 
the dry-bulb reading, of course, gives the actual tempera- 
ture of the room in which it it situated. Prices are 
stated in the pamphlet for batteries, cables, and various 
accessories for both thermometersand hygrometers. 





ANGLO-CANADIAN TrapE.—On October 28, Mr. J. H. 
Turner, chairman of the Canadian Chamber of Commerce 
in London, delivered an address at the London Chamber 
of Commerce, on “ Anglo- ian Trade,” with special 
reference to Canada’s import trade, and introduced a 

posal for the establishment in Canada of a British 
ee Amer Exhibition in. ject, we are 
told, has met with a very friendly reception, and there is 
way prospect of the exhibition becoming an accomplished 
‘act. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on November 28, at the oo 
College of Science, Professor OC. H. Lees, F.R.S., Vice- 
President, in the chair, a paper on “The Expansion of 
Silica ” was read by Professor H. L. Callendar, F.R.S. 

The paper gave a summary of previous work on the 
expansion of fused silica, with special reference to the 
extension of the observations by the methods described in 
his paper read at the meeting of the society in April, 
1912. The results of different observers, employing dif- 
ferent methods and different specimens of silica, differed 
considerably, especially in the neighbourhood of 0 deg. 
Cent., where the values found for the coefficient of expan- 
sion ranged from about 2 x 10-7 to 4 x 10-7. These 
differences might be due partly to errors of observation, 
since the ex ion to be measured was so small; but 
there was evidence that the expansion depended to some 
extent on the possible presence of minute impurities, and 
on the previous treatment of the specimens, which might 
also materially affect the expansion in different directions. 
In attempting to deduce the expansion of mercury by 
the weight thermometer method with silica bulbs it was 
necessary to determine the ex ion of specimens of 
silica from the same source as the bulbs, and to extend 
the obs rvations of expansion over the range 0 deg. Cent. 
to 300 deg. Cent., since the formule of Scheel or Chappuis 
gave discordant and somewhat improbable results if 
extrapolated beyond the range of the experiments on 
which they were bised. Specimens which had been 
ex to high temperatures, as in the author’s own 
observations of 1901, and in those of Le Chatelier, Holborn 
and Henning, and Randall, appeared to give lower results 
over the range 0 deg. Cent. to 300 deg. Cent. than speci- 
mens which had not been heated above 300 deg. Cent. 
during the measurements. ; : 

The author had obtained from the Silica Syndi- 
cate, who had supplied the bulbs <r by Mr. 
Harlow, specimens of the same mate! (1) in_ the 
form of me mm. in diameter and 40 cm. long, which 
were heated in the platinum tube, and tested by the 
Newton’s ring method, previously described, over the 
range 0 deg. Cent. to 300 deg. Cent.; and (2) in the form 
of tubes similar to those from which the bulbs were made, 
which were tested by the Fizeau method over the range 
— 20 deg. Cent. to 150 deg. Cent. The difference between 
the axial and radial coefficients of the tube specimens had 
also been tested by the differential Fizeau method which 
he had devised for the - = " 

The expansion of the silica rod tested by himself and 
Mr. Eumorfopoulos in 1901, which had been ay 
heated to over 1600 deg. Cent., gave results between 
0 deg. Cent. and 100 deg. Cent., agreeing closely with 
the extrapolation of the curve representing the original 
observations between 300 deg. Cent. and 1000 deg. Cent. 
The silica rods euggeed the Silica Syndicate, which 
were not heated above deg. Cent., showed at first 
some peculiarities due to intrinsic strain, but ultimately 
settled down into a cyclic state, which could be fairly 
represented over the range 0. deg. Cent. to 300 deg. Cent. 
by the formula— 


10° x mean coefficient 0 deg. to ¢ = 78.0 — 8650/ (¢ + 175), 


but the variation of the coefficient with temperature was 
so rapid and peculiar over this range that it could not 
be represented satisfactorily by a formula of the usual 


t le 

Phe axial expansion of four different specimens, vary- 
ing in length from 3 mm. to 3 cm., cut from a tube 2.5 cm. 
in diameter, had been measured by Mr. Eagle with a 
Fizeau dilatometer made by Zeiss. After a few prelimi- 
nary heatings in each case the results obtained were very 
consistent, and could all be represented between — 20 deg. 
Cent. and 150 ~- Cent., with a maximum divergence 
of less than one-fiftieth of a fringe of the green mercury 
line, by the formula— 


10° x mean coefficient 0 deg. to ¢ = 29.0 + 
0.250 ¢ — 0.00070 7, 


which agreed within very narrow limits over this range 
with the formula found for the rods, but was inadmissible 
for extrapolation to 300 deg. Cent. The agreement of 
the results obtained with specimens of different lengths 
showed that the fringes were not appreciably affected b 
the presence of films of air or moisture variable wit 
temperature. 

The difference between the radial and axial coefficients 
was tested by the method described in a previous paper 
(Philosophical Magazine, June, 1913, page 998). The first 
ring tested gave a radial coefficient considerably smaller 
than the axial, but it also showed some distortion and 
zero variation after heating. It was subsequently found 
that this ring had been taken from one of the ends of the 
tube which had been smoothed in the ae after 
cutting off the tube, so that it was probably in a different 
state of strain from the restof thetube. Another ring was 
accordingly cut from the midcle of the tube close to the 
part in making the tripod. This ring gave consist- 
ently on repea' tests a radial coefficient slightly 
exceeding the axial coefficient of the tripod. Another 
pair of flats was then cut on the second ring ina direction 
at right angles to the first pair. The expansion in this 
direction was found to be slightly smaller than the axial. 
The first ring after repeated heating for a month or two 
settled down into a state in which its radial expansion 
differed very little from the axial. Though little more 
than the outer skin of the tube had been removed in 
cutting the second pair of flats on the ring, the effect was 
to distort the ring so that the first pair of flats were no 
longer parallel, and it was necessary to tilt the cover- 
plate in order to obtain measurable fringes. Differences 
of the order of 5 or 10 per cent. in the expansion in dif- 
ferent Cirections appeared to be highly persistent, and 





were not removed by heating the specimens to 1000 deg. 
Cent., or cooling in liquid air, though such treatment was 
found to produce some distortion and marked temporary 
effects on thé expansion. As the result of repeated tests 
extending over more than a year, it was concluded that 
the differences in the radial coefficient, which were some- 
times positive and sometimes negative, might be largely 
due to distortion of the ring, involving effects of the 
second order only on the volume. Since the expansion 
could not be measured without cutting the specimens, 
and the bulbs could not be made without working the 
tube in the blow-pipe, it was considered that the most 
probable result for the cubical coefficient would be ob- 
tained by simply assuming it to be three times the linear, 
which would undoubtedly be the case if the material 
could be perfectly annealed. , 

An attempt was also made to determine the difference 
between the axial and radial coefficients of a tube of verre 
dur, but it was found impossible to cut specimens from 
the tube in its ordinary condition as supplied by the 
makers. After seven or eight failures the remainder of 
the tube was optically annealed. There was then no 
further difficulty in apy hp specimens ; but in this 
state no difference was to expected, or could be ob- 
served, between the radial and axial coefficients. The use 
of this material, however, for a weight thermometer 
would probably introduce errors of the order of 1 in 1000 
in the apparent coefficient of expansion of mercury over 
the fundamental interval in er of the pheno- 
menon of the temporary depression of zero. Owing tothe 
smallness of the expansion of silica, and its comparative 
freedom from hysteresis, the possible uncertainty with 
the silica bulbs was probably less than 1 in 1000, in spite 
of the imperfect annealing. The results for the absolute 
expansion of mercury deduced from Mr. Harlow’s observa- 
tions of the relative coefficient differed ~ j 1 in 500 on the 
fundamental interval from those obtained by the hydro- 
static method. The results given by the hydrostatic 
apparatus had been carefully repeated and verified. 

ere were many possible explanations of the dis- 
crepancy, but no certain solution of the difficulty had eo 
far been discoverd. 

A paper entitled ‘‘ The Thermal msions of Mercury 
and Fused Silica” was read by Mr. F. J. Harlow, 
A.R.C.S., B.Sc. 

A more complete set of observations of the relative 
coefficients of ex ion of mercury in silica than those 
previously published are obtained by the use of an 
electrically-heated oil bath. The observations comprise 
readings at frequent intervals up to 300 deg. Cent., and 
are in g ment with the earlier observations, 
which, when applied to the values of the absolute expan- 
sion of mercury given by Callendar and Moss, seemed to 
show that the cylindrical bulbs used were not isotropic. 
Further experiments made with a spherical bulb nega- 
tived this conclusion. Tables are included in the Lan nd 

iving representative observations and the final results. 

rom the values of the coefficients of expansion of 
silica determined by Professor Callendar upon speci- 
mens similar to those from which the bulbs were made, 
the coefficients of absolute expansion of mercury are cal- 
culated. These, over the range of the experiments of 
Chappuis, who used a similar method, but with bulbs of 
verre dur, are in fair agreement with his results, but differ 
queasy from the results of Callendar and Moss 
obtained by the absolute method. It seems, therefore, 
that there is some undiscovered fundamental difference 
in the two methods. 

Dr. J. A. Harker said that in Chappuis’ experiments 
bulbs both of platinum-iridium and verre dur were used, 
and no indication was obtained of anomalous expansion 
of the verre dur. This, he thought, would have shown 
up in the expansion of water, as afterwards determined 
by ng is with the same ae, 

Mr. F. E. Smith believed that a the agreement 
between Harlow’s results for the coefficient of expansion 
of mercury with those of Chappuis and others, the results 
of the hydrostatic method should have precedence. There 
were always films of moisture on glass and silica which were 
not removed, even 7 in vecuo, under a tempera- 
ture of 400 deg. t. This would account for the 
observed discrepancy, which, as would be expected, dis- 


a at higher temperatures. 

. G. W. C. Kaye was relieved that Professor 
Callendar had now removed the objection that the cubical 
coefficient was not three times the linear. The difference 
between the results obtained by the two methods was not 
in actual fact very great. He exhibited some curves in 
which were collected the results of various experimenters 
on the expansion of mercury, including those of Harlow, 
and indicated the best mean curve obtainable from them. 

Mr. A. Campbell thought the effect, if any, of surface 
films of moisture would be evident from results taken with 
bulbs of different size, since the volume of the film only 
increased as the square of the dimensions. Mr. Harlow’s 
results appeared to show that the effect was very small. 

Mr. Sears showed some slides ny ee by the late 
- Donaldson, se had re — the mean “ for 

expansion of mercury by a cubic equation. Since 
receiving Mr. Harlow’s paper he ye Sears) had found 
that the mean of all the results could be represented by a 
quartic equation. 

Professor Lees asked if the uliar behaviour in the 
earlier experiments, which Professor Callendar had 
attributed to the silica ring, might not have lain partly 
with the tripod, which was more difficult to construct. 

Professor Callendar, in reply, said they had a bulb 
made with concentric cylinders inside to test for surface- 
film effects. No effect was detected. Personally he was 
of the opinion that the discrepancy must be due to some 
change in the condition of the mercury when heated for 
some time in steel tubes. 

A paper on ‘‘An Experimental Method for the Pro- 





duction of Vibrations on Strings” was read by Professor 
J. A. Fleming, F.R.S. He exhibited an apparatus for 
the production of vibrations of strings loaded or un- 
loaded. This method is an improvement on that of 
Melde, in which transverse vibrations are created on a 
string attached to the prong of a tuning-fork. 

Melde’s method has the disadvantage that it is not 
possible to put great tension on the string without 
stopping the fork, or to use very heavy or loaded strings 
without using forks of great size. Moreover, the fre- 
quency cannot be varied except by changing the fork. 

In Dr. Fleming’s method the vibrations are produced 
on a string by a! ing one end to the shaft of a small 
cuntinuous-current motor of about 4 horse-power. The 
motor has on one end of its shaft a mechanism for count- 
ing revolutions, and on the other end a disc, which has a 
crank-pin inserted in its outer face, and to this pin is 
attached a light crank-shaft connected at its outer ex- 
tremity with a rocking-lever. The string is fastened to 
a hook on the crank-shaft, near to the crank-pin. The 
other end of the string is attached to a fixed point, which 
can be moved by means of a screw, in some cases a spring- 
balance being interposed to measure the tension. hen 
the motor is started, the string has a circular motion 
oo to its end, which is equivalent to two simple 

armonic motions at right angles to each other. If the 
tension is rightly adjusted, the string then vibrates in 
sections, and the number of sections can be adjusted by 
altering the tension. The distance from node to node 
can then easily be measured, and the frequency deter- 
mined from the speed of the motor. In this way the 
— of the wave is measured, and can be compared 
with the velocity determined by taking the square root 
of the quotient of the tension by the linear density of the 
string. 

A number of tables were exhibited showing the 
velocity of the wave motion on strings of various kinds 
confirming the known laws of string vibrations. This 
method is particularly useful in studying the properties 
of loaded strin Strings made of flexible cotton cord 
can be loaded with glass or wooden is and set in 
vibration. In this manner it can be shown experi- 
mentally that when the wave length on the string 
extends over a distance of more than 8 or 10 loads, the 
string vibrates as if the loading matter were uniformly 
distributed, but the string cannot propagate vibrations 
when the half-wave length approaches equality to the 
distance between two loads. It is also possible to show 
by this apparatus very prettily the reflection of a wave at 
a load placed at an: ee on the string, and also that this 
reflection is redu y tapering off the loading. We can 
thus imitate with this loaded vibrating string all the phe- 
nomena of inductive loading in telephone cables on the 
Pupin system. 

he theory of the vibrations of a loaded string has been 
studied by many mathematicians—by Lagrange, Lord 
Rayleigh, Professor P. G. Tait, and a very interest- 
ing oa ag! was published on the subject by Mr. Charles 
Godfrey in the Philosophical Magazine for April, 1898. 
This method of vibrating a string by a motor affords a 
simple method of demonstrating all the laws of vibrating 
strings to a class, and also can be employed to show 
experimentally results of loading telephone cables in 
various ways, and the reflections that occur when cables 
with different constants are connected in series. 

Dr. Russell a Professor Fleming on his 
short and easy of Pupin’s law. 

Mr. Campbell remarked that Professor Tait, of Edin- 
burgh, used to have a hand-machine with which he could 
p uce eight or nine loops on a long vibrating string. 

ut the success of his demonstrations depend fone 
upon the skill of the operator. 








Tue Exxcrric Licht 1n DramMeN.—The town of 
Drammen, Norway, furnishes a good example of the 
extent to which electric a is being adopted in some 
places. Of the town’s 2212 houses, no less than 1734 have 
electric light installed, and the first total of houses in- 
cludes non-residences and others where, for some reason or 
other, it would not be practical to instal electric light. 
There is reason to expect that within another year literally 
every house will have electric light. 





Tuer Inp1a-Cryton Connection.—Some of the works 
connected with the Manaar route between India and 
Ceylon are co os so far as the South Indian Railway 
is concerned. Ceylon Government has completed its 
railway, but it has not yet finished some necessary build- 
ings at Talemanaar. The cost of the new lines has been 
466,666/., and they are expected to be opened early in 
1914. The project on the Indian side consists of a 
viaduct, 5800 ft. long, with a Scherzer lifting bridge, 200 ft. 
span, over the Pamban Pass, connecting the railway on 
the mainland of India with the railway on the Island 
of Rameswaram, and two piers at the other end of that 
island, from which steamers will ply for the six months of 
the north-east monsoon from the south pier, and for the 
six months of the south-west monsoon from the north 
pier to similar piers on the island of Manaar, to connect 
with the Ceylon railway system. The steamers, which 
were designed by the late Sir William White, are 
equipped with modern machinery, and are of the geared- 
turbine type, with water-tube boilers, They were described 
in ENGINEERING, vol. xciv., page 654. On the Ceylon 
side the Ceylon Government Railway has been carried to 
the end of the Island of Manaar by a branch from 
Madawachi to Talemanaar, and two piers have been 
provided at the latter place similar to those on the Indian 
side. The distance between the two Islands of Rames- 
waram , commonly known as Adam’s Bridge, 
is 22 miles, and the steamers will accomplish the journey 
between the two points in 1} hours. 
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‘““ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in poe ood ra or is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 

of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform ee of 8d. 

The date of the advertisement fe enone + Gee 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement 0, J nce of a Complete Specification, 
give notice at the Patent O, to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


25,606/12. J. G. Statter, Salfor Time-Element 
Devices. [2 Figs.) November 8, 1912.—This invention relates 
to improvements in time-lags of the type described in Specifica- 
tion No. 16,846 of 1904. A is the containing vessel, B the lower 
cone, and C the upper cone. Disa rod fixed to the upper cone, 
and is provided for articulating the upper sucker to the appliance 
which is to be prevented from moving until a period of time has 
elapsed. E is the fine-threaded screw, and F the rod made of a 
metal having a lower coefficient of expansion than E. In Fig. 1, 
hand-control for determining the separation of the cone-faces of 





B and C is effected by turning the disc G, which is locked on to 
E by means of the nut J. In Fig. 2, the same control is effected 
by rotating the cap H, which, through the e K, K, rotates the 
lower sucker B on the fine-threaded screw E, and so changes the 
clearance between the faces of the cones Band C. The screw E is 
locked to the containing vessel by the nut J. In this figure pins 
L, M are shown to limit the movement to one turn upon the 
screw. Similar pins are usually provided in G, and A, Fig. 1, but 
they are not shown in this figure. In Fig. 1 the escape of air is 
provided for by the ball-valve N. (Accepted September 17, 1913.) , 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


20,312/12. H. C. L. Holden, London. Internal-Com- 
bustion Engines. (3 Figs.) September 6, 1912.—This in- 
vention relates to improvements in engine-starters for internal- 
combustion engines, whereby the defects existing in present 
systems of such devices are to a great extent overcome, and 
failures to start eliminated. The engine-starter is of the known 
type, consisting of a small motor or engine having radial cylinders 
driven by com air or other fluid from a reservoir, and 
adapted to rotate the main — The invention consists in 
providing means whereby the cylinder-valves of the compressed- 
air starter may be operated upon any one of three cycles— 
viz., 80 that the apparatus is adapted to start the main engine, 
to compress air into the reservoir, or to be driven idly by 


Fig. 










Oc 





the main engine. In Fig. 1, A represents a working cylinder 
fitted with the usual piston which actuates the crask-shaft Cc 
through the agency of a connecting-rod B. In the preferred 
arrangement three such cylinders are provided. Each cylinder 
*s fitted with two valves (Fig. 2), which, as shown, are of the 
poppet type. One, an inlet-valve L, opens outwards, and is 
— by @ spring, the resistance of which has to be overcome 
_ en the valve is opened, either by the valve-rod K! to admit 
s r under pressure from the reservoir for starting, or automatically 
y the preésure of air in the cylinder when this is used as a pump. 
The other valve is the exhaust-valve M, which opens inwards . 
ow cylinder when actuated by ite valve-rod K , or when the 
reduced pressure produced by the downward motion of the piston 
is sufficient to uvercome the light spring which normally keeps 








the valve M on its seating. The valve-rods K!, K® are actuated 


by the discs E®, E!, which revolve with, although capable of being | and 


moved longitudinally upon, the cam-shaft U. The discs E!, E® 
carry on their outer sides face-cams, the cam surfaces being so 
arranged as to produce the necessary amplitude of movement of 
the valve-rods K2, K} to open the valves M and L at the righ: 
moment. The valve-rods K1, K2 are pivoted at Q!, Q2, and 
carry at their lower ens rollers G and J, which roll upon the 
cam surfacee. The movements of the discs E!, E? are controlled 
by forked levers working in the grooves Ol, 02, and reg 
stops N!, N2 can be fisted on the shaft C. The forked levers, an 
consequently the discs E}, E*, have three positions :—(1) In the 
first position neither of the cam-faces of the discs E!, E® is in 
contact with the valve-rod rollers J, G ; (2) in the second tion 
the discs El, E2 are se a suitable distance, and both valve- 
rods K*, K!, are operated ; in the third position the disc E! is 
moved fo far tothe left that it tes the exhaust-valve rod K2 
so that the exhaust-valve is held more or less open all the time. 
(Sealed November 27, 1913.) 


24 344/12. Swan, Hunter and Wigham Richardson, 
Limited, and M. O. Wurl, N e-on-Tyne. ° 
ternal - Combustion (2 Hige.} October 24, 
1912.—This invention relates to invernal-combustiun engines of the 
kind in which the gear or cam-shaft is driven from the main or 
crank-shaft by means of two or more eccentrics or cranks arranged 
so as to avoid dead centres, the chief object being to eliminate 
the strains which are liable to arise from the effect of heat 
expansion, and on large engines to eliminate the vibrations on the 
long connecting-rods pertaining to the aforesaid eccentrics or 
cranks, and, at the same time, to obtain a correct and reliable 
transmiesion of motion from the crank-shaft to the gear or cam- 
shaft of the engine. According to this invention, these objects are 
obtained by dividing each of the aforesaid rods and flexibly 
coupling the parts together so as to allow for the expansion of 
the engine and variation in the distance between the shafts ; this 
coupling may be effected by providing intermediate levers which 
are diametrically mounted on an oscillatory member or shaft 
which is capable of yielding to torsional stresses. a@ is the crank- 


Fig.1. 

















(24,344) 


shaft of the engine, and carries an eccentric a!, which is con- 
nected by a strap a? and rod a with the end of a lever b mounted 
on an intermediate oscillatory shaft }°. At the other extremity 
of the shaft b2 another lever 6° is mounted so as to be on the 
opposite side of the shaft to the lever b, but so arranged that the 
angles between the centre line of each lever and its connecting- 
are equal in all positions. The shaft 02 is of such dimensions 
as to be capable of yielding without undue strain of the material 
to any alteration of distances between the shafts a, b®, and c! 
arising from heat expansion of the engine or any of its parts. 
The end of the lever }® is connected by a rod }4 to a crank ¢ 
carried by a shaftc!. This shaft is provided with another crank 
ce arranged at right angles to the crank c, and the crank c* is 
connected to the engine-shaft by similar to that described. 
By disposing the cranks‘c, c? apart in this manner dead centres are 
avoided, and motion can be transmitted when the parts of the 
gear are in any tion. The shaft c! is connected to the gear 
or cam-shaft d of the engine by means of the coupling d!, and is 
dapted t it the rotary or angular movement 
thereto. (Accepted September 24, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


2059/13. J. M. Hewitt and the Saver Clutch Com- 
pany, Manch: . Friction - Clutches. 
(6 Figs.) January 25, 1913.—This invention provides a self- 
contained friction-clutch, working on the jamming or wedging 
principle, and having a cylindrical or entirely enve g casing 
which constitutes a container, the elements of which are rela- 
tively immovable, and which cylindrical container complete) 
encloses half-sleeves or binders surrounding the shaft within the 
cylindrical container, and which are either separated slightly or 
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wn together to effect clutching by interlocking inclines of the 

ve and projection type, the clutching effect not teing due to 
-thrust between the clutching elements. The ts 
mount upon the driving-shaft 1 a suitable boss 2, this is 
formed with or attached to a sleeve 3 capable of sliding on the 
shaft 1. The boss 2 is fashioned to cognge Save 4on the shaft 1. 
apes the exterior of the boss 2, is machined or cut 
with grooves 5 and 6 upon each side as shown. The grooves 
5 and 6 as to each pair are slightly inclined the one to the other. 
Fiitiog over the boss or barrel 2 are two half-siceves 7,7 with 


inclined and inturned edges 8, 8, which engage the grooves 5, 6 

80 ride on and cling to the boss 2 as shown. * Obviously, 
under end movement of the half-eleeves or the boes, the former 
move slightly from or towards the centre of the driving-shaft 
according to the particular direction of movement. This move- 
ment is utilised to effect clutching or unclutching as desired. 
Surrounding the boss 2 and the half-sleeves 7, 7 is a cylindrical 
clutch-casing A, which is made in two or more parts, such as 
9,10. A clutch-casing so constructed can rest on the shaft and 
sleeve 3, and bears in two places and entirely envelops the clutch- 
ing devices. End rings or washers 11, 12 the boss and 
the half-sleeves from the inner end walis of the cylindrical 
casing A. (Accepted September 24, 1913.) 


MINING, METALLURGY, & METAL-WORKING. 


12,913/13. Clifton and Kersley Coal C y, 
Limited, H. V. Hart-Davis, and J. G: Man: 
chester. - paratus. [2 Figs.) June 4, 
1913.—This invention relates to improvements in apparatus for 
washing coal and the like, and particularly to that psa of appa- 
ratus in which coal is separated from fine clay slimes by means of 
a vibrating screen or sieve which is agi by cranks or other 
convenient means, and from this screen the tailings pass down a 
chute or delivery-pipe. The invention consists in combining 
with the above apparatus a washbing-box and screen or sieve for 
treating the tailings delivered from the apparatus, and so further 
separating the fine clay slimes from the small coal. a designates 
the vibrating screen or sieve ; ) arms worked from an eccentric ¢ 
for agitating the screen or sieve a; d a water-pipe for sprayirg 
the coal and the like; and e the chute down which the tailings 

after leaving the screen or sieve. The foregoing is a known 
orm of a. and the invention consists, as already stated, 
in combining therewith a second fine-meshed screen or sieve g 
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on which the tailings from the first screen or sieve a are deposited. 
This second screen or sieve g is slightly inclined, and Foes 
over a trough h formed in the side of the washing-box i. ‘ormed 
at any convenient part in the washing-box i is a chamber or 
compartment j fitted with a plunger (not shown) or equivalent 
means for a in the well-known manner, a pulsating 
movement to the water in the ees. In operation, the 
water and matters in suspension enter the washing-box i through 
the trough, or pipe /, and flow on to the inclined screen or sieve 
g. The clay and fine matter and a certain rtion of water 
pass through this sieve g, while the greater ion of the water 
overflows into the h A and away by the disc -pipe k. 
The pulsating movements in the water in the washing-box i, 
caused by the plunger or equivalent means, cause the ter 
particles in suspension to overflow between the screen or sieve 
and the trough A, while the heavier particles pass down to the 
bottom of the box and are taken away by a travelling scraper 
conveyor m and discharged through a chute n. (Sea 
November 27, 1918.) 


MOTOR ROAD VEHICLES. 
631/12. F. G. Woollard a4kzk.G. W 
al Co., Limited, om or 


Vehicles. (8 Figs.) October 9, 1912.—This invention has 
for its object to provide an improved gear-changing mecha- 
nism for motor vehicles and the like. The invention com- 
prises the mounting of two or more sliding-gear operating- 
members on a single common supporting bar, in mechanism of 
the type in which an actuating lever is mounted eo that it can be 
moved about either of a pair of axes disposed at right angles to 


Fig? aa” 












































each other and caused to operate any one of the sliding mem- 
bers aforesaid. In carrying the invention into effect as shown, a 
guide-bar a formed wd a plain rod of circular eection is mounted 
within the gear-box } of a motor road vehicle, and on such guide 


are mounted two or more slides which are so shaped that they 
tly of each other. Three 
used for Varia- 
ly notched 


can be moved on the guide ind 
slides, c, d, and ¢, are shown, ¢c and d 
tion and ¢ for reversal. The is sui 





or 
on each of the 


ment by a spring-controlled catch or detent 
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slides, and in conjunction with each slide is formed or arranged a 
fork or lever whien engages a collar on the gears to be operated. 
The slides c and d are each formed with a fork as y, whilst the 
slide ¢ is arranged with aleverh. The slide c may be adapt -d to 
control, for example, the first and second spzed-gear, whust the 
other, d, may be adapted to control the third and fourth speed- 
gear. The slide @ controls the reverse-gear. Any ordinary 
arrangement of gears may be employed. Adjacent to the slides 
is mounted an oscillatory and axially-movable shaft i, which at 
one end carries a lever j adapted to engage one or other of the 
slides. The engagement is preferably effected as shown by the 
provision of a notch in the upper edge of each slide in which the 
suitably-sha outer end of the lever can enter. At the other 
end of the shaft is connected the actuating-lever k, connected to 
the shaft by a tfansverse — 1, so that in addition to a com- 
bined movement of the lever and shaft about the axis of the 
latter the lever can also move about the axis of the pivot. In con- 
junction with the lever is ted a fixed quadrant m which at 
ite periphery is formed with three parallel slots which communi- 
cate by a transverse slot at the centre, asin the ordinary quad- 
rants employed with the usual fear-changing levers. The quad- 
rant is also provided between its upper and lower ends with a 
pair of transverse pins x, between which the lever passes. Such 
pins form a fulcrum about which the lever can rock when it is 
ushed laterally from one slot to the other in the quadrant. This 
Tate ral movement of the lever is utilised for producing a lateral 
or endwise movement of the shaft i to which the lever is con- 
nected. Assuming the operating-lever to be in the centre slot in 
the quadrant, movement of the lever along the slot produces an 
oscillation of the shaft i and a sliding movement of the particular 
slide to which the lever j is connected. If it is required to operate 
another slide, the hand-operating lever is brought into the middle 
position w'th respect to the segment and is then moved laterally 
into the other slot. This movement of the hand-lever causes the 
lever to rock about the fulcrum on the segment and impart 
sufficient axial movement to the shaft to carry the lever j at the 
inner end of the shaft out of engagement with the first-mentioned 
slide and into engagement with another slide. The second slide 
can then tuated, For act of the third slide, the lever 
is restored to the central position and then moved over laterall, 
in the opposite direction to that above mentioned. In th 
position the lever j engages the third slide. For preventing 
simultaneous movement of two slides, a fork-like member o is 
pivoted beneath the guide-bar and so sha that its upper ends 
enter the same notches in the slides as the lever j. hen the 
lever j is in the centre slide the member 0 engages and prevents 
movement of the other two slides. When the lever j is moved 
into the notch of one of the said other slides, the fork is caused 
by the lever to reck so that it engages the central slide as well as 
the remaining outside slide. (Sealed November 27, 1913.) 
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25,010/12. The Wolseley Motor-Car Company, 
Limited, A. A. mington, and A. J. Rowledge, 
otor Road Vehicles. [1 Fig.) Noveim- 


ber 1, 1912.—This invention relates to means for ie & spare 
detachable wheel of a vehicle while travelling, through the 
medium of a dummy hub which is carried from the side of the 
vehic'e. According to this invention, a spare detachable wheel 
is mounted, for carriage while travelling, upon a dummy hub 
which is itself fixed directly to a single carrier-bracket fixed to the 
vehicle. A is one side of the car-body, B one side of the 
chassis-frame, and C the footboard having a well ©! therein 
within which the lower portion of the wheel D rests. E is a 
bracket from the frame B, F a dummy bub which is carried by 
the bracket, and G the nave of the wheel D, which is shown 
around the dummy hub. H isa ring which is screwed on to the 
outer end of the dummy hub to hold the wheel D back upon the 
hub. If the wheel D did not enter at all into a well of the foot- 
board, but was clear to be moved from off the dummy hub with- 
out removing the dummy hub from the bracket, the dummy hub 
might be permanently fixed to the bracket by means of a bolt, 
but if the lower portion of the wheel enters w.thin a well of the 
footboard, as shown, and it is necessary to raise the hub in rela- 
tion to the bracket, so that the lower portion of the wheel can be 
moved up clear out of the well, to enable the wheel to be re- 
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moved together with the hub, the dummy hub is fixed to the 
bracket by means of an axial bolt J, which is prevented from 
turning in relation to such hub. This bolt has a portion J which 
passes through a vertical slot formed through a vertical Se é, 
which constitutes the upward termination of the bracket The 
slot puns out through the top of the plate ¢, and the bolt J is 
formed with a head 7 which passe: down behind the plate e of the 
bracket as the portion Fy of the bolt is lowered down within the 
slot. Acap or plug F' is screwed within the outer end of the 
hub F and upon the outer end of the bolt J. The screw-threads 
of the interior of the dummy hub, and of the bolt, are either 
qoute hand or are of different pitch, so that as the cap or plug 

is screwed in one direction, the bolt J is drawn up and tens 
its head against the back of the plate ¢ of the bracket, con- 
sequently tightens the inner end of the dummy hub against the 
outer face of the plate e, and thus securely fixes the dummy hub 
to the bracket, and as the cap or plug F! is turned in the opposite 
direction the bolt is slackened . When the bolt has been 
slackened back, the dummy hub and the wheel which it carries 
may be lifted up, pore up the portion ‘a of the bolt along the 
slot ¢! of the bracket and out —— the top thereof, the hub 
being thereby entirely disconn from the bracket without 
the removal of any part from the hub or from the bracket, 
except of course, the hub is itself. removed from the 


RAILWAYS AND TRAMWAYS. 


904/12. L. W. Williams, O. R. Williams, and 

le Darlington. Spring Check-Kails. 
(3 Figs.) December 30, 1912.—This invention has reference to 
spring check-rails for railway vehicles and the like, which by 
acting on the wheels of such vehicles will brake them aod prevent 
their untimely movement. Hitherto it has been known to have 
brake-bars fitted inside of the rails, pivoted at one end and kept 
apart at the other end by a spring or springs, but by this inven- 
tion brake-bars are hinged to the rails in a position parallel to 
same and kept pressed against the rails by aseries of springs. In 
carrying this invention into effect, a pair of rails a is fitted inside 
of the ordinary running rails band near to the stop-buffers of a 
terminus dock, a lie or siding. These rails a are hinged to the 
running raileb according to one method, by two arms ¢, one bolted 
to the eheck-rail a, and the other to the running-rail ), the arms c 
being jointed or hinged together below the level of the rails. 
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Any required number of spring actuated telescoping-rods d, d!, d? 
are used to force the check-rails outwards into contact with the 
running-rails, this being their normal position, as shown in 
Fig. 1. Each spring actuated telescoping-rod d, d}, d2 is pre- 
ferably constructed of two parts, d, d!, which are partially 
tubular, and are jointed at their ends to the check-rails a, and a 
mid-portion d?, which is partially screwed, and enters by both 
ends into the tubular —_ d,d\, The part d? may be screwed 
into the part d, or be plain, and telescopes into the part d!. One 
of the tubular parts d! is formed with a flange at its inner end, 
against which a spring e on the central portion abuts, while a 
nut f screwing on a screwed portion regulates the pressure of the 
spring ¢. The check-rail is thus kept pressed against the running- 
rail until the wheels of a vehicle pass between them, as indicated 
in Fig. 2, when they act on the flanges of the wheels as a brake, 


and —— untimely movement of the vehicle. (Sealed Novem- 
ber 27, 1913.) 
STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


ns, Newcastle-on-Tyne. 
[5 Figs.) October 24, 1912.— 
This invention relates to eteam-condensing plant for use on ship- 
board in which sea-water is circulated through the condenser by 
means of @ scoop device constructed in, or exterior to, the shell 
of the vessel. In steam-condensing plant ofthe kind referred to, 
and in accordance with this invention, a positive flow of condens- 
ing water is supplied, simultaneously and in parallel with the 
condensing water supplied by the scoop device, as by means of a 
pump which continuously delivers to a number of the tubes in 
the condenser under all conditions of mancuvring of the ship, 
thereby providing a constant supply of condensing water and 
avoiding the necessity of bringing into service an auxiliary appa- 
ratus. e condenser @ has connected to it at each end a scoop 
device, the forward scoop ) being jointed to the shell d of the 
vessel ahead of the condenser a and the after scoop ¢ bein; 
jointed to the shell d of the vessel astern of the condenser a, all 
in a known manner. Now, according to this invention, the water 
delivered to the condenser a by the forward scoop b, when the vessel 
is steaming ahead, passes through the tubes in the uppermost 
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partie ¢ of the condenser against which the exhaust steam enter- 
ng thropgkthe inlet g first impinges. The forward end of the 
condenser is also connected toa pump p, which draws its water 
direct from the sea through the pipe /, and delivers to the tubes 
in the lowermost portion f of the condenser, over which the air 
passes before withdrawn through the outlet ’ by the air- 
pump. Similarly the discharge from the condenser of the water 
supplied thereto by the pump p may also be peice con- 
nected to the shell d, as by pipe 2, so as to avoid any possibility of 
the hot discharge water from the section of the condenser sup- 
plied from one source mixing with the water delivered to the 
condenser from the other source. Fig. 2 is a modification of 





Fig. 1. In this example the pump raws its water from the 
forward scoop b, and the discharge from the pomp supplied sec- 
tion f of the condenser a is in common with the discharge from 


the section e supplied directly by the forward b, the dis- 
charge water flowing through the after scoop c to the-ten. The 
pump p may supply condensing water to the lower portion / of 
the condenser the scoop ) supply condensing water to the 

ment may be vice 


upper portion ¢ as in Fig. 1 


supp'ies the condensing water to the upper portion of the con- 
denser and the scoop b supplies the condensing water to the lower 
portion. (Accepted September 24, 1913.) 





TEXTILE MACHINERY. 


656/13. John Hetherington and Sons, Limited, 
Manchester, and C. D. Taylor, Sale. Yarn-Winding 
Machines. [2 Figs.) January 9, 1913.—In machines for wind 
ing yarn from hanks, according to this invention, the inter- 
mediate leather-covered or equivalent friction-roller is dispensed 
with, and in lieu thereof a polished or smooth-surfaced metal 
intermediate roller is employed, said roller being in contact with 
a similarly-surfaced metal driving-drum or roller, which is driven 
at a greatly increased winding speed. a designates the polished 
or smooth-surfaced metal intermediate roller, b its carrier and 
lifter, c the rotating driving-drum, which is also a polished-meta! 
roller and is driven at an increased speed, d the spool, d! the spool 
carrier, e the guide-rail for the yarn, f the starting handle for the 
intermediate roller, shown in the depressed position which it 
occupies when the intermediate roller is in contact with the 
driving-drum, g a wire or piece of suitably-shaped metal for 














putting the traverse-motion clutch j into gear against the resist- 
ance of the usual weight-lever /, k the usual glass roller, and ma 
drop wire. The continuation of the starting handle or lever / is 
fulcrummed at 0, and nearits extremity carries a stud p, which is 
adjustable in a slat f1 formed in the lever f. This stud p abuts 
against an inclined face q! formed on a bracket or arm qg, which is 
formed with or connected to the intermediate roller lifter b. As 
the starting handle or lever / is depressed the stud p, travelling 
up the inclined surface g1, pushes the arm gq outward, and so 
lowers the lifter b, and drops the intermediate roller @ into con- 
tact with its rotating driving drum c. In operation, when start- 
ing winding, the highly-polished and smooth-surfaced inter- 
mediate roller a slips upon the polished driving-drum c for an 
appreciable time, until its inertia and that of the swift (not 
shown) are overcome, thus gradually working up to the maximum 
winding speed without placing any undue strain upon the thread. 
(Accepted September 24, 1913.) 


MISCELLANEOUS. 


23,651/12. The New Vacuum Heating Company, 
Limited, and F. C. ‘ord, Leicester. Thermo- 
static Valves. [4 Figs.) October 16, 1912.—This invention 
relates to improvements in connection with thermostatic valves 
such as.are frequently employed in connection with. steam and 
other menting. warming, or ventilating systems of the kind 
described in British Specification No. 12,944, 1902. The invention 
consists in the combination with a thermostatic valve of the 
above character, of a hand-operated controlling-valve having a 
number of ports of varying sizes in the valve-seat, one or more 
of which is adapted to co-operate with a single port in the valve. 
The drawings illustrate the application of the invention to a 
thermostatic valve for use in connection with steam-heating 
systems. A casing or bracket a is secured to the wall of the 
radiator or other heating vessel, and adapted to carry a tube or 
a 6 of copper, subject to expansion and contraction under the 
nfluence of changes in are. the tube being adapted to 
project into the interior of the radiator or other heating vessel or 
chamber. Secured to the cap c, adapted to close the inner end of 
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the tube b, is a rod or stem d of iron, the other end of the latter 
being carried by a bush e and adjustable supporting-valve f adapted 
to control the p ze of the heati i to the radiator or 
the like. For the purpose of being able to control the amount of 
medium passing to the radiator or the like without altering the 
adjustments of the thermostatic valve /, which in the drawings is 
illustrated as being a known conical form adapted to co-operate 
with a conical valve-seat g, or for the purpose of being able to use 
a standard size of thermostatic valve with any sized radiatur or 
the like, the patentees provide, in conjunction with the thermo- 
static valve, a hand-operated controlling-valve h provided with an 
arcuate port i, the valve being seated upon @ valve-seat k pro- 
vided with a series of apertures / of varying sizes. By adjusting 
the position of the valve / in relation to the valve-seat k, the 
amount of heating medium passing to the radiator may be con- 
trolled at will, and the arrangement permits of a standard size 
valve being employed with varying sizes of radiator. A stop 
may co-operate with stops o and p upon an indicator-plate m to 
prevent the valve from being moved past the full open or full 











bracket. (Acc*pted September 24, 1913.) 





» or the 
dott«d. lines, 


versa, as represented by the 


in which case the pump 


closed positions. (Sealed November 27, 1913.) 
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which are operated in series to constitute a complete | 
triple-effect evaporator. 1t consists, it will be seen, 
of what is essentially a surface condenser, with the 
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RATES OF HEAT TRANSMISSION, 


A CONSIDERABLE number of experiments have 


Were a mixture of air and steam left at rest within 
a closed chamber, samples of the mixture; whether 
taken from the top or the bottom, would show 





been carried out in recent years on the heat inter- 
changes which take place within a surface condenser, 
and though the theory of condensation is by no 
means in a satisfactory state, some general results 
have been secured, which make it possible to fix, 
with reasonable precision, the extent of surface and 
the supply of circulating water required in practice. 
Thus it is commonly assumed that with clean tubes 
the rate ofpheat transmission may be about 500 
B.Th.U. per sq. ft.. per hour per'degree of dif- 
ference in the temperature of ‘the fluids between 
which the interchange of heat is being made. With 
dirty tubes the rate may fall to about: one half-the 


Fig.1 
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above figure, and, as is well 
known, the presence of air 
in the steam greatly affects 
the rate of heat transmis- 
sion. The actual rate of 
transmission per degree of 
difference in the tempera- 
ture of the walls of the 
tube, however, is, of course, 
much greater, being, with 
brass tubes of the usual 
thickness, at the rate of 
about 12,000 B.Th.U. per 
sq. ft. per hour per degree of difference of wall 
temperatures. 

In condenser work the pressure and temperature 
of the steam are both low ; but in such articles as 
evaporators and the like, fairly high steam pres- 
sures may be used, and but few results of obser- 
vations made under such conditions of operation 
have so far been made public. A special -value 
attaches, therefore, to the results lately published 
of @ series of interesting experiments on rates of 
heat transfer which have recently been carried out 
at the Agricultural Experimental Station of the 
Louisiana State University by Profesor E. W. Kerr 
and Mr. A.J. Isacks. The primary object of the in- 
vestigation was to determine the best conditions for 
the operation of the double and triple effect vacuum 
pans used in the preparation of sugar. The general 
type of evaporator used in these tests is illustrated in 
Fig. 1, which represents one of the three elements 





considerably below this upper tube- 





Height of Faice above Lower Tube Plate, Inches . 


tubes arranged vertically. The steam which effects | 
the evaporation of the juice inside the tubes is sup- 
plied to the exterior, and the condensate drained 
off at the bottom. A ‘‘vapour space,” 10 ft. high, 
extends above the upper tube-plate ; but the level 
of the liquid to be evaporated is generally —_ 

" e | 
tubes used were in all cases of copper 18 B.W.G. 
thick. They were in some of the experiments 
12 in. in diameter by 24 in. long, whilst in another 
set of experiments they were 4 ft. long and 2: in. 
in diameter. The number used in this case was 39, 
whilst of the smaller tubes 80 were used in one 
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set of experi- 
ments and 66 
in another, 
some of the 
inner tubes of 
the set of 80 
; being in this 
case replaced by a downcomer, 6 in. in diameter, 
extending between the top and bottom tube- 
plates. e only circulation within the tubes was 
provided by convection currents. A gauge-glass 
was fitted: by which the hydrostatic level of the 
juice under evaporation could be determined, and 
it is very noteworthy that the highest rates of eva- 
poration and of heat transfer per square foot-per hour 
occurred when the level of the liquid thus indicated 
was only about one-third the height of the tubes 
above the bottom tube-plate. Variations of level 
either way from this limit led to a reduction in 
the rate of evaporation, a reduction of level being 

icularly detrimental. If the level of the liquid 
inside the tubes were really the same as indicated 
by the gauge-glass, this result’ would be inexplic- 
able, since with the upper two-thirds of the tube filled 
with vapour, the rate of heat transmission through 
this uncovered section would be small. No doubt 
something in the nature of foaming occurs, by which 
the tubes are completely filled with a sort of emul- 
sion of liquid and steam, which may move more 
rapidly and be more effective in‘ picking up heat 
from the walls than would ‘“‘solid” water. That 
some action of this kind must occur seems indicated 
by the benefit which was derived by using the 
evaporator in which a number of the central tubes 
were replaced by a single large downcomer tube. 
With pure water, and not juice, inside the tubes 
the results attained in this series of experiments 
are reproduced in Fig. 2, in which the ordinates 
represent the weight of water evaporated per 
square foot per hour per degree of temperature 
difference, this quantity being plotted against the 
gauge-glass levels as abscisse. In the case of the 
upper curve the evaporator used had 80 tubes; 
24 in. long, whilst with both the other curves the 
tubes corresponded to tubes 4 ft. long. These 
curves also show in a marked degree how materially 
the rate of heat transmission is affected by. the 
pressure of the steam supply. With steam at 
an absolute pressure of 33} in. of mercury, the rate 
of evaporation was about 7} lb. to 8} lb. of water 
per sq. ft. of heating surface ae hour per degree 
of temperature difference. ith the pressure of 
supply lowered to 9 in. absolute, the maximum rate 
of evaporation was only about 4.2 Ib. per sq. ft. per 
hour per degree of temperature difference. 

The effect of the presence of air in the steam 
supply in diminishing the rate of heat transfer was 
also investigated. In this connection the curious 
statement, that air collects at the bottom of a con- 
denser, in virtue of its greater specific peviy, 
twice repeated by the authors of the paper. i 





involves, of course, a complete misapprehension. 


on analysis* the same 
constituents. Similarly, 
sea 


roportions of the two 
e constitution of air at 
-level is the same as at the top of Mont Blanc, 
although the nitrogen is only seven-eighths as 
heavy as an equal volume of oxy The reason 
why air is often found to collect at the bottom of 
the condenser is because it is usually withdrawn 


‘there. Were it withdrawn at the top it would 


appear to collect in this region. What happens, 
in fact, is that the air-pump maintains a steady 
fiow of fluid from the steam entrance to the dis- 
charge port. Most of the steam is condensed before 
it reaches this port, the mixture in its passage 





70 


#0 20 30 40 50 60 


Density of Jaice, Degrees Bria 


becoming accordingly richer and richer in air. Were 
the pump stopped, however, the air would spread 
equally throughout the whole volume of the 
chamber by diffusion, and after the lapse of a 
few hours the local concentration would have 
entirely disa The richness in air of the 
mixture at the air-pump suction is thus not in any 
way dependent on the fact that the density of air is 
greater than that of steam, but arises solely from 
the combined effect of the condensation of the 
steam and the establishment of a current from the 
steam inlet to the discharge port. 

It has, of course, long Seam known that the 
presence of air in a condenser diminishes very 
amg the rate of the heat transfer, and this result 

as been confirmed by the experiments under 
review. The results obtained by Professor Kerr 
and Mr. Isacks are represented in Fig. 3. In this 
set of experiments the total pressure on the steam 
side was kept constant at 17.5 in. absolute, that on 
the vapour side being 8 in. absolute. The partial 

ressure of the air was varied on the steam side from 
up to 6 in. absolute. In this connection it should 
be observed that the action of the air is not a direct 
one. The very marked effect of very small per- 
centages would be unintelligible were this air uni- 
formly distributed throughout the condenser. The 
very fact that condensation is taking place estab- 
lishes, however, a current towards the condenser 
tube, by which air is swept in towards the latter 
along with the steam. The steam, as it condenses, 
disappears, falling to the bottom as water, but the 
air remains, being only able to escape back against 
the in-current by convection and difusion. ‘Benes 
the mixture in the immediate neighbourhood of the 
tube surface is richer in air than elsewhere. The 
ial pressure of the air being therefore greater 

ere than the average, that of the steam must be 
less than the average. Hence, not only does less 
steam reach the surface of the tube per second 
than.it would do in the absence of air, but it. does 
so at a lower temperature, the true temperature 
of the steam in the act of condensation being less 
than would be surmised from the average pressure 
of the contents of the condenser. There is thus no 
difficulty in understanding why an air content 
which on the average is very small may locally 
be very considerable, and blanket the tu very 
effectively. In these experiments on the effect of air 
in the steam supply the liquid evaporated was pure 
water. In other experiments, however, juice of 
varying densities was used, and the on the rate 
of heat transmission observed. This was found to 
diminish as the density of the liquid evaporated 

* There is, ee ae effect, but, 
according to Clerk Max is is too small to be 
detected in a column of mixed less than 300 fo. in 

keep the 
currents, 





height, and even then it would to 
— be ey free from convection oF other e 
or a period of at least a year, ore making observations. 
In actual practice convection currents and the like are 
never absent, and by these the exceedingly small gravita. 
tional effect is and completely obliterated. 
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increased. The observations made are represented 
in Fig. 4, where the ordinates show the number of 
B.Th.U. transferred per square foot of surface per 
hour per degree of (Fahr.) temperature difference. 
The abscissz are the densities of the juice which 
ranged from 8.8 Brix up to 67.3 Brix. The upper 
curve relates to an evaporator in which a down- 
comer 6 in. in diameter replaced a number of 
the central tubes of the evaporator used in obtain- 
ing curve A. 

s another series of experiments the steam was 
superheated, and the important point was estab- 
lished that within the limits of the experiments 
the B.'Th.U transmitted per degree of temperature 
difference was unaltered by superheating. In these 
experiments the steam was supplied at atmospheric 
pressure, and the maximum amount of superheat 
was 33 deg. Fahr. Here again the rate of heat trans- 
mission was materially greater with the downcomer 
evaporator than it was with the standard type. 
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—— eee 
Processes of Flour Manufacture. By Percy A. Amos. 

London: Longmans, Green and [Price 4s. 6d. net. ] 
In his capacity of Lecturer on Milling at the 
Manchester School of Technology, Mr. Amos has 
had to consider the technique of flour manufacture 
from many points of view, and this training has 
especially qualified him to describe the several 
processes involved, in their relation to each other 
and as a whole. He has planned his book on lines 
that are sufficiently detailed to be informing, with- 
out becoming wearisome to the untechnical reader. 
It is not a popular work in the ordinary sense of 
the term, yet it preserves some of the interest and 
fascination usually connected with that class of 
writing. It should appeal to a great variety of 
readers, though those actively engaged in any 
department of the industry might need to supple- 
ment the information. For in undertaking to 
survey, within a small compass, the whole scheme 
of flour manufacture, from the harvest of the wheat 
in the Punjaub or Manitoba till it is transformed 
into a baker’s loaf, it is not possible to treat all 
details with equal fulness. The agriculturist, the 
miller, the engineer, the chemist, might not learn 
much about his own work, but he would learn a 
good deal about that of others, and see the 
mutual relations depending between each. The 
diagrams are arranged on the same scale as the 
letterpress ; they are calculated to give a very 
satisfactory general impression, but are too small 
in size to exhibit details. They show that certain 
operations have to be effected, but do not always 
show to the novice how the work is accom- 
plished. 

In recent years, milling operations have under- 
gone so thorough a revolution that such a book 
may well prove useful. The public mind has to 
accommodate itself to a new set of ideas, in which 
the millstones that have turned unceasingly 
through so many thousands of years no longer 
find a place. These as effective machinery are 
well-nigh as extinct as the dodo, but they survive 
in poetry and in popular similes. For many people, 
the thought of flour- grinding and preparation 
conjures up a combination of heavy rotating discs, 
the wheat ground and pulverised, between the 
upper and nether millstone, falling in the form 
of meal, as it was gradually pressed to the circum- 
ference during the rotation. Such was in prin- 
ciple the primitive method pursued for centuries, 
and asatisfactory, though perhaps rather a dark, flour 
resulted. The darkness of the flour varied according 
to the amount of offal contained. Asa rule, the 
greater percentage yield of flour obtained from the 
wheat, the greater will be the amount of offal passed 
and the darker will be the loaf. The bread is not 
necessarily less nutritious, but the darkness is apt 
to be attributed to adulteration—in many cases not 
unreasonably—and the demand for a white loaf 
became imperative. Food of an appetising appear- 
ance has a real value in dietetics ; but opinion was 

robably also swayed by the fact that bread that is 
ightest in texture and whitest in colour is the most 
easily digested. Hence the necessity to conduct 
the milling in such a way that the fragments of 
bran, sharps, &c., should be more completely re- 
jected without reducing the mtage yield of 
flour. But such measures would not be completely 
effective. Other causes are at work iniluencing the 
colour of the loaf. It is necessary that the English 
miller should draw his wheat from many lands ; 








some kinds are red, some white, some yellow, so 
that a different coloured flour results from each. 
Here then was the problem submitted to the 
miller : How was he to treat his parcels of wheat 
that the yield should be economical, free from bran, 
foreign material of all kinds, and at the same time 
render available the variously-coloured wheats 
grown in all sorts of climates, from the tropics tc 
the Arctic Circle ? 

How the miller was disencumbered of his diffi- 
culties is the tale that Mr. Amos unfolds. The 
main agent in improvement has been the substitu- 
tion of the roller-mill, with its gradual process of 
breaking down the wheat berry, in place of the 
reduction by stones in one operation. Under the 
old system, the grains were pulverised into one 
muddled mass of torn bran-skins, burst flour-bag, 
and vegetable tissue. The modern idea is to crac 
or shear open the wheat berry in preference to 
crushing it. This is accomplished by making the 
wheat pass through a series of grooved chilled-iron 
rollers, the grooves being so arranged as to open 
the grains cleanly with a minimum of friction and 
damage to the stock. After ing between one 
pair of rollers, the product is sifted before passing 
through the next. At each step fragments of 
endosperm, or the flour-bag, as they pass through 
successive rollers, are further reduced and the flour 
separated out. The process goes on, usually through 
four breaks, until nothing but the bran skins 
remain, the whole of the internal portion having 
been removed. Herein lies the general principle 
of modern milling, but, as Mr. Amos shows, there 
is much prelimi work to be done before the grain 
is ready for the roller. He traces the pro; of the 
raw material as it is garnered in the fields, handled 
in the elevators, stored in ships, and delivered at 
the mill, whose site and arrangement are discussed. 
Some hard things are said of the shippers, and 
doubtless much is deserved; but however great 
an improvement may be effected, the wheat, when- 
ever it arrives, will always require screening, 
grading, cleaning, and much preliminary treatment, 
requiring judicious use of air currents and aspira- 
tors, to separate the sand, dust, and coarsest 
refuse. To the inexperienced the completeness 
with which the removal of foreign material is 
effected will prove one of the most curious parts of 
the story. The presence of so much as ‘‘ one poor 
scruple” of cockle in a sack of flour materially 
reduces its value. Mr. Amos describes the clean- 
ing process in some detail, and rightly, for the adap- 
tation of means to ends is as effective as it is instruc- 
tive. The author is not so thorough or informing 
in his description of the storing of wheat. As 
possessing distinct educational value, he might have 
discussed several important points that arise in 
connection with the stresses produced by wheat 
when stored in bulk. What is said here should 

ique rather than satisfy the curiosity of the pupil. 

e get on more satisfactory ground in the ‘‘con- 
ditioning ” and ‘‘ blending” of wheat. Remember- 
ing how grain will vary according to the conditions 
under which it is grown and harvested, some grains 
very brittle and thin, some sprouted, and some 
shrunken, and that for successful treatment each 
grain has to be brought to a standard which 
will stand the same breaking down on the rolls, 
it will be admitted that a very nice tempering 
is requisite. When the process of conditioning is 
complete, the thin, hard wheats will have filled out, 
the brittle and harsh skin softened,the damp samples 
have contracted, till a tolerably close uniformity 
has beenacquired. Experience approaches instinct 
as a guide in the management of heat, moisture, 
and air-currents to produce a successful result. 
But however successful the conditioning may be, 
it only enables the miller to obtain plenty of good, 
bright semolina and middlings, with little bran 
hong he has still to satisfy the demands of the 

er, who needs a flour of absolute uniform 
behaviour throughout the year, appraising its 
market value solely by its Tohing qualities and 
appearance, ‘‘ Blending,” the process by which 
the baker’s wants are met, is, we imagine, an art. 
The quality of ‘‘strength” is apparently not one 
that can be submitted to analysis. ‘‘Strength” is 
a subtle quality, on which depends the flour’s 
capacity for making big, shapely, and therefore 
well-aerated loaves. The flour with a high protein 
content is not necessarily ‘‘strong,” nor does a 
low protein content always mean weakness. A 
clue to the character of this quality of ‘‘ gy 5 
is furnished by experiments on gluten. Like 
all colloidal substances, it is found that the 


presence or absence of electrolytes has a marked 
effect in modifying its properties. Deprived 
of its electrolytes, gluten loses its tenacity and 
ductility ; on the other hand, the hysical charac- 
teristics are intensified by the atidition of very 
dilute solutions of acids and salts. In this way 
it is possible to convert a weak wheat into a 
“strong” one by the addition of a small quantity 
of phosphates during milling. The way the phos- 
phate acts is somewhat obscure, but it is probable 
that the flour is made to yield more gas on fer- 
mentation, so as to inflate the dough thoroughly 
in the bread-making process. Whatever the action, 
the fact remains that it is possible to increase the 
quality of strength in a weak wheat. The possi- 
bility of manipulating a weak wheat has an im- 
rtant bearing on blending and on economics, for 
it would enable a larger proportion of British wheat 
to be used in our bread, thus increasing the value 
of British flour and giving a much-needed en- 
couragement to British agriculture. There remains 
the question whether the food value of the bread 
is diminished. We think not; but we will not 
discuss the F aay for it is not one raised by the 
author, and we are travelling too far from the 
record. At the same time, we submit it would 
be unwise to refuse to employ the advances in 
chemistry in the treatment of wheat and flours. 
The water content is adjusted to requirement ; 
bleaching by peroxide of nitrogen or other 
chemicals, according to . Amos, is carried on 
without hindrance, and it would seem to be only a 
question of time for the Government to authorise 
a scheme for regulating the addition of foreign 
materials to flour, whether to increase the 
‘*strength”’ or to improve the colour. 





Modern Pumping and Hydraulic Machinery. By Epwarp 
Butier, M.I. Mech. E. London : i 
ML Grifin and 

THE development of the prime mover and much 

of mechanical engineering may almost be said to 

have originated in the necessity for raising and 
distributing water. Contrivances for this purpose, 
operated by manual and animal power, date back 
to very early times, and the rudimentary plunger- 
pump itself is many hundreds of years old. This 
primitive pump is still recognisable in certain forms 
of modern pump, but many new power-operated 
forms of water-raising appliance have been devised 
and developed with commercial success. Mr. 

Butler’s work is a compilation of de&criptions 

and illustrations of these many appliances, with 

descriptions also of machines designed to utilise 
the fall of water for conversion into useful work. 

The author does not seriously enter into the 
theoretical side of his subject, but an interesting 
feature of the book is his running commentary on 
practical features of many of the machines he 
describes. One does not always agree with him, 
but perhaps this is not surprising ; his subject is 
an immense one, and no single individual could 
become expert both practically and theoretically on 
every type and make of Pa on the market. In 
many cases the principal dimensions of the plant 
described are given with the conditions to be 
fulfilled; such matter is simply a statement of 
facts, and the book will be a useful reference 
volume for engineers. 

In Chaper 18, on centrifugal pumps, Mr. Butler 
essays some ‘‘ Theoretical Considerations in their 
Design,” and here we find some debatable matter. 
His statement on page 376, that there is not much 
to choose between the ‘‘open” type of impeller 
and the ‘‘shrouded” requires considerable qualifi- 
cation. For very low lifts and for commercial 
reasons, undoubtedly, the ‘‘open” type does 
receive some favour ; but there is no doubt what- 
ever among centrifugal-pump designers of the 
limitations and hydraulic inferiority of this type. 
If one considers the well-known velocity diagram, 
representing the conditions of flow through an 
impeller, one sees at once that with the ‘‘ open” 
type the friction losses at the side extremities of 

e impeller, and due to the water flowing through 
the impeller, are actually proportional to the 
square of the ‘‘ absolute ” velocity, while with the 
‘*shrouded” type of impeller these same losses 
are only rtional to the square of the ‘‘ rela- 
tive” velocity ; the difference, therefore, in side 
friction in the two cases is usually in the neighbour- 
hood of 10 to 1. Of course, with the ‘‘ shrouded ” 
type there is disc friction to set off against this 
advantage, but the amount of this is quite small. 





The trouble and expense of machining large sur- 
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faces accurately to templates is also against the 
** open ” type. 

In Fig. 265 Mr. Butler reprints some curves of 
a centrifugal pump (see also Proceedings of the 
Institution of Mechanical Engineers, 1903, page 
743, and elsewhere), and then. says (page 380): 
‘although the output increases from 1300 to 
1800 gallons per minute, the water horse- wer 
remains practically constant.” We doubt if Mr. 
Butler has examined these curves, for at first 
sight there is something wrong with them. Efii- 
ciency and water horse-power are purely caloulated 
ratios and magnitudes, derived from the head, 
quantity, and brake horse-power; and anyone 
caring to recalculate the efficiency and water horse- 
power from the head, quantity, and brake horse- 
power curves of Fig. 265, will find that the water 
horse-power varies 10 per cent. between the limits 
stated, and also that the pump efficiency never 
exceeds 65 per cent., much less does it reach the 
72 per cent. shown ; in fact, the two curves in 
question are quite wrong. These particular tests 
have been noticed by Mr. F. C. Lea in his book on 
‘* Hydraulics” (page 429), and the impeller dia- 
meter is known to be 19} in., as given by him ; 
hence we do not understand Mr. Butler when he 
says, on page 379, the tests were ‘‘ taken from a 
pump with impeller as shown at a (Fig. 266),” 
the impeller shown being 16 in. in diameter. 

On page 360 we find Mr. Butler comparing the 
peripheral velocities of impellers in a Farcot and a 
Sulzer pump. He gives the tip angle of the Farcot 
impeller, but not that of the Sulzer, hence the 
comparison loses all interest. 

One cannot call this a new work, it is simply a 
revised reprint of the author’s fifty-one articles 
contribu to the Mechanical gineer, and 
running through the years 1907 and 1908. There 
are, of course, numerous slight additions, and one 
entirely new chapter on ‘‘ Appliances for Raisin 
Petroleum.” Brief descriptions have been add 
of some recently completed plant, such as the 
Humphrey gas-pumps at Chingford, the pumping 
plant at the new en at Belfast, and the 
uncompleted pumping-plant for the Gladstone 
Dock on the Mersey. Amongst the additions we 
note a description of some very remarkable Conners- 
ville cycloidal ro pumps for delivering 27,000 
gallons a minute ; the drive was by Corlies engine, 
and the combined efficiency of engine and pump 
is given as 82 percent. Also we note the Hele Shaw 
pump, the Féttinger transmitter, the “Rotoplunge ” 
pump, and the Hon. R. C. Parsons’s ‘‘ Stereo- 
phagus” pump, specially designed for cutting up 
stringy material encountered in pumping. is 
latter pump we find erroneously attributed to the 
Hon. C. A. Parsons instead of to his less widely- 
known brother. The same confusion of names is 
maintained on page 374, in referring to an early 
paper on ‘‘ Centrifugal Pumps,” a paper which was 
actually written by the Hon. R. C. Parsons. 

This book does not rank with standard works 
— a theoretical treatment of pump and 
water-turbine design ; it rather provides a general 
sketch, on more popular lines, of pump and water- 
turbine practice. 

Mr. Butler has i that works of refer- 
ence of this kind require an elaborate index, and 


he has devoted eight pages to an index of illus-| The Thi 


— and thirteen pages to an excellent general 
index. 





Explosives. By Dr. H. Brunswic. Translated and 
annotated by Cuaries E, Munroz, Ph.D., LL.D., 
and Aton L. Kisizr, M.S., Ph.D., George Washing- 
ton University. New York: John Wiley and Sons; 
— : Chapman and Hall, Limited. [Price 12s. 6d. 

Tue rather elaborate sub-title of this octavo volume 

of 350 pages does not quite explain its character. 

The title runs: ‘‘ A Synoptic and Critical Treat- 

ment of the Literature of the Subject as Gathered 

from Various Sources.” Explosives is a big theme, 
and one does not from his description understand 
the author’s standpoint. He presents the facts 
recorded in the literature of explosives in accord- 
ance with physico-chemical principles. That is a 
praiseworthy object ; for the days of purely em- 
pirical progress in the technique of explosives are 
numbered, as Dr. Brunswig says in his introduc- 
tion. We might say, those days are over, and the 
closest co-operation of science and practice is cer- 
tainly not less indispensable in this field than in 
others. From this point of view the volume will 
certainly be a help to the student of explosives. 








The reader is guided through the problems of 
velocity of reaction, sensitiveness, pressure, tem- 
perature, and flame phenomena, and he is acquainted 
with the characteristics of the chief explosives. He 
will not find more than very general information as 
to manufacturing processes, however, and he will 
learn more about the history of an explosive than 
about its production and application. But the 
treatise can in many respects be recommended, 
although the volume as now offered is a translation 
of a k finished by Dr. Brunswig. of Neu 
Babelsberg, near Berlin, in the beginning of the 
year 1909. 

The good points of the book are that, what is 
given is pool a and that we are told everywhere, in 
abundant references, where to look for further 
information. Very carefully compiled indexes, 
moreover, greatly facilitate the study. The sub 
title which we quoted might almost be thought to 
suggest a somewhat disjointed stringing together of 


the various views held by various authorities. That | B 


would be an erroneous impression. The deduction 
of the scientific a is systematic, lucid, and 
very acceptable indeed. The last few years have 
seen a great advance in our knowledge of the actual 
explosion phenomena in mines. That progress, of 
course, is missing in the volume ; butit has only an 
indirect bearing on the subject of explosives, and 
we should not refer to the omission if the authors 
did not mention experimental galleries and the 
Courriéres catastrophe of 1906. The reader who 
is looking for a scientific introduction into explo- 
sives, with due reference to practical difficulties, 
will not be disappointed by this book. 
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PortsMouTH MonicrpaL CoLiece.—In connection with 
the Engineering Department of the above college, a 
rr on tine leading as ol aie Goin, on 

wi 
attended in the Examination Hall to listen to s lecture 


Commander H. B. 
Duke. The chair was taken 


R.N., of 
i -Rear- i 
mander-in-Chief’s 


on * The Evolution of the Naval Boiler,” b eer- 





A. E. Westaway, R.N., of 
staff. 
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DIESEL MARINE OIL-ENGINES. 
CONSTRUCTED BY WERF GUSTO, SCHIEDAM, NEAR ROTTERDAM, 








Fie. 5. Reversiste Propretier. 


MOTOR SHIP “VOVYMITGANG” 
2CYCLE 3CYLINDER ENGINES 








Fig.7. 

Spring 0-675 "Ym -1 Kg. per Sg Gn 
Fuel lnyection AirPress 54.Ky per Sq. Gn 
Rev per Min =280 


ME.P 6-35 Kg per Sg CM 












Fie, 4. Four-Stroxe-Cycite Non-Reversiste ENGINE. 
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In the development of the marine Diesel oil-engine 
Holland has taken an important part, and the illus- 
trations on the present and opposite pa; and on 
page 818, together with the following description, 
deal with the marine oil-engines develo) by the firm 
of Werf Gusto, Schiedam, near Rotterdam. 

In Figs. 1 and 2 are seen an end elevation of, and a 
cross-section through, the stepped - piston two-cycle 
| three-cylinder engine of 200 brake horse-power, built 
| by this firm for a Dutch poe vessel, Un- 
| doubtedly the stepped-piston type of Diesel oil-engine 

has many attractive features, and is retained by many 
| leading makers for engines where moderate weight and 
8 ocoupied are of primary importance. Briefly, 
this type makes a very neat engine as compared 
with those in which the scavenging-pumps are sepa- 
rately driven by links and levers con two or more 
|of the main engine crossheads or from an extension 
|of the main a, a the engine is of the 
trunk-piston type the step iston gives a good 
surface to take the side thrust of the ahestinineh, 
|and eo permits of the main body being clear of the 
cylinder walls, a condition very advantageous wo 
| lubrication and making piston seizure a remote con- 
|tingency. The difficulties of piston removal for 
examination or repair are urged frequently against 
| the stepped-piston engine, and for submarine engines 
| piston removal is undoubtedly difficult ; but with the 
| Werf Gusto engine, where an extension of the main 
leylinder carries the stepped extension of the main 
piston, and where the stepped part of the piston is 
| comparatively short, the piston can be withdrawn from 
| below through the large inspection-doors of sheet iron 
provided in the crank-c*se. With this design, Figs. 1 
| and 2, the scavenging-pump is very shallow, while the 
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FITTED WITH 250-BRAKE-HORSE-POWER DIESEL ENGINE. 


CONSTRUCTED BY 


WERF GUSTO, 


SCHIEDAM, NEAR ROTTERDAM. 








bearing pressure between it and the cylinder wall, will | 


be comparatively low. This bearing surface is not 
subject to any great heat, as in the normal trunk- 
piston engine. 

Having described the salient feature —i.¢., the 
stepped piston—the scavenging of the cylinder calls 
for attention. This is of the single-port type, with 
ports H allowing the scavenging air to sweep through 
the cylinder A at a pressure of less than 0.2 kg. per 
sq. om. (2.8 lb. per sq. in.), having been suitably de- 
flected by a deflector on top of the piston B.. The 


scavenging air between the pump C and the receiver E | 
along the engine fore and aft is controlled by | 
iston-valve F, driven, as shown, by a longi- 


runnin 
a smal 
tudinal shaft. 

For engines of the relatively small power of the 
example given, this form of scavenging is simple, as 
it requires no valves in the cylinder-head or in the 
auxiliary scavenging ports to control the scavenging 
air. The piston-valve F controls the scavenging-pump 
C, and not the entry of the scavenging air into the 
cylinder, which is, of course, controlled by the travel 
of the main piston. Single-port scavenging, it is 
generally found, is not quite so efficient in actually 
clearing the cylinders of the products of combustion, 
and in filling it with clean air at as high a pressure as 
possible—some fraction above atmospheric pressure— 
as is regabe with valves or with double ports ; 
but this merely lowers the mean effective pressure on 
a brake-horse-power basis from some 60 lb. per sq. in. 
to 56 1b. or 57 1b. per sq. in, The indicator-cards, 
Figs. 7 and 8, taken from an engine running at full 
power and 280 revolutions per minute, show that, when 
the exhaust-ports open, the e sion line drops below 
the atmospheric line, and this must make for 
scavenging of the cylinder. This point is particularly 
well brought out in the weak-spring diagram, ye 

The cylinder is a one-piece casting, with large 
inspection doors for the removal of cores and for in- 
spection of the jacket The only valves in the 
cylinder-head with this are the fuel-injection valve 

and the starting-air valve Q, driven in the usual way 
by cams L and levers K. With the starting-air valve is 
combined a relief and safety-valve, and this detail it 
is hoped to illustrate in the near future. The functions 
of this double-purpose valve are controlled by the 
balanced piston-valve P, formed by an extension of 
the scoavenging-air piston-valve F. 

The starting manceuvring of the engine are 
carried out by the hand-w:ieél x Fig. 1, and the 
lever M. The hand-wheel controls the a -air 
and raphe Beg piston-valves F and P, and ever 


M sete the fuel and starting-air valves for the required | guid 


operation in the desired direction of rotation, operating 
at the same time a master-valve R on the starting-air 
main, and upon the suction-valve of the fuel- 


"Ccagp jesed air for fuel injection and starting is 
coll of the oreak-ahafte ie the suction-valve to the 
cir 6s the compressor Le regulated » V lathe iateroocier 
wey tothe pusten-valve of thohigh-presmare stage. 
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At X is seen the lubricating-oil pump, which draws 
the lubricating oil for the ed spac Ba system 
from the sump in the bed-plate and forces it to a tank 
with a filter placed high in the engine-room, from 
which the oil flows to the various ings. 

For powers above 300 brake horse-power Messrs. 
Werf Gusto adopt a cross-head ‘ype two-cycle engine, 
as shown in Fig. 3, page 816. is t is remark- 
able primarily for the combination of the scavengi 
pump with the engine cross-head, guide-shoes, 
ides. This is clearly shown at C and D in Fig. 3, 
ta 


welders Pao cates oseggueiy Hs “. 
tted to the 


shoes, not shown in the illustration, are 


crosshead. 
In order to enable the main ee eae 
fre ane ake mg soa dis aie E, 
rom sca i m istance- 
which ie lao made to ast ae reservoir for the 
sca ing air from the pump C, con 
areal Se Se Sn pee © coe Os 
is clearly shown in dotted lines, advan- 
that can be claimed for this arrangement is 





that no carbonised oil or other impurity from the 
main combustion space can find its way past the piston- 
rings into the crank-chamber, or into the lubricating 
oil ; although, as will be seen, in order to gain the 
neat arrangement of scavenging pump, with 4 con- 
venient method of piston removal, a certain consider- 
able increase in height of the engine is necessary. The 
letters printed against the various parts in Fig. 3 
co! to those in Figs. 1 and 2, so that  repeti- 
tion of the description is unnecessary, with the excep- 
tion agente should be a a = t A 
engine our or more cylinders, eac’ of the 
engine can be put independently on fuel or on atarting 
air, whilst for slow ae half of the en can 
be cut out. Each cylind a separate fuel-pump, 
which can be cut out re and by shutting 
the stop-valves in the fuel injection and fuel 
leads to each cylinder, the valves in the cylinder-head 
may be examined whilst the engine is running. 
To sesenee the engine from shead to astern the 
ing-handle of the fuel-pump W is first brought to 
the stop position, then the hand-wheel nis turned to 
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set the scavenging-valve F for the required direction 
of rotation, the starting-handle M put in the start- 
ing position. When the engine has picked up 
the fuel-pump, by means of the lever W, is simul- 
taneously ‘put into action as the starting air is cut 
out through the medium of the lever M. 

In Fig. 4, page 817, is shown a four-stroke-cycle non- 
reversible Gusto- Diesel engine, which is used for small 
craft, where a reversible ler of the type shown in 
Fig. 5 may be used. With this eg engine balance- 
weights are fitted to the orank- The large size of 
the doors and the t accessibility to the interior of 
the crank-case are features of this type. The tension 
stresses from the combustion space are taken by 
through bolts, so relieving the cast-iron structure of 
the crank-case of all such stresses. The cam-shaft, it 
will be seen, is driven by bevel-gearing from the 
vertical shaft. 

Fig. 6, 817, shows a three-cylinder two-stroke- 
cycle stepped-piston engine, and again the large sheet- 
iron doors at back are well seen, as well as most of 
the parts mentioned in the description of this engine 
as shown in Figs. 1 and 2. 

Fig. 9, page 818, shows a fitted with a 250- 
brake-horse-power two-cycle three-cylinder stepped- 
piston Gusto engine. The installation in ite outlines is 
shown in a 9 and 10, and it will be noted that with 
this engine the bed-plate is supported in the centre, as 
there are no through bolts to transmit the tension 
stresses direct to the bed-plate in way of the crank- 
shaft centre line. The pron A chain-driven pumps for 
drawing fuel from the double bottom and supplying 
it to the daily-service tank are noticea! our 
starting-air reservoirs are provided as shown, and are 
stored at the sides of the vessel on wooden chocks. 
The total ity of starting and mancuvring air is 
2000 litres (71 cub. ft.), and of fuel-injection air 
75 litres (2.6 cub. ft.). 

At an early date we hope to publish details of some 
of the more interesting features of these engines. 





THE ELECTRIC SUPPLY SYSTEM OF 
STOCKHOLM. 

In this article we propose to give an account of the 
electric system which is owned and a by the 
Municipality of Stockholm for the supply of the city. 
A brief review of the general method of supply may 
serve by way of introduction. Energy is generated in 
the form of three-phase alternating current in the 
Viirta Electric Works, some distance outside the city, 
and is from thence distributed to six sub-stations 
situated in different portions of the town. At these 
sub-stations the current, by means of asynchronous 
motor generators, is transformed to continuous current 
at 2 x 220 volte for lighting and power purposes, and 
to current at 570 volts for tramway working. Energy 
is also sold to consumers direct my Sone ase 
current at 6000 volts. The main connections of the 
whole scheme are shown in Fig. 1, annexed. 

At the beginning of 1912 the construction of a 
hydro-electric power-station was commenced at a fall 
in the Dula River, a distance of some 130 km. from 
Stockholm. This station, known as the Untra Workr, 
is intended to assist the Virta station. The ener, 
from the Untra station will be transmitted to the 
Viirta station, where it will be transformed down to 
station voltege. The Virta station, at least for some 
time to come, is thus intended to be the centre, from 
which all three-phase current will be distributed. 


THE Varta Srarion. 


The Viirta station is situation at the Viirta 
Harbour, some distance outside the town, on 4 
spot convenient for the supply of water and coal. 
Owing to the comparatively low price of land in the 
district, conditions are favourable large extensions, 
The station was first laid out for an installation of 
four 1500-kw. engine-driven sets. Before it was com- 
pleted, however, it was found expedient to adopt 
turbo-gener stors, and the first stage in uence 
comprised three engine-driven and two turbine-driven 

nerators, each of 1500 kw. at 0.85 power factor. 

e first stage was finished in 1903. 

When the station had been completed to the origi- 
nally planned capacity, and when, in 1907, the next 
extension had to be faced, the growth of the demand 
and other conditions the adoption of much 
larger units, and also such a lay-out for the extension 
that further p in the future would not be 
hampered. A ingly it was arran 
extension unit should } # chimney, eight 
boilers, two steam - turbine - driven generators of 
6000 kw. to 8000 kw., and the switch-gear. 
This arrangement, in addition to its simplicity and 
the ease with which it is controlled, has the advantage 
that it allows the extension of the installation to 
several times its — size by adding more such 
extension unite. main initial consideration is 
that the switch-gear be so d from the outset 
that it will operate satisfactorily after the increase in 
a v9: Ae the station. 

achinery Equipment.—The station generates 


that every 


speed | tri a are 1500 kw., with a speed of 
100 re 


three-phase current at 6000 to 6500 volts and 25 periods. 
The first stage comprises three tors driven by 


volutions per minute, and two turbo-generators 
of the same capacity, but with a speed of 1500 revolu- 
tions per minute. The second stage comprises two 
turbo- tors of 6000 kw. at 0.85 power factor, with 
a speed of 750 revolutions per minute ; and the third 
stage, in course of construction, comprises two turbo- 
generators of 7500 kw. at 0.85 power factor, with a 
speed of 1500 revolutions per minute. All machines 
can stand an overload of 25 per cent. for two hours. 
The steam-engines were supplied by Burmeister and 
Wain, of t the co i e- 
rators by the General Swedish Electric Company, of 
Viisteras. The turbo-generators, both those already 
delivered and those to be delivered, are from the 
Oerlikon works, in Switzerland. 

The first stage is no longer of special interest, but 
some iculars of the two 6000-kw. turbo-generators 
may given. The increase of vol of the 
= by a change from full load, at 0.85 power 
actor, to running light is 25 per cent. The voltage 
curve at light loads is very nearly sine-shaped, the 
deviation from the pure sine curve being less than 3 


The steamers bringing the coal to the harbour 
alongside are discharged by means of two cranes, and 
the coal is by an overhead ropeway to the 
store-yard, where it is tipped in long heaps. It is 
stacked and distributed by a locomotive crane, which 
also earries it to the belt- rters, by which it is 
bets to the repos above Se boilers. Dis- 
charging-cranes were erred to discharging-towers, 
as being cheaper and also more suitable on psa of 
the moderate dimensions of the steamers bringing the 
coal tothe works. The maximum crane-load is 5 tons, 
with a hoisting speed of 48 metres per minute. The 
slewing speed is two revolutions per minute, and the 

ting = 15 metres per minute. The grabs 
are by the Brown Hoisti Machinery Company, 
Ohio ; they have a capacity of 84 cub. ft. and a maxi- 
mum load of 2750 kg. (27 tons). One crane has dis- 
charged 7788 tons in a day of 10 hours. 

The overhead line which the coal from 
the quay to the store-yard is 700 metres long, with a 
rise of 16 metres, The capacity is 125 tons per hour, 
and the speed 0.8 m. (24 ft.) per second. On account of 
the heavy load, the supporting cable has been replaced 
with rails of bulb iron. trestles are made of 
wood and concrete. The net load on the conveyor 






































































































































per cent. The load and speed arg regulated by means | ranges from 1050 kg. to 650 kg. The store-yard loco- 
of motors acting upon the regulators of the turbines,| motive crane runs on lines placed on an elevated 
and controlled from the switch gallery. Choke-ooils| concrete foundation. When the coal has to be trans- 
VARTA POWER HOUSE. — gug_g VARTA, 
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are arran in the basement, and are connected | ported only a short distance, it is carried by means of 
between the line and the tors. Their purpose | the eae gone but when the distances are longer, a 
“Ww 


is to protect the machines excessive short-circuit 
currents. With these choke-coils the turbo-generators, 
at three-quarter-load, have proved capable of standing 
a direct short-circuit without suffering any harm. A 
8 ne So a series resistance is connected in front 
of the choke-coil between each phase and the earth. 
The spark-gaps and coils together serve as a protection 
for the generators against over-pressures from outside. 
Each geved mousse has an independent condenser 
laced in the ent, the air and circulating pumps 
ing driven by conti current motors, suppli 
from a sub-station situated within the main station. 
The steam consumption guarantee at full load and 
0.85 power factor, with a steam pressure of 12.5 kg. 
sad sq. cm., and a steam temperature of 300 deg. 
nt. and cooling water at 10 deg. Cent., is 6.15 kg. 
(13.55 1b.) per kilowatt-hour. A view of the turbine- 
room of the station is given in Fig. 2, on page 820. 
Boilers.—The older part of the station contains ten 
Babcock and Wilcox boilers, each of 400 sq. m. heating 
surface, man by the Munktell pmeering 
Company, of Eskilstuna. The extension stages eac 
contain eight boilers of 550 sq. m. heating surface. 
The steam pressure is 12,5 kg. to 13 kg. per sq. cm. 
(180 Ib. to 185 Ib. per sq. in.). The boilers have super- 
heaters, which bring the steam temperature to 
300 deg. to 325 deg. Cent. (617 deg. Fahr.). Automatic 
stokers with chain grates are fitted, the bunkers being 
overhead. With a view to the anticipated decrease in 
the coal consumption consequent on the completion of 
the Untra hydro-electric station, it was decided that the 
coal-handling plant should not be too elaborate or 
expensive, a worden construction was used to 








10-ton agon is used. The locomotive crane is of 
4 tons capacity, with a hoisting speed of 30 metres per 
minute. It has a traversing speed of 90 metres per 
minute. The two belt-transporters each have a capa- 
city of 20 tons per hour, and have about 23 deg. 
gradient. They lift the coal to the level of the roof of 
the boiler-house. aie sees an automatic weigh- 
ing-machine, it is conveyed across the boiler-house by 
means of two horizontal belt-tran and auto- 
matically tipped into the bunkers. From these it passes 


ed = pipes to the automatic stokers. Twomen can 


look after the transport of coal from the yard to the 
bunkers. A view in one of the boiler-rooms is given in 
Fig. 3, on page 820. 
he Switching System.—A very important problem 
which had to be solved when planning the extension 
of the station was the working out of the switching 
scheme. I[t was out of the question simply to enlarge 
the old installation and maintain the capacily as 
before, since the original was intended to deal with 
& maximum capacity of kw. and in no reepects was 
suitable for a lar; total output. The new in- 
stallation has been designed with a view to future ex- 
ere ag and is so a that it be a ee 
to v er; ities. gear is P 80 
thet it peg Hg in the fature for the combined 
working of the steam-power and water-power stations. 
It also ray for the running of a large number of 
three-p high-tension cables to large consumers. 
In switch-gear for an installation of this kind much 
importance attaches to reo 4 and 


control as 





a considerable extent. 





flexibility. It 
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system, in which a separate group of instruments and 
switches is fitted for each large generator, or group 
of generators. The different groups can be coupl 
together into one or several systems. The installation 
comprises four such generator groups, the two new 
generators being attached to two of these groups and 
the five old generators to the other two groups—two 
to one and three to the other (Fig. 1). 

The generator switches are electrically operated. 
They are fitted with relays which cut out the generators 
in the case of burn-out or breakdown. The ordinary 
form of so-called reverse-current relay was not con- 
sidered satisfactory, since ite working depends upon 
both current and voltage, and the latter may become 
practically zero on short-circuits. Accordingly, current 
relays with differentially wound current-transformers 
have been adopted. Two transformers are placed in 
each phase, one on the bus-bar side of the erator, 
and the other between it and the neutral point. The 
secondary windings of the two transformers are 
coupled in series, and the relay coils are connected in 
parallel with the secondary windings of both trans- 
formers. Under normal working. when the current 
in both transformers is equal in magnitude and phase, 
no current passes through the relay coils ; but should 
some fault arise in the generators windings, the 
currents in the two transformers become unequal in 
amount, and a voltage difference arises across the 
relay coils, with the result that a current flows through 
them, and the switches are trip The switches 
are designed for a normal load of 1200 amperes, and 
have a guaranteed interrupting effect of 30,000 kw., 
which should enable them to deal with the greatest 
load likely to arise on one bus-bar system. 

The synchronising is effected by means of a Westing- 
house synchronoscope, which is operated by voltage 
transformers placed on both sides of the switches. 
This arrangement involves the placing of a voltage 
transformer on the bus-bar side of each generator 
switch, but carries the great advantage that no short- 
circuit can take place owing to synchronising being 
carried out with a bus-bar to which the generator 
is not being coupled. This kind of short-circuit may 
happen when there are several bus-bar systems and 
the synchronising takes place by means of voltage 
transformers attached to the bus-bars. 

On the bus-bar side of the generator switches each 
line divides into five branches. Two of these connect 
one to each of the main bus-bars through 1500-ampere 
non-automatic electrically-operated switches. ese 
switches have a breaking capacity of 30,000 kw., so 
that, if necessary, they can used to open circuit 
on heavy overload. e of the remaining branches 
will ultimately serve for inter-connection between 
the steam-driven generators and the bus-bars that 
will be fed from the water-power station on the Dola 
River. This connection is not shown in Fig. 1. The 
two remaining branches connect each to a group of 
feeders through electrically - operated 1500 - ampere 
switches fitted with maximum-current relays. h 
group feeder-switch connects to four feeders, so that 
each generator serves eight feeders. The feeders lead- 
ing to any sub-station are not, as is frequently the 
case, distributed amongst the different generator 
groups, but are connected all to a single generator 
group or pairs of groups. The arrangement will be 
ollowed from Fig. 1. 

The feeder switches are of the mechanically operated 
non-automatio type. They are constructed for a 
normal current of 300 amperes, and a breaking effect 
of 10,000 kw. To prevent excessive pressure rises 
when switching in or out, the feeder switches are 
fitted with series resistances, which are gradually cut 
out as the switches are closed, or cut in as they are 
opened. When a short-circuit ocours on any feeder 
cable, all the other cables attached to the same grou 
are disconnected with it. This feature will, in general, 
affect about half the cables leading to a sub-station. 
This is disadvan in one sense, but the arrange- 
ment results in a great saving both in cost and space. 
If the feeders were directly connected to the main 
bus-bars, it would have been necessary to fit to each of 
them an automatic switch of the same size as those 
actually employed for the grou This would have 
increased the cost of the ins tion and the amount 
of 8 required very materially. 

nder normal working both the sections of the feeder 
distribution-bar which belong to one generator group 
are separated, each being attached to its group switch. 
Should, however, from some cause or other one grou 
switch become useless, the two sections are cunghen 

ther by means of bus-connectors, whereby all 
cables become connected with the other group switch. 
Parallel with the distribution-bars we have been deal- 
ing with, a further system of distribution-bars will 
later be installed. These will be ised from the 
hydro-electric station. Automatic switches will then 
be installed by which the feeders can -be connected 
with either or both these s 8 of distribation-bars. 
At the sub-stations the cables are grouped in different 
systems, in accordance with their arrangement at the 
main station. 

The Switch-House,—The switch-gear is housed in a 
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building running along one of the longitudinal sides of 
the machinery hall. It is of three storeys, of about 
4 metres height, and has a breadth of about. 8 metres. 
The switch installation for each generator group tekes 
up a length of 7.8 metres in the three storeys. The 
walls in the building are mostly carried out in. 50 
millimetre brickwork sét in iron frames. The iron 
framework was first erected and the brickwork after- 
wards filled in. This mode of building has proved 
cheaper than the concrete construction which was 
used in the old building. The main partitions of the 
cubicles containing switches, &c., are of brick, but 
the intermediate partitions between the phases are of 
Eternite slate. Various views of the gear in the switch- 
house are’ given in Figs. 4 to 8, on page 821. Fig. 4 
shows two longitudinal views of the taken in 
section, on the lines DD and E E of Fig..5, which is a 
cross-section of the building. Figs. 6 to 8 are various 
plan views. . 
The top storey of the switch-house contains the 
main bus-bars. The six bars are carried the whole 
length of the building, and, as indicated at the right- 
hand side of Fig. 5, are placed one above another. 
The bus-bar compartments are 475 mm. (182 in.) 
deep and 350 mm. (133 in.) high. The section of the 
bars is 1000 square millimetres, and the insulators 





are set horizontally, which allows a convenient 





arrangement for the bus-bar connecting - links. 
The upper storey also contains the generator oil- 
switches, which are placed so that the six belonging 
to a single generator form a group by themselves 
The switches are placed in two rows, with a passage, 
1 metre broad, between them. The row nearest the 
bus-bars has the generator switch in the centre, with 
the non-automatic switches connecting to the two sets 
of bus-bars on either side. In the row facing these 
the switch that will ultimately connect to the bus-bars, 
but will be fed from the hydro-electric station, is placed 
in the centre, and on either side of it the two group 
feeder switches are situated. All the switches have 
each phase in a separate cell. The cables connect to the 
top of the switches, and are led through the back walls 
of the cells to isolating switches mounted between par- 
titions. The hydro-electric station bus-bars will ulti- 
mately be mounted above these partitions in the 

row of switches. In the bottom of the switch- 
cells there are outlets leading to 4-in. pipes fixed in 
the ceiling of the intermediate storey. hese pipes 
lead to a well inthe yard. The open front of each cell 
is provided with a sill, 300 mm. (12 in.) high on the 
bottom side. These ments have been adopted 
with the idea of providing an outlet for the burning 
oil which might result from a short-circuit or explosion. 
The oil would be conducted out of the building, and 
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ELECTRIC SUPPLY STATION AT STOCKHOLM. 


Figs. 
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to one or the other system of bars is carried out. 
order to obtain s for the isolating-switch cubicles, 
the eight groups have had to be arranged four on each 
side. Four instrument and opera’ pillars are placed 
in the centre, each serving two cables and carrying 
their ammeters and handles for the switches in the 
storey below. 

The bottom storey contains the oil - switches, 
ammeter transformers, isolating switches, and over- 

ressure discharge apparatus and cable-boxes for the 
eeders. The over - pressure apparatus consists of 
spark-gaps with series resistances. The isolating 
switches in their upper —— connect the feeders 
to the bus-bars, in their lower connect them to 
earth. This bottom storey also comprises generator 
cubicles, which contain the current and yey trans- 
formers necessary for the instruments and for syn 
chronising. Three of the six current - transformers 
which operate the differential relays of the generator 
switches are placed in these cubicles, the others 
being fixed near the generator, and between them 
and thé neutral point. The cubicles also contain the 
spark-gaps for the protection of the generators. The 
connections between the generators and the cubicles 
are carried out with lead-covered single cables of 
500 sq. mm. (four-fifths square inch) sectional area, 
shnced in U-iron carriers suspended from the roof of 
the machinery-hall basement. These cables lead to 
the choke-coils already referred to. 

The generator and group switches were supplied 
by the Ocrlikon Company, the other switches and 
apparatus principally the General Swedish Elec- 
tric Company. e whole of the instrument build- 
oe oa much of the apparatus, such as instrument 
’ pillars, operating gear, &c., were constructed by the 
porated from running out of the cell and causing| their energy from the switches in the storey above, | station staff. 

Gamage to the station. ‘he outlets and pipes are | and the current transformers for the maximum relays The gear is operated from the middle storey of the 
indicated in Fi, s. 4and 5. : ..  ,, | fe placed in the connections to them. Isolating- instrument building, which gives a view over the 

The in iate storey contains the distribution | switches mounted in cubicles are also placed in this machinery hall, as can be seen from Fig. ET 
bars, placed one above another. These bars obtain storey. By means of them the coupling of the cables | width of operating platform has been obtai by 
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building a balcony, as shown in this figure and in 
Fig. 5. The instruments and operating gear are 
arranged on pillars, placed in rows, with the 
generator pillars at the front, and the group pillars at 
the back. 

The generator pillars have s cruciform top, which 
carries the various instruments, consisting of a watt- 
meter, ammeters for the main current and exciter 
current, and a phase-indicator. The pillars also carry 
signal-lamps for the three oil-switches, which are con- 
trolled, press-buttons for speed regulation, synchronis- 
ing-plugs, and control-handles. Operating hand- 
wheels for the field rheostats are also fixed on the 
pillars, arrangements being made so that all the 
gears can be coupled together and all the rheostate 
controlled from a single pillar. The group pillars 
carry the Pacer ts Sos or the group switches and 
for the switch that will ultimately connect to the bars 
that will bs fed from the hydro-electric station. The 
pillars also carry signal-lamps for these switches, and 
ammeters for the three circuits. In addition to thore 
already mentioned, there are also five generator 
pillars which control the switches of the five 1500-kw. 
generators, ‘These switches form part of the original 
gear. Their position in the scheme of connections is 
shown in Fig. 1. 

Earth Connections.—The neutral points of the gene- 
rators are connected to earth through resistances 
attached to earth bus-bars. Static voltmeters are 
placed on the operating floor; they are connected 
with both the bus-bar systems, and show the potential 
distribution on them. The idea of these instruments 
is to prevent accidents by indicating any voltage rise 
in any pert of the plant normally at earth potential 
All operating-gear instruments, cases, &c., are con- 
nec to earth by means of a comprehensive system 
of earth wires carried through all storeys. 


(To be continued.) 





BartTLeTr’s ANGLO-AMERICAN Paris DirEctrory.— 
This is the title of a directory of the British and American 
residentsin Paris, in the Seine Department, and in a few 
French provincial towns. It also & information on 
the British and American clubs in Paris, on the places of 
worship, on the religious and charitable institutions, an?’ 
contains a professional directory, a Press directory, and a 
directory of British and American commercial houses and 
of agents. Its price, in Paris, is 5 francs, canvas bound, 
and 7 francs, leather bound, and it is published by the 
editor and proprietor, Mr. F.C. Bartlett, 115, Rue de 
Rome, Paris. 





Tue Pic-Inon Inpustry IN THE Hatna ut.—The pro- 
duction of refining pig and Thomas steel pig in the 
Hainaut in recent years has been as follows :— 


Year. Refining Pig. Thomas Steel Pig. 
Tons. Tons. 

1903 oe oe oe 145,110 294,630 

1906 oe oe ee 161,415 410,900 

1909 os oe ee 89,270 680,630 

1912 oe 51,290 971,570 


There has thus been a considerable decline in the produc- 
tion of refining pig, and a very great increase in the out- 
put of Thomas steel (Big. e value of the production 
of refining pig decli rom 301,763/. in 1903 to 132,400/. 
in 1912. On the other hand, the value of the production 
of Thomas steel pig rose from 739,208/. in 1903 to 
2,684,0482 in 1912. 





Tue NationaL ILLUMINATION CoMMITTEE OF GREAT 
Britain.—A_provisional committee, formed of represen- 
tatives of the Illuminating Engineering Society, the 
Institution of Electrical neers, the Institution of Gas 
Engineers, and the National Physical Laboratory, held 
® meeting on November 29 last, at which arrangements 
were made for the formation of a National Illumination 
Committee, to be constituted according to the statutes 
of the International Illumination Commission, with the 
primary yen of affiliating Great Britain to that Com- 
mission. © provisional committee recommended that 
the National Committee should consist of five represen- 
tatives of each of the three technical societies and two 
representatives of the National Physical Laboratory. 
This recommendation has been adopted, and the follow- 
in +~ .-~ ee mag as members ed the “~~ : 
-——By the Illuminating Engineering ety: Mr. Leon 
Gaster, Mr. F. W. Gooden . Professor Silvanus 
P. Thompson, and Mr. A. P. Trotter (this society has 
not yet nominated its fifth representative). , AW 

ical : Mr. F. iley, 


Institution of Electri : % 
Mr. W. Duddell, Mr. K. 5 eomgy ge Haydn Harri- 
- — Professor J. T. Morris. bs Tnstitution 
o' : r. J. 


R. T. Glazebrook, C.B,, and Mr. ©. C. Paterson. The 
first meeting of this National Committee took place on 
the 2nd inst., when the ee were chosen as officers : 
—Chairman : Mr. E. Allen, Liverpool: Vice-chair- 
men: Mr. W. Duddell and Mr. A. P. Trotter, both 
of London. one = and treasurer: Mr. 
W. J. A. But , of Great Britain is 
entitled to two d tes on the Executive Committee of 
the International Illumination Commission, and 


Dr, 
H. G. Colman and Mr. W. Duddell were accordingly 
appointed by the committee as the delegates trom this 
country. 


COTTON-WASTE PREPARING AND 
SPINNING MACHINERY. 


Tue cotton-waste spinning industry of Lancashire 
is, in comparison with the main industry, of little 
moment, and it would appear that our cotton-spinners 
have been too occupied in their legitimate business to 
note or inquire into the considerable advancement 
made in cotton-waste utilisation by Continental coun- 
tries, particularly Germany. In a recent book on 
cotton-waste a statement is made to the effect that 
‘*Lancashire spinners have never been able to see 
change for a shilling in the business.” It would 
appear to be nearer the truth to say that Lancashire 
spinners have never taken the trouble to consider the 
scientific methods and improved machinery which have 
enabled Continental waste-spinners to build up such 
enormous businesses, and to buy cotton-waste in this 
country, import it to Germany, bleach, or dye, and 
spin it, and then sell it back to be used in the Leicester 
hosiery trade, in the Glasgow gg trade, and in 
other branches of textile industry. There is only one 
mill in this country equipped on German lines, and there 
is room for twenty more. A Consular report of 1907 
—since which date considerable expansion has taken 

lace—shows that during that year Germany imported 
laters (short flbresstai ped from the seeds after ginning) 
and cotton-waste to the extent of 38,000,000 Ib. from 
the United States, 14,000,000 lb. from India, and 
1,250,000 lb. from England. The Continental method 
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may be briefly summarised as one in which the material 
is treated in the bulk, large quantities of material 
being cleaned, bleached, or dyed in one operation. 
Further than this, the machinery employed is greatly 
in advance of that used in this country. Such mate- 
rial as surgical wadding possessing antiseptic pro- 
perties is produced from waste which is dirty in the 
extreme, this department being sonnel well 
developed. 

It would appear likely that considerable interest 
will be created by the operations of the mill hitherto 
referred to, and by the introduction of new machiner 
invented and constructed by Messrs. W. T. Smi 
and Co., of Bolton. Although the improvements are 
not extensive, they are of extreme importance, and 
from results obtained prove to be valuable. These 
improvements are applied to two machines—namely, 
a condenser carding-engine and a ring spinning-frame. 
The functions of the former machine are to deal 
with the cotton as it is fed to it in the form 
of a flat sheet or fleece, to card the fibres by means 
of a series of worker and clearer rollers operating 
above and in contact with a main cylinder, these 
rollers and the cylinder being covered with fine 
wire teeth, and a series of rubbers which rub 
up into coarse threads strips of the delivered fleece 
or ‘‘web” of cotton fibres. The coarse threads are 


* | wound on a long wooden beam with flanged ends. To 
. | understand the improvement applied it should be P 


stated that the irregularities of the fleece fed to the 
machine are reproduced in the condenser threads 
taken from it—that is, a thick place in the fleece, 
although the number of fibres to the cross-section are 
reduced, will not be removed by causing the fibres to 
intermingle with those fibres on either side which 
make up the adjacent threads. To illustrate the 
result of this the illustration, Fig. 1, is given. A 


y | coloured thread was fed into the ordinary condenser 


carding-engine, with the result that, as shown ia Fig. 1, 
tt 





it passed in a direct line through the machine with little 





or no deviation sideways. The coloured sliver was 
wound on to the condenser bobbin, being 1} in. wide. 
The same test was applied to a carding-engine fitted 
with Smith’s improvements. Owing to the liar 
action set up, the coloured sliver was blended and 
intermixed or doubled with the adjoining ends, as 
shown, and was wound on to eight different ends of 
1} in. each, covering a total width of 10 in. 

The improvement in the condenser carding-engine 
consists — of imparting a sideways traverse to 
the feed-roller and to the worker-rollers of the 
machine. The first gives a doubling effect, the 
second a blending action. The feed and worker-rollers 
are fitted with a two-throw cam motion, which 
gives in the first place a 3-in. sliding movement side- 
ways, and in the latter case two ?-in. movements at 
each revolution. There are a number of worker- 
rollers, and alternate sideways movement of each is 
arranged—that is, one worker-roller moves in the 
opposite direction to the next roller at the same time. 

itherto the waste mule has been mainly employed 
in spinning cotton-waste yarns, as it was an impossi- 
bility to draft, or attenuate, the fibres in the con- 
denser threads by means of drawing rollers solely. 
The reason for this was that mixed irregular lengths 
of fibre were to be found in the condenser threads, 
which made it —— to set correctly the rollers 
to deal with the different lengths. If a setting was 
employed for the shorter lengths, the longer fibres 
were Souben and mutilated. The mule is, however, 
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an intermittent twisting and winding machine—i.c., it 
first attenuates and twists a length of yarn, and then 
winds it on to the spindle, while the ring spinning- 
frame is a continuous twisting and winding machine. 
The production of the latter is from 27 to 30 per 
cent. ter than that of the former, which natu- 
rally a marked influence on the wages cost. 
To enable fibres of varying length to be correctly 
drafted and spun in a ring frame, Mr. Smith has pro- 
vided the arrangement shown in Fig. 2. The front 
bottom roller A carries two top rollers in place of one, 
as hitherto, these rollers revolving at the same sur- 
face speed. The middle and the back bottom rollers, 
with their top rollers, run at the same surface speed, 
but slower than the front rollers. The middle top 
roller B is not so heavily weighted as formerly ; in 
fact, it only exerts pressure equal to its own weight 
on the middle bottom roller. The difference in the 
speeds of the two pairs of rollers (middle and back) 
and the front rollers is the draft, and this can be 
changed as desired. The drawing of the short staple is 
done between the first and second bottom rollers, with 
their top rollers, they being set as close as ;%; in. from 
nip tonip. For long fibre the drawing is done between 
the first and the third bottom rollers. The small top 
fluted roller B on the second bottom roller being 
lightly weighted, allows the long fibre to be drawn 
through without breaking or damaging the staple. 

These improvements, as previously stated, may 
appear slight, but yarn spun on a frame of the new 
type from condenser bobbins produced on the im- 
roved condenser carding-engine is quite equal, and 
in some cases better, than that spun on @ mule. 
Moreover, it is possible to spin on a frame of this 
type woollen yarns in which fibres varying in length 
from } in. to 3 in. are fourd. 








ENGLIsH ASSOCIATION OF MEMBERS OF THE VEREINES 
DevtscHER INGENIEURE.— The next meeting of the 
members of this Association will take place on Friday 





| street, . e 
‘* Labour-Saving Devices,” illustrated by lantern-slides. 


(to-day), at 8 p.m., at Fraseati’s Restaurant, Oxford- 
Mr. H. von Kramer will give an address on 
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9-12-2 TYPE TANK LOCOMOTIVE FOR THE STATE RAILWAYS OF JAVA. 
HANNOVERSCHE MASCHINENBAU A.G., VORM. GEORG EGESTORFF, ENGINEERS, HANOVER-LINDEN. 








CONSTRUCTED BY THE 
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Tue Java railways have had in service since 1903 Height of boiler centre line frame-plates was reduced. This expedient could not 
above rail-level .. v6 ee 2.450 m. (8 ft. 04 in.) be adopted at the front end by reason of the small 


for the haulage of goods trains a Mallet 2-6-6-0 tank- 

engine, having a total length of frame of 11.800 m.| WriSpt iD NOrming order son Sy metric tons space available between the cylinders and the radial 
(38 ft. 9in.). Seeing that the sharpest curves met axle, which would have rendered necessary very sharp 
with have a radius of 150 m. (492 ft.), and the gauge| The two main frames illustrated in Fig. 3 are of bends in the plates, whereas at the rear end it was 


is 1.067 m. (3 ft. 6 in.), it was decided to replace this | plates 23 mm. (j in.) in thickness, and provision has ible to taper down — over 6 length of about 
engine by one of another type. The type adopted been made for ensuring sufficient play for the axles mm. (35 in.), which greatly facilitated the work. 
is the tank-locomotive which we illustrate in Figs. 1 | when negotiating curves. The 30-mm. (1,;-in.) play| Gauge restrictions did not allow of a cylinder 
to 16, on our two-page engraving, Plate LIII., and on | for the coupled axles could easily be provided, seeing | diameter exceeding 540 mm. (1 ft. 9} in.). The piston- 
the present page and pages and 825. It bas|that the clear distance between the Come-ginkes was | valves are 200 mm. (7{ in.) in diameter, and are pro- 
been constructed by the Hannoversche Maschinenbau- | brought down to 840 mm. (33 in.). Matters were | vided with broad nie The stuffing-boxes are 
Actien-Gesellschaft, vormals Georg Egestorff, Han-| different in regard to the radial axles, which had | of the Schmidt pattern. e cylinders are provided 


over-Linden, Germany. As will be seen, it is a twelve-|to be given a 100-mm. (3}{-in.) play. Had the| withs by-pass of the type in use on the Prussian State 

coupled engine, with leading and trailing radial axles ; | frame-plates been bent in at the front and back to Railways ; the pipe is mm. (2,%, in.) in diameter, 

its principal dimensions are as follows :— afford this larger amount of play, constructive diffi-| the cook having an opening of 74mm. by 45 mm. 
o culties would have arisen, as explained below. Since | (2% in. by 1 ‘nh The third coupled axle is the driv- 
Disweieret cylinders | CaS ™ Gt Cin.) the upper edge of the frame in front is so high that | ing-axle.  coupling-rods are connected by hori- 
a...” amman tin.) | there is a depth of 730 mm. (28 in.) above the wheel, | zontal pins; the two end coupling-rods are provided 
Diameter of coupled wheels || 1.102 m. a ifm) the plate was carried on straight, and was cut = besides with vertical pins, as they are fitted at their 
Biomater of radialwheele .. 0.774 m. & ft. 6} in.) where required. As will be seen from Figs. 2 and 3, | outer ends with Hagan’s bearings. 


coupled wheels = —=—1.250 m. (4 ft. 1 in.) the frame-plate at this point is stiffened by a 23-mm.| The runnin was designed to suit the 1.102 m. 

Distance between plate at this 18 e ig gear was 

stance between irstand sixth ott ein) |(4 im.) flanged plate. To this latter are’ fitted the | (3 ft. 7 in.) wheel diameter of the Mallet locomotive 
wheel base .. guides for the radial axle. At the rear end the frame | already referred to, which diameter was maintained in 








owe) we 8750 m. (12 ft. 4 in, 
eres seme ‘> ++ 18-080 m. (42 ft, 11 in.) | plates are reduced in height in order to take the water- order to have one pattern of tyre for both classes. 
ano? os. 2.60 04, mm. (27.06 4 fh) tank and coal-bunker ; this made it to adopt | The axle-loads had also to be no higher than in the 
Steam pressure above atmos- pry an arrangement different from that fo! in case of the locomotive in question, nor had there to 


.. 12. atm. (176 Ib, per sq. in.) | to the front end, and the distance between the two|be any material difference in the load per unit of 
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its guides on an uneven track. The controlling device 
(see Fig. 8) is of @ special design, owing to the small 
space available, and with a view to accommodating 
springs of the required length. All the coupled axles 
have underhung 900 mm. (354 in.) springs; the trailing 
and leading axles have top springs 750 mm. (294 in.) in 
length. e@ springs of every two consecutive axles 
are equalised by a longitudinal beam. 

_ The boiler is illustrated in Figs. 9 to 14. The grate 
is 1.300 m. (4 ft. 3 in.) in width and 2 m. (6 ft. 6} in.) 
in length. These dimensions have obviated the use of 
& waist in the fire-box and fire-box shell. The side- 
plates of the fire-box casing (see Fig. 10, page 824) slope 
outwards towards the bottom to an outside width of 
1.494 m. (4 ft. 11 in.); the sides of the fire-box are 
also inclined, giving good clear water spaces. The 
ordinary tubes are 109 in number, 4.950 m. (16 ft. 3 in.) 
in length, and 45 mm. and 50 mm. (1} in. and 1}$ in.) 
in diameter. There are also 18 superheater tubes, 
whose diameter is 125 mm. (43 in.) inside, and 133 mm. 
(5;; in.) outside. Both the fire-box sides and crown 
and outside fire-box shell wrapper-plate are 16 mm. 
(& in.) in thickness, the latter being built of a single 
plate sheet. In order to ensure perfect tightness and 
to give a good hold to the outer series of vertical 
crown-stays, a cover strip 150 mm. (53 in.) wide and 
10 mm. (§ in.) thick is riveted inside the crown 
at the place where these stays are located. The dome 
contains a special water-intercepting device made 
with special grooves for collecting the water which is 








separated out ; the water so collected flows back into 
the boiler. The steam supply is effected through a 
regulator in which the valve is tilted slightly ; this 
simplifies the transmission, and brings the regulator. 
lever within easy reach of the driver. The boiler is 
provided with a Schmidt smoke-tube superheater of 
the usual ty The smoke-box door is not fixed fast 
to the hinge-joints, but is given a certain amount of 
play, and can therefore be better drawn up tight by 
the five clamps distributed round its circumference. 
In the case of narrow-gauge locomotives it is usually 
necessary to resort to side tanks in order to secure 
sufficient water capacity. But these make running 
more difficult, as they obstruct the driver's view for- 
ward, especially in the case of long locomotives. They 
also cover the boiler and fire-box, so that for caulking 
or changing stays it is necessary first to remove the 
water-tanks. In the case of the locomotive we illus- 
trate the water-tanks have been placed transversely 
underneath the boiler, over almost the whole width ; 
their capacity is 8.500 cub. metres (1870 gallons), and 
their breadth 2.498 m. (8 ft. 28in.). A well runs from 
the tanks downwards within the frame, provided with 
a bottom above the axle-box guides. A certain quantity 
of water is also stored between the frame-plates under 
the foot-plate, and also beneath the coal-bunker. All 
the tanks are connected together by piping, and their 
collective centre of gravity is about mm. (17? in.) 
lower than that of the Mallet locomotive above briefly 
referred to, so that, if necessary, the centre of the 








boiler could have been raised somewhat in this engine, 
as compared with that of the Mallet locomotive, 
without any loss of stability. 

The engine is provided with a hand screw-brake and 
an automatic vacuum brake, which, by means of equal- 
ising gear (see Fig. 2), acts on both sides of the fourth 
and sixth wheels. There are two 21-in. brake-cylinders 
carried on the frame on each side below the driver’s cab 
brake, giving 59 per eent. of the adhesive weight on a 
50 cm. (19$ in.) vacuum. The brake-shoe travel is over 
15 mm. (§in.), and the brake-shoe pressure amounts 
to 4050 kg. (8920 lb.). For service in the long 
down grades a Riggenbach brake is provided also. 
A rotary valve (see Fig. 1) is fit close above 
the junction of the two exhaust-pipes beneath the 
smoke-box, to allow the ordinary exhaust to be closed. 
By reversing, the cylinder draws in air directly, 
and in order to counteract the heat due to com- 
pression, water is sprayed into the cylinder at the 
centre ; the resulting air and vapour mixture is driven 
through the superheater into the steam-pipe, whereby 
cooling of the superheater is effected. the pressure 
is governed by a screw-down valve easily regulated, 
which allows the mixture to enter the space provided 
between the chimney and its casing; this space is 
filled with copper shavings for silencing purposes. 
The discharge takes place through a number of small 
holes cut at the top of the chimney casing. By this 
means the discharge is effected practically noiselessly 
and at as great a height as possible; it does not 
obstruct the driver’s view. 





THE BOUHEY TURRET BAR AND 
COMBINATION LATHES. 
On page 828 we give illustrations of modern French 
lathes of type which show that France is determined 
not to be behind other countries in machine-tool 
a. Our illustrations are of lathes constructed 
y the Usines Bouhey, which firm recently a - 
mated with the Société Francaise de Machines Outils, 
of St. Ouen, Paris, whose agents in this country are 
Messrs. W. A. Walber and Co., 38, Victoria-street, 
Westminster, 8. W. 

The turret lathes of this firm are built in three sizes 
for bar work—namely, to deal with bars 2 in., 2,5 in., 
and 34 in. in diameter, allowing a length of work of 
214 in., 254 in., and 39 in. respectively. A larger and 
more powerful combination type is also made for both 
bar and chuck work, capable of taking bars of 44 in., 
or chuck work of 20 in.’ swing, and allowing a clear 
—_ of work of 39 in. It is the latter machine which 
is illustrated in Figs. 1 to 4, while Fig. 5 is an end 
view of the 2-in. lathe, showing the turret equipped for 
bar work. 

A — view of the 4§-in. bar lathe is given in 
Fig. 1, while Figs. 2 and 3 show the geared head. 
The drive is by belt with a single pulley or by con- 
stant-speed electric motor with silent chain. The 
head is of box form, the running in oil. By 
means of friction levers a wide range of 
speeds is obtainable in both directions, the actual 
range of spindle speeds in the lathe shown in Figs. 1 
to 4 being from 8 to 385 revolutions per minute, 
and in the smaller bar lathes from 17 to 240, 13 to 206, 
and 8 to 385 revolutions per minute tively. By 
means of a control-bar extending the full length of the 
working portion of the bed, starting, stopping, or 
reverse can be instantaneously effected: The spindle 
is ground aud provided with ball thrust, and has 
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The concentric chuck will grip 
round, square, or he bars ; the collets can be 
changed without dismantling any part. The lever 
which closes the chuck simultaneously actuates the 
feed of the bar if so required, so that one movement 
only is required of the operator. A regulating bar- 
stop is provided on the tool turret. The bed will be 
seen to be of heavy pattern, to give ample rigidity. 
It is cast in one piece with the oil-trough, whic 
— the pump and piping. The machines have Y- 
ides. 
ga variation of feed is provided for the 


bronze bearings. 


turret slide, the range being from 1 to 10, obtainable | The 


during traverse. -The turret consists of a 

plate fitted with six tool-holders, and is held bya 
central pivot and an annular strip. By this means 
overhang is avoided. The turret may be revolved by 
hand on the withdrawal of a spring-bolt. This allows 
the turret to be revolved as desired, whatever the 
position of the slide and without altering the setting 
of the latter. The index-pin is located immediately 
below the working tool. 

The tool-holders are arranged so that each tool may 
cut two distinct diameters, the change from one to 
the other being quickly effected by @ small lever. 
Each tool is provided with two automatic precision 
stops, — twelve independently adjustable stops 
in all. It is further possible for one tool to work with 
several stops in a certain distance, provided one inde- 
pendent stop is kept for each tool not in use. Steadies 
may be arranged before or behind the tool, according 
to the nature of the work. The automatic precision 
die-head comprices a screwing-head mounted u 
a flexible shank and carrying Sour chaser dies, ‘the 
dies are adjustable Homa. 5 a small range, but apart 
from this, by means of a small eccentric, they can be 
adjusted instantaneously for roughing, and afterwards 
for finishing threads over ? in. in diameter. The die- 
head opens automatically when the slide is stopped. 
The equipment includes a full provision of the collets, 
chucks, &c., necessary to make these lathes suitable 
for a large range of work. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 4. 

Propvuction of steel has declined again this week, 
several mills have temporarily suspended, and several 
thousand men have been thrown out of employment. 
The decline in production while very t is not 
causing any uneasiness ; and the feeling of confidence 
in a not distant revival of demand generally prevails. 
The chief cause of the inactivity is the unwillingness 
of the railroads to place large contracts for the ensuin 
year, which are ordinarily placed about this time. A) 
authorities believe that the consumption of steel for the 
coming year will be in excess of this year’s production. 
There are sufficient openings in sight to warrant this 
confidence. The present is looked upon as a temporary 
hiatus, due to peculiar conditions, chief of which is the 
disposition to wait the granting of permission to ad- 
vance freights 5 per cent. The American Bridge Com- 
pany has just booked orders for 40,500 tons of structural 
material for three sections of the Seventh-avenue sub- 
way. Orders for locomotives for this week amounted to 
112, of Which 35 are for the Atchison system, which also 
contracted for 140 coaches ; 40 locomotives for the 
Great Northern and 20 for the Western Maryland lines. 
Other roads took the balance. Orders are pending for 
60,000 tons of subway steel, which will certainly be 
placed during the current month. Lighter forms of 
Iron and steel, such as sheets, bars, and merchant 
steel, are in less request. Crop reports from all 
seotions continue to be highly favourable. The cotton 
crop will exceed 14,000, tons. 
most roads is fully employed. The present depres- 
sion is only temporary, and actual ordering is con- 
siderably below actual consumption. Prices are 
steady, notwithstanding the depression, and it is 
the belief among large consuming interests that any 
further change in prices will be insignificant. Im- 
portations in steel are practically nothing. 





Movine-Piorure Exaretrions oF British INDUSTRIES. 
—A scheme for exhibition of moving pictures illus- 
trating British manufacture and industry is being in- 
ere a by the ~ ar aw ey Exhibition of British 
Industries, Limited, 86, Leadenhall - street, E.O. 
Films dealing with the subject are to be shown in the 
leading towns of the Continent, North and South 
America, and the chief Colonies. In the first instance, 
a tour of Northern Europe will be undertaken, and 
exhibitions will be held in some sixty towns. The ex- 
hibitions will be held during the daytime and will be 
issued to leadi i 
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CYCLICAL CHANGES OF TEMPERATURE 
IN A GAS-ENGINE CYLINDER.* 

By Professor E. G. Coxgr, M.A., D.Sc., Assoc. M. Inst. 
C.E., and W. A. Scosie, B.Sc., Assoc. M. Inst. C.E. 
Tus gives an account of experimental work 
emsted’ ds duties the last four years to determine the 
cyclical changes of temperature at the surface and in the 
ine, and also the tem- 
perature-cycle of the explosive vharge itself. The i 
ot i is of a standard pattern made 

the National Engine Company, and develops 
12 indicated horse-power at 240 revolutions per minute. 
t ture-distribution and the cyclical changes are 
measured by thermo-electric couples in all cases except at 
the middle of the cylinder wall, where such a refinement 


is i 
A special form of thermo-electric bridge is used to 

measure the electromotive force of the couples, and by 

the inclusion in the circuit of a revolving contact- 

the temperature is determined at any point of the cycle. 
The surface metal temperatures and their cyclical 








changes are investigated at the centres of the inlet and 
exhaust-valves, and at three points on a vertical diameter 
of the piston. Cast-iron 
very thin, are let in at 
led throag’ 


ugs, with their faces turned 
ese points, and iron wires are 

h and riveted on the face of the metal to form 
the couples. The highest temperature is recorded at the 
centre of the exbaust-valve, and the maximum here is 
400 deg. Cent. The highest temperature at the inlet- 
valve is 310 deg. Cent., and at the centre of the piston 
340 deg. Cent. The cyclical change is greatest at the 
centre of the piston, where it is 80 deg. Cent. for one test 
with a medium mixture and cold jacket. This large 
range is principally due to low temperature at the com- 
A richer mixture or 
warmer apne eliminates this low temperature, and 
reduces the range to 40 deg. Cent. or less. 

Pt.-Ir. and Pt.-Rh. wires are used for the couples to 
measure the temperatures of the gas in the cylinder. 
These wires are rolled to a thickness of rather less than 
r0ov in., fused together electrically, re-rolled and trimmed 
to shape. The gas in the cylinder is sometimes at a 
temperature above the fusing-point of the thermo-couple, 
and therefore a very thin couple fuses. Unless the 
couple is thin, it does not follow the cycle of temperature 
of the gas. Itis shown that couples can le of a 
suitable thickness to withstand the explosions without 
fusing, but thin enough to follow the changes of tempera- 
ture with considerable accuracy, except just in the region 


of the explosion. Values of 7p are calculated for 


several points on an pears and are found to be 
high at the explosion, use the measured temperature 
is low, but they settle to consistent values at least by the 
middle of the working stroke. The steady value agrees 
well with that obtained from points on the compression 
stroke. The temperatures in the region of the explosion 
are then calculated from this constant and the measured 
ures and volumes in a similar manner to that used 
y Professors Callendar and Dalby. The temperature 
at the explosion varies from 1840 deg. Cent. to 2250 deg. 
Cent., the latter value being obtained with a very ri 
mixture. There is no provision for timmg, but the maxi- 
mum pressures and temperatures are attained earlier as 
the strength of the mixture increases. The cyclical 
variations of temperature in the exhaust-pipe were also 
investigated by means of fine Pt. Pt.—Ir. couples. The 
maximum temperature — exhaust is found to be 
between 500 deg. Cent. and deg. Cent. in all cases. 
Curves are given to show the cyclical variations at each 
place under different conditions of eae, The engine 
1s also fitted with thermometer-pockets, which enter the 
centre of the thickness of the liner at four points along 
the barrel. The cyclical variations of temperature are 
damped out at this depth in the metal, and mercury ther- 
mometers can be used here to determine the mean tem- 
peratures under various conditions of pa It is 
shown that the temperature is mainly governed by that 
of bee) omy Sag 2d at outlet, and that the temperature- 
drop the barrel is very steep with rich explosive 
arges. latter effect is due to the high temperature 
of the metal surrounding the explosion-space. The re- 
sults of engine-tests and other data bearing on the tem- 
perature measuréments are also included in the paper. 





Mr. J. F. M‘Intosu, M.V.O.—After a service of 
fifty-two years with the Caledonian Railway Company, 
Mr. John Farquharson M‘Intosh, the company’s loco- 
motive yo has decided to retire from active 
service in next. Mr. M‘Intosh joined the railway 
(which was called the Scottish North-Eastern) at 
Arbroath in 1862, and after duly qualifying in the 
mechanical, as well as in the locomotive-running, depart- 
ments, was appointed locomotive in.pector of the 
northern section of the i 
years later he was made district locomotive foreman at 
Aberdeen, from which he was subsequentiy ted to 
Carstairs Junction, and eventually put in of the 
company’s most important engine-shed — namely, at 
Polmadie. After remaining there for five years he was 
a ted chief i tor of the running department in 
1891, 7 took up his present duties —— — 
riage, wagon superin t in February, . 
Mr. M‘Intosh was Salen’ of the Association of Loco- 
motive Engineers in 1911. Im October of the same year 
His Majesty King ane honoured Mr. M‘Intosh by 

the Royal Victorian Order. 





* Paper read before the Institution of Civil Engineers 
on Tuesday, December 16, 


engine | 50s. 1d. one month, and 


Caledonian Railway in 1876. Six G 





NOTES FROM THE NORTH. 
Market. Set Rage 

Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market was quite idle and Cleveland od 
rants were quoted easier by sellers, at 49s. 8d. cash, 
49s. 104d. one month, and 50s. 5d. three months. The 
tone was better in the afternoon, when 1000 tons of Cleve- 
land warrants changed hands at 49s. 104d. and 49s. 11d. 
one month, and closing sellers named 49s. 9}d. cash, 
50s. 6d. three months. On 

Friday morning there was little iron on offer, and 
rices improved. The turnover of one 
Bieveland warrant at 50s. 24d one month, with sellers 
over at that figure, and at 49s. 1ld. cash and 50s. 81, 
three months. The market was firm in the afternoon, 
and 4000 tons of Cleveland warrants were done at 50s. 2d. 
two days, 50s. thirteen days, 50s. 24d. January 14, and 
50s. three months. Sellers’ closing prices were 
49s, 114d. cash, 503. 24d. one month, and 50s. 9d. three 
months. On Monday morning there was little doing, but 
Cleveland warrants were inclined to be stronger, and 1000 
tons were dealt in at 50s. 3d. one month. At the close of 
the session sellers named 50s. cash, 50s. 34d. one month, 
and 50s. 9d. three months. The tone was steady in the 
afternoon, when 1000 tons of Cleveland warrants were 
put through at 49s. 114d. cash, and 50s. 84d. three months. 
Closing sellers quoted 50s. cash, 50s. 4d. one month, and 
50s. 9d. three months. .On Tuesday morning the market 
was again steady, and a small business of 2000 tons of 
Cleveland warrants was done at 50s. cash, 503. 34d. one 
month, and 50s. 5d. February 12. Quotations were 
nominally un with sellers at 503. O4d. cash, 
50s. 4d. one month, and 50s. 9d. three months. The 
afternoon session was 2 idle, but prices were the 
turn firmer. Sellers of Cleveland warrants named 
50s. 14d. cash, 50s. 44d. one month, and 50s. 10d. three 
months. When the market opened to-day (Wednesday) 
the tone was easier, and business was limited to one lot 
of Cleveland warrants at 50s. cash, with closing sellers 
at 50s. 04d. cash, 50s. 4d. one month, and 50s. 94d. three 
months. There was no improvement in the afternoon, 
and dealings were again confined to one lot of Cleveland 
warrants at 50s. cash. The cloee was dull, and sellers’ 
ay were practically unchanged at 50s. 04d. cash, 

4d. one month, and 50s. 9d. three months. 


Sulphate of Ammonia.—There has been little change in 
the sulphate of ammonia position of late, and a steady 
tone is maintained. The demand, although moderately 
good. is not pressing, and the price is still quoted at from 

+h 9d. to 131. per ton for prompt delivery, Glasgow 
or , 


Scotch Steel Trade.—The conditions in the Scotch 
steel trade have not yet improved, and little movement 
is now ex this year. specifications for ship 
and boiler-plates are on a very limited scale, but, on 
the other d, the number of inquiries has increased 
during the past week, and that is always a better 
sign. Some are strongly of opinion that the turn of 
the year will see an enhanced demand, and that the 
present state of depression is nearly over. Certainly 
there are more buyers about just now, but they are 
pu ing with great caution, and the general opinion 
is that it will take some little time before the trade 
is in a better and more healthy state. Black-sheet 
makers are still very quiet, and are moving along from 
day to day; but for galvanised sheets the demand is 
considered very good. Sectional material has improved, 
and some fairly decent lots have been fixed up lately. 
These booki are extremely acceptable, een 9 they 
are not anything like numerous enough to keep the mills 
going at full preesure. Export orders are rather limited, 
as the foreign markets are somewhat dull. The official 
prices are unchanged, but where not regulated by the 
Association, a certain anrount of cutting is going on, 
and ~— are taking advantage of this and securing as 
much cheap stuff as possible. 


Malleable-Iron Trade.—The hand-to-mouth order of 
things still prevails in the West of Scotland malleable- 
iron trade, and the present position of things is far from 
encouraging. Orders are extremely few in number and 
small in tonnage, with the result that broken time is all 
too common, and managements are not likely to be in 
any great hurry to re-open after the holidays. 

Scotch Pig-Iron Trade.—The consumption of pig iron 
is not very large at the present time, and only the more im- 
mediate requirements are being purchased. The number 
of furnaces in full blast is now 76, and as the output from 
these can scarcely be absorbed at present, several more 
are being blown out. At this date last year there were 
14 more furnaces in operation. Hematite is in very poor 
demand, and the price is weaker. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
69s. 6d. ; der, Gartsherrie, Summerlee, and Langloan, 
70s. (all = at G w) ; Glengarnock (at Ardros- 
san), 7ls.; Shotts (at ith), 703s.; and Carron (at 

rangemouth), 71s. 





Armour-PLaTe Pianinc-Macuingr.— The Deutsche 
Maschinenfabrik of Duisburg has recently constructed an 
armour-plate planing-machine which is provided with 
electro magnetic clamping devices. The idea in iteelf 
is, of course, not new, but electro-magnetic clamps 
replacing bolts or hydraulic or other devices, for plates 
of 15 m. by 1 m., area novelty. Five magnets are distri- 
buted along the central axis of the bed, and are each of 
poner of about 20 tons. Nickel-steel plates, unless of 

igh grade, can similarly be dealt with. The clamping 
is more uniform than with other arrangements, and the 
upper surface of the plate remains quite unobstructed, 
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NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Weduesday. 

South Yorkshire Coal Trade.—Interest chiefly centres 
in the market for hard steams. At this period of the 
year this particular market is usually weak, and pro- 
ducers are only too glad to accept contracts from the Hull 
trawler-owners for next year’s supply. This year, however, 
the situation hasc' . Themildness of the weather is 
enabling the Baltic ports to keep open far longer than 
usual, with the result that an unusually big shipping trade 
is being done. eng J that they ——_* position of 
exceptional strength, the South York Steam Coal 
Owners’ Association have put up their contract rates and 
firmly refuse to accept anything below those rates. The 
sequel has been the ion of some of the biggest 
contracts of the year. e Hull Trawler Owners gene- 
rally take something like three-quarters of a million 
tons of hard steams from the South Yorkshire pits, 
but so far they have absolutely declined to renew con- 
tracts at the enhanced figure demanded, and they 
threaten to transfer their orders to Durham unless the 
South Yorkshire coal-owners agree to reduce their 
quotation, which is stated to be 15s. 6d. in keel, free on 
board. That the trawler owners’ threat will have the 
desired effect is regarded in South Yorkshire coal trade 
circles as very doubtful. Quite apart from the diffi- 
culties that would be involved in the suggested bringing 
of supplies in sea-going lighters from Newcastle, Hartle- 
pool, and Blythe to Hull, the South Yorkshire product 
is of unequalled quality, and from the trawler-owners’ 


point of view is the best obtainable. Industrial consump- | 4s, 9d. 


tion shows a marked expansion. A considerable influx 
of orders has dissipated the uncertainty that prevailed in 
certain departments of the heavy iron and steel trades 
respecting New Year activity, and has influenced manu- 
facturers to enter with less restraint into contract busi- 
ness. There isalso more spot buying tocover the holiday 
stoppage at the collieries. The demand for house coal 
shows a further improvement. Quite a respectable 
business is being done, though there is a good deal of 
leeway to be made up for the slackness of the pre- 
ceding three or four weeks. Gas fuels are going away 
freely on contract account. Slacks show a quickening 
tendency, and stocks have been slightly reduced. Coke 
is still weak. Quotations :—Best hand-picked, 
17s. ; y best Si 14s. to 15s. ; Derbyshire 
best brights, 12s. to 13s. ; Derbyshire house, 11s. 6d. to 
12s. 6d. ; best large nuts, lls. to 12s. ; small nuts, 9s. to 
10s. ; Yorkshire hards, lls. 9d. to 12s. 9d. ; Der ire 
hards, 10s. 9d. to 11s. 9d.; rough slacks, 7s. to 8s.; 
seconds, 5s. 6d. to 6s. 6d.; smalls, 3s. to 43. 


Tron and Steel.—Forecasts made in this column of 
ENGINEERING of improved conditions in the local iron 
market are already materialising. Manufacturers en- 
gaged in the heavy engineering trades have this week 
entered into contract business to cover supplies for the 
ensuing three months. A much larger tonnage of hema- 
tite is going into consumption, though the firm refusal of 
producers to make any further reduction in listed quota- 
tions is militating against the placing of forward busi- 
ness. Foundry and basic irons are also the subjects of 
increased inquiries. Finished iron occupies a less 
satisfactory position. Very little benefit has accrued 
from the reduction by 10s. in the basis price quoted 
by the Yorkshire Tron iation. Foreign 
dumping and foreign subsidised competition are still 
exercising a baneful effect on the prosperity of the 
local mills, which have been closed down quite half 
the week. Iron foundries report a larger volume of 
business. The stove-grate departments are not so busily 
pn pe There is no cessation of activity in armaments 
and gun departments. The shipbuilding yards continue 
to make heavy demands u local resources. In some 
cases work is assured for the whole of the coming year. 
Railway-material departments are doing a large export 
business. A less satisfactory state of affairs exists in the 
tramway-material departments, which are also feeling 
the pinch of Continental underselling, and have had to 
reduce their prices to avert the passing of new business 
into foreign channels. Engineering firms have a lot of 
work on hand for the improved equipment of steel works. 
High-speed steels and ial steels are quite unaffected 
by foreign ure, and continue to find a world-wide 
market. agon builders anticipate the placing of sub- 
stantial orders by the home railway companies. Makers 
of tool steels, steel tools, and files are fairly well off for 
new business. ne eee have been arranged 
with America and the Colonies, particularly for tool 
steels and tools. Railway tyres are being made for 
Carocus and Rosario, axles for the East India Railway, 
and wheels for the Bargoed Coal Company. The London 
County Council has placed a big order with Messrs. 
Cammell, Laird and Oo. for special hard-rolled steel and 
axle forgi: Big tonnages of steel are going to Santos, 
Buenos Aires, New York, and Montreal. Orders for 
yg and chisels have been received from 

uenos Aires. Files are being made for Montreal, 
shovels for South Africa.. = 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.EssproucH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron market do 
marked improvement. Buyers are once more coming 
or a and are displaying desire to omy) arrangements 
ng requiremen’ ut as tb readi 
come to terms with sellers, and wale adieees is i 
only on a limited scale. Values of all descriptions of 
pig iron, however, are moving upward, and it is 


Talbot—foreign, 1,724,444 tons ; coastwise, 135,351 tons ; 
total, 1,859,795 tons. Neath, estimated—foreign, 182,468 
tons; coastwise, 122,643 tons; total, 305,111 tons. 
Lianelly—foreign, 217,881 tons ; coastwise, 57,879 tons ; 
total, 275,760 tons. The aggregate shipments for the 
first eleven months of this year were, accordingly, 
31,296,233 tons. 


to learn that customers are pared to pay more for 
forward than for early deliv % Pig-iron manufacturers 
continue to act with caution. ey consider that bottom 

ices have been seen, and hold the opinion that they are 
fikely to benefit by waiting awhile. They declare that 
current rates are still unremunerative, largely due to 
the high price of coke; but values of blastfurnace fuel 
are likely to be reduced after the holidays. No. 3 
g.m.b. Cleveland pig is firm at 50s. 6d. f.o.b.; No. 1 


































is 58s.; No. 4 foundry, 503.; No. 4 forge, 493. 9d.;| TaeSurveyors’ InstrroTion.—Two committees, 
and mottled and white iron, each 49s. 3d. These | representative of the whole of England Wales, have 
are merchants’ quotations for early delivery, makers’ | been set up by the Council, for the purpose of consider- 


prices being a little higher. For No. 3, delivered over 
the first quarter of next year, producers quote 5ls. 6d. 
There is more disposition to operate shown in the hematite 
branch, and prices are now very firm. Sheffield con- 
sumers paid another visit to the Cleveland market this 
week. minimum quotation for early delivery of 
Nos. 1, 2, and 3 East Coast brands hematite is 
now 61s. 6d., and for spring delivery the general quo- 
tation is 62s. There are substantial inquiries in the 
market for foreign ore, and consumers are making better 
offers, but the prices they are prepared to pay are 
still below what sellers will accept. It is understood 
that a firm of large consumers has intimated willingness 
to buy on the basis of 182. 3d. ex-ship Tees for best Rubio. 
Sellers, as a rule, still quote on the basis of 19s. Rubio 
of 50 per cent. quality is 14s. 6d. as it lies at Bilbao; to 
this must be added commission and other small charges, 
such as insurance, &c., 6d. ; loss in moisture, say a unit 
and a half 9d.; two units of silicon, 3d. ; and freight, 

This brings the cost at Middlesbrough up to 
18s. 9d. Coke continues very scarce and dear. Up to 
19s. is asked for average blast-furnace kinds Galivenes at 
Tees-side works. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores now stands at 
144,005 tons of Cleveland pig iron, of which but 43 tons 
of standard iron is No. 3 quality. Since the my 
of the month the stock has been reduced by tons. 
Shipments of pig iron from the Tees are on « satisfactory 
scale. To date this month they average 3258 tons 4 
working day, the total despatches amounting to 48,881 
tons. To the same date last month the total loadings of 

ig were returned at 52,198 tons, or a daily average of 

79 tons ; and for the corresponding part of December 
last year the clearances reached 55,843 tons, or an average 
of 3723 tons per working day. 


Manufactured Iron and Steel.—There is very little new 
to report concerning the various branches of the manu- 
factured iron and steel industries, a quiet feeling prevails, 
and though most producers have substantial contracts to 
work off, some firms are getting well through what they 
have on hand. A few orders are dribbling in, but pro- 
spects for next year are none too bright. Principal market 
quotations stand:—Common iron bars, 7/. 10s.; best 
bars, 7/. 17s. 6d.; best best bars, 8J. 5s.; ing iron 
6l.; iron ship-plates, 61. 15s.; iron shi 7l. 10s. ; 
— Ses 81. 10s.; steel bars, 6/. 15s.; i 
plates, 67. 10s. ; steel ship-angles, 6/. 2s. 6d.; s boiler- 
plates, 7/. 15s. ; steel strip, 67. 15s.; steel hoo 7. ; 
steel joists, 62. 12s. 6d.—all less the entneke ae per 
cent. discount. Cast-iron columns, 7/. 7s. 6d,; cast- 
iron railway chairs, 4/. 6s. ; light iron rails, 7/. ; heavy 

i aan ceil aaiaame - dys — 
at works; an ize, 
in bundles, 11/. f.0.b.—less the usual 4 per cent. With PR é pevennees ae Yay cause of 
regard to the last-named, however, efforts to re-form the | @° #°cident which occu! at Liverpool on October 15 
Association are reported, and the price is likely to be | jetms Perfeotl A the i ey the 

Board 's ust been 

edvanced to 111. 6s. issued. It will be remem that on the occasion in 
question a train left the Central Station, but came toa 
standstill at St. James’s Station, partly outside and 
rtly within a tunnel. A following train from the 
tral Station ran into the rear of the standing one, 


ing in detail the Land we | of the Government as 
outlined in the Prime Minister's speech of December 9. 
The Council have found that the condition now govern- 
ing the Institution scholarships, which require Institution 
scholars to enter into articles with the members of the 
Institution on the completion of their University course, 
bears hardly upon persons of comparatively limited 
means. They believe that men with the first-rate 
technical education their scholars have received might 
expect to enter good offices as improvers without pre- 
mium, and they have therefore decided that the Institu- 
tion scholars shall only be required to enter into an 
a ment to enter the office of a surveyor approved by 

Council with a view tc practising as a surveyor in 
the future. Mr. H. 8. Morton, who gained the Institu- 
tion Scholarship at Cambridge University in 1908, and 
afterwards entered the office of Mr. Charles Bidwell, 
Past- President, has been appointed Assistant Bursar at 
King’s College, Cambridge. 





AUSTRALIAN AGRICULTURAL MACHINERY.—Australian 
farmers, cultivating their land in large areas, make 
considerable use of labour-saving machinery. The com- 
bined harvester affords one the best illustrations 
of developments of this kind. In it, in one operation, 
the wheat is reaped, cleaned, and for the 
market. Many farmers in the United Ki who 
have been — to the old style it harvest 
hardly understand how one ine could do this. 
They will ise, however, how tly such a machine 
must facilitate the work by enabling one man to cover 
much more ground than under the older conditions. 
Then there is the “‘Stump-jump” plougb, which has 
added sere materially to the capacity of the farmer 
when dealing with rough land. This was also an 
Australian invention, and recently it has been improved 
by a new form of plough, the invention of an Adelaide 
firm of implement-makers. The new appliance is known 
as the “ axle-tension plough.” The implement was put 
through a severe ploughing and jumping test recently, 
and came up to the highest e tations. It has neither 
horse bridles nor springs. shares are forced into 
the ground by the weight of the implement itself. The 
jumping action is perfect, and there is no increase of 
tension on the respective onqee, shen rising. The 
shares can be forced into the t ground withont 
interfering with the jumping qualities. Although the 
springs are eliminated, the important advantages of the 
spring plough remain, such as tightness of draught, 
absence of jarring on the shoulders of the horses, and 
immediate release from immovable stumps. 








ot hg FROM SER GOUlE WEE. 
if.— team-coal been 
PB gg es oan mg slackened in vesmune ares 


causing, unfortunately, seven deaths, and injuries to a 
near approach of the Christmas holida: There have | large number of people, The accident was clearly due to 
been some complaints of loading delays, although tonnage | the signalman at the Central Station sending on the 
arrivals over the week-end were fairly . Large | second train before the St. James’s signalman cleared 
steam coal has shown little change; j have been | back. This was due to a misunderstanding on the part of 


. | the man at the Central Station, who noticed his booking 
boy attending to the instruments, and improperly con- 
cluded that he was attending to the clearing from 
St. James’s. As a matter of fact, the boy was taking 
quite another or, rather, was refusing a 
train on the other , from St. James’s. The box 
i tral Station, and the signal- 
man states that the accident would have occurred, 
under the circumstances, whether his booking boy or 
a regular assistant bad attended to the instruments. 
The vase, therefore, hardly raises directly the question of 
the advisability of in signal-boxes. It was 
shown, however, in this instance that the youth employed 
had been allowed to do rather more than his duties were 
supposed to cover. The Inspector points out that until 
they are qualified assistant signalmen, booking-lads 
should not be allowed to attend to the instruments. The 
signalman Thom 


record and experience i 
bos ed that his very familiarity with it seems to 
ve 
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six principal Welsh ts—Cardiff, Ne Swansea, 
Port Taltot, Neath, Ned Llanelly—in “the first eleven | present seems to be # case in point. The system 

months of this year were :—Oardiff—foreign, 17,611,371 | installed with a view to certain working, but 
tons ; coastwise, 2,794,305 tons; total, 20,405,676 tons. | until a combination of adverse circumstances pointed the 
Newport — foreign, 4,242,641 tons; coastwise, 664,807 | fact out in a very definite and manner, it 
tons; total, 4,906,807 tons. Swansea—foreign, 3,192,''6)| was not realised that it would advantageous to 





gratifying, as showing some 


in the future, 


tons ; coastwise, 360,115 tons ; total, 3,543,084 tons. Purt | extend it, 
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THE TREND OF GERMAN WARSHIP 
DESIGN. 


Tue German Navy estimates for 1914 provide 
for a total expenditure of 24,397,6001., and, 
although it is difficult to make effective comparison 
with the figures of the previous year, owing to the 
method of arranging the details, it would seem that 
there is a substantial increase, because there was 
provided in the estimates of the current year 
22,887,8701., and for the past year 22,464,6861: 
Present indications point to the laying down, in 
accordance with the Navy Law, of one — 
one battle-cruiser, two small cruisers, and a floti 
of torpedo-boats for the replacement of obsolescent 
craft. The provision made for submarine boats is 
950,000/., which is practically the same as in the 
current year, while for airships and aeroplanes 
the estimated expenditure is 422,500). Provision 
is also made for adding to the oil-fuel-storing facili- 
ties. Perhaps, however, the most interesting new 
feature of the German naval policy is the greater 
freedom with which indication is given of the 
outstanding features of the design of the new 
ships. The more liberal information enables a more 
authoritative estimate of the trend of German naval 
— to be made, in a chapter contributed 
by . Bywater, of Berlin, to this year’s issue of 
the ‘‘ Navy League Annual,” which, under the 
painstaking and well-informed editorship of Mr. 
Alan H. Burgoyne, maintains the high standard of 
previous years. Mr. Bywater, from his long resi- 
dence in Seenattp and his close study over a period 
of years, is in an especially advantageous position 
for acquiring knowledge as to design. 

Formerly the fundamental aim in the shaping 
of German policy seems to have been di 
to the attainment of a limited number of ships 
of moderate dimensions and cost, carrying a large 
installation of relatively light, but rapid-firing, guns, 
thoroughly and continuously prepared for war. The 
idea was that such a fleet weuite more effective than 
a larger navy with ships individually superior, but 
collectively less prepared for war. Thus many of the 
earlier German ships had a main armament limited to 
four 9.4-in. guns, firing 420-lb. shells. After the 
Chino. Japanese War the ammunition allowance was 
enormously increased, the allowance per annum 
for firing exercise giving then one German ship 
as much —— as three British ships. The 
attention devoted to target ice was very great. 
Firing commenced at 3000 yarde. but pom hora 


go7 | Were required subsequently to draw closer on the 


ya in order to increase the punishment ; rapidity 
of was looked upon as of great importance. 
All this was consistent with the policy, as quoted 
by Mr. Bywater, that Germany ‘‘ saw clearly enough 
that only by a sudden, stunning blow, delivered with 


833 | every ton of material behind, could a small navy 
ss5 | hope to succeed against the overwhelmin 


ships that her prospecti tagonist ul cnet ‘i 
i er ve an co! 
if allowed prea mobilise his own force.” 

It is recognised in Germany, however, that as a 
result of the complete reorganisation of the British 
Fleet, which began six or seven years ago, our 
state of preparedness for war has been so improved, 
alike in organisation, ammunition supply, effi- 
— and personnel, that our paper superiority 
could be converted into effective superiority even at 
the outset of a war. Moreover, the battle of 
Tsushima ‘‘ has taught that not the quick-firer, but 
the big gun was the decisive factor in naval combat.” 
Germany therefore had to reverse her policy ; but, 





according to Mr. Bywater, she did not at once 


achieve the equality of ship desired, because of the 
continued reliance on the view that the 11-in. and 
12-in. Krupp compared with the 13.5-in. and 
14-in. guns of foreign make. But the ships laid 
down this year will be fitted, like our Queen 
Elizabeth class, with a main battery of eight 15-in. 
breech-loading guns, and with a secondary battery of 
sixteen 6-in. quick-firing guns. The speed, however, 
is still to be only 214 Sate as compared with 25 
knots in the five British ships of the class. This 
advance is at least significant, because for some 
time there have been well-informed criticisms in 
the German technical Press pointing out the 
inferiority of German as compared with British 
battleships. Captain Persius and Captain von 
Kiihlwetter were notably cogent critics, particu- 
larly in re to the Konig class now being com- 
pleted. king contempo ships laid down in 
1907, the British ships were shown to have had a 
superiority in each salvo of guns of 1520 lb. of 
metal ; in the ships laid down in 1909 our superiority 
was 1620 lb.; in the vessels laid down in 1910, 
3900 lb.; in the King George V. class, 5400 lb. 
over the Kénig type; and in the Queen Elizabeth 
class, laid down last year, 7000 lb. over the Ersatz 
Bundeburg. 

The superiority has thus steadily advanced to a 
ratio equal to about 80 per cent., notwithstanding 
that in nearly every instance the British ship was 
laid down earlier t the German vessels of the 
same year. There has always been the contention 
that in taking salvoes the rate of fire was not con- 
sidered, and that the lighter guns in the German 
ships, in view of the greater rapidity of fire, would 
compare favourably with the heavier guns in the 
British ships ; but it is found in practice that there 
is very little difference (if any) in the rate of fire 
from guns exceeding 9 in. bore, largely because with 
the salvoes there is such a disturbance of the atmo- 
sphere that a period of time must elapse in order 
to secure accuracy of aim. This applies even where 
the ‘‘ director ” system of control is adopted and 
when the position for directing the training of a 
= is located at a high elevation. Apart altogether 

rom this, there is the fact that according to one 
authority ‘‘it is the constant pounding, pulveris- 
ing and splitting of frames and armour king, 
the straining open of seams, the shattering of bulk. 
heads, and the destruction of the water-tightness 
of the whole, which eventually sink the ship.” 
Thus, the attack by a 1250-lb. projectile of the 
13.5-in. British gun is likely to do much more 
serious damage than the 860-lb. from the German 
12-in. gun. the question of the greater dura- 
bility of the Krupp naval gun and the British 
wire-wound model, Mr. Bywater says that, after 
being privileged to examine relative statistics on 


irected | this point, he is satisfied that the claim is exag- 


gerated, if not entirely unwarranted. 

The current issue of Nauticus, the semi-official 
German year-book, gives figures as to the thickness 
of the armour protecting the water-line of the 
German ships, and on this point the comparison 
seems to be in favour of the German ships. The 
first of the German Dreadnoughts were provided 
on the water-line with 11.4-in. armour, the 
Kaisers, laid down in 1911, with 13.75-in. armour, 
and this year’s ship with 15-in. armour. The 
12-in. gun might a this belt, but the 
13.5-in. = ially the 15-in. shell 
of 1950-Ib. weight, would easily defeat it. No 
information, however, is given as to the length of 
this main belt, nor of the protection of other parte 
of the ship. Similarly, the thickness of the armour 
on the earlier battle-cruisers laid down in 1909 was 
9.8 in., and of the later ships 11 in., and here again 
the German ships seem to have an advantage ; no 
information, however, is given as to the length of 
the belt or the effectiveness of the armour in other 
parte of the ship. Obviously, if the armour is 
throughout more effective, greater weight is thereby 
involved, and compromises must have been made 
in other elements of design. It may be that by 
increasing the air pressure in the stokeholds the 


_— is for a less oe an of machinery than in 
ritish ships of the same c ; but, if so, the full 
speed is probably less reliable than under British 
natural-draught conditions. 

In the German battle-cruisers there is inferiority in 
the power of attack, because although our cruiser, 
the Lion, laid down in 1910, had eight 13.5-in. 
it is ouly now that in the German ship Derfflinger 
the calibre has been increased to 12 in., the number 
of guns being eight. The eame armament, accord- 





ing to Nauticus, is to be given to the cruisers 
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laid down in 1912-13. In the future battleships, 
on the other hand, there will be, according to 
Mr. Bywater, ten 15-in. breech-loading guns in two 
triple and two double turrets on the centre line, 
the guns in Nos. 2 and 3 turrets being at a higher 
level, so as to fire over the turrets Nos. 1 and 4. 
The secondary battery will be increased to eighteen 
or twenty 5.9-in. quick-firi ns, 0 that it would 
appear that the 6.7-in. quick-firer, in the case of 
some of the ships now being completed, is being 
abandoned. Mr. Bywater says that ‘‘ as mounted 
in the Braunschweigs and Deutschlands this model 
has been a complete failure, owing to the excessive 
weight of the ammunition, which reduces the service 
rate of fire to something like 24 rounds per minute. 
The new Krupp 8.2-in. 50-calibre model has also 
been mentioned asa likely gun for the secondary 
battery of future ships; but its employment in 
such a capacity is not advocated in responsible 
quarters.” As regards the light cruisers, the 
suggestion is made that the automatic multi- 
lication of such ships under the terms of the 
Sues Law, although impressive on paper, has in 
reality its disadvantages, because there is less time 
for studying the progress of the same class in 
other navies ; and thus, it is said, that vessels of 
this class being built in Germany, which are ob- 
viously intended to act as scouts or destroyers of 
torpedo craft, are defective in armament. The 
fastest vessel of this class is the Strassburg, her 
mean speed ao a six hours’ full-power run 
having been 28.28 knots with 33,742 shaft horse- 
power, the displacement of the vessel being 4500 
tons, her armament twelve 4.1-in. guns, and her 
armour protection a narrow 4-in. belt amidships. 





DEVELOPMENT RAILWAYS. 

Tue great extent of the new countries which it 
has fallen to the lot of the British and American 
people to open up, has probably given them an 
unequalled experience in development railway 
work. It is quite true that there have been 
failures, but, on the other hand, there have been 

ificent successes. It is no wonder that there 
should be risks involved when the great variety of 
conditions encountered is considered. In some 
cases it may be that a solicitous and paternal 
Government decrees that a thickly-populated part 
of Africa shall have a railway system. In others it 
is a question of how to attract private enterprise 
to open up lauds where no settler has yet been, 
and known only to a few hunters. Or it may be 
that, instead of pushing ahead of population, a 
reluctant State has ultimately had to embark upon 
development schemes to provide adequate facili- 
ties for the pioneers, to whore enterprise is due the 
success of our younger colonies. 

The problems to be faced are innumerable. 
There is no fixed way of successfully estimating 
the probable traffic. In the case of a new line run 
through thickly -settled country already partly 
served, or of a line for a new mining centre, there 
are some data to start on. When againa railway is 
tardily carried intoa tract of country already under 
development, a fair estimate may be made of the 
freight possible; but where the actual opening up of 
the country is dependent upon the progress of the 
railway, success is more problematic. There have 
been many cases in which construction costs have 
altogether overbalanced the traffic, even after years 
of patient working, while there are others in which 
it is obvious that ends just meet only because con- 
struction was economically carried out in the first 
case. ; 

In a paper on ‘ Railways for Development 
Purposes,” read on Wednesday, December 3, by 
Mr. G. K. Bell, before the Liverpool Engineer- 
ing Society, we are reminded of a Canadian line 
through very broken country, which “appears to 
go round any rock larger than a haystack” in order 
that all ible expense in first cost might be 
saved. vided the work be of a kind which will 
last fairly wel), there is no reason why develop- 
ment lines should not be cheaply made. It is a 
mistake, naturally, to take so little care in lay-out, 
drainage, Xc., that even with light traffic the 
line entails heavy maintenance costs. The align- 
ment should be planned for years ahead, for, once 
adopted and the surrounding country taken up by 
private holders, a would probably be 


expensive and difficult. In spite of this, however, 
many of the Ameriean lines have lately spent large 
sums on relocating portions of their systems in 
order to get better grades for traflic in one direc- 





tion or another. Such betterment works are justi- 
fied, even at considerable cost, if they add con- 
siderably to the capacity of the line, though not 
directly attracting new traffic. 

The amount which it is safe to expend on first 
cost, and the exact questions which may safely be 
left for future consideration, are very difficult to 
fix. Many of the Australian States are adopting 
the policy of building the cheapest possible line 
in the first instance, the cost in some cases run- 
ning out below 20001. per mile for fixed works. 
It is not to be expected that this figure can be 
kept to save in favourable circumstances, and then 
probably only by the use of second-hand rails, 
and possibly a good deal of subsequent incon- 
venience, owing to detours made to avoid heavy 
construction works. So long, however, as the 
traffic is light, as it is for many years in 
Australia on some of the new lines, there is no 
objection to the use of old rails, nor to a tortuous 
alignment, since time, as Mr. Bell points out, is 
not of such great moment as it i3 in cities, where 
we are now reminded to take care of the minutes 
and the days will take care of themselves. 

Very much depends upon whether the line to be 
constructed partakes of the nature of a trunk line 
or one which has manifest limits. We gather, from 
some of Lis remarks, that much of Mr. Bell’s 
experience relates to trunk lines, or, at any 
rate, to long-distance branches. For such work, 
while it is advantageous to build cheaply, it is 
essential that the work shall be sound, especially 
where, as in America, axle-loads aro fairly high. 
If, on the other hand, a line runs up a valley with 
no exit at the far end, or the future expansion of 
traffic is otherwise manifestly limited by physical 
conditions, or, again, where rolling-stock units are 
small and the country easy, the cheapest construc- 
tion is warranted. Even a second-rate railway 
service is better than team haulage for any but 
moderate distances. It often happens, however, that 
the improvements needed as the traffic grows are too 
longin coming. The price paid for the line is thought 
to be as high as it should be, and further expendi- 
ture is discouraged or med. This is probably 
less likely to be the case in America than in some 
other countries, for there the rolling-stock units 
are large, and the companies appear to be fully 
alive to the fact that a dollar spent in time saves 
many subsequently. 

In Mr. Bell’s paper we are given, among other 
things, an insight into Canadian methods of run- 
ning lines through new country, and of the care 
taken to get a well-located line. Economy is prac- 
tised in the matter of bridges, station buildings, &c. 
As is well known, for the latter a sign-post some- 
times suffices to begin with. Afterwards steel 
bridges are introduced and better ae the 
improvements running concurrently with the im- 
provement in traffic. Stress is laid upon the fact 
that a few extra pounds saved in the original survey 
may result in subsequent heavy construction or 
working costs. This is undoubtedly true, and it is 
advisable, therefore, not to economise in this direc- 
tion. The Canadian method of surveying work 
of this kind seems well adapted to rapid and 
accurate progress. After the necessary preliminary 
surveys, which may, of course, occupy one or more 
seasons, the actual location work is done by two 
a an advance one chiefly for exploring work, 
‘ollowed by the second party 15 or so miles behind, 
doing the actual locating. In a country such as 
Canada, the time of year has a great influence on the 
work which it is possible to do. While hindered in 
many ways, it need not be actually discontinued ; 
in fact, for some parts of it winter conditions seem 
to be rather an advantage. For instance, it 
enables broken rock to be cleared cheaply and 
easily on sledges. 

For concrete work winter conditions are emi- 
nently unsatisfactory, but the work may be pushed 
on with the necessary precautions so long as the 
temperature is anything above 40 deg. to 50 deg. 
below zero. It is then necessary to protect the 
shuttering from the cold and to heat up the materials 
used. Mr. Bell, in his paper, describes how this 
is done. The shuttering is by straw 6 in. 
thick with tar-paper outside. Often steam from a 
boiler is passed through pipes in the straw. 
Another precaution consists of a wind-screen 
erected in the direction of the prevailing wind. 
The gravel for the concrete is warmed by steam- 
pipes, and water brought nearly to boiling-point is 
used in the mixing. The mixer itself is heated 
prior to using, and the stone plums used are also 





steamed or heated. In this way concrete may be 
prepared and dumped with a temperature at the 
site well above zero, so that the necessary chemical 
reaction is assured. In jointing new to old work 
in such weather, the old work has to be steamed 
or otherwise warmed up before more concrete is 
placed. 





THE PROBLEM OF ELECTRIC ORE- 
SMELTING IN NORWAY. 

Wuust electric iron-ore smelting is making 
decided headway in Sweden, where some of the 
largest and best - managed concerns in the iron 
industry are adopting the process on a large scale, 
the new departure did not prove a success at the 
first serious attempt in Norway —that at the 
Hardanger Electric Iron and Steel Works. The 
unsatisfactory working there of a process which it 
was hoped would prove of marked olvenings towards 
the exploitation of the country’s iron-ore deposits, 
has been very fully gone into by experts, the causes 
have been laid bare, as far as possible, and fresh 
experiments now point to the drawbacks attached 
to the working at er en being overcome. 

The matter was the subject of a very interesting 
discussion in the Polytechnical Society in Christiania 
on December 9, several leading experts being pre- 
sent and giving their opinions and experience. 
Mr. Gustaf Odqvist went fully into the causes of 
the Hardanger failure, and agreed with the electro- 
metallurgical committee that the unsatisfactory 
result was the outcome of several co-operating 
circumstances, but disagreed with the committee 
as to the type of furnace adopted not contributing 
its part to the failure. The type in question was 
not, in his opinion, suitable for coke as a means 
of reduction. Besides, the ore used was too 
poor, and a displacement of phases reduced 
the calculated efficiency of the first furnace 
by one-third ; several things also pointed to 
the fact that electrodes of too large a diameter 
had been used at Hardanger. It was difficult to 
exploit the available power economically, there 
having been too large variations in the current. 
It thus proved necessary to have at disposal 
800 kw. more than the average current. The 
numerous stoppages in the working had also a 
most unfavourable effect, both technically and 
financially. The experiences at Hardanger had 
shown that electric iron-ore smelting, with coke 
as means of reduction, could very well be worked, 
but it would not prove financially advantageous 
with the system i at Hardanger. The iron pro- 
duced there was from 13s. 4d. to 15s. 6d. more 
costly per ton than the iron which had been produced 
in Sweden with charcoal as means of reduction, 
although charcoal was considerably more expensive 
than coke. The problem was to find a cheaper agent 
for reduction than charcoal, and a furnace whiee 
coal or coke could be used with advantage. 

Captain Thome, a member of the electro-metal- 
lurgical committee, on the whole endorsed the 
report of the committee, but stated that a new 
and more exhaustive report would be forth- 
coming in the course of the winter. Two other 
members of the committee, who were prevented 
from being present at the meeting, had, he stated, 
found that the electric pig iron produced at Har- 
danger from very poor, and rather impure, ores, 
exceeded their expectations as regarded its quality. 
It would have been advantageous to have had the 
working at Hardanger continued for a longer 
period, but this had not been practicable. 

Dr. Lindermann stated that Professor Farup had 
recently undertaken a series of laboratory experi- 
ments, the results of which would soon be made 
known. These results showed that, if electric iron 
ore smelting were resumed at Hardanger, it would 
have to be worked on different lines, and then good 
financial results could be brought about. It had 
been demonstrated by these experiments that, with 
a small alteration of the furnace, it would be an easy 
matter to produce, with coke as the medium of 
reduction, iron which, in quality, could fully vie with 
the Swedish. 

General Olesen gave some interesting informa- 
tion about the ore smelting at Tinnfos, which, 
amongst other things, proved that very good 
results could be obtained also from the r ores. 
At Tinnfos they are now going to adopt the electric 
— of steel by conveying the pig iron direct 

om the blast-furnace to the steel furnace. German 
experiments had shown that this could be done 
with advantage. 
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THE PHYSICAL SOCIETY’S 
EXHIBITION. 

Tue ninth annual exhibition of electrical, optical 
and other physical apparatus was held in the after- 
noon and evening of Tuesday, December 16, in the 
Imperial College of Science, South Kensington. 
These exhibitions have become an important fea- 
ture of the year, and the attendance proved once 
more how much they are appreciated by those inte- 
rested in the p of science. e e- 
ments were, as before, in the hands of the senior 
secretary of the Physical Society, Mr. W. R. 
Cooper, M.A. In addition to the usual two lec- 
tures, given both in the afternoon and evening, 
several demonstrations had been prepared. We will 
first notice these features, and then proceed toa 
description of the exhibits, as far as possible in the 
alphabetical order adopted in the catalogue. 

rofessor J. A. Fleming gave an excellent de- 
monstration of ‘* The Production of Vibrations on 
Loaded and Unloaded Strings,” a subject which he 
brought before the last meeting of the Physical 
Society (see ENGrngERING, page 810 ante). We 
will add a few words to the abstract of that paper. 
The method of producing vibrations by the aid of an 
electric motor without twisting the string has 
been explained. The far end of the string is 
fastened to a standard sliding on a bed, the 
longitudinal motion of the standard being con- 
trolled by a screw ; thus the tension of the string 
is adjusted. This fixed end of the string is 
always a node ; the attachment to the hook on the 
motor-shaft is not a node, the exact nodal point 
lying somewhere beyond this attachment. The 
wave-length measurements are therefore not made 
on the first wave (close to the motor), but on the 
others. The wave-velocity in a vibrating string is 
equal ton (where n is the frequency and A the 


wave-length) and also equal to a T is the 


tension of the string and p its density. The tables 
of experimental results exhibited proved an excel- 
lent agreement between the two values. Various 
kinds of strings were used, partly doubled or four- 
fold, and partly loaded by ey glass beads (big 
or small) on thecord. A beam of light was thrown 
along the string, and the vibrations were thus made 
clearly visible. When the first half of the cord 
(next the motor) was single and the second half 
four-fold, three standing waves were seen in the 
first half, and six in the second. The same effect 
was obtained by distributing the beads over the 
one half, which thus became heavier. When one 
heavy bead was placed in the middle of the string, 
the main wave was deflected by that bead and 
travelled back to the motor, only part of the 
motion being transmitted over to the other half. 
When the beads were distributed all over the string, 
but rather far apart, the wave-len decreased ; 
slackening the cord also diminished the wave- 
length. Ina string with big beads in the middle, 
and lighter beads on both sides, the wave was not 
stopped. The charm of the experiments lies in the 
fact that they supply an analogue to electric 
cables partly loaded with inductance coils, as, for 
instance, the junction of an overhead line to a sub- 
marine cable. It was shown that where the change 
of density occurs (at the two junctions), the loading 
should be tapering—i e., gradually be decreased— 
to avoid losses by reflection. The string waves can 
be photographed and studied in this way. 

he other lecture was by Mr. Louis Brennan, 
C B., on ‘‘ The Iridiscope and Some Experiments 
on Soap Films.” Mr. Brennan remarked that he 
had taken up the experiments after seeing the rain- 
bow cup of Professor Boys (which we have de- 
scribed), and that his iridiscope was a simple instru- 
ment for producing large-size soap films. The 
instrument consisted of a shallow rectangular trough 
filled with soap solution ; the outfit comprised two 
hooks, attached to a lever along the one short side 
of the trough, and a wire frame, provided with 
two pulleys, the frame yee tar by hand. A very 
fine rubber band was stretched over these pulleys 
and the hooks ; when the frame was pulled out by 
hand, the band formed a rectangle, and a rect- 
angular sheet soap film was obtained, the length 
depending upon the pull. These soap films could 
be twisted, and shown in different planes when the 
trough was mounted in a framing opposite a lantern, 
or shown as transparencies. The soap solution in 
the stretched film was, of course, in circulation, and 
variations of the colours in the streams could well 


* How the Dazzle Caused by Motor-Car Headlights 


Mr. Brennan’s assistant through a fine tube, the 
circulation became very rapid ; but a clearing re- 
sulted, and big quiet hes of blue, yellow, &., 
appeared. Finall ’ . Brennan placed one or 
two rings made of human hair on the film, and 
ierced the soap film within these rings ; then black 
Som moved about on the film when it was blown 
upon, and the one ring would describe a kind of 
etary orbit about the other. The part of the 
fim struck by the jet of air looked like a black 
funnel. 

The demonstration given by Mr. W. E. Curtis, 
who is working with Rae Fowler, concerned 
the spectrum of helium under a pressure of several 
millimetres, the secondary circuit comprising a con- 
denser and aspark-gap. Under suitable conditions 
the spectrum showed a number of bands which the 
experimenter ascribed to the helium, and not to the 
hydrogen (always present), because the concentra- 
tion of the hydrogen seemed to make no difference. 
This question has been much discussed of late. Mr. 
F. J. Harlow demonstrated ‘‘Ionisation by Col- 
lision and Thermo-Luminescence.” A spherical 
bulb was surrounded by a coil to produce an 
electrodeless discharge in the bulb. Within 
the bulb were two Wehnelt cathodes, small 
coils of platinum, the one coated with lime, the 
other with aluminium phosphate ; these coils could 
separately be heated electrically, and when this was 
done the discharge became much brighter, because 
ions were given out by the glowing mineral. In the 
thermo-luminescence experiment a strong outer dis- 
charge was used, the cathodes being cut out; the 
outer current was then ogee, and one of the 
cathodes was heated; it glowed feebly at first, 
the glow vanished again, and then became very 
bright yellow or blue (with the phosphate) These 
experiments were recently described before the 
Physical Society. Mr. Harrison Glew showed ex- 
periments with ionium, radium, mesothorium, &c., 
as in the last years. 

Dr. G. W. C. Kaye and Dr. E. A. Owen, of the 
National Physical Laboratory, showed ‘‘ The Inter- 
ference of X Rays for Rendering the Laue Crystal 
Patterns Visible.” The subject was mentioned by 
us in our notice of Professor Bragg’s British Asso- 
ciation paper.* The crystal (rock-salt) was placed 
on a table in front of a screen behind which the 
X-ray tube was mounted, Through a hole in the 
screen a beam of light fell upon the crystal and 
then upon a fluorescent screen. The bright central 
spot on the screen appeared surrounded by a num- 
ber of fainter and smaller bright spots which were 
all situated on ellipses passing through the centre. 

Professor J. T. Morris, of East London Col- 
lege, showed a simple, instructive ‘‘ Apparatus 
for Measuring the Pull of Current-Carrying Con- 
ductor when placed in a Magnetic Field.” The 
copper wire carrying the current forms part of a 
ced quadrangle, the one side of which lies in 
the gap between the two poles. This apparatus is 
due to Mr. Murphy. The other demonstration, 
that of the ‘Electric Arc as a Standard of 
Light,” concerned the Y arc (with three elec- 
trodes) of Professor Morris and Mr. J. F. Forrest, 
which was also brought before the British Associa- 
tion at Birmingham.t A silent arc, it was stated, 
gives an intensity of 162 candles per sq. mm., 
correctly measured within one candle, and the 
experiments are certainly promising both for 
photometry and pyrometry. The difficulty is the 
exact determination of the area of the diaphragm, 
which is a hole of about 1 sq. mm., provided in a 
screen of nickel sheet; the screen is to be placed 
near the arc, within 5 mm. or so; the nickel plate 
is stout, but the hole is countersunk. 

Messrs. OC. C. Paterson and D. P. Dudding, of 
the National Physical Laboratory, demonstrated 


can be Mitigated.” Their suggestion is to prevent 
the bee gor light to the right-hand side of the 
road and above the horizontal, while full light is 
left over the whole width of the road below 
the horizontal, and also on the left-hand side, above 
the horizontal, so that drivers and pedestrians, 
approaching on their own side of the road, are 
illuminated up to a height of 3 ft. or 4 ft., but 
their eyes do not meet any direct or reflected light. 
This object was well realised by the proposed 
arrangement, in which one semi-circular screen was 
P in front of lamp, and a smaller screen (a 
quadrant) behind it in the focus of the mirror. 





Mr. F. S. Phillip, of the College of Science, 
demonstrated the ‘‘ Phosphorescence of Mercury 
Vapour,” the only case of phosphorescence of gases 
or vapours so far observed, he considers. The 
apparatus consists of a vertical quartz tube, closed 
below, and containing some mercury, which is 
kept boiling by a Bunsen burner, so that mercury 
vapour rises, condenses in the upper part of the 
coke, and returns to the liquid below. A beam of 
ultra-violet light strikes the tube just above the 
liquid surface, and the tube phosphoresces green. 
The ionisation in the mercury vapour was said to 
be very small. By phosphorescence, Mr. Phillip 
understands a continued glow isting for some 
time, while fluorescence would be an instantaneous 
effect. The experiment which Professor Collie 
showed at the Royal Society Soirée—he shakes 
vane A righ neon =e — and observes a 

utif ight orescence, iall 
when the tube is cated —Mr. Phillip as = 
electric (frictional) discharge phenomenon. We 
may refer our readers to our issue of January 28, 
1910, page 116, as to Sir J. Dewar’s experiments 
on phosphorescence of solids at low temperatures. 

The Indicator for Internal-Combustion Engines 
shown by Dr. W. Watson, F.R.S., was used in 
the remarkable series of experiments on the effi- 
ciency of four-cycle and two-cycle engines, and on 
the internal pressures at various spook and admis- 
sions, &c., which Dr. Watson and Mr. R. W. 
Fenning brought before the Institution of Auto- 
mobile y Seren. in 1910. His ‘‘ Apparatus for 
the Spectroscopic Examination of a Burning Ex- 
plosive Mixture” consisted of an engine, the 
cylinder of which was fitted with a quartz window 
through which the flames of the coil sparks are 
observed ; the light falls through a revolving 
slotted disc or enters a 8 pe; the stroke 
can be varied by the aid of a lever. These experi- 
ments are being conducted by Dr. Watson and Mr. 
Judge. 

Passing to the exhibits, we notice the apparatus 
of the Bausch and Lomb Optical Company, of 37, 
Hatton-garden and New York. The new universal 
‘** balopticon” is a lantern so constructed that it 
can be used for the projection of transparent and 
opaque objects, in the horizontal or vertical plane, 
of microscopic objects, X-ray plates, spectra and 
moving pictures, the changes being accomplished 
in a few seconds. The objects for solid projection 
are placed on a hinged platform under the lantern. 
The new combined drawing and pa sep 
apparatus serves similar pu for low and high- 
power photomicrography in horizontal and vertical 
positions ; the picture appears on a vertical screen 
or on a horizontal table convenient for drawing. 
The arc, the microscope, and the camera are ordi- 
narily in the same horizontal axis, but the camera 
can be tilted. We may say here that the wonderful 
perfection that has quite recently been achieved in 
projection apparatus was well brought out in the 
exhibition. he firm also displayed microscopes 
with physiological So. 

Messrs. R. and J. Beck, Cornhill, E.C., exhi- 
bited an improved form of the Lumeter, and also 
microscopes and Thorpe gratings. 

The novelty of the X-ray tubes of Messrs. A. O. 
Cossor, Limited, Farringdon-road, E.C., is that they 
are made of lithium glass to be more trans t to 
ultra-violet rays, and that they are provided with 
iridium targets, to be more durable; the iridium forms 
a disc cast into the hollow of a copper yn 
Messrs. Crompton and Oo., Limited, Salisbury 
House, E.C., exhibited a new portable voltmeter 
with 6-in. scale for five ranges, all set with the aid 
of one switch. The new battery-testing voltmeters 
are of the moving-coil type and very light. 

The astronomical lenses exhibited by Messrs. 
J. H. Dallmeyer, of 25, Newman-street, W., com- 
prised one similar to the lens made for the Observa- 
tory at Johannesburg, 11 in. focal Jength, and 
aperture F/3.1. In the new lenses for kinemato- 
graph cameras (for indoor work) the aperture is 
still more remarkable, F/1.9, while in the lenses 
for photographing flying birds, &., a res of 
F/4, &,, are nue g e firm also exhibited Dall- 
meyer flap shutters, fitted with a metallic Antinous 
release in the place of bellows and ball and tube; 
the new disc shutters, on the other hand, are two- 
leaf shutters, worked by squeezing a rubber ball 
slowly or rapidly, a time-valve being added to the 
device, 

Messrs. Elliott Brothers, Westminster, showed a 
large collection of electrical a tus, and also an 








be observed, When the film was blown upon by 


* See ENGINEERING, page 422 ante, 
+ Ibid., page 450 ante. 
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ments exhibited by Messrs. Evershed and Vignoles 
are fitted with the Murday patent pen, which 
gives to the chart record rectan co-ordi- 
nates in the place of the usual curved hour-lines ; 
in the disc chart the lines become radial, so that 
the record is a true polar curve. The ‘‘ Megger” 
testing-sets and Ducter potential ohm-meters of 
the firm are well known. 

The instruments of the Foster Instrument Com- 

y, of Letchworth, were noticed at some length 

y us last year. The fixed-focus radiation pyro- 
meter can be used on molten metal by means of a 
closed-end refractory tube, or for black-body fur- 
nace work with open end. In the Hoskins 
thermo-couples and pyrometers nickel-chromium 
and nickel-cobalt are joined to couples, which serve, 
for instance, for direct immersion into molten 
brass. The two stout alloy wires are rods, } in. 
square and 3 ft. long. The molten metal is sup- 
posed to clean the junction of metal adhering from 
the previous immersion without attacking the alloy, 
and it is claimed that a hundred and more observa- 
tions can be made with one couple ; it is essential 
that the alloy be free of iron, of which nickel and the 
other metals mentioned are not free, as a rule, of 
course. Hoskins pyrometers are also used for super- 
heated-steam pyrometers. The recording pyro- 
meters can be fitted with an attachment to give an 
alarm when the temperature exceeds certain limits. 

The independent plug contacts of Messrs. 
Gambrell Brothers, of 23, North Side, Clapham 
Common, 8.W., are to avoid the trouble experi- 
enced in ordinary plug resistance-boxes, where the 
withdrawal of one plug is apt to loosen those near. 
From the box project a number of slotted, conical 
terminals, and a kind of thimble is pressed down on 
these pins and given a slight twist ; contact is then 
made over a wide surface. In the new moving-coil 

alvanometer of Mr. André Onwood, also exhibited 

y Messrs. Gambrell, the movement is suspended 
below the ooil, from the centre of the core which 
the coil surrounds ; the suspension thread 
through a tube. When the instrument is tilted, 
the field oscillates so that the calibration remains 
correct without levelling ; permanent sensibility is 
claimed, also, for the reason that suspension is 
used instead of pivoting. 

Messrs. Graham and Latham, of 104, Victoria- 
street, Westminster, had on view variable large and 
small air-condensers, blocking condensers, receiv- 
ing sets for wireless time signals, ‘‘capstan” and 
‘* cartridge ” (multiple and magazine) detectors, 
and tuning inductances. 

Messrs. J. J. Griffin and Sons, Limited, of 
Kemble-street, Kingsway, showed further develop- 
ments of the gyrostats of Dr. James G. Gray, of 
Glasgow, which we noticed last year. The gyro- 
static motor-car consists of two parts, which are 
connected by a sleeved joint; each part runs 
on one wheel, and the two wheels are in tandem. 
A pee with horizontal axis is rigidly connected 
with the front while the rear carries the 
propelling mechanism. On the frame of the gyro- 
stat is a sliding weight ; when the weight is central 
the car is balan and runs straight; when 
not, the car describes a circle to the right or left. 
Any tilting of the car causes the gyrostat to pre- 
cess, 80 that its axis turns in a horizontal plane ; 
the wheels, consequently, get out of line, and as soon 
as this ocours the rear car applies to the front a 
force accelerating the precessional motion. The 
electric hot-plate of the firm is made of aluminium, 
and forms a shallow basin, which is fitted with a 
removable cover age with a rim ; the heating 
is by nichrome foil, and the temperature can, by 
turning a screw, be kept constant within 1 deg. 
or 2 deg. Cent. up to deg. Cent. Rainbow 
cups and, further, soap-film apparatus for lantern- 
slides, due to Mr. F. rd, were also exhibited. 

The Cambridge Scientific Instrument Company, 
Limited, had, as usual, a | number of novelties 
on view. The electrostatic oscillograph of Professors 
H. Ho and 8. Koté was recently described before 
the Physical Society ;* their advantage over electro- 
magnetic oscillographs is that comparatively small 
condensers replace the large series resistances of the 
ig Be cary In the new standard coils of Mr. 
Ww. ell porcelain insulation is substituted for 
ebonite insulation inside and outside the metal case 
which is filled with oil. The silk-covered i 
wire, non-inductively wound in one layer, hasa oes 
cooling surface ; the temperature coefficient is 0.002 
per cent. per deg. Cent., the accuracy within 0.005 





* See ENGINEERING, page 746 ante. 





per cent. at 20 deg. Cent., and the thermo-electric 
orces are negligible. The coils shown were of 
1 ohm, 10 ohms, and 10,000 ohms. The copper 
leads are soft-soldered with the porcelain insu- 
lators, which are platinised before soldering. 

The Coblentz linear thermopile, specially adapted 
to the use of meteorologists by Mr. W. W. Coblentz, 
of Washington, consists of a series of silver- 
bismuth couples, twenty junctions being ham- 
mered flat and. so arranged that the hot junc- 
tions lie in a straight fine (see Fig. 1). The 
junctions are coated with a mixture of lamp-black 
and chemically precipitated platinum-black ; this 
coating is said to impart superior absorptive power, 
thermal conductivity, and sensitiveness to the piles, 
which are stated to be far more sensitive than those 
of Rubens and others. The black receiving area is 
12 mm. by 1.3 mm. The cold junctions are on 
alternate sides of the central hot junction, and the 
couples are firmly mounted in an ivory frame 
within a cylindrical casing. Our diagram explains 
the arrangement. The instrument is coupled with 
a Paschen galvanometer, which is primarily in- 
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in the diagram, two pulleys, two worm-wheels, and 
spur gearing ; a spiral spring which encircles the 
shaft acts as a clutch to engage one worm-wheel 
with the spindle, when desired. A special contact- 
breaking device interrupts the current to the 
recording apparatus at the completion of one revo- 
lution, so as to avoid overlapping of the records. 

The crack micrometers, designed by Mr. Horace 
Darwin, measure the relative movements of a 
building on opposite sides of a crack. Supposing 
a crack is developing in a wall. Steel pins, one or 
more pairs, 15 mm. in diameter, are cemented in 
the stone, one on either side of the crack, as nearly 
as possible parallel to one another, and the several 
micrometers are successively rested on these pins to 
take measurements. Micrometer A, lying in the 
foreground of Fig. 3, gives the distance from the 
first pin at which the second pin cuts a fixed plane 
normal to the first pin ; the winged end of A rests 
on the one pin, and the micrometer head is turned 
until the sharp point touches the second pin ; this 
measurement can be made within 0.005mm. The 
micrometer B, to the left of the figure, determines 
the level difference between the pins, and C, to 
the right, determines whether the one pin projects 
more than the other. The adjustment of the pins 
is made with the aid of the gauge shown behind 
the micrometer A. 
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tended for radiometry measurements ; the galva- 
nometer shown had two groups of 13 very small 
magnets attached to a glass thread, suspended from 
a quartz fibre. 

wo instruments, designed by Dr. Keith Lucas, 
F.R.S., for physiological research, deserve mention. 
The contact-breaker is to open electric currents at 
definite very short intervals, ranging from 0.00018 
to 0.04second. The instrument may be described 
as a sector ; the radius is a steel blade, or spring, 
18 in. long, placed edgeways. Two keys (fi with 
contact wires)are mounted close tothe calibrated arc; 
the one key on the outside of the arc is stationary, 
the one on the inside can be shifted. To use the 
instrument the blade is bent sideways and clamped; 
when it is released, the blade sweeps over the two 
keys. When the two keys are in the eame radial 
line, the two contacts are broken at the same 
moment ; when the inner key is shifted, there will 
be a definite interval between the breaking of the 
two contacts. The instrument is standardised with 
the aid of a —— and two string galvano- 
meters. The seconda is the Lucas rotating 
drum, distinguished by a simple arrangement for 
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— the speed in the ratio of 1 to 360. 
gear (Fig. 2) is interesting. It comprises, as shown 


3. 


The Joly apophorometer, or sublimate mea- 
surer, of ame J. Joly, of Dublin, is an 
apparatus for the ready analysis of ores, &c., by 
sublimation, recommendable particularly also when 
small bulks of the material are only available. 
The respective sample, powdered if necessary, is 
put on a platinum strip, which is heated by an 
electric current and held between two watch- 
glasses. The heat causes any volatile substance— 
for instance, the sulphur of a sulphide—to pass off 
in vapours, which are condensed on the upper watch- 
glass, which is then weighed. The instrument is 
calibrated so that the readings of the ampere-meter 
directly indicate the temperature of the strip. 

The last instrument of the Cambridge Scientific 
Instrument Company which we mention is a copy 
of the Royal Aircraft Factory pattern of a ripo- 
graph ; we postpone an illustrated description of 
this apparatus till next week. 
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NOTES. 
Tue Testinc oF CONCRETE. 

In a paper, recently read before the Concrete 
Institute, Mr. W. Laurence Gadd, F.I.C., criticised 
adversely many of the methods of testing concrete 
now in use, and he included in his objections certain 
clauses in the specification of the British Standards 
Committee. In particular, he denounced the regu- 
lation that cement, before testing, ‘‘ shall be spread 
out for a depth of 3 in. for 24 hours, in a tempera- 
ture of from 58 deg. to 64 deg. Fahr.” The obj 
of this test, he stated, was to cool the cement, and 
to bring the cement to a similar condition as if 
stored in casks or sacks for two or three weeks. 
By actual test he had found that there was no 
relationship between the effects of aerating cement 
for twenty-four hours and stowing it in sacks for 
two weeks or a month ; and further, that the setting 
time was differently affected when the same cement 
was aerated or stored in bulk in different localities 
and at different times. In respect to fineness, he 
maintained that it was preferable to specify the 
size of the holes in a sieve rather than the mesh 
and the diameter of the wires. He further ob- 
served that the British specification merely stipu- 
lated that 100 grammes of the cement should be 
sifted for 15 minutes, without mention being made 
of the size of the sieve. He had found by trial 
that if the sieve had an area of 64 sq. in., it retained 
from 17 to 37 percent. more than a sieve of 12 sq. in. 
in area. The specific gravity test, again, , he 
said, no real relationship to the degree of calcination, 
being mainly influenced by the fineness of grinding. 
The standard specification mg that the specific 
gravity was to be 3.15 when freshly ground, and 
3.10 one month after. The difference of 0.05 was, 
Mr. Gadd stated, more than the difference in the 
densities of. good clinker and the lightest under- 
burned ‘‘yellow.” The auto-clave test, now 
sometimes proposed, he also maintained, was mis- 
leading. In this test the eement, twenty-four hours 
after setting, was subjected to the action of super- 
heated water, being enclosed in an autoclave, in 
which the pressure was raised to 20 atmospheres. 
If the briquettes survived this treatment, their 
tensile strength was compared with briquettes 
moulded at the same time, but allowed to en 
in air for twenty-four hours. The heat-treated 
briquettes were required to show 25 per cent. 
greater strength. Actually quite good cements 
failed to withstand the tests. 


IncwENTALS OF Navat Poticy. 


It is well that from time to time the nation 
should be reminded that the building of warships 
is not the only means of providing for future 

ible conflict with other Powers; and 
omas Bell, in presiding at the lunch which fol- 
lowed the launch on Monday last from the Clyde- 
bank Works of John Brown and Co., Ltd., of the 
battle-cruiser Tiger, of which particulars were given 
in last week’s ENGINEERING, directed attention to 
the immense importance of safeguarding our food 
supplies in time of war. This is a question which 
Mr. Booth, the chairman of the Cunard Line, has 
also raised in characteristically forcible language, 
and Mr. Bell reawakened interest in the subject by 
urging that serious consideration should be given 
to the question, because we are dependent on 
countries across the sea for about three-quarters 
of our grain supply and for about half of our 
total food supply. No steps have yet been taken to 
prevent a great shortage in time of war, and, as a 
consequence, there is possibility of famine prices, 
followed by something approaching a panic. It is 
true, as he pointed out, that if owners risk 
their ships, it would be in an abandoned spirit of 
desperation, or by the hope of inordinate gain, and, 
in any case, the consequences would be high prices 
and something like great di ially among 
the working classes. The building of cruisers 
to protect the great trade routes of the world 
is, no doubt, one method of combating this 
threatened evil ; but it may not suflice, and it is 
therefore of the first’ importance that we should 
have some means of ensuring that a war will not 
find the country without an adequate reserve of 
food-stuffs. Another “incidental” of naval defence 
was referred to at the same function by Captain 
Fitzherbert, Superintendent of Contract Work in 
the Clyde Distriet—namely, the intense work which 
now uires to be done in order to keep the 
per: l of the Navy at the highest standard 
of efficiency. He was right in claiming that 


Mr. | pavements. If the old macadam surface 





never before in the history of the Navy was 
the life so strenuous, and he put in a plea 
that when officers and men, upon whom the peaceful 
existence of the nation depended, were willing, 
in the cause of patriotism, to sacrifice some of 
the best years of their lives, the least the nation 
could do was to supply them, not only with a 
sufficiency of ships, but with the best that money 
could bu Sir Edward Vincent, whose wife 
chris and launched the Tiger, referred to 
another auxiliary—namely, the formation of docks. 
He had recently visited Australia in connection 
with the Dominions Royal Commission, and spoke 
of the t importance of harbours having 
sufficient depth to allow the ships to enter them, 
and of docks of adequate size to enable ships to 
be overhauled and repaired. 


Roap Construction. 


In a paper read on December 13, before the 
Manchester Association of Engineers, Colonel R. E. 
Crompton, C.B., Es some highly in i 
notes upon the tive value of tar - ucts 
and of bitumen as a binder for macadam. He holds 
the view that a coal-tar pitch, whatever its hard- 
ness, has the properties of a fluid, just as sealing- 
wax has. As Clerk Maxwell pointed out years 
ago, a stick of sealing-wax supported at its ends 
will bend down by its own weight if given time 
enough, whilst a tallow candle, though much softer 
than the wax will, in similar conditions, remain 
straight, being thus a soft solid. The tar-pitches, 
having fluid properties, Colonel Crompton 
pointed out, a surface tension, and they had thus a 
natural tendency to reduce their surfaces and form 
rounded masses or beads of pitch. The viscosity of 
these beads lowered rapidly with a rise of tempera- 
ture, so that, whilst as brittle as glass in frosty 
weather, they would run freely at 100 deg. Fahr. 
The pure bitumen, on the po hand, possessed, 
Colonel Crompton stated, the properties of a solid, 
and having no surface tension, did not tend to form 
beads and withdraw themselves from the material 
they were intended to cement. They possessed, 
moreover, a certain elasticity or resilience which 
made them extremely valuable as binders for roads. 
The best method of using these bitumens in re- 
constructing roads was, Colonel Crompton said, 
to make the crust in two layers—namely, a 
wearing crust composed of graded sand and 
bitumen, supported by a lower layer of coarser 
bituminous concrete, the latter resting either on 
the subsoil itself or the old macadam surface of the 
road. This latter course could generally be 
adopted in country districts, where the raising of 
the road surface caused no inconvenience ; but in 
towns, levels were already fixed by the kerb of the 
was of 
full strength, Colonel Crompton said that the total 
thickness of the new crust might be made as little 
as 2? in.—viz., 14 in. of coarse material and 1} in. 
of the fine wearing coat. In cases where the 
existing macadam was inadequate the thickness of 


the coarse coat should be 3 in., making the total 


thickness of the bituminous crust 4} in. ; 1 ton of 
the bituminous concrete would thus cover 5 to 8 
superficial according to whether a thick or a 
thin crust was necessary. At present prices bitumen 
cost about twice as much as coal-tar pitches, and it 
was thus very n to economise the amount 
used. In the lower coat 7 to 8 per cent. of binder 
was sufficient, whilst 10 to 14 per cent. might be 
needed in the upper wearing layer. In com 

rock asphalt the bitumen formed, he said, only from 
5} to 84 per cent. of the total weight, the aggre- 


gate being a very fine powder of lime or — 
possible to 


ed | carbonates. So far, it had not been 


produce satisfactory artificial asphalts with so 
small a proportion of binder, which in American 


ractice averaged generally from 94 to 124 per cent. 
Tousiatety cxpettiedle poo t the size and 
the shape of the grains of the te were of 


the test importance. Na sand was too 
rounded, and sand produced by crushing gave much 
better results. In addition, a “filler” should 
also be added, an artificial asphalt containi 
10 per cent. of bitumen, 10 per cent. of filler, an 
80 per cent. of sand, being better than one with 
10 per cent. of bitumen 90 per cent. of sand. 
By using for the ‘‘filler” certain dusts, the resi- 
duals of manufacturing processes in the North of 
England, in place of the expensive Portland cement 
lime process gp a used, considerable 
economies could be effi . Artificial asphalt, 
Colonel Crompton proceeded, should contain also 








some 10 per cent. or less of large grains of sand, so 
as to reduce its slipperiness. 
Tae Measurement or Srress. 


In the concluding lecture of his Cantor course, 
delivered at the Royal Society of Arts on Monday 
ots He, Professor E. G. Coker exhibited the 
beauti experiments > sees light by 
means of which he has s ly evaluated the 
stresses in a number of somewhat complicated 
forms. A full description of these experiments, 
and of their theory, was given in our issue of 
January 4, 1911, and some further results were 
described in his paper read at the Institution of 
Naval Architects in March, and reproduced on 
page 439 of our last volume. It will be re- 
membered that the process consists in form- 
ing the specimens to be tested out of sheets 
of weg hag xylonite, a material which can be 
obtained in aes perfectly parallel sheets of 

ese 


size. specimens are put under strain 
and examined by polarised light, under which the 
strained material appears traversed by bands of 


colour, each colour indicating a certain intensity of 
stress, or rather of stress difference, the effect bein 
proportional to the difference between the princi 
stresses. Thusatany — where the two principal 
stresses are equal and of like signa null effect is 
obtained, no colour being developed ; whilst if the 
stresses are equal and of contrary sign, a maximum 
effect is produced. In many cases one of the prin- 
cipal stresses is zero, or negligible, and in those 
cases the intensity of stress is measured by com- 
paring its colour with that of an auxiliary piece 
canal at right angles to the band under examina- 
tion and stressed by an adjustable load till the light 
which traverses both the part of the specimen under 
examination and the auxiliary piece a free 
from colour. In that case the stress in the region 
in question is equal te that in the auxiliary piece. 
In other cases, however, the second principal stress 
is far from being negligible. In that case the colour 
of a band denotes the difference between the two 
principal stresses, and any method which will enable 
the algebraic sum of the two stresses to be estimated 
will, in conjunction with that already described, 
enable the individual values of each stress to be 
determined. Since the thermal methods of measur- 
ing stresses, described in the previous lecture, gave 
readings ewer + to the sum of the principal 
stresses, Professor Coker said that in certain cases 
this method might, perhaps, be applicable. A more 
generally convenient method was, however, pro- 
vided by the fact that the change in the thickness 
of a body under plane stresses was proportional to 
the sum of the principal stresses, and by means of 
a very delicate mirror extensometer this change in 
thickness could be ascertained with very great 
accuracy. In his own researches he had used an 
instrument which gave readings to half-millionths of 
an inch. In concluding his lecture, Professor Coker 
described two v polariscopes which he had 
devised for extending his investigations to compara- 
tively large specimens. In these instruments the 
polariser consisted of a sheet of black glass set so 
as to reflect at the polarising angle the light (from a 
bank of incandescent lamps) through the specimen 
under observation. A sheet of tissue paper between 
the lamps and the black-glass mirror ensured that 
the light should be of diffused character. In using 
the instrument, the specimen was examined either 
through a small nicol, or by reflection from another 
sheet of black glass set so as to serve as an analyser. 
Quarter-wave plates of mica were in in the 
path of the beam on both sides of the specimen 
under examination. The smaller of the two polari- 
scopes in question would, he said, take in speci- 
mens of nearly a foot square, whilst with the other 
specimens 40 in. by 11 in. could be used. 





Tue Nortu-East Coast INsTiTvuTIon oF ENGINEERS 

-_ pny ay ye —— annual Golleee, will 

e in ing’s , Armstrong on 
Friday, January 23, 1914, at 6.30 for 7 p.m. 


Execrric Heatinc or Cuuncues,—The electric heating 
installation of the Petrus Church, Christiania, has now 
been completed. This is the first installation of its kind 
ia, Semstienrn, Was oliiees ane pew Seley presets ee. 
The electric heating of churches was first started about 
ten years ago in Germany and Switzerland, where it has 
proved sati ry. The electric heating is effected 
means of radiating pipes laid close to the floor, 
the installation is to be comparatively cheap. The 
price pai A te at ee: 3 Seceniaial & penny) 
per r, , of course, y coming 
on at times of light load at the power-station. 
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INDUSTRIAL NOTES. 


Tue Bessemer steel process, which was given to the 
world in the late ’fifties of last century, came ‘‘as a 
boon and « blessing” from numberless points of view. 
At the time, it no doubt created some misery, in that 
it did away with the puddling of iron; but minor 
changes have a similar effect—in point of fact, ladies 
cannot simply change their fashion of dressing with- 
out throwing in the streets, sur le pavé, as the French 
term it, a host of workers. the ic rail- 


way strike in South Wales been fostered and sided | and 


by iron-puddlers—if any still remain—we might, 

rhaps, have found some excuse for their ac 

ut such was not the case, the aider and abettor 
in this instance being a foreign dentist! The an- 
nouncement was made by Mr. J. H. Thomas, M.P., 
at a meeting of railwaymen which he addressed at 
Derby a few days ago. He went up to Swindon, he 
said, where he cross-examined one of the strikers, 
because he was suspicious as to where the money came 
from. He asked 
grams and mass meetings, who was paying for the 
agitation, who was getting the societies, to which the 
men belong, ignored? At first he was refused an 
answer. He then deliberately challenged the man. 
Was it not true that the money was being found by a 
foreign dentist who had not been long in this country, 
and who knew nothing of railway work? He admitted 
in the presence of witnesses that it was so, and that 
he had 10/. from the foreign dentist. The man 
admitted further that every circular sent throughout 
the country to the National Union and to the asso- 
ciated branches inviting the men to join in this 
mov t titutional and unauthorised—was 
actually addressed from the house of this dentist— 
whom no trade unionist knew anything about. Why 
a dentist should interfere in a railway strike is cer- 
tainly a mystery. It is not so surprising why a 
foreigner should do so, for we have invariably found 
that those members of the community who are the 
least satisfied with the methods, manners and politics 
of a country are precisely the foreigners who choose to 
‘* grace” that country by their presence. 


The issue for December of J'echnik und Wirtschaft 
states that a few weeks ago the Hamburg-America 
Line ordered from the Bremen Vulkan Yard, k, 
two large freight and er steamers, under con- 
ditions which differ from those that ruled previously. 
The purchasing company is to repay to the buildi 
company the latter’s expenditure for material an 

and the ex expenditure incurred 
in connection with the construction of the ships. To 
these sums there is to be added a certain percentage 
for contributing to the building company’s sinking 
fund and for a suitable profit. The rounds for the 
arrangement are not known. It ma that the pur- 
chasing company reckons u @ further fall in the 
prices for material, and wishes to have the advan 
of this. The fact that the boilers of the ships in 
question are to be fitted for oil-firing is not, adds our 
contemporary, sufficient in itself to account for this 
departure in the form of contracting. 


We read in the Board of Trade Labour Gazette that 
employment in November continued good on the 
whole. There was a further improvement in the iron 
and steel industry, except in tland, and in the 
ins and glass trades, while the tin-plate 
industry also showed an upward movement. On the 
other hand, the number of pig-iron furnaces in blast 
continued to decline. There was also a falling off in 
most of the textile trades, especially in the woollen and 
worsted trades, and in the weaving branch of the 
cotton industry. The seasonal decline in the building 
and brickmaking trades continued, and there was a 
further seasonal improvement in the printing trades. 
Coal-mining and engineering continued active. It is 
reported by the Labour Exchanges that there was a 
continuance of the demand for labour in the ship- 
building trades, and that in the building trades there 
was still a scarcity of certain classes of workmen in 
some provincial districts, Wages in pig-iron manu- 
facture continued to fall in consequence of the decline 
in prices; in other trades the upward movement 
continued. Compared with the high level of Novem- 
ber, 1912, employment generally showed some falling 
off, which was particularly noticeable in the pig-iron, 
iron and steel, and tin-plate trades. 

Trade unions with a net membership of 967,361 
reported 19,668 (or 2 per cent.) of their members as 
unemployed at the end of November, 1913, com 
with 2.2 per cent. at the end of October, 1913, and 1.8 
* cent. at the end ne pam Ne 

The percentage of insured workpeople unemplo 
at the end of November was 4.1, coapaned with 3. at 
the end of October. 

Returns from firms employing 423,565 work le 
in the week ended November 22, 1913, showed a 











decrease of 0.2 per cent. in the number of workpeople 
employed, and of 0.8 per cent. in the amount of — 
paid, compared with a month ago. Compared with a 


e striker who was paying for tele- | ag 





year ago, there was a decrease of 1.4 per cent. in the 
number of workpeople employed, and of 0.6 per cent. 
in wages paid. 

The changes in rates of wages in November resulted 
in a net increase of 3200/. per week in the wi of 
52,000 bi The principal increases affected 
12,000 bricklayers in London, 4500 ters and 
joiners and labourers at Manchester, 4350 bricklayers, 
carpenters and joiners, &c., at Liverpool, and 9000 
woollen and worsted operatives in the Huddersfield 
district. In North Lincolnshire 2200 blastfurnacemen 
ironstone miners, and in West Scotland 3500 
blastfurnacemen had their wages reduced as a result of 
@ fall in the prices of pig iron. 

The dispu 
continued throughout the whole of November, and is 
still unsettled. The number of disputes beginning in 
November was 77, and the total number of workpeople 
involved in all disputes in p during the month 
was 55,094, as compared with 79,859 in October, 1913, 
and 32,289 in November, 1912. The estimated total 
te duration of all disputes during the month 
red with 1,007,400 


was 857,200 working days, as com 
in the correspond- 


in the previous month, and 297,4 
ing month of last year. 

dealt with during the month include iron- 
dressers, Liverpool ; shipsmiths, Liverpool ; and 
joiners, at Glasgow. Supplementary awards were 
issued during the month the chairmen of the 
Cleveland and Cumberland districts under the Coal- 
Mines (Minimum Wage) Act. Under the Railway 
Conciliation Scheme chairmen were appointed to 
reside at certain boards of the Midland and the 
treat Western Railways. 

The weekly number of vacancies notified to the 402 
Labour Exchanges which were open at the beginnin 
of November, 1912, for the four weeks oem 
November 14, 1913, was 22,051, as compared with 
22,530 in October and 21,749 in November, 1912. The 
weekly number of vacancies filled was 16,861, as 
compared with 16,716 in October and 17,012 in 
November, 1912. 





The French journal La Technique Moderne contains 
an article dealing with ‘‘la semaine anglaise ”—i.c., 
with the early Saturday closing which obtains in this 
country. The resolutions on the subject passed at 
various meetings in different countries are reviewed 
and the opinions expressed by experts are given in 
detail. e article concludes by stating t the 

ing of a law in France to enforce the Saturday 
f-holiday, and to enforce, as a consequence, the 
rturbation which the measure would entail, would 
S rejudicial to the interests of both the employers 
ped employees, owing to the solidarity which exists 
between their interests. Such a reform of long- 
standing conditions must proceed p' ively, fol- 
lowing upon agreements entered upon freely by both 
parties; then only can a law intervene, its object being 
to sanction the departure, not to create it. 


On Tuesday last a meeting of representatives of the 
seven societies affiliated to the National Joint Com- 
mittee of Postal and Telegraph Associations was 
held at the Westminster Palace Hotel, with a view to 
consider the action to be taken concerning the refusal 
of the Postmaster-General to grant the 15 per cent. 
all-round increase in wages demanded by the men. 
On the previous day a meeting was held at Caxton 
Hall to consider the amalgamation of all the postal 
and telegraph associations into one union. The 
amalgamation scheme was , and the union so 
formed is to be called the Postal Workers’ Associa- 
tion. At Tuesday’s meeting a resolution moved by 
Mr.G. H. Stuart, of the Postmen’s Federation, calling 
for an immediate strike ballot, was defeated. It was 

also to carry out Parliamen agitation as 
soon as the Session , with the object of obtain- 
ing further concessions from the Postmaster-General. 
The outcome of the ing is contained in the follow- 
ing official statement, which was issued at the close :— 
**1t has been decided to over any settlement on 
the Holt Report, or any question of taking drastic 
action, until an —_ has been made to Parlia- 
ment; in the meantime every effort should be made 
to secure all available support. The question of 
an early strike ballot was considered, but was de- 
feated in favour of the above.” 


From 1898 to 1912, says the Moniteur Industriel, 
the length of the five great French railway systems 
has increased by 238 km. (149 miles), and the number 
of train-miles run has increased by 33 per cent. This 
result has been obtained by an increase of 30 per 
cent. in the staff, and by an increase of 40 per cent. 
in the working expenses. Efforts have resulted 
in an increase of 2) per cent. in the net receipts. 
The shareholders have been paid 4,717,147 francs 
(188,000/.) more in 1912 for interest and dividends 
than in 1898, equal to an increase of 3.17 per cent. 
Daring the same period the ratio of working ex 
to gross receipts has risen from 49.09 to 57.73— 
an increase of 8.64, or over 20 per cent. In 1912 








tein Dublin, which began in September, | pensi 





the shareholders received a total sum of 154,582,196 
francs (6,180,000/.), while the companies e ded on 
ions, &c., in favour of their personnel 128,399,559 
es (5,135,0u0/.); the bill amounted to 
580,638,841 francs (23,200, .). The expenditure 
on pensions, &c., the total of which is 5,135,000/., is 
divided as follows:—Pensions, in round fi ys 
3,500,000/. ; subsidies in cases of sickness and death, 
440,000/. ; gratuities, 480,000/. ; allocations to com- 
pensate for dearness of food, 295,000/.; schooling 
e , 30,000/.; subsidies for large families, 
190,000/.; help and subventions, 225,000 The last 
figure includes oe to co-operative stores and 
dining-rooms for the men. This total ex iture on 
ions and so forth means an annual average of 
478 francs (19/.) added to the wage of each employee. 





On Wednesday, the 10th inst., and the following 
days, practically the whole of the men employed by 
the Leeds Municipality, including those working in 
the gas and electricity works, the tramwaymen, the 
scavengers, and the grave-diggers went out on strike, 
and are still, in part, on strike at the time of writing. 
The inhabitants have been put, and are still being 
put, to inconvenience, but from the commencement their 
representatives tackled the problem so suddenly thrust 
upon them, and they have been demonstrating the truth 
of the fact that although each member of a community 
has a place in that community for the time being, no 
member, whatever be his standing, is an absolute neces- 
sity. If the services of a man of genius in civil life, 
those of a great general, or those of any other per- 
sonality, can be dispensed with—must even be dis- 
pensed with when their hour comes—a cessation in 
the services rendered by other men occupying lower 
situations in the social scale will not prevent the world 
from going round. In the case of the Leeds dispute, 
aldermen, engineers, clerks, and students immediately 
gave their time, and have been working the gas-retorts 
and power-stations and running the tramways in the 
daytime, whilst the householders have maintained their 
door fronts clean and the graves have been prepared 
by the men employed by the undertakers. The strike 
now shows signs of collapsing, the first men to resume 
work being @ number of tramwaymen. The action of 
these men in striking was not justifiable, since their 
wages had been advanced a few months . So far, no 
outside labour has been imported into the town, the 
inhabitants have met their own needs, and the Cham- 
ber of Commerce has urged the municipality to stand 
firm, the citizens having declared their readiness to 
suffer any further inconvenience and any loss. 

The City Council held a meeting last Wednesday, 
when Alderman Wilson, the leader of the Council, 
moved a resolution rer mare He matters to a special 
committee consisting of three Unionists and two Liberal 
aldermen. This resolution was accepted ; the Labour 
members alone voted against it. The Labour members’ 
motion, to the effect that the committee should consist 
of five Unionist, three Liberal, and two Labour 
members, was thus not given effect to. There is there- 
fore not a Labour member on the ial committee, a 
fact which is welcomed by the citizensof Leeds. This 
indicates that the latter are standing firm, and that 
the men will have to return on the special committee’s 
terms. The committee immediately began its work, 
and on Wednesday evening it issued an ultimatum to 
the strikers; this allows the men until 6.30 p.m. 
to-day (Friday) to apply for reinstatement. If by 
that time they do not send in their applications, their 
places will be filled by selecting other men whose 
names appear on the Corporation’s books. 





Another unconstitutional railway strike, involving 
about 500 platelayers employed on the Manchester, 
Liverpool, and peng ot sections of the Cheshire 
lines, was declared on Monday last, the reason of the 
strike being the suspension by the company of a score 
of men who had declined to do special duties, and the 
failure of negotiations entered into by the representa- 
tives of the company and the men’s local leaders. Mr. 
J. E. Williams, the general secretary of the National 
Union of Railwaymen, has warned the local leaders 
that the Union cannot be held res ible for conse- 
quences, the action of the men having been taken on 
their own initiative. Besides the reinstatement of the 
twenty men in question, the men demand a higher 
wage and better conditions of work. They ask that 
their wage of 21s. 6d. be raised to 25s, 


A conference of masters and men, in which English 
labour delegates also took part, was held yesterday in 
Dublin, with a view to reach a settlement of the 
dispute; but Mr. Larkin has returned to Dublin, 
where he continues to act as an irreconcilable. He 
appears to want to retain a position of supremacy in 
the matter, and to dictate the terms of the settle- 
ment. He has issued a manifesto, in which he 
complains in violent terms of the steps taken by 
different trade unions. At the time of writing it is 
difficult to foretell what the outcome of the conference 
will be. 
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THE LATE MR. DAVID BELL. 


By the death, on the llth inst., of Mr. David Bell, 
at his residence, 19, Eton-place, Hillhead, Glasgow, 
there has passed away a shipbuilder who was closely 
identified with the progress of the industry from its 
earliest years. e was born close to field 
House, the home of the Napiers, and imbibed in his 
youth the spirit of marine engineering, his mother 
being related to the Napiers. It was therefore 
natural that he should at once enter upon a career in 
the marine industry. He was J gg cons to Robert 
Napier, and steadily advanced, becoming leading 
draughtsman and being associated with Napier in the 
preparing of estimates for many of the ships built 
about fifty years ago. He continued with the firm as 
long as the Napiers were associated with it. In the 
early ‘eighties he joined two of the younger genera- 
tion of Napiers, along with Mr. Shanks, in founding 
the firm of Napier, Shanks and Bell, who carried on 
the business of shipbuilders for very many years in 4 
yard founded by them. Ultimately it had to be 
dis of, in order to make way for the construction 
of the Rothesay Dock at Clydebank of the Clyde 
Navigation ‘rust. The firm was afterwards recon- 
structed to lay down works lower down the River 
Clyde, Mr. Bell retiring from it and joining the staff 
of the Clyde Shipbuilders’ Association, where he con- 
tinued to do useful work, not only by reason of his 
technical knowledge, but of his ripe judgment. 

Mr. Bell from the very earliest years took a deep 
interest in the history of ae and was a 
methodical and painstaking collector of authenticated 
records concerned with the early steamships built on 
the Clyde. He possessed many valuable docu- 
ments, dating from the first British steamship, 
the Comet. On the cccasion of the Comet’s cen- 
tenary celebrations last year he joined the com- 
mittee. He was one of the must useful members 
in the preparation of the Exhibition in connection 
with the centenary, and, further, in the movement 
which culminated in the erection, in the Southern 
Necropolis of Glasgow, of a suitable memorial to 
Mr. John Robertson, the engineer of the Comet. He 
was also a collaborator in the preparation of the ‘‘ Life 
of David Napier.” Indeed, in all publications con- 
cerned with the history of the industry he lent a willin 
hand. Although about 75 years of age, he continu 
in good health almost to the day before he died, when 
he was at the office of the Clyde Shipbuilders’ Associa- 
tion. Suddenly he became seriously ill, and died 
withia twenty-four hours of his first collapse. He 
is survived by one son, & minister in the south of 
Scotland, and one daughter. 








THE TRIALS OF THE HUMPHREY PUMPS 
AT CHINGFORD. 

THE official tests of the Humphrey pumps” at Ching- 
ford had to be extended over a considerable period, 
owing to an insufficiency of water in the River Lea ; 
but both the efficiency and endurance tests have now 
been most satisfactorily completed. The consumption 
tests were made in June last. The contractors had 
given, under heavy ties, a tee that the 
tuel consumption should not ex 1.1 lb. of anthra- 
cite per actual water horse-power hour, and Mr. W. B. 
Bryan, to whose characteristic courage the Metropolis 
is indebted for the installation of this very economical 
_ has stated in his official report to the Water 

rd that the average fuel consumption of the four 
large pumps was 0.931 lb. per water horse-power 
hour, whilst the small pump, rated at 20 million 
allons a day, gave the remarkable average figure of 
).8 lb. of anthracite—the err average of the whole 
five pumps being 0.904 1b. of anthracite per water 
horse-power. In the same report Mr, Bryan states 
that whilst each of the large pumps was specified to 
lift 40 million gallons per day, the actual average 
discharge was 47.5 million gallons 
small pump, specified to lift 20 million gallons a day, 
actually raised 26.1 million gallons ~The higher 
efficiency and relatively larger output of the small 
pump is mainly attributable to the valve area pro- 
vided being gary | greater than it is in the 
four large pumps. It is of interest to note that the 
low consumptions noted above have been realised in 
spite of the low-compression pressure, which was-only 
lb. per sq. in. The maximum pressures attained on 
the cushion and the explosion strokes were each about 
110 Ib. per sq. in. The actual efficiency of the pum 
refe’ to in the “air cycle ” was 82 per cent., the 
pumps converting into work 234 per cent. of the total 
heat of the gas. The efficiency of the producers was 
per cent. 


rather over 
At the date of Mr. Bryan’s report, July 11, 1913, 
ing toa lack of water in the 


the pumps had not ( 

River Lea) been able to complete the specified endur- 
ance test, of running each pum Pp. continuously for twelve 
hours per day for seven days. The pumps had, however, 


* For detailed description see ENGINEERING, “Feb- 
ruary 14, 1913. 





r day, whilst the | the 


already delivered 1750 million into the reser- 

voir, and on December 5 Mr. Bryan announced that 

—_ endurance tests had been satisfactorily com- 
eted. 

The tests were carried out by the engineers to the 
Water Board, representatives of the Humphrey Pump 
Company, of 38, Victoria-street, W.C., and of the 
Dowson and Maron Gas Plant Company being also 
present. A very complete report of the trials has 
been drawn up by the Humphrey Pump Company, to 
whom we are indebted for the very full abstract we 
reproduce below :— 


Test or Humpurey Pompinc Puiant INSTALLED AT 
Kine George V. Reservorrn, CHINGroRD, MIDDLE- 
SEX, UNDER THE SUPERVISION OF Mr. WILLIAM B. 
Bryan, M. Inst. C.E., Carer Enoinerr, Merro- 
POLITAN WATER Boarp. 

Particulars of Pumping Piant.—The pumping plant, 
which was supplied by the Pump and Power Company, 
Limited, 38, Victoria-street, Westminster, 8.W., to the 
order of the Metropolitan Water Board, consists of five 
Humphrey in - combustion ? working on 
producer gas, the gas being amelied y four Dowson 
pressure producers gasifying anthracite coal. The pumps 
were ——s by the Pump and Power Company, and 
constructed by Messrs. anes Brothers Dynamo 
Works, Limited, Stafford. The — plant was con- 


structed by the Dowson and Mason Gas Plant Com- 
pany, Limited, Levenshu . Four of the 
pumps were each to be capable of delivering 40,000,000 


gallons of water per day of 24 hours, or 27,780 
= minute, and the remaining pump to be capa! of 
elivering 20,000,000 gallons per day of 24 hours, or 
13,890 gallons minute, the water | raised in all 
cases to a height of from 25 ft. to 30 ft. The og 
of the ‘‘drowned-suction four-stroke-cycle ” type. bree 
of the Dowson producers were each to be le of gasi- 
fying 370 1b. of anthracite per hour, and remaining 
mse; Fas to be — of gasifying 138 lb. per hour. 

The pumping t is installed for the purpose of rais- 
ing water from the River Lea into the large storage re- 
servoir at Chingford, Essex. A diagram showing the 
arrangement of the pum producers, waterways, &c., 
is given in Fig. 1, page ‘ 

Guarantees.—The contract required that the fuel 
consumption for each pump should not exceed 1.1 Ib. of 
anthracite gasified in the ape Og actual water 
horse-power hour, when working at full load during an 
official trial of six hours. (The ex ion ‘‘actual water 
horse-power hour” means the work done in raising the 
actual quantity of water pumped, the lift being measured 
as between the average suction level in the pump-pit and 
the average water-level in the delivery tower.) The 
manufacturers of the producer plant teed their 
producers to generate 78 cub. ft. of gas having a calorific 
value (lower scale) of 150 B.T.U. per cubic foot from 1 Ib. 
of suitable anthracite coal. The quantity of producer gas 
made naturally depends upon the prevailing tem ture 
and pressure ; for instance, if the temperature of the gas 
is higher than normal, the volume of gas will be greater, 
but the calorific value per unit volume will be less. In 
-— case, the producer efficiency tee would not be 
fulfilled if, from 1 Ib. of coal gasified, the total heat units 
in ae le (lower value) should be less than 150 x 78 

Considering the pumps themselves, apart from the pro- 
ducer plant, and assuming the latter to perform the 
guarantee exactly, the pumps, to fulfil their guarantee, 
must have an over-all ti al efficiency of 19.7 per cent., 
calculated from the heat units supplied in the gas and 
the work done in water raised. 
ing Out Tests.—The methods adopted 
were agreed as between Mr. W. B. B M. Inst. C.E., 
chief engineer of the Water Board, and Mr. H. 
Humphrey, M. Inst. C.E., on behalf of the Pump and 
Power Company, Limited. It was decided to carry out 
the producer tests independently of the pump tests; that 
is to say, a six-hour test on each of the producer units was 
first made in order to ascertain for each producer the 
quantity and heat value of the gas made per 1 lb. of 
anthracite used. A six-hour test on each pump was then 
carried out to ascertain the amount of gas consumed, and 
the total heat value of the gas per actual water horse- 
power hour. Combining the results of the pump tests 
with the average result obtained from the ucer tests, 
coal consumption per actual water horse-power hour 
was determined. 


Propvucer TEsts. 


Each producer was tested for a period of six hours. 
The height of the fire was measured at the beginning of 
the test, and maintained ee py mee A constant, and in 
nfl. cases the level at the end of the test was the same as 
at the beginning. 
every 15 minutes, and the gas made was measured 
a gas-meter and was burnt. The meter was of the rotary 
type and was calibrated before and after each test against 
fall of a gas-holder. By ing a valve ‘ 
the outflow of gas was contr until the gas-holder 
remained approximately stationary, when the quantity 
ap mocngn Be meter sees yt made 
producer. Starting wi e holder ‘ 
ducer was suddeal out out, and then the time teken 
for the holder to ae ee 
the gas-meter were taken. The results of these tri 
are given in Table I. 
During the producer test the total yo A ap 





was determined from the difference ween the initial 
and final readings of the gas-meter, i 
to the calibration by the gas-holder. The height of the 


Coal was fed into the producer about | were 
through 





sock test, and on sllomanen made 
hour tho esleeiiie value of the gas was measured by 
Junker calorimeter, and simultaneous analyses of 

were made by i 1 


cers, 
would have the effect of increasing the back pressure 
the gas plant, but from the resulte it would appear that 
this did not make very much difference. The first test 
on No. 4 producer (the small unit) gave results somewhat 
worse than the tee, due to defective adjustment of 
the steam-jet. producer was re-tested with the jet 
readjusted, and gave results approximately the same as 














for producers. 
TaBiE I.—Producer Tests of Humphrey Pumping Plant, 
King George V. Reservoir, Chingford, June, 1913. 
Producer Number J 1 2 3 @ 156 
Test 1, Test 2. 
Date ..| June 9.| June 5. | June 2 [June 4 June 10 
Duration of test hrs. 6 6 6 6 6 
Anthracite used during } 
test .. oe Ib.) 2081 2024 2002 866 84 
Anthracite used per 
hour .. = Ib.) 338.5 837.3 833.6 144.3 142.3 
Temperature of gas 
deg. Oent., 17.1 20.5 | 21.0 19.0 17.1 
Pressure of gas | 
in. mercury 30.35 | 29.97 | 30.2 | 30.2 | 20.96 


Gas made at 6v deg. | 








Fahr. and 30 in. Hg 
cub, ft.| 166,389 | 166,736 | 171,244 | 70,268 67,140 
Gas made per pound of | 
coal... cub, ft 81.9 824 | 85.5 81.1 78.6 
Gas made per hour 
cub. ft. 27,732 | 27,789 28,540 (11,710 11,190 
Average calorific value. } 
B.T.U. per cub. ft.:— } 
Higher -»| 167.9 155.1 155.7 146.9 156.4 
Lower . - 1474 145.0 | 145.9 | 13883) 146.8 
COg.. 5.7 5.8 68 | 569, 562 
Average analy- (o oe 0.2 0.4 0.5 0.4 0.4 
sis of gas, co ..| 24.38 24.8 26.2 25.2 26.0 
per cent. by } He ..; 19.5 19.5 183 | 169) 18.38 
volume ony. . 1.8 1.5 13 | L8 2.0 
Ne ... 48.5 48.0 | 48.7 | 508 49.1 
Average boiler pres- 
sure ..Ib. persq.in.) 64.7 65.7 | 50.5 | 66.8 54.7 
—— of coke used in | 
ler .. on a 803 279 319 —«® aS 
{ 
Remarks.—The average of these test results (excluding Test 1 
of Producer No. 4) shows that 1 Ib. of anthracite yields 82.1 cub. ft. 


of at a temperature of 60 deg. Fabr., and a pressure of 30in. of 
pod man at on ovemge wales lower value of 146.3 B.T.U. per 
cub. ft. That is, 1 1b. of anthracite converted into gas yields 
12,011 B.T.U. 

The fuel used under the boilers which supplied steam 
to the producers was estimated during each test. ‘Ordi- 
nary A quality anthracite was in the ucers, 
the calorific value of which was given as 14,600 B.T.U. 


per pound. 
Pomp Txsts. 

As in the case of the producers, each pump was tested 
for a period of 6 hours, but owing to the necessity for 
making both gas measurements water measuremen 
intermittently, six complete tests were made du 

6 hours, the average of these being taken for the offici 
figure. The time occupied by short test was about 
10 to 15 minutes, but, excepting once or twice when 
there was shortage of water, the pumps worked con- 


5 


A. | tinuously over the test period. 


Quantity of Water Pumped.—On reference to Fig. 1 it 
olan Yaas the channel from which ag bn 
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side of the stream was slightly greater than that on the 
ht-hand side, but by taking the reading from the centre 
no error arises on this account. During most of the 

pe hey coon a obtain two water readings. 
by these ings corresponded almost 

exactly with the time taken to make one gas reading— 
og to measure the fall of the gas-holder from the top 


position. 

Measurement of Lift.—The height to which the water 
was pumped was very conveniently m by means 
of a mercury gauge. 

TaBLx II.—Tests of Humphrey Pumping Plant, King 
e V. Reservoir, Chingford. Summary of Results 











of Pump Tests. 
Pump No. .. “a “s ij 1 2 | 3 4 5 
a _ ——___—__—___—_— —_—.= > 
No. oftests.. .. .. «| 6 | 6 | 6 | 6 | 6 
Average duration of teste min.| 9.27 | &96 | &37 | 9.67 | 10.0 
Liftinfeet.. .. .. —. | 80,01 | 30.24 | 30.06 | 82.6 | 30.24 
Water pumped .. galls. min.|33,407| 82,778) 33,047 82,668, 18,116 
P.H.P. developed. . 303.9 | 800.4 | 301.1 | 322.7 | 166.0 


Gas used per minute at 60 deg. | | 
F. & 30in. mercury _cub. ft.| 395.4 | 393.3 | 891.5 | 400.1 | 191.6 
Calorific (lower) value of gas 
B.T.U, cub. ft.| 145.7 | 146.4 | 146.2 | 142.2 | 138.1 
Average thermal efficiency p.c.| 22.39 | 22.19 | 22.38 | 24.07 | 26.63 
Anthracite used per P.H. P. hour | } | 
Ib.| 0.946 | 0,957 | 0.949 — 0.796 





Tasie III.—TZests of este | Pumping Plant, King 
George V. Reservoir, Chingford. No.3 Pump. Date of 
Test, June 22, 1913. 





No. of test oye: 25 2°| 8 als 6 


Duration of tant. . min.| 9.58 | 8&3 | 827/ 833/ 7.43] 8 
Average leve pump- | 

pit Cslow floor-level ft 11.0 | 11.1/11.1 | 11.0 | 111 | 110 
No. of cycles per minute) 11.4 | 11.2/11.2 | 112 | 118 | 113 
Pressures in combustion . 
chamber, Ib. per sq. in. 


ga : | 
“Explosion oe --| 102.1 | 108.6 | 100.0 | 100.9 | 105.2 | 109.2 
Compression. . eo] 39 15 19 19 | 22 20 
Cushion es --| 117.4 | 109.1 |109.9 | 110.6 | 107.7 | 111.8 
Ref. number of typical 


indicator diagram ..| — — —-ji—_- 
of stream in in- j 

take oe me. ft.| 3.152 | 3.105 | 3.08 | 3.078 | _ 

Total used cub. ft.| 3,630 | 3,360 | 3,280 | 3,205 | 2,980 | 3,370 

Gas (actual) used per 

hour es cub. ft. |22, 750/24, 250) 23,800) 28,700 
Gas (actual) used per | 

cycle .. cub. ft.) 83.2 | 36.1 | 35.4 | 35.3 | 35.4 | 35.9 














OOg) 5.4 6.2 | 6.0 5.6 | 5.6 5.6 
O2 | 02] 02] 02 | a2 | O2 | 02 
Analysis of gas per | CO | 27.0 | 26.3 | 25.8 | 25.4 | 25.4 | 25.6 
cent. by volume } Hy | 17.4 | 19.3 | 20.0 | 19.7 | 19.4 | 18.6 
ol, 1.2 10) 16 0.8 1.0 12 
Ng | 488 | 48.0 | 47.4 | 48.3 48.4 | 48.8 

Calorific value | 

141.0 | 142.0 


of gas at 60 dg. anal 
ysis) 141.0 | 143.0 | 148.8 | 141.1 
F. and 30in, of By 


calori- | 
B.T-U, per | meter | 144.8 | 147.2 | 158.8 | 146.2 | 142.5 | 142.6 
Water pumped gals. per 
min. |31,514 |33 986/33, 693/33, 090| 32, 756/33, 294 
Water pumped gals. per 
eycle} 2,760 | 3,025 | 8,005 | 2,955 | 2,900 | 2,945 
Lift of we J ° ft.| 29.83 | 30.1 | 30.2 | 30.1 | 30.13 | 30.1 
P.H.P developed --| 284.9 | 309.5 | 307.3 | 301.8 | 299.1 | 308.6 
Gas (actual) used per | 
P.H.P. hour cub. ft.| 79.8 | 784 | 77.5 | 78.6 | 80.5 80.1 
Gas (corrected) used per | 
P.H.P. hour cub. ft.| 78.3 | 77.0 | 76.5 | 77.5 | 79.5 | 79.6 
B.T.U. in gas used per | 
P.H.P. hour .. -» | 11,800) 11,360) 11,740 11,340 11,328) 11,343 
Thermal efficiency, water 
pumped to gas used, p.c.| 22.62 | 22.41 | 21.68 | 22.44 | 22.48 | 22.44 
pe 


used r 

P.H.P. hour .. — Ib.| 0.941 | 0.946 | 0.978 | 0.944 | 0.042 | 0.044 

Fig. 4 shows diagrammatically the apparatus, which 
Pa Ret of a U-tube, the top of one limb being 
connected to the water-tower, and the top of the other 
limb being led down into the water in the suction pit. 

Effective means were used to ensure that all air was 
expelled from the U-tube and pipe connections, and a 
scale was prepared divided into principal divisions, so 


that each division was equal to "5 ft., # being the 


specific gravity of mercury. By measuring the difference 
in the level of the mercury in the two limbs in terms of 
the principal divisions as units, the reading gave the 
difference in level between the water-level in the pump- 
pit and the water-level in the tower in feet of water. 

During the working of the pump fluctuations of level 
occur both in the pump-pit and in the water-tower, but 
by partially closing small pinch-cock the oscilla- 
tions of the mercury were so damped out that the reading 
then gave the true average hed. 

Gag Measurement.—The exact cross section area of the 

-holder was previously devermined, and the volume 

‘or @ given rise or fall was thus known. While a pump 
under test was working steadily, the time taken for the 
holder to fall a definite distance was observed and the 
rate of gas consumption thue ascertained. During each 
test the pump was supplied solely from the holder. In 
some cases intermediate time readings were also taken. 

Generally, as already observed, it was —-* 
gue ey oe cote et artenaie 

uring 

taken on the holder i i 
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a Junker calorimeter was used by the Metropolitan 
Water Board, whilst the Pump and Power Company first 


obtained the analysis by means of an a’ ti 

apparatus, al tee calculated the heat value. “Both 

determinations are therefore included. Otherwise, the 
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In addition to the figures required for the fuel-con- 
sumption tests, various other readings were made, such 





) d the explosion pressures and the 
Secpdilecece arenes te ¥ig.& the intaoeies 

iagrams are in . 5. indicator 
was turned by hand, and the horizontal scale has there- 
fore no meaning, but the diagrams are intended simply 
to show the maximum pressures attained. 

The results of oo 7) tests are summarised in 
Table II., whilst the full data for the test of No. 3 pump 
are given in Tabie III. 

For the chief engineer and on behalf of the Metro- 
= ae Dass oe Sete ae carried out by :— 

\ Inst. C.E., resident engineer at Ching- 
ford; Mr. inne numer in eve Mr. War- 
r! 


B.Sc, assistant engineer; Mr. H. S. 
Carpenter, A.M.I.M.E., assistant engineer; Mr. B. C. 
Carter, A.R.C.8., assistant i ; and took a com- 
plete set of ions and measurements independently 


- 
> 
f 


observati 
of the Water Board’s official representatives. 
For the determination of the calorific value of the gas 


.| town of Waverley, New 





Fig.d. Date of Test June 21%1913. 
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Viz0 
two sets of readings agreed so well together that onl 
those taken by the Metropolitan Water Board’s epee. 
sentatives have been given in the summarised results. 








MECHANICAL GEAR VERSUS HYDRAULIC 
GEAR FOR MARINE PROPULSION. 
To THE Eprron or ENGINEERING. 

S1r,— With reference to the letter of the British Fottin- 
ger Marine Transformers, Limited, a ing in your 
issue of the 12th inst., are not the authors, in ing 
com with mechanical gear, entitled to take credit 
for the absence of dummy loss, as it ap that pressure 
action in the ormer renders cing for steam- 
thrust in the turbine unnecessary ? 

Yours ne. 


. P. NasH, 
Ingleton, Rainhill, Lancs, December 17, 1913. 





Our Coat Asroap.—The exports of coal from the 
United Kingdom in the first eleven months of this year 
were 67,170, tons, as compared with 58,747,636 tons 
ond — tons in the corresponding periods of 1912 





Marte, ScHoLtarsHip IN Navat ARCHITECTURE.— 
The Council of the Institution of Naval Architects are 
inviting applications for the Martell Scholarship, which 
is of the annual value of 100/., and is tenable for three 
poe Candidates must be between the ages of 18 and 

years, and must have been continuously employed for 
two years on naval architecture or marine engineering. 
Information can be obtained from the Secre' of the 
Institution of Naval Architects, 5, Adelphi Terrace, 

don, W.C, 


Contracts.—Messrs. Boving and Oo., Limited, 9}, 
Union-court, Old Broad-street, E.C., state that their 
recent orders for hydro-electric plant include two 
450-horse-power impulse-wheels and governors with elec- 
tric tors, head works and 1500 metres of riveted and 
wel weer for the Dorada Railway (ropeway extension), 
Limited, Columbia ; one 65-horse-power turbine for the 
. a SS ee! 

orse-power for reseis Tin - Mining Company, 
Tasmania, this being a repeat order; one turbine of 20 
herse-power for Boving and Co., Japan ; and one turbine 
of 250 horse- oo a head of 156 ft. for Messrs. 
— and Filles, okohama. They have also received 

ers for 11 “‘ Victoria” turbo pumps of different powers 
for this country, the Colonies and the Continent.— 
Keighle: vain vl A i a A Snell 
i y, are supplying te fo ng 
ul t for the new Liv Foundry of Messrs. 
ae ne pe Wolff, Limited, which includes four of their 
rapid ‘‘ Economic” cupolas,*one of 4 tons, two of 6 tons, 
and one of 10 tons per hour capacity, together with motor- 
driven blower, &-. 
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THE ERECTION OF STEEL CHIMNEYS, 
STOVES, AND THE LIKE. 
To THE ree OF yp pencee 
—Most i ee it is much more com- 
A... *e souudeal on tives fous than as scaffold 100 ft. 
or 200 ft. in the air. It is certainly more convenient to 


inspect riveting and caulking when this is done a few feet 
from the ground than when it is necessary to climb up 





for lifting ; all rivets may then be put in on the floor- 

level. en brackets are bolted on for lifting, two bolts 

in each bracket are sufficient to commence with, but the 

number must increased as the work progresses, since 

the load gets heavier. The same brackets are used | 
throughout. 

From the lifting-platform, the chimney is given another 

coat of paint and the ladder-way is fixed. Equal lifting 

of the tackle will keep the chimney vertical for 20 ft. or | 


week-end. The writer has erected chimneys by this 
method since 1906 in various parts of the world, with 
labour of all classes—Chinese, Indian coolies, Kaffirs, 
and South American Peons. No trouble has been experi- 
enced and no accidents have happened, not a single 
coolie being in any way injured. Conditions that 
naturally govern rate of progress are: class of lahour, 
depth of chimney sections. and weather; the writer has 
averaged 20 ft. per day with a stack 8 ft. 6 in. in diameter 























Fie. 1. 


to do it, as work proceeds in the ordinary way of chimney 
erection. 

The method adopted by the writer for chimneys is 
shown in the accompanying photographs, which are of a 
steel stack, 184 ft. high from the fiue base, 7 ft. 6 in. in 
diameter, and weighing 35 tons. A brief description is 
given below which will make the method clear. 

The plates of each chimney section are assembled and 
riveted, leaving out the top and bottom rivets in each 
seam. The top section is riveted first, the others follow- 
ing in order downwards. While the top section is being 
amg the base-plate is laid on the foundations, and a 
ifting-frame ret up. 

The lifting-frame needs to be strong and quite rigid. 
Its height will depend upon the depth of the chimney 
sections. It is necessary to allow head-room for two 
sections, plus the height of foundation bolts above the 
base-plate, together with clearance for tackle. 
spare head-room is also advisable. Four sets of lifting | 
tackle are used, spaced equally apart, and at points | 
directly below where the guy-rope attachments will come. | 
For ayy ee to 150 ft. four guy-ropes prove sufficient, | 
above this height it is advisable to add four temporary | 
guys; the temporary guys may be left hanging loose 
until the chimney reaches, say, 120 ft. or very bad weather 
sets in. Separate tackle is used for lifting sections up to 
the level of the chimney foundations. e sections are 
slid into position on rails laid on three large timbers 
placed on the foundation. The height of the rail-level 
must be sufficient for the sections to clear the founda- 
tion bolts. and to allow of men getting in and out 
of the chimney. The length of the timbers and rails 
must be sufficient to allow of a section being prepared on 
them alongside without interfering with riveters at 
work. The lifting tackle may be either crab-winches 
and tackle, chain-blocks, or a combination of both ; for 
ideal work four equally geared crab-winches and wire- 
ree tackle are the thing. 

hen the lifting gear is arranged the chimney sections 
are brought forward; the top section is placed over 
the foundation, and the lifting gear is attached. Then 
No. 2 section is placed on rails ready for sliding 
into position; and when work on the top section is 
sufficiently advanced it is lifted to the height of section 
No. 2. ! he latter is then pulled into tion, and the 
top section is now gently lowered until the rivet-holes 
are fair, when punches are driven in and the joint bolted 
up ready for riveting, keeping a slight strain on the 
tackle. hen Nos. 1 and 2 sections are riveted together 
sufficient rivets are omitted so that lifting-brackets 
for the next lift may be attached. During this stage 
of the work No: 3 section is being lifted into its 
position alongside on the rails. When riveting is com- 
pleted on the first two sections, the four sets of tackle 
are lowered, and attached to the top of section 
No. 2 The whole is then raised to receive No. 3, 
this process being repeated, section following section, 
until the whole chimney is complete. When the top 
section reaches the top of the lifting-frame, guy-ropes are 
attached, and a frame with two sheave-pulleys securely 
fixed to the of the chimney. This is for raising men 
and material for the subsequent lining work ; this rig is 
also used for erection purposes. A rope is over 
the pulleys, and a platform suspended inside the chimney. 
The rivets left out for rw Biting brackets are put in 
when each joint reaches ifting- 3 
the — men worki oe a ay oy ogee 
are on the suspended platform. On chimneys of small 
diameter and of light weight, band-clamps aay be used 








A foot of | 


thereon, while the inside men | slack. 














Fie, 2, 














Fie. 4, 


30 ft., after which height one or two men are placed at each 
guy as the chimney is raised, to let out the necessary 

In this war 8 to 30 ft. of chimney A 
erected ina day. Old chimneys—not brick-lined—which 
have to be raised 20 ft. or 30 ft., can be altered during a 








| and 160 ft. high, the whole being completed in eight days, 


no attempt at record-breaking being made, as was no 
particular hurry for the job. The labour in this case was 
Chinese. When the is applied to the erection of 


Cowper stoves, which are of | diameter, the sections or 


| tiers are not assembled as in chimneys, but each plate is 


| put on separately. The height of the lifting-frame then 
| requires to be sufficient to give a clear lift of the deepest 
| plate, plus 1 ft. for packing-blocks, to allow of men 

tting in. In addition, some clearance must be allowed 
| for tackle. The number of lifting-frame supports depends 
on the diameter of the stove, eight being the usual 
number. Four sets of tackle are used, set at equal dis- 
tances apart, and as near the stove as practicable, to 
obtam as vertical a lift as —— On stoves of large 
diameter guy-ropes may be dispensed wi 

The stove bottom plates are assembled first, and 
riveted and caulked. en this is done, the complete 
bottom is laid on the foundation, which has been levelled 
and prepared. The plates forming the top tier are next 
assembled on the stove bottom ; then the dome-plates are 
added, and the whole bolted ther ready for riveting 
and caulking. Whilst this is going on the lifting-frame 
is set up, and riveti ed with. Lifting-brackets 
are attached to the bottom of the ie by tes. To 
prevent the stove being pulled out of pe two flat iron 
tie-bars are used. These ties have les at each end for 
attachment to the stove-plate and lifting-bracket, the 
same bolts being used for attaching both. The whole is 
then lifted high enough to allow clearance for the second 
tier plus, say, 1 in. As many plates as ible of the 
second tier are bolted in position, after which 1-in. 
packing-pieces are placed below the plates, and one winch 
is lowered slightly. The lifting-bracket for this tackle is 
then taken off and the plate attached, after which the 
bracket is again bolted on. The other three plates are 
added in the same manner. When the tier is complete 
the stove is lifted about 1 ft., oad pokes; pieces 
placed below, on to which it is lo . The hifting- 
brackets are then taken off, and riveting comm . 
Whilst riveting and caulking is being done the plates to 
form the next tier are in position round the stove, 
andso on. The finished portion of the stove receives a 
second coat of paint on reaching the top of the lifting- 
frame. With well- ised gangs a tier a day can very 
well be accomplished, all riveting, caulking, and paint- 
ing being done a few feet from the nd. 

Yours truly, 
Joun Howeate, M. Transvaal I.M.E. 





‘Tue ‘Datty Mar’ Year-Book, 1914.”—This year- 
book for 1914, the fourteenth — of issue, costing six- 
pence, and containing about pages, gives a 
amount of general information on political, social, and 
other questions. It a'so includes a very large number of 
statistical data on the world’s railways, tunnels, on the 
increase in the cost of living in this country, and so 
forth. It is a cheap and handy com ium of useful 
facts and references. In to the increase in the 
cost of commodities in this country, we find it stated that 
between October, 1905, and October, 1912, the price of 
honse-coal has increased, among other commodities, by 
22.5 per cent. It is difficult to see why this should be so, 
since in annuals dealing specially with coal ex from 
this country, the prices, ‘as ascertained by the Home 
Office,” show, during the same period, increases of only 
a few pence per ton, equal to 6 or7 per cent, in the very 
worst instances, 
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THE WORK OF THE REICHSANSTALT 
IN 1912. 
(Concluded from page 807.) 

High-Frequency Waves and Resistances (R. Linde- 
mann, W. Hititer).—The range of the wave-meters 
has been raised up to waves of 25,000 metres 
length, the calculations being based on Diessel- 
horst’s formule of 1905. By means of the over- 
tones of the Poulsen oscillation circuit the range 
has also been increased both ways, down to wave- 
lengths of 140 metres, for which the forty-third 
overtone is wanted. The overtones aro intensified 
by increasing the capacity while diminishing the 
self-induction and the arc current. When over- 
tones of high frequency are wanted, a second oscil- 
lation circuit is placed in parallel with the first, the 
circuit of this first being so arranged that its period 
is a multiple of the second. In this standardisation 
an accuracy of 1 in 1000 is said to be realised. 

The continued inquiry into the resistances of 
different kinds of coils has led to some interesting 
results. In the first instance cylindrical coils were 
examined, all wound on glass cylinders of the same 
diameter, but the material, always copper, being 
ribbon (wound flat) or round wite or stranded wire. 

The coils under comparison had all the same dia- 
meter avd self-induction. The solid wire resistance 
was smaller than that of the stranded wires at low 
frequencies already. Of two flat-ribbon coils, 31 cm. 
in dadeene. 5 5cm. high, the one wound withthicker 
ribbon had at higher as gery a higher resistance 
than the one wound with thin ribbon ; in closely- 
wound long solenoids of ribbon the resistance of 
the thicker material was lower than that of the 
thinner ribbon, but it approached the higher value— 
as it should according to Sommerfeld—when the 
frequency was raised. Thus the length of the coil 
seemed to have an influence, and this probably 
because those portions of the cross-section of the 
conductor, which do not carry any current at high 
frequency, lie in a space in which the etic 
field is zero in a long coil, whilst with short coils 
the external field penetrates into those portions 
and causes further eddy-current losses. The follow- 
ing observation seemed to confirm this view. Two 
coils were prepared, the length being equal to three 
times the diameter, the one of thick, the other of 
thin ribbon ; the thicker coil still had the higher 


resistance, but the difference was much smaller | p 


than with the shorter coil. In the second series 
those cylindrical coils were compared with flat coils 
(all the convolutions lying in the same plane) ; the 
coupling was closer in this case, and the continu- 
ous-current resistance was smaller than with the 
cylindrical coils, but the resistance rose with higher 
frequency to higher values than in the cylindrical 
type. As regards the compound stranded wires, 
the strands, though of common technical type, 
were not all uniformly wound and twisted, and 
this had a distinct influence on the resistances ; 
the material was 0.07-mm. enamelled wire. 

Electrolytic Valve-Cells and Passivity (Giinther, 
Schulze).—Some of the continued experiments on 
the valve action of a la number of metals 
(Al, Ta, Mg, Ca, Zn, Sb, Bi, Cu, Sn, Pb) in salt 
solutions and sulphuric acid, have already been 
noticed in our columns. We have to add that 
some metals show a valve effect also in fused 
anhydrous phosphoric acid, whilst copper, iron, and 
cobalt do not, and seme others only a slight effect. 
As regards iron, it is interesting that it turns, as 
anode, merely passive in sulphuric acid of con- 
centrations up to 50 per cent. When the concen- 
tration is further raised, a valve effect sets in, but 
it is not steady as long as the concentration does 
not exceed 75 per cent. In primary and in con- 
centrated sulphuric acid iron will rectify alternating 
currents like aluminium ; cobalt and nickel behave 
like iron. 

Electric Testing Stations‘ Feussner).—The number 
of Priifamter, at Ilmenau, Hamburg, Munich, 
Niirnberg, Frankfurt-am-Main, and Bremen, has 
further been increased by the establishment of one 
of these stations at Barmen. The Amt at Bremen 
was founded last year, and introduced some novel 
practices ; it is equipping a laboratory for general 
electric testing, and it looks as if this kind of work, 
a from standardising 
also expert consultation work would more more 
fall to these offices. In several the munici 

uthorities have applied to these offices for advice 
about new or al: installations; a second edition 
of the regulations of these Priifamter is hence 
in preparation. So far, their work chiefly concerns 


and re-standardising, and | had 





the standardising, repairing, and re-standardising 
of meters, their clocks and counting mechanisms, 
and of galvanometers and other instruments for 
electric measurements. Munich, which continues 


to be by far the busiest of these stations, also had | passed 


last year an exceptionally large number of meters 
submitted to it which failed to pass; of 11,019 
meters, 1114 were rejected (and 274 of these latter 
were new instruments), whilst in all the other 
cases the percentages of failures were very much 
smaller—generally about 1 per cent. 

Metrology Zinc. End Measures (A. Leman, 
Blaschke, A. Werner).—Considerable trouble was 
experienced with a zinc rod which formed part of the 
compensating device of a large telescope object- 
glass. When the rod was heated by about 17 deg. 
Cent. up to 50 deg. Cent., the length of the rod, 
roughly 1 metre, increased by about 1 mm.; cooled 
down again, the rod hardly contracted. The firm 
which had supplied the rod tried to overcome this 
irregular expansion by strong heating. Finally, 
however, the irregularity vanished after many 
times heating to 50 deg. Cent., followed by cooling, 
and the rod retained the fairly constant, but excep- 
tionally high, expansion coefficient of 31.4. 10~*. 
A tachometer pave very badly fluctuating values ; 
it consisted of rotating magnets and a drum of 
aluminium, and the eddy currents seemed to heat 
the aluminium in an irregular fashion until thermal 
equilibrium had been attained. 

Instead of using end meaeures with spherical 
ends, curved at both ends to the same radius, 
spherical measures are sometimes resorted to when 
the desired length is less than 30 mm. The question 
has arisen whether the deformation which these 
measures undergo while under test are really in 
agreement with the formule of Heinrich Hertz. 
Hertz presumed that when two spherical objects of 
meereg 4 the same modulus of elasticity were 

rought into contact, the figure resulting from the 
mutual flattening would be plane. This will be so 

robably when the two radii of curvature are equal. 

ut when the radii of curvature of the two sur- 
faces, which are pressed against one another are 
not equal, the more strongly curved sphere is likely 
to penetrate into the other. This point is being 
investigated with the assistance of the Deutsche 
Waffen- und Munitionsfabriken A.-G., of Berlin- 
Reincikendorf ; the machine constructed for the 
urpose can measure depressions arising under 
pressures of 10 kg. within 0.0001 mm. 

The apparatus by means of which thermal expan- 
sions are determined at temperatures up to 300 deg. 
Cent. (within vapour baths of constant temperature) 
was described in the Zeitschrift fur Instrwmenten- 
kuwnde of March, 1913, pages 65 to 75. Last year 
F.Gépel also described calibrated circles of cast iron, 
provided with a silver limb ; he has since explained 
their new thermal behaviour in the same Zeitschrift, 
1912, pages 33 to 43 ; again the same journal, 1912, 
pages to 234, brings a description by him of a 
comparator for measuring an ohm coil, and, 1912, 
pages 352 to 354, a description of a stand for tele- 
scopes for taking readings. A thermostat for air- 
heaters, also due to F. Gépel, was noticed in the 
Deutsche Mechaniker Zeitung, 1912, pages 209 to 211. 

Thermometry (Disch, Hebe, W. Meissner, F. 
Hoffmann, and A. F. Wiebe).— Most of the thermo- 
meter testing being done under Griitzmacher, on 
behalf of the Reichsanstalt, at Ilmenau, and Gehl- 
berg, in Thiiringen, where some 90,000 thermo- 
meters were examined last year, the Reichsanstalt 
is not much troubled with ordinary thermometers. 
Yet there were 6403, of which 12 per cent. were 
rejected. This is a high percentage, and more 
stringent rules for testing came into force in 
Octoher, 1912. _The American clinical rod thermo- 
meters, it is acknowledged, are less sluggish than 
some German ones, owing y to their excellent 
vacua, and their maximum devices o' te well; but 
they are often not carefully calibrated and difficult 
to read, in spite of the prismatic shape of the glass 
capillary, whilst the Meissner shape secures a good 
magnification of the tine thread in all positions. 
Rather alarming is the observations that clinical 
thermometers, returned by request from hospitals 
for retesting after a few months of use, frequently 
failed to pass again. Ten standard thermometers 
to be corrected within 0.001 deg. Cent. The 
new Jena thermometer glass 1483" is still under 
examination. A new apparatus has been con- 
structed (by Jahn) for ps mera as saggy 
mercury thermometers with nitrogen under pres- 
sure and for electrically sealing them. 

Thermo-Couples, Resistance Thermometers.— More 





than a thousand thermo-couples (813 of platinum and 
platinum-rhodium) have been standardised. The 
constantan-iron couples consist of a steel tube, 
through which an insulated constantan wire is 
and soldered to the end of the tube; 
although steel oxidises strongly above 600 deg. 
Cent., such couples are made for temperatures of 
800 and 900 deg. Cent. ; but there is not sufficient 
experience yet. In redetermining the boiling-point 
of sulphur it was observed that the platinum 
resistance thermometer marked a temperature by 
0.2 deg. Cent. lower when it was provided with an 
aluminium casing than with an iron or asbestos 
casing. When the inner surface of the aluminium 
was blackened or covered with thin asbestos 
paper, so that the reflection was suppressed, the 
difference vanished, as it did also under certain 
other conditions ; the platinum coil was in all the 
cases placed within a glass tube. 

The results of a comparison of high - d 
mercury thermometers of Jena glass 59" and of 

latinum thermometers have been published by 

oeller, Hoffmann, and Meissner, and from these 
comparisons the absolute expansion of mercury 
between 300 deg. and 550 deg. Cent. is being 
deduced, accepting the figures of Griineisen for the 
expansion of the glass, and for its yielding to 
the internal pressure at those temperatures. The 
special Jena glass for elementary combustion-tubes 
has also been experimented within this way. The 
i above the mercury is kept cool by water 
circulation during these determinations. 

Optical Pyrometers. Palladiwm (Hoffmann, 
Meissner).—It was explained last year that deter- 
minations are in progress of the radiation given out 
by melting or solidifying metals, a hollow cylinder 
(black body) being dipped into the fused metal. 
The experiments were satisfactory with copper and 
with gold, but palladium caused difficulties. The 
crucible and cylinder were made of Marquardt 
material, 5 mm., instead of 3 mm., wall thickness ; 
magnesia was attacked by the metal, under forma- 
tion of a brown substance. The fused palladium 
spit, under considerable temperature fluctuation, 
even when pure nitrogen was passed into it at 
two spots, and the melting and solidifying points 
were somewhat uncertain. Two thermo-couples 
were used in the crucible; in the one a piece of 
palladium was pushed between the two wires, the 
other served for measuring the temperature of the 
couple at the moment when this piece melted. 
The light intensity of the radiation was compared 
with that of melting gold, and also with a Plack 
body after Lummer, heated to the respective melt- 
ing-point for red, yellow, green ; the two methods 
gave practically identical figures, 81.4 and 81.6— 
a little higher, however, than those of last year 
(80.5) ; an error of 1 deg. in the melting-point of 
Pd would account for the discrepancy. Accept- 
ing the Day-Sosman melting-point of gold, 1062.4 
deg., and of palladium, 1549.2 deg. Cent., the ex- 
ponential constant of the Wien-Planck radiation 
would be 14,440 (against 14,400 last year). 

Silica. Oristobalit is a modification of quartz 
which is generally said to form above 1000 deg. 
Cent., and which, according to Day and Sosman, 
should melt at 1600 deg. Cent. K. Endell and 
R. Rieke, who have for some years been engaged 
in the Kgl. Porzellan-Manufacture at Berlin, in 
researches on silica and silicates, find that cristo- 
balit begins to form from quartz and amorphous 
silica at about 800 deg., and that the rate of trans- 
formation becomes more rapid above 1200 deg., but 
is much influenced by the surface, and that hence 
twinned crystals and chalcedony, having a com- 
ca larger surface, are more rapidly trans- 
ormed. Their melting-point of cristobalit (1685 
+ 10 deg. Cent.) is confirmed by Hoffmann, in an 
iridium crucible with the aid of an iridium iridium- 
ruthenium couple. The equilibrium diagram for 
quartz has not yet been determined. 

Petroleum Testing (Wiebe, Schiel, Meissner, 
Hebe).—The difference between the Abel tester 
and the Abel-Pensky apparatus has been found to 
be the same for homogeneous oils and for oil mix- 
tures. The International Petroleum Commission 
resolved at Vienna, in 1912, that the Abel-Pensky 
apparatus should be adopted, at any rate for flash- 
points up to 50 deg. Cent. ; the apparatus appears 
to be reliable up to 104 deg. Cent., provided that 
the shell be made of a hard-soldered metal and 

in be used in the bath ; the Abel-Pensky and 
ensky-Martens tus then agree. As regards 
the use of the ier flask of glass for boiling- 
point determinations certain corrections were to 
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be determined; Dr. Hermann F. Wiebe hoped to 
present a report to the New York Con of 
Applied puree 6 in September, 1912 , but he 
died just before the conzress opened. Particulars 
of the comparison between three Redwood viscosi- 
meters, lent by the National iy compe Laboratory, 
and Engler viscosimeters at 20 deg. and at 50 deg. 
Cent., were soon to be published ; at Teddington a 
similar comparison was carried out by W. F. 
Higgins.* . 

Optical Work. Photometry (Brodhun, Lieben- 
thal, H. Fassbender). — Carbon - filament lamps 
were not submitted for long-duration tests last 
year, only metallic filaments, mostly drawn wire. 
In four types the wires were arranged at right 
angles to the axis of the vem Of twenty-four 
new types of incandescence gas-burners to be tested 
for 500 hours, twenty-three were in good order 
after 500 hours; in some others the mixture 
streamed out, not upward, but laterally, through a 
perforated pipe. Twelve metal-filament lamps, sent 
from Teddington for international comparison, 
have been tested at normal pressure and at that 
pressure in which the filaments glowed with the 
colour of carbon filaments. The measurements 
agreed with those of the National Physical Labora- 
tory within 0.4 and 0 2 per cent. at the two pres- 
sures indicated ; the Reichsanstalt regrets that the 
filaments were arranged in the ordinary way, and 
not all in one plane, which they would prefer for 
this purpose. 

Quartz Plates (O. Schénrock).—Quartz plates 
for saccharimeters are certified only when the axis 
error—i.e.,, the angle between the axis and the 
normal to the plate—does not exceed 12 minutes 
of arc ; with plane-polarised light (as in Lippich’s 
half-shade po. riser) the errors will then not exceed 
20 minutes of arc when the plate is turned. But 
when the polariser (Laurent and Lummer) furnishes 
light which is elliptically polarised to a consider- 
able extent, the errors may become noteworthy. 
The Jena Glass Works now supply sugar refracto- 
meters of Schénrock, with the aid of which even 
dark sugar solutions may be tested. Schénrock 
has also determined the refractive indices (to six 
decimals) and position of the axis of a quartz prism 
of 26 deg. 

Spectrometer. Dioptric Tests (Brodhun, Schén- 
rock, Fassbender, Wetthauer)—A new large 
precision spectrometer (divided circle diameter 
27 cm.) has been constructed by H. Wanschaff, of 
Berlin. The Hartmann objective-testing apparatus 
has been used for testing the object glasses of four 
spectrometers and of one reading telescope. The 
method applied is not the usual inversion method ; 
particulars of the tests are given in the Zeitschrift 
fiir Instrwmentenkunde of May, 1913, pages 163 to 
re the method is explained, ibid, pages 177 
to ‘ 

Chemical Department (F. Mylius, E. Groschuff, 
C. Hiittner).—The researches on the corrodibility 
of different glasses by water and by atmospheric 
influences have been brought to a completion ; 
the two methods of examination lead to the same 
classification. A summary of the researches on the 
purity of commercial metals has also been published ; 
the difficulty in the analysis is to get rid of the princi- 
pal metal which, when precipitated in the amorphous 
state, will carry small impurities down with it ; 
hence crystalline deposits should be resorted to. 
Gold, silver, platinum, mercury, copper, lead, tin, 
cadmium, and zinc may be commercially obtained 
pure within 0.11 per cent.; yet that small im- 
purity is not to be neglected, though it will hardly 
—— —— nol Hiittner’s tables and 
notes on simple chemical tests for distinguishi 
metals and alloyst are also very useful. Groschufft 
has studied the burnishing (or rather bruning— 
t.e., turning brown) of copper and copper-plated 
objects by meang of chlorates, and has improved 
the Bottger process (boiling the objects in 
sium chlorate and ammonium nitrate ; the solution 
should also contain sodium chlorate and a little 
copper nitrate). Copper sulphate with potassium 
permanganate turns co} dull black. 

By request of the of W. C. Heraeus the 
corrosion of platinum vessels by the flames has 
been investigated ; it results that solid compounds 
of carbon and the platinum metals are formed, 
which burn and disintegrate. Substitutes for 
platinum are also being tried. The experiments 





+ pen RNGINEERING, page 2 ante. 
» Mechaniker Zeitung, 1912, pages 65 and 77. 
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tion of pure nickel have not yet 
d the analytical stage. It is 
ound that solutions of pure nickel chloride are not 


on the pre 
ed 


green colour is due to an impurity of cobalt chloride, 
which in itself is blue. The co It percentage can 
be determined (up to 10 per cent.) colorimetrically. 
Specimens of nickel which had oxidised when used 
for plating divided arcs of astronomical instru- 
ments were found to contain only 97.8 an? 98.6 

r cent. of Ni, the chief impurity being cobalt, 
in addition to iron, manganese, copper, lead, zinc, 
silicon, and traces of magnesium and carbon. The 
best nickel from Kshlbaum contains 0.16 per cent. 
of impurity, partly platinum, which is introduced 
by the electrolytic treatment. 





TESTING MATERIALS. 
Present Method of Testing, with Special Reference to the 
Work of the International Testing Association.* 
By Professor H. Husert (Liége). 

Tue increasing importance of the use of metals in 
every description of construction, both of the stati 
type, such as bridges and roofs, and of mobile type, su 
as the parts of machinery ; the ever-increasing inten ity 
of the stresses they are expected to withstand, and of the 
energy they are required to transmit, have, during 
recent years, necessitated a more and more intimate 
know] of the properties of the materials employed 
and of the laws which determine the distribution of the 
stresses in the elements of the structures themselves. 

It is, however, impossible to deny that the architects 
of the past who built the superb monuments of ancient 
times, and of the Middle Ages, who conceived and 
carried out such designs as the domes of the Parthenon, 
St. Sophia, and St. Peter’s, the Roman triumphal arches, 
the naves of the great Gothic cathedrals, and the soaring 
steeples of their towers, and the builders who launched 
upon the ocean the warships and merchantmen of the 
eighteenth century, possessed considerable knowled, 
the materials they employed and a keen sense of the 
stresses to which they submitted them. They did not, 
however, for the most part, a knowledge of accu- 
rate calculation, nor of the definite laws necessary for the 
determination of the elastic properties of their materials. 

urse was had, therefore, in those da to the 
simplest empirical methods, which prin ome in taking, 
for guidance, structures of a similar nature that had 
already proved successful. it was a question 
prea oy | entirely new work, either as regards size 
shape, the allgmer bed to let himself be guided by 
sense of fitness which practice is capable of conferring, 
although it may often be a mistaken one. Thus he was 
often led to over-emphasise the strength, or if, on the 
other hand, this proved in’ uate, to employ means of 
strengthening his structures, often by making such means 
contribute to their ornamentation, as, for example, in the 
flying buttresses of Gothic architecture. 

It was not until the seventeenth century, in the era of 
Galileo, that we find the first attempt made by this great 
scientist to solve the problem of the resistance of 
materials, and that Hooke enunciated the fundamental 
law of stability, Ut tensio sic vis, which has ever since 
found application. +t 

In the eighteenth century renowned scientists and skilful 
engineers, such as Bernouilli, Euler, Duhamel, Gauthey, 
Rondelet, Keung, Conon’ and Lagrange, ultimately 
developed those t tical investigations which fostered 
the progress of the mathematical analyses and rational 
mechanics of the elastic properties of materials. The 
pce enn ae =r queens to halt. " — 
was, however, y ip to improvement o 
mathematical theory that the earlier investigators 
directed their eff: 


oO 
or 
8 


‘orts. The names of Lamé, Poisson, 
Cauchy, Napier, Clapeyron, Saint Venant, W. Thomson, 
Tait, Cle , Boussi , and of Hertz and many others, 
are associated with the development of these researches, 
which have endowed science with the methods of 
stringent calculus, and with more accurate and more 
tie davies th moa talisation was not, pny 
acki uring this period ; amongst its votaries may 
mentioned the names of Morin, Hodgkinson, Stephenson, 
Fairbairn, and Napier. . 

The introduction of railways gave considerable impulse 
to their investigations. It necessitated the construction 





of bridges of t length and capable of su ing 
rolling loads at high speeds. These works resem no 
“evi and therefore empirical methods 


jous experiences, 0 
. New methods and new elements of computation 
were required, besides which the question of the cost of 
maintenance and of workmanship intervened more im- 
fo ae than before, so that it became necessary to 
ild with economy without ificing inany way safety. 
This necessity gave rise to many searc th analytical 
and experimental, of the highest d of interest. It 
of Ye lust thirty years that the activity 
irty years activity in 
work has become accentuated, on 
the extraordinary increase 
constructions themselves 
pected to bear, and, on other, 
new methods of testing and of requirements hitherto un- 
known. In this connection may mentioned not only 


ne read before the Iron and Steel Institute at 
+ Todhunter and Pearson, “ History of Elasticity and 


the 











Strength of Materials. 


green, as generally stated, but lemon-yellow ; the | ; 


.| Such tests, 
justify their 





the erection of immense iron bridges, but of roofs of great 
span, marine work, the development of the automobile 
industry, and of aviation, and the introduction of rein- 
forced concrete. It been 


and more accurate testing-machines, and to study 
perties to which no regard was aopoees A paid, 
ssessiniane to check Sue Ge siiene same y , i. 
short, it necessary to penetrate more dee 
fate Che semey So acta ereinae of mvtariels, ond to 
investigate the influence which the various forms of treat- 
ment to which metals are subjected before being put into 
use have on that structure and on the resisting properties 
“ae — Metallography, bh i hich, although 
newscience, ography, has aris», which, althoug 

of recent birth, has already been the object of an enor- 
mcus amount of research, which has endowed the various 
metal industries, and that of engineering, with a fund of 
valuable knowledge, and has contributed in an important 
d to progress alike in the manufacture, working, 
and use of metals. 

It is not my intention to deal here with those investi- 
gations to which the Iron and Steel Institute has so long 


peer R attention, and which neve pom ape 4 
considerable a place in its proceed ect 
which our eminent Me Greiner, 


i) , 
bas kindly invited me to contribute, is simply to indicate 
clearly the different A gee 18 in which, s peda — 
experimental investigations on the s' 
materials have proceeded, and to p int out the useful 
part which the International Association for the Testing 
of Materials has taken in this direction. 

Before, however, dealing with the actual subject it 
might, perhaps, be advisable to make the following 
generalisation :—The most conclusive test, from the point 
of view of the s' of a structure, is obviously that 
which consists in subjecting the structure to the maxi- 
mum stresses it is required to und or even to still 
greater stresses, so as to ensure complete security against 
all —_— pe nernen baer} is wh ‘ee 4 example, 
in the case es, in idges, in and in pi 
Such tests are obviously of extreme interest frome the 

int of view of the confirmation of the accuracy of 
‘ormule employed in the calculations of dimensions, and 
of the hypotheses that are often necessary to introduce 
into these caleu' may also often be made to 
yield valuable data for the building of similar structures. 
An attempt has been to introduce such tests into 
current practice. In this connection reference should be 
made to the methods and apparatus of Mr. Rabut, which 
have been applied to begin with in France, and to those 
of Mr. James Howard, which have been adopted by the 
Bureau of Standards in Washington, and were made the 
subject of a memoir ted to the Congress of the In- 
ternational Testing iation in New York in Septem- 
ber last year. 

The first-named allows of the determination, with v 
close approximation to the trath, of the detonation 1 
which a — length of piece L, forming part of a struc- 
ture, undergoes, and of the stress being deduced from the 


formula ¢ = Ep t being in this instance the tensile 


stress ; or of plotting a wg om having as abscisse the 
time and as ordinates, the ections a metallic bridge 
undergoes under the influence of moving loads; or, 
finally, of measuring the ps tol deviation required in 
investigating the separate influences of over and of 
wind pressure. 

Howard’s a) tus consists of telescopic callipers, fur- 
nished with points bevelled to an angle of 55 deg., which 
can fit into cavities tapering at an angle of 65 deg. in the 
pieces undergoing test. Mr. Howard has used this ap- 
aye to eo i v4 the a = stresses in 

lements o ges, tes, ‘“‘sky- 
steam boilers, &c. " ews 

In the same connection may be mentioned the tests 
which have to be applied to the plates intended for the 
armouring of warships, or for the outsides of gun-turrets 
in forts. These plates have to resist the violent impact 
of projectiles. is property is one which can only be 
made manifest by tests carried out on plates placed in 
conditions identical with those they have to und in 
oe per, likewise ted to the New York 

Mr. Laensedo Fea ws, from numerous ex- 
periments carried out on chromium-nickel and 
mium-nickel-vanadium plates, that none of the tests to 

ch metals are ordinarily submitted, such as tensile 
tests, com jon tests, hardness or Ste tate, 
can afford an adequate i their viour 
— fire. ——s » considerations ae a not 

in in every case, and it often pens that deter- 
ln a aaraene ies of a sub- 
stance affords an engineer sufficient insight into its be- 
haviour in some other respect. For instance, tensile tests 
are —_ ann op Somes om ry for masonry build- 
ings, w it ve to ui com} ive spresees. 
Experiment has, as a matter of fact, established  cortain 
relationship between the two modes of resistance in 
cement, provided that the tests are carried out under 
special conditions; that is to say, on test-pieces always 
prepared in the same way and always stressed in the same 


tal| manner. I is in this way, likewise, that a tendency has 


ee So SnD PRD Seats Wats ee Tene Cale See 
which may be termed indirect tests, often 
adoption by reason of the simplicity of the 
= ahem fry me RB Die ed bo Em 
may an im in even 

tho tefiertnation yield is accurate than that given 
st adhgen | oP sccyd it is” 
importan are always adopted when it is a question 
of ascertaining the absolute elastic properties of meta 
apart from the mode in which it is to be employed. Such 


i 
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are, in particular, the elastic limit, the breaking strain, 
the elastic coefficient or Young’s modulus, elastic elonga- 
tion, breaking elongation, and percentage reduction of 
area at the breaking point. These tasts are carried out 
on test-pieces—that is, on samples cut from the materials 
to be investigated and ially prepared so as to display 
the properties under investigation. Experience 
shown that this very preparation, as well as the methods 
of carrying out the test, may sensioly influence the results 
obtained. It is more particularly in this connection that 
the need is more keenly felt of having international regu- 
lations to fix uniform methods of testing for each class of 
material, and, in particular, for iron and steel. 

Great modern industries no longer confine themselves 
to the supply of their own national markets. The works 
of all civilised countries compete amongst lves for 
the markets of the whole world. It has therefore become 
necessary that the conditions specified as to materials, 
and the estimates of the cost of construction should be, as 
far as possible, uniform, and that indeed a single nomen- 
clature should be everywhere adopted with the object of 
controlling the manufacture, of facilitating industrial re- 
lations, and of avoiding useless and often ruinons a 
This standardisation hag,been one of the leading objects 
—— ir founders of agape ey ay age < 
whic now propose y to sketch the history an 
evolution, has had in view. As stated by Professor 
Schule, of Zurich. in his opening address at the Brussels 
Congress in 1906, it seemed, at the time of the founding 
of the Association in 1895, that ‘‘such a degree of uni- 
formity was not only possible, but that it could be attained 
within a few years. At the present day, despite the in- 
tense activity which has pervaded the field of the testing 
~ of ‘materials, it is permissible to state that the views of 

moters have not been realised, and that our Asso- 
iti - not progressing with any rapidity towards 

**There doubtless exists some degree of uniformity of 
methods for current tests of metals, wood, and hydraulic 
cements. but we are witnessing the dawn of new methods 
—in itself a subject certainly for congratulation—which 
testifies to the vitality of our Association at the ri-k of 
introducing transient confusion. Our have 


become occasions of learging fresh facts rather than one 
of classifying those y acquired and of uniforming 
methods, ithin a certain number of years the time 


will have come when a general re-statement will afford 
an opportunity of separating those methods which are 

rely empirical from those which rest on « scientific 

jis or yield more exact indications as to the nature of 
materials. It would be profoundlv regrettable, by a hasty 
straining after uniformity, to damp the ardour of the 
numerous investigators who have endowed us with so 
splendid a harvest of experiments and 
ledge of the structure of technical materials. 

It is impossible not to share the views of the learned 
professor, although it should not be concluded. from the 
passage I have just quoted. that the original object of the 
International Association has completely miscarried. A 
soustnstag preet to the wong Ma afforded by the fact 
that at that very Congress at Brussels the Association 
adopted and published a set of methods which it recom- 
mended for the testing of iron, steel, cast iron, copper, 
alloys, and hydraulic cements, wood and clay, stoneware 
and cement pipes. In this report, which consists of 
thirty-eight ectavo pages, the Association defined, in 

rticular, the much-discussed conception of ‘‘ elastic 
imit,” by pointing out to what degree of accuracy it was 
necessary to measure permanent elongation (0.001 per 
cent.), and by defining the meaning of the ‘apparent 
elastic limit ” (permanent elongation varying between 0.2 
and 0.5 per cent.) and that of the “‘ proportional elastic 
limit” (the stress above which the elongation on in- 
creasing the load by 100 kilogrammes per square centi- 
iffers by more than 0.0005 per cent. from the 
observed length). 

Besides this, the Copenhagen Congress fixed rules for 
the determination of the specific work done on shock- 
fracture or resilience. 

Before dwelling in greater detail on the work of the 


Association, it is necessary to enumerate the different | &°& 


kinds of tests to which metals, and in particular iron and 
steel, are subjected, or to which it has been proposed to 
subject them. 
e can adopt the plan of the French committee on 
methods of testing. and divide them into three ps :— 
1. Chemical Tests. are more ially carried 
out during the progress of mavufacture, in order to 
ascertain composition and degree of purity of the 
products, are, however, also carried out by the 
a: Aenea asa co on the specifications controlling the 


e. 

2. Physical Tests.—These consist of the examination of 
the exterior of the products and noting their fracture. 
The su cial examination may yield, to an expert, a 
idea. The examination of the fracture, however, 
narticularly when the surface can be projected, under 
strong illumination, on a screen and suitably enlarged. 
fra! gene more definite indications as to the qualities of 
8 and of cast iron, and as to the defects they may 


Of late this method has been improved hy polishing the 
surface of fracture and etching it with a dilute solution of 
acid, or of iodine, potassium iodid: ic solution of 


le, 
hydrochloric acid, chloride of iron solution, or, finally 
and y. witha 10 per cent. ammoniacal copper 
solution, which allows of a micrographic examination 
ag ype = report on thin prooers 
ng to an ex ve on this 
y Mr. Wilhelm Ast, of 


Gee Io ge eree E 
jenna, i to t | metals 
the same Congress Professor Heyn, of Grosslichterfelde, 
explained the method in il, and showed it to be 


has | times manifested in mechanical tests. Mic 


f | been 


of deeper know- | nary 





capable of revealing the distribution of the carbon, the 
oe geen ong portions, segregation, flaws and blow- 

oles, and the alteration in the structure due to heat 
treatment or to cold working. This mode of testing may 
therefore afford the metallurgist and the engineer some 
enlightenment as to the cause of the discrepancies orieal 

i 

research is the branch of the science of testing in which, 
more than in any other, has been chiefly made. 
It has become a trustworthy guide in the manufacture of 
iron, steel, and alloys, and has introduced itself into the 
current of many workshops, particularly of those engaged 
in the construction of motor-cars. 

‘The variations in the properties of metals under the 
influence of changes of temp*rature, ening, an- 
nealing and tempering, the study of the magnetic and 
electric yee and the sonorous properties, all form 
branches of physical testing, and have given rise to 
numerous investigations. 

3. Mechanical Tests, which were for long the only ones 
to which recourse was to be had in studying metals, still 
remain some of the most im t and practical of tests. 
The rules or recommendations published by the Inter- 
national Association, and to which reference has already 
made, classify these tests, so far as metals are con- 
cerned, into resistance tests on subjection to various 
forms of stress (tensile, semegnreene, shearing, bending, 
and torsional), either applied gradually or suddenly, and 
workshop tests (bending double, bending single, mer- 
ing down, up-setting, punching, and drift tests). They 
differentiate besides the tests undertaken with u definite 
object in the case of (1) rolled and forged iron and 
steel, rails, axles, tyres, bridge sections, boiler material, 
shipbuilding material, wire and wire ropes; (2) for cast 
iron ; (3) for copper ; and (4) for other metals and alloys. 

Tt does not enter into the author’s plan to descrihe the 
ordinary tensile and compressive tests. Everyone who is 
enga in the production or in the application of metals 
knows this type of test, the machines by which they are 
effected, the peculiarities they display, and the nature of 
the information they yield. The details have heen fre- 
quently described, and the Association has laid down 
minute directions as to the conditions required to be ful- 
filled by the machines, the appliances for holding the 
test-niece, the gauges, the automatic recorders, as well as 
the dimensions of the test-pieces, having rd to the 
shape of their cross-section; indeed the whole of the 
factors required during the test and the degree of accu- 
racy to which they should be measured. The necessity 
of using for tests of this nature accurate and very costly 
machines, of taking rather Jarge test-pieces from the 
materia's to be tested, of subjecting these test-pieces to 
most cireful, and therefore somewhat expensive, prelimi- 
treatment, and of entrusting the tests themselves to 
an expert staff, renders the expense and the time required 
for such tests relatively large. Many inventors have 
sought to supersede them by more rapid and cheaper 
methods, even at the expense of sacrificing some degree 
of accuracy. Amongst such methods may be instanced 
the Frémont punch-test, with automatic recorder, and 
the hardness test. The latter in particular has been for 
many years the object of numerous researches, and has 
given rise to lively discussions in the technical papers, at 

es of the International Association, and at 
meetings of the National Testing Associations. 

As fessor Martens points out in his important 
work on the testing of materials, ‘‘ hardness” has heen 
made the subject of many definitions, amongst which it 
is not easy to make a satisfectory selection, and which 
have led toa number of methods for measuring it. He 
classifies these methods into two groups :— 

In the first group the hardness is ascertained by the 
penetration of a given body by another ata fixed point, 
the penetration being effected either by pressure or by 


impact. 

To the second group the penetrating body makes s 
for itself at the surface of the other body, which it 
scratches. 

When penetration is effected by pressure, penetrants 
of various shapes are employed. In 1900 Brivell Loe 
ted the employment of a very hard spherical steel ball, 
applied by the instrumentality of an bydraulic press or 
by a weight to the surface of the metal to be tested. It 
produces a depr-ssion of semi-spherical shape. If 8 be 
the area of this depression in square millimetres and P 
the pressure in kilogrammes applied to the ball, the 


ratio ‘ called the coefficient or hardness number, may 


be taken as a measure of the resistance of metal to the 
ball, as it increases in proportion as the metal is harder. 
The ratio 5 increases in any given metal when § is in- 
creased, or when the diameter of the ball is diminished. 
It also depends, within certain limits, on the time taken 
in making the test. To obtain comparable results it is 
pr nnag Nae ops to ny a ball of constant dia- 
meter, y 10 mm., @ constant pressure, gener- 
ally, in the case of iron and steel. 3000 kg. On the other 
hand, from experiments made by Captain Grard, of Paris, 
it would appear that five minutes is sufficient for S to 
attain its maximum. 

By carrying out numerous tensile tests on steel and 
comparing the results with those of the ball test, Brinell 
helieved himself able to show that a definite relation 
exists between the breaking strain and the ness 
number. If this be s9, the ball hardness test would fur- 
nish an easy, rapid, and cheap means of ascertaining the 
strength of a steel. It would also have the advants 
being capable of being applied to finished parts wi t 
injuring them, or to ascertaining the homogeneity of 
by making depressions at various situations. 
It would also furnish the manufacturer or user with an 
easy means of controlling the influence of thermal or of 





mechanical treatment, such, for example, us hardening 
or planishing. The interest which this process aroused 
may therefore be readily understood. Numerous investi- 
gators have sought to verify the relationship. In some 
instances it may be made to yield results very closely 
approximating to the truth by adopting the process of 
multiplying the hardness wats B. by various coefficients 
in the case of hard or mild steels, and according as the 
impression is made in the direction of rolling or across 
the grain. Other observers, such as Mr. Breuil, have 
found that this method may result in very erroneous 
results, and the Brussels Congress would not consent to 
feb apace of — hardness test = Se tensile 
in specifications. congress nevertheless recog- 
nised the- value of the process by recommending the 
determination of the hardness number in testing supplies. 
Since that time numerous other researches have been 
made and have given rise to another process of ascer- 
taining the hardness by a method suggested by Martens 
and Heyn, which consists of taking the depth of the 
depression as ‘indication of the hardness instead of its 
pe Mr. Ludwik, of V: 

t the Copenhagen Congress, Mr. Ludwik, of Vienna, 
who had been deputed to report on hardness tests, con- 
éluded, on the evidence of all the previously-published 
data, that no simple relation existed between the elastic 
limit, the breaking strain, and the hardness, but that this 
did not exclude the possibility of deducing the elastic 
limit and the breaking strain from hardness tests hy 
means of certain empirical coefficients. By determining 
the coefficient for each group of sufficiently similar 
materials, a fairly satisfactory approximation can 
arrived at. Mr. Ludwik further notes that for metals 
that display contraction the breaking strain does not 
yield an exact idea of the specific strength. The Copen- 
hagen Congress came to no decision as to ball or cone 
hardness tests. 

The last congress, at New York, again had occasion 
to examine the question of hardness from the point of 
view of resistance to wear. From an important memoir 
by Mr. Saniter it appears that the relation between these 
two qualities is tro uncertain for either to be deduced 
from the other. Nevertheless Mr. Hibbard found that, 
of two steels of equal hardness, the one with the highest 
tensile strength had a higher resistance to wear, and that 
of two steels of equal tensile strength the hardest dis- 
played the greater resistance to wear. Side by side with 
ball and cone tests are other methods less frequently 
employed, but by no means devoid of interest. We may 
specially. refer to the scleroscope method, described hy 
Shore and Breuil, which consists in measuring the height 
to which a steel ball falling, through a given distance, on 
to the surface of the metal under test, rebounds; and 
Colonel Martel’s method, which consists in measuring the 
volume of the impression produced by a pyramidal point 
falling from a certain height, and, finally, the sclerometers, 
which measure the depth of scratch produced by a steel 
point loaded with a predetermined weight. Up toa 
certain point some degree of reliance may also be had on 
the method of photographing the sparks produced by 
steel when acted on by an emerv wheel. Bermann, of 
Budapest, proposed at the New York Congress that this 
test should be adopted in the programme of the Associa- 
tion, pointing out that the results obtained show the per- 
centages of carbon, silicon, and manganese in alloy steels 
can be accurately ascertained by comparing the sparks 
they produce with those produced by steels of normal 
composition. 

Amongst circumstances exercising considerable in- 
fluence on the strength of materials, there is one which 
has been the object of numerous researches, and which 
has forced itself in the most urgent manner on the atten- 
tion of designers ever since the speed of machines has 
risen considerably; it is the alternation and rapid 
succession of stresses which induces what is at present 
known as “‘ fatigue ” in metals. 

The earliest in ge ray of this subject were those of 
Wohler (1857-1870). ter Spangenberg and Bauschinger 
(1870) devoted themselves to the question. Some earlier 
experiments are, however, attributed to Fairbairn. 
Without recapitulating here the laws enunciated ~ 4 
Bauschinger, it may be said that both fatigue and hard- 
ness tests have as their object the ascertainment of the 
resistance of metals during use ; that is to say, the stresses 
they can withstand indefinitely withont breaking, applied 
in various ways and undergoing rapid variations, and, in 

icular, changes in direction. Many methods have 

thought out for applying such stresses by tension, 

by bending in one or more planes, and by reiterated 
shocks. The Brussels Congress did not deal with the 
matter. The Copenhagen Congress received a communi- 
cation from Mr, Howard on tests carried ont on two 
kinds of steel containing respectively 0.55 and 0.82 per 
cent. of carbon, and one by Messrs. Schule and Brunner 
on the endurance of copper wire under repeated tensile 
and bending tests. The subject was treated more fully 
at the New York Congress, where it gave rise to six im- 
t papers. That by Mr. Roos, of Stockholm, may 
specially mentioned. He carried out experiments by 
subjecting test-pieces to static stress, by ro’ coiling, 
and by repeated shocks of definite amount. He found 
that the limit of endurance increases in the same ratio as 
the limit of proportionality, of which it is, on an average, 
0 65. Mr. Roos believed it possible to conclude from his 
own personal experience that 89 per cent. of the fractures 
in pieces that hé had examined were due to fatigue, and 
that much importance is to be attached to ness tests. 


of | This conclusion wes also arrived at in another paper con- 


tributed by Mr. Kommers on tests carried out on the 
Landgraf Turner machine. He attempted to deduce 
therefrom a “factor of quality” that might serve for 
commercial use. It may also be pointed out that the 
national arms factory of Herstal, near Liége, which 
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one of the most im producers of automobiles, 
motor-bicycles and bicycles, tests the metals it em- 
ploys by means of a machine which produces shocks 
of low intensity, rapidly repeated, on test-pieces of a 
given size. This us, by @ natural transition, to deal 
with a question which has been most strongly ventilated 
during the last few years, but upon which no agreement 
has as yet been arrived at. I refer to the determination 
of the resistance of metals to shocks of given intensity by 
means of a determination of their resilience. 

The regulations published by the International Associa- 
tion, as a result of the vray we D Poe ae 0 
chapter relative to impact tests, but dealing exclusively by 
-— made with a heavy weight (500 kg. to 1000 kg. falling 
vertically), and the question of tests made on bars 
is not dealt with. The Budapest Congress of 1901 had, 
however, already recommended this form of test. At the 
Brussels Congress Mr. Sauvage ted a detailed 
report on this subject, in behalf of the sub-committee of 
whieh he was a member. He gives a history of the 
publications relative to this ‘7pe ot test, and describes 
the different apparatus that been suggested for 
carrying them out, particularly the Barba and Leblant 


spring tup, Frémont’s spring pressure tip, the pen- 
iaen weight employ: by Messrs. Bent, Russel, 
Charpy, and Unwin, and Guillery’s rotating weight. 


This test is made on a rectangular-sectioned test-piece 
notched on one side and resting on two Fe . t is 
struck in the middle opposite to the note side, so that 
fracture takes place with one blow. The work in kilo- 
grammetres expended in delivering the shock divided b 
the cross-section in square centimetres of the metal left 
at the bottom of the notch gives the resilience of the metal. 
The object is to reveal the brittleness of the metal. 
These tests are easily made, require but small test-pieces, 
and are inexpensive. Those who have investigated them 
claim in their favour that they are practical tests, as the 
parts of a structure during use often display reduc- 
tions in section, and that they serve to bring out 
differences in metals that no other t of test re- 
veals. It has, nevertheless, to be admitted that the 
results of these tests vary with the shape and dimen- 
sions of the test-pieces and of the notches, and it 
has not been proved that the brittleness such tests 
reveal is of the same nature as that which operates 
during the actual use of such pieces. This was shown by 
Mr. Le Chatelier at the Budapest Congress of 1901. Mr. 
Sauvage’s conclusion was likewise that they had failed to 
establish their claims. At the Brussels Congress Mr. Ast 
sought to establish a relation between impact tests on 
notched bars and tensile and bending tests. Comparison 
does not establish this relation. On the other hand, 
numerous facts observed by two officers of the Dutch 
artillery similarly led to a negative conclusion. The 
Bru Congress also negatived the armmetan of insert- 
ing notched-bar tests in specifications, while at the same 
time recognising that the method was capable of yielding 
highly interesting results. 

Ina lengthy and important memoir which Mr. Breuil 
published in the Revue de Mécanique (1908-9) he criticises 
the different methods of testing nutched bars and mvesti- 
gates the influence of different factors on the results—a 
subject he had frequently dealt with in 1904 in his Car- 
negie Scholarship Report to the Iron and Steel Institute. 
He concludes that this class of test exaggerates the 
differences between metals, without, however, conforming 
to any fixed law, and that it is better to make tensile tests 
on thin to ascertain brittleness. The notched-bar 
test should only be employed to reveal the homogeneity 
of the metal. : 

The general meeting of the German Association on 
— Se payee 1 ae held 4 Soutlee 

pril 5, »in ting the conclusions of a report a 
committee under ee amen « of 7 Mertene) 
recommended impact tests on notched bars and recorded 
a preference for the Charpy swing weight. The dele- 
gates defended this resolution at the Copenhagen Con- 
gress in 1909, at which Mr. Charpy presented, on his own 
account, an important memoir on i tests on 
notched bars. His conclusions were to the effect that 
these tests served to bring out the differences which 
failed to reveal themselves in tensile tests, and that it 
was not wise, therefore, to ignore them, although it was 
advisable to adopt a standard method in order to render 
comparable the results obtained by different investigators. 
The congress discussed the question, which was, indeed, 
the subject of eight memoirs, at length, and adopted the 
following resolutions :— 

The test-bars should measure 30 mm. by 30 mm. by 
160 mm., and should be notched to a depth of 15 mm. 
The bottom of the notch should have a curvature to a 
radius of 2 mm. 

In the aS the bars may have the thickness 
of the plate i _and a width of mm. The no! 
should Paptewe to the rolled surfaces, and have 
: as 15 = and a ee > eee gra By 

mm. radius. For pieces not admitting em - 
ment of bars of 30 mm. b: 50 wa, the. tes should te 
10 mm. by 10 mm., and be notched to 5 mm., with a 
curvature at the bottom of the notch to a radius of § mm. 
The bars are subjected to a bending test by receiviag in 
the middle and on the surface opposite to the notch the 
impact of a falling weight rounded off to a radius of 
2mm. The bars rest on knife-edges 120 mm. in 
the case of large test-pieces and 60 mm. apart in case 
ot i tenting should be betwenu 8S den andSe dee Cen‘ 

uring % 5 . 
The bars should be fractured by a single blow by means 
of an apparatus which allows of the energy absorbed in 
breaking the bars being ascertained. Finally, the Con- 
a authorised a committee, under the chairmanship of 

. Charpy, to study the relation existing, on the one 
hand, between the results given by notch-bars tested 


tch | the time of his death, and publi 





under different conditions, and, on the other, between 
the results of tests and the behaviour displayed by metals 
under service conditions. The question was bound, 


study of constructive materials and of the properties by 

which their qualities are ined.” 

died on November 25, 1892. He was 
succeeded 





therefore, to come up again at the New York Cong 
It gave rise to nine memoirs. Mr. ape A ae al 
re of the special committee, from which the following 
— am may be eannenes i= an 

. tests carried out by Messrs. Bartel, Ehrensberger 
and Charpy a to have proved that the resilience 
shown by small test-pieces is always lower than that 
shown by large test-pieces geometrically similar. The 
difference is greater in proportion as the resilience is 


greater. 

2. Tests by Messrs. Mercier and Mimey have proved 
that energy required to deform toa similar degree two 
similar test-pieces of similar metal is proportional to 
their volumes, and that if the height of fall, the masses 


of the falling ts, and the distances between sup- 
ports satisfy the following ratios :— 

, Hy = M, = D, 

JH, M, D, 


the e expended in producing deformation is pro- 
porti to the cube of their dimensions, and not tothe 


square. 

Mr. Charpy recognises that the employment of two 
types of test-pieces has not yielded the anticipated 
results, and that it would be advisable to increase the 
o seeiggg yh the notch in the case of ~ =, test- 

ieces. It does not as yet appear possible defini to 
aad any special type of testing appliance, but i, is 
aay J to call attention to the importance of reducing 
losses of ene’ due to friction and vibration, and to 
the necessity of introducing a method of calibrating the 
apparatus. 

e discussion on the different problems involved in 
notched-bar tests was'exceedingly animated, and occupied 
several sittings. The questions of the test-pieces them- 
selves, the notches, the rate of impact, the weight of tap, 
and impact ile tests were discussed in succession. It 
would be impossible to summarise this discussion without 
making the of the present paper disproportionate. 
It is advisable, however, to point out that the attention 
of the members of the co was paanedty ted to 
the declaration of Mr. ihon, whose die-stamping 
works at Ans, near Liége, produces a amount of 
automobile parts, exported to almost all parts of the 
world. Mr. Derihon used the Frémont weight and test- 
pieces, measuring 10mm. by 8 mm. by 60 mm., witha 
notch of 1 mm. in depth. From 80 to 100 tons of steel 
are in his works, and 10,000 to 12,000 impact tests 
made per month. From 18 to 30 ki metres of resi- 
lience is required according to the properties of the steels. 
To begin with, the specimens rejected amounted to 40 
per cent. is result led to improvements in the 
method. of treatment, until at the present time the 
number of failures has fallen to 3 per 1000. On the 
conclusion of the discussion the special committee pro- 
posed to ratify the decisions of the Copenhagen Cor 
and to collect together for the next Congress descriptions 
of the machines employed, and of numerous comparative 
tests. The-congress confirmed this decision, and com- 
missioned the committee to present at the next Co 
definite suggestions as to the height of fall, the weight of 
the tup, the of calibration, the form to be given 
to the supports of the test-piece, and a definition of the 
“Tr oe feos es thods for the i f 

n the fo ng me! or testing 0 
ions and steel have been py Not all S. F, details 
of the tests pro , or in use, for testing wire, 
tubes, pipes, rails, &c., have been described, and attention 
has been confined to the question of the part played 
by the Invernational Testing Association. The results 
of its intervention have already been dealt with; but 
in order properly to understand its action and the ser- 
vices it has ren it may be well rapidly to trace its 


his ® 
The. idea of f ing an association intended for the 
confirmation of me’ of testing was due to Professor 
Bauschinger, to whom are also ap soneeene Saues: 
ments the invention of i ious appliances, which 
have been published and fully ibed in Civilingenieur 
and in the Mitteilungen des Mechanisch und technisch 
iwms der Kénigliche Technische Hochschule in 
Munchen. It was in the latter city that Bauschinger 
convened, in 1884—that is to say, at a period when tests 
on materials were only carried out at a few of the largest 


2 


seded by Ludwig von Tetmayer, who had 

the illustrious Culmann in the chair of and 
statics, and in the direction of the laboratories of the 
Zurich Polytechnic School. It was to the efforts of 
Tetmayer that it was due that, at Zurich in 1895, instead 
of the thinly-attended meetings, to which reference has 
been made, a regular international congress was held, in 
which — from Germany, France, Italy, Great 
Britain, the United States took It was at this 
meeting that the establishment of the International 
Association was decided upon, and Tetmayer was elected 
its first president. 

It appeared at that time as though the unification of 
wathste ot testing was a task that could be completed in 
a few years. A committee was appointed with this object, 
under the chairmanship of Chiet Engineer Polonceau, of 
Paris, with Mr. Martens, the illustrious German pro- 
fessor, who has so greatly contributed to the science of 
testing, as vice-chairman, and his commission was, as a 
matter of fact, deputed to submit at the next congress 
suggestions for ising the di ies met with 
between the resolutions the meetings at Munich, 
Dresden, Berlin, —— and Zurich, the findings of the 
French Committee on Methods of Testing, and those of 
the American Society of Mechanical Engineers. 

The second Congress took place at Stockholm in 1897. 
The committee was able to present only two proposals as 
to uniformity on methods for the ing of A arom and 
hydraulie cements, drawn' up by Messrs. Baclé and 
Alexandre, Nes greed with the comments with which these 
proposals been met on the part of several other 
members of the committee. The Stockholm yen 9 
confirmed its instruction to this committee up to 1900, 
and formed a series of other similar committees, each 
deputed to solve certain special pro The committee 
therefore continued its labours under the chairmanship 
of Professor Debray, who had succeeded Mr. Polonceau, 
and became subdivided into two sections, one dealing 
with metals, and the other with hydraulic cement. A 
provisional report was drawn up, oa behalf of the first 
part, by Professor Hannover, of Copenhagen. This report 
took into account the resolutions passed at meetings 
previous to the foundation of the International Associa- 
tion, the ions of the National French Committee, 
and those of the National Committee. It should, 
indeed, be noted that in each of these two countries the 
question of methods of testing were being seriously taken 


up. 

Professor Hannover's report could not be taken at the 
Paris Congress, which, as a matter of fact, was not an 
official meeting of the International Association. It was 
decided to postpone the discussion to the congress to be 
held in Budapest in 1901. 

In the meanwhile Professor Martens had published, in 
1900, his work on the “‘ Principles of the Standardisation 
of Methods of Testing,” work in which he had sought 
to reconcile the results obtained up to then in Germany, 
France, and the United States with the work of the 
International Association. 

The Budapest aes was unable to solve the 
numerous recente gy lems addressed to it. This may 
well be understood, seeing that, as has already been 
pointed out, much had been made in ss and 
new methods had propounded necessitating fresh 
and exhaustive investigations. 

The fourth was to have been held in 1904 at 
St. Petersburg. Russo-Japanese War, which broke 
out in that year, prevented its being held. It became 
necessary to postpone the meeting to the year 1906, 
Brussels chosen as the place of mee’ The 
chairman of committee, Professor Belelubsky, who 
had succeeded Mr. Debray, had organised provisional 
meeti at Berlin and in Paris, and presided over the 
oumtall tnatiens at Vienna. The outcome of these pro- 
ceedings was a volume of postulates to be ted at 
the Brussels in the form yD apes pee wee relati 
(1) to the mechanical testing of me and alloys, and (2 
on the methods for the testing of hydraulic binders. These 
propositions constituted a very pores eh matter, 
which may be regarded as a codification of methods 
of testing suggested up to 1906. They have been analysed 
in an earlier part of this paper. The congress unanimously 
ee them, and appointed special committees to report 
on the following points :— 


works and by the management of certain railways—the| (1) The hom ity of iron and steel ; (2) rules for the 
first erence on the Standardisation of Methods for | testing of pieces ; (3) tests on the macroscopic 
the Testing of Materials of Cunstruction. This confer- | structure; (4) the nomenclature of iron and steel; (5 


ence was attended by seventy-nine German and Austrian 
e and it was decided that it should meet in the 
future every two i was dent until 
e resolutions 
arrived at at the mee in Munich (1884), Dresden 
(1886), Berlin (1890), and Vienna (1893). In the mean- 
while Uni Exhibition of Paris in 1889 had been 
the occasion of bringing together in i 
international 


commi' commenced its labours in 1891. Its work 
fruit, as in 1894 to 1895 it had already issued 


Sue te dhe sepente of the tenttingi NASR toy Basedlt 

“Tt is in i in- 
cry . in his 

to the’ Bruseke Congress in 1906, ‘‘ that is to be sought 

all that constitutes the foundation of the technological 





methods of testing cast iron; (6) notched-bar tests; (7 
ball-impression tests ; and (8) magnetic and electric pro- 

nage te hor Patan Reon pM ag eer Bh ng 
made, many reports were presented at Brusse ‘ 
an E muibapeghy Wass TH, de santonghe 
progress y since » on ic 
tests, on the determination ef hom ity in iron and 
steel, on nomenclature, on the institution of uniform 
tests for cast iron i i 





twelve on stones and cements, and eight 


ma’ 

The fifth Congress of the International Association was 
held at in 1909. It confirmed the growing 
importance of Association. As a matter of fact, 
twenty-two States were officially nted, and over 
900 persons attended 'o give an idea of 
the interest felt in the work of the congress it is only 
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necessary to refer to t! blems which were the subject 
of the reports of committees and gave rise to 
pe tg discussions. The 
mtg a a relative to im — - 
notched opted the nomenclature of constituent 
sah gael pe apes a Ss Le Chatelier, and in 
inciple the report of the sub-committee on international 
tions for iron and steel, and various resolutions 
specications fr iron. lic materials. Besides this it pub- 
lished a large number of memoirs, particularly three on 
metallography, three on hardness tests, seven on impact 
tests, two on endurance tests, on fatigue, on cast iron, on 
the electro-thermal and magnetic properties of metals, 
five on interna! stresses, three on the protection of iron 


“and steel from corrosion, and twenty-three on non-metallic 


niaterials, 


~ A large number of problems were postpo for con- 


sideration at the New York Congress, held in 1912. The 
number of memoirs reports presented sothis Co 
were again r than at the ing one. ry 


amounted to 152, of which 56 related to metals, 62 to 
cements, building stones, and concrete, 20 to various 
substances, such as oils, india rubber, timber, paint, 
bitumer, and road materials, eight to internal stresses, 
and three to the testing of materials in general. This 
mass of papers is evidence of the ever-increasing activity 
of the Internationa] Association, and shows the interest 
it arouses in all occupied in the use of the different 
materials of construction. The = agg pe increases 
yearly ~~ the election of new members, of which mda at 
possesses 2682, and is officially subsidised b = 
Beste. It may be pointed out that although Great 
Britain and Belgium are not included in the list, the 
Tron and Steel Pr wae is Dg amm Lo ~~ oP g 
its trons. thou ti ts ons an e 
publications of the Giaeviae | organises” con- 
stitute a rich min®> of material, il afford, at in- 
tervals, tabulated one, showing waey, the infor- 
mation gathered and the general rules adopted in 
respect of the cain sf of every description of materials, 
it may be permissi point out — the ae 
attaching to the comention is on as a , 
some countries. This is shown b e following list, 
showing the actual distribution of A... amongst 
leading commercial nations :— 


Members. 
United States... ma ies aad 472 
rmany <a nt pnt ee ie 424 
Austria-Hungary _... — ‘en = 340 
rance ... Fe é He id 14 195 
Great Britain .. a =e ~ os 158 
Belgium rs 126 


There is little doubt thes, were ion more wlisly known, 
the International Association would obtain as mem 
many more manufacturers and engineers, to whom its 
work is so fruitful and so useful. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Wr give below a few data on several Colonial and 
pe Journal, Bony: bee at “fd 
in! ion 
peajerts con be, chine semeecial tote 
Branch, Board of Trade, Ng on termed 
ress thy E.C. 


New Zealand: The Imperial Trade dent at 
Auckland reports that, according to the local Press, the 
Borough Council of Grey Lynn (a suburb of Auckland) 
has adopted a report by as committee recommending 
a loan of 98,000/., of which 5000/. is to be spent on laying 
water - mains, 75008. on installation of water- an 
10,0007. on water-closets, 57,7351. on street improvements, 
and 15002. on fire-brigade appliances. T' a ph 
Council of New Plymouth has seeasbedes 
a loan of 55,000/. for eaaee rk and 42,0001. for eae 


and water opel im 

Norway or a ab  Obristiania reports that 
tenders are ng ep by the Norwegian State Railway 
Authorities for the supply of iy truck Sapiens and 
i” metres of “om > ie a: ppc "y marked 
** Presenninger,” an. on 
January 3, 1914, = T Mokieeioe ee (Maskindirehtovess} 
kontor, Statsbanerne, Christiania, where further par- 
ticulars may, be seen. No special form of tender is re- 
quired, but local representation by a 7 a eens agent (not 


Scull for tenders by the, Stavanger Gas Works for s 
Vicon orks for a 


a call for aaee le 
meter, the Acting agp Vice- at a seer iy 
now forwarded a cop 

ditions (in on © Sf ee oe st be thitod d King: 

dom builders at the "ral be 

The ter is to Fare a cupecty of 12,000 cub. metres. 

T will ba received up to January 11, 1914, at 


Gasverkets Kontor, en whence conditions of 
ee Se eee No special form of tender 


required. 
” Beit: H.M. Commercial Attaché for prornang reports 
that the issues a the mae the Hama Gazeta, 


Saat 817 roubles for subsidies to 
he following sums are 

and improvement works :—Port works, 933,700 roubles ; 
port equipment, 2,308,810 ‘roubles ; ice- breakers, 4, 4,280,000 


* These blications now omount to seven volumes, 
exclusive of the exhaustive peage age a 4 of all nade eat and 
technical relative to the of materials, 


papers testing 
which the secretary publishes at regular intervals from 
his office in Vienna. 





roubles; and dredgers, é&c., 1,035,269 roubles. In addi- 
tion to the above, a sum of 17,969,500 roubles is allowed 
as “extraordinary expenditure” for port construction and 
improvement works under the special programme autho- 
rised in April, 1912. This sum is distributed as follows :— 
754,000 roubles for the continuation of port works already 
begun, 14,502,000 roubles as conditi credits for works 
authorised, and 2,713,000 roubles as conditional credits 
for fot works not yet sanctioned by the Chambers. [Rouble 

ua: The Lieferungs-Anzeiyer, Vienna, states 


Rouman 
that in the Bill lately presented to the Legislative | 7, 


Chamber by the Rouwmanian Minister of Finance, 
364,300,000 Tei (14,572,090/.) have been set aside for the 
construction of new railway lines in Roumania, the total 
le of which is to be 1028 miles. Of this amount, 
153,572,000 lei (6, 142,880.) have been earmarked for the 
construction of rolling-stock, workshops, railway-stations, 
&c. The proposed lines are to be ready for working 
pate. Hi Majesty’s Lega Sofia tha 
artva;: THis reared 8 tion ab reports 6 
tenders are invited by the B Directorate-General 
of Railways and Ports for the supply and delivery of 300 
covered and 100 open goods wagons. of 15 metric tons 
capacity each, 20 wagons for poultry, 20 wagons for 
orerrng glassware, 20 rail- ns, of 18 metric tons capa- 
pos. 200 coal-wagons, of 20 metric tons capacity 
200 ballast-wagons, of 15 metric tons capacity each. 
Tenders will be received by the Kreis-Finanz- Verwaltung, 
Sofia, up to 3 pe on January 2, 1914. Tenderers must 
include with their tender an undertaking to pay 5 
cent. of the value of the order should they fail to accept the 
contract within 15 days from its adjudication to them. 
Only wagon manufacturers may compete. A manufacturer 
who has not previously supplied wagons to the Bulgarian 
State Railways must send with his tender a declaration 
by the authorities of a railway that he has executed a 
— for the supply of wagons to them to their satis- 
‘action. 

Spain: The Gaceta de Madrid contains a copy of a 
Decree, issued by the Ministerio de Fomento, inviting 
tenders for the construction and working, for a period of of 
99 years, of a railway from Avila to 
Pefaranda and Bracamonte. Work must be , &- 
within three months from the date of the gran of the 
concession, and be completed within six years. ‘enders 
will be received up to March 10, 1914, by the Director 
General de Obras Puiblicas, Ministerio de Fomento, 
Madrid, and ure to be accompanied by a deposit of 
100,000 pesetas (about 3700/.). Phe minimum quantity of 
rolling- stock required to work the line is 3 passenger loco- 
motives, 5 goods locomotives, 8 tenders, 4 first-class 
coaches, 6 second class, 4 first and second class, 10 third 
class, 5 second and third class, 8 goods trucks, 10 trucks 
for provisions and goods, and 4 horse trucks. The con- 

cession carries with it a State subsidy of one-quarter of 
the cost of construction, which is estimated at 9,555,000 
ey > (about 353,9002.). The contract will doubtless go 
to a Spanish subject, but the carrying out of the work 
may involve the purchase of some materials and rolling- 
stock outside Spain. 

Portugal: With reference to the pro construction 
of the Portalegre Railway, it is notified that the Diario de 
Governo publishes a netice inviting tenders for the con- 
struction of this way. Tenders, accompanied by a 
deposit of 50,000 milreis Tabout 95701.) will be received by 
the Conselho de Administraciodos Caminhos de Ferro 
do Estado a - January 15, 1914. 

Mixico: M. Minister at Mexico City reports the 
publication of a contract between the Ministry of Com- 
munications blic Works and Mr. J. O. Simmons 
for the construction and working of a railway about 
200 km. (124 miles) in length, in the State of Michoacan, 
to start between the stations of Patzcuaro and Uruapam, 
on the Mexican National Railway system, and to termi- 
nate on the right bank of the River, with branch 
lines to Apatsingan and Inguaran. The line will be o 
the Mexican standard gauge, of 1.435 metres (4 ft. 84 in.). 
The line must be completed within five years from 
October 18, during whis period all materials, &c., may 
be vow pag | free of duty. 

Brazil: The ey Conse. Brussels, states, 
on the von of ian Legation in Rio de 
Janeiro, that Tae Prasitoat of of Brazil has sanctioned the 
plans for the construction of the railway from Monte- 
Azul to Maribondo, a distance of 39 km. {about 24 miles). 
The cost of the work is estimated at 2,004,000 francs 


— 80,0002. 7 x . - 
Argentina: Boletin Oficial, Buenos Aires, contains 
of a rag Wh issued by the Ministry of Public 
Works, au the Direccién General de Irrigacién 
to spend the sum of 271,895 pesos currency (about 
works for the construction of a canal to 
ieloate the Roca Colony, the district through which the 

upper part of the Rio Negro passes. 





Inpian I[gRIGATION.—The net revenue of the Anglo- 


Indian Government from irrigation works came out as 

follows for each of the ten years ending with 1911-12 in- 

clusive :— 
Year. na Year. — 
1902-3... .. 198,894 1907-8 .. .. 646,475 
1908-4... ae 230,663 1908-9 .. ae 608,823 
1904-5.. .. 283,344 1909-10..  .. 606,300 
1905-6.. .. 126,005 1910-11.. .. 584,387 
1906-7. . 796,156 1911-12.. oe 805,199 

It is satisfactory to note that the maximum revenue 

collected in the last year under notice. chief 


motive of the Indian authorities in pressing a. ae and 


works is not wholly concerned with meer making j 
Ghject ie to relieve the population from jodie 


horrors of famine. 


each, | grasses, as 





CATALOGUES. 


Balata Belting.—The India Rubber, Gutta Percha, and 
Telegraph Works Company, Limited, of 100-1 06, Cannon. 
street, E.C., have sent us a copy of their latest price list 
of balata belting. The prices stated are for belting 
gongs Som 1. to 24 in. in width and from 3 to 10 ply 

ickness. 


Telephones, dc. — We have received from Messrs, 
Siemens Brothers and Co., Limited, of Woolwich, 8.E., 
a small catalogue of telephones for private installations. 
catalogue gives particulars of battery telephones, 
inter-communication telephones, magneto and central- 
battery ones with suitable switchboards, gas-tight 
and water. tight telephones, lightning arresters, junction. 
boxes, wires and cables, batteries, accessories 
prices are stated for all the instruments, &c., dealt with. 


Clover-Hullers.—A copy of their catalogue of clover- 
hullers has reached us from Messrs. Ruston, Proctor and 
Co., Limited, of Lincoln. The catalogue illustrates the 
machines and describes their construction in detail, call- 
ing attention to their special features. ‘They are made i in 
three sizes, in which the drums are respectively 2 ft. 6 in. 
3 ft. 6in., and 4 ft. long, and they are capable of thrash- 
ing sainfoin, rotation grasses, veitches, tares, and other 
asclover. A number of testimonials from 
users are printed. 

Electric-Light Fittings.— Mr. Oskar Weber, of 25, 
Pariserstr, Berlin, W.15, has sent us a copy of his latest 


per | catalogue of electric-light fittings and accessories. His 


Angers, a include lamp-holders, plugs and sockets, 
angers, ceiling roses, fuses, switches, insulators, and a 
ery large variety of fittings for use with metal-filament 
comet for exterior lighting, especially suitable for shop 
windows. The catalogue also includes numerous examples 
of fittings for interior lighting with incandescent lamps. 
y ter the fittin sings, many of which are of very pleasing 
design, are for i ee lighting, and others are for direct 
lighting. The catalogue is fully illustrated, and prices 
are stated in each case; the introductory matter of the 
catalogue is printed in five different languages. 


Centrifugal 4“ —Messrs. Down and Johnston, of 
Craven House, Kingsway. W.C., who are sole British 
representatives of Messrs. E. Tatzel and Co., of Troppau, 
Austria, have sent us a catalogue of centrifugal a 8 
manufactured by the latter firm. Low- Foe 
stage pumps for ed up to 100 ft. are first Galt wi with ; 
they are made with capacities up to about 9000 — 
per minute. Particulars are afterwards given of ble- 
stage and multi-s' pumps which are built for any 
quantity of fluid and any head. They are suitable for 
water works, mine pumping, shaft sinking, boiler feed- 
ing, fire extinction, Several examples of all types 
are illustrated by reproductions from photographs and 
sectional drawings. 


Portable Electric Grinders.—A bulletin giving 
ticulars of tye ay portable electric ders has * soul 
received from the Chicago Paoumatio Fool Company, of 
Fisher year ey Chicago, Illinois, U.$.A.; the London 
address of this firm, it should be mentioned, is the Con- 
solidated Pneumatic-Tool Company, Limited, 9, Bridge- 
street, Westminster, S.W. The grinders listed are suit- 
able for hand use, or for clamping to the tool-posts of 
lathes or other machine-toole. Bench and pedestal-type 
grinders are also dealt with, as also are precision grinders 
for internal and ex work. All types are electrically 
driven, and most tof them can be supplied for either direct 
or alternating current. The particulars given include 
i. dimensions, &c., and each grinder has a code 

assigned to it to facilitate i inquiries for prices. 


Water 'y for Country Houses, &c.—We have re- 
ceived from Messrs. H. Hammelrath and Co., G.m.b.H., 
of Céln-Miingersdorf, Germany, a a catalogue illustrating 


f | their apparatus for supply of water in country houses, 


&c. The apparatus comprises an electrically-driven pump 
to raise the water from a well and force it into a cl 
tank, whence it is distributed all over the house by the 
air pressure in the tank. The pump is arranged to start 
automatically as soon as the pressure falls below a certain 
limit, and to stop when it has risen again to the necessary 
value. In large ——— separate’ tanks, communi- 
cating with by means of pipes, are used for 
the air and water, but the general principle of operation 
is the same. Some of these large installations are suit- 
able for supplying farms, hotels, villages, works colonies, 
&c. ; they can be combined with filtering apparatus when 
necessary. he catalogue gives full particulars of the 
plants, with prices, and also illustrates some examples of 
vacuum cleaning-apparatus manufactured by the firm. 





CanapIAN Ratiways. — The ex iture made on 
capital account by the Canadian vernment for the 
construction of Government steam railways to the close 
of March, 1912, was 285,423,666 doles. The following 
were the ipal items:— Intercolonial Railway, 
84,995,663 National Trans-Continental Railway, 
ie vapag: sea dol a Pacific eat 62,789,776 
dols.; Prince Edward Island Railwa , 8,687,793 dols. ; 
Cope Breton Railway, 3,860,679 dois.; *oxtord and New 

lasgow Railway, 1,949,063 dols.; Drummond County 
Railway, 1,464,000 doi. ‘and Eastern Extension Railway, 
The utge Devt, pF Oxford and New 


Montreal and AN chout short line 
Railway. It id be added 
that an outlay of 830,856 dols. was made in connection 
with the reconstruction of the great bridge near Quebec 
which failed disas‘rously a few years ago. 
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SEWER SECTIONS IN BAD GROUND 
AND IN DEEP CUTTINGS. 


By Ernest R. Matruews, Assoc. M. Inst. C.E., 
Borough Engineer of Bridlington. 


Tue author, having had considerable experience 
in constructing sewers in bad ground and at 
various depths, proposes to describe in this article 
the variations in design which he has found neces- 
sary, and to give particulars of the additional cost 
incurred we meeting with bad ground or in 
consequence of the varying depths at which the 
sewers had to be constructed. Explanations will 
also be given of some of the methods which may 


shown in Figs. 1, 2, and 3.(this last figure, however, 
showing a 36-in. i of a 24-in. tube), assuming 
each is laid 10 ft. dee Sf sled 3 2 being in 
good ground, and Fig. 3 in ground), would be 
21. 1s., 21. 7s., and 3/. 2s. 9d. respectively. Fora 
36-in. tube laid as shown jn Fig. 3 the cost would 
be 41. 19s. 6d. per lineal yard. These figures are 
made up as follows :— 


Fic. 1.—Sewer, 10 Ft. Deep. In Good Ground. 
(Per Lineal Yard.) 


£ s. d. 
Excavation, 4 oubic yards at 3s. -- 012 0 
Concrete in place, 1 cubic yard at 20s. 1 0 0 
24-in. concrete tubes in per 


place, at 9s. 





lineal yard 





be adopted in overcoming difficulties arising in 
2. 




























24.0° 


------------------------ 


No timbering of trenches is included in these 
figures, but just the actual eost of the excavating 
and sewer. The author has, on several occasions, 
laid cast-iron sewers, and these at 10 ft. deep, 
2 ft. 6 in. in diameter, as shown in Fig. 8, have 
cost 4J. per lineal yard, including no concrete 
foundation. 

Sanitary pipe sewers should not exceed in 
diameter 18in., and it is preferable that they 
should be laid in concrete in the manner just 
specified for concrete tubes. It is sometimes even 
necessary to putin piles to carry the sewer, and 
the author knows of an interesting example of this, 
where an 18-in. sewer had to be laid at a depth 
of 12 ft. in bad ground. The trench was about as 








bad as it could be, the bottom consisting of run- 
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IN RUNNING SAND 


consequence of bad ground, together with parti- 
culars of the cost of constructing sewers in such 
ground com with those laid at similar depths 
in ground of good character. 


Preg Sewers. 


Concrete Tubes.—Concrete tubes, reinforced and 
otherwise, are now being much used for sewer 
construction The author has laid a large number 
of them, some being reinforced, the diameters being 
30 in. and 24 in. ively, and the tubes being 
laid at depths varying from 8 ft. to 16 ft., in both 

‘ood and bad ground. His experience has taught 
im that such tubes should always, even if in a good 
trench and less than 10 ft. in depth, be laid ona 

1 of concrete, and haunched up with this ma- 
terial, as shown in Fig. 1. When laid at a dépth of 
10 ft. to 15 ft. they should have, in addition, a 4-in. 
concrete hood, as shown in Fig. 2, the pipes bei 
reinforced. If laid ona bad foundation, Ihe would 
recommend that the tubes be reinforced, that they 
be laid on a reinforced-concrete foundation, and 
that the hood also be reinforced with $-in. or }-in. 
steel rods. Fig. 3 shows the section of sewer 
recommended if to be laid in bad ground at any 
depth not exceeding 30 ft. The relative cost per 
lineal yard for putting in 24-in. concrete tubes, as 






IN GOOD GROUND 








’ CAST-IRON SEWER 
Fic. 2.—Sewer, 10 Ft. Deep. In Good Ground. 
(Per Lineal Yard.) 


Excavation, 4 cnbic at 36. 
Concrete in place, 1} cubic 
24-i inf d ti in 


-in. 
at 10s. per lineal yard . 








Fie. 3.—(24-In. Tubes.) Sewer, 10 Ft. Deep. 
Ground. (Per Lineal Yard.) 


and §-in. ae sae ee 
24-in. reinf -concrete tubes in place 010 0 
$29 


Fic. 3.—(36-In. Tubes). Sewer, 20 Ft. Deep. In Bad 
Ground. (Per Lineal Yard.) 

The 36-in. reinforced tube, shown i 

ce 5 Set 5 Oe oS 

und, would cost neal yard, 

4l. foe. 6d., made 94 follows :— 


Excavation, 10 eubic yards at 4s. 6d. ... 
Tunegete Sx plas, y-cyite yards of Sts. 


36-in. reinforced. te tubes in place 
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IN BAD GROUND OR 
IN GOOD GROUND uses) DEEP CUTTING 


ning sand. The excavation having been made, 

iles 12 in. by 12 in. were then driven ; these were 
fe ft. long, and the tops were about 15 in. below 
the proposed invert level of the sewer. The piles 
were spaced about 1 ft. 6in. apart transversely 
and 6 ft. longitudinally, and having been driven, 
6 in. by 4 in. steel joists 30 ft. long were laid 
on top of them and secured. This having been 
done, 9-in. by 2-in. planking was laid across the 
trench and resting on these girders, and upon 
this a reinforced-concrete slab, 7 in. thick, was 
placed, the reinforcement consisting of expanded 
metal. Upon this the 18-in, sewer pipes 
were laid, and haunched up as shown in Fig. 13, 
and a concrete hood 4 in. in thickness was then 
formed over the upper half of the sewer. The 
author considers that under the circumstances this 
was the best method of constructing this sewer, 
although a costly one. The cost lineal yard, 
including the leaving in of about half of the tim- 
bering, was about 7/. 15s. 

Eigg-Shaped Sewers.—Fig. 4 illustrates a 4-ft. 
6-in. by 3-ft. -shaped sewer constructed by the 
author ab Beidiaghen, ab » de of 24 ft. and in 
good boulder clay, This was built in 9-in. brick- 
work on a Portland cement concrete foundation (6 to 
1) ; invert blocks were used of the design shown, 
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and the brickwork up to the springing was in blue 
Staffordshire radiated bricks, and was in 2 to 1 
cement mortar, the we ye in deo 
From the springing the arch was wit 

hard-pressed bricks, radiated, the backing being 
of hard kilns. The cost per lineal yard of con- 
structing this sewer, including excavation, but no 
timbering, was 4], 18s. Fig. 5 shows a similar 
sewer designed by the author, and to be con- 
structed at Bridlington in bad ground, but 
at a similar depth to that shown in Fig. 4. 
This will cost 7/. 11s. per lineal yard to construct, 
assuming the conditions met with are those ex- 
as a bad foundation, flooding of the 
trench, &c. is figure is made up as follows :— 


Fic. 5.—Sewer, 24 Ft. Deep. In Bad Ground. 
(Per Lineal Yard.) 


Excavation, 14 cubic yards at 4s. 6d. ... 
Concrete in place, 2 cubic yards at 24s. 
Reinforcement (? in. and -in bars) ... 
Brickwork, 1 cubic yard at 28 

Subsoil drain and trunking-pipes 


The method of construction recommended by the 
author in this case is as follows :—The trench 
having been opened out to the required depth and 
width and probably close timbered, a 6-in. subsoil 
drain, consisting of sanitary pipes with no collars 
and open joints, and surrounded by 1}-in. screened 
gravel, is to be laid along the centre of the excava- 
tion, and if the sides of the trench are full of 
water, 24-in. srg ang 2 are to be carried from 
the subsoil drain to the sides of the excavation, 
and then carried up vertically immediately inside of 
the timbering. Felt will then be laid at the bottom 
of the trench and its entire width, to prevent cement 


and concrete from passing into the drain ; this felt | 


is to be carried up the sides of the trench to, say, 
the springing of the arch of the sewer (see Fig. 5). 
In preparing this design the author has assumed 
that the work cannot be carried out in tunnel. 
Portland cement concrete 6 to 1 is then to be laid 
to a minimum depth of 7} in., and reinforced by the 
insertion on its bottom side of }-in. or }-in. steel 
rods. The invert, consisting of a ring of 44-in. 
brickwork—blue Staffordshire wire-cut radiated 
bricks—is to be carried up to one-third the vertical 
height of the sewer, which in this case is 1 ft. 9 in.; 
above this, and reaching to the springing, a rin 
of 44-in. brickwork, consisting of, say, Castlefo 
facing-bricks, will be built, with concrete backing. 
The arch is to be turned in 9-in. brickwork, con- 
sisting of a 44-in. lining of Castleford facing-bricks 
(arch bricks) with common brick backing. The 
invert will constructed in 2 to 1 cement, and 
the remainder of the brickwork in 3 to 1. 

If the work can be built in tunnel, and the roof 
of this leaks, then, after the arch-ring has been 
turned, a ?-in. cement collar joint will be formed in 
1 to 1 cement ; this should be set before the outer 
ring is built, so as to make a water-tight roof. 
Bitumen is sometimes used for this purpose, but 
the author does not consider it so satisfactory as 
cement, as it destroys the silicate in the cement 
of the brickwork. e top of the sewer will be 
covered with Portland cement concrete to a mini- 
mum thickness of 74 in., and this will be re- 
inforced in a similar manner to the foundations, 
except that 4-in. transverse bars will be inserted. 
In the event of water coming through the roof 
of the tunnel freely, galvanised sheets are to be laid 
on the top of the new sewer until the concrete has 
become set. Oblique junction-blocks will be built 
in where required. If the foundation was good 
and the depth of the trench was, say, 30 ft., or 
if the sewer were to be laid in tunnel at that depth, 
the same section might be adopted. 

Several smaller sewers of egg-shaped section, as 
shown in Fig. 9, have been constru by the author; 
these were 3 ft. 3 in. by 2 ft. 2 in. in size, and were 

tinin ground at a depth ing from 8 ft. to 

ft. They built - aye anaetinen These 
sewers cost 3l. 2s. per li average). The 
— is —e to construct sas cone 4 bad 
ground and at a simi epth, but owing to the 
unsatisfactory d which he expects to meet 
with, he has varied his design and intends to put 
them in of the section. shown in Fig. 10, on e 
843. The cost of this sewer per lineal if 
12 ft. deep, will be 41. 10s. 8d. (including excava- 
tion, but not including timbering). This total cost 
is made up as shown by the following tabular 
statement ;— 





Fic. 10.—In Bad Grownd ; Depth, 12 Ft. 
(Per Ianeal Yard.) 


Excavation, 6 cubic yards, at 4s, 6d. ... 
Subsoil drainage ... ah ae sae 
—— and placing, 14 cubic yards at 
Reinforcement (?-in. and §-in. bars) ... 
Brickwork, % cubic yard, at 28s. he 


£ 
1 
0 
1 
0 
0 


1 
1 


410 8 


An ogg-shaped sewer constructed in running 
sand is shown in Fig. 6; about 900 lineal yards 
of this was put in in one of our large cities. 
It is on a pile foundation, 11 in. by 3 in., 
piles being driven about 6 ft. below the invert 
of the proposed sewer, the tops of the piles being 
about level with the springing of the arch of the 
sewer. The trench having been excavated to the 
required depth, the piles were driven and the 
9-in. subsoil drain laid ; the bottom of the trench 
was then covered with a thin layer of concrete, 


Fig .71. 

















iN GOOD FOUNDATION 
(0454.8) DEPTH SOF! 


about 3 in. in thickness, and on this 9-in. by 3-in. 
lanks were laid, these planks being held down 
y a 9-in. by 3-in. runner fixed to the sheet-piling, 
and running longitudinally along the trench. Con- 
crete (6 to 1) was then put in to a depth of 9 in., 
and the centering for the sewer fixed in position ; 
the concrete was then brought up to the springing 
line, and when this was seta 9-in. radiated brick 
arch was turned. The sewer is 6 ft. by 4 ft. 6 in.; 
it is from 10 ft. to 14 ft. deep, and cost about 71. 
per lineal yard, which includes the cost of excava- 
tion and of leaving about half of the close timber- 
ing in. The contractor's prices were as follow :— 
Piling ... ... 7d. per cub. ft. finished 
Excavation ... 48. 6d. per cubic yard 
Concrete wed 23s. oa és 
Brickwork ... 286.6d. —,, ” 

If this sewer had been constructed in good ground, 
the cost would have been less, as little timbering 
would have been required, no subsoil drain, or piling, 
or planked floor of trench would have been necessary, 

the trench would have been less in width and 
easier to excavate, the excavation costing 3s. per 
cubic yard, against 4s. 6d. 


Crrcoviar Sewers. 


(a) Brick and Concrete.—A useful design for a 
circular sewer in good ground at a depth of, say, 
30 ft. and under is shown in Fig. 11. This con- 
sists of a brick sewer with concrete foundation, 
backing, and covering. There is no need for rein- 
forcement in this case, The cost of such a sewer 





Fig.72. 





lineal yard would be about 9/. 6s. 10d., which 
is made up as follows :— 


Fic. 11.—5-Ft. Circular Sewer, 30 Ft. Deep. Good 
Ground. (Per Lineal Yard.) 


: £s. d. 
Excavation, 24 cubic yardsat4s. ... 416 0 
Concrete in place, 3 cubic yards at 20s. 3 0 0 


Brickwork, 1.1 cubic yards at 28s. 11010 


9 610 


The sewer could be built in reinforced concrete 
of the section shown in Fig. 12 at the same cost. 

(b) Reinforced Concrete.—To construct a sewer 
of this size in bad ground it is advisable that. it be 
built in reinfo concrete. The reinforcement 
may consist of expanded metal with steel rods, or 
any of the other recognised reinforcing systems. 
The thickness of the concrete at the crown of the 
arch need not be more than 4 in., at the springing 
5 in., and at the invert 7 in. The concrete should 
be in the proportions of 1:2:3, and the sewer 


Fig.13. 
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IN BAD GROUND 


IN BAD FOUNDATION 


should rest on a horizontal base, as shown in 
Fig. 12. It may be necessary, if the ground is very 

, to put ina piled foundation also. Sewers of 
this type have been put in in many of the cities of 
America, and have recently been constructed at 
San Francisco. Many of the sewers of Paris are 
also of reinforced concrete. 

Cast-Iron Sewers.—The author has laid several 
cast-iron sewers at Bridlington. They are 30 in., 
24 in., and 12 in. in diameter respectively, and 
laid from 12 ft. to 15 ft. deep.; they were of water- 
main 8 . and coated with Smith’s patent 
solution. If sewers of this class have to be sup- 
ported by piles and cross-bearers, it is a mistake to 
make the latter of wrought iron, as is occasionally 
done, as this material rapidly deteriorates when 
coming in contact with the damp soil. Wooden 
bearers should be inserted. If steel joists are put 
into a foundation running longitudinally along the 
line of trench, they should be encased in concrete 
as a protection against corrosion. 

Action of Soil on Cast-Iron Pipes.—The action of 
various soils on cast-iron pipes is a subject of great 
importance, and one in which the author has taken 
considerable interest ; his experience at Bridling- 
ton has been that the helen: clay and gravelly 
soils which predominate in that town have had no 
detrimental effect upon the cast-iron pipes laid by 
him several years ago, or upon those which he has 
inspected from time to time, and which were laid 
(chiefly water and gas mains) twenty to thirty 
years ago. Most of these were not coated with 
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any protective coating. He has just inspected 
half a mile of 6-in. gas-main which the Bridlington 
Gas Company have taken up, and which was laid 
twenty-five years ago, and he found the pipes to 
be in condition, and not in any way detri- 
mentally affected by the action of the soil. 





THE PHYSICAL SOCIETY’S 
EXHIBITION. 

Ar the end of our article of last week (see 
page 831 ante) we mentioned the Royal Aircraft 
Factory pattern of the ripograph, made by the 
Scientific Instrument Company of Cambridge. 
This instrument, which forms a rather heavy 
light-tight box, and has done good service at Farn- 
borough, records nine different quantities. A 
photograph of the instrument is reproduced in 
Fig. 4, and details are illustrated in Figs. 5 to 8, 
annexed. The rotating drum K (Fig. 5), clock- 
work driven, draws a band of bromide paper, 
at the rate of 4 in. per minute, round the outside 
of the box containing the lamps L, L’ L’ ; three 
shadow photographs are taken on the inside of this 
paper, and six pencil records on its outside. The 
altimeter A (Fig. 6) isa double U-tube partly filled 
with coloured liquid, and joined to a Dewar flask 
M. The cock N (Fig. 5), first opened to equalise 
the pressure, is closed before the ascent ; the air 
afterwards presses on the outer branches, and the 
height in the middle tube indicates the air pres- 
sure at the respective height; any tilting of the 
instrument would not affect that record. The air- 
speed is measured with the aid of the Pitot 
tube B (Fig. 7), the static and dynamic pressure 
sides of which are connected to the cocks O and P, 
the height in the recording tube varying directly 
as the air speed ; the device is fastened on the front 
rib of the aeroplane. The fore-and-aft clinometer 
C (Fig. 8), is a triangular tube fixed in a vertical 
plane, which is in the same plane as the direction 
of motion. These three instruments, A, B, C, give 
shadow photographs of the respective liquid columns. 

The c cane J (Pig. 5) rotates once a minute, 
and its four-spoke fitting makes contact every 
quarter of a minute, completing the accumulator 
circuit of the a D’, which depresses 
the pencil D and marks es. The engine revo- 
lution - marker comprises a worm gearing 1 : 100 
driven by a flexible coupling from the propeller 
shaft ; a cam on the worm spindle, electromagnet 
E’, and pencil E, which marks a dash every 100 
revolutions. D and E are conveniently placed in 
the same vertical plane, so that the records can be 
compared. In the elevator a Bowden wire from 
the lever governing the movement of the planes 
operates the T-shaped lever seen in front of Fig. 4; 
this movement is transmitted to the pencil F 
through a spring safety device, which takes up the 
movement, if the lever should accidentally be pulled 
too far. The mechanisms recording the position of 
the rudder of the aeroplane and the warp are 
similar. The roll of the aeroplane is recorded by 
the large weighted lever Q at the back of the instru- 
ment, working in ball-bearings; this lever con- 
stitutes practically a short pendulum having a lon 
period, which is suitably connected to a penci 
making a record on the paper passing over the 
drum K. 

The chief novelty shown by Messrs. A. Hilger, 
Limited, of 754, Camden-road, N.W., was a quartz 
spectrograph, especially designed to assist in the 
rapid analysis of alloys giving complex spectra (such 
as high-speed steels containing vanadium, molyb- 
denum, &c.), a atta rg record being obtain- 
able in half-an-hour. ost of the distinctive lines 
of these spectra lie in the ultra-violet. The 
entire spectrum from 210 yy to 800 pp is taken 
in three exposures on 10 in. by 4 in. plates. The 
— train consists of one quartz lens of 70 mm. 
clear aperture, and 170 cm. focal length, and of a 
30 deg. ro prism, 98 mm. length of refractin 
face, and 57 mm. high, the second face bein 
coated with tin-mercury amalgam, which is a 
reflector throughout the visible and ultra-violet 
regions. The prism and lens are mounted on a 
carriage which moves along a slide to one of three 
positions corresponding to the three portions of 
the spectrum, good definition being secured by 
varying the inclination of the camera-plate. Imme- 
diately in front of the slit is a Hartmann diaphragm, 
with three a to take three comparison 
rages for instance, an iron arc, a carbon are, 
the poles of which are impregnated with the 
element used, and a carbon arc. Many beautiful 





photographs of this kind were displayed. The 
— otometer for estimating the quantitative 
absorption in the ultra-violet by complex organic 
compounds (like the alkaloids) consists of two 
sectors, one with fixed, the other with adjustable 
aperture, rotated by a motor at 120 revolutions per 
minute. The light passes through the substance into 
the former sector, and the two beams are diverted 
to fall, the one on the top, and the other on the 





bottom of the slit of a quartz spectrograph. Two 
spectra are thus produced in juxtaposition, and the 


melsdorf principle, and said never to fail in damp 
weather and to give many times the output of the 
Holtz-Wimshurst machine, which it resembles in 
its general appearance. The discs are of ebonite 
and coated with bakelite, which is to render them 
electrically ent ; they are completely en- 
closed within an ebonite casing, on which the 
metal studs for the brushes are fixed. The chief 
exhibit of the firm was, however, a collection of 
** pladuram” ucts, the name ‘‘ pladuram ” bein 

one they have chosen for their tungsten, for whi 
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intensity of the one is variable; the respective 
solution is placed ne cyan re and the two 
spectrum phot 8 will match at a certain wave- 
length, dy which the absorption constant can imme- 
diately be calculated. The firm also showed the 
quartz monochromatic illuminator (200 py to 700 yy), 
and the infra-red attachment for converting the 
quartz monochromatic illuminator into an infra-red 
spectrometer (with either rock salt or quartz prism), 
combined with a Hilger thermopile. 

Messrs. Isenthal and Co., of Denzil-road, Neas- 
den, exhibited the new ‘‘ condenser” - influence 
machine. It is described as being on the Wcm- 





| they claim a purity of 99.99 percent. The tungsten, 


the constants of which were given, is said to be 
prepared from ammonium tungstate and tungsten 
trioxide ; this is reduced, and the metal is gained by 
a special mechanical treatment in a ** fluffy” form ; 
it looks like an impalpable black powder. From 
this powder small sticks or bars, about 6 in. long, 
are produccd by hydraulic pressure without any 
agglutinant ; the bars exhibited were for some 
reason all slightly curved. The bars are then 
worked into rods and drawn out to wire down to 
a diameter of 0.1 mm. in thickness. Spiral springs - 
and contact discs of this tungsten were also 
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exhibited. The physical and chemical properties of 
pladuram metal are as follow :— 
Density... _... 19.3 to 21.4 
Tensile strength 322 kg. to 427 kg. 
‘Young’s modulus of elasticity 42,200 ke. 6 oon. mm 
ulus % -mm. 
Melting point See io," ig (Letgueir) 
Thermal conductivity... ... 0.35 gram. cal. per cm. 
per sec. per 1 deg. 
4.3 x 10-6 
a 0.0358 (Weiss) 
...hard, 6.2 microhms per 
cub. cm.; 5.0 
microhms per cub. cm. 


Expansion coefficient ... 
Specific heat... i 
Resistivity... , 


Temperature coefficient of re- 

sistance ee ..- 0.0051 (between 0 deg. 
and 170 deg.) 

ome ... 4.5 00 8.0 (Mohr scale) 

The metal is insoluble in HCL, H,SO,, HF, 
NaOH, KOH (aq), K,OR,O, + H,SO,, but is 
soluble in a mixture of HF and HNO, aid also in 
fused nitrates, nitrites, and peroxides. Young’s 
modulus of elasticity of pladuram was deter- 
mined with a wire 0.00648 om. in diameter and 
784.85 cm. long. The smallest weight (F) was 
250 grammes, and the largest 1125 grammes. The 
smallest elongation was 0.35 cm. for the smallest 
weight, and 1.65 cm. for the t. The average 
for five different weights was 42.200. The hardness 
values were determined with the scleroscope, and 
the values translated into the Mohr scale. 

Messrs. E. Leitz, of 18, Bloomsbury-square, ex- 
hibited a beautiful collection of lanterns, stereo- 
scopic microscopes, and polarising apparatus. The 
micro-polarising apparatus was designed by Dr. 
Berek for ee — ein = 

larised and un ight; the p phic 
ae can be clengal to the ‘back of the standard, 
of about 3 ft., i gars the apparatus. In the 
stereoscopic binocular microscope for metallurgists, 
due to Mr. Wesley Lambert, both the tubes an 
objective, the two being mounted on a single slide ; 
provision is made for adjusting the focus for each 
eye separately, and also for adjusting the oculars 
to suit the distance between the eyes. These 
microscopes can be combined for taking stereo- 
photomicrographs with a camera which is held by 
a swinging lever, and made to rest on the top of the 
tube after the eye examination has been completed. 
The microscope for vertical readings, another ex- 
hibit, is placed horizontally on a column which 
may be extended from 34 cm. to 55 cm.; the objec- 
tive consists of two doublets, and furnishes three 
magnifications at focal distances of 5 cm., 9 cm., 
and 48 cm. 

The Ludgate Wireless Company, of Ludgate-hill, 
showed the condenser radiotelegraphic transmitter 
patented by Mr. L. Miller ; it is contained in a box 
about 9 in. cube, and operated by a high-s 

latinum interrupter, a condenser in series with an 
inductance, itself shunted, which is the mgd of 
a transformer, being shunted across the break. 
The motor-driven mercury breaks are combined 
with a copper plate, which revolves in the discharge- 
gap to keep the electrodes cool. an 

ethene s Wireless Telegraph Company exhibited 
as chief novelties two crystal receiver instruments. 
In type 16 there are two carborundum detectors, 
each consisting of a fixed carborundum crystal and 
a steel plate attached to a small switch-handle. 
These detectors can be used independently of one 
another, or be placed in opposition ; in the latter 
case the influence of atmospheric disturbances is 
reduced, whilst the signal waves are hardly affected. 
The inductance is wound in three sections, which 
are put in series for long waves, the range being up 
to 3800 metres. The type 20 is a new simple 
apparatus for ship sets, the range of wave-length 
being 300 to 1600 metres. 

Messrs. Muirhead and Co., Limited, of Elmer’s 
End, Beckenham, Kent, demonstrated the work- 
ing of the Heurtley ifier for cables and radio- 

phy. Two Neny he zy tinum wires (of the 
Wollaston type) are attached to the receiving coils 
and form two sides of a Wheatstone ae ; @ cur- 
rent constantly flows through them, and they are 
played u air currents rising from longi- 
tudinal slots in two tubes just underneath the 
wires. The tubes and wires are inclined to the 
horizontal ; the one tube is set a little in advance 
of the other, so that any movement carries the 
one wire further into the blast, and the other 
further out of it, thus magnifying the temperature 
and resistance differences. Two sets of Colonel 
uier’s (United States Army), wired - wireless 
field apparatus for simultaneous telegraphy and 
telephony over one portable line-wire were also 


Hardness 





shown in operation. We can only mention the instru- 
ments of ny Nalder Brothers and Thompson, 
portable dynamometers, circuit-breakers, &., and 
the new pattern episcopic lantern and globoscope 
pou po of opaque objects) of Messrs. Newton 
an 6 

Mr. Robert Paul, of Newton Avenue Works, 
New Southgate, N., exhibited, as usual, a great 
variety of electrical instruments. The new Kelvin 
double bridge rapidly measures the specific resist- 
ance of conductors and the resistance of steel rails 
down to 1 microhm with the aid of a single special 
switch. An improved unipivot galvanometer gives 
a scale length of 1000 mm.; the galvanometer, 
having a tra t scale, is a above a 
simple lantern, illuminated by a metal-filament focus 
lamp. The images of scale and pointer are received 
on a screen inclined at 45 deg. to the direction 
of the beam; distortion due to this inclination 
is eliminated by s compensating distortion of 
the scale itself. The scale can be drawn partly 
on silvered and ly on white paper, so that dif- 
ferent portions me more clearly visible from 
different positions. The compact, self-contained 
potentiometer—complete with battery, rheostat, 
standard cell and _ sensitive inter galvano- 
meter—is also a novelty; the instrument reads 
to 0.002 millivolt, and the range is 120 milli- 
volts; it is made portable and also adapted 
to labora use. This galvanometer is intended 
for standardising thermo-coupies. Mr. Paul’s new 
alloy for thermo-couples to be used in the foundry 
is called ‘‘ nicfer,” and is rich in nickel ; the 
couple forms a rod bent down at right angles ; 
the lower end to be dipped into the crucible is 
fitted with a tubular cap of refractory material. 
Another portable potentiometer is designed for 
the inspection of electrical meters; it does 
not require an external current source. We 
may mention also a frequency-meter due to Mr. 
L. W. Wild, indicating frequencies from 10 
to 500 r second on a dial, and a standard 
Duddell-Mather wattmeter of the straight-through 
type, for currents up to 1000 amperes. In several 
instruments the dial is read on a straight line of 
figures, as in a cyclometer dial. Among the in- 
struments of educational interest was the Ewen 
magnetic balance for measuring pole-strengths in 
c.g.8. units, verifying the law of inverse squares, 
&c. It consists of three Robinson magnets, thin 
steel rods with soft-iron balls screwed to their ends. 

The Record Electrical Company, of Broadheath, 
Manchester, exhibited the Record cirscale instru- 
ments, direct-reading coil instruments, with circular 
scales, 300 deg. in length, made as switchboard 
instruments and as laboratory substandards. 

The most interesting novelty of Mr. James Swift 
and Son, 81, Tottenham Court-road, was the gonio- 
meter, due to Dr. A. Hutchinson, of Cambridge. 
The specimen is attached to a wire or otherwise 
fastened toa rotating holder suspended from the 
goniometer head, and is examined by three instru- 
ments grou in the same horizontal plane, a tele- 
scope, a collimator, and a microscope bisecting the 
angle of 60 deg. or more formed by the first two 
instruments. me of the can be placed in 
different positions, and with the aid of a tank filled 
with a suitable liquid the goniometer can also be 
used as a Kohlrausch total reflectometer, and for 
determining the refractive index. A new crystal- 
grinder should also be mentioned. 

The Synchronome Company, of 32 and 34, 
Clerkenwell-road, E.C., exhibited a clock provided 
with a long electrically-controlling compensated 

mdulum of invar, fitted with W. H. Shortt’s 
inertia escapement. The whole clock is enclosed 
in @ glass case, and the chief novelty of this year 


was the iron mounting—the head and base—of the’ 


case, which prevents escape of air from the latter. 
Messrs. H. Tinsley and Co., of Stanley House, 
ee South vet pe had, in addition to 
electrical a tus, sev new optical a tus 
of Dr. C. eis on view. e oo ame 
meter is an instrument for testing colour vision 
on the principle of 5 pic colour patch 
instruments. e collimating tube is vided 
with three slots. Two of these are vertically above 
one another and are traversed horizontally by 
coaxial screws provided with milled heads and 
pointers moving over a scale of wave-lengths and 
colours. The person to be examined looks into the 
collimator and turns the one of the pointers until 
the upper and lower half of the field appear of the 
same colour ; the position of the pointer then indi- 
cates whether his colour vision is normal or defec- 





tive. ‘The third slit is wanted fur testing the sensi- 
tiveness of the retina for various wave-lengths. 
The optical spherometer is an auto-collimating 
device, for measuring the curvature of a small 
lens which is placed on the stage of the instru- 
ment, a microscope provided with a Ramsden 
eye-piece and a prism of 45 deg. below it. A 
pencil of light introduced through the side of 
the microscope falls on the prism, is reflected 
down the tube, and reflected again by the 
spherical surface of the lens; this ray appears 
as a bright point when the microscope is focussed 
on the lens surface. The microscope tube is then 
screwed up until the focus is at the centre of cur- 
vature of the lens, when the spot (which was 
diffused during the operation) appears bright and 
definite again ; the distance traversed by the tube 
is the radius of curvature. The definition-tester for 
microscopes and telescopes works on a similar prin- 
ciple. A small cap fits over the eye-piece of the 
microscopic apparatus. A small aperture with lamp 
and collimator is arranged at one side to admit light 
falling ona mirror, whith sends it down the tube 
to an Abbé test-plate placed at the focus of the 
system ; the light then appears sharp and not mag- 
nified. When the microscope is focussed up and 
down, the point enlarges to a disc, which should 
be uniformly illuminated and colourless. 

In the absorption photometer a movable lamp 
and two white reflecting surfaces are so arranged 
that the observer looking through a Y tube (con- 
taining a triangular system of lenses and a prism), 
sees the light received from the two reflecting sur- 
faces as two half discs of equal brightness. When, 
however, an absorbing medium is placed in the 
one reflected beam, the discs are not of equal 
brightness until the lamp is moved into its proper 
position. Field and opera glasses can be examined 
in this way. Another testing device for field and 
opera glasses consists of a collimator, on the screen 
of which divisions of 1 deg. are marked (serving as 
a brightly illuminated distant object), and a camera 
or artificial ‘‘eye” provided with a lens and a 
screen, or ‘‘ retina,” likewise marked with divisions 
of 1 deg. The glass to be tested is placed between 
the collimator and ‘‘eye,” and the number of 
divisions covered by one enlarged division gives 
the magnifying power. The field of view and 
illumination can also be determined by this 
instrument. The universal lens-testing bench of 
Messrs. Tinsley is designed for rapid, fairly accurate 
testing on the auto-collimating principle. The 
parallel beam falling through a small circular aper- 
ture is reflected back by a large concave mirror of 
1 metre radius. When a convex spherical or 
cylindrical lens is interposed between the colli- 
mator and mirror, and is moved until its focus is at 
the latter, a point or a line focus is seen on the 
screen, the line being parallel to the axis of the 
cylinder of the cylindrical lens. The distance 
between the lens and mirror is read off in 
millimetres and diopters. For concave lenses a 
second ‘scale is provided. Sphero - cylindrical 
lenses give. at different positions two focal lines 
—= right angles; for thick lens systems 
an oscillatory nodal point head is provided, in which 
the lens is oscillated until the oscillation no longer 
cause the images to move. 

Messrs. Townson and Mercer, of 34, Camomile- 
street, E.C., showed, among other things, the 
Somerville sulphur-testing apparatus, which ana- 
lyses the spent oxide (of gas-purifiers) by burning, 
not by extracting the a at, 

The Weston Electrical Instrument Company 
exhibited as novelties very small moving - coil 
galvanometers, real pocket instruments, complete 
with resistance inside, for battery-testing up to 
150 and 300 volts ; and, further, a combined volt 
and ampere-meter (with two are scales) for auto- 
mobiles. Models of the various instruments in 
glass cases made the exhibit very instructive. 

The arrangements of apparatus for optical projec- 
tion shown by Messrs. Car! Zeiss, 13 and 14, Castle- 
street, W., were mentioned last year. The progress 
made in the correction for sphgrical aberration in 
non-spherical lenses and the fulfilment of the sine 
condition have greatly perfected these instruments, 
which are furnished with 5-ampere lamps, as are 
also those of Messrs. Leitz. Microscopes pro- 
vided with various illuminating devices were also 
shown ; as a minor novelty we noticed glow-lamps, 
which are fitted with a cylindrical metal case, Y° 
vided with a vertical slit, in front of which is 
placed a semi-cylindrical metal screen having 4 
central aperture. 
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THE ELECTRIC SUPPLY SYSTEM OF 
STOCKHOLM. 
(Concluded from page 822.) 
Tue Hieu-Voitacr CaBLE SysTEM. 
From the Viirta station twelve three-phase cables 
are laid to the various sub-stetions. Of these, seven 
o direct to the largest sub-station, the Tule station ; 
our to the next largest, the Brunkebergs station ; and 
the twelfth to the Katarinas station. The Tule 


Fig. 9. 


— 





TSM. 


They are laid at a depth pf 1 metre below the surface, 
embedded in sand and covered with clinker bricks. 
The object of the latter is to serve as a warning when 
digging operations are being carried out, 


Tue Svus-Srarions. 

The Tule station is the largest of the sub-stations ; 
it contains ten 1000-kw. mctor-generators ; two light- 
ing batteries, of about 1000 kw. each, for three hours’ 
discharge ; and a buffer battery of about 1000 kw., 
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pa aa : and two batteries, each of 2500 kw. 


station, in its turn, feeds the Kronobergs station ; the 
Brunkebergs station feeds the Djurgards station, and 
the Katarinas station supplies clectricit to the 
Enskedes station. In addition, the wee Bad and 
the Katarinas stations are connected by means of 
three 95-square-millimetre cables. A number of high- 
voltage three-phase cables proceed direct from some of 
the sub-stations to the premises of large consumers. 

gq. rhe three-phase cables, which were supplied by the 


—" 


ert Werke, Berlin, are of the iron- 























for one hour’s discharge. When fully 
equipped the Brunkebergs will be the 
next largest, and it will then contain 
six motor-generators, each of 1500 kw., 


The other stations are smaller, and, 
according to their size, are fitted with 500-kw., 
250-kw., 125-kw., or 65-kw. units. In their general 
arrangement they mostly resemble the Tule station. 


Tue Toure Sration. 


The Machinery Plant.—Among the motor-generators 
there is one machine consisting of an asynchronous 


| 
| 
j 





three-phase motor working on volts, and coupled 
to a continuous-current generator giving 440 to 600 
volts. The other machines are built up of twelve-poled | 


minute, and coupled to 440 to 600-volt continuous- 
current generators. The continuous-current machines 
have fourteen poles, and are compound-wound, with 
commutating - poles. They have a negative series 
winding, so that when working in parallel with the 
battery the latter will absorb any rapid fluctuations 
in load, and the motor-generators thus give a fairly 
constant output. The increase of voltage at 570 volte, 
when full load is switched off, amounts to 15 per cent. 

The machines are constructed with voltage regu- 





Rererences TO Fig, 9, 


A Ampere-meter. m Resistance. 
BB Bufler battery. O Ohm-meter. 
DM Dynamo machine. # Safety apparatus. 
gt Incandescent lamps. sh Shunt. 
t Ohoke-coil. TSM Auxiliary machine, 
M Kw. h. meter. U M Balancer. 
Mr Motor. V_ Volt-meter, 


| lation, from 440 to 600 volts, so as to be suitable for 


lighting or tramway work, or for charging the lighti 
batteries, For o ing the tramway battery, specia 
boosters are fitted. Five of the motor-generators were 
supplied by the General Swedish Electric Company, 
of Visteras, three by the New United Electric Com- 
y, one by the Luth and Rosen Electric Company, 
tockholm, and one by the Oerlikon Company. A 
view of the interior of the station is given in Fig. 17, 
on page 850, while a cross-section of the station, 
showing the whole arrangement, is given in Fig. 10, 
annexed. 

Accumulators.—Two lighting batteries are installed, 
each giving some 2000 amperes, with 3 hours’ dis- 
charge. They each consist of 270 cells. The tramway 
battery, of 276 cells, is of 1500 amperes capacity for 
l hour. The batteries were supplied by the Accumu- 
latoren Fabrik Aktiengesellschaft. Four double-cell 
battery regulators are fitted. They are motor- 
operated, and are controlled by press-buttons on the 
switchboard. The traction battery booster is of 500 
amperes capacity, while there is an equaliser of 300 
amperes. The position of the batteries in the station 
can be seen in Fig. 10. 

The Direct-Current Switch-Gear.—The continuous- 
current switch-gear is arranged in the machinery hall, 
that for the generators and battery, as well as the 
summation meters for mepting end power, being placed 
on the longitudinal side, whilst the gear for the tram- 
way feeders is placed along the two end walls. The 
bus-bars and the connections to the feeder cables are 
mounted in the basement. A diagr&m of connections for 
the direct-current side of the station is given in Fig. 9, 
annexed, As will be seen, the bus-bars are in dupli- 
cate, so that at times of heavy load feeding cables for 
far distant points can be attached to the extra bus-bars 
and fed from the . The feeders for the tram- 
way system are double cables, with both poles insu- 
lated. In case of breakdown this allows trolley- 
line cable to be used as the earthed return, and vice 
verasd, until repairs have been effected. A view of the 
direct-current switchboard is given in Fig. 18, and a 
view of the connections in the basement is given in 


Fig. 19, on page 850. 
special fault-indicating has been installed 


strip-armoured lead-covered paper-insulated type. | synchronous motors running at 250 revolutions per for the network. It isa modified form of the Aghte 
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and Kallman system. The system consists of test-wires | parallel coupled with the resistance of the fault, and 
connected to the pressure-points of the various cables the current in the test-wire is increased. If this 

2 resistances mounted in the street- increase becomes sufficiently large, the flap of the 
boxes. At the station all the test-wires belonging to relay falls and couples in a signal bell. The increase 


through adjustab 


arrangement used at Stockholm, should a dead short 
occur between a cable and test-wire, the current wi'] 
be equal to ten times the normal with a very large 
number of test-wires; six times the normal with ten 
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the cables coming from any one bus-bar are attached to 
an equalising-bar, each through its own signal relay. 
The test-wires are regulated to equal resistance by 
the adjustable resistances. L resistances are 
coupled between the equalising-bars and earth for each 
test-wire. 

Under normal circumstances each load resistance 
carries a current which is proportionate to the mean 
— of the pressure points (see formula (3) below). 

ig. 11 shows the principle of the scheme as arran 
for one side of a three-line system, with earthed 
neutral. Let 


€1, a €, &., represent the pressure at the various pressure 
points. 























ém represents the mean pressure at the pressure 


points, 
E represents the pressure at the equalising-bar. 
pr ts the e-point resistance. 
R, represents the load resistance. 
21, 19, %9, &e., represent the strength of current in the 
various test-wires. 
tm represents the current in a load resistance. 
~. N represents the number of pressure points. 
en 





aS FB x4 yee ees (1) 
em _ 1 te 
e"8(uta)- : -® 

(—E _ i 
“he 7 2 B= . ° (3) 
aes Sa fm . ° ® (4) 
R R+R, 


If one of the load resistances is replaced by a 
suitably-graded voltmeter, the resistance of which is 
equal to that of the load resistance, this voltmeter 
will show the mean pressure. The test-wires can thus 
continually be used for pressure-indicating, provided 
that the number of test-wires is equal to the number of 
load resistances. 

When faults ocour in the cable system the arrange- 
ment operates in the following manner. In the first 
instance, a state of pressure is set up across the 
pressure-point resistance and between the ve gee core 
of the cable and the test-wire. When a fault occurs 
and the insulation between the test-wire and the cable 
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A Ampere-meter. | Motor generator. Stt Current transformer. ae 
B_ Reverse-current relay. Resistance. Sr Current relay. 

I Coupling in choke-coil. OK Reverser. S Fuses, 

L_ Line-connector. Sl Sigaal-lamps. U_ Uncoupling choke-coil. 
Ms Manouvring switches. Spt Voltage transformer.” O Horn-gaps. wate 
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is disturbed, the pressure-point resistance becomes 





t i +L 
+N 
t-O 
* Le 
= 
nr, 2 +L 
—+4 © - Ow Current Breaker: (Automatic). 
aici - ’ (Non Automatic). 
: b ke ge te for Continuous Current 
-Lo ollec Rails. 
N -Main System Ctincting Rails. 
—— _ ie « ’ ” 
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ae +. Separators. test-wires, and three times the normal with three 
ep. 
4 OF test-wires. The demands upon the sensitiveness of the 
NN, relay, it will be seen, are not very large. At Stock- 
(9289. ¢) holm ordinary telephone signal flaps are used, which 


are adjusted to fall for double the normal current. 


of current pent upon the resistance of the fault,| Fig. 12is a diagram of the Agthe-Kallman system 


test-wires coupled in, and on the relative | as it is used in Berlin. As will be seen, each test- 


size of the pressure point and load resistance. Ina the wire is fitted with a reversing switch, so that it can be 
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connected either with the equalising-bar (mean pres- 
sure) or with another bar (pressure-point pressure 
for the measuring of the pressure in the corresponding 
pressure-point. ‘The voltmeter is also fitted with 
reversing-switch, so that the same instrument can be 
used for measuring the mean ‘ones or the pressure 
at each se te pressure poin 

The ps nn used at Stockholm is in its prin- 
cipal points the same as the above, but with altera- 
tions and additions as follows :— 

A. An arrangement for direct measuring of the 
difference between the pressure of the separate pres- 
sure points and the mean pressure. 

B. Automatic uncoupling of the test-wires of faulty 
cables, at the same time as the mean-pressure volt- 
meter remains coupled in and shows the actual mean 
pressure. 7 i 

C. An arrangement for daily control of the adjust- 
ment of the signal-flaps. : 

With regard to A, it is easily seen that the equalis- 
ing current which proceeds to or from the equalising 
bar from each test-wire is proportional to this differ- 
ential pressure—that is :— 

C; — €m 

zg 
Since from equations (1) and (4) 
¢ -E R= -E(R i) 

zc R72 "ete 


and from equation (2) 
1 1 
(ie * a ) 


em 
R= E 
e€; — em 
z 

A milliampere-meter of low resistance coupled in 
the connection between the test-wire and the equalis- 
ing-bar should thus, suitably graded, directly show the 
differential pressure. If the milliampere - meter’s 
resistance be sufficiently small in proportion to R 
and R,, its influence may be naghiated. 

Vor the attainment of the second p' , B, the con- 
nections are so arranged that, when a flap falls, both 
the test-wire and its load resistance are uncoupled, so 
that the number of test-wires coupled in will always 
be the same as the number of load resistances. This 
is the necessary condition for the mean-pressure volt- 
meter indicating correctly. Since, however, the mean- 
— voltmeter is connected in place of one of the 
oad-resistarces, a fault in the corresponding cable 
might cause the voltmeter to be cut out. In order to 
prevent this, an extra test-wire can be fitted for the 
voltmeter, the resistance of which corresponds with 
the pressure-point resistance. This wire is attached to 
the line system inside the station, so that there is 
little risk of it suffering any damage or losing its 
pressure. If this method is adopted, the pressure in 
the point of the linesystem, where the voltmeter test- 
wire is attached, will be counted in the mean-pressure 
reading. If, however, the number of pressure points is 
large, the resulting error will be of small importance. 

This error can, however, be done away with b 
making the voltmeter’s pressure-point resistance m | 
justable, and arranging that no current flows t h 
the voltmeter’s connection to the equalising-bar. In 
order to ascertain that this condition is complied with, 
8 differential pressure-meter, connected as shown in 
Fig. 13, can be used with advantage. When no current 
flows through the differential pressure-meter, the pres- 
sure at the terminals of the mean-pressure voltmeter 
must be equal to that between the equalising bar and 
the earth, which again, in its turn, is directly propor- 
tionate to the mean pressure at the pressure points. 
With suitable grading the mean pressure voltmeter can 
thus always be made to show accurately the mean 
pressure. In order to meet condition C, and to be able 
to control the adjustn . at of the signal-flaps, each test- 
wire is fitted with a switch, so that it can be switched 
from its equalising-bar to a control-bar. In this way 
the load resistance is parallel coupled with a control 
resistance, so that an increase of current occurs in the 
test-wire. By suitably proportioning the control resist- 
ance, this increase of current can be used as a test for 
operating the flaps. The arrangement is shown in 

‘ig. 14, which illustrates the complete scheme of fault- 
my - installed at Stockholm. 

The pressure-point resistance, the test-wire and its 
adjusting resistance, together with the signal-flap, 
have a resistance of ohms. The load resistance 


ay - in = 


Z, —- in = 


*. th - tm = 


is 7500 ohms. tae on the equalising-bar is 
consequently = “_~ = < of th 
y i9 of the mean pressure at the 


pressure points (see equation (3), and the mean- 
pressure voltmeter must uentl ed in 
this = rtion. The mean-pressure voltmeter i 
is checked by pressing down the button on the 
differential pressure-meter, and any necessary adjust- 
ment is effected by means of the adjustable resistance. 
Measuring of the pressure at te p 


) ressure 
points, and simultaneous control of the signal- > 
are done by the test-wire, by means of the re-coupler 
being connected with the control-bar, whereby the 
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of the relay is passed by double the normal 
of current. The adjustment should then be 
such that the signal-flap falls. This done, the re- 
coupler is brought back to its normal position, whereby 
the pressure-point pressure-voltmeter is made to show 
the pressure at the pressure point. 

The differential pressure-meter, already mentioned, 
is a milliampere-meter, with a zero indicator in the 
centre of the scale. It has a resistance of 10 ohms, and 
is ed to + 10 volts, corres ing to a current of 
+5 milliamperes. Should a fault occur, so that connec- 
tion is established between a test-wire and the copper 
core of the cable, the signal-flap falls (provided the 
resistance of the fault does not exceed 2000 ohms). 
When this occurs the test-wire is disconnected from the 
equalising-bar, and is coupled in on the pressure-point 
voltmeter, so that current will h the relay, 
and the flap falls and cuts in the signal-bell. The 
mean-pressure voltmeter meanwhile will continue to 
indicate correctly, while the pressure-point voltmeter 
will indicate higher than normal. It will indicate up 
to about 270 volts, with a complete short-circuit 
between the test-wireand the cable. Should the fault 
be so severe that the cable is disconnected from the 
system, the voltmeter will indicate zero. The reading 
of the voltmeter thus gives some indication of the 
nature of the fault. 

The experience with this fault-signalling arrange- 
ment at Stockholm justifies the assertion that with it 
in operation one receives earlier information about 
cable faults than in cases in which it is not fitted. 
This has slso been the experience at the Berliner 
Elektricitits Werke. Frequently it is possible to 
take steps to limit the extent of the damage. At 
present the arrangement has been installed for an 
aggregate cable length of about 71 km., or only about 12 
per cent. of the entire cable system ; but it is intended 
to extend it to the ter portion of the network. 

The whole ins tion, with the exception of the 
oil-switches, meters, current and voltage transformers, 
was designed and installed by the station staff. 

The High-Voltage Switch Arrangement.—The high- 
tension switch- is placed in the basement, and is 
controlled from instrument-pillars on the ground floor, 
as shown in Fig. 10. The pi for the incoming cables 
carry both voltmeters ammeters, while the pillars 
for the machines and outgoing cables have voltmeters 
only. The operating handles for the oil-switches in 
the basement are also mounted on the pillars. The 
detailed connections of the gear will be followed from 
the di ms given in Fig. 15, on 848. A view of 
the high-tension switch-gear is given in Fig. 20, on 


page 

The station also contains a loading resistance by 
which the pressure supplied to any motor which is 
being put in circuit can continuously varied from 
1000 to 6000 volts. 


Tue BRUNKEBERGS STATION, 


This station was originally built as an independent 
steam-driven central station for 2 by 110 volts con- 
tinuous current for a small area of ti ay It has 
now been transformed intoa sub-station. It contains 
three motor generators each of 1500 kw. The motors 
each have 10 poles, and a synchronous speed of 300 
revolutions per minute ; otherwise their construction is 
the same as the machines in the Tule station. The 
continuoue-current generators have 12 poles, with both 
commuting poles and compensation winding, and, like 
those previously dealt with, have negative compound 
winding. They generate at 440 to 600 volts. The 
higher voltage is used for a. the battery. The 
three machines were supplied by the Luth and Rosen 
Electric Company, of Stockholm. 

Two 500-kw. asynchronous motor generators, of 220 
to 300 volts, act as equalisers. They are the machines 
which were formerly used when the station acted as a 
steam-driven generating station. 

The Accumulators.—The battery contains 270 cells, 
avd is of 5076 amperes capacity for three hours. 
Space has been reserved for installation of a second 
battery of the same capacity. 

Switch-Gear.—The switch-gear is arranged in the 
same manner as at the Tule station. In this station, 
however, the continuous-current switches are elec- 
trically operated. The largest has a capacity of 
400 amperes. A di of the station connections is 
given in Fig. 16, on page 848. 

The entire arrangement has been carried out by the 
station staff, the switches and transformers being 
supplied by the General Swedish Electric Company 

the New United Electric Company. 








IMPROVEMENTS IN BILBAO HARBOUR. 

THE annual report of the Bilbao Harbour Improve- 
ments Board has just appeared. a as usual, a 
statement of the improvements made from the year 
1877, when the Board was first instituted, up to the 
present year. Bilbao is situated in a mountain gorge, 
on the River Nervion, about 8 miles from its mouth, 
where it broadens between the haven of Portugalete 





and the summer resort called Las Arenas. The por- 








tion of the river between Bilbao and the sea is ucually 
termed Bilbao estuary. From 1879 to 1883 the bar was 
improved, and the lower reaches of the river deepened, 
at a cost of about 7,000,000 francs, and shortly after- 
wards the upper reaches were also deepened, at a cost 
of about 5,000,000 francs. This complete canalisa- 
tion of the river in 1886 allowed vessels of 700 
to 800 tons register to reach the town of Bilbao 
from the Bay of Biscay. Although the lower eaches 
of the river were lighted by electricity to evable 
vessels to enter or leave by night, yet the narrow 
channel and the heavy sea on the rendered at 
times the Port of Bilbao very difficult of access. 
Further improvements were effected, numerous wharves 
and embankments made, cranes erected, sheds con- 
structed, and the River Nervion deepened ; and in 
1888 the t breakwater was n, and finished in 
1905, at a cost of 30,000,000 francs. In 1893 the counter- 
mole was begun, and was finished in 1903, at a cost of 
10,000,000 francs. These two breakwaters enclose an 
outer harbour for deep anchorage and extend from the 
village of Santurce to the opposite headland at tha 
vil of A In 1897 groynes were built upon 
the foreshore at Las Arenas, as well as a sea-wall to 
so nay the highroad from Las Arenas to Algorta. 

ther recent improvements have been extensive 
quays on both margins of the estuary mouth at 

ortugalete and Las Arenas, an iron pier at Portu- 
galete, removing rocks from the bed of the river, 
and widening and straightening the river at Zorroza. 
The last improvement has ered the navigation of 
the river much safer by eliminating the dangerous 
bend which used to be called ‘‘zorrozaurre.” 

The total exports and imports through the harbour 
increased from 1,300,000 tons ini 1878 to 5,890,000 tons 
in 1900. Since 1900 they have fallen off slightly on 
account of the diminished export of iron ore due to 
increased local consumption, and in 1912 the total 
movement was 4,475, tons. 

The work done in 1912 may be classified thus :— 

1. Work was continued on the mooring-quay in 
the outer harbour with its approach zone, at a cost of 
460,000 francs, making a total of 6,621,000 francs 
since the beginning of the work in 1906. 

2. Completing the basin for small craft behind the 

counter-mole. e object of this basin is to shelter the 
fishing vessels which used to frequent the old harbour 
of ajene. 
3. Clearing the rocks in the estuary channel 
between La Salve bend and Deusto cut. In 1912, 
10,550 cub. metres were extracted at a cost of 222,000 
francs, making a total of 78,368 cub. metres since the 
work was begun in 1907. 

4. Widening ard straightening the estu at 
Zorrozs. At this dangerous bend the width of the 
channel in a distance of 1150 metres was increased 
from 60 to 100 metres, and a curve of]225 metres was 
lessened to one of 700 metres radius. This work was 
———. in 1912 atacost of 116,000 francs, making a 
total of 989,000 francs for the whole work since its 
start in 1909. 

The work of the Board also includes maintenance 
and repair of the 28 km. of wharves which border 
the river on both sides, the wharf sheds and ware- 
houses, the mooring-buoys, &c. Dredging goes on 
continually from Arenal Bridge to the outer harbour 
by the dredgers Axpe, Bilbao, and Espaiia. In the 
course of the year 683,000 cub. metres were removed at 
a cost of 352,000 francs. The electric current for the 
lighting of the est and outer barbour is supplied 
by the Union Electrica Viscaina Company, and the 
total expenee for the wharves, lighthouses, and buoys 
for the year was 65,685 francs. 

The improvements still contemplated include : (1) 
Modification of the Arenal and Ripa wharves, so 
as to facilitate the loading and unloading of all 
classes of goods, and more especially of coal, which 
at present is deposited in lighters at the left 
bank. (2) Clearing away the rock from the bed 
of the estuary between the Viscaya transporter 
bridge and the end of the Portugalete iron pier, so as 
to get a depth of 8 metres at low water. Also clear- 
ing away the rock in the harbours of Santurce and 
Algorta, which are frequented by small craft, so as to 
get a depth of 3 metres at low water. (3) The con- 
struction of various landing-stages for ngers on 
both margins of the estuary. (4) Lessening the sharp 
curve at Olaveaga. (5) Ordering a new bucket- 
dredger, capable of removing 300 cub. metres per 
hour and reaching a depth of 13 metres below its 
water-line. Also two steam-hopper barges, each with 
a capacity for 600 cubic metres of dredged material. 
(6) Installation of warehouses, cranes, &c., on the 
mooring-wharf in the outer harbour as soon as the 
Bilbao- oe Railway Company begins to pro- 
long its tracks to Santurce. 





ENTERPRISE OF GERMAN Ex.ectric Works.—The large 
German General Electric Company (Allgemeine Elek- 
tricitiits Gesellschaft) is negotiating wi town of 
Malmi, West Sweden, about the purchase of a large site 
near the harbour for the purpose of erecting large electric 
works there, intended to employ some 1200 men, 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the Institution 
of Mechanical ineers was held on Friday last, 
the 19th inst., at Storey’s Gate, Westminster, the 
President, Sir H. F. Donaldson, K.C.B., occupying 
the chair. 

The Secretary announced that fifty-nine candi- 
dates had been elected, and that eight transferences 
had been made from the class of Associate Member 
to that of full Member. | 


MecuanicaL Encingerine Aspects oF Roap 
ConsTRUCTION. 

A paper entitled ‘‘Mechanical Engineering 
Aspects of Road Construction” was read in ab- 
stract by the author, Colonel R. E. B. Crompton, 
C.B. This we reprint in full in another part of 
the present issue. 

In reading his abstract, Colonel Crompton re- 
ferred to a diagram which he exhibited, but which 
was not included in the paper. This we reproduce 
herewith. It represents records taken on a road 
near North Eltham, Kent, showing the wave forma- 
tion referred to in the paper. The waves had a 
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from the author’s remarks that there might some 
day be not only standardisation of roads, but 
standardisation of loads. Also the author had 
indicated that rubber tyres might eventually be 
successful in carrying every class of traffic, and, 
however remote that time might seem now, there 
were grounds for ing that as the outcome of 
the traffic problem. The surface of the road could 
only be made flexible in the exact ratio of the 
flexibility of the tyre. It was only with the great 
increase in rubber tyres that the use of bitumen, 
as a cemonting t for roads, had become possible, 
It seemed to him probable that only roads pos- 
sessing flexibility, a marked characteristic of 
bitumen roads, would be found to be capable 
of recovering from the effect of wave formation. 
The author had pointed out that the waves were, 
in some measure, caused when the road was first con- 
structed, and had put forward a remedy for that 
in his three-axle roller. He did not think that in 
twelve months’ time the author would re what 
he had said in regard to that machine. e author 
had raised the question of road construction from 
a comparatively low standard in public opinion of 
to-day to something approaching the high scientific 
standard of to-morrow. 


AD,NEAR ELTHAM, KENT. 
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length in this case of about 20 in., and over the 
length taken the depressions varied from 0.35 in. 
to 1.1 in. At the same time a print had been 
obtained (shown below the section) of the tyre of 
a wheel traversing this stretch of road, from which 
it would be seen that the tyre left the road surface 
just beyond the crest of each wave, to land heavily on 
the surface again a little further on, an action which 
tended, of course, to aggravate the depression. 

Sir John I. Thornycroft was the first speaker in 

the discussion. He said Colonel Crompton had 
ably shown in his paper that the subject was one 
that could, with t advantage, be studied 
scientifically. He (sir J. Thornycroft) had ex- 
amined work in which a solid foundation had 
been formed, and a renewable surface had been 
laid upon it. That was a class of road which 
commended itself to him. Colonel Crompton had 
stated that a really sound surface could be pro- 
vided which would not become wavy, thus greatly 
reducing the wear on the tyres of vehicles. He 
hoped that the figures as to saving, submitted by 
the author in this connection, might prove correct. 
In the case of old roads, when water was allowed: 
to lie in the hollows, as might be found on the 
borders of many large towns, the dents in the road 
were soft, and the effect of the bounding action 
of the vehicles was increased. When a heavy 
weight fell on to a comparatively soft surface, the 
wave was pushed along. 
_ Mr. J. C, Mackay remarked that some years ago 
it was desired to construct a cheap road in Shrop- 
shire, and the surveyor, instead of employing the 
cubical-shaped stone in common use, constructed 
it of sett-maker’s chips, which consisted of very 
flat stones. That road carried the traffic for 
eleven years—a large portion of it being traffic 
necessitated by the construction of the Birmingham 
Water Works. Had cubical stones been used in the 
road, they would, after some years, have taken a 
spherical form. He suggested thatthe best way to 
prevent the stones becoming spherical was to start 
with them as flat as possible. Last month a short 
piece of road was made with sett-maker’s chips 
6 in. thick, and with rather a soft bottom. A 
12-ton roller was put over that road, and the roller 
did not compress the chips more than } in. With 
cubical stone the compression would have been 
much greater. 

Mr. T. G. Marriott was the next speaker. He 
said he was directly concerned in the construction 
of roads of the type which the author suggested as 
the ultimate solution of the road problem. The 
paper not only stated the cause and effect of the 
trouble, but also indicated a remedy. He inferred 
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Mr. A. Dryland said the author stated that the 
design of the road vehicle had reached a very 
advanced stage. That was true so far as the con- 
veyance of loads was concerned, but he would like 
mechanical engineers now to devote their attention 
to the effects their vehicles had on the road and see 
if they could not modify these. Deformation, or 
corrugation, as he preferred to call it, although it 
had not generally received much attention in the 

had been his bugbear for many years. The 
author said that materials laid hot were less likely 
to form waves than material laid cold, but he did not 
think that was so, and Fig. 3 of the paper certainly 
showed apparently an opposite effect. In the upper 
diagram, with materials laid hot the deformation 
was while in the lower di where it was 
laid cold, it was much less. He thought the 
author’s remarks on the use of slag went to show 
the same thing. He would not contend that cold- 
laid material was always best, because it might 
happen that some of the material laid hot might 
have greater elasticity and might therefore recover, 
and he believed that there would be a very large 
development in hot-laid bituminous-surfaced roads, 
The problem was, how could it be laid hot and yet 
have an even surface? He was disinclined to 
believe that the three-axle roller produced a more 
even surface than the ordinary tandem roller. 

Weight, it was evident, was a great factor in 
the deformation of roads. Roads going out of 
London, which were used mostly by y-loaded 
vehicles, showed that nine-tenths of the defects were 
on the side of the road in the direction of the out- 
going traffic. That, he thought, indicated that 
orn combined with speed was the greatest factor 
in deformation. He thought there was much in the 
author’s point about the rhythm of wheels. Could 
not mechanical engineers vary that by introduci 
some variation in the size of wh front an 
back? On most vehicles, at present, they were 
about the same size. to rubber tyres, 
the author had stated that wheel diameters 
were not of great importance. With that he did 
not agree. Oolonel Crompton had referred to 
motor-bus traffic as showing the greatest extent of 
deformaticn. In that case there were rubber tyres 
with wheels of very much the same size. The wheel 


diameter was of great im and he hoped 
developments in self- vehicles would take 
iho led eantehaa. e agreed that slag had so 


far produced admirable results, and at the price held 
its own against any other material. The coating 





on the Embankment was not laid on an 
ordinary surface, but, he believed, had a 
tarred macadam base. 





He had tried comparatively thin asphalt bitu- 
minous coats, 1 in. and 14 in. in thickness, on the 
ordinary macadam crust. There might be trouble 
about connecting the twe coats, but so far there was 
no evidence, even in the case of a very thin coating 
of lin., of any parting between the coating and the 
base, nor was there any visible deformation of surface. 
He had an example of a road so treated which had 
carried a motor- traffic for a two- 
and-a-half years. He regarded the author’s esti- 
— nara 400 tons of material : ing turned out 

ily from a preparing t as a little sanguine ; 
he th t that on Sere He did not think 
either that the t needed to be very near the 
work, although that was desirable. As a matter 
of fact, material had been laid at as t a dis- 
tance as 30 miles from the works with very con- 
siderable success, and had been carried to it hot by 
a slow tractor, taking some hours to get to the job. 
He felt that some of the assumptions of the author's 
in regard to reduction of costs would not be justified 
by results. The life of twelve years given by the 
author for the surface wear of a ern was 
high ; few roads at present promised such a life. 
Deformation was a very im t matter, especially 
to mechanical engineers. The greater the departure 
from the true ing surface the ter the wear 
and tear of the vehicle itself. ormation could 
not well be remedied without reconstruction, and 
that at frequent intervals naturally meant great 
cost to the road authorities, 

Mr. Charles Hawksley asked the author how, 
while stipulating that the lower layer of road for- 
mation should never be broken, he to 
meet the need of laying of gas, water, telegraph, and 
other pipes, and the construction of sewers, &c., all 
of which meant breaking through the lower as well 


as the upper surface. 
Mr. k H. Robinson, referring to wave- 
ing, wanted to know whether the waves 
advanced. Did the measurements taken on the 
crests of the ridges show that the latter remained in 
the same spot, or did they move forward under 
the influence of the traffic? If they advanced, were 
they advancing in opposite directions on the two 
rs) ite sides of the road, in accordance with 

e direction of the traffic? Did wood pavements 
develop these ri ? Personally, he had no doubt 
that they did. He remembered some twelve years 
ago discussing matters with a road-making engi- 
neer, who expressed the same opinion as the 
author—namely, that the ridges were caused by 
the use, or, rather, misuse, of the roller employed 
in the work. He had also been of opinion that 
the ridges were caused long before motor traction 
came on the scene. Anyone taking a taxi-cab down 
Victoria-street, Westminster, at night, would have 
noticed how the lights were reflected from the 
succession of ridges. 

Mr. L. Massey desired to ask whether the valleys 
moved forward as well as fhe ridges, or whether 
they stayed still while the wave broke, and con- 
nanedile was it that movement which broke a 
road up, or was it a combination of the wave and 
material wom advancing ? a the bituminous con- 
crete or t @ properties of tenacity 
and elasticit credited to it in the paper, it might 
be serviceable as a resilient foundation in such 
cases as the heavy forging-hammer, for which con- 
crete was too hard. Oonsequently, timber was put 
on the top of concrete, and all sorts of ingenious 
arrangements were resorted to to get resilience. 

Mr. ©. J. Jenkins unfortunately insisted in 
addressing the meeting from the back of the hall, 
so that his remarks were very indistinctly heard. 
He apparently said that he had under observa- 
tion haat of road subject to continuous motor- 
bus traffic, and had noticed that the waves and the 
valleys also were certainly advancing in the direc- 
tion of the traffic. The whole of the material in 
the road was moving forward. The waves were 
curved in the direction of the traffic in each direc- 
tion. The formation of the waves was, he thought, 
oa caused by the hammering action of 

hind wheels. Water lodged in the hollows ; 
the hind wheels forced the water into the road. 
There was a rh: ic motion in the wheels which 
was, no doubt, y dependent on the le of 
the wheel-base. one drove over one road he had 
in mind in a car of smaller wheel-base than an 
ordinary motor-bus, one would be nearly thrown out 
by the motion, though the movement was compara- ° 
tively slight in the motor-bus which had made the 
waves. e cubical form of stone was not the best 
for road-making. The cube lent itself to the for- 
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mation of spheres sooner than any other shape of 
material. The reason, in his opinion, for the good 
results obtained with slag was that when two 
stones engaged one against the other, they did 
not tend to roll so much as in the case of 
granite; the softer material in the slag gave 
way, and settled down to the shape of the stone 
next to it, instead of breaking it. In connection with 
the road-testing machine at the National Physical 
Laboratory, he would like to ask whether provision 
had been made in it for the traverse of the wheels 
as they ran round on the track. If not, he thought 
the conditions would be very different from those 
found on actual roads where there was traverse 
from side to side. 

Mr. W. W. Beaumont considered that the makin 
of roads was falling into the hands of mechani 
engineers, and that in future material would be laid 
by precise methods rather than by the approxi- 
mate one of putting it down only ar ge | where it 
was supposed to be wanted. Coul e author 
give more information about the working of the 
machines described? In to some of them 
there was little comparative information in the 
paper. There were many difficulties in connec- 
tion with the working of these machines, such 
as keeping them in order, getting the mixtures 
and temperatures right, and delivering the mix- 
tures in a way which would prevent either 
segregation or aggregation. In one part of the 
paper the author said that the waviness was 
often caused by the operation of the road-roller 
producing waves when rolling in the direction of 
the traffic, whereas in another part he gave as 
the cause the repeated action of vehicles closely 
resembling one another in their harmonic action. 
Personally he agreed with the first cause suggested 
by the author. On the question of the harmonic 
action, he thought more evidence was wanted than 
had as yet beenadvanced. Hecertainly considered 
that with the smaller and smaller materials recom- 
mended by the author, the three-axle roller had an 
advantage over the ordinary ty With still more 
axles the effect might be even better. 

He did not believe there was much in the way 
of harmonic action, on account of the variety of 
the vehicles using the roads as regarded wheel- 
base, loading, &c. On the other hand, it was true 
that with surfaces laid by hand, free from initial 
waves—hard and soft spots such as were made in 
rolling—the surface remained true for a longer 
time than did rolled surfaces. That was also true 
of roads in which the metalling was as homogeneous 
_ as it was possible to make it. In rolling, the large 
material was apt to be pushed forward until it 
jaramed, and then the roller mounted over the 
crown, producing a wave. It was impossible to 
get large metal, such as was used some time ago, 
even on the Thames Embankment, down to 
a level surface with a roller. A kind of sorting 
action went on between the large and small mate- 
rial, so that the small got together in places, 
and alternate hard and soft spots were formed. 
That was still the case with the more modern 
systems, and the hard and soft spots were 
brought out subsequently by the traffic. If the 
surface could be compacted by something in the 
nature of a hammering.action, such as used in 
moulding - boxes, he thought erosion would take 
a longer time to show itself, though ultimately, 
with the heavy loads and iron-tyred vehicles used 
to-day, it would be sure to come. : 

Colonel Crompton, in replying to the discussion, 
remarked that Mr. Beaumont appeared to think 
that he had not proved his case with regard to 
harmonic action being the cause of waviness. He 
was, however, quite able to prove that point, and 
could instance cases of waviness having arisen 
within a surprisingly short time. Between Golders 
Green Station and the flying-ground at Hendon, for 
instance, harmonic action was obvious, and there 
were other cases where motcr-buses had —— 
this result a few weeks after starting. He agreed 
partially that the effect was due to the ome but, 
unfortunately, the roller waves were long 
waves of the order of about 4 ft., whereas the 
waves caused by motor vehicles were short. It was 
stated in the paper that the starting of the smaller 
waves, produ by the harmonic traffic on the 
road, was very largely caused by the initial waves. 
There were many cases in which a lump in the road 
started a ripple, which travelled along the road and 
was continued by the shorter waves. A ripple only a 
few feet in length would thus be extended to 40 or 


had to be broken up and re-made simply for this 
reason, although the wearing surface itself was in 
good condition. The study of these questions was 
most interesting, and he would recommend young 
men to take it up. Small stone near the surface, if of 
= quality, was certainly valuable. Mr. Marriott 
produced excellent work, and he looked for his 
co-operation in carrying his ideas further. Mr. 
Marriott seemed to wwe, F that his three-axle would 
do what was claimed for it, but it had done soso far, 

and he thought he was correct in his statement. 
Mr. Dryland was correct in stating that the 
tendency was greater for hot material to deform, 
when ly rolled, shan cold. Hot material 
set by change of state, and it was almost impos- 
sible to move the material afterwards. old 
material merely set by evaporation of oils in the 
tar, and for some time the road was tender and 
would not stand the traffic on it. His best length 
on Kingston Hill had been deformed from end to 
end by traction engines the second day after it was 
laid, and had had to be relaid. There was always 
that risk with cold material, and the ten- 
dency was therefore to the use of hot, as it 
set quickly, but it did introduce difficulties in rolling. 
He that two-coat work was not always 
; it was needed where the traffic was 





n 
heavy; butif the existing road was of good macadam, 
an excellent road might be produced by putting an 
upper coating only on the existing macadam. 
Pipes, cables, &c., ought not to be below the 
road surface, so that the road had to be destroyed 
in order to get at them; they should be placed 
under the side-walk or trees. 
The waves certainly advanced in the direction of 
traffic; that had been checked by measurement, and 
they had been found to extend gradually from a given 
obstacle. Where, however, waves were the result of 
bad rolling, he did not know whether they advanced 
or whether they lengthened up to a certain point. 
Where the waves @ pronounced he was not 
certain that the road did not break up under the 
crest. With regard to resilient foundations for 
machines, he had successfully used bituminous 
— himself in massive foundations, and 
secured complete absence of vibration. Mr. 
Dryland had thought that some of his assumptions 
would not hold to-day. They were, however, 
based on a large mass of figures. It might be 
interesting to remind Mr. Dryland that the traffic 
he had assumed was only one-fifth of that on 
the Kingston-road, on which slag had lasted 
nine years. He thought therefore that his 
twelve-year limit was reasonable. In Washington 
asphalt had given a life of 31 years, with traffic as 
heavy as that on Kingston Hill. With well-trained 
men and improved processes, not only would these 
results be obtained, but they would secured at 
much reduced cost. He had been laughed at in 
that room years ago for saying that electricity 
would be produced at 3d. per unit ; it was now pro- 
duced at 0.3d.; and he believed road-construction 
costs would be reduced in the same way. He 
intended to live to see it done. There was a great 
opening for devising means for turning out the 
required materials in quantity and cutting down 
labour, and also in arranging for work to be done 
uickly, so that every advantage might be taken of 
the spells of suitable weather. With good drilling, 
so that material could be laid quickly, it would be 
possible to choose one’s time, make a profit, and 
execute the work in a manner which would greatly 
benefit the community. 
The President then announced that the next 
meeting would be held on Friday, January 16 next. 





Execrric VenicLe Commitrer.—The third meeting of 
this committee was held at the Institution of Electrical 
Engi on the 11th inst., when the members of the 
technical sub-committee and commercial sub-committee 
were appointed, and to these a number of matters were 
ref for decision. 





Lecrurgs To Moror-Drivers.—The third of the series 
of “‘steam ” lectures to drivers in the employ of members 
of the Commercial Motor-Users’ Association was deli- 
vered on Ling y 4 December 17, at the Royal Auto- 
mobile Club, by Mr. G. W. Watson, M.I. Mech. E., 
M.LA.E., Ins; eer of the Association, when 
Mr. W. G. Lobjoit, vice-chairman, presided over the 
gathering of drivers. The lecturer gave in simple lan- 
guage an explanation of the working of simple and com- 
pound steam-engines, described the expansive working, 
cut-off, lead, lap, cushioming, indicated horse-power, 
remarks with numerous diagrams working 

The fourth and last lecture will be held on Thurs- 


INDUSTRIAL NOTES. 


Wer have frequently heard it stated that if Den- 
mark has been able to develop her agriculture to 
such an extent as to be able tolive by it and to export 
oo ee on a very large scale, the British Isles 
could certainly do the same, since they are at least 
as well situated, geographically speaking, as Denmark. 
Of course, we could in this country grow more of the 
foodstuffs we need, but the question resolves iteelf 
into asking whether it would pay us to do so. The 
fact that our agriculture has declined is not trace- 
able to any fault on the part of our agriculturists 
per se, but to the enormous development of all 
our industrial undertakings. We venture to sur- 
mise that if coal and ironstone had existed in 
Denmark, her ea meg like ours, would have 
left much to be desired, but in all probability she 
would have been richer than she is to-day. These 
remarks have been suggested to us on reading the 
Report on Migration from Rural Districts in England 
and Wales, recently issued by the Board of Agriculture 
and Fisheries. It states that agriculture in this 
country is not an expanding industry capable of ab- 
sorbing the natural increase of population. On the 
contrary, the area of farm-land steadily declines. Since 
1901 about 388,000 acres have been withdrawn from 
agriculture altogether, and about 1,060,000 acres have 
been withdrawn from arable cultivation. The levelling 
up of the general intelligence and education of farmers 
has led them to greater resourcefulness in the economy 
of labour, and — willingness to use labour-saving 
machinery appliances. It is satisfactory to note 
from the report in question that ‘‘as against the 
economic conditions which make for decreased em- 
ployment on the land, the only contrary influence at 
present is the increase of intensive cultivation in fruit- 
— , vegetable-growing, flower-growing, and the 
ike. Since 1901 the area returned as under emall 
fruit has increased by about 9000 acres. The area 
under vegetables and orchards has also extended con- 
siderably, and glass cultivation has been developed on 
a large scale.” The report continues by stating that 
there appears to be a fairly general deficiency of 
skilled hands ; the manual arts of labour are 
being neglected; there is a general movement 
of population from the rural districts; and, as 
the report calls it, the ‘‘ rural exodus” to the 
towns and to industrial life is supplemented to 
a@ large extent by a movement to the over-sea 
Dominions. ‘‘ It appears paradoxical,” the report 
concludes, ‘“‘that complaint should be made at the 
same time of dwindling population and insuflicient 
cottages, but there can be no doubt that the question 
of rural housing is acute.” In this connection the 
competition of townsmen has aggravated the situation. 
Cotta are turned into villas ; further, and this is 
the ‘‘ last straw,” urban workers show an aerating 
tendency, fostered by bicycles, to live in the rura 

districts. ‘‘ Back to the land” cannot yet be styled 
& movement. 





The conference held in Dublin last week has failed 
on the question of reinstating the men who had gone 
out on strike. The men demanded complete re- 
instatement of the strikers, whilst the employers 
renewed their offer to re-employ as soon as they could 
as large a proportion as possible of the men formerly 
in their employ, adding that they were then not in a 
position to state the numbers of men in the different 
trades to whom they could give immediate employ- 
ment. They mete | to discharge the men they had 
taken on during the strike, and ‘‘subject to this 
condition, they were willing and anxious to re-employ 
their old hands as far, and as soon, as possible.” To 
all unbiassed minds, this stand which the employers 
have taken seems a most reasonable one. They are 
taxed in certain quarters with inhumanity because 
they do not undertake, in this comparatively slack 
season, and with the trade disorganised as it is, 
through no fault of their own, to re-employ the whole 
of the men who worked for them before the strike was 
declared four months ago. This would mean discharg- 
ing the men who entered their service during the 
strike. This they have refused to do, thus giving 4 
proof of their humanity. None of the men who 
struck work would hesitate one single instant in ordi- 
nary times to leave their employers at the shortest 
possible notice, were they to find a better berth ; 
they would not at such times study the employers’ 
convenience, and these latter must be left some lati- 
tude in the carrying on of their business. 





According to the Revue du Travail there occurred in 
Belgium, in October last, ten new strikes; the strikers 
numbered 550, and 353 additional employees were 
thrown out of work thereby. Two lock-outs, involv- 
ing 1550 workmen, and eleven strikes, involving 1200 
workmen, were continued during the same month. 
Of the ten new strikes, three occurred in the textile 
trade, two in the iron and steel trade, two in the 
boot and shoe trade, and one each in mining and in 
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instances the dispute was on the question of wages 
—i.e., the refusal on the part of the employers, in 
three instances, to grant @ rise ; refusal on the part of 
the men, in one instance, ansanen SoS suveaiens 208 
disagreement, in two instances, concerning the applica- 
tion of the rate of pay. One strike resulted 4 the 
final closing of an establishment employing twenty-two 


operatives. 


The Leeds Corporation Special Committee received 
representatives of the various trade unions on Satur- 
day, the 20th inst., when the men’s leaders put forward 
the following resolution :—‘‘ We request all hostilities 
to be sus ed until the adjourned conference on 
Monday, the hostilities meaning the employment of any 
further labour, temporary or otherwise, to take the 
place of the men in dispute.” To this the Special Com- 
mittee very properly replied :—‘‘So far as this com- 
mittee is concerned, there are no hostilities. We are 
here to maintain the services of the city, and this duty 
we shall perform.” The time for receiving applica- 
tions for reinstatement was extended from 7 last, 
at 6.30 p.m., to Monday, the 22nd inst., at 10 a.m 
The men’s leaders had demanded that ‘‘all hostilities” 
be suspended until Monday at 3. A conference was 
held at that date and hour, at the Great Northern 
Station Hotel, between the Special Committee and the 
Federal Council representing the workers. This con- 
ference ended in failure. e men declared that no 
settlement could be arrived at until every man re- 
turned to his work ; they also demanded an advance 
of 2s. per week all round ‘‘ asa basis for negotiations.” 
On the other hand, the Council has decided to dispense 
during the winter months with the municipal workers 
in the recreation grounds, and to dispense also, for the 
time being, with the services of the paviors. Towards 
the close of the conference, the Committee informed 
the men’s leaders that as far as was practicable em- 
ployment would be found for the men who returned to 
work, and that the grievances, if any, would be looked 
into. This was the Committee’s last word, and it was 
refused by the men’s leaders. 


According to the Reichs-Arbeitsblatt there was a 
slackening in the work at the collieries in the Ruhr 
district during October last, whilst conditions re- 
mained satisfactory in the collieries of Silesia and at 
the lignite workings of the Rhine and Central German 
districts. Metallurgy and engineering were working 
satisfactorily. Cotton spinning and weaving were 
weak, but the situation was satisfactory in the linen 
and silk works. The winter slack season had com- 
menced in the building, wood, and furniture trades. 
There were, counting all trades, 178 applications 
on the part of workmen per 100 vacancies, as 
against 160 in September last and 148 in October of 
last year. Theend of the third quarter of 1913 marked 
the settlement of 557 strikes, which had involved over 
66,000 men. The engineering trades had been the 
most seriously affected, the strikers in these number- 
ing close upon 37,000, the building trades coming next 
with over 13,000 strikers. Of the strikes in question, 
83 succeeded, whilst 218 failed in their object, and 256 
led to an agreement. 











One of the clauses of the law of April 14, 1913, 
passed in the Austrian Chamber establishes that in 
cases of contagious diseases breaking out in a city, 
such as scarlet fever, diphtheria, typhus, small-pox, 
cholera, plague, or anthrax, the shops and factories 
of that city and district may be closed y order of the 
authorities, to _ contagion. A further clause 
provides that the persons—operatives, small trades- 
men and merchants, who thereby lose their means of 
earning a livelihood, will be paid by the State an 
indemnity based on the current rate of wage paid in 
the district to the sick workmen who are insured. The 
indemnity is to be 60 per cent. of the said rate of wage. 





YEAR-BOOKS AND ANNUALS. 

Whitaker's Almanack, 1914. Edited by Mr. Joseru 
WHITAKER London: 12, Warwick-lane, Pater- 
noster-row, E.C. [Price 2s. 6d. net.]—An increase of 
32 marks the forty-sixth annual edition of 
Whiteker’s Almanack, ther, of course, with the 
usual careful revision of all the contents. Among the 
additions will be found matter summarising the 
present positic:: with regard to such affairs as town- 
planning, unemployment, the cost of living, health 
insurance, friendly societies, land 8, 80 on. 
The events of the year abroad and at home are tersely 
summarised, and in the supplement valuable particu- 
lars are given of the British Empire and of foreign 
— In the section devoted to Science and 

vention we notice a rather peculiar medley, a para- 


graph on the coming next to 
one on cannes ae ee, Gall aise Se cies Wate 
motives sandwi between diphtheria prophylactic 
and fertiliser experiments ; , the Ganenal 
Paralysis of the ee Ene nen Oe Cae 
Railway Bridge and the Gladstone Dock. Classifica- 


| of the colliery staff as it 





would be much more appropriate. These, however, 
are trifles, for the book has a good index, which makes 
reference & very easy matter. 





The Colliery Manager’s Pocket-Book, 1914. Edited 
by Mr. H. Greenwett. London: The Colli 
ian Company, Limited, 30 and 31, Furnival. 
street, E.C. [Price 2s. net, cloth.}—This well-known 
little work, which combines a pocket-book, almanack 
and ye makes its ap ce in what is now its 
forty-fifth edition. It is of handy form, and yet con- 
tains the whole of the numerous Acts of Parliament 
and ions affecting coal-mining in the United 
Kingdom. In addition it constitutes something in 
the way of a directory, as it contains lists of insti- 
tutes connected with the industry, of inspectors, 
trade societies, &c. Of tical information it con- 
tains a deal of data on the analysis of coal, ventila- 
tion, surveying, valuation and depreciation, explo- 
sives, and so on, and also devotes a section to mine 
rescue work and ambulance. It thus covers as. 
field, and will doubtless prove as useful in the 8 
done in the past. 


Hazell’s Annual for 1914. Edited b 
Incram. London: Messrs. Hazell, atson and 
Viney, Limited, 52, Long Acre, W.C. [Price 3s. 6d. 
net.|—This annual is too well established to need 
much in the way of recommendation to our readers. 
The deh | issue, which now appears, is, as far 
as a somewhat cursory examination shows, quite on a 
level with its predecessors. The scope of the book is 
wide, covering politics, sport, religion, and a host of 
other matters too numerous to enumerate. In its 
summary of engineering features of the year, it deals 
with fuels, prime movers, and electric traction, as well 
as such developments as the Chingford Reservoir, 
Indian irrigation, the Loetschberg Tunnel, atmo- 
spheric nitrogen, plants, &c. It also gives a ern | 
comprehensive account of the Panama Canal, in whi 
we see an unfortunate slip in the description of the 
emergency dams installed, which are said to be pro- 
vided with ‘* wicker” girders, whereas it should be, 
of course, ‘‘ wicket” girders. ‘The recent records and 
other developments in the aviation world are fully 
recorded. The longest non-stop flight now stands at 
875 miles, a record which, though not recognised by 
the Fédération Aeronautique Internationale, has been 
well authenticated. The present state with regard to 
motoring and recent developments seem to be con- 
densed into rather too small a space to ensure to 
them justice. 


Mr. T. A. 





Pears’ Shilling Cyclopedia. London: A. and F. 
Pears, Limited.—This is an entirely new edition of a 
very comprehensive and exceedingly useful little 
volume. It comprises an English Dicti ; a Cyclo- 
pedia of General Information ; a Cyclopedia of Pro- 
minent People; a Classical Dictionary; an Office 
Compendium, including a vast amount of miscellaneous 
information relating to questions which frequently 
arise; a Gazetteer of the World, illustrated by fifty 
small but very clear Maps; a Dictionary of Events ; 
a Dictionary of Gardening ; 1 Dictionary of Poultry ; 
a Dictionary of Cookery ; a Dictionary of Health ; a 
Dictionary of Sports ; a Dictionary of the Toilet; a 
Dictionary of Business ; a Dictionary of Photography ; 
a Dictionary of Motoring ; a Dictionary of Peta; a 
Ready-Reckoner ; and articles on the Science of Soap, 
and the Skin and Complexion. Besides these various 
sections, all excellent and evidently compiled by able 
writers, there are combined with the cover a very con- 
venient Star Chart or Planesphere showing the relative 
positions of the stars visible in the Northern hemis- 
phere at any date, and a Calendar for the years 1913 
to 1929, this Calendar having some very ingenious 
features. The whole constitutes a wonderful shillings- 
worth. 





The P. and O. Almanac and Diary, 1914.—The 
Peninsular and Oriental Steam Navigation Company’s 
Almanac and Diary has this year a frontispiece of 
their s.s. Medina, of 12,500 tons and 16, horse- 

wer, reproduced from a painting by Mr. Charles 

ixon. little book gives full particulars of the 
company’s steamship services and lists of their ts, 
&e., throughout the world. It also contains statistical 
data relating to the British Empire, its trade, &c., 
the growth of tion and trade of the British 
Isles, the traffic of the Suez Canal, the navies of the 
world, and so on, being — by o series of 
excellent little maps of the chief countries on the 
company’s routes. 





2 Aszaistant Private Secretary of 
First Lord of the Admiralty, — London, 8. W., 
not later than the 31st inst. All boys whose date of birth 
is between August 1 and November 30, 1900, are eligible. 
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THE ALLAN LINER “ ALSATIAN.” 


THE new Allan liner Alsatian, which completed her 
official steam and manceuvring trials on the 19th inst., 
and arrived at the Canada k, Liverpool, on the 
20th inst., ready to take up her place on the service 
between Liverpool and Montreal, is a remarkable ship 
from several points of view. First as to size, she is 
600 ft. long on the load water-line, and cn a draught 
of 28 ft. 6 in. dis: 22,500 tons, giving accommo- 
dation to about first-class, 500 class, and 
1000 third-class rs, in addition to a crew of 
500, so that she is one of the of the ships in 
the pre service. She is, =. a = 
increasingly popular cruiser stern, and is e first 
of our ‘Atlautio liners to have turbines arranged to 
work three in series instead of two as heretofore. 
The economy achieved on the trials. as well as the 
speed, is therefore of great interest. On the measured 
mile her mean was almost exactly 20 knots 
with 21,375 t horse-power, and on a 600-mile 
measured distance test, the mean speed was 19.5 
knots with 20,620 shaft horse-power—a rate of speed 
in each case one nautical mile per hour in excess 
of the guarantee, while the coal consumption for all 
purposes on the latter trial was 1.3 lb. per shaft horse- 
— per hour, or 0.1 lb. lees than that guaranteed. 

hen to these facts are added the statements that she 
is fitted up in the most elaborate decorative style, oak 
predominating, and that she has been completed in 
twenty-two months from the laying of the keel, 
notwithstanding the generally bad time-keeping of 
most workere,the builders—Messrs. William Beardmore 
and Co., Limited—and the owners, the Allan Line, 
and particularly the chairman, Mr. Hugh Allan, may be 
congratulated on the results. 

In a previous article (vol. xov., pees 451), on the 
occasion of the launch, we reviewed the strikingly pro- 
gressive history of the Allan Line, and descri the 
scantlings of the hull and general arrangement of the 
passenger accommodation of the Alsatian, givin also 
cross-sections of the hull and plans of the Teste. 
In this issue we publish, on Plate LIV., drawings 
showing the general arrangement of the machinery, 
and on pages 854, 855, 856, and 858 views of the 
ship on trial, of some of the public rooms, and 
of the boilers and turbines. Before dealing with 
the a mag it may be well to give the principal 

ticulars of the ship, and refer to the decorative 
eatures of the Lamersy od accommodation, premising 
these with the remark that the vessel was built from 
specifications by Mr. A. M. Gordon, the naval architect 
of the Allan Line, and that the decorations of the prin- 
cipal public rooms were desi by Mr. G. A. Crawley, 


estminster. The dimensions, &c., of the ship are 
as follow :— 
Length on L.W.L. = = 600 ft. 

» between diculars 570 ,, 
Breadth, mould ai sie sin 
oem moulded, from “‘D” deck... 64 ,, 

ae about) ... pan = 18,000 
Draught, fu » (esed pat is ... 28 ft. Gin 
Displacement at 28 ft. 6 in. draught ... 22,500 tons 
NS) on measured-mile trial ... 20 knots 
Shaft horse-power on measured-mile 

trial sie ed me fae A 21,375 
8 on service trial (600 miles) 19.5 knots 
Shaft horse-power on service trial 20,620 

consumption on service trial 

(pound per shaft-horse-power hour) 

or all purposes $. on + 1.3 

on service ... ve a .. 18 knots 
umber of decks... obi ms ~# 8 
ae ~~ —~—— Sa 
” gers, about 
ye second-class ,, - 500 
” third-class oe * 1000 
in officers and crew, &. 500 


Fig. 1, on 854, shows the vessel steaming at her 
maximum 8 on the measured mile—over 20} knots, 
while Fig. 855, illustrates the lounge—probabl 
the finest room in theship. It is almost exactly amid. 


ships on ‘‘B” deck—the highest deck with passenger 
rooms. For his inspiration in designing this lounge Mr. 
Crawley went to the royal a ents at Hampton 
Court, for which Sir Christopher Wren was respon- 
sible. The roof, largely glazed, rises in the centre to 
a height of 18 ft., is carried on oak columns, 
beyond which are alcoves, with three t bow 
windows on each side of the ship. At the forward 
end is a handsome fireplace, and at the after end a 
mirror, both surmounted by carved trophies in the 
style of Grinling Gibbons, with paintings by Geo 

Lambert, the Australian artist. There is a skylight 
the full length and for about one-third the breadth 
of the roof, with stained-glass and electric lighting 
from above it, so that the effect is an abundant 
but diffused illumination by night as well as by day. 
The furniture has been etoile conceived in har- 


forward on the same deck. The epart- 
ments at S thes Cela eceen have been ted as a 
model, the idea to represent the style of the reign 
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of William and Mary, while the book-cases are copied 
from those in Pepys’ Library, Magdalen College, 
Cambridge. 

Fig. 4 is a view of the dining-saloon, which is 60 ft. 
long, is on ‘‘D” deck, and is in the Jacobean style. 
The oak has been treated to simulate the mellowed 
influence of time. The ceilings are in hand-modelled 

laster-work in low relief, and the effect, with the 
cony on ‘“‘C” deck above, is most effective. The 
buffets and chairs are from antique Elizabethan models. 
There is sitting accommodation at small tables for 
220 ngers. 

e smoking-room, aft on ‘‘B” deck, has also a gallery 
or upper floor on ‘‘ A” deck, and the quaint staircase is 
afeature in the decorative scheme. The style is that 
of the period of King James, the chimney-piece being 
copied from a celebrated example at Old Place, Lind- 
field, Sussex, while the furniture is reproduced from 
examples of upright sofas, &c., at Knole House, Seven- 
oaks. 

The large card-room—24 ft. long by 30 ft. wide— 
is in the Adams style. The staircase throughout the 
ship, and the corridors, are in the Jacobean style. 
There are, of course, passenger-lifts and all the other 
accessories of the most modern ship. 

Fig. 5 illustrates a bed-room in one of the four sets of 
en suite cabins, which inclade two such rooms, sitting- 
room, and bath and dressing-rooms. The first-class 
cabins, too, are in advance of recent achievements. 
There are also the inevitable gymnasium, verandah 
café, and other usual features. 

A word may be said regarding the ventilation, which 
is on the ‘‘ Nuvacumette ” system by Messrs. wel 
and Nesbit, Limited, Leicester. The inlet and extrac- 
tion lines of trunking are entirely separate to obviate 
any short-circuiting of the sir from one to the other, 

each is connected to powerful fans. Arrange- 
ments are made, of course, for heating the fresh air in 
the winter and for cooling it in the summer, and, in 
view of the rigour of the North Atlantic temperature 
in winter, the heating system is designed to ensure a 
temperature in the ship of 70 deg. Fahr. This is 
attained by the fitting of radiators on the low-pressure 
steam-heating system in the inlet trunking. Separate 
open - bladed supply fans with heating batteries 
attached have ai been fitted in all the public 
rooms, which have also exhaust open-bladed extrac- 
tion-fans. Al) the principal first-class state-rooms 
and bath- as well as 


rooms, passage-ways, en 
&o., throughout the ship have radiators, 
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supply to the heaters and radiators is controlled 
on the inlet side. The exhaust is fully open to the 
return line, and is maintained by means of wet 
vacuum pumps at 12 in. to 15 in. vacuum. Thus a 
vacuum is created through the whole system, allowing 
the steam to flow ily to the radiators and_ to 
obviate any water-hammering. When commencing to 
heat up the ship, the pump, to ensure the vacuum, is 
first started, and as the thermostatic valves are open 
in the absence of steam, the air is exhausted from the 
= ow and heating surfaces before steam is admitted. 

he temperature of the heating surfaces can be regu- 
lated by the steam-valves, and the heat given off by 
the radiators is directly proportional to the difference 
in temperature between the radiator and the surround- 
ing air; by thus reducing the surface temperature of 
any radiator the devitalising effect produced on the 
surrounding air is also réduced. The thermostatic 
control of the temperature of the public rooms, which 
have se te iators, is effected by means of 
**Nutomatic” valves, attached either to the radiator- 
valve or to the stop-valve on the main steam-pipe 
serving the series of radiators. These valves are con- 
nected by vacuum lines to thermostats, «nd are set to 
operate at a ecg aig wer temperature. With 1] deg. 

ahr. rise above the temperature, the steam to the 
radiators is automatically closed down until the tem- 
perature of the rooms falls 1 deg. below the required 
temperature, at which point the steam is automatically 
opened to the radiators. There is thus ensured a uniform 
temperature at all times with considerable economy in 
steam consumption. The trunking throughout the ship 


for inlet and outlet of air, and on the openings into the 
state rooms ‘‘ hit-and-miss” ventilating gratings have 
been provided, go that the air supply may be regulated 
by passengers. The heating darkste in the Alsatian 
in units and radiators is equivalent to a direct heating 
surface of 30,000 sq. ft. The sheet-iron ventilating 
trunking weighs about 50 tons, and there are 30 cen- 
trifugal fans and 14 open-bladed fans, dealing with 
about 7 million cubic feet of air per hour. 

We turn now to the machinery, of which the 
general arrangement is given on Plate LIV. Only 
the after of two boiler-rooms is included in the 
longitadinal section and plan; the forward boiler- 
room is an exact duplicate of the after room. Thus 
there are six double-ended and four single-ended 
boilers. The former, one of which is shown in Fig. 6, 








Tue ‘‘ AtsatiaN” Sreamina 20$ Knots on THE Measured MIze. 





with a length of 22 ft., the weight of each boiler with- 
out fittings or water being 106 tons. The single- 
ended boilers are of the same diameter, and 11 ft. 3 in. 
long, the weight being 58 tons. The collective heat- 
ing surface is 51,712 sq. ft.—about 24 sq. ft. per shaft 
horse-power developed by the turbines—and the grate 
area is 1232 sq. ft., which is in the ratio of 1 sq. tt. 
of grate area to about 42 of heating surface. 
Howden’s system of forced draught is applied, the 
air being provided by four electrically - driven fans, 
81 in. in diameter, the motors being of 42 brake horse- 
power at 420 revolutions per minute. The working 
steam pressure is 200lb. per sq. in. The exhaust 
ats from the boilers pass through two elliptical 
unnels, each 19 ft. 6 in. by 12 ft. 6in. outside 
measurement, rising to a height of 123 ft. above the 
level of the grates. The method of staying the funnels 
is shown in Figs. 7 and 8, page 856, the latter view 
showing the position of the forced-draught fans, 

The turbines are of special interest, as there is an 
intermediate turbine through which the steam works 
on its way from the high-pressure to the two low- 
pressure machines. This gives a great range of 
expansion very favourable to economy. The high- 

ressure turbine is on the port wing shaft, as shown 
in Figs. 9, 10, and 12, the intermediate turbine on the 
starboard wing shaft, and the two low-pressure tur- 
bines on the two inboard shafts. With the latter are 
incorporated, in the same casing, the astern turbines. 
Thus manceuvring is done with the inboard screws, 
and the steam-piping arrangement is such that boiler 
steam passes direct to the ahead or astern turbines on 
these shafts. To the astern turbines an impulse- 
wheel is fitted on the inlet end to take steam at 195 lb. 
per sq. in. The collective shaft horse- r for astern 
work is equal to 60 per cent. of the full-ahead power. 

The four ahead turbines, although arranged to work 
three in series, have steam connections, so that any 
one may be cut out in emergency, and the other three 
be kept at work. Thus, should any one turbine break 
down, the vessel could still be propelled at a rate 
little short of full speed. All the turbines have 
connections to take steam direct from the boilers, 
so that the high pressure and intermediate turbines 
may be left idle, as is done for mancuvring with the 
two low-pressure turbines. Or the high-pressure may 
be disconnected from the series, the intermediate 
having steam direct from the boilers, and exhausting to 











on page 856, are 16 ft. 9 in. in diameter internally, 








both low-pressure turbines. As the high-pressure tur- 
bine has an independent exhaust to each Tepgeenese 
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turbine, the intermediate turbine may be put out of 
action. Similarly, the high-pressure and intermediate 
turbines have each exhaust connection to each low- 
pressure turbine, and thus either of the low-pressure 
turbines can be cut out. This demands a larger 
variety of steam-pipes ; but there is no complication, 
some of the connections being under the engine-room 
floor-plates. The main steam-pipe to the high-pressure 
and intermediate turbine is of 164-in. bore, and the 
former has & by-pass to admit steam to the second ex- 

nsion, with the view of increasing the power. The 
nigh-pressure exhaust to the intermediate turbine is of 
30-in. bore, and those to the low-pressure turbines are 
21 in. in diameter. The intermediate exhaust to each 
low-pressure turbine is 38-in. bore. The main steam- 
pipes to the low-pressure ahead turbines are 9 in., and 
to the low-pressure astern turbines 11 in. bore. Finally, 
the eduction-pipes from each low-pressure turbine to 
the condenser is 6 ft. by 5 ft. The manceuvring gear 
is controlled by hand, the main valves by steam and 
hydraulic engines, and on each low-pressure receiver 
there is a 38-in. self-closing valve, opsrated automati- 
cally by a MoT Scott reversing engine. 

As to the turbines themselves, Fig. 13, on page 858, 
shows the high-pressure and intermediate turbines 
completed in Messrs. Beardmore’s erecting-shop, and 
Fig. 14, on the same page, one of the low-pressure 
turbines. The casings are of cast iron, and the drums, 
dummies, spindles, wheels and shafting are of forged 
steel made at the Parkhead Works of the builders. 
The high-pressure turbine has a rotor 22 ft. 8 in. lon 
and 6 ft. 24 in. in diameter over the blades, the finish 
weight being 13% tons, while the total weight of the 
turbine is 55} tons. The rotor of the intermediate tur- 
bine isonly slightly larger—-23ft. 74in. long and 7 ft. 2in. 
in diameter, with a weight of 15 tons, while the total 
weight of the turbine is 544 tons. The low-pressure tur- 
bine rotor is 31 ft. 10} in. long, the ahead part being 
10 ft, 24 in. in diameter, and the astern part 7 ft. 8 in. 
over the blades, the weight being 37 tons, while, 
including casings, &c., the total comes out at 1144 tons. 
The segmental system of blading was adopted. At 
the bearings glass oil-sights are provided, with electric 
light behind each glass to show that there is a free flow 
of oil. Forced lubrication is, of course, adopted, and 
the four pumps, of the Weir type, have each a capacity 
of 4600 gallons per hour. The two water-service 
pumps of the Lamonts duplex type, have each a capa- 
city of 5000 gallona per hour. Like the oil-pumps, 
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they are in oe meg one half of the installation 
serving as stand-bys for emergency use, The turning 
a is electrically operated, as is also the gear for 
ifting the upper part of the turbine casings and the 
rotors. The ing is of forged steel, and the pro- 
pellers, which are four-bladed, are solid and of bronze. 
Each low-pressure turbine exhausts into a separate 
condenser, which with its air and circulating-pumps is 
accommodated in a separate compartment, the full 
width of the ship and abaft the turbine-room, suitable 
— being provided for the exhaust-pipes in the 
khead (Figs. 9 and 10). The condensers, arranged 
athwartship, are of the Weir ‘“‘Uniflux” type, each with 
9200 sq. ft. of cooling surface, designed to be capable 
i -in. vaeuum age a 30 bar. 
the 


ft. long, and of an external 
The end plates are of rolled naval 

ly in. _ The two a of the Weir’s 
‘* Dual” type, have steam cylinders, 18 in. in diameter, 
linders, 33 in. in diameter, the stroke bei 
18 in. Messrs. M. Paul and Co., Dumbarton, provid 
the four ae pumps, which have each a 10-in. 
steam cylinder of 9 in. stroke, with 33-in. impeller 


and a 22-in. suction. There is for the a ies a 
condenser with 1006 sq. ft. of surface, also of 
the ‘‘ Uniflux” type, and having tubes, ? in. in 


diameter, with a Weir's air-pump, having a capacity 


of 500 lb. per minute, the steam cylinder being 12 in. 
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in diameter, the pump 24 in,, and the stroke 13 in., 
while the circulator, of Paul’s make, has a steam 
linder of 54 in. diameter and 44 in. stroke, with a 
y in. impeller and a 93 in. suction. 
The air-pumps discharge to filters of the gravitation 
type, through which the feed-water flows to large 
oat-control tanks arranged about the middle line of 
the vessel, and suctions are — for the main and 
auxiliary feed-pumps. The feed-heater is of the high- 
ressure type, having 930 tubes § in. in diameter, of 
6 B.W.G. solid drawn brass, the total surface being 
1198 sq. ft. This heater takes the exhaust from the 
auxiliary machinery, including the dynamo-driving 
turbines, and drains to the float-tank, also through the 
filter, but the exhaust steam from the auxiliaries may 
be to the main low-pressure turbines. 


, The two Weir evaporators have a total capacity of 





pool Refrigerating Company, complete with evapo- 
rators and brine and circulating pumps. I[t may be 
added that for the ventilating of the machinery com- 
partments there are twelve motor-driven fans with a 
capacity of 7000 cub. ft. of air per minute at 2 in. 
pressure on the water-gauge. 

It will thus be recognised that the machinery 
is complete in every respect and every provision 
has been made against complete breakdown. A 
notable feature is that coal-bunkers are arranged 
alongside the boiler- rooms, with an additional 
thwartship bunker between the boiler-rooms and 
forward of the engine-room. There is also a side 
bunker at the forward end of the engine-room, so 
that even were the hull perforated at the main bulk- 
head, there is little likelihood of a boiler and the 
engine-room being simultaneously flooded. The arrange- 
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150 tons per 24 hours, and the four distillers, of the 


Hocking’s ‘‘Climax” design, have each an output of 20 
tons per 24 hours, with steam at from 10 lb. to 15 lb. 


per sq. in. The two main-feed pumps, which are of 
the eir t have two 18}-in. steam and 13-in. 
water cylinders for a stroke of 28 in. There is an 


auxiliary or stand-by pump of the same size. These 
pumps, with other corresponding auxiliaries, are 
placed at the forward end of t the engine-room on each 
side of the starting and mancuvring platform, which 
is on the floor level. Here also are the ballast and 
bilge pumps, which are of the Lamont’s duplex type, 
the two former having together a capacity at 300 tons 

hour, while the two latter are of the same power. 

is also applies to the two sanitary — of the 
Drysdale rotary motor-driven type. The two ash- 
ejector pumps are of the Carruthers duplex design. 
Ash-hoists as well as ejectors are placed in each boiler- 


room. 

On a flat or platform on the port side of the main 
engine-room is the electric-generating station. Here are 
three turbine-driven Westinghouse d 08, each of 
250 kw. capacity when running at revolutions per 
minute ; but, high above the water-line in the engine- 
room — is an se 4 Fae set of the wae 
t roughout ship ree-wire system o 
distribution has been adopted, with 200 volts poten- 
tiality for power purposes and 100 volts for lighting. 

On » platform on the starboard side of the = 
room are salt and fresh-water heaters, the distilling 
plant and two OO, refrigerating sets, by the Liver- 
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ment of these bulkheads is well seen on the plans given 
with our issue of April 4 last, and partly in Fig. 10, 
on Plate LIV., accompanying this issue. 

The official trials of the Alsatian commenced on 
Tuesday, the 16th inst., with a series of ive 
8 trials over the measured mile at Rielmorlie. 

he weather was stormy, the wind being of force 4. 
Two runs were made in opposite directions at 12, 14, 
16, 18, and 20 knots. On the following day, when 
the vessel was again loaded to her full designed 
draught—28 ft. 6 in.—she left the Clyde on her 
“service ” trial of 600 miles from Corsewall Point 
to the Longships Light and back. A mean of 
19.96 knots was maintained to the Longships Light, 
the distance being checked by cross bearings. During 
this ion of the run the tidal influences were 
practically equally balanced. Adverse currents with 
strong head wind and sea were, however, experienced 
during the northward run, but, in spite of these, the 
conte Sree was 19.05 knots, giving a mean for 
the whole 600-mile trial of 194 knots. This is fully 
half a mile in excess of that required by the contract. 
The coal consumption during the 600-mile trial was 
found to be 1.3 Ib. of coal per shaft horse-power per 
hour, for all purposes, this including the amount for 
such auxili machinery as would in use under 
usual service conditions. The shaft horse-power during 
the 600-mile run averaged 20,620, with the engines 
making a mean of 278 revolutions per minute. 

On the 19th inst. further trials were made on the 
measured mile at’ Skelmorlie, when the mean speed 
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was found t» be exactly 20 knots, the draught being 
28 ft. 6in., and the displacement 22,500 tons. The 
mean steam pressures were: at the boiler 200 Ib., at 
the regulator- valve 192 lb., at the high-pressure 
receiver 173 Ib., at the high-pressure by-pass 124.5 lb., 
at the intermediate-pressure receivers 49 lb., and at 
th low-pressure receivers 5.35 lb and 3 5 lb. respec- 
tively. The vacuum was 28.8 in., with a 30.05 deg. 
barometer. The mean revolutions were 285 per minute, 
and the mean power 21,375 shaft horse-power— 
pretty pore | divided between all four shafts. 

These results are highly satisfactory, and the steer- 
ing, astern, stopping, an 
favourable, so that the vessel will prove an eminentl 
worthy addition to a most progressive steamship line. 





NOTES FROM THE NORTH. 


Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was dead idle, but the tone was firm, 
and sellers of Cleveland warrants quoted 50s. 14d. 
50s. 5d. one month, and 50s. 10d. three months. In 
afternoon Clev warrants were a, and 2500 
were put through at 50s. 14d. and 50s. 1d. cash, and 
50s. 10d. and 50e. 93d. three months. t the 
prices were 50s. . cash, 50s. 5d. ] 
50s. 10d. three months sellers. On Frida: 
the market remained quiet, and only 
Cleveland warrants were done at 

and 84d. 

cash, 
three months. The afternoon session 
active, and Cleveland warrants amounti 
were dealt in at 60s. 3d. one month, 50s. 
and 50s. 84d. three months. The 
with sellers naming 50s. 1d. cash, 50s. 34d. one mon 
and 50s. 9d. three months. On Monday morning the market 
opened quietly. Prices were steady, but no ings were 
ae and sellers of Cleveland warrants quoted 1d. 
cash, 50s. 4d. one month, and 50s. 9d. three months. In the 
afternocn Cleveland warrants were again quite idle, and 
the closing quotations were the turn easier, with sellers at 

03d. cath, 50s. 34d. one month, and 50s. 9d. three 
months, 

Sulphate of Ammonia. —The sulphate of ammonia 
market is rather quiet this week, and dealings are some- 
what small. There is no c in price, and 
quote from 12/. 18s 9d. to 13/. per ton for prompt deli- 
very, Glasgow or Leith, which is about 1s. 3d. 
above the lowest level of the year, and only 
under the top price of 142. 11s. 3d. 


Scotch Steel Trade.—No change of any moment has 
taken place in the Scotch steel trade since the last report, 
and owing to the continued scarcity of Ye for 
heavy material makers are cong, Oe erable difficulty 
in keeping their mills going. e d for tes 
especially is very poor indeed, but while there is, perhaps, 
a little more business passing, mestly for amall lots how- 
ever, there is certainly a more cnoomeqins tone among the 
inquiries which are in the market. <p oe depart- 
ments are suffering from a limited demand, and 
few orders are on offer. Black- » makers have not 
been booking many new contracts lately, but those which 
have been picked up are enabling the managements to 
keep their Ba fairly wellemployed. On the other hand, 
the producers of galvanised sheets are experiencing quite 
a good turn of trade, and are, in fact, very busy, while 
for structural sections there is a rather better demand. 
In the matter of 
these are fixed agreement, but where uncontrolled 
some very keen competition is going on to secure busi- 
ness. l round there is a whammy Far feeling, and 
although engineers ge’ y are not too busy, are 
some branches where improvement has already taken 
place. and in this connection makers of sugar machinery 
may be mentioned. The high cost of production has 
militated against steel-makers for many months back, but 
raw material has now an easier , and if the talked- 
of reductions duly come off, then there is every probability 
that more active times are in store in the near future. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of 
practically no change over the week, a the ee 


cause of 


gb 


: 
: 
5 


new business is most disappointing. 
the foreign material is the a nap 
at our local works, and large 

ing in from the Continent, with 
here are finding it harder 
lishments moving. The basis price for 
is 61. 178. 6d. per ton, less 5 per cent. 
while for export orders 6l. 7s. 
asked. Makers have had a 
and few will be sorry when 
finished. 


F 
B 
‘“ 
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Scotch Pig-Iron Trade.—The prevailing 


! 


the Scotch pig-iron trade show no material change, as 
buyers are v reluctant to fix up any large quantities. 
They are very cautiously, but contracts on 
hand are for fairly good deliveries of the 


ca qualities. The number of furnaces i 
18 now down to 73, which is 17 less than at this ti 
year. Hematite is moving slowly, and 
is round 62s. 6d. per ton. The following are the market 
uotations for makers’ (No. 1) iron:—Clyde, 69s. 6d. ; 
(all ahi at Glasgow) nee ile 
3 at 
hotts (at Leith), 70s.; and Cone (at Grange- 


FEE 
TEE 
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71s. ; 
mouth), 71s. 


starting tests were equally | }, 


Bs. 6d. | 8 


ices there has been no change where | p; 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Monday. 

South Yorkshire Cool Trade.—The deadlock between 
the South Yorkshire S.eam-Coal Owners’ Association 
and the Hull trawler-owners respecting annual contracts 
for the delivery of three-quarters of a million tons of steam 
hards—to which special reference was made in this 
column last week—continues to be the chief subject of 
interest in South Yorkshire coal-trade circles. In 
this last few days numerous rumours have been cir- 
culated to the effect that the trawler owners had 
carried out their threat, and had gone north for 
supplies, but, as a matter of fact, nothing of the kind 
as The trawler owners have tried in various 


Y | ways to bluff the South Yorkshire coal owners into a 


compromise on contract-rate quotations, but, so far, their 
efforts have been singularly unsuccessful, and they have 
not, as has been reported, put any alternative policy into 
° ion. The next eight or nine days should bri 

oan Sapertent eee Se situation, for the com- 
pletion of this big transaction is already several weeks 
overdue. In Sheffield there is little doubt that coal 
owners wi!l force the situation to their own advantage. 
They are in a particularly s position. Not only is 
their present Russian export trade unusually t 
with a view of further entrenching themselves they 
reduced their oe by one-fifth, as compared with a year 


As regards ition, house coal is in much 

better demand, oi dn ecihares @ more satisfactorily 

situated. Industrial pery mpdy fer pe ne soap y 

hk ae Oo ee een be said of 

are in s same sail 

coke. tations: — Best band-pi |, 178.3 
a 14s. to 15s. ; Feces 


? 


Iron and Steel. i 
oe: and the a closes for ~ by, 
a more satisfactory ition it 
during the past three months. yore LYE 
been in good request. Quite a num 
makers have booked contracts for three months’ supply of 
hematite. A fair tonnage of basic and foundry irons is 
going into consumption. Forge iron has not shared in 
the improvement of pig iron, and is decidedly the weakest 
feature of the market. finished-iron trade is still 
pa ed hit by ry raping by —— om too 
of very cheap bars an ough the pressure from 
taffordshire is less acute. The steel works will be 
shut down for a period extending from seven days to 
a fortnight for the overhauling of t Ina eee 
number of works some of the newest -saving devices 
are to be installed, and, judging from the extensive 
preparations that are being made in this respect, steel- 
makers antici a return of very busy times. Virtually 
all orders delayed in the heavy departments by labour 
disputes have been got out of hand. The majority of 
firms, particularly in the heavy engineering and special 
steel branches, will start the new year with full order- 
books. In armaments and heavy castings and forgings 
quite a glut of new business has been en Railway- 
steel makers have no complaint to make, h the 
tramway-material departments have been better situated 
at this od of the year as business. The huge 
demand for mining machinery and tools shows not the 
slightest falling off. Makers of tools, saws, hammers, 
pi ehovels, files, &c., have sufficient orders booked on 
export account to provide work for several months ahead. 

ig consi ents of armour-plate have just been sent to 
shipbuilding centres. 





Tue INTERNATIONAL TESTING ASSOCIATION.—A meet 
ing of the British Section of the International Testi 
Association was held in the offices of the Iron and Stee 
se 28, M hae pe reet, Ay oly on Thursday, Decem- 

r to receive report ising committee. 
Professor Unwin was in the chair. The British Section 


consists of all members who pay an annual subscription | bet 


of one guinea, and of representatives of bodies which give 
subventions to the Association. Since ity of mem- 
is one of the chief causes of the influence exer- 
cised by the British Section, the desire was expressed that 
such bodies should nominate several representatives, and 
not one only. It was resolved that the committee of 
management should consist of the British Member of 
Council of the iati i i i 


bear 
questions to be discussed 


posal of donations made to International Aseociation. 


bring | 49s. 3d.—all for oe 


the | the Vulkan Ya 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Spaanmmengten, Senteg. 

The Cleveland Iron Trade.—As is usual at this season of 
the year, quite a holiday feeling prevails, with the result 
that business is on a very limited scale. An opinion 
prevails that pig-iron production has heen reduced as 
much as is , and with the blowing-out of a 
hematite furnace at Thornaby Iron Works of Messrs. 
Whitwell and Co. the curtailment of output will probably 
cease. Producers of all descriptions of pig iron take a 
firm stand, and some of them are not keen to do business, 
as they look for higher prices in the near future. Makers 
still complain that current rates are unremunerative, but 
relief by reduction in cost of raw material is expected 
when idaysare over. No. 3 g.m.b. Cle Pig is 
firm at 50s. 6d. f.0.b.; No. 1 stands at/3s.; No, 4foundry, 
50s.; No. 4 forge, 49s. 9d.; and mottled and white iron each 
delivery. Sixpence above these 
quotations is quoted for delivery over the first three 
months of next year. East Coast hematite pig is stiff. 
Nothing under 61s. 6d. is named for early delivery of 
Nos. 1, 2, and 3, and customers are quite po pay 
oreign 


62s. for deli ay a _ .~ oe, 

good inqui or, t up to present 
little business has resulted. Dealers, however, anticipate 
substantial sales in the near future, as several consumers 
are believed to be running short. Users are ted to 
be offering to buy on the basis of 18s. 3d. ex-ship Tees 
for best Rubio, but that is below sellers’ views, most of 
whom still quote at the rate of 19s., but they would 


y some concession. Coke is scarce and as 
as ever. Average blast-furnace kinds stand at 1%., 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—The stock of 
Cleveland pig iron in the public warrant stores here now 
stands at 140,374 ye | all of which is No. 3 iron with the 
exception of 43 tons of other kinds of iron, deliverable as 
standard. Since the beginning of the month 7723 tons 
have been withdrawn, whi 
been reduced by about 100,000 tons. 
iron from the Tees are on a moderate scale. 
month they average 3434 tons working day, 
despatches being returned at 65,253 tons. ‘o the 
date last month the loadings were given at (3,652 tons, or 
a daily average of 3350 tons, and for the ing 
part of December a year ago the clearances reached 61,305 
tons, or an average of 3226 tons per working day. 

Manufactured Iron - oe » little ne to 
re) regard manufactu iron and steel. ers 
pagent ewe Bn searce. Prices all round are un- 
altered. Common iron bars are 7l. 10s.; best bars, 
71. 178, 6d. ; best best bars, 87. 5s.; 
ship-plates, 6/. i 


steel railway works. Galva- 
nised corrugated sheets, 24 gauge, in bundles, 11/. f.o.b. 
—less 4 per cent. 





Rattways IN THE Near East.—The railway connec- 
tion between Roumania and Servia and Bulgaria is at 
present attracting much attention, and two large p 
are under consideration, one of which, at least, is likely 
to be speedily realised. There is question of a bridge 
over the Danube, which will give mania access to 
the Adriatic Sea through Servia, and of another which 
brings Roumania in connection with Bulgaria. With 

to the former, there appear no difficulties 
in the way of a connection between a in Roumania 
and a place near Nazelin in Servia. cost is esti- 
mated to amount to some 14,000,000 francs, to be equally 
divided between the two countries. is eme al-o 
includes the building of a railway connecting Gruja 
with the Krajowa centres, the cost of which is calcu- 
lated at a Bulgaria desires a brid 


ween R ukand Dschurdscheiro, whereas Roun inia 
is in favour of a bri at Korabia or Islay, which means 
a shorter road to but Bulgaria raises certain 


objections to this latter solution. 


Two Great Geaman Mercuant Suips.—The Nord- 
deutecher Lloyd liner Columbus, which has been built by 
the firm of F. Schichau, at ig. was launched on the 





17th inst., in the ce of the n Crown Prince 
and Princess, and Herr Fritz Achelis, the president of 
the company, and the chairman. e 

ince:s named the shi registered tonnage 
of the Columbus is 35,000, the t is 42,000 tons, 


vessel will be read 
year.—A new Ham 
able to accommodate 


for autumn season 

-Amerika liner, which will be 

passengers, was launched from 

at Scettin, on the 20th inst., and 

of State for the Imperial 
Tirpitz. 


named after the 
Navy, Grand Admiral Von 
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TURBINES OF THE QUADRUPLE-SCREW ALLAN LINER “ ALSATIAN.” 
CONSTRUCTED ‘BY MESSRS. WILLIAM BEARDMORE AND O0O., LIMITED, NAVAL CONSTRUCTION WORKS, DALMUIR. 
(For Description, see Page 853.) 


























Fie. 14. One or THE Low-Pressuns AHEAD AND ASTERN TURBINES. 
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TRAINING IN COMMERCE. 


In considering the need, and provision to be 
made, for training in commerce, the difficulty arises 
that not only is the scope of such training necessarily 
great, but the requirements vary in degree according 
to the position aimed at by the student. There is 
the case of the young man who has qualified for a 
high post by reason of his acquisition of technical and 
practical knowledge of some branch of manufacture, 
and yet needs some supplementary training in those 
non-technical subjects which may be me ae in 
the term ‘‘commerce.” There is, on the other 
hand, the youth who aims primarily at specialising 
in commerce, and, we hope, is willing to take as 
an accessory a technical course in the particular 
department. of manufacture in which he intends 
to utilise his special knowledge as to commercial 
methods. In both instances, for the former 
almost as much as for the latter, a methodical 
training in commerce would be most advantageous. 
We admit that the technical m r of every 
establishment must rely to a cour tet extent 
upon the head of his commercial yo but 
a thoroughly capable chief of a factory, while 
having a complete knowledge as to design and 
manufacture, ought to have an intimate acquaint- 
ance with the principles underlying and associated 
with buying and selling, so that while he may not 
seek to influence the details, he can at least bring 
to bear direct knowledge on the dominant con- 
siderations. 

The youth entering upon a career associated with 
manufacture, and cularly engineering, must 
sooner or later specialise, and therefore must apply 
himself with whole heart and singleness of purpose 
to the acquisition of a complete acquaintance with 
one department of applied science. This makes it 
exceedingly difficult for him to devote very much 
attention during the course of his apprenticeship 
and technical education to those developments in 
commerce which have a direct bearing on the depart- 
ment of industry in which he hopes to make his 
livelihood. Even were it possible to find time 
during his technical education for a thorough 
course of study for the acquisition of such supple- 
mentary pec eva we doubt if it would be wise 
to do so, because concentration is of the essence 
of success in life. Yet ee ai 1g d 
of this supplemen now is future i- 
bilities ws seereev es Ae limited toa certain > mma 
The practice to-day is, fortunately, to advance to 
the highest position men with technical rather than 
financial or commercial knowledge, and there is 
therefore the greater need for young men with high 
scientific attainments to utilise every available 
opportunity in their early manhood to become 
conversant with those subjects on which they may, 
later on, be called upon to. give decisions of 
momentous consequence to the prosperity of their 


department. 


**Commerce” is a wide term, and it is only neces- 





1 | sary, therefore, to give one or two instances of 


what we mean in referring to the need for this 
supplementary training. In the workshop alone 


Se¢| there is the important question of the relation of 


wages to the cost of the production, and, further, 
the legal questions connected with employment. 
Again, the law affecting contracts requires careful 
study, especially in its relation to the interpretation 
of documents. The subject of accounting is of 
great consequence; and although it is not neces- 
sary that a successful manager should know all the 
details and have acquaintance with all the systems 
of book-keeping, it is desirable that he should com- 


g7¢ | pletely understand the general system, and be able 


adequately to interpret the work done by his 


In this way he is better able to under- 





stand the questions of depreciation, reserve, value 





- | solidity of a. und A 
ws is also n 





of stock, and other matters, the correct interpreta- 
tion of which so greatly affects the commercial 
a i An ee 
with company ecessary, and a gen 
idea of banking and of foreign exchange is desirable. 
Beyond these there are commercial considerations 
which affect not only buying and selling, but even 
the details of design. Advan may accrue from a 
knowledge of the natural ucts, physiography, 
and even the sociology of foreign countries in con- 
nection with some businesses, if the worth of certain 
foreign markets is to be correctly apprai and 
the needs of the countries are to be anticipated 
successfully. We have known cases, for instance, 
of boilers being designed and forwarded to forei 
countries without due appreciation of the calorific 
value of the coal available, with the result that the 
boilers were a failure. Other instances might easily 
be given, but probably sufficient has been said to 
show that as soon as a young man has completed 
his apprenticeship and training in the icular 
department of manufacturing work to which he 
intends to devote his ability and energy, he ought 
to begin: to acquire a general knowl on sub- 
sidiary subjects, an acquaintance with which will 
enable him to take a position of high responsibility. 
It is too late when such post voy ates reached, as 
time is less available, and he cannot so openly take 
his place in the class-room, even if he had the 
inclination. 

There are available books on the various phases 
of commercial work to which we have referred, so 
that the youth has no reason to remain ignorant if 
he has the will to learn. The preferable course, 
however, would be the arrangement by universities 
of extra-mural lectures, or by technical colleges of 
courses of study for young men who have become 
graduates, or, at any rate, have passed through the 
technical courses. The universities or co 
could, by securing capable lecturers, and arranging 
the course with special reference to the industries 
predominating in their respective districts, confer 
the maximum advantage on students taking such 
extra course. We are perfectly certain that if the 
interest of young men could awakened, such 
courses would not only confer direct advantage by 
enhancing men’s for the future, but 
would incidentally give them that mental recrea- 
tion which would be an immediate gain in stimu- 
lating originality of thought and a wider view of 
international and industrial problems. 

In regard to those who intend to specialise in 
commerce, there is great need for utilising such 
a course and less difficulty in providing satisfac- 
tory teaching, as it would be all-embracing. The 
polytechnic schools already, to a certain degree, 
compass the field, so far as the av commercial 
class of workers is concerned. e difficulty, 
however, is in such cases to awaken a full concep- 
tion of the value of training in commerce. We 
have in mind rather the youth who has had a 
public school education, and perhaps has even gone 
through the ordinary > course at one of the 
universities, but to whom science does not appeal 
with sufficient force to encourage him in specialis- 
ing in one or other of its departments. There are 
those also whose fathers have achieved such a 
measure of ‘success on purely commercial lines as 
to encourage the son to pursue a corresponding 
course. The practice then is for the son to beeome 
an ‘“‘understudy” of his father, and, by associa- 
tion, to imbibe from day to day wisdom and experi- 
ence from the negotiations conducted in his pre- 
sence. But more is needed. Knowledge of human 
nature is sufficient to enable one to appreciate the 
fact that where no task is imposed little serious 
work is done ; in other words, optional observation 
cannot be relied upon to produce that quickening 
interest and keen application to analysis without 
which a full conception of the significance of passing 
incidents cannot be attained. ere are limitations 
in the scope of the work and the ultimate dénoue- 
ment is too long delayed. 

The alternative is the creation of a commercial 
graduate course at our universities, and Professor 
Ashley, of the Birmingham University, has done 
useful service in once more pointing out the im- 
— to the nation of such a development. His 

test contribution is to be found in The Inter- 
national Review of Commerce ond Industry, the 
first number of -which, just issued, gives promise 
that it will fill an important and unique place 
—e our monthlies. incipal Ashley confines 
himself to the training of ialists i i 
of commerce, and points to the work being done in 
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the Handelschochschulen in Germany. There men, 
generally well over the age of nineteen, undertake 
a complete course, over a couple of years, of com- 
mercial training, with immense advantage to the 
nation—an advantage which the Government have 
recognised by now augmenting the private effort 
hitherto made to this end. He also instances the 
work being done in the American universities, where 
special facilities are given to students during the 
last two of the four years’ curriculum for the 
bachelor degree. He poiuts out that in our public 
schools there are many boys not particularly dis- 
tinguished in classics or mathematics, who get into 
the ‘‘fifth,” and subsequently drift into their 
fathers’ works, without having either technical 
knowledge or the actual desire to acquire it ; such, 
Principal Ashley thinks, might be encouraged to 
pursue a course in commerce, spending their vaca- 
tions in direct association with their fathers, as 
already indicated. He goes further, and contends 
in favour of opportunities — given to young men 
of promising character and ability to pursue such a 
course, and in this he is right, because many such 
men, if given the opportunity, would become not 
only permanently loyal to, but valuable acquisitions 
in, the commercial department of any concern. 

As a Ashley points out, business more 
and more dominates human thought and action ; 
production more and more depends on markets, 
and the securing of markets upon economy in pro- 
duction. Everywhere, he says, the same questions 
of policy are presenting themselves to business men ; 
of character and skill in manufacture or supply ; of 
capitalisation and laying out of works; of marketin 
and sale, prices, divisible profits, reserves, — 
labour organisation. He does well also to urge 
that facilities for the training of specialists in these 
various departments should be provided by the 
inclusion of the subjects in a curriculum of some, 
if not all, of the universities. There are now 
faculties of commerce not only at Birmingham, 
which was first in the field, but at the Universities 
of Manchester and Leeds, at the National Uni- 
versity of Ireland and at Belfast University. 
There are courses for a like p at the London 
School of Economics and an nomic Tripos at 
Cambridge, while Oxford has introduced a com- 
mercial diploma open only to graduates. Support 
is necessary for these various ialised courses, 
and we fancy that their existence only needs to 
be better known to encourage manufacturers to 
utilise them either in the interests of their 
own sons or of promising youths already in 
their offices or works. There is, too, another 
direction in which they may be utilised. The 
directors or managers of large works have from 
time to time vacancies on their staffs for men of 
trained and originative mind, not only in connec- 
tion with manufacture, but with all business man- 
agement, and if, on such occasions, they placed a 
little more reliance than hitherto on the teachers 
and professors, with a view of getting suitable men 
to fill these vacancies, the advantage would be three- 
fold. The firm would probably secure some one 
pees ed capable of fulfilling the duties required ; 
a youth would be rewarded for his application at 
school or college ; and an incentive would be given 
to the teacher to aim, in his work, at producing 
men to meet the particular requirements of manu- 
facturers. 





BRITISH WARSHIP BUILDING IN 1913. 


Party by reason of former delay in construction, 
the number of warships launched in 1913is the largest 
for many years, and includes the exceptionally 
large number of eight capital ships, of which one 
was a battle-cruiser and the others ships of the line. 
Three of the latter, however, were for foreign Powers 
—Turkey, Brazil, and Chili. In the previous year 
four British battleships and one battle-cruiser (for 
Japan) were launched. In on the slips at 
the present time there are eight British battleships 
and one foreign battleship (for Ch‘li). This record 
establishes the great capacity of British establish- 
ments for the construction of large vessels of 
war, as py ae emanate nese the slips 

uire a number of highly-ski artisans, 
while the armour-plate makers and pod arp 
engineers are in prepari ial and 
the armament for these mae. The difficulty 


experienced by the naval construction companies is 
pose By pice 8 building but rether'the dimly 
necessary for i ilding, but diffi- 
culty in getting the men to work full time. This is 


experienced in all private factories, and with the 
greater size of ships it is aren difficult to 
meet the view of the British Admiralty, that such 
vessels should be completed within two years of 
the laying of the keel. This idea originated imme- 
diately after the construction of the ought, 
but the present-day ship is enormously greater in 
size and power than the early Dreadnoughts, and 
involves a much larger amount of skilled labour, 
notwithstanding advances in labour-economising 
mechanical appliances. The task imposed on the 
shipbuilder is thus enormously greater than it was 
formerly. It may be said, indeed, that all the 
ships in progress at the present time have not been 
advan to the required state to meet the two- 
year delivery requirements of the Admiralty, and, 
although some leeway will be made up, it is obvious 
that physical difficulties make it almost impossible 
to achieve the result. 

In all 42 vessels have been launched for the 
King’s Navy, the collective displacement tonnage 
of these being 185,600 tons, while the propelling 
machinery aggregates 1,052,600 horse-power. In 
the previous year there were launched 28 vessels, 
with a collective displacement tonnage of 167,495 
tons, the power of the propelling machinery equal- 
ling 550,000 horse-power. The number of ships is 
thus 14 greater, the displacement tonnage 18,100 


tons more, and the power of the machinery 500,000} progra 


greater. The slight increase in ton- 
nage and the great increase in power are accounted 
for by the large number of high-power fast de- 
stroyers included in this year’s total, 26 against 11. 
The vessels launched this year will, when completed, 
represent a value of 16,440,0001., as compared with 
13,730,0001. in the previous year, the increase being 
thus 2,710,000/. As shown in the appended table, 
the year’s work is the greatest for many years, if, 
indeed, it has ever been exceeded, whether regard 
be had to tonnage, power, or value. The British 
ships include, as we have said, four battleships and 
a battle-cruiser, five light armoured cruisers, twenty- 


Tas.e I.—Fighting Ships Launched. 
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| - Value of 

| | | orse- ps 

——, hw Tons. Power. | Comple 

; | t 
Riss bs ine] £ 

In 1918. Dockyards ..  ..| 8| 74,960) 283,260 | 5,700,000 
Private yards(H.M.S.)| 84 | 110,640} 819,400 | 10,740,000 
» ~~ (foreign) 7 | 83,600 | 186,000 | 7,180,000 
Total in 1918 49 | 269,200 | 1,188,600 | 28,620,000 
In 1912, Dockyards .. ..| 4| 54,2830! 77,600 | 4,560,000 
Private yards(H.M.S.)| 24 | 113,265| 472,400 | 9,170,000 
» »» =©(foreign) 2| 29,200; 95,000 | 2,450,000 
Total in 1912 30 | 196,695 | 645,000 | 16,180,000 
In1911. Dockyards .. ..| 6 | 55600) 106,200 | 4,870,000 
Private yards(H.M.S.)| 35 | 165,380! 616,100 | 13,450,000 
ii foreign) 3| 5,494; 17,000 | "700,000 
Totalin 1911  ..| 44 226,474 739,300 | 18,520,000 
Total in 1910 .| 41 | 182,187 | 613,000 | 11,195,000 
Total in 1909 ‘| 88 | 125,060 | 494,600 | 11,625,000 
Total in 1908 :| 86 | 74,976 | 219,850 | 8,288,000 
Total in 1907 :| 88 | 132,679 | 388,885 | 18,612,000 

Total in 1906 ‘| 27 | 108,040 | 217.200 | 10,636, 
Total in 1905 | 27 | 129,945 | 260,600 | 12,047,000 
Total in 1904 | 40 | 127,452 | 363,200 | 10,787,000 
Total in 1903 2 | 162,983 | 387,290 | 12,600,000 


ae 





six destroyers, and six submarine boats. The foreign 
work includes three battleships, three monitors, and 
small craft, which make up together a displacement 
tonnage of 83,600 tons. This is three times the 
tonnage in the previous year, and the largest for 
many years. The machinery of these foreign vessels 
make up collectively 136,000 indicated horse-power, 
and the value of the vessels, when complete, will 
exceed 7,000,0001. British firms at the same time 
have built boilers and machinery for other vessels 
constructed abroad. The value of such foreign work 
secured by British naval construction firms is an 
important addition to national revenue, apart 
altogether from the effect that such work has in 
stimulating the gwar and originative faculty 
of those responsible for designs. 

Two of the four British battleships launched 
during the year belong to the 1912-13 programme 
—the Queen Elizabeth, built at Portsmouth Dock- 

and me by the Wallsend ey and 
ineering Company, Limited, and the Warspite, 
constructed at Devonport Dockyard, and engined 
by Messrs. Hawthorn, Leslie and Co., Limited. 


e other two ships of this class, the Barham, 
building at Clyde and the Valiant, at Fairfield, 
laid down later, are not likely to be afloat for some 





months yet. The two other battleships launched 





this year—the Benbow from Messrs. Beardmore’s 

at Dalmuir ( 660 ante), and the Emperor 
of India (formerly the Delhi) from Vickers’ works at 
Barrow-in-Furness (page 733 ante), belong to the 
1911-12 programme, and have been delayed by the 
late date on which the orders were placed, and by 
short-time keeping by workers. There is a marked 
difference in the two types; the Queen Elizabeths 
are larger, the displacement being 27,500 tons, as 
compared with 25,000 tons, due, first, to the greater 
designed speed, 25 knots against 21 knots, which, 
although in part a result of the use of oil-fuel instead 
of aa and oil, necessitated a greater length of 
machinery com ents, and, second, to the 
adoption of eight 15-in. and fourteen 6-in. guns in 
place of ten 13.5-in. and twelve 6-in. guns. The 
higher speed and increase in power of attack is 
associated also with greater armour protection, so 
that the greater length—600 ft. against 580 ft.— 
and the augmented displacement is amply com- 
pensated for. We reviewed fully the differences in 
the two classes in an article published on the occa- 
sion of the launch of the Queen Elizabeth (page 
530 ante). 

In addition to the Valiant and Barham there is 
in pi the Malaya, at Elswick—a on 4 of the 
Queen Elizabeth class—to be presented to the Navy 
by the Malay States. Five ships of this year’s 
mme are under way ; the Royal Sovereign 
will be laid down in about three weeks at Ports- 
mouth, and the Royal Oak soon afterward at Devon- 

rt. The Ramillies has y been commenced at 
Detennes and the Resolution at Palmer’s, while 
within a few days the Revenge has been begun at 
Vickers’ works. The building of the three contract 
ships has thus been accelerated by from two to three 
months, as compared with the procedure of the 
past few years, and next year very heavy votes 
will be required for their tom They will be 
of the same length as the Benbow, but of greater 
tonnage, 25,750 tons ; although they are to have the 
same armament and protection as the Queen Eliza- 
beth class, they will not be so fast, and will have 
boilers for coal and oil fuel. 

Of the battleships tried, as noted in Table II., 
three belonged to the programme of 1910-11—they 
are of the King George V. class. These were the 
Centurion, which was delayed owing to a col- 
lision during her earlier trials, and the Ajax and 
Audacious. They are 555 ft. long, of 23,000 tons, 
mounting ten 13.5-in. and sixteen 4-in. guns, so 
that they are smaller than the later ships. Like 
all of the ships of recent years, excepting only the 
Queen Elizabeth class, which stand alone owing to 
their re speed, these three vessels were designed 
for 21 knots the power being 27,000 shaft 
horse-power. This, it will be seen from the table, 
was exceeded—and that, too, under easy steaming 
—by more than 1000 shaft horse-power, the 
pm nom developing 28,700 shaft horse-power. 
As to the speed at full power, each ship proved 
capable of making 22 knots, or about 1 mile per 
hour over the legend rate. The speed at 19, 
shaft horse-power was about 19 knots. The Iron 
Duke, the fourth battleship tried, is one of the 
ships of the 1911-12 programme. She is the proto- 
type of the class to which the Marlborough, soon 
to go on trials, and the Benbow and Emperor of 
India belong, and of which the leading particulars 
have already been given. The displacement is 
2000 tons more than in the case of the Centurion, 
the length being 25 ft. more, and thus, although 
the power is only 2000 shaft horse-power higher, or 
30,000 shaft horse-power, the speed was just over 
22 knots. At 20,000 shaft horse-power the rate 
was 19} knots, the propulsive efficiency in this ship 
being notably adnan. 

Of our battle-cruiser class, one ship was launched, 
the Tiger, from the Clydebank works of Messrs. 
John Brown and Co., Limited, and one was 
through her trials and commissioned, the Queen 
Mary, built bg the Palmers Company. This 
brings the total number of the class to four, the 
wee ng Sage being the Lion and Princess 

yal. e recently ( 797 ante) referred to 
the outstanding features of the class, and need only 
a here that the three tried have shown them- 
selves capable of maintaining easily the designed 
8 of 28 knots. It will be seen from the table 

at the Queen Mary, with the turbines working 
at full power, developed 78,700 shaft horse-power, 
and the was just over 28 knots, while at 
three-fou power the rate was 25 knots. The 
Australia, also tried in 1913, is a vessel of the 
Commonwealth fleet, and is of the Indefatigable 
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class. She exceeded 26 knots at full power, and 
her performance generally was satisfactory. 

It will be noted that the fuel consumption of these 
large armoured ships averages about 1.6 lb. of coal 
pershaft horse power per hour forall purposes, which 
must be pronounced a very good result, especially 
undertheconditionsapplicableto warship propulsion. 
Different propellers are designed by the Admiralty 
for each vessel of a class, the variations being in 
area, pitch, as well as diameter. This is a com- 
mendable course, as only by this means and the 
analyses of data got from trials and steaming in 
commission can & see: sw —~ to = 
most efficient screw- er for each type o 
vessel. In the case Pf the Ajax the Admiralty 
tried a four-bladed propeller in order to increase 
the area to a greater extent than would have been 
possible with three blades ; but the results were not 
so good as with the three-bladed propellers in sister 
ships. Broadly speaking, a coarsening of the pitch 
seems to have conferred advantage. Of course, 
the type of propellers found best upon prolonged 
trial in any ship of a type is, as soon as is con- 
venient, applied to all the ships of the class. 
Another point which has aroused considerable 
interest recently is the effect of having two wing 
rudders instead of one central rudder in these 





Five light cruisers were floated during the year, 
and four passed through their trials. e former 
included the last of the ‘‘ Town ” class—the Bir- 
——— ae ~ Elswick, _ spore ta ge 
and Nottingham, built ively at m an 
Pembroke Doc ards. "“theve = vessels 430 ft. 
long, 5440 tons displacement, mounting nine 6-in. 
guns. The developments in the type were de- 
scribed in a recent issue (vol. xcv., page 644). Two 
of the vessels passed through their trials during 
the year—the Birmingham and the Sydney, the 
latter built for the Australian Navy. ese 
vessels made over 26 knots at full s , and the 
other results are given in Table Il. The other 
vessels tried were the Fearless and the Amphion, 
which belong to a type several of which have been 
built at Pembroke. They also got 26 knots, but 
are only of 385 ft. long and 3440 tons displacement, 
their armament being lighter than that of the ships 
of the Town class. The other two cruisers launched 
were the Arethusa and Aurora, respectively built at 
Chatham and Devonport. Of this sixteen have 
been ordered (see 260 ante), and the design 
is widely approv use it gives high speed, 
great gun-power, and effective armoured protection 
on light isplacement. They have been termed 
‘*destroyers of destroyers,” and were fully de- 


TABLE IJ.—TrIAts oF Vessets MapDk DURING 1913. 

















Hieu-Powsr Triau. | Funt-Power TriAt. 

, Type cee eens | z 

—— . , x Builders of Vessel. Makers of Machinery. Butler. ; ns | ner a 

S.H.P.| Fuel per 8.H.P.| Fuel per 
8.H.P. 8.H.P. per 
per Hour. Hour. 
——— | 
Ib. Ib, 
Centurion Battleship er or Dockyard Ha’ , LeslieandOo.| Yarrow | 19,500 | 1.8 28,200 _ 
Ajax we é Scott Compan Scott S.and E. Co. and W.| 19,900 | 1.7 28,000 | 1.7 
Audacious | vo Cammell Laird and Co., Cammell Laird and Co. | Yarrow | 20,100 1.7 28,700 | 1.5 
Iron Duke ad Portsmouth Dockyard Ditto B. and W.| 20,f00 1.8 30,000 | 1.6 
Queen Mary Battie. | Palmers Company | J. Brown and Go. | “Yarrow | 67,400 | 27 | 78,700 | 
cruiser | 1.6 
Australia - J. Brown and Oo. | Ditto B. and W.| 32,000 | 1.5 | 48,400 1.5 
Sydney .. Light London and Glasgow London and Glasgow Co.} Yarrow | 22,400 | 1.6 25,600 14 
cruiser Company | 

Birmingham . ~ Armstrong, Whitworth Hawthorn, Leslie and Co. = 22,800 1.8 | 26,500 1.7 
Fearless . . ae a Pembroke Dockyard W. Beardmore and Co. aii 15,100 _ 18,900 _ 
Amphion P 9 Ditto The Parsons Co. oe 15,200 1.9 18,800 17 








Tas.e III.—Trials of Torpedo-Boat Destroyers in 1913. 











| Specd 
Name of Vessel. Builders ——— Makers of ‘te = 
iw ea = | 

knots 
Achates .. John Brown and Co., Limited | 823 
Ambuscade | 30.4 
Cockatrice Hawthorn, Leslie and Co. 30.9 
Contest ‘i Ditto 29.7 
Shark ..| Swan, Hunter and Wi, Richardson,| 31.4 

Ltd. Machinery by the Wallsend Co. 
Sparrowhawk Ditto | 30.7 
Spitfire . Ditto | 30.3 
Laertes .. Ditto | $L2 
Lysander Ditto 29.9 
ico ee London and Glasgow Co., Ltd. | ay 
noe oe JL ——— and Co. | 31.9 
Paragon... itto | 30.6 
Porpoise Ditto | 30.8 
Garland Cammell Laird and Uo, Machinery 30.4 
by the Parsons Company 
Fortune. . Fairfield y, Limited 30.7 
Lark .. Yarrow and Oo., Limited 29.5 
Linnet .. itto | 20.8 
Ardent .. W. Denny and Brothers. Machinery | 29.5 
y Denny and Co. 

Laforey .. oa Fairfield Company 29.9 


| ! 





larger ships. One rudder, it was considered, 
could not be made within reasonable limits of 
size to have sufficient area to give a turning 
circle of low radius, and the desire to have a 
centrally-placed torpedo-tube in the stern of the 
ship, with its firing-gear behind it, made the fitting 
of two wing-rudders more or less a necessity. So far 
as the turning circle is concerned this arrangement 
has proved specially satisfactory when the vessel is 
at at low speeds; but it is doubtful if it gives 
the best results when the vessel is travelling at 
high speed. Moreover, there is a suspicion that 
it has affected the efficiency of the pellers. 
Now that the stern torpedo-tube is co dis- 
pensed with, the centrally-placed rudder is being 
reverted to not only in British, but in some 
foreign ships, and another rudder further forward 
in the same longitudinal line is being fitted, the 
dead wood being cut away between the inner 
llers. This is a reversion to a system adopted in 
our ‘‘ramming” Fleet cruisers of the Gladi 
class, built in 1896, where the length of the hull 
~_ minimised, and a turning circle of small radius 

















TABLE IV.-—Torpedo-Boat Destroyers Launched in 1913. 
Fortune, Laforey, Lawford, Louis Fairfield Company 


n, , Unity, Victor.. Thorn: 
tents ates 
Lynx, Midge, Owl London and Glasgow 
Company 
Leonidas, Lucifer Palmers pany 
( es by Parsons) 

Laurel, Liberty wr J. 3. White and Co, 
Ardent, Loyal .. W. Denny and Brothers 
Laertes, Lysander 3 Swan Hunter 

(e es by Wallsend) 
Contest. . .. Hawthorn, and Co. 
Garland .. -. Cammell and Oo, 
Ambuscade J. Brown and Oo. 
Llewellyn W. Beardmore and Oo. 


scribed on the occasion of the launch of the first 
(see page 464 ante). 

It has been a busy year so far as to o-boat 
destroyers are concerned. The twenty destroyers 
of the 1911-12 p mme were not ordered until 
late in 1911, and only a few of these were launched 
in 1912; the remainder have been floated, tried, 
and commissioned this year. Most of the twenty 
vessels of the 1912-13 mme, which were 
ordered in April, 1912, have also been launched, 
and four or five have passed through their trials. 
Of the sixteen destroyers included in the 1913-14 
ae several were laid down in April and 

y, and others in the autumn. Three have yet 
to be ordered, and these, it is understood, will be 
exceptionally fast vessels. Table III. gives a list of 
the twenty poe ys tried durii e@ year, and 
Table IV. list of the twenty-six launched during 
the twelve months. Most of the vessels of the 
former list are of the Achates class, having a length 
of 260 ft., a displacement of about 940 tons, and 
mounting three 4-in. guns and two torpedo-tubes. 
The designed power was 24,500 shaft horse-power, 
and the legend speed 29 knots ; but on trial this 
was exceeded, the ranging from 294 to over 
wage epic dt vessels —_ of i 

esign, e up to nearly 33 knots. 
Weather conditions aff inoue, but in every 
instance the vessel — capable of maintaining 
30 knots at sea under unfavourable weather con- 
ee ee be remembered that in the 
ign of British destroyers special regard is given 
to the attainment of high in heavy seas, and 
thus the true test in comparison with vessels of the 
same class in foreign navies would be not so much 
fair weather steaming as the rate possible with a 


North Sea gale blowing. The vessels launched are 
nearly all built to Admiralty design, and differ only 
from those tried in their increased turbine power 
and speed ; they are designed for 31 knots. Several 
of those laid down are to steam over 33 knots, and 
higher rates will no doubt be provided for in the 
near future. In all cases they will be powerfully- 
built boats in order to achieve high speed in heavy 
weather. 

Six submarine- boats were launched for the British 
Fleet, and the number in progress or shortly to 
be laid down is about twenty. 

Reference may be made to thethreeauxiliary ships 
launched. Two of these are oil-carrying ships— 
the Carol and the Trefoil—the other is the At- 
tendant. These oil vessels are the first of many 
ships of the class being built for supplying fuel to 
the fleet at sea. The chief feature is the use of in- 
ternal-combustion engines for propelling the vessel. 
Seven or eight types of engines are being adopted, 
so that full data as to the comparative merits and 
demerits of the various types may be accumulated, 
but the time has not yet come to refer to these in 
any detail. 

e may add a reference to the important vessels 
built for foreign navies. Sir W. G. Armstrong, 
Whitworth and Co. launched the battleship Rio de 
Janeiro for the Brazilian navy (see ENGINEERING, 
vol, xev., page 114), and the battleship Almirante 
Latorre for the Chilian Navy (see 734, ante) ; 
while Messrs. Vickers, Limited, launched the 
Turkish battleship Reshadieh (see 295, ante), 
and three monitors for the Brazilian navy. The 
other notable ship was the torpedo-boat destroyer 
Almirante Condell for the Chilian navy, built by 
Messrs. J. S. White and Oo., Cowes. But this 
vessel was fully illustrated and described in Enat- 
NEERING (page 392 ante), like the other foreign 
ships, so that this brief reference may now suffice. 





COAL-DUST EXPLOSIONS AND STONE. 
DUST. 

Tue fifth report of the Explosions in Mines 
Committee, just presented to the Home t- 
ment, brings us to a question which touches colliers 
directly: in how far can incombustible dust pre- 
vent explosions of mine gas? An extensive inquiry 
into this problem has been commenced at Eskmeals 
in the re-erected gallery in which Mr. Garforth and 
his collaborators e imented at Altofts.. The 

of _, new t concerned oe a 
inquiry, which we propose to review to-day, are the 
main gallery, about 800 ft. long, 7} ft. im dia- 
meter, and the smaller gallery, 3 ft. in diameter, 
which branches off from the main gallery through 
a funnel-shaped junction, half way down the main 
gallery, and runs parallel to the main gallery for 
400 ft. The junction was sometimes a open and 
sometimes closed ; the ventilation of the galleries 
was set into operation, before the explosion was 
started by means of a gun, or the explosion created 
its own draught in the following manner. The far 
end of the galleries, towards which the gun pointed, 
was always left open in these series of experiments ; 
the other end, near which the branch ing to the 
ventilating-fan joins, was kept closed by its door ; 
the was in the gallery near the closed end. The 
discharge of the gun created a vacuum in the rear 
of the gun, the door was forced — by the outside 
air-pressure, and a draught in the usual direction 
was thus produced. -dust and stone-dust were 
spread on the floors of the galleries and on shelves, 
stationary or tilting, as we explained in our previous 
articles. 

The first series of experiments concerned the 
reduction of the inflammability of coal-dust by the 
admixture of incombustible stone-dust (shale or 
fuller’s earth). When 20 percent. of stone-dust was 
added to the coal-dust, the relative ignition tem- 
perature was lowered from 1095 deg. to 1005 deg. 
Cent. The effect of the stone-dust on the a 


ment of the flame and its propagation was noticea 
even in dust containing only 10 per cent. of stone- 
dust, and in half-and- mixtures the flame would 


not travel beyond the cannon ; the effect d 

upon the conditions, however, the fineness of dust, 
its dryness, freedom from ash, and the constitution 
of the coal, though the amount of ‘“ volatile 
matter” had little influence. Thus, a cloud of 
anthracite 7 not easily ae but it is 
quite ca ing on an . At 
ns ae = are 

in order to raise a dust-cloud, into which the 





cannon was fired a few seconds later. At Eskm 
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one gun only was used, 2-in. bore, 2} ft. long, 
charged with blasting powder, and in of it 
was . in diameter, 10 ft. long, 
evenly strewn with coal-dust. One of the explo- 
sions thus set up ripped open the boiler-plates of 
the small gallery at four places about 200 ft. from 
the gun. 

In the stone-dust experiments both mild inflam- 
mation by means of long gas jets, which did 
not stir up the dust, and violent explosions were 
tried. Stone-dust, mostly at the rate of 5 lb. 
per linear foot, was. spread on the floor and 
shelves, and coal-duat, at the rate of 1 lb. or 
2\b. per ft., was strewn on the top of that. A 
slowly-moving flame would progress by picking 
up the surface coal-dust, giving a long, licking 
flame travelling 200 ft. : but only strug- 
gling along without any dynamical effects. When 
the flame was sta’ by discharging the gun, 
as we explained above, the ignition of pure 
coal-dust raised the coal and stone-dust from 
the floor and shelves, and the flame took up 
further food from the dust-cloud raised, though 
it ‘was also stifled, because the coal-dust fuel 
was ‘‘diluted” by incombustible stone-dust. A 
mixture of coal and dust in the ratio 1:1 proved 
capable of burning per se, and of pro ting the 
flame if fierce, as it would be when issuing from 
the 10-ft. tube c ed with pure coal-dust ; a gun- 
powder charge of 28 oz. alone proved incapable of 
propagating ignitiow in this 1:1 mixture. A 
mixture of 2 parts of stone-dust to 1 part of coal 
would not prolong the flame in the small gallery, 
but it hase do so in the large gallery, better, at 
any rate, than when no mixture was present at all. 

The experiments suggested that the distance 
travelled into the ‘‘incombustible zone ” would be 
the shorter, the higher the proportion of stone- 
dust in the ‘‘ inflammable zone.” The further tests 
showed that the inflammation zone might contain 
10, and even 30 per cent., of incombustible dust 
without preventing the flame from penetrating to 
the end of the gallery (500 ft.) in a mixture of 
2 stone to 1 coal-dust, but that the flame was 
quenched when the former percentage was raised 
to 40. On the whole, it appeared that mixtures of 
equal proportions of coal-dust and stone-dust were 
themselves difficult to ignite, but their explosions 
would be propagated through the gallery. 
Mixtures richer in stone-dust prol the flame 
of less diluted mixtures traversing the gallery, but 
did not propagate the flame per se. The explosion 
pressures, on the other hand, were very much 
reduced by the addition of stone-dust to the coal- 
dust ; in the regions of 1 : 1 mixtures the pressures 
were barely measurable. 

The stone-dusts tried and their densities were 
Altofts shale (density, 2.6), fuller’s earth (1.6), flue- 
dust (2.5), sand. The shale was slightly hygro- 
scopic. e fuller’s earth—essentially silicate of 
alumina, with iron, lime, &c.—did not absorb 
moisture, nor did it cake; it can be obtained in 
very uniform quality and fineness, and is hence 
suitable for experimenti The flue-dust, ash 
swept from boiler-flues, varied in composition, but 
was, like the fuller’s earth, more buoyant than the 
shale. Particulars about the sand are not given ; 
it was effective in cases when the concussion was 
sufficiently strong to raise a sand-dust cloud. 

When we pass to the conclusions, we see that 
much depends upon the nature of the flame, quiet 
or violent, and on the previous presence of a dust- 
cloud. Even a quiet licking flame may acquire 
violence by long travel and by other cireumstances 
not mentioned in the report. We remember the ex- 
periment made by Sir Henry Cunynghame, with the 
assistance of Dr. Wheeler, during his British Asso- 
ciation lecture at Birmingham, showing thata quiet 
flame becomes violent if agitated at some spot. In- 
combustible dust, the Committee re says, is 
more effective in preventing the ignition of coal-dust 
than in checking an inflammation that has started ; it 
should therefore be distributed uniformly through- 
out dangerous galleries, whilst the di of 
incombustible dust in zones or in easily- bed 
masses, concentrated in certain positions, does not 
appear to be effective. Thus the value of dust 
curtains and dry-dust zones is questioned. This 
conclusion will rather damp the zeal of the 
advocates of stone-dusting, particularly when we 
consider that these experiments were so far con- 
ducted in mines free from ; in the presence 
of fire-damp osions might be more violent to 


expl 
start with and find sufficient food over long 
ranges. Yet it is to be remembered that some 





terrible explosions have essentially been coal-dust 
explosions, and it would appear that a mine dust 
treated so as to contain at least 50 per cent. of incom- 
bustible dust would be relatively safe from ordinary 
ignition. Such a mixture might be raised in a cloud 
and be brought into contact with a flame of a 
blower, an electric arc, a blown-out shot, or even 
of an accumulation of fire-damp, without pro t- 
ing its inflammation. The Coal-Mine Act of 1911 
enacts that ‘‘ the floor, roofs, and sides of the roads 
shall systematically be cleared so as to prevent, as 
far as possible, coal-dust accumulation . .',” an 
that ‘‘ systematic steps, either by way of watering 
or otherwise, shall be taken to prevent explosion 
of coal-dust occurring or being carried along the 
roads.” In the opinion of the Explosion in Mines 
Committee, such systematic steps would be taken if 
the roads were treated with incombustible dust, 
provided that the clearing of the roads required, and 
the treatment of incombustible dust were carried 
out in such a manner, that at no time fine dust could 
be raised from the roads yielding less than 50 

r cent. of ash—as a provisional minimum—on 
incineration. Methods of applying the dustare not 
yet proposed, and it is pointed out that consider- 
able difficulty will probably arise as to the practical 
application of those suggestions to the working 
faces of a mine and to the roads immediately adjoin- 
ing. Very stringent regulations may be required. 
For the certainly desirable systematic clearing 
would raise dust-clouds, and if that operation were 
to be left to odd men at odd hours, more harm 
than good might result. The apparently unavoid- 
able insistence on at least 50 per cent. of stone- 
dust will involve a great deal dl coe labour, and 
estrange advocates of the stone-dust protection. 
It is hence to be hoped that the inquiry—which is 
no doubt very ditficult—will be pushed on with all 
8 3 
We notice on this occasion a cognate publication, 
issued by the United States Bureau of Mines, ‘‘ A 
Laboratory Study of the Inflammability of Coal- 
Dust,” by J. C. W. Frazer, E. J. Hoffman, and 
L. A. Scholl, Jun.* If the paper dealt merely 
with the inflammability of coal-dust, we should have 
little to say on it. But the experiments concern also 
mixtures of coal and stone-dust, and the mode of 
operation was somewhat novel. The plan is to blow 
a cloud of dust into a vessel in which there isa 
glowing platinum coil, and to measure the rise of 
pressure which follows. The temperature of the 
coil is raised in successive trials of the same dust, 
and the results plotted as a curve. The apparatus 
consists essentially of a spherical glass k, 1.6 
litres in capacity, provided with short tubular necks 
above and below. The top is closed by a brass 
plate rforated in its middle ; into this perforation 
is soldered a vertical tube of brass, 7 mm. in dia- 
meter, closed at the top by a valve held down by an 
adjustable weight. hen an explosion occurs 
in the flask, the - pressure raises this valve, 
and by ge the experiments with different 
charges, the ure can be determined within 
5 grammes. The powdered coal to be tested is 
introduced through the lower neck by a tube 
which opens into a funnel, covered with a wire 
grating ; the charge of 0.05 gramme of coal is 

lown through the funnel with the aid of a rubber 
balloon squeezed by hand; the proportions of 
coal and air are such that the maximum explosive 
power is likely to be produced. The ignition of 
the coal-dust is effected by sending electric currents 
through a platinum coil pesante be in the flask. 
At intervals of 1, 2, and 2}? minutes after turning 
on the current the loaded pressure-valve is released, 
so as to let the expanding air escape, and after 
exactly 3 minutes the coal-dust is blown in, and 
the pressure is determined. 

A number of coal-dusts and of dusts col- 
lected m roadways in the mines have been 
tested in this way ; further, mixtures of coal-dust 
and stone, and also some other dusts, wood, 
asphalt, &. The currents ranged from 5 to 
7 amperes ; temperature measurements were not 
made ; the comparisons are based on the results 
obtained with the currents of 7 amperes, and the 
many curves reproduced plot the weights lifted by 
the gas pressure against the amperes (ordinates). 
It resulted that the coals might be divided. into 
two categories : those in which the ure rose 
steadily with increasing current intensity, without 
a its maximum ; and. those in which there 
was a slow rise, after which the pressure remained 





* Bulletin 50 of the Bureau of Mines, Washington. 





nearly constant. In the former the igni- 
tion probably did not extend through the whole 
cloud of coal-dust ; but both the categories con- 
tained various coals, bituminous or not, and 
the cause of the difference is not explained. 
Most of the curves showed a decided turn 
upward when the current intensity reached about 
6 amperes:' The addition of shale or of cal- 
cium carbonate decreased the pressures, and there- 
fore made the curves less steep. But addi- 
tions of 10 per cent., and often of 20 per cent., of 


d | shale had little influence. In most of the experi- 


ments with pure coal the pressure maximum ob- 
served was somewhere near 250 grammes. This 
held also for dusts of flour, oak wood, pine wood, 
several asphalts, and starch, whilst sugar and 
mahogany wood gave pressures of 300 grammes, 
and lycopodium of 500 grammes. The diameter of 
the pressure-tube was 7 mm., as stated. There is 
not much more to be said about these experiments, 
except that they again demonstrate that stone-dust 
must be used in large percentages to be effective. 





THE: STRENGTH OF WIKE ROPES. 

Ir is frequently assumed that the stress caused 
in wires by bending them over pulleys is con- 
siderably lower when the wires are twisted in 
one or several strands than when single wires are 
tested. According to Bach, the former stress 
would be only three-eighths of the latter, and some 
authorities have based their regulations as to the 
strength of lift-ropes on the assumption of this 
coefficient. Bach was attacked in 1907 by Isaach- 
Sen, and the latter was supported by Bock, and last 
year by Wehage, who directed attention to the 
strains left in the ropes by the stranding. Gliick Auf, 
in a recent number, furnishes an interesting contri- 
bution to this question, though it is only based on 
sag mame experiments. Professor G. Benoit and 

r. Woernle are engaged on an investigation of the 
strength and durability of wire ropes, which they 
are conducting in the laboratory for hoisting- 
machinery of the Technical High School at Karls- 
ruhe. This research will occupy them for some time 
to come; but as their experiments are pretty con- 
clusive about the deleterious influences of twisting, 
they have published their preliminary results. 

e@ experiments in question were made with a 
patent cast-steel wire, 1 mm. in diameter, which 
they found had a strength of from 174 kg. to 
180 kg. per sq. mm. (110 to 114 tons per sq. in.), 
the guaranteed strength being 160 kg. per sq. mm. 
The wire was tested as it was, and also twisted toa 
strand of seven wires, 3.1 mm. in diameter, there 
being six steel wires and a core of a softer wire of 
a strength of about 86 kg. persq.mm. This rope 
gave a a of 805 kg.; the soft core was 
generally not broken in the test, because it stretched 
considerably. Three of these strands were then 
combined to a rope of 6.8 mm. in diameter, 
and five to a rope of 8.5 mm. in diameter ; the 
latter cable was provided with a hemp core, the 
former not. The wires and ropes were applied to 
a pulley which was turned to and fro through an 
angle of about 90 deg. at the rate of 1000 turns 
per hour ; the bending and unbending of the wires 
thus took place always in the same direction ; 
further experiments with alternating bending to 
different radii, &c., are now being made. A turn 
is understood to signify bending of the wire 
from the straight and back to the straight. 

The size of wire under test was generally such 
that the stress amounted to 8 kg. per sq. mm. 
(5 tons per sq. in.). The pulleys were made of 
cast iron or zinc, and were used either in rough 
condition or filed or properly turned true. Though 
sufficient oil was always supplied, and there 
seemed to be no damage directly due to friction, 
the good finish of the pulleys had a very marked 
beneficial influence on the life of the ropes. The 
single wires stood 198,710 bends; the twisted strand 
had one or two wires broken after 44,800 and 
47,190 bends. The pulley diameter was 175.4 mm. 

A slightly larger pulley, 180.4 mm. in diameter, 
was then taken. On this single wires s 
from 122,000 to 200,000 bends ; the twisted strand 
became injured in three wires after 40,860 bends ; 
the cable of three ropes had one wire broken 
after 22,860 bends, and was practically done for 
after 36,440 bends ; the five-rope wire began to 
fail after 35,000 bends, and was given up after 
40,000 bends. 

The twisted ropes thus proved to be much 
less safe than the untwisted wires, and it occurred 
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to the investigators that the twisting might in 
itself be responsible for the loss of strength. The 
wires, ropes, and cables (except the cable with a 
hemp core) were therefore annealed. In the case 
of the wires and wire bundles the annealing was 
fully carried through ; the strength of the wire 
was thereby reduced to 93 kg. per sq. mm. 
In the case of the twisted ropes the heating was 


only carried so far, that the cut rope did not 
show any tendency to uncoil. The wires stood 


47,700 bends, the twisted wires 37,000 and 42,000 
bends, when the rope was destroyed ; the cable 
of three ro failed after 15,400 bends, and 
was quite destroyed by 21,850 bends. In other 
tests the untwisted wires stood from 47,700 
to 70,900 bends ; in the simple rope wires began to 
break after 50,850 bends, and the experiments had 
to be abandoned after 70,020 bends. That the 
cable of three ropes — weakest may be due 
to special accidental features as to the relative 
dimensions of the But the experiments 
thus demonstrate that the twisting leaves con- 
siderable strains in wire ropes, and especially on 
those made of high-class steels, which are chiefly 
used in mine haulage and winding. 





THE POST OFFICE TUBE RAILWAY. 

Our readers will probably remember that it is 
the intention of the Bost Office to construct a tube 
railway in London in order to facilitate the trans- 
port of mails and parcels between the important 
distributing centres and the main railway termini. 
Such a tube railway will clearly enable letters to 
be carried more rapidly than is possible by a 


pro’ to issue ifications in such form that 
tenderers will be able to put forward their own 
special methods. A model scheme of operation, of 
which Mr. Gunton indicated the features in outline, 
has, however, been worked out. 

It is proposed to operate the ns or trains 
by three types of current, which Mr. Gunton re- 
ferred to as high-speed current, intermediate-speed 
current, and low-s current. The three 
of current presumably correspond to three operating 
voltages or three periodicities, but this was not 
sta in the paper. When a train is between 
stations high-speed current will be applied to it. 
When it approaches a station it will pass on to a 
dead section, and the brakes, o ted by the 
train current, will be applied. is will bring 
the train to rest on the dead section. If, now, 
the train stopped on the dead section is re- 
quired to stop at the station which lies at the far 
end of the section, low-speed current will then be 
applied to the dead section and the train will move 
slowly into the station, being brought to rest on a 
sub-section adjoining the platform, which will be 
made dead for its reception. If, however, the 
train stopped on the dead section outside the 
station is not required to stop at the station, inter- 
mmmmeiy: ae current will be applied to the sec- 
tion and the train will start and pass through the 
station on to the succeeding high-speed section 
without a stop. 

In order to simplify the description as given 
above, it has been assumed that a train approach- 
ing a station must of necessity come to rest on the 
dead section. Asa matter of fact, however, if the 





station is free for the reception of an approaching 
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cartage system, and will do something towards 
easing the congestion of street traffic in the busier 
parts of London. The new railway, authorisation 
for which was obtained during the last session of 
Parliament, will run from the Paddington District 
Post Office to the Eastern District Post Office in 
Whitechapel. Its route is shown by the full line 
in the annexed map, the broken lines on the map 
indicating the approximate routes of branch tubes 
which it is pro shall be undertaken at a later 
date than the main tube. Some technical infor- 
mation in reference to the new railway is contained 
in @ paper read by Mr. H. C. Gunton, M.I.E.E., 
before the Institution of Electrical Engineers, on 
the 18th inst. We reproduce the main facts of Mr. 
Gunton’s information below. The map which we 
publish is also taken from the paper. 

The details of the railway have been worked out 
by the Engineer-in-Chief of the Post Office, in col- 
laboration with Mr. H. H. Dalrymple Hay, M. Inst. 
C.E. Mr. Dalrymple Hay will be responsible for 
the tunnelling, while the ee hief of the 
Post Office will be responsible for the equipment. 
The railway will consist of a single tube, 9 ft. in 
internal diameter, containing two tracks, each of 
2-ft. gauge. The trains will be operated without 
drivers on a remote-control system. Each station 
will consist of an island platform arranged in two 
sections, between which there will be a control-cabin 
and the necessary lifts and conveying appliances to 
convey material to or from the postal building or 
railway platforms above. The electrical methods 
to be employed for the operation and control of 





the trains are not definitely determined, as it is 





train, it is unnecessary that the train should come 
to rest, and the dead section can be made alive with 
low-speed or intermediate-speed current, so that 
the train may either at once pass directly through 
the station or run up to the platform and stop. 
A train stop at a station will be started again 
by applying intermediate-speed current to the sub- 
section on which it stands if it isto be sent for- 
ward on to the main line, or low-speed current if 
it is to be shunted. An arrangement is also to 
be adopted for reversing the motor connections of 
a train at the moment it comes to rest at a station, 
so that when current is applied to the sub-section 
the train will move out of the station at the same 
end at which it arrived. This device will, of course, 
be used in connection with shunting operations. 
There will also be arrangements by which the 
brakes can be held off on a wagon on a dead sec- 
tion in order to facilitate the making up of wagons 
into trains. 

It should be understood that it is not intended 
that the control of the trains as they come to rest 
in or pass through a station should need the con- 
tinuous attention of the si . The position 
and destination of each train will be notified to the 
signalman, who will set points and energise certain 
sections of the line as may be necessary. The 
train will then stop at the proper section or run 
through the station without further attention. 
The operation of the points will be interlocked with 
the application of the current, and there will be 
aot os interlocking between the different routes. 
Between stations the conductor rails will be divided 


and before coming under the control of the switch- 
man, a train will render each section dead as it leaves 
it, and will make it alive again on entering the next 
section but one, There will thus always be a dead 
section between adjacent trains. Means will be 
provided for indi not only the position but 
also the destination o' approaching trains, so that 
the signalman can arrange for their proper reception. 





NOTES. 
Lasour Leeistation in Norway. 
As was expected, the t Government in 


Norway is paying special attention to labour legis- 
lation under the auspices of the Minister of the 
Interior, M. Castberg. The proposals in question 
meet with a considerable amount of criticism, more 
especially from the masters, but also from the men. 
This applies to the proposal about compulsory 
mediation and arbitration in cases of labour con- 
flicts, and is likely to apply still more to a measure 
which has now been announced as being in course 
of preparation. This latter refers to the introduc- 
tion of a legal maximum normal working day. The 
department in question has poten | that it is 
determined to bring forward a Bill on this subj 
but the details have not yet been fixed, and it is 
inviting verbal discussion on the subject. The 
Norwegian Employers’ Union has declined to par- 
ticipate in the proposed discussion, considering it 
to futile, when the department has already 
officially announced that in principle it is deter- 
mined to introduce a measure providing a legal 
maximum normal working day. The employers’ 
union is of opinion that such vital interests, {nancial 
and otherwise, concerning the whole community, 
are involved in legislation of this kind that the 
matter cannot be settled at an interview between 
the chief of a department and some masters and 
men. The employers’ union thinks the question 
can only be adequately dealt with by a commission 
of experts, and urges the department to appoint a 
commission of this kind before any measure be laid 
before the Storthing. 


EpvucatTion In JAPAN. 


The thirty-eighth annual report of the Minister 
of State for Education in Japan, which has just 
come to hand, shows that the Japanese are main- 
taining their efforts to make their national system 
of education as complete as possible. Elementary 
and secondary education is very thoroughly organ- 
ised and carried on in a very efficient manner, and 
the scholars are trained to do their own thinking, 
and to become good citizens. Great care is taken 
in the training of the teachers, and a selection 
of these is sent every year to Western countries 
in order that they may make themselves acquainted 
with the most recent developments. The University 
of Tokyo has six colleges — namely, for law, 
medicine, engineering, literature, science, and 
agriculture—and each of these is very completel, 
organised and equipped. For instance, the Col- 
lege of Engineering, in which, no doubt, our 
a po ere momgeenn he w ten courses— 
namely, civi ineering, mechanical engineering, 
naval architecture, technology of arms, electrical 
engineering, architecture, applied chemistry, tech- 
nology of explosives, mining and metallurgy. It 
has thirty-two professorial chairs . The university 
has over 5000 students and 360 professors and in- 
structors. It is well equip with libraries, 
laboratories, hospitals, and other necessary acces- 
sories. The University of Kyoto is a more recent 
institution, and has a college of law, two colleges 
of medicine, a college of literature, and a college of 
science and engineering. Two recently-founded 
universities are that of Tohoku in the north 
and of Kyushu in the south, and no doubt 
these will also be rapidly developed. Great 
attention is paid to commercial and technical 
education of all kinds, and in addition to the 
science departments of the universities, there is a 
very lange number of special schools. There are 
five kinds of technical schools—namely, technical, 
agricultural, commercial, and nautical schools, and 
supplementary technical schools. There are alto- 
gether 6612 schools of this class, many of them, of 
— wy —_ oe fe ey gens = 

e and we uipped. Among ma: 
mentioned the higher technical schools in Tokyo, 
Kyoto, Nagoya, Kumamoto, Sendai, and Ymegaw8, 


and the Akita special school of mining. There are 
also higher commercial schools in Tokyo, Kobe, 





into sections, and while running between stations, 
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i, Yamaguchi, and Utaru. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 12. 

THE poy Beg magma in output of structural steel 
during the 
for iv-coming buyers of steel for quick delivery to 
ufficient supplies. -Little new business has 
been developed, but this discouragement is offset by 
a renewal of inquiries of supplies inquired for early in 
November. It seems to be the purpose of the larger 
consumers of steel to pursue the present hand-to-mouth 
policy. The — in favour of the 5 cent. 
increase in freight rates has been completed, and the 
Commission has the evidence under consideration. It 
is impossible to anticipate either the decision or when 
a decision can be expected. A volume of capital 
is needed for the prosecution of railroad building and 
improvement, all these negotiations are at & 
standstill. Up to date 250,000 skilled mechanics in the 
various leading industries have been suepended, and 
other suspensions have been announced. No immediate 
improvement is therefore in sight, and current require- 
ments are taking only enough material to maintain 
existing conditions. 

A further shrinkage is announced in the sur- 
plus of business by the United States Steel Cor- 
poration, and the Independents are reducing their 
surplus rapidly. The total output of pig iron for 
November was 2,233,600 gross tons, as compared to 
2,546,261 tons in October. The present produc- 
tive capacity is 71,686 tons a day, or 2767 tons a day 
less than four weeks ago. During September seventeen 
furnaces were bluwn out. Pig-iron makers are disin- 
clined to force business, but prefer to decrease output. 
Low-grade pipe-iron is more abundant, and but few 
new orders have been placed. Rolled-iron and steel 
products are declining in activity. Output is now but 
little over 50 per cent. of capacity. Crop conditions 
are highly favourable. A vast amount of business is 
being held in check. The Grand Trunk Railway has 
ordered 3000 all-steel hopper cars and 2000 steel- 
framed box cars. 





PERSONAL.—The London office of the Skefko Ball- 
Bearing Company, Limited, of Luton, will, in the future, 
be 28, Victoria-street, Westminster, S.W. 





CrystaL Patack Encingerine ScHoot.—The Wilson 
premium for the best paper read before the Orystal 
Palace Engineering Society (affiliated to the Society of 
Engineers, Inco: ted) during the mb session 
has been awarded by the Council to Mr. H. R. Cunning- 
ham for his paper on “Irrigation in India.” Other 
papers read during the session were :—“‘ Building Con- 


struction in t,” by Mr. B. Tarabulsy; ‘‘Sewage,” 
by Mr. S. Sa’eed ; “‘ Permanent Way in Jia,” b Mr. G. 
Cummaskey; and ‘“ Minerals,” by Mr. H. J. English. 


The premium was presented to Mr. Cunningham by 
Alderman and Colonel Sir David Burnett, Bart., ex-Lord 
Mayor of London, on the occasion of the 128rd distribu- 
tion of certificates of the above school on Friday, 
December 19, at which he presided. 





_ Tux Instrrotion or Navat Arcuirgots.—There has 
just been issued Part II. of Vol. LV. of the Transactions 
of the Institution of Naval Architects, recording the p=. 
ceedings at the successful summer meeting held at 
bm ey on June 24, 25, and 26 last. Again there is 
afforded convincing testimony to the great work being 
done by the Institution and to its international character, 
for the papers cover a wide range, are eminently practi- 
cal, or, where theoretical, have a direct bearing on the 
work of the shipbuilder and engineer, while alike in the 
list of authors and contributors to the discussion there 
are representatives of several nationalities. We published 
a very full report of the meeting at the time, so that all 
that need be said here is that the Transactions have been 
edited with great care by Mr. R. W. Dana, M.A., 
M. Inst. C.E., the secretary of the Institution, to whose 
ability and energy so much of its continued success is due, 
and that the — and diagrams illustrating the 
papers are reprod with most commendable legibility. 





_ Tue Copper Marxket.—In their report dated the 16th 
inst., Messrs. James Lewis and Son state that there has 
during thi eemighh pow Cyrene 4 be 661. 

© pas' varyi tween 661. 

on the Ist and 652. 2s. 6d. on the 10th inst. 

prompt sold down to 64. on the 
the backwardation on it had 
1l. 2s. 6d. to 2s. 6d. per 
651., three months 641. 17s. 
19,000 tons. The demand for 
inactive. The sale of 


daily production practically the same as that for October 
e deliveries for export were 1780 tons more than the 


Custom House returns of 
showed a ing-off of tons as compared with 


October, and 8115 tons 
e058 tone, less than September. Stocks 


t few weeks has made it rather difficult f 


that decimal point has been misplaced in out 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


gence 
London, E.C, 
Canada : H.M. 'Trade Commissioner for Canada reports 
that the Canadian Department of Marine and Fisheries, 
Ottawa, will receive tenders up to January 8, 1914, for 
the construction of a steel twin-screw ice-breaker, to be 
= = Canada. The vessel will be driven by two sets 
tri: ss ; 8000 





ple-expansion surfa of 
collective indicated horse-power, and will be provided | $* 


with a complete salvage t. The steel, equipments, 
materials, auxiliaries, and outfits used in the construction 
and completion of the vessel are to be of Canadian or 
British manufacture t. The Imperial Trade 
) t at Toronto reports that the Toronto City 
invites tenders for the installation of a complete 
boilers, steam turbo-gene- 
rator plant, and all accessories, at Toronto Island. The 
filtration plant is to be capable of satisfactorily filtering 
continuously 60,000,000 imperial gallons of water every 
24 hours. ed tenders, on the proper form, marked 
“Tender for Filtration Plant,” must be sent by regis- 
tered post, and will be received up to noon on January 20, 
1914, by the Mayor and Board of Uontrol, City 
Toronto. A cash deposit, or a marked ue,* for - 
cent. of the value of the offer, made payable to the order 
of the City Treasurer, must accompany each tender. 
eee eaten Coenen Bt. Povetbasp, thas tho 
rity o 6 gian tion at St. Peters’ % t the 
Russian Government is studying the new rail- 
way lines which are to P in up St. Petersburg and the 
commercial centres of Volga, and to facilitate the 
transport of Siberian produce to Moscow and the Baltic 
ports. pe te of , ee on oe _ 
way 18 pro to conn it. Peters ledry 
Zeavod and the Finnish frontier, with a branch line to 
Lake Roika via Vartémiagi. An inter- Departmental 
Ministerial Committee has commenced to study the ques- 
tion of establishing several high-power wireless telegraph 
stations in Russia. 
Sweden : The Post och Inrikes Tidningar, Stockholm, 
ublishes a notice to the effect that a meeting was held in 
thenburg on December 9 with the object of making 
arrangements for ing with the construction of the 
proposed aang ee Dodiibaien to Kapellskiir. — 
Switzerland : The Feustlle Fédérale Suisse contains the 
text of a concession, which has been granted to a Swiss 
— represented by M. Francesco Balli, of 
and others, for the construction and working of 
a railway line, to be operated either by steam or electri- 
city. from to Valmara. The concession is for 
eighty years. The line, which is to be single-track, is to 
be completely finished and ready for working in two years 
from the commencement of the work. estimated 
cost of construction is 7,150,000 francs = ). 
Spain: The Gaceta de m= ty by December 11, contains 
a copy of a decree as Bilbao Harbour Board 
to invite a competition of plans for the construction of a 
longitudinal mole at that port. All plans are to be sent 
to the Secretaria de !a Junta de Obras del Puerto, Bilbao, 
within sixty days of the date of publication in the Gaceta, 
and are to be accompanied by a deposit of 20,000 pesetas 
— 7401. ). os 
; t 


Consul-General at ba = 
tenders will be received by M. le Président du Comité 
Special des Travaux Publics, Dar En Niaba, i 


fdllows :—(1) Up to 11 a.m. on March 16, 1914, for the 
construction of a harbour for lighters at or. The 
estimated value of the contract i at 1,094,658 


is 
francs (43,786/.), and a deposit of 17,500 francs (700V.) is 
uired to ry ! any tender. (25 Up to 11 a.m. on 
Rice 4 1914, for the construction of a section of the 
road between Laraiche and Alcazar. The estimated 
value of the contract is at 144,712 francs (5788/.), 
and a deposit of 1500 francs (60/.) is required to 7 
any tender. (3) Up to 11 a.m. on gee be 1914, for 
the construction of s section of the j in road at 
Tangier. The estimated value of the contract is placed 
at 27,000 francs (1080/.), and a deposit of 400 francs (16/.) 
is es to qualify any tender. The contractor must 
elect domicile in the neighbourhood of the works in every 
case. 

Mexico : The Diario Oficial publishes the text of a con- 
cession granted to Senor Mucio Chavez for the utilisation 
of the waters of the River Tula or Ixmiquilpan for 
irrigation purposes. 





Mininc Macuinery. — The value of the m 
machinery exported from the United Kingdom in 
eleven months ended November 30 was 959,196/., 
com with 863,824/. in the i 
1912, and 947,143/. in the peri 





Rates or Heat TRANSMISSION : EnzatuM.—We 
that in our article on this subject in our last i 


of ev ion attained. Hence, on page 813, in column 
line 13 from bottom, the rate of evaporation should 

“* 0.775 Ib. to 0.85 Ib. of water,” and in line 9from bottom 
the rate should be “‘ 0.42 Ib. instead of 4.2 Ib.” 








MECHANICAL ENGINEERING ASPECTS OF 
ROAD CONSTRUCTION.* 


By Colonel R. E. B. Crompton, O.B., Member, 
of London. 
Tue author wishes to lay before the members 


certain 
postions antag ext of the recent develop- 
locomotion. toe to 


when this development and it involves 
must now be jointly studied, not only the vehicle 
pera ae oy are mechanical t by those 


transport as a whole ; the vehicle and the road ¢ 
itruns should betreated as a railway with its rolling-stock 
is treated, the two being evidently in : t. 

The de t of road-vehicle design is already well 


years following. ig. 1, page 
engine hotrgraphed by the author, and fully illustrated 
in the edings, 1879, Plates 65 
Then came the valuable work d the 
ee, which advanced matters so much that, in his 
address as President of the Mechanical Science Section 
the British Association in 1901, the author ble to 
note that already there was great development in the use 
of the pleasure motor-car, and this was certain to 
the extended use of i “pt 
and motor-wagons, which would be 
lutionary effect on the transport of 
in or near our large i centres, and that 
railways and tramways would find that the 
them a Vr rival in the aay - age ng = 
tion. e then quoted a prophecy y nov . 
Wells, which is worth re-q — 
** That abt no distant soy 
would be carried on special roads in motor-cars ; 


of your right up to the point where your journey 
en he. hy ty om even for comparatively lo 
journeys, travellers would prefer it to the railways, w 
would eventually be to carry minerals or heavy 


goods. 

Mr. Wells’s predictions are already justified, and there 
is no doubt that the reason he gave was a chief cause of 
“—s recent a. in wiliilindieate thee 

turning to progress in esign, author's 

first paper to this Institution recorded the advance that 
had made during the ten years immediately following 
Aveling’s first exhibition of a practical traction-engine ab 
the Royal Agricultural Society’s Show at Leeds in 1861, 
i Ransomes built to R. W. 


up to time wi 
ae ‘Thomson's designs the Indian road engines described in 


his paper. At the time that was read, steam was 
the Y driving power availa, 20 that tho road loo 
motives, with boilers and their supply of fuel and 
Duri Ty = 27 f traction-engi 
le o! -engine 
design, the chief features which characterised them were 
so far fixed and s' ised that the traction 
to-day has been but little altered from that of 1 For 
the reasons above given, the engines were 
power 


heavy, and as their depended y 
on weight on the driving-wheels, it was nob until 
Thomson, in 1868, fitted solid rubber-tyres to the driving- 


which the hauling power of a road locomotive is 
so much greater with rubber tyres than with the smooth 
iron tyre of the traction engine, he was able to reduce 
the weight of his road-steamers to one-half that of the 

ion then in use. It may thus be said that 
Thomson, by the invention of rubber tyre, both in 
its solid as well as in its form, may rightly 
claim to be the pioneer of road 


struct road ives with 
peggertien to Se pars load hauled by them. 
author, on page 501 of his paper in 1879, showed 
that one of his Indian engines, weighing 84 tons, or, 
including the weight of a separate tender loaded with 
fuel s oie. S tons 14 cwt., ane See it ot —_ 
weighi tons 6 cwt., containing & ing 
Tene oF it will bo soon that at that remote b 
slang Fret? eve Ge te ot 
in raising wei ying up 
$e oe cent. of the total moving load. As such good 
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results were obtained nearly forty years ago, the 6 
generation of engineers may wonder why so little further 
in road otion was made up to the year 1895. 

t is difficult for us, looking back, to realise how that, in 
ite of the fine performances obtained in India with 

e Indian engines, here, in land, everyone—road 
authority as well as the general public—a to com- 
bine to oppose the development of road locomotion, 
especially that designed to run at a speed sufficient to 
make it pay as a commurci ition. At any rate, 
previous to the ——— in France of the internal- 
combustion engine as the motive power of the road loco- 
motive, the weight of fuel and water which had to be 
carried for the steam-engine entailed such small radius 
of action that this, when added to the restrictions by 
legislation, was sufficient to confine the benefits of road 
locomotion, as it then existed, to farmers for their self- 
poe thrashing or ploughing machinery, and to the 
few who used traction-engines for transporting heavy 


ights. 

“The atepten of the internal-combustion engine by 
Panhard, Dion, Benz, and others gave such an im- 
pulse to road-locomotive design that constructors were 
able to lighten their vehicles and to avail themselves of 
all the recently developed knowledge in the use of high- 
grade steel tubing or framing by the bicycle con- 
structors, and at the same time and from the same source 
they had learnt how the vibrations encountered at high 
speeds could be successfully dealt with by using rubber 
tyres, either in their solid form or in the latest develop- 
ment of the pneumatic tyre. It will be seen how this 
combination of circumstances favoured and facilitated 
their work, and caused a rapid improvement in the 
pleasure vehicle, which was quickly followed. by the 
commercial vehicle. 

Sir David Salomons and a circle of his friends agitated 
for, and obtained, the removal in this country of the 
speed restrictions im by the absurd Act, commonly 
known as the “ Red Flag Act,” which limited the speed 
of self-propelled vehicles to the walking-pace of a man. 
— the legi lative restrictions ton ss = 

vantages 0! ocomotion to rapidly 
realised, and it was not long before some of the problems 
entailed by the increased speed demanded the attention 
of designers. As already mentioned, the almost universal 
adoption of the rubber tyre, and the pneumatic tyre for 
the lighter class of vehicles, minimised the difficulties 
experienced from road shock and vibration, but with the 
heavier commercial vehicles the case was o' i 

Up to this time traction-engine speeds had been so low 
that it had prevented them from competing, even on short 
tr ap with transport by railway. Moreover, the full 
loads n to enable traction-engines to pay their way 
were against the advantages of door-to-door delivery, but 
it was soon evident that there would be a great opening 
for smaller loads carried at higher speeds, especially for 
the delivery of perishable or for carrying such s 
as require careful packing to enable them to stand the 
frequent handling or transhipment by rail. Direct trans- 
je by road enables wagons to | these at the 

ockside at London, or at any port, and to deliver 
them: direct into the warehouses of the retailer at any 
points within a radius of 100 miles. Such distribu- 
tion from a port or manufacturing centre is found in 
practice to aw only about one-third of the time ordi- 
narily occupied by railway transport, on account of the 
double handling being avoided both at the loading end 
and the distributing end. Again, for goods in smaller 
consignments, it is a great advantage for manufacturing 
and carrying firms to be able to use motor vehicles 
which can run up to a of 20 miles an hour, and so 
deliver goods up to a radius of 50 miles within a few hours 
of the order being received. At the outset, designers 
used a modification of the pleasure vehicle for the lighter 
class of commercial vans. They commenced by strengthen- 
ing some of the parts and by altering the ratio of gear- 
ing, but it was soon seen that the shocks communicated 
to the wheels and unsprung parts of the vehicles were 
imperfectly understood. This imperfect i 
followed by heavy repair bills, which retard 
further introduction and discouraged their use. 

The efforts of designers were then directed to reducing 
these repair bills by careful study of the stresses intro- 
duced by the road shock, and ‘by increasing the strength 
of the parts which suffered from them; and by good 
design amd the use of high-class materials they were able 
to do this without increasing the tare weight materially. 
pase of ~ improvement a veuee oun emer to 
changes in the ar: ents of gearing, to the introduc- 
tion of the worm-drive’ for the bevel-drive, and in the 
lighter class of vehicles by the substitution of the live- 
axle drive for the’chain-drive, which was first employed 
for all vehicles, and is still employed for the heaviest 
on F Attention 9 yee to the design and pa grey arma 
ts) 8) and of supplementary spri to con! 
the poe, wey oP more ape vibrations. is class 
a was oy followed by such considerable 
uctions in the cost 


was 
their 


of 

2 maintenance that, as soon as 

this became evident, the demand for the vehicles in- 
© . Their use extended so rapidly that already 
we have reached the partial verification of Mr. Wells’s 
words. Apart from the immense number of long- 


distance a gee we by private or 
hired motor - cars, not y for pleasure, touring, or 
relaxation, the privately-owned motor-vehicle is rapidly 
ousting the horse-drawn vehicle for private use. On the 
commercial side, itis found that door-to-door delivery 
of goods hasso influenced the great business houses in our 
large towns that are nearly all owners of fleets of 
motor- and that a considerable portion of their 
“—e% istributed by this means. 
are in London — 3000 motor-omnibuses 
c which is still rapidly 


dealing with a passenger 





increasing in amount, and has been created solely by the 
speed “facilities, the regularity of service, and the com- 
fort of the passengers. The development of this class 
of traffic has already gone far beyond that hoped for 
and indicated in the author’s address at G w. 
Already the os of time by the well-o ised motor 
services has added nearly 10 per cent. to ti 
of a large proportion of the passengers who use the motor- 
omnibuses, or who make short journeys into the sur- 
rounding suburbs or ay nee @ statistics of road 
tra m spcareet for the Board during the last three 
ears, show that many roads previously deserted by all 
at —— or farmers’ 7 pes - quite a frac- 
tion of the passenger traffic and of the tonnage of goods 
previously carried by the railways. 


useful lives | 





accustomed to talk of the unevenness of the surface of a 
worn-out road as if it were actually caused by surface 
wear—that is, by the actual removal of the road materia] 
by the areips | of the wheels or impact of the horses’ feet 
from parts of the surface so as to wear down the depres. 
sions or low places. But although this was partly true 
when water was used as the binding material for mac- 
adam roads, the mud being scraped away in the winter, or 
the dust blown off the road in the summer, this actual 
removal material from the surface almost entirely 
ceased after the roads had been tarred or rendered water- 
proof, so that the deformation of the road surface, which 
continues to show itself wherever traffic is heavy, must be 
put down to other causes. 

Trials of Road-Surfacing Material.—Soon after the 





Fig. 1. 
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Fic. 2. Taxine a Roap MeasureMEnT (StRAINED- Wire Metuop) 


Fi tg. ALTERATIONS IN CROSS CONTOURS OF TWO CARRIAGE-WAYS BETWEEN LONDON KINGSTON, 
: PLOTTED IN EACH CASE FROM THE FIRST DIAGRAM REPRESENTED AS A STRAIGHT LINE. 





These taken at half 


In. 


(3803 A) 


Material in w 


First layer graded from 2} in. down to 


Deformation of Road Surface.—The effect of this new | Fig.4.Q/MGRAMS SHOWING MOVEMENTS OF PIECES OF STONE 


traffic on the roads began to attract attention some years 
ogo: The increasing number of the lighter vehicles and 
their higher speed uced the dust nuisance. Asheavy 
vehicles were ually introduced, it was found that 
they caused extensive deformation of the road surfaces. 
At the outset the cry was raised that as the increased 
wear and tear of the roads was caused by the introduc- 
tion of motor vehicles they and they only should be 
blamed for of the wonky and the Road 
Authorities demanded that all motor vehicles should be 
taxed in order to provide funds for road maintenance. 
As is known, in the end a tax has been levied on mecha- 
nical road locomotion in the form of a licence tax on the 
vehicles themselves and a petrol tax on the fuel they 


consume. 
Formation of Road Board.—The Road Board was 
formed to minister grants-in-aid towards road im- 


provements. It is a common mistake to suppose that 
the funds raised from the vehicle and petrol taxes can be 
applied to the maintenance of the roads. The Act pro- 
vides that SS must be applied to improving 
the methods of construction to enable the roads to resist 
better the ial deformation or wear caused by the new 
The suthor, in his al 

au , in his position as consulting engineer to 
that Board, has had considerable op ity of noting 
and studying the whole question of the deterioration of 
oad surtaces, a2 fat-ae 2 appeere. to be dee. to modera 


traffic, and lays some of the results of these investigations | faces, 


before the Institution. Road surveyors and others, when 
discussing the effect of the new traffic on roads, are 


aken with the Apparatus 
witervals* 


Fee. 
r carriage-way, Guernsey granite coated with a special bituminous composition and spread in two layers. 
in. ; second layer graded from j in. 
Material heated, mixed, and cooled on site 14 days before use ; spread and roll 









shown wv LD. “if 
show variation of contour. 





topping. Surface finished with fine chippings. 
ot. Consolidated to 3 in. 
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(2803.8) 
formation of the Road Board, the author was engaged in 
preparing specifications for a number of trial lengths of 

d-surfacing material to be in competition on the 
main Folkestone road at Sidcup in Kent, on the London 
and Kingston road in the Borough of Wandsworth, and 
within London itself on certain streets in the Borough of 
Fulham. In a few cases these trial | were carried 
out by the direct labour of the county or h councils, 
and in other cases by competing firms who were thus able 
to demonstrate their new tems of construction. In 
order to compare the life or durability of these road sur- 
ble they could ‘be subjocved to" identically tbe same 
possi’ subj to identi same 
amount ond character of wheeled traffic. author 
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to measure and record the rate at which Fie. 30 yur t graphs plotted from the measurements taken 

y method. 

It was expected that the surfaces would be gradually 
lowered, in the first instance, by some compression or 
consolidation of the material, and af: by real 
wearing of the surface under the attrition of the wheels, 


was called u 
these surfaces were lowered by wear ; for this he 
adopted means that had been previously anod in Liver. 

by Mr. J. A. Brodie, co | engineer, one of these 
paced by a special form of straig! resting on datum 
points at the two sides and in the centre of the carriage- 
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lowered, in other parts the surface had actually risen. 
These measurements, being considered doubtful, were re- 

ted, and the first measurements confirmed. In follow- 
Ing out this matter, the author found that this occasional 
soiing of the surface immediately under the cross-contour 
line of measurement was due to the fact that the point 
coincided with the crest of a wave which had 
formed. . When a straight-edge was laid in the direo- 
tion of the traffic at right les to the cross-contour 
line, it soon became evident that the lowering of the 
surface was not due to wear, but chiefly to ‘‘ deforma- 
tion.” There was really a transfer of the road material 
in the direction in which the traffic was rolling, in some 
cases from a point underneath the wire to a point further 
down the road ; whenever a rise of the surface was 
indicated immediately under the wire, this was due to 
the contour measurement happening at this point to be 
taken across the crest of a wave. These observations 
added to many others taken on other roads in various 
parts of the Kingdom have led the author to reconsider 
the question of road-wear, or, as he prefers to call it, of 
**road deformation.” 

Put briefly, the author believes that the deformation 
of road surfaces caused by modern traffic is due to the 
rolling action of the wheels, at the speeds now gy te 
for self-propelled traffic, being no longer true rolling, but 
more in the nature of a rhythmical percussive action, the 
wheels striking the ground at regular intervals. This 
percussive action has always a tendency towards re¢form- 
ing the original flat, or approximately flat, surface into a 
surface having well-defined waves. This wave deforma- 
tion can become so intense that it can reach a point when 




















Fic. 8. Roap Construction Testinc-Macuine (Nationa Puysicat Lasoratory). 


way, and the other, suitable for wider roads, consisting of 
a stretched wire strained to a fixed ca by a weight, 
this wire being supported on crutches resting on datum 
points fixed in the footways. Fig. 2, page 866, shows the 
method of taking these measurements with the strained 
wire, which were made when the roads were freshly — 
down, and were repeated at regular intervals, at first 
every month, and ‘afterwards every six months; and 


readings taken across the carriage-wa: 


loweri 
althoug 





but it was soon found that the readings taken across the 
carriage-way between the datum points exhibited curious 
and unexpected results. As it was evident that the wear 
would be irregular, it was thought that by adding up 
y a foot apart, 
the mean thus obtained would give the real rate of 
of the surface. But it soon became evident that 1 f 
in most of the cross contours the level was’ in the past were put down to original unequal spreading 


it causes the road to break up—namely, when the crests 
of the waves become so high and the depressions are so 
deep that the oscillation or pulsation reacts on the 
vehicle; the road thus becomes so rough to drive over 
that it is necessary to re-form the surface. 

This tendency towards wave-formation had already 
been often noticed by road surveyors, but the causes of it 
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of the road material, to unskilled rolling, irregular con-| waves, so often met with, with a length of 2 ft. from 
solidation, insufficient or irregular foundations, excessive | crest to crest, and a height of 1 in. from trough to crest. 
watering ; in fact, to many causes other than the one now | Every part 
one knew the | slight vertical 


brought forward by the author. Ev 
roads were wavy, but no one ed t 
what the author bel 


repeated action of vehicles, closely resembling one another stroke making 460 revolutions per minute. 1 
that engineers had directed much time and attention to 

the reduction of weight of the reciprocating parts of their 
| engines, and he thought it was time they paid a little 
down the weight and control- 
the mass of the car which must 
| partake of this up-and-down movement. He pointed 
out that with a London motor-omnibus, even at the re- 
i the forces were con- 
siderable ; that the upward forces to be given to the axle 
then six times its own 

If Professor Sharp had gone a li ] 
have seen that it is this up-and-down harmonic motion 


Fig.9. ENDURANCE TEST f. epee TARMACADAM | 
LONGITUDINAL CONTOUR AFTER TEST. 2-INCH MATERIAL. 
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| 
Datum Level 
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Fig.10 ROAD-CONSTRUCTION MACHINE,N.PL. 
, GROSS SECTION THRO PATH. 
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more attention to keepi 


| ling the movement 


duced speed of 15 miles an hour, 


were even 


Fig.1/. THREE-AXLE MOTOR-ROLLER 
(CROMPTON AND TAPP) 





weight. 
ttle further, he would 





(spac) 


of the mass of that car, which partook of that 
illation, was moved upwards and down- 
assign waviness to| wards 1320 times in a minute, and the acceleration given 
ieves is the chief cause—that is, the | to that mass was the same as that of an engine _ —_ 
e then sai 





Steering 
Wheel 


Fig .14. LIGHT MILITARY TRACTOR WITH 7 FOOT DRIVING WHEELS 
DESIGNED AND BUILT FOR THE ALDERSHOT MILITARY TRIALS IN 1909 


Mr. Lanchester, who has thoroughly studied the whole 
theory of the springing of cars, said, in a discussion 
which followed the author’s presidential address to the 
Institution of Automobile Engineers in 1907, that, 
logically s ing, heavy traffic moving below a certain 
speed limit ought to counteract the Ae py 
of the high-s traffic, which, he admitted, was largely 
due to the rebounding or percussive action above alluded 
to. He went on to say, however, that when the speed is 
low enough to allow the wheel to roll smoothly over the 
wave-crests without such rebounding action, the fact that, 
during the time the two convex surfaces are in contact, 
when the wheel is passing over the crest, the contact area 
is automatically diminished, and the wear at this point 
ought to be i ; and, conversely, the wear at the 
bottom of the trough of the wave ought to be dimi- 
nished. It is not probable that speeds low enough to 


produce this beneficial effect are ever observed, so that its 
effect must be negligible. 
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n their harmonic action, passing over the road at a speed 
sufficient to transform the smooth rolling of the wheels 
into bounding or pulsating motion. Professor Archibald 
Sharp came very near to this conclusion in discussing a 
~~ read by the author on the subject of road vehicles 

ore the Institution of Automobile Engineers in 1906. 
He asked the audience to consider what happened when 
® car running at 30 miles aa hour traverses a road having 


existing when the 


the period-of the 


cars 





of all motor vehicles, only partly absorbed by their 
springs, and which can be originated by very small waves 
road surface is first made, that tends 
to increase these waves, and that this intensifying wave- 
forming action is most rapid and harmful to a road when 
harmonises very nearly with the 
period of the waves already formed on the road. or is a 
multiple of that period. 


The next point requiring investigation was to deter- 
mine, if possible, the manner in which the materials 
forming a road surface are moved into new positions when 
the wave formation is in progress or complete. When a 
wheel rolls over any surface, the individual particles of 
which that surface is composed must be rocked to and fro 
by the rolling action of the wheel, and the mode! shown 
is an attempt to demonstrate this rocking action. It is 
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true that in the model the particles are supposed to be | wheels of the traffic is resisted to some extent by the carts or four-wheeled wagons with unequal-sized wheels. 
cubical in form, but the same rocking action must take | angular interlocking of the stones and sand. Itisevident | There was also the blow of the horses’ feet which must 
place whatever their form may be, and it is practically that, as the stones lose their angles and become rounded, | have considerable modifying effect on the road surface ; 
certain that it is greatly intensified when pulsating or |a time comes when they can actually roll over and thus | therefore, in all essentials, conditions of horse-drawn 
percussive action of the wheels is substituted for smooth | transfer themselves to new positions, being propelled | traffic were far more heterogeneous and non-harmonic 
rolling. to these new ——- by the percussive action of the | than those of the new traffic. . 

It will be readily seen that, with roads made up as they | wheels. This a greater effect on the larger than on | Again, commercial vehicles now consist of large fleets 
now are with particles of regular size, they must in the | the smaller stones, so that in practice, when one examines of wagons or vans which are practically identical in all 


Fig. 15. ASPHALT PREPARING PLANT, BEING COMBINED CRUSHING, SORTING, HEATING &- MIXING PLANT FOR BITUMINOUS ROAD 
SURFACING MATERIAL . (LIGHTNING CRUSHER C°) 
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cross-sections of the crust| their harmonic features, and as these run over roads as 
of any roadway that has/ regularly as a train service on a railway, they have a 
been subjected for some/| severe harmonic effect on their surface. If we examine 
time to the action of traffic | the effect of a line of motor-omnibuses, all having the 
and that has acquired a/same characteristics of total weight, of unsprung axle 
waved surface, one finds | weight, period of springs, length of wheel-base, vibration 
the smaller rounded stones | of engine, and which traverse a road at approximately 
underneath the troughs and | the same speed at regular intervals of time, it is not sur- 
the stones under-| prising to find that, with such traffic, wave formation 
neath the crests of the| amounting to cross corrugation is rapidly setup. Roads 
waves. Fig. 4, page 866, is | of the old type become broken up from this cause in a 
an attempt to show this, | few months, and the wave formation produced is very 
and it is ies pointed out | regular and definite in wave-] 
that the author’s observa-| Machine for Comparing of Methods of Road 
tions on this matter have | Construction.—A further confirmation of this wave forma- 
been made on a very large| tion has been obtained from the experimental work 
number of me ane gas | -. with the | vy — = at ~pen~y 
roads exposed 6 0} ysi boratory. At an early stage in the test 
tions of the Water rd | trial roads at Sidcup and elsewhere, it was seen that the 
and other authorities when | best of the systems of modern construction would take 
laying pipes or in similar | years of heavy traffic to develop any measurable wear or 
road operations. even deformation. The author was called upon to design 
The wave-forming action | a more rapid method of comparing the efficiency of new 
of the modern self-propelled | methods of road construction by subjecting the material 
vehicle is far more intense | laid in a circular roadway, or path, to the wear of wheels 
than could have possibly ae electric power. construction of such a 
road machine was sanctioned. The author collaborated 
with Dr. Stanton in the design of the machine, which 
was completed and set to work early in 1913. Fig. 8, 
page 867, gives a general idea of its construction. It will 
Either of two sets of Hammers can be used One seen that it consists of a circular path, in which is laid 
giving a clearance of 3 inch, the other a clear the special road surface to be tested. On this circular 
ewe of ink " ae the frame ing eight wheels revolves at any 
esired speed from 3 miles up to 20 miles an hour. The 
wheels at present in use are 1 metre in diameter, 3 in. 
wide, and can be loaded up to 1 ton per wh or 
about 800 Ib. per inch width of tyre. ight of them 
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|}. Z 4 IN therefore cover 24 in. as the extreme width of the 
g S\\\ test-path, but in order that they may not leave ri 
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or ruts in the tested surface, each of the wheels is provided 













Ss with a positive end-traverse of 1 in. inwards and outwards 
| from its fixed radial position. It makes this complete 
& traverse of 2 in. in one-and-three-quarter complete revolu- 
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tionsof theframe. The wheels are spring loaded ; they are 
attached with the motors that drive them to hi frames, 
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Net \,, Uj and are pressed into contact with the test road by springs 

N GY WY ZN. held down by a revolving eight-armed cantilever frame 

\ Y NZ GN immediately below the hinged arms. The upward pressure 
GT WY YN k on the hinged arms is absorbed by a ball thrust-bearing on 
UG Yip the cen pillar. It is inten even y to vary the 

WAE UN illar. It is intended eventuall h 





diameter of the wheels and to test wheels fitted with 
various forms of rubber tyres. Means are now provided 
for measuring the shape of the surface due to wear or 
deformation, and the path itself is to be heated, cooled, 
or wetted to imitate weather conditions. 

All the tests that have been hitherto carried out show 
a marked tendency to produce wave deformation. The 
ye itself has a harmonic oes and this reduces 
the time necessary to test a ace to compare its 
—_ with orien in an this ve —— 

e diagram, Fig. 9, page ows the actual waves pro- 
duced by this machine on a tar-macadam surface, aggenes 
on a foundation shown in cross-section in Fig. 10. ough 
: “Ke valuable information confirmatory of the author’s ideas 
action of rocking abrade one another and so wear away | been the case with horse-drawn traffic, one reason being | on wave formation has already been obtained from the 
their angles and gradually alter their shape from the | that the speed being greater, the change from trué rolling | running of this machine, he does not pretend that curing 
sharp angular form of the new road material until they | to pulsating action is therefore greater. The wheels, as a | these pre tests more than the fringe of this im- 
approach a spherical shape. In a well-designed newly- calles are = ¢ smaller diamete:, are more equal in size, and = subject has been touched. There is little —_ 
made road of the existing type, angular pieces of stone | the general harmonic characteristics of the mechanically- wever, that information of a valuable character 
of a definite size or gange are used, the voids between | propelled vehicles resemble one another far more closely | eventually be obtained, both as regards the cause of the 
these stones are partly filled with smaller angular pieces | than was the case with horse-drawn vehicles. For of the | wave formation and the best methods of resisting it. 
and with sand and fine material, so that when the whole | latter many were slow-moving two-wheeled —— Initial Waves on Newly-Formed Road Surfaces.—In 
is consolidated by the roller, the rocking action of the | carts with wheels of large diameter, others were light | considering what might be done to improve the vehicles 
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so as to minimise their tendency to deform the road by 
way of formation, the avthor’s ideas were first directed 
to the original initial waves, which are always found to 
some extent on ine Bapctenee _— moe one The — 
reason why no surfaces, except those of w pavemen 
or of the sheet-asphalt, laid with a trowel and adjusted 
by hand-beaters, are free from initial harmonic waves, 
is that the road-roller, however skilfully the operation of 
rolling is performed, always produces waves, which 
eventually are intensified by the traffic, if, as is usually 
the case, the rolling is done in the direction of the 
line of traffic. For when an ordinary two-axle roller 
is first brought on to newly-spread road material, it 
alternately pushes the material forward until a certain 
resistance to foi movement is encountered, and 
then rolls over the accumulation thus formed in front 
of it. This alternate action is periodic, and the wave- 
length depends on the diameter of the roller-wheels, the 
total weight, the distance between axles, and to some 
extent on the speed at which the rolling is carried out, 
bub in all cases the finished surface is waved. It is found 
to be much easier to roll to a surface of small wave height 
certain soft road materials, such as blast-furnace slag or 
some of the limestones, than is possible with the harder 
and more incompressible granites and basalts, but in 
no case is the finished surface ever truly flat and wave- 
less. When the traffic comes on to the road, there 
is little doubt that the small waves left by the 
rolling serve as & hay | point for the ape pens 
waves eventually formed by the traffic itself ; as it 
appeared to the author that all two-axle vehicles must 
cause this action, it occurred to him that it would be 
better to commence by modifying the design of the rollers 
themselves so as to produce a non-wave-forming roller. 
He has succeeded in doing this by adopting the three- 
axle principle, and it is probable that the samo three- 
axle principle might be with advantage extended to all 
vehicles carrying heavy loads. wh mw ; 

Three-Axle Roller.—The idea of designing this roller 
came to the author when he was studying the three-axle 
wagons used by Colonel Renard for the well-known 
Renard train. Colonel Renard’s ideas of perfect road 
transport were that all the vehicles of his train should be 
provided with three axles, and they are the only vehicles 
which the author has seen in use which have a real 
tendency to correct the wave formation caused by the 
ordinary two-axle vehicular traffic. These experiments 
showed that the Renard train was exceedingly easy on 
the road. The rolling resistance and therefore the power 
required to propel the train, measured by its fuel, con- 
sumption was found to be very s and this has con- 
firmed the author’s ideas that much might be done by 
the designers of vehicles developing this three-axle prin- 
ciple. Fig. 5, page 867, and Fig. 11, page 868, show the 
three-axle roller that has actually been constructed and 
is in use, and which has certainly produced surfaces freer 
from waves than has heretofore ever been the case. 





Front Axle. | Centre Axle. | Rear Axle. | Total. 





tons cwt. 
0 
8 8 
. 2 
4 24 


ee | 
tons cwt. | tons cwt. tns. cwt 
8 10 - re... 
ll jf} 7 


13 ~ 
2 | 8 5b S| 


Without water 
3 8 2 wae ie 
10 | water 
4 | 12 10 { ballast. 








In order to obtain a perfect levelling action of the 
rolled surface, the weight taken by the three rollers must 
constantly vary, so that the machine can exert maximum 

ressure on the high places and a minimum pressure on the 
owones. At the same time there must never be less than 
sufficient weight on the centre.driving-roller to enable it 
to have the required driving adhesion. In this desi 
these conditions are met by mounting the centre er 
only on springs, in such a way that it can fall below, bub 
cannot rise above a fixed point relative to the fron) and 
rear rollers. The action of the rollers is then as shown 
in the diagrams. In Fig. 12 the front roller is seen 
on the summit of a wave or high place, the centre 
roller having sunk below its normal position, which is 
indicated by the dotted lines; when the centre ) 
passes over the same summit, as shown, it takes practi 
cally the whole weight of the roller, and tends to reduce 
the height. If the centre roller were not provided 
with springs as described, the rear roller tend to 
leave a de ion when in the position shown in 
figure. Fig. 13 shows the action of the machine when 
rolling freshly-laid road material ; it will be seen 
that the rolling surfaces of the rollers are not quite 
in the same plane, but that the centre one is 
slightly below the level of the other two. This gives a 
very light pressure during the first time of rolling, which 
quien increases each time the roller comes back on to 
the cooler and harder material already rolled ; this is due 
to the fact that, as the road surface becomes less yielding, 
the weight becomes more concentrated on the cen’ 
roller, giving the much-desired effect, just as if a light 
roller was first employed followed by a heavier one, but the 
change from light to heavy being more ual. T 
difference in the level of the rollers is adjustable by the 
arran mts shown on the front steering-head and 
cuienipanes a range so sufficient that, if necessary, the 
rear roller can be pe | raised from the ground, 
concentrating 90 per cent. the total weight on the 
centre roller. e front roller always has sufficient 
excess of weight to give steering effect. The drawings 
show that the wheel. are not equal. This is pur- 
Eatp arranged as a further precaution apes the possi- 
ility of producing recurring waves. In the present 
design the diameter of the centre roller is 3 ft. 6 in., and 
that of the end rollers 3 ft., but in the new design the 
centre roller has been altered to 4ft. The width of the 
rollers over all is 4 ft., the long wheel-base 8 ft., and the 


tral | and therefore with the greatest comfort to 


he | struction that has already yee mr 


short wheel-base 6 ft. 6in. The distribution of weights 
can be varied by the hand-wheel adjustment, between 
the limits given m the table annexed, with corresponding 
rolling pressure variation of from 160 1b up to 500 lb. per 
inch width of roller. 

Large Wheel Diameters.—Apart from the adoption of 
the three-axle methods, it is necessary to point out in 
what direction designers of road vehicles can modify 
their —— 80 as th agree ine tn of road won 
ance for given weights at given 8. 
When ru tyres are used the shocks im to the 
road are so cushioned by the tyre itself that increased 
wheel diameter is not of great im ce, but when the 
problem of carrying considerable weights at a paying 
rate of 5 , 8ay up to8 miles an hour, at the lowest 
combined cost of the vehicle and the road, is attacked, it 
will be found that much can be done with steel-tyred 
wheels by very considerable increase in the diameter of 
the driving-wheels. No one hasappreciated this so much 
as traction-engine oe who for many years past 
have been aware that the large and heavy engines neces- 
sarily used by them to haul paying loads could only be 
tolerated on our roads when the driving-wheels used were 
6 ft. in diameter and upwards. 

For a long time designers of motor-wagons and light 
tractors were fettered in the use of large wheel diameters 
by their great weight ; but now that the suspension con- 
struction, where the whole of the spokes are in tension, is 
available, very large diameter wheels can be used with 
small increase of weight. The author, feeling that 
this was the case, designed a tractor, which he believes 





The author for a long time believed this was solely due 
to want of strength or mechanical causes, but he now 
believes it is also due to certain surface tension properties 
of the tar used. He has noticed that no such action occurs 
in the most perfect impermeable and durable surface of 
all, the asphalt pavement, which stands the effect of 
traffic of classes just as well in the wet and cold 
days of winter as in the dry days of summer. 

tion with Road Material Coated with Bitwmi- 
nous Binders.—Up to the present, road engineers have 
addressed themselves to resisting the surface deformation 
caused by traffic by using tar, pitch, bitumen, or other 
water-proof binders to cement together and hold ordinary 
road stones and similar material, by forming it into a 
partially elastic concrete, these bituminous binders 
taking the place of the Portland cement of hydraulic 
concrete. ir success has been considerable and pro- 
gressive, and has been largely due to the employment 
of machinery to dry, heat, and prepare the material 
before it is spread and rolled down into place. Hooley, 
the County Surveyor of Nottinghamshire, was the 
pioneer of these methods of deep treatment. He was 
the first user of blast-furnace , which, after being 
broken to suitable sizes, was tar-treated whilst still hot, or 
if necessary was reheated, and then dipped into, or coated 
with good tar from the gas works; the tarred material 
was spread and rolled down in successive meee using 
the coarser material for the lower coat, and the finer 
material at the top. Many miles of these surfaces have 
been laid, and have been very successful ; they have been 
durable, and in counties near the sources of supply ef the 
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is the first of its kind, to utilise 7-ft. wheels with a com- 

aratively light axle-weight. Fig. 14, page 868, shows this 
ig-wheeled tractor, which was tried experimentally with 
successful results. It was very remarkable to witness 
the smooth running of this tractor when hauling con- 
siderable loads over soft roads having very rough surf 
and at any rate for military purposes, or for col 
development, such a method of reducing the cost of 
maintaining the roads is worthy of careful considera- 
tion. Enough has been said to indicate in general terms 


~ 


then | the extent to which the vehicle designer can modify his 


vehicle so as to help the road engineer. 

Im of Road Surfaces.—We now come to con- 
sider what are the chief features of road design, to enable 
the surface to — the wheeled traffic of the future ata 
minimum cost with the least deformation of the surface, 
rs 
and at the lowest cost of maintenance of the vehicles 
that roll over it. The first great c in con- 
) itself to a large 
extent is that of minimising the effect of the climate on 
the road by rendering the surface impermeable by 
dressing it with tar, pitch, bitumen, or other bituminous 
substances. This tarring of the surface particles holds 
them together, and prevents their movement when ex- 
posed to the comparatively feeble disturbing i 
the rubber tyres of the t class of vehicles. It has 
enabled roads thus to become practically dust- 
less for eight months of the year ; but, eatoctuantely, the 
action of the tar does not extend sufficiently deep Ww 
the surface to hold the surface together in winter. It 
follows that, up to the present, tarring has been efficient 
only for summer use, and. that in most cases one expects 





to see the tarred surfaces break up under winter traffic. 





slag, have been cheap to construct and to maintain. His 
processes were imitated, but notalways with success. It 
was ee that if such good results could be obtained 
with blast-furnace slag, which is a comparatively soft 
material, even better results ought to be obtained if 
high-class granites and basalts were similarly treated ; 
but from what are now well-understood causes, these 
expectations have not been fully realised. The tarred 

macadam of Hooley still holds its own; there have 
been fewer failures by its use than with any of the other 
road stones when such previously coated material is used. 

Grouting or Penetration Methods.—The second class of 
deep treatment of road surfacing is by the grouting or 
penetration method. Clean, dry stone is spread over the 
road, rolled down until the desired contour is obtained, 
and a mixture of pitch or of pitch and sand is poured 
so as to fill the voids an inch or more below the upper 
surface ; the surface is again rolled and finished with fine 
material. Both systems have had their advocates, and 
the requisite aes ry for producing both classes of 
surfaces is hereafter described. 

Sheet-Asphalt or Double-Coat Work.—Last of all, in 
order of time, has been the efforts to imitate, as far as 
possible, the asphalt surfaces with which we have been 
so long familiar in our large towns. Passing over the 
early stages of the asphalt industry, where ground-up 
rock asphalt obtained from abroad is applied to the sur- 
face of a concrete foundation in the form of a heated 
powder, and then compressed by hot beaters to a true 
ree. p Ba _the eyatom, 80 largel y adopted in 

merica, o! ucing arti —_ y covering a con- 
crete fou ion with a sheet asphalt artificially formed 
from a te held ther by a bitu- 
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minous bi Ameri: it, an “‘asphaltig 
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cement.” If we take the heavily-trafficked streets and 
roads of the world, there is probably now under traffic a 
larger area of this class of sheet-asphalt pavement than of 
any other form of surface, and the latest efforts of road 
engineers appear to be in the direction of extending this 
method of surfacing to all classes of roads which have to 
bear considerable traffic. Already much i has 
been designed to produce such surfaces at the lowest 


cost. 

When the author began to examine the road surfaces 
which resisted the harmonic wave-forming action of 
modern vehicles in the most satisfactory manner, he 
found that the sheet-asphalt pavements of the towns 


justified itself by the successful way in which the har- 


monic effect of most difficult type of traffic has been 
successfully dealt with, the wave deformation being very 
small and not appearing to increase to any marked 
extent. 

Material Avaslable for Double-Coat Work.—The success 
- = koe ied = ae oe believe we - 

ould aim at ucing this of wearing surface for 
all our important roads. In some cases it may be that 
the traffic can be successfully carried with single-coat 
work, the single coat being made entirely of graded 
sand bound ne by bitumen ; in other cases, where 
the traffic is vier, double-coat work must be used. 





by binding matter. Such silicious stones can be cheapl 
and effectively crushed into a very perfect artificial a= | 
to form the sand aggregate. In some cases the material 
of 2 a oe = rey y utilised and i - 
one Opera: in’ aggregate required, In 
both cases portable machinery, placed as close as possible 

int where the road material is to be laid, is neces- 


sary. is little doubt that the artificially-produced 


sand is superior to the natural beach or pit sand, as each 
individual grain is angular and is quite free from adherent 
clayey or loamy matter, and it is moreover very im 
tant that the particles should be properly grad 

definite proportions as to size. i 


in 


grading has been 





This 





sres-wW 
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were the best and most durable, and were least deformed 
under traffic. They are now used in many forms. Some- 
times the original and hitherto a arrangement of 
supporting the sheet-asphalt surfaces by concrete foun- 
dations has been used, but in many cases su 
attempts have been made to utilise the existing macadam 
roadways as a supporting crust, and to lay on them a 
bituminous-bound new surface in one or two layers. 
Many a of this have been laid in various parts of 
London, an | the surface of the Thames Embankment, 
from Westminster Bridge to Blackfriars, may be noted. 
Here the method adopted has successfully resisted 
for several years exceptionally heavy traffic with but 
little deformation and at a low cost. During the past 
year or so similar surfacing has been carried out on 
many of the great omnibus routes, and has certainly 








ul | a large fraction of the total cost of re-surfacing a road. 


. 20. 


The chief condition governing the choice will be the cost. 
In considering the cost of surfacing, perhaps the im- 
yon question is that of the carriage of the material. 
cost of railway and road haulage taken together forms 


It is therefore most desirable to use local material 
wherever this can be done without affecting the quality 
of the work. For this reason the author suggests that 
the bulk of the material forming a road-wearing surface 
should consist either of local sand (the distribution of 


which throughout the United Kingdom is very wide, so 
that as a rule the cost of suitable sand delivered at the 
roadside is only half that of good road stone), or that an 
te for the wearing surface should 

cr any similar local 
tone cemented together 


ideally perfect 
be seule by 
stone, which is com 





ng 
posed of hard s' 


Sronge-Drying Macuine (Ransome-ver-Menr). 


carefully studied in America. Speaking generally, only 
about one-tenth of the weight should consist of grit or 
granular particles passing a 6-mesh sieve and retained on 
a 10-mesh sieve, about 40 per cent. should pass the 10-mesh 
and be retained on the 36-mesh, another 40 per cent. ~~ 
ing the 36-mesh and retained on the 100-mesh, with } r 
cent. only passing the 100-mesh. In order that s a 
graded te may be cemented by the binder into a 
solid rock-like sheet to form the road surface, it should 
have added to it about 10 per cent. of fine limestone 
powder, or Portland cement, as a filler and about 12 per 
cent. of pure bitumen as the binder. h 
Machinery for Preparing Sheet Asphalt.—Fig. 15 
(page 869) shows the arrangement of a semi- 
portable plant built up of wrought-iron framing bolted 
together, and carrying the machinery and transporting 
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conveyers at two levels. This + carries out various 
operations which will be hereafter considered in detail. 
It is designed to crush a stone aquregate to any desired 
size and grading, to heat, coat, and mix it with the binder 
at the lowest cost for labour, fuel, and maintenance of 
the machinery itself. The stone, whether new stone 
received from the quarry or old material taken from the 
road, is dumped or ti from wagons into the hoppers A; 
from thence it is fed by an automatic jigger-feed into the 
crusher-elevators B, and thence into the crushers C 
Goreee the shoots D. = crushers age 5 2 of the 
high-speed rotary ty nown as the “ Lightning” 
crusher, which is Heacribed in detail and is illustrated in 
Fig. 16, page 869. The principle on which this crusher 
works is that the material is allowed to descend so as to 
meet the revolving hammers ; each piece of stone is struck 
whilst in the air, and as the hammers rotate at a high 
velocity in an encl chamber lined with ing 
blocks, the material is subdivided and thrown with great 
force against the top of the enclosing chamber from which 
it fallu in and again, being each time struck and sub- 
divided by the hammers. ‘The operation goes on re- 
peatedly until the material is small enough to ~ 
through the screens at the base of the crusher. e 
number of blows made per second, and the force with which 
they are delivered, can be regulated to an extreme nicety, 
as the crusher is driven by an independent electric motor 
fitted with s -regula’ gear. With this crusher 
it is noticeable that the shape of the material after 
crushing is very cubical, there being little or no tendency 
to produce long stone or splinters. If it is desired to 
reduce the material to the fineness of sand, pe the 
18-mesh sieve or finer, screens can be fixed in machine 
as required, but in practice it is found that for the lower 
coating of a road, which forms the strength crust, if 
granite or other road stone is fed into the machine in 
sizes from 3 in. downwards to 1-in. gauge, the crusher 
can be run without screens, and the output of 15 to 20 
tons per hour will even then contain nothing practically 
larger than 4-in. stones. Attached to the shoots D, 
Fig. 15 (page 869), are special chambers E, connected 
by the pipe F to the exhaust-fan G; by this means 
fine dust or any organic matter, when old material is 
used, can be se from the te, and be drawn 
off and fed direct into bins, or di of as desired. 
When the stone is clean, new stone from the quarry, this 
dust can be utilised in the aggregate as filler, and can be 
delivered at the mixer ar required. Un leaving the 
crusher the aggregate, which requires no further screen- 
ing, is conveyed through the shoots J into revolving 
drying and heating cylinders K. The interior construc- 
tion of these may be varied, one form of construction, by 
Messrs. Orde and Maddison, being shown lateron. In 
addition to this there are many types of drying and 
heating cylinders available. These are either mounted 
on rollers or driven through rollers by electric motors, or 
are suspended in chains from an overhead shaft driven 


by motor. By adjustment of the s of the motors, 
the rate of delivery of the dried and heated aggregate can 
be nicely regula to correspond with the rate at which 


phe mixing process can be carried on. 

After passing through the heavers the dried and heated 
aggregate falls through the shoots L direct into the 
buckets M of the mixer elevators N, and after being 
weighed or measured close to the foot of the elevators it 
is dumped into the mixers P in the exact quantity required 
for each batch, the question of weighing or measuring 
being determined by the nature of the te and the 
di of accuracy in the mix which is specified. 

he binding material, bitumen or pitch, as the case 
may be, and which acts as the cementing t of the 
te, is stored in the melting kettles Q in which it 
is melted, heated, and fluxed to the desired degree of 
viscosity by the addition of flux from the flux-tank R. 
The fluxed bitumen is then measured off in the measuring- 
drums U in the exact quantity required for each mix, 
and forced through pipes by compressed air and deli- 
vered at the surface of the aggregate already in the 
muxer. 

The mixers are driven by motors, and their speed can 
be so regulated as to give the right number of revolutions 
for coarse or fine aggregates as may be required. The 
contents of each batch, when omens mixed, can be 
discharged direct into a motor- or other transport 
vehicle underneath the mixer platform. 

With such a plant as that above described, 200 tons of 
hot mixture can be delivered on the road per working 
day of 10 hours, with a Poe tye: ed greater output 
during the long hours of daylight in the summer months. 
Obviously, if the work be single-coat work, either of 
coarser aggregate, or a thinner sir coat of fine aggre- 
gate, the area co per day will depend on the thick- 
ness of the coat. Where an excessively strong road crust is 
required, 1 ton of the material forming two coats may only 
cover from 6 to 7 su cial yards of road, the area being 
increased as ——— is Giminished. — the fine 
aggregate requ ‘or the wearing coat, about 20 super- 
ficial yards can be covered per ton for each 1 in. of con 
solidated thickness. Theroad gangs for dealing with this 
hot aggregate must consist of a s er gang and a 
roller gang, each double gang being generally able to deal 
with from 40 to 60 tons of hot mixture per day. 

As the whole question of accurate grading of the sand 

regate, and the fluxing of the binder to give the degree 
of ductility which feeniohes @ wearing surface of maxi- 
mum strength and durability, is of extreme importance, 
the author considers that the modern road engineer should 
test his _material as an engineer would test steel or 
other materials of engineering construction. He should 
therefore take frequent test-pieces from the batches 
of hot material delivered to the road, and provide himself 
with portable testing-apparatus to enable him, and his 
staff, to make periodical tests to ensure that the i 





are all that he expects them to be, and as laid down 
in his specification. For the pur of such tests, it 
is necessary that moulds for moulding and —— test- 
cylinders should be provided, and a test-hammer and 
Frew for a ee | these test-cylinders to percussive tests 
or toughness, to compression tests to indicate the 
weight-carrying quality of the consolidated roadway. 
Fig. 17, page 870, shows the test-hammer which has been 
desi as a convenient means of obtaining the toughness 
of the cylinders, and specimens of this test-hammer and 
of the moulds and test-cylinders are shown on the table. 
In addition to these tests of the quality of the materi 
the author has designed and utilised a form of portable 
straight-edge for ascertaining whether the roller gang are 
finishing the surfaces to the desired degree of accuracy 
and freedom from waves. Tig. 6, page 867, shows this 
straight-edge, and Fig. 7 the recording carriage pen. 
With this straight-edge the actual contour of the road is 


Fig.24 
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by 30 to 40. 


terial, | road. Fig. 19, page 


, after it has been constructed. The risk of damage 
during this period to a road made of cold-rolled material 
quite outweighs its lower cost compared to that of a 
road made by the more perfect hot-rolled process. But 
whether the process be carried on with previously- 
repared cold material, or with hot material which must 

spread and consolidated within a few hours of its 
being produced and mixed, a good deal of the plant 
required is the same. The cold-material plant, however, 
can be at or near the quarry, whereas the hot-rolled 
material must be prepared within a mile or two of the 
; é 1, — the mareregy eH ge 
Machinery Company’s portable apparatus, in whic e 
stone or sand can be dried and heated and coated in the 
same anner as in the fixed or semi-portable plant 
already described. The designers of this plant point 
out that long cylindrical driers above described lack 





portability, and that, for working by the roadside on the 









































Fie, 22. Dousie-SHart Batca-Mrxine Macuine (Ransome-ver-Menr). 


shown to full size, and all tendency to waves s measured 
on the paper with extreme accuracy. Fig. 18, page 870, 
shows an improved form of straight-edge. 

In the foregoing description the author has confined 
himself todescribing machinery which can now be designed 
to produce an up-to-date form of road surface. 

a Rolling Down Hot Material.—The reason 
why he believes it is necessary to form these surfaces of 
hot material, spread and rolled down whilst the material 
is still in a hot and plastic condition, is that although 
more complicated ond expensive plant is required than 
is the case if the material can be previously treated and 
stored, and delivered, d, and rolled down whilst in 
a cold condition, in the former case the newly-made 
roadway is completely set, hardened, and in a fit con- 
dition to receive the traffic as soon as the material is 
cold. In the latter case, as the material only hardens 
by the gradual evaporation of the more volatile oi's in 
the binder, ae eee ee 2 2 ae one, so 
that the road is liable to be deformed and damaged 
by heavy traffic passing over it for several weeks 


batch principle, the Ransome stone-drier, Fig. 20, can 
be operated so as to synchronise with the batches re- 
quired, and the heaters and driers, therefore, are con- 
structed in sizes having a definite batch capacity. The 
arrangement of the machine is such that a definite quan- 
tity or batch of stone is introduced through a measuring- 
hopper into the drying-drum, or the first of one or more 
pease where it is allowed to remain for a definite 
period before discharging into a second or third drum as 
necessary, and from thence direct into the batch-mixer. 
The general principle of this smaller drier is that an 
excess of heated air is forced over the surfaces of the 
stone contained in the rotating drier, the size and weight 
of which can therefore be greatly reduced. 

Cylindrical. Driers.—However, where ordinary cylin- 
|drical driers are used, as in the combined plant first 
described by the author, their general construction is that 
shown in Fig. 21, which gives an end cross-section of the 





fixed cylindrical driers and heaters of Messrs. Orde and 
|Maddiron. In this the aggregate entering at one end 
‘is made to traverse the entire length of the cylinder 
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qrite-gintes, and is dis- 
requ temperature. 
otto of sus- 
protected from 


by suitable betes Seemed 
charged thoroughly dry and at 
The end section shows very clearly the 

nding the rotating cylinder by daies 


ine action of the hot gases. In this case, air heated in a | j 


ial retort is brought into contact with the aggregate 
ie the cylinder by means of the blast-pipe shown, which 


fracture of the arms if a stone jams. The double-shaft 
mixers contain two shafts with their revolving paddles ; 
these are geared together so as to revolve in fixed relation, 
and the same precautions must be adopted to prevent 
armme Fig. 22, page 872, shows a double-shaft batch- 
mixer of the Ransome-ver-Mehr type. 

Conical Rotating Mixer.—For the same series of opera- 


oe = ee ny 


CONCRETE MIXER(SMITH) \ 
(STOTHERT ANDO PITT) ; 
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temperature the rotation is 
and the rotation again contin 
plete. The contents then can, by tilting the drum, be dis- 


CONCRETE MIXER(SMITH) 
(STOTHERT AND PITT) 


by an exhauster through a combined mixing and drying 
chamber. In this case the process consists in filling the 
mixer with the required quantity of 
rotated and dri 


te, which is 
ied. When the contents the required 
— a the binder is added 

until the mixing is com- 












Capacity :—Unmixed Material per batch . 
Mixed ° 


Power required . ° 
Revs. of Driving Pulley . 
m e ° 
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18 cubic feet. 


3? ” 


180 per min. 
18 ” ” 


Fig A. PORTABLE HOT MIXER AND BOILER (SMITH) (STOTHERTAND PITT) 


9 12 Feet 
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is provided with vent holes on its underside to direct the 
hos sir downwards into contact with the material to be 
aried, 


_ Batch - Mixers.—The batch-mixers generally used are 
single-shaft or double-shaft. In the former a single-shaft, 
on which the stirring blades are keyed, rotates in a 
mixing-chamber, the casting of the lower half of which 
is curved concentrically to the revolving-shaft, so that 


the points of the blades rotate close to it to prevent any 
a the stones. In some cases means are adopted 
Ow i 


the blades to spring backwards and thus avoid 








tions the conical rotating Smith mixer, made by Messrs. 
Stothert and Pitt, possesses certain advantages. One of 
these mixers is shown on Fig. 23, above, the material 
being fed in batches, a measured quantity of binder added, 
mixed, and discharged direct to the wy awe wagon 
when used hot on the road, or conveyed to storage if 
— 4 - used cold. Fig. 24, above, shows a 
of the Smith hot mixer plant arranged in portable form. 
In this portable apparatus the hot gases from the boiler 
furnace are used as a means of drying and heating the 
aggregate, the gases being propelled by a blower aided 











Fig. a. 
PORTABLE HOT MIXER 
AND BOILER. (SMITH) 
(STOTHERT AND PITT) 







charged direct into the transporting wagons or hand-carts 
as may be convenient. 

Rotating Hand-Mizer.—For small work and repairs a 
very convenient form of Smith hand-mixer is manufac- 
tured by the same firm. This consists of a rotating 
chamber mounted on a frame somewhat resembling a 
portable winch ; the drum, which is suspended by chaine, 
contains a spiral diaph ; this isshown clearly in the 
three end sections of the drum given in Fig. 25, page 874. 
The drum can be charged with mate when rotated 
in one direction retains and mixes its contents ; when the 
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Costs as THEY ARE. Costs as THEY WiLL BE. 
FIC. 7 
nets | Vehicle. Road. Vehicle. Road. 
Sa LF, —_| ——__—__—_ i 
’ | 
Class. No. of | Average | Total | _ | Per Vehicle no Per Vehicle- | Per Vehicle- Per Vehicle- 
Vehicles. | Weight. | Tons. | Mile. Mile. | Mile. | Mile. 
tons | 2 1 e ee}; @ oi 2 7. Re 
Light ..| 187,000 | 1.75 | 240,000 | 4700 — 8.25 180 | 0.816 4230 | 7.5 180 0.316 
Heavy +-| 24,000 6.0 | 120,000 | 1600 , 16.0 120 12 1200 | 12.0 120 1.2 
—_—_—. 1 | 
300 | _ | 5480 _ 300 | - 


Total .. 161,000 | 2.25 $00,000 | 6300 | — 





rotation is reversed the mixed charge can drop out into a 
barrow or -cart. 

Combined Heating and Mixing Machinery.—The com- 
bined heating and mixing machinery is used by the Limmer 
Asphalt Paving Company, whose name is so well known 
in connection with the sheet-asphalt pavements, and who 
are now very successfully extending their operations to 
the comin ot country roads with asphaltic surfaces. 
With this hinery, which is of the portable type and 
can be readily moved to any desired position at or near 
the road to be treated, the same series of operations of 
drying, heating, and mixing are ied out without any 
intermediate hand-labour, the finished mixed material 
being discharged in batches into the barrows or other 
means of transporting it to the road. ; 

ical Considerations.—As it is obvious that, if we 
wish to obtain the best results, using any of the various 











speed and increaged mileage run by each vehicle on the 
improved roads. 
he large saying shown, amounting to upwards of 
800/. per annum to the owners of the vehicles using this 
mile of road, ——- forcibly before the members the case 
which the author has attempted to make; that the time 
has arrived when this problem of the new industry of road 
Sagging be most —— consid pf. 
in it, not only the i whom 
he is now addréaging, but the capitalists ‘habe financial 
aid is necessary, for further developments, so that the 
community as a whole will benefit from the increased 
rapidity in deliveries of the goods they require, and in 
the future reductions in the rates of transport. There 
is little doubt that, when once the economical advan- 
of improving the road transport of the United 
Kingdom are thoroughly understood, a long step will 


Fig. 26. ROTATING HAND-MIXER (SMITH). 
SECTION OF DRUM. 
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forms of road-making machinery herein described, the 
plant should be worked by trained labour under skilled 
engineering superintendence, it is the author’s opinion 
that for time to come the work will be carried out 
by responsible contractors, although, in some cases, exist- 
ing road authorities may elect to provide themselves with 
their own plant and to train their own staff. In either 
case the actual cost of resurfacing the roads by the most 
approved methods will depend greatly on the extent of 
road work that can be carried out from each working 
dépét, and, of course, on the cost of local material, cost 
of carriage, road haulage, &c. The choice of method 
depends very greatly on this last consideration, but in 
any case it is evident that the economical problem is to 
produce a modern road-surface which will not break up 
and furnish loose gritty material to wear away the rubber 
tyres of the vende and which will be sufficiently wave- 
less to diminish the wear due to road shocks. Such 
a road must be 
which, when divided by the years of its life, will compare 
favourably with the present cost of the water-bound 
macadam superficially tarred, which it will supersede. 
The author concludes by showing in tabular form the 
extent to which the running costs of vehicles, as they are, 
will be reduced by well-considered reconstruction of road 
surfaces. In order to bring into comparison the data 
which are obtainable from the old type of roads with 
those obtainable from reconstructed roads, in the pre- 
paration of this statement he has adopted the following 


Se — k 
i. t we take the case of a mile of road carrying a 
traffic of 1000 tons per day, or 360,000 tons annum. 

2. That it is assumed that of this traffic two-thirds 
will be in the form of pleasure vehicles or light com- 


mercial vans weighing from 1 ton up to 2) tons, or | ¢ 


averaging 1.75 tons each, and that the one-third balance 
is in the form of 24,000 heavier vehicles between 24 and 
74 tons, averaging 5 tons. 

3. It is assumed that the damage done to roads by a 
ton of traffic carried on steel tyres is one-and a-half times 
that carried on rubber tyres. 

4, That the cost per velicle-mile for the lighter class, 
the bulk of which use pneumatic tyres, may be taken at 
8.25d., and that of the heavy 5-ton vehicle be taken at 
16d., both of which are well-ascertained ae. 

5. That the cost of the roads as they are is 
case where a main road 18 ft. wide requires re-coating 
every 3} years, at a cost of 800. per mile, 
annum, which, with the 
share of lengths-man’s wages, brings the total cost to 





uced at a cost per unit of surface | 4), 





have been taken towards a better distribution of our 
town population from crowded centres into country dis- 
tricts, and at this point he leaves the subject for con- 
sideration and discussion. 





Tuer ENGINEERING AND SCIENTIFIC ASSOCIATION OF 
TreLanp.—On Friday, the 5th inst., Mr. W. J. Lovett, 
Member of Council and M. Inst. N.A., read a paper 
before this Association on ‘“‘ A Method of Seprentes 
the Horse-Power of Steamers,” in which he stated he 
had been able to arrive at an ex ion which gave 
results comparing favourably with the horse-power from 
tank experiments. The | paced contained his equations 
and tables of formule and calculations. 





Tue Mexican Rattway Company.—Notwithstanding 
the protracted strife of which Mexico has been the scene, 

e i iiway Company, Limited, is in a position 
to pay a dividend of 24 per cent. upon its ordinary stock. 
The working expenses for the past half-year were larger by 
ace dols., but the ratio of current outgoings to the 
traffic receipts remained during the half-year at the com- 
paratively moderate level of 47.09 per cent. The increase 
of 259,752 dols. in the working = was due to the 
additional cost of handling goods at Vera Cruz, and also 
to a consi: ble falling off in export traffic. The con- 
tinuance of revolutionary movements has adversely 
affected the trade of Mexico, but the closing of northern 
points of entry, and a ial interruption of traffic upon 
the Tampico Branch of the Mexican National Railways, 
diverted to Vera Cruz (the headquarters of the Mexican 
Railway Company, Limited) a considerable amount of 
traffic, which, under normal conditions, would have been 
by the rival route. 





Surrace-CompustTion Boriers.—In Stahl wnd Kisen of 
November 20, G. Neumann, of Diisseldorf, criticises the 
theories advanced in explanation of the peculiarities of 
surface combustion on the agen cn applied by Professors 
Bone and Schnabel, and claims made for the boilers 
of this type. He suggests that the theories due to Bone, 
Juptner, and Carleton Ellis are based upon conditions 


which differ materially from those prevailing in the | 


actual boilers, and that in the efficiency calculations 
the losses are much underrated. The increase in 
the efficiency should, in his opinion, be ascribed not 
to the surface ay ae tee but to BoM agen we aes 
capacity per unit ting surface, the high velocity o 
the gases and the improved iation ; the load regula- 
tion of the boilers would be difficult, and the addi- 
tional power required for maintaining the gas circula- 
tion would counterbalance any advantages realised. It 
be pointed out that Neumann does not appear to 
ve made observations of his own on such boilers, and 

he does not consider the early experiments on surface 
bustion which led to the construction of the new 


sete 





boilers. 


4 


SWEDISH IRON. 


At the meeting of the Union of Swedish Ironmasters, 
< ae ee gt 29, the —, quotations remained un- 
’ an interesting encouraging report was 
read. The Swedish iron works appear to be almost entirely 
unaffected by the depression in the international iron 
market; they are actively onus, and orders for next 
year are satisfactory. The production during the third 
quarter of 1913 considerably exceeds that of the corre- 
ponding period last year, as does the export, and this 
state of affairs also lies to October, About half of 
t year’s calculated production of pig iron has 
been sold at prices, and substantial orders 
have been booked further forward for 1915 and 1916. 
x Peek nat which any meng dy oer iron and 
8 ol ty are very > an contracts 
have been at for next year at about the same prices 
which have prevailed during the present year. Also the 
iron works principally deyoted to the home consumption 
are fully ommeyes. and much has already been sold for 
next year. cashire blooms for export have fallen in 
Leer on account of the unsettled state of the American 
market. 

Rolled Lancashire has also been affected by the 
American market, but orders from other markets have 
been so satisfactory that the rolling-mills are fully em- 
ployed. Some price reduction, however, must be noted 
in this connection, also for hammered Lancashire iron. 
The prospects for next year may be considered in so 
far satisfactory that the iron works should maintain 
their firm position, especially use much is sold, and 
the consumption continues satisfactory, added to which, 
the raw materials of the iren industry, especially charcoal 
and coal, command high prices. 

There were in operation during the third quarter of 
1913, 113 blast-furnaces, 10 more than in the correspond- 
ing period of the previous year; 210 hearths, also 10 more 
than a year ago; 17 Bessemer furnaces, and 57 Martin 
furnaces. The production during July to September 
comprised 175,800 tons of pig iron, including direct manu- 
factured foundry goods; 38,600 tons of blooms, 27,700 
tons of Bessemer ingots, and 119,900 tons of Martin 
am. The total output during the first nine months of 
19 


was :— 
Tons. 
“Fe eee a 
Martin ingots... 2 oe 338,000 
Bessemer ingots ... 83,400 
Blooms =o op 116,300 
which figures are in excess of the corresponding ones for 
a ge years. 
is also applies to the exports, the figures below 


referring to the first ten months of 1913 :— 


Tons. 

Pig iron 176,100 
Scrap iron 7, 
Ingots 11,800 
Blooms, &c. 30, 
Bariron ... 106,500 
Rolled wire 32,400 

a 13,600 


as against 382;900 tons for the corresponding period of 
1912. 





Tue Inpo-Crrton Connection.—Some further details 
are available with respect to the interesting works which 
the South Indian Railway Company has for some time had 
in hand for securing a connection with Ceylon. The total 
cost of the works was recently estimated at 466,000/.; but 
in consequence of some casualties and delays which have 
occurred, the expenditure is now expected to reach 
500,000/. It was originally oo that the viaduct 
on the Indian side should be ft. long, but it will 
really be 5600 ft. long. This viaduct runs over a shallow 
sea and crosses a reef with a Scherzer lifting-brid 
200 ft. span, when it comes to what is known as the 
Pamban Pass. The viaduct is Vac negn | completed 
except that the Scherzer lifting-bridge has not yet reached 
the stage at which it will be possible to use it for traffic. 
It is expected, however, that the whole of the viaduct 
and bridge will be ready for working in the course of 
January. When the viaduct has been crossed the com- 
pany will reach the Island of Rameswaram. This island 
18 if miles long, and the line has been for some time com- 
pleted upon it. 








|. STERILISATION BY QuaRTZ-MeRcury Lamps.—Accord- 
| ing to the researches of Kuch and Retschinsky, of 1906, 
|and of Fabry and Buisson, of 1911, the total radiation of 
| ultra-violet rays of relatively large wave-length increases 
|much more than that of the shorter, most refrangible 
rays when the electromotive force of the quartz-mercury 
lamp is raised. According, further, to D. Berthelot, it 
|is the rays of smallest wovolengi® which are most active 
|in the sterilisation of water, whilst the ordinary ultra- 
violet rays have rather a detrimental effect. It would 
therefore appear advisable to work with very low elec- 
tromotive forces. This is pointed out by A. Tiem 
in the Comptes Rendus, vol. 156, page 1063. The lamp 
does not get i Be and may be immersed directly 
in the liquid. e simplest form of lamp is a test-tube 
made of quartz, containing a little mercury ; this cathode 
is joined to the current source by an iron wire which is 
sheathed in a quartz tube. The anode is a small cylinder 
of iron. The suggestion of Tiem would explain an early 
observation of Arno Miiller’s, of 1903, that Cooper-Hewitt 
lamps varied very much in their sterilising power ; he 
thought that they differed as to the total radiation, but 





et ead ered as to the relative proportions of 
mond different wave-lengths. 
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CATALOGUES. 


Aluminium.—Among the recent publications of the 
British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C., is a wall sheet giving weights and 
thicknesses of aluminium, brass, copper, steel, and tin 
sheets; a pamphlet dealing with the use of aluminium 
in electric railway work ; and another pamphlet relating 
to the use of the metal in motor-car construction. This 
latter pameniss illustrates examples of aluminium sheets, 
special sections, and tread-plates used in body construc- 
tion, gives some notes on engine-castings and accessories, 
and also includes a few practical hints on machining, 
welding, polishing, and otherwise finishing the metal. 
In electric-railway work aluminium finds employment for 
feeder-cables, collector-bows, and motor field coils, as 
well as in the construction of car bodies, in which it may 
be used for the side panels, ceilings, and interior gay a 
Examples of all these applications are illustrated in the 
pamphlet devoted to this class of work. 


India-Rubber Goods.—From the Premier Re-Forming 
Company, Limited, of Blackhorse-lane, Walthamstow, 
N.E., we have received a copy of their latest illustrated 
catalogue and price-list of india-rubber gts of which 
they make all descriptions. The list includes sheeting, 
valves, washers, buffers, roller-covering, mats, ing, 
tubing, stoppers, cab-tyres, and rubber sundries of all 
kinds. The catalogue also illustrates a motor-car tyre 
having thick walls and tread of solid rubber, and con- 
taining air at me gem pressure in the space that 
would be occupied by the inner tube of an ordinary 

mneumatic tyre. It is claimed to absorb the shocks 

tter than other pneumatic t to form an effective 
non-skid device, and to have the additional advan of 
being free from liability to burst or puncture. ese 
tyres can be fitted to on any wheel, and their life 
is given as 20,000 miles. e company also manufactures 
inner tubes for ordinary pneumatic tyres, as well as 


solid-rubber tyres for all classes of commercial motor | j 


vehicles. 

Railway I tion-Cars.—A pamphlet relating to the 
Rockford self - propelled railway tion - cars has 
reached us from the Chicago Pneumatic-Tool Company, of 
Fisher Building, Chicago, Illinois, U.S.A. After point- 
ing out how these cars save time and facilitate the in- 
spection and repair of railway track, the pamphlet gives 
detailed particulars and specifications of three cars ca, 
ble of carrying three, eight, and ten men respectively. 
The cars are driven by air-cooled horizontal petrol- 
motors, which are connected directly to cranked axles, or 
to crank-pins on the driving-wheels, without gearing of 
any kind ; s is ranging from 3 to 20 miles per hour can 
be obtained by controlling the spark and throttle. The 
pamphlet also deals with a portable petrol-engine and 
electric-generator set for supplying energy to electric 
drills used in connection with rail-bonding for electric 
signalling. The London address of the firm is the Con- 
solidated Pneumatic Tool Company, Limited, 9, Bridge- 
street, Westminster, S.W., and doubtless copies of the 
pamphlet could be obtained from this address. 


Lock-Nut.—We have received from Mr. Alan Williams, 
M.LE.E., of 9, Queen Victoria-street, E.C., a leaflet 
giving particulars of the ‘‘ Kielland” spring lock-nut. It 
consists of a dished plate of thin spring steel of the same 
shape and size as the nut, and having at its centre a 
specially shaped hole with a number of radial slots extend- 
ing into the metal from its edge, the metal teeth between 
the slots being afterwards turned up. The lock-nut is 
placed on the bolt after the ordinary nut has been screwed 
up, and, if the bolt is in the vertical position, the lower 
sides of the above-mentioned teeth lie on the upper surface 
of the thread of the bolt. As the lock-nut is tightened 
up it tends to become flatter, and thus the teeth grip the 
bolt tightly at the bottom of the threads, thereby pre- 
venting the nut from slacking back. A box-spanner is 
most convenient for tightening up the lock-nuts, and 
special designs of these spanners are supplied at prices 
mentioned in the leaflet. Prices are also stated for lock- 
nuts for bolts ranging from } in. to 14 in. in diameter. 
Among several other advan it is pointed out that 
these lock-nuts take up very little room, are very light. 
and of good appearance, besides being reliable under all 
conditions if properly applied. 

Marine and Stati Oil-Engines.—We have received 
from Messrs. Brazil, Straker and Co., Limited, of Vulcan 
Iron Works, St. Philip’s Marsh, Bristol, a copy of their 
latest catalogue of Djinn marine and stationary oil- 
engines. The catalogue first illustrates several examples 
of yachts, launches, and other vessels in which Djinn 
engines have been installed for main or auxiliary power. 
Prices and full particulars are then given of marine 
engines, ranging from 7 to 200 horse-power, complete 
with reversing gear, shafting, propeller, and all acces- 
sories, ready to fit into the boat. of these engines 
was illustrated and described in ENGINEERING of March 7 
last, on page 318. The catalogue also contains full parti- 
culars of oil-driven marine auxiliary machinery, includ- 
ing air-compressors, oa Ga sets, centrifugal 
pumps, cargo winches, and hau plants; all kinds of 
accessories for marine oil-engine installations are also 
dealt with. The firm also manufacture and oil- 
engines for all kinds of stationary work, ph phe illus- 
trations, with general particulars, are given of engines for 
electric lighting, pumping. locomotive work, and other 
industrial applications. The catalogue, which is very 
nicely got up, is also a very useful publication, as it gives 
all the information likely to be required by prospective 
buyers in a clear and convenient form. 

Pnewmatic Drills and Portable Compressors.—We have 


received from the Chicago Pneumatic-Tool Com ny, 
Fisher Building, Chicago, Illinois, U.S.A., a bulletin 











relating to the Chicago valveless hand-drills and to port- 
able air-compressors. The drills are of the pneumatic- 
mer types, and are suitable for hard and continuous 
work in mines and —. They have no valves, the 
air inlet and exhaust being controlled by the movement of 
the piston. This feature, itis pointed out, eliminates one 
possible source of trouble, and thus reduces the cost of 
repairs to a minimum, and avoids the delays occasioned 
by them. It is possible to operate the drills by steam, 
but this is not recommended, as better results are obtained 
by compressed air. The drills are capable of drilling holes 
1? in. in diameter and 6 ft. deep, and the air consump- 
tion at 80 lb. per sq. in. pressure is 34 cub. ft. of free air 
per minute. e bulletin gives particulars of drill-steels, 
sharpening tools, air-hose, and hose-couplings, and also 
with portable air-compressors driven by petrol- 
engines. These compressors are suitable for use by 
mining prospectors, quarrymen, contractors, and others, 
for supplying the drills, or for other purposes. Parti- 
culars of these appliances may be obtained from the Con- 
solidated Pneumatic Tool Company, Limited, 9, Bridge- 
street, Westminster, 8. W. 


Hannover’s Porous Metal.—H. J. Hannover’s Porous 
Metal (trade-mark ‘“HIHPO”) Company, Limited, 
have issued their first catalogue of ‘‘ Stationary Accumu- 
lators.” In the catalogue, which contains many illustra- 
tions, there are tables, &c., as a guidance in ordering 
accumulators, in addition to which there are rules as to 
guarantees, sale conditions, and the like; so that porous 
metal has now passed from the experimental stage to 
being actually a commercial product. The following is 
stated as to the reason for the starting of the manufac- 
turing :—The company was formed to work Professor H. J. 
Hannover’s invention—the production of porous metal 
by means of the employment of metal alloys. The company 
is to carry on Professor Hannover’s experiments, and to use 
in a practical manner the possibilities offered by the use 
of us metal. The use which appears as the chief one 
is the manufacture of electric accumulators, and the ex- 
periments conducted at the factory have chiefly had this 
object in view, so that now orders can be received for 
stationary accumulators. As regards the future, it is 
stated in the catalogue that the machines which make the 
porous metal plates for the stationary accumulators will 
also supply porous metal plates to be used in ——— 
the experiments with t rtable accumulators, whie 
it is contemplated putting on the market, fully tested, in 
six months’ time. 
Thermometers, Pyrometers, Calorimeters, and Osciilo- 

a ee —We have received from the Cambridge Scientific 

nstrument Company, Cambridge, a series of leaflets de- 
scribing the latest forms of many instruments suitable for 
industrial requirements. Amongstthem may be menticned 
the ‘‘H. and M.” short-stem thermometer. These, like a 
clinical thermometer, are ——- to give readings merely 
in the immediate neighbourhood of particular tempera- 
tures, and the scale is thus a very open one, making — 
very accurate readings. Another useful type of instru- 
ment are the Callendar Senne Seen which 
have been somewhat extensively adopted for record- 
ing changes in the temperature of the hot blast at 
iron works. The recorder can be p in any con- 
venient situation and at any distance from the main. 
For the heat treatment of steel and case-hardening the 
company supply thermo-couples having compensated 
leads, which make water-cooling unnecessary. In another 
leaflet the Rosenhain calorimeter is described. This is 
based on the Thomson a. the sample under ex- 
amination being burnt in a closed vessel under water. 
Several patterns of the Duddell oscillograph and acces- 
sories for use therewith are described in another pam- 
phlet. A number of striking illustrations are given of 
various uses of this instrument, and in particular atten- 
tion may be called to analyses of resonance effects made 
by Mr. M. B. Field. Other interesting records are those 
obtained with telephone currents. 


Lathe Tool.—From Messrs. F. Burnerd and Oo., of 
Dryburgh Works, Putney, S.W., we have received a 
pamphlet illustrating and describing Liebstein’s patent 
cutting-off and screw-cutting tool for lathes. It consists 
of a tool-holder carrying the cutting-tool and fitted with 
an adjustable steady-bar in the shape of an inverted letter 
“LL.” The vertical member of the steady-bar slides in a 
groove in the tool-holder, while the horizontal member 
extends beyond the cutting-tool and rests on top of the 
work a little to the left of the cut. The steady is 
clam to the tool-holder by two bolts, and by slacken- 
ing the nuts of these bolts the steady can be adjusted to 
suit work of different diameters. It is claimed that this 
device takes the whole of the reaction between the work 
and the tool, thus relieving the slide-rest of pressure and 
preventing it from tilting forward. It is also mentioned 
that any tendency of the work to rise is checked, and the 
possibility of the tool “digging in” to the work is elimi- 
nated. Cutting-off can thus be accomplished easily and 
smoothly and at a greater distance from the chuck than 
would be possible with ordinary tools. The cutting of 
square-threaded screws is said to be greatly facilitated 
by means of these special tools, and they would also, 
probably, be useful for all kinds of slender turni 
work. wo tterns are made, to suit English an 
American lathes respectively, and each pattern is made 
in four sizes, of which the pay erg gives full particulars 
and prices ; the largest size in both patterns is capable of 
operating on work up to 5 in. in diameter. 


Coal-Crusher and Sampler.—A pamphlet icceived from 
the Sturtevant Engineering Company, Lim ted, of 147, 
Queen Victoria-street, E.C., illustrates and briefly de- 
scribes a new machine they are now making for crushing 
and sampling coal. The machine is intended to simplify 
the long, tedious, and unsatisfactory process of crush- 





ing snd questening sam of coal for the purpose of 
analysing it, cv) . practice of buying coal by 
analysis is extending, the machines will doubtless be 
well reveived. The ine consists of a vertical crush- 
ing-mill, into the hopper of which the coal is placed in 
pieces 3 in. in diameter or smaller. Opposite the dis- 
charge opening of the machine is placed a sampling 
spout, and this is arranged so that it diverts a certain 
percentage of the total product, including the correct 
proportion of coarse and fine material. The quantity re- 
moved may be 5, 10, or 15 per cent. of the whole, and it 
is claimed that the sample so obtained is a truly re 

sentative one. The machine is of massive construction, 
and is said to run without vibration on any kind of floor ; 
it can be adjusted so that the coal is crushed to any 


dimension between } in. and #in. The capacity of the 
machine is from 4 to 1 ton per hour, and o pene re- 
quired is from 1 to 2 horse-power. To render the interior 


easily accessible, the outer casing of the crushing chamber 
is divided diametrically in a vertical plane, and one ‘ 
which is binged to the other, can easily be orens k 
to allow any parts to be replaced and to enable the 
sampling spouts to be ; the two parts are nor- 
mally held together by a simple screw-clamp. 


Fire-Alarm Systems.—Messre Siemens Brothers and 
Co., Limited, of Woolwich, 8.E., have sent us copies of 
two pamphlets relating to their fire-alarm systems for 
towns and large industrial concerns. One of the pam- 
phlets deals with the firm’s ‘‘ Dial-Indicator” system, in 
which a call is indicated by the ringing of an anny 
and by the movement of a pointer round a dial to the 
number of the station at which the call has been made. 
The system is worked on the closed-circuit principl 
all the alarms being in series with the batter and 
indicator, so that the breaking of a wire, or the failure 
of the battery, is immediately notified at the central 
station. A call is given by pressing a button, or pull- 
ing a handle, at one of the street-boxes, and the effect 
of this is to start a clockwork m ism which 
interrupts the current a certain fixed number of times 
which differs for each box. For each interruption of 
the current the pointer moves one step round the dial, 
coming to rest finally opposite the number of the box 
from which the call originated. Permanent records of 
calls can be obtained by means of a Morse inker or 
punch register. All the apparatus used is illustrated 
and — described in the pamphlet. The other phlet 
gives full particulars of three other systems. first of 
these, known as the Morse system, is more suitable for 
very large installations where the calls are frequent. a 

whi 


calls ure, in this case, recorded by Morse in 

mark the code number of the box which has been operated 
on a paper strip, an alarm-bell being, of course, rung at 
the same time. The ‘orator system, next described, is 


very similar in to the Morse system, but rather less 
apparatus is required, and it is not adapted to receive so 
many simultaneous calls. In the one other system dealt 
with, which is known as the automatic repeating system, 
all calls are concentrated on one receiving ap) tus ata 
central station, and at the same time repeated to all sub- 
stations. Messrs. Siemens have also sent us a list of the 
installations they have supplied, mentioning in each case 
the name of the tewn or city, the population, and the 
system —. We note that in several cases systems 
have been designed to meet special requirements, 





MEASURING PRESSURE PRODUCED BY DETONATION OR 
Impact.—Abt the meeting of the — Society, held on 
November 27, a paper was read by Professor i. Hopkin- 
son, F.R.S., on “*A Method of Measuring the Pressure 
Produced in the Detonation of ery my or by 
the Impact of Bullets.” A steel t about 14 in. in 
diameter and 4 ft. long is suspended horizontally from 
strings so that it can swing in a vertical plane as a 
ballistic pendulum. At one end it carries an end-piece 
of the same diameter and several inches long. The end- 
piece is held on by magnetic attraction ; the surfaces of 
the joint are carefully faced. Ifa bullet be fired at the 
other end, a wave of pressure travels al the shaft, 
whose h represents the duration of the blow on the 
scale 1 in. = 5 x 10-° second approximate. The wave 
passes the joint without change and is reflected as a ten- 
sion-wave from end. If the length of wave ex- 
ceeds twice that of the end-piece, the tail of the pressure- 
wave will have passed the joint when the head of the 
tension-wave reaches it and the piece will fly off, having 
trap within it the whole momentum of the blow, 
leaving the shaft at rest. yb cg erg | with different 
lengths of end-piece and ing that which is just long 
——-— to stop the shaft, the duration of blow can be deter- 
mined. The end-piece is caught in a ballistic pendulum and 
its momentum vay 9 ;_ thus, nouns -_ time, the 
average pressure isdetermined. By using shorter pieces 
and finding the percentage of total momentum tra in 
each, the maximum re exerted ae | blow can 
also be found. Applied to investigation of the blow 
given by a lead jet, the method gave results in close 
accord with those expected on the assumption that 
bullet behaves as though it were liquid, the measured dura- 
tion of blow being nearly that required by the bullet tc 
travel its own . Measurements, by the same method, 
of pressures juced by detonation of a 1-oz. 4 — 
Eo that, at a distance of # in. from 
the su of the cotton, the pressure is practically all 
gone in sicson second, the average pressure during that 
period being about 25 tons per sq. in., and the maximum 
of the order of 45 tons sq. in. At the surface of the 
a Se duration of blow is probably eg 4 same, 
and the pressures, roughly, twice as great. bearing 
of these results on the shattering of ductile steel _ by 
the detonation of gun-cotton in contact with t was 
also considered. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
OATIONS UNDER THE ACT OF 1907. 

views in the i ings is stated 

iy A eee, given * mame yy Drawing po 

Srom abroad, the Names, éc., 

iven in italics. 

obtained at the Patent Office, Sales 

Buildings, Chancery-lane, W.C., at 


dyn ney oh Ad 0, 


ES wy op Ly 
‘atent on any of the grow in the Act. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


8179/13. Gaunder Sulzer, Winterthur and Lud- 
wigshafen - on - . L - 
Combustion Engines. (3 Figs) August 26, 1912.—This 
invention relates to an improvement in or modification of the 
invention set forth in 8 fication No. 10,914, 1910, as improved 
upon or modified by the invention described in Specification 
No. 28,698/1911. According to this invention, the valves control- 
ling the inlet ports through which additional air is introduced 
into the cylinder and the valves in the cylinder head for the 
admission of fuel and starting-air are so relatively to 
each other that they can be operated from a common cam-shaft 
without any intermediate pinions, belt-gearing or the like. The 
cylinder a has a cover b, and scavenging and charging-air is 
supplied through a pipe ¢, whence it enters the cylinder direct 
through slots c,a valve f controlling admission of additional air 
to the slots d. The cam-shaft g is, according to this invention, 
arran between the valve f and the valves 4 and n which con- 
trol the supply of fuel and starting air and are mounted in the 
cylinder cover. The control of the fuel-valve A is effected by 
means of a cam i mounted on the cam-shaft, which actuates the 














(6179) 





} 


Rvinien 


rod k and the lever 1, which, in ite turn, opens or closes the 
valve h. As the spindle m of the lever / is mounted eccentrically, 
by turning this spindle the fuel-valve can be rendered operative 
or inoperative in the well-known manner. The movement of the 
starting-valve n arranged in the cylinder cover is brought about 
in the same way as the operation of the fuel-valve h. The control 
of the additional air-valve /, mounted in the scavenging-pipe e, is 
also obtained by means of a cam mounted on the cam tg. 
Preferably the control of this valve is so arranged that the roller 0, 
which co-operates with the cam, is Nr posite the 
roller u, through which the fuel-valve is operated. results 
in the —- that the reactions of the rollers on the cam- 
shaft are entirely or largely balanced. The additional air-valve f 
is yy to open downwards, so that it must be depressed 
before it can be opened. In the construction illustrated, the 
movement of the roller o for operating the additional air-valve 
is magnified by the lever p,which by means of a head-piece acts on 
the valve-spindle r, so chat during a downward movement of the 


lever p the valve / is opened in —— to the ot a 
spring 8, which tends to close it. (Accepted October ? 1913.) 


| MINING, METALLURGY, & METAL-WORKING. 


seceeig, The Morgan Crucible Company, Limited. 


° ers, London. 
(3 Figs.) October 28, 1912,—This invention relates to crucibles 
for electric furnaces, and to that class of crucible which is of ordi- 
nary and which is made of a material which consti 
the which the electric current is caused to 
flow. According to invention, the 
nary crucible is modified in that it is 
integral with the body of th» cruci| 
greater cross-sectional area 








thar the section of the 





wherein the melting takes place, and being adapted for the 
direct attachment to it of one terminal of the electric cir- 
cuit. In the arrangement shown, the body a of the crucible— 
viz., a below say, the line A, A—constitutes the portion of 
the le to be heated, whilst the part b above the line A, A 
constitutes an upward continuation or extension of the body 
part a so that the crucible is taller than is uired for the 
weight of metal which it is designed to contain. is extension 
has the walls thickened, as compared with the a, 80 as to 
afford so much increased sectional area that when a current, 
which is sufficient for rendering the part a of the crucible incan- 
descent or sufficiently hot to melt the contents, flows through 
the extended portion }, it will not be sufficient to render 

latter incandescent. cis the furnace in which the crucible is set, 


and d the stand upon which it is mounted. e¢, / are the usual water- 
cooled rings forming the terminal of the electric circuit, the ring 
é being arranged round the stand d, and the ring f around the 
upper part of the extension portion of the crucible. When the 
crucible is intended for use in a tilting furnace it is advan- 
tageously constructed with a spout g, but when the crucible is 
intended for use in a stationary furnace this spout may be d 
_ with, although it is to be understood that the crucible may 

provided with a spout if considered advantageous. The essence 
of the invention, however, consiste in constructing an ordinary 
crucible with an extended upper part of larger sectional area than 
the lower part, so that such upper part will not become overheated 
when the lower part is rendered incandescent by the passage of 
an electric current through it. (Accepted October 1, 1913.) 


MOTOR ROAD VEHICLES. 


simited: Wed. Wea 3. ORehn S 

«J. iden, J. De 
Cc. F. Cleaver, London. Motor 
[6 Figs.] October 25, 1912.— This invention is for improvements in 
or relating to seats for use on road vehicles and other convey- 
ances, has for its object to provide for more easy and com- 
fortable travelling than has heretofore been possible. According 
to one feature of the invention, there are employed in combina- 
tion a flexible seat p ror ‘on ” and tension springs carried 
by the framework of the seat, the flexible seat per or “sling” 
being hung on said tension springs. The “sling,” according to 
the present invention, may comprise cross slats attached to 
canvas or like strips, and suitable horsehair or other pads may be 
provided at the es of the seat, or, ding to her feature 
of the invention, the seat proper or ‘‘ sling” may be composed of 
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interlaced coiled-spring or spiral-metal fabric, such as is used for 
ing mattresses, and, if desired, the edges thereof may be pro- 
ed with a leather or like binding. She comnteastioe shown 
comprises a framework A with a top cross-bar B and a front-edge 
cross-bar C. Carried by the cross-bars B and © is the seat proper 
or ** ae. in the construction illustrated, consists of slate D 
carried by canvas a E. The slats D are attached by riveting 
to the canvas strips, while the latter are preferab! 
the follo’ manner :— 
with a ee ing extension B!, and at the lower ed 
thereof, at intervals to correspond with the positions of the 
canvas strips, there are provided blocks B?, which may either be 
formed te from the cross-bar B, and be attached thereto, or 
may be formed in’ with the cross-bar. These blocks B? form 
recesses between ir upper face and the face B* of the cross- 
bar, and into these recesses the ends of the canvas strips E are 


ly attached to the 


General Omnibus Company? | oojjar flan 


e cross-bar B is formed | ha 





laid, after which blocks B‘ are placed in the and d 





up tightly to the extension B! of the cross-bar. The canvas strips 
are thus securely fixed to the cross-bar. A corresponding method 
the cross-bar C may be conveniently em- 


of fixing the strips to 
ployed. This bar C may be recessed as shown at C!, and a corre- 
spondingly-shaped strip C2 be fitted into this recess and secured 
to the cross-bar C after the eanvas strips have been laid in the 
recess. Instead of merely riveting the canvas strips to the slats 
D, either the top slat alone or together with others, if desired, 
may be as shown at D!, and blocks D? fitted into these 
recesses in the manner already described in connection with the 
blocks B4 and C2. The ‘‘sling” is not normally supported from 
the cross-bar B by the portions of the ary of eanvas E extend- 
ing between that bar and the top slat, but for this purpose tension 
springs F are provided. These tension springs are each attached 
at one end to the cross-bar B of the framework of the seat, and at 
the other end to the top slat of the “sling,” and are of such 
length and strength that they are normally sufficient to support 
any weight that the seat is to bear. The portions of the strips of 
canvas between the cross-bar B and the top slat are normally not 
fully extended, but when necessary they will act 2 
undue elongation of the springs F. The cross-bar B exten- 
sion B! may be ied as shown at B®, and the cross-bar C may 
also be correspondingly padded, as shown at O%. To protect the 
springs F from the weather, and from interference by the 
rs, a finger strip A! may be provided at the back of the 
ework A, so that the tension springs are enclosed between 
the extension B! of the cross-bar and this finger strip. (Accepted 
October 8, 1913.) 


SHIPS AND NAUTICAL APPLIANCES, 


21,409/12. Kelvin and James White, Limited, and 
M. B. Field, G ow. Navigational Sounding 
Apparatus. (3 Figs.) September 20, 1912.—This invention 
relates to improvements in navigational sounding apparatus, and 
has for its primary object to provide a sounder possessing the 
advantages attainable with chemically-prepared tubes, but free 
from the drawbacks associated with the use of tubes as heretofore 
employed. The ——— invention provides navigational sounding 
apparatus on ising a sheath or bell open for paseage of water 
at one end, and a prepared tube open at both ends and enclosed 
in the sheath or bell, the tube being adapted on ion of the 





is- | sheath or bell to indicate by the action of water on its prepared 


inner surface the height to which the water has risen in the bell 
or sheath around the tube when i d. The com- 
prises a sheath or bell 1 of brass, closed at the upper end, but 
open to admit sea-water at the lower end through a small inlet 
orifice. The bell forms the sounder proper, and into the same is 
inserted a pre glass tube 4, which in use is open at both ends, 
the tube serving merely as a marker for indicating how high the 
water has risen in the bell. The tube may, when packed, be 
closed at each end by means of a destructible capsule, to prevent 
deterioration of the coating. Each tube may be provided with a 
x ge, or the like, cemented to the tube, whereby the 
upper end of the tube is registered when in use st the 
same portion of the sounding-bell. When in ition within 
the bell, the tube is supported by a removable holder 5, retained 





ra ae | 
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within the lower neck portion of, the bell by means of a 
bayonet joint, the holder being provided with an internal 
spring which, reacting on a flanged sleeve engaging the 
tube 4, holds the tube pressed nst the upper end of the 
bell. The upper end of the tube 4 engages a facing on the 
cap 9, the said facing being formed with grooves to permit 
air to from the tube. Small holes may be provided 
affording communication between the lower cylindrical portion 
of the bell and the interior of the holder. The mode of operation 
of the device is as follows :—As the bell 1 attached to a line 
drops vertically into the water, the water rises through the 
orifice 2 in the bottom, compressing the air within the bell. 
The water similarly finds its way through the small holes, 
before referred to, into the holder 5, and thus rises in the 
interior of the glass tube 4 to the same level that it stands at in 
the bell. If the tube 4 be then removed and the distance indi- 
cated be measured off from the upper end, there is obtained a 
direct measure of the height to which the water has risen inside 
the bell, or rather the di 

8 been compressed. The bell may be provided with glass 
windows upon which the graduation scale is marked, so that by 
oe ae the windows against the light, the reading of 
the tube may be taken before removal of the same. It is pre- 
ferred, however, to fit or cast a scale 12 on one side of the bell, 
80 when removed, the tube 4 may be fitted inst the 
scale 12 and the reading be taken off, an abutment for the tube 
being provided at 13. (Sealed December 4, 1913.) 
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CEMENT-MAKING MACHINERY. 
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CULVER STREET WORKS, COLCHESTER, 
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See Advertisement, page =p 
PATENT WATER-TUBE BOILERS, 

AUTOMATIC FEED REGULATORS, 

And Auxiliary Machinery as supplied to the 
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James Russell & Sons; Ltd., 
Crown Tus Worns, WEDNESBURY. 
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Cs aig & Donald, Litd., Machine 
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A Mend of Machine Tools see our Illustrated 
Advertisement every alternate week. 1358 
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AGENTS WANTED throughout the Empire. 
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ngine and Suction Plant 
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echanics, expert supervision, quick re- 
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J. DAVIS & CO.. Gt, Eastern RA., Stratford, E: 1794 


Brett’ 8 Patent Lifter Co: 
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Bever, Dorling & & Oo., Ltd., 
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HY Pr py Ba io HAND, 
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arrow & Co., Ltd., 


a AND ENGINEERS, 
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PADDLE OR SCREW STEAMERS 


Exceptional Shallow Draught. 


ELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 
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kshi 
Yo shire (Copper Works, 
Tubes in Copper, Brass and 
Gunmetal. 


See last week’s Advertisement page 101. 
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Built complete with Steam, Oil or — 
Motors ; or Machinery supplied. Od 355 
VOSPER & CO., Lrp., Broap Street, ELE 
See Advertisement last week, page 4. 
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See page 78. 
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WEIGHING MACHINES. — 
ROAD SROIEEREING SOR. WORKS COMPANY, Limirsp, 
See Tus. Adve last last wi week, page 19, 3453 
P & W. MacLellan, Limited, 
. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &e, 
Ohief Offices: 129, Trongate, GLasaow. Od 8547 


London, E. es, Grain Elevators, &c. 
CLUTHA WORKS, GLASGOW. 
OF EVERY DESORIPTION. 
Registered Office : 108a, Cannon 8t., London, E.C, 





The B. A. R. Parallel 


SLIDE BLOW-OFF VALVE and 
THE BETALL RENEWABLE VALVE. 
Send for full descriptive pamphlets to— 

JAMES BALDWIN & OO., 
Devonshire Brass Works, KxiGHLty. 





of labour. No noise. sae 5 
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TREWENT & PROCTOR, Lv., Naval 
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vrithout guides). _Hand-worked or seit acting 


DAVIS & PRIMROSE, Lara, Eoursveen. 3024 
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les Limited, 


ENGINEERS, IRLAM, MANCHESTER. 


FEED WATER HEATERS, 
CALORIFIERS, KETTLES, 
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ROYLE'S SYPHONIA STEAM TRAPS, 
PAT REDUCING VALVES, &c. 


WATER SOFTENING, FILTERING. 1265 


ubes, Iron and Steel.. __ 
Edwin Lewis & Sons, sen 


148, Cannon St, EC. ‘Wolverhampton. 


lubes and ittings, 
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Stewarts and L}ovas LL. 
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, ‘See Advertisement page 30, 5743 
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[ ‘ocomotives in Stock.— 

KERR, STUART & CO., Lap., have in stock 
or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTIVES, with cylinders trom i in. to 16 in. 
diameter (inclusive), for all ery 18in, to 
ipo F ae “Bont -1 yap ART & O0., - 

Stree 


(Cranes ! (jranes ! (Sranes ! 


Butters Brothers & Co., 
GLASGOW. 


Makers of al kinds of Steam, Electric and Hand 
Power Cranes. 


Catalogues and Prices on application. 
See Advertisement, page 46, November 28. 


Y T the 
GOVAN, GLASGOW. 
London Office—12, Victoria 


AGO? or 
RAILWAY a. WAGON AND TRAMWAY 
WHEELS & AXL 


_ CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 


[taylor & (Shallen, L4: 


Presses for Sheet Metals ls, 


See Advert. page 19 last week. 
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'¥ 2trow's Patent 


Weer- -Tube Boilers 


THE MOST IMPROVED TYPE IS FITTED WITH 
FEED-HEATING TUBES AND SUPERHEATERS. 


For 
Glasgow (poptar. LONDON.) 9808 


»j ohn Bellamy, Limite 
MILLWALL, LONDON, 
GENERAL CoNSTRUCTIONAL ENGINEERS, 1216 
Boilers, Tanks& Mooring Buoys 
Sruis, Perro. Tangs, Aim Receivers, . 
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See AdverGnomant page 12. 
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Manufactured by 
STTERS Limirep, Engineers, Yeovil. 
See i Mllustrated Advt, every alternate week. 


He Wrightson & c 


LIMITED, 


See Advertisement page 42, Nov. 28. 2408 
ecanties Augustin Normand,ld., 
67, Rue du git Le Havre (France). DESTRO 
TORPEDO YACHTS UTS ant FAST > ERS, 
SUBMARINE: and SUBMERSIBLE BOATS, 
MACHINERY and STEEL WORK of all kings... . 
NORMAND'S PATENT WATER-TUBE BOI 
Coal or Oil Heating. More than 800,000 HP, reali 
“DIESEL” OIL ENGINE. All power required 
for Marine ~ Land Purposes, Feedwater Heatérs, 
Trap Eeyccte Feed Make-up Apparatus. Steam 
jectors. 3158 


Rubber MANUFACTURERS, 


Hose 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto Canada. 31538 


‘Vauxhall & West Hydraulic 


ENGINEERING OO., Lv. 
(SUCCESSORS to ALEX. WILSON & CO., Lr.) 
MARINE ENGINES (Screw & Paddle), HYDRAULIO 
MACHINERY, PUMPS, &c. Yorks: Luton, Beda. 
City Office, 45, ” Leadenhall Street, London, E.C, 8275 


Dredging Pisa 


OF ALL DESCBIPTIONS, 
FLOATING CRANES. COAL BUNKERING 
VESSELS. 


Werf Conrad, Ltd., JOVND 
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Agents: 
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MARINE WORKS, Lrp., Friars Hover, 
39-41, New Broap 8r., LONDON, E.O, 
See half-page Advertisement, last and neat week. 


(jentrifugals. 


Pot, (Saseels & ‘Williamson, 
MOTHERWELL, SOOTLAND. 


See half-page Advertisement page 64, Dec. 5, 
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Manchester Steam Users en Seen een [lenders are Invited for One| 7 AUNDRY ENGINEERS AND OTHERS. 

TION. 1“ The ig pth — INISTRATION of the Usion = Rene Saggy Overhead Bw PILLS, THE METROPOLITAN AS¥ ASYLUMS BOARD invite 
Prevention of Steam and uTu Arnica is to receive ‘or ticul 
the AttaiansntofEoonomy inthe of Steam. d fi the Supply of}: Electricity Works, Balk 8 103 [Tender s for the Installation of 
Obiet Engineer: E. STROMEYER, M.LOE L has pyle Le *oonct PY Seer cn en Nea aed REARRANGE. 
o. EB bay ie existing MACHINERY, &c. 

Founded 1854 by Sir W. FAmmsairn. Forms of Tender and § be obtained Now orth - ~ Eastern Railway.— | the Broo. Fever Hospital, Shooter's Hill, Woolwicn’ 
Certificates of Safety the Factory at, the Office of the HIG SonMissto: YER YOR THE rectors are to receive | in accordance with Drawings and fication pre- 
Workshops Act, 1901. Com for Damages and | Union or Sovrn Arrica, 32, Victoria Street, West- TENDERS tee te CONSTRUCTION of two TIMBER co Mr. W. T. Hatcu, M.Inst.0.E., M.LMech.F., 
Liabilities paid in case Engines and | minster, 8.W. The Drawings can be seen and eevee DOLPHINS and APPROACH GANG WAYS on the eer-in-Chief. The Drawings, Conditions of 
North and So.ith sides of the new West E Specification and Form of Tender may } 


at the above address. 





Ix Tue Hien Court or Justice. 1913 T. No. 071, 
Onancery Division. 
Mr. Jostwe JOYO! 
In the Matter of THE COME ANTES (CONSOLIDA- 


TION) ACT (1908), 
n the Matter of THE TRACTION & POWER 
SECURITIES COMPANY, Lro., and Reduced. 
otice is’ Hereby Given, 
that the Order of the High Court of Justice, 
Chancery Division, dated the 9th day of D ber,1913, 


JOSEPH CROSFIELD & SONS, Liurrep, 
WARRINGTON. 


TRANSPORTER BRIDGE OVER RIVER MERSEY. 
Corrract No. 1 


The DIRECTORS of Messrs, J. noc oe Aaa & Sons, Ltd, 
are prepared to rece 
f beens for the Works included 


in the i Contract.. The Works — 
dations, Docks, &c., for the Bridge, and Rai 





confirming the Reduction of the Capital of the above- 
named Company from £2,000,000 to £1,820,180, an: 
the Minute approved by the Court, showing ‘wit with 
respect to the Capital of the od yey wy as 
the several particu’ required by the above- aver 
Statute were Joe pry hes by the —_ gtr of Companies 
on the 12th da; of December, 19 

The said Minute is in the et and figures 
following :— 

“The Capital of the Traction and ey a 
Securities Company, Limi and Reduced 
henceforth #£1,829,180, divided into 100,000 
Preference Shares of £10 each (numbered from 
100,001 to 200,000), 14,590 Ordinary Shares of 
#10 each (numbered from 85,411 to 100,000), and 
85,410 Ordinary Shares of £8 each (num red 
from 1 to 85,410), instead of the former Capital 
of £2,000,000 divided into 100,000 Preference 
Shares of £10 each, and 100,030 Ordinary Shares 
of £10 each. 

“At the date of the registration of this 
Minute, all the said 85,410 Ordinary Shares of 
£8 each have been issued, and the full sum of 
#8 has been, and is to be deemed paid up on 
each of the said shares, and all the said IL, 590 
Ordinary Shares of £10 each, and 100,090 Preter- 


Sidings, &e., for the Approaches thereto. 

e Drawings of the Bridge may be inspected, and 
copies of the Specification, Bill of Quantities, and 
Form of Tender may be obtained, at the Office of 
Mr. W. H. Hunter, M. Inst.C.E., 42, Spring Gardens, 
Manchester, on and after Friday, the 19th instant, on 
the payment of the sum of ‘£2 2s., whieh will be 
returned on the receipt of a bona fide ‘Tender. 

The Tenders are to be enclosed in sealed envelopes, 
endorsed “Tender for Transporter Bridge, Contract 
No. 1,” and addressed to The SECRETARY, Messrs. 
J. Crosriztp & Sons, Ltd., Bank Quay, Warrington. 
The Tenders should be delivered at Messrs. CRos¥IELD's 
principal Offige before Ten a.m. on Monday, 12th 
January. 1914. 871 


COUNTY BOROUGH OF SOUTHAMPTON. 
REINFORCED CONCRETE QUAY. 





The Corporation invite 


Trenders tor the Construction 


of a REINFORCED CONCRETE QUAY, at 

their Whart, at Chapel, Southainpton. 
Detailed Plans and Conditions of Contract, may be 
i and § fication, Bills of Quantities, and 





ence §) 3s of £10 each are and 
nothing has been cr is to be deemed paid up on 
any of such shares.” 
Dated the 16th day of December, 1913. 5 98 
SURTEES, PHILLPOTTS & 
6, St. Helen’ 8 Place, London, E.C., 
for the Company. 


MARTELL SCHOLARSHIP IN NAVAL 
ARCHITECTURE, 1914. 
- ° A 
A Scholarship, of the Annual 
value of £100, and subject to certain con- 
ditions, tenable for three years, will be OFFERED for 
COMPETITION by the Council of the Institution of 
Naval Architects. 

Candidates must not be less than 15 nor more than 
21 years of age on 1st March, 1914, and must at that 
date have been continuously employed for two years 
upon naval architecture or marine engineering. 

Further particulars and forms of entry may be 
obtained from the SECRETARY of the Institution of 
Naval Architects, 5, Adelphi Terrace, London, W.O. 

Applications must be sent in by Ist February, a 


[the Murdoch Trust. 


For the oS ot IN NDIGENT BACHELORS and 
WIDOWERS of Good Character, over 55 years a 
who have _ connote og = ba way of Prom: 
or Helping some t branch of ag aie 

ti or P n gran to persons 

cae ome with these conditions. 
For particulars, apply to Messrs. J I.&J, —— L, 
W.S., 58, Frederick Street, Edinburgh. R 897 


[st C.E. _E. and all eed 
Assoc, M. Inst. O.E., _F. 1 Meh Bon PR 
TES or Pig ree 
aw 
[ost C.E., Inst. Mech. E. 


no Png phn emg coac by practical 
1.C.E. successes 221 out of 244, i 

Sables so Prive. Feb. A.M.LO.E. ‘pro: 
* Write tor 


Special features for forei 
booklet. &c.— Address, , Offices of ENGINEERING, — 


Penningtons’ Engineering 


386, AS 

Let alte Ta Bet one 

in Internal Combustion ., Motor and Aero 

Design, Elem. Eng. and Maths, 2967 

Me. r. A. KleminSchmidt, B.Sc, 
Hons. 

in 


Lonpon, A.C.G.L., Int. B.A., 

for the e INST. © E, INST ez 

en ne highest efficiency with real vidual 
atten 

oo since January, 1911:—65 Passes anp 8 

3490 


“All enquires aa to courses of study ful and care- 
tully answered.—20, Lexham Gardens, Karl's Court. 





























TENDERS. 
TO STEEL PIPE MANUFACTURERS. 


THE a OF “THE SHEFFIELD UNITED 
LIGHT COMPANY ppl 





Form of Tender obtained, at the Borough Engineer's 

Office, upon production of the Borough Treasurer's 
receipt for a deposit of £2 2s. 

Deposits will be returned, after the Council have 
dealt with the Tenders, to Contractors who have 
submitted bona-fide Tenders. 

Sealed Tenders, endorsed ‘‘ Tender for Construction 
of Quay,” mut be delivered at the Town Clerk’s 
Office, by Twelve o'clock, at Noon, on the 13th 
proximo, 

No pledge is given to accept the lowest or any 


Tender. 
R. BR. LINTHORNE, 


Town Clerk’s Office, Town Clerk. 
Municipal Offices, Southampton. 
15th December, 1913, 873 





TEDDINGTON URBAN DISTRICT COUNCIL. 


SEWAGE DISPOSAL AND REFUSE DESTRUCTOR 
WORKS, BUILDINGS, CHIMNEY SHAFT, 
SEWERS, &c. 





The Council are prepared to receive 


[lenders tor the Completion of 


WORKS under Contract No. 1, comprising : 
Buildings, Chimney Shaft, Sewers, Manholes, Connec- 
tions, Roadways, and other Works. 

The Drawings and Specification may be seen and 
Bills of Quantities obtained, on application at the 
Office of Mr. MarsuaLt Hatnswortu, Surveyor to the 
Council, Public Offices, Teddington, and the payment 
of a crossed cheque for £5 5s., which deposit will be 
otnemet on receipt by the Gouncil of a bona Side 

er. 

— of the Drawings, Specification, &c., may also 
be i ted at the office of Mr. Winiam Falr.ey, 
M.Inst.C.E., Parliament Mansions, Westminster. 

Sealed Tenders, on the Forms provided by the 
Council, are to be delivered to the undersigned not 
later than Noon, on Saturday, 3rd January, 1914. 

The Council do not bind themselves to accept the 
lowest or any Tender. 

H. SALMONS, 


a. 
Clerk to the Council. 
Public Offices, Teddington, 
Srd December, 1913. R 963 
CORPORATION OF DARLINGTON. 


ALBERT ROAD GAS WORKS. 





Contract No, 4. 
STEELWORK, 

The Corporation | of t Darlington invite 
(['enders for the Erection of a 
COAL STORE ROOF, RAILWAY 
at their 


«ec. 


EEL 
GANTRIES, INSPECTION CHAMBERS, &c., 
Gas Works. 

Persons desirous of Tendering may obtain a Form 
of Tender and a Oopy of the Conditions, Specification 
and Drawings, on application to Mr. Frank P. 
Tarratr, Gas Works Engineer, at the Gas Works, on 
payment of the sum of £2 2s. (which will be returned 
upon a fide Tender being a 
the Drawings may be i tween the hours 
20th December, 1913. 

The Person or Persons whose Tender is accepted 
will be required to enter into a formal Contract, of 
which the Conditions, Specification and Drawings 
above referred to will form the basis (and from which 


no di re will be allowed), for the due fulfilment 
of his or their undertaking. 
The Person or Persons whose Tender is accepted. 


oo gh Bo. po hag , to find two good 
and substan’ sureties, to the Ng oy fn 
Corporation, who are willing to be jointly and 
severally bound with the Contractor in a sum equal 
to 20 ress - = s Contract for the due fulfilment 
according to the terms of the bond to be 
seen at the Office of the undersigned, or at the Gas 


rflenders for tke Supply and 
DELIVERY of 30in., i, Sie, opty andl 
STEEL GAS MAINS for their Works. 
Pektaieel apes yon Be and Form of Tender may | thereof, 
be oe upon application the Engineer, Mr. 
J. : ee, Dina CR at at the Company’s = 
ies, Commercial Stent, Saatiel themselves to accept the 


lowest or any Tender. 

Sealed Tenders, endorsed ‘‘Tender for Stee! Mains,” 
must be delivered by bag to Mr. Hanevury Tromas, 
ng Director, not later than 


the first 
ne ae) 6th rom Bay 1914, oi 
WM, HAMBY, 


The Corporation &o not bind themselves to accept 
the lowest or any Tender, and all Persons tendering 
must do so at their own cost. 

Tenders must be sealed and endorsed with the words 
“ Tender for Steelwork, &c., Contract No. 4,” and be 
delivered before Noon, on 7th January, 1914, addressed 
to the undersigned. 


H. G. 
Town Clerk. 





Ocm mercial Street, Sheffield, °. % 
13th December, 1913. s 





Hi Darlington, : 
ou 
one Destasbee, 1913," $70 


delivered), where | 
of Ten am, and Five pm. o’clock, om and after’ 





West Hartlepool.. Plans may be seen, e copy of 
the Specification obtained on 

only to Mr. CHARLES Watson, the Company's Docks 
Engineer, Dock Office, Hull, on and after Ten a.m., 
<. Monday. 22nd December. 1913. Sealed Tenders 


be delivered at the Secre "s Office, York, not later 
than Noon on Monday, 5th January, 1914. The 
Directors do not bind themselves to accept the lowest 


or any tender. 
F. DUNNELL, Secretary. 
_ York, 11th December, 1913. 8 Sl 


orth - Eastern Hailway.— 


The Directors are receive 





TENDERS for the CONSTRUCTION N of a 2 TIMBER 


UAY at the North end of the Old Harbour’at 
tlepool. Plans may be seen and Copy of the 
Specification obtained on personal application only, 
to Mr. C4ARLES Warson, the rp ea 's Docks En- 
ineer, Duck Office, Hull, on and after Ten a.m., on 
onday, 220d December, 1913. Sealed itt en- 
dorsed “‘ Tender for Timber Quay, Hartl 
delivered at the Secretary’s Office, York, 
than Noon on Monday, 5th January, 1914. The 
Directors do not bind themselves to accept the 


lowest or any saree 
F. DUNNELL, Secretary. 
York, 11th meee... 1913. 8 76 


ABERDEEN HARBOUR. 
EXTENSION OF PROVOST MEARNS’ QUAY 
SOUTH. 





The Aberdeen Harbour Com: Commissioners are prepared 
to receive 


enders for the Construction 


of a TIMBER WHARF, about 600 ft. long, and 
Relative Works, on the North Side of the River Dee, 
within the Port of Aberdeen. 

The Contract Drawings may be seen at. the Office 
of the undersigned between the hours of Ten a.m, and 
Four p.m. (One p.m. on Saturdays), on and after 
Thu y, 11th December, 1913, and Copies of the 
Specification, Conditions of Contract, Schedule of 
Quantities, and General Plan and Sections, may be 
obtained by bona jide Offerers. 

Tenders, endorsed ‘‘Tender for the Extension of 
Provost Mearns’ Quay South,” are to be lod; with 
the undersigned not later than Twelve o'clock Noon, 
on Monday, 29th December, 1913, 

The Commissioners do not bind themseves to accept 


the lowest or any Tender. 
R. GORDON NICOL, 
Engineer. 
Harbour Engineer’s Office 
Aberdeen, 11th Deceniber, 1913. 


MUNICIPALITY OF CITY OF WARSAW. 
PUMPING ENGINES.—WARSAW WATERWORKS. 


[ihe Delivery and Erection 


in working order of TWO VERTICAL COM- 
POUND ENGINES, with Plunger-Piston or Differential 
Pumps; or of TWO TURBINES, with Gentrifugal or 
Turbo-Pumps. each capable of delivering 500 Litres 
per second (6600 gallons per minute), at lifts between 
and 37 Metres, the normal lift being 31°5 Metres, 
with Travelling Crane and Accessories, is TO BE LET 
by PUBLIC COMPETITION. 

A Copy of the Conditions and Form of Tender, in 
English, with Plans giving the necessary data, can be 
obtained from the Comite pE LA CANALISATION ET 
D'ALIMENTATION D’EAU, Hotel de Ville, Varsovie, on 
payment of Five Roubles. All further information 
will be given on enquiry‘at the above Office, or at the 
Office of the Engineer-in-Chief, Sir Wimulam H. 
Linbiry, 29, Blitteredorfisplatz, Frankfort-on-Maine. 

Tenders, with a receipt certifying the deposit of the 
caution money to the amount of 20,000 Roubles in 
cash, or Russian Government securities in the City 
Treasury, to be handed in, sealed and post-paid and 
endorsed, ‘‘Tender for the Delivery of Two Steam 
Engines (or Steam Turbines) with Pumps for the 
Koszyki Filtering and a Station of the Warsaw 
Waterworks,” addressed HE PRESIDENT OF 
THE CITY OF WARSAW, Hotel de Ville, Varsovie, 
not later than One p.m., on the 16th February, 1914, 
when they will be opened in the presence of the firms 
tendering, or of their representatives. The Tenders 
remain binding for three months after date of opening. 
- Tenders not in accordance with the litions, 
neomplete, or han ded in too late, will not be taken 
into consideration. R 997 


CITY OF OTTAWA. 
DOMINION OF CANADA. 


TENDERS FOR STEEL PIPES, 


ealed Tenders, in duplicate, 


addressed one copy to the City Clerk, City of 
Ottawa, Canada, and the other to Sir ALEX. Binnie, 
Sox, & a St. Stephen’s House, Westminster, 
London, and .endorsed ‘*Tender for Steel 
Pipes,” ‘lll received until Four p.m., on Tuesday, 
the 3rd February, 1914, for about 42 miles of 
STEEL PIPE, 54 nehes internal diameter, about 32 
miles of Steel Pipe, 58 inches internal diameter, and 
about 11 miles of Steel Pipe, 51 inches internal 
diameter. 
Forms of Tender and Specification may be obtained 


Sm ALEX. BINNIE, SON & DEAOON, 
St. Stephen’s House, 
ictoria Embankment, 
London, 8.W., 

or from the City Engineer of Ottawa, on and after 
the bervaegers on receipt by them of a cheque to 
the value of $500, made out to the City Treasurer, 
City of Ottawa, Canada, which sum will be returned 
on receipt of a bona-fide Tender. 

The lowest or an 

Tenders 


8 61 











ed at the Office of the Board, Embanknic:) 
Ea onand after Tena.m., on Monday, 22nd Decer ier. 
1913, and can then be obtuined upon payment .° 2 
deposit of £1. ‘The amount of deposit wii ». 
returned only after the receipt of a bona jide Te: i 
sent in accordance wi ons on the Form 
of Tender and after the Drawings and the other do. \:. 
ments have been returned. 
Tenders, addressed as noted on the Form, musi be 
delivered at the Offices of the Board, not later t han 


2.30 p.m., on Wednesday, 14th January, 1914. § 120 
By Order, T. \UNOOMBE [ANN, 
17th Desnivbar: 1913. Clerk to the Boned. _ 





FOR SALE, BUSINESS of the WALKER TANNA 
IMPROVED BEARINGS (1910), Leo. w in 
Liquidation),' of Great Jackson Strect, West 
Gorton; Manchester. 


[lenders are Invited for 


whole ASSETS of the above Derpeny. | inc 
eee? Plant, &., amountin r valuation 
dated 8 th December, 1913, to £1700. *s k in Trade 
valued at £326 12s. 3d., British and Foreign Pat. 
Rights and Goodwill. 

If desired, Tenders may be made (1) for the above 
Assets, excluding the whole or any portion of the 
Patent Rights, or (2) for the Patent Rights alone or 
for any portion thereof. 

The Buildings are Leasehold, and have been part!) 
ge by tenants. The rent is £45 per annum. 

mAs ae of Inventories and Schedule of Patent Rights 
may be seen either at the Liquidatay’s or at the 

Works at Great Jackson Street, Manchester. 

The highest or any offer may not be actepted, 
Tenders must be made on forms, which will be 
ety by the Liquidator, and must be lodged 
him nof later t 16th January, 1914, marked 
** Tender for Walker, Hanna Company.” 








Further information may be obtained from the 
Liquidator, HAROLD J. MACLEISH, C.A., 156, St. 
Vincent Street. Glasgow. S90 





COUNTY OF LONDON. 
THE LONDON COUNTY COUNCIL invites 


[lenders for the’ Supply of 


Six 5-ton Steam Commercial MOTOR WAGONS 
fitted with Jib Cranes, and Two 2-ton Petrol MOTOR 
WAGONS, 

Persons desiring to submit Tenders can obtain the 
Plans, Specifications, Form of Tender, &., on applica- 
tion to the Clerk of the London Oounty Council, 
County Hall, Spring Gardens, 8.W., upon payment 
to the Cashier of the Council of the sum of £1. This 
amount will be returnable only if the Tenderer shall 
have sent in a bona fide Tender, and shall not have 
withdrawn thesame. Particulars of the work may be 
obtained on personal application, and the Specifica- 
tions and other Contract documents may be inspected 
at the County Hall before the Pay ment of the fee. 

The Contractor will be bound to pay all workmen 
employed by him in and about the execution of the 
Contract, or any part thereof, wages at rates not less, 
and-to observe hours of labour not ter, than the 
rates and hours set out in the Council's List, and such 
rates of wages and hours of labour will be inserted in 
and form part of the Contract by way of Schedule. 
Particulars of the Council’s Standing Orders on these 
matters are given in the London County Council 
Gazette. 

Tenders must be upon the Official Forms, and the 
instructions therein must be strictly complied with. 

No Tender received after Eleven a.m, on Tuesday, 
8rd February, 1914, will be considered. 

The Council does not bind itself to accept the lowest 
or any Tender, and it will not.accept the Tender of any 
person or firm who has withdrawn a Tender after 
same has been opened, unless o reasons for the 
withdrawal were at A the Council. 

ENCE GOMME, 


Clerk of the London County Council. 
Come, Hall, Spring Gardens, 8.W. 
17th h December, 1913, 8123 








APPOINTMENTS OPEN, 


TECHNICAL AND SCIENCE SCHOOL, STOREY, 
INSTITUTE, LANCASTER. 


[{cadmaster of the Technical 


and Science School REQUIRED. Candidates 
must possess an University Degree, or its equivalent 
in Engineering (Electrical or Mechanical), and have 
had teaching and organising oo vow! 
£230 per annum, rising, at the end of two years, to 
£250 per annum.—Forms of application and parti- 
culars will be forwarded, on receipt of stampe 
addressed envelope(roy: al octavo size), by Si ETARY 
FOR EDUCATION, Town Hall, Lancast«: 8 64 


RUTHERFORD MUNICIPAL TECHNICAL 
COLL 





NEWCASTLE-UPON-TYNE. 





PRINCIPAL : 
C. L. ECLAIR-HEATH, Wh.Sc., A.M.1.M-E. 


APPOINTMENT OF A SENIOR LECTURER IN 
ENGINEERING. 


Commencing Salary £200 per annum. 





The Council of the above College invite 


A Pplications for the Above 


APPOINTMENT from gentlemen having zood 
works and drawing office experience, first-clas- tcc h- 
nical school training, training in engineering 
tory work, and some teaching experience in ©, 
evening work. ~ 
The appointments a full time ee i { _ y 
jons shoul 
ax and rene pontiy eves ae wen we =. Deemer, on mr 
which. with ag tapers Ahoy may be obtaine{ rom 
e undersign ‘a - = 


Education Office 
ema? pear Newcastle: upon-Ty! ate 


er, 19 
ee in @ Midland 


Webs.¢ stceben Bevin ENGI EE 
— Address, Gating age, wages and experien: “ 
Offices of ENGINEERING. 


ry 




















ler 


the 
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dates 
alent 
have 
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rs, © 
parti- 
1 iped 
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ENGINEERING. 














Datents. — Messrs. Va fe 


and SON, ay ieee Wee tenneeet Col 
, 57, 
see ‘tion of business connected with ih Letters Patent 
for Inventions. “* A Guide to Inventors,” es 
Es tablished 1858. 





Datents, Manchester.—J ohn 

G. WILSON & CO., 55, Market Street, 
Ch: artered Patent Agents and Consulting Engineers. 
Est. se. memraminnin siete ee. 3594 


N otes on the Patents and 

DESIGNS ACT, 1907,” by Messrs. LLOYD 
WISE & OO., Chartered Patent Agents, can be | E 
obtained from their enilting 10, sprpatengs.:. Lincoln’s 
Ino, | W.O, Price One Sh 3449 


6 ‘ ({uide to Bateate, Trade 


Marks and »” SixtH Eprrion, 1913. 
Send immediately for free copy, giving full and up-to- 
date information. Chapters on ‘‘ How to Patent an 
Invention,” ‘* Warnings,” “Successful “inventions,” 
“Value of Foreign Rights,” “‘How to Exploit,” &. 
Inclusive fees for this: Country and abroad.—J. & 
WITHERS & SPOONER, Chartered Paten 
$23, Hien HoLsorn, Losvon, 














PUBLICATIONS. 
ooks. — ‘ Journ. Soc. Teleg. 


Engs. and Elecs.,” to 1912. 39 vols. £12 12s, ‘‘Proc, 
LMech. E.,” 1881 to 1912,£12 12s. 100,000 Booksinstock, 
State wants.—BAKER'S, Booksellers, Birmingham. 











Books, Second-hand, on 
Engineering, Technical, and all ie sahiinte, 
Books bought. Catalogue tree.—W. & G. . FOYLE, 
135, Charing Cross Road, London, W.C. 2986 


PATENT-RIGHTS ; 
THEIR ACQUISITION AND MAINTENANCE. 
A Concise Summ of the Princi Facts with 
which Inventors, Manufacturersand others, interested 
in the Protection of Inventions, should be acquainted. 
G. G. M. INGHAM, 
Mem. Iver. M.E., Assoc. Mem. Inet. C.E., Fei. Ca. Inst. P.A. 
CROSBY LOCKWOOD & SON, 3257 
7, Srationgne’ Haut Court, LONDON, E.C. 
Revised Edition, price “ 6d. ; by post, 1s. 8d. 








IMPORTANT NEW ISSUE. 
BRITISH ee er anaes CODED LISTS 


Dealing with all sais ‘aa standardised by 
Standards 


ene Committee. 


OODE, by Oxnas. 8, Lage, A.M.I. 
Mech. E. OARRIAGE WAGON and PERMANENT 
WAY OODES, by Sipnay Sronz, M.1. Mech. B. 
Price £5 10s, net. 
Full particulars from the Publishers :— 3534 
ROBERT AT eS LTD., 
19, Ludgate Hill, 








WANTED, &c. 
TMhe Owner of British Patent 


No. 11903, A.D. 1911, “‘An Improved Mill for 
the Wet-Grinding of Soja Grains” (Yu Ying’ Li), is 
DESIROUS of ENTERING into ARRANGEMENTS, 
by way of License or otherwise, on reasonable terms, 
for the purpose of exploiting the same and ensuring 
its full development and practical working in this 
Country.—Full information will be supplied -_ behalf 
of the Owner), upon application to ARTHUR E, 
EDWARDS, Chartered Patent Agent, Ceanouy Lane 
Station Chambers, London, W.C. $141 


ihe Proprietors of the Patent 


No. 329, of 1907, for ** Improvements in, or 
Connected with Cages for Ball Bearings,” are 
DESIROUS of ENTERING into ARRANGEMENTS 
by way of License and otherwise, on reasonable terms, 
for the purpose of exploiting the same and ensuring 
its full development and practical working) in this 
Countr All communications should be addressed to 
HASE! TINE LAKE & CO., Chartered Patent A 
and iting Engineers, 28, Southampton Buildings, 
Cha Lane, London, W.C. 8 162 








the j roprietor of the Patent 
No. 432° of 1910, for “‘ Improvements in Water 

Tube Boilers,” ig DESIROUS of ENTERING into 
ARRANGEMENTS by way of License and otherwise 
on reasonable terms for the pur of exploiting the 
same and ensuring its full development and practical 
working in this country. 

_All ccinnvunieations te HASELTINE, LAKE & CO., 
Chartered Patent Agents and Consultin Engineers, 
28, SOl THAMPTON BUILDINGS, HANCERY 
LANE, LONDON , Ww. be 8s a i 


y Vy 


bbe Pees of Liskin 


“~ _ Patents Nos. €37, of 1911, relating to ‘‘ Anti- 


ion Bearings,” and 1205, of 1911, relating to 
_, “achines for Forming Grooves and the Like upon 
sides of Rollers,” DESIRE to DISPOSE of the 


ENTS, or to Grant Licences to interested parties 

easonable terms with a view to the adequate 
‘ing of the Patents in this Country. 

nn iquiries to be addressed to CRUIKSHANK and 

RWEATHER, Lrp., 65-68, Chancery Lane, 

ion, W.C, 8 157 





T]he ‘Progidetos of Letters 


Patent No. 557, of 1911, relating to “ Improve- 

‘ts in Machines ‘tor . Fo ‘orming Gear Teeth by 

> Jing,” DESIRES to DISPOSE of the PATENT or to 
be nt Licenses to interested parties on reasonable 
os with a view to the adequate working of the 


ent this Country. 
“nquiries to be addressed t 
CRUIKSHANK & PAIRWEATHER, Lrp., 
65-06, Chancery Lane, wis 
, WC. 





CHARLES GRIFFIN & Co., Ltd. Publishers. 





WORKS ON ELECTRICITY. 


CENTRAL ELECTRICAL STATIONS (Design, Organisation, and Management). By C. H. 
Sreconp Epirion. 24s. net. 
ELECTRICITY 2 WETERS, By H. G. SoLomox. 16s. net, 
TRANSFOR mere. Prof. H. Boutr and Prof. D. Rosertsox. 21s. net. 
ELECTRIC CRANE CONSTRUCTION, By G.A¥. iit, AML C:E. 2 net 
ELE eical PHOTOMETRY. f. H. Bouux, M.LE.E. Fully Illustrated. 10s, 6d. net. 
ELECTRIC SMELTING AND REFINING. By Dr. W. Borcugrs. Translated by W. G. McMinuay, F.LC. 
SEco: fe 3 2is. net. 
ELECTRO-METALLURGY. :, Warame G. McMuuax, F.LC., F.C.S.  Tamp Eprrox, Revised and 
a arte y W COOPER. y8vo. 12s. net. : 
BLECTR CAL _PRACTICE i COLLIERIES. at Prof. D. Burys, M.E. Cloth. Turp Eprriox, 
is. net. 
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DIE FORGING 
AND 
THE CONSTRUCTION OF DIES 
BY 


JOSEPH G. HORNER, A.M.I. Mech. E. 


WITH 778 ILLUSTRATIONS. 


This Volume is based upon various articles which have appeared in ‘‘ Enoiveerine,” bu the matter 
has been collated, re-arranged under suitable headings and revised. This is the only attempt yet 
made to deal with the subject of Die Forging in a comprehensive and fairly exhaustive manner. 


Lonpon : 
Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 


ichell’s British Patents for W ell-Equipped Factory of 


“Film Lubricated Thrust and Journal Engineers in London, is OPEN to. QUOTE 
Bearings,” are Nos. §75/05, 23496/11, and 8835/12. for the MANUFACTURE of small, accurate machinery 
His Agent in Great Britain is :— and apparatus of all kinds; repetition work a 
H. T. NEWBIGLIN, A.M.Inst.C.E., speciality ; best workmanship guaranteed. —Address, 
8, St. Nicholas’ Buildings, 896, of ENGINEERING. 
Newcastle-on-Tyne. ercnmearinincahipemears 


eee EP eeee 90 TADUTDENY Filly’ eats Naval Architect - . Engineer, 


" . mS 7 with exceptional experience and a few months 
he Proprietor of Patent inhana, is PREPARED to UNDERTAKE, on moderate 
No. 7144, of 1908, for “‘ Improvements in Ball or 


terms, citer at — or abroad, DESIGNS, Specifica- 
” tions, Inspections, Reports, &c., relating to any type 
Roller Bearin, is DESIROUS of DISPOSING of the 
PATENT RIGHTS or of negotiating for the Grant of — .— Address, S 88, Offices. of 
Licenses to work thereunder.—For particulars, apply 
to G. F. REDFERN & CO., Chartered Patent Agents, 
15, South Street, Finsbury, London, E.C. 8 101 


o Steel Castings Manufac- 
turers.—The Owners of British Patents No. 11900, 
of 1911, 14234, of 1912, and 29720, of 1912, all relating 
to “Im vements in Steel Castin 8, are DESIRO 
of ENTERING into NEGOTIATIONS with one or 
more Firms in Great: Britain for the porpore of ex- 
— the above Inventions, either by Sale of the 
atent Rights, or by granting licenses to manufacture 
under royalty.—Enquiries -should be addressed to 
Messrs. ABEL & IMRAY. Chartered Patent -. 
of 29, Southampton. Buildings, London, W.C. 


Heimer cos Works O 








Nentleman, with Offices in 


Westminster, sites as agent and with good 
connection, and training as a buyer for engineers, 
also doing small amount profitable business, DESIRES 
to JOIN with ANOTHER, with established connec- 
tion, as Agent or Merchant.—Address, R 600, Offices 
of ENGINRERING. 








[7 and Steel.—Progressive 
Energetic Belfast Firm, of excellent financial 
standing, with first-class connection and warehouse 
ae, is WILLING to REPRESENT firm 





Shasta i. ‘&c.; no sub-agency considered.— 


8 133, Offices of Encinerrine. ’ 








ee CONTRACTS ; 3 Bigs: ve ns elnavpbshdhunearenlafaiceyetnite 
; modern , capable to handle 
bn up to 10 SO 18 tons Grom the and Mining Tools, Rock - boring 
pacha egy Sener: He tay B, emgiowy } HINES, DRILL STEELS. aa 
work of any amount up to ,000 per smpee “Wire Of eve’ description. Prompt delivery. 
ertising Offices, : 


WANTED «throughout the Empire. 


Write, 1135, Sens’ Adv. 
London. 


pak pow wre tosatisfy local requirements of shipbuilders | carried 


MOTIVE ENGINES, of any size, and ‘Steam 
and Hand ORANES. Advertiser is 
purchase these either in good condition, or di 
for rebuilding purposes. Also rchager * of 
Gocutptons ot Second-hand Plant, Railway and other= 
Wagons.—JNO, F, WAKE, Gereva Wagon and En- 
gineering Works, Darlington. 8 se 


(\ylinders Re- Ground (steam, 


petrol), new pistons fitted.—GRADIOR 
MACHINE O0.. Stafford. blished 20 years. 


Wanted, Good Second-hand 








ca. 4 metres, with one tool slide and loose h 


WING AARDS JEnwsTOnRRIER, Bergen, Norway. S869» 


Wintes, Good Second- hand 


LOCO., four-wheel couple, 14 in, cylinders 
preferred. —BState price and full particulars, BRADLEY 
AND SONS, Darlaston. 8 108 











AUCTION SALES. 


Weestiez Kirk, Price & Co. 


(Established 1850.) 
Auctioneers 


anp VALUBRS OF 2su6 
ENGINEERING WORKS, PLANT AND STOCK, 
46, WATLING STREET, LONDON, E.0. 
16,, ALBERT SQ, 26, COLLINGWOOD S8T., 
MANCHESTER, NEWCASTLE-ON-TYNR. 
Telephones & Telegrams at each Address. 
aes 





> 





FOR SALE, 


ining Tools, Rock-boring 
MACHINES and DRILL STEEL, 
stocks.—Prompt Delivery.—THE HARDY PA 
PICK O0., Lrv., Sheffield, England. Od 2 





Ballast Wagons for Sale or 


HIRE. 
HURST, NELSON & CO., Lrp., 
MOTHERWELL. 


fe Sale or Hire, Dredgi 
PLANT, Hop new and second 

Tugs and Marine Boilers, all built under Board-of-Trade 

survey. —-MILWARD, Naval Architect, Swansea, 8549 


Springs by Return of Post: 

There is no uncertainty—we make what 

want and at the right fest 
IP.8 ER & 00., Lr. 








Ker Immediate Delivensi 


New EXCAVATOR, with a capacity of 250 to 

800 cubic metres per hour. at a depth of 12 metres. 

GEBRUDER SACHSENBE A.G., 81600 
Rosslau/Elbe, Germany. 


$e 


Fe “Immediate Delive 


10ft. Boring and Turning Mill ; 6ft. Radial 
Machines ; four sizes Vertical Drills; 4 x 2x2 Planing 
Machine ; Brass Finishing, Wheel Cutting and Gen’ 
Machines; also 4 and 7} in. Slotters. — JAM 
SPENOER & CO., Lrv., Chamber Ironworks, eae 
wood, Manchester. 


G team- -Electric | Goneratlaie 


SETS for immediate SALE. Four 100 KW. Seta, 
Belliss-Siemens, 220/250 volte; Engines two-crank 
compound. 825 KW. Sets, Belliss-B. T.-H. ; 

nes three-crank compound, 220/250 volts, Motors 
three-phase, 60 periods, 5/50 HP., 500 volte; and 


“ile aa oe licati All in guaran 
t on application. n teed 
workin tion. 

JENNINGS, West Walls, Newcastle-on-Tyne, 


e Have in Stock, Ready 


for Immediate Delivery, 
One BOILER, 30 ft. by 9 ft. 6 in. by 160 Ibs, W.P.; 
One BOILER, 380 ft. by 8 ft. 6 in. by 180 Ibs. WLP; 
Three BOILERS, 80 ft. by 8 ft. 3 in, by 160 Ibe, W.P. 
Also other running sizes, and the following Second. 
hand Boilers: Three Economic, One Robey, and Two | 








Water-tube BOILERS. 3517 
JOHN THOMPSON, Wolverhampton, Eng. |} 

FOR SALF. a 

- 


Set of “ Krom’s” Patent ROLLS (Bowes, Scott and 
Weston), with rolls 1 ft. 8 in. wide, conical cones 
1ft. 9}in, diam. fitted with outside shells 2in. thick. » 

Set of Lamberton’s Improved Heavy Type ROLLS, , 
rolls 2 ft.wide, and outside shells 14 in. thick, 

Pair of Green's Crushing ROLLS, each 30 in. diam. by 
1¢ in. face, cast-iron frame, driven by teem 
7 ft. diameter. 

Dry-cut Stone SAW, will cut up to 2ft. Gin. ‘deop, 
diam. am, 64in., nutnber of cutters 45, thickness 
of saw 

Coulter &' hs STONE PLANING MACHINE, 8 tt. 
by 38 ft. Gin. by 3 ft. 6 in. 

21 in. by 12 in. STONE BREAKER, by Messrs. Bowes, 3 
Seott & Weston, in splendid condition. 

20 in. by 10 in. Ditvo, by Marsden, mourited on Wheels a 


— 


and carriage complete. 4 
ATALOGUE of Stock MACHINERY, 2—3000 LOTS 
free on application. Inspection invited. 
2. eanmer ie -, 8335 
08, W. WARD, LTD., ALOE wae 
Tel. : “ Forward, Sh effield.” SH 





Te be Sold, asaGoing Concern, 


at a price inal to valuation of stock-in-trade, 
the Old-established BUSINESS of a Brass Founder 
on by Mr. Groner Rusiton at Britannia Brass. 
Foundry, Darwen, — ng tema SON & COOP! 
Solicitors, Darwen. Tel. No. 3. 8 





For Sale continued on page 98. 


For Continuation of Small 








AG 
C. H. MEYER & CO., 199, Regent Street, London, W, 


Advertisements see Page 99. 


Wanted, Second-hand ‘Loco. 


Surface LATHE, for turning in pit to-. 
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sige ek ig Mekdel HP OIL GAS LAMPS J. &E. HALL, Ltp., 


YORER, » near ; GLASGOW. oo ® 
’' TRLBGRAMS : “Mertiow, Youer.” Makers of CO, and NH, 


ania ae giving 1000 CP. for bd per hour. | Refrigerating Machines 


end Plates, Fire-box ew peace oe oe Valves, &c. en ee mend “ 
potent Ba = Weight 35 Ib. charged. Height 3 feet over all, —and— 


ae teonee oF madera ie rarievan ooo: — |\Hallford Motor Vehcls 
Saye li UNITED KINGDOM “fr LIGHTING TRUST, L:|| ge>-—qesspspeee 


LLAN TO, 
cas Sse ee || 231, STRAND, LONDON, W.C.  w=:|| (am We S 


Bee Advertisement last week. 


“CEMENT WATER TURBINES Keune 


Ransome-ver Mehr Machin G0. 


A ‘ , 62" Bay Sele ees Se ESTs we 
for Highest Class Engineering Work. The od — - me : The BRUNSWICK HOUSE, WESTMINST ,S.¥, 


70 years’ reputation. a Beier. 
e —— a os .__»» {HAND AND POWER MIXERS FOR CONCRETE Axo 
sehehaert “British Empire tome pen s “British Empire” | grHen MATERIALS. STEEL SHEET PILING. 
GREAVES, BULL¢LAKIN, L* H | AUTOMATIC SKIPS For EXCAVATION & CONORETE, 


HARBURY, LEAMINGTON. furbine. i) ae Turbine. See Displayed Advertisement alternate weeks. 3114 


Depots—Lonpon AND BirMInGHAM. Od 6364 ; edit ay. PN 
DOUBLE VERTICAL TURBINE. HIGH- SPEED 
COTLITE The Most Efficient Motor for Development of Water Power. THOS HES“: 


Taree |JOSEPH J. ARMFIELD & CO., RRR c ooze 


FLARES 20, Mark Lane, LONDON, E.C. $0n.ut war. BOLTON . 
Works: RINGWOOD, PS 


i, sae |/HENRY WOOD & CO., Led || "sam 







































































Pare ES 0, SALTNEY, Near CHESTER. renga ese tis 


England. ° 8364 


Makers of Pressure Gauges and High 








Class Engine and Boiler Fittings. 


CHAIN AND ANCHOR MANUFACTURERS, Sereno |. cui 
ccm | Seam ae 
Works adapted to make up to the LARGEST SIZES. Indicators. Stop Valves, 


Looktoyour Boilers) | spc moonines A SsPeciaLity. || @2—| == 
BATTLESHIP’S CABLES and GEAR. RH etme OE 


bricators. ‘Thermometers, &c. 
XL. Anti Corrosive Boller iui Forgings, Crane Chain, Chain Slings, and all kinds of 


GUARANTEED TO CONTAIN NO ACID. 
ANCHORS, MOORING and CABLE GEAR. 
he MUSGRAVES) 


For preventing & removing Scale WOOD'S 66 VIKING” STOCKLESS ANCHOR. 


and Incrustation in Steam Boilers 
i iti i Trinity House and Public 
Saves jarge percentage of Fuel. Standing Contractors to the British Admiralty, y 
i] 
Obviates the necessity of Chipping. atone Ses ngewe ig haa 
FOREICN COVERNMENTS. 2% 
Will not injure Boiler Plates, 
Tubes or Fittings. 


notion neg wf MARSHALL, FLEMING «C= Motherwell. 


THE SOLE MANUFACTURERS, 



































e Street, ASTON, i 
M. MS. ELECTRIC and HAND TRAVELLERS. 
W".Jones&Co, BiRMINGHAM. Se ELECTRIC GOLIATH CRANES. 
. LOCO. STEAM CRANES. 





Contractors WSS 

=r “N CLEVELAND 
Admiralty, WD BRIDGE AND 
War Office, AA ENGINEERING 60...” 


&c., &c. aN 2 | Specialists in the Design, Manufact. 








and Erection of Bridges, Gird::* 
Roofs, Warehouses, and ail classe 
Iron and Stesl Constructional W.'«. 


HEAD OFFice AND Worxs— 262 


DARLINGTON. 
= See 











Me RENEWABLE DISC GLOBE VALVES. | 
With Special 


Mansion House Chambers, y Disc for 
E.C. Superheat. 
{ Various 
—— Weights for all 
\ Pressures. 


\ - os ae < alt 8i 
, INTEREST TO YOU. NEWCASTLE-ON-TYNE ba < oN Aes oy A 


— THE — ‘ OFFICE :— : : _ 2 Stack. 2189 
DRUM ENGINEERING CO. * | 1, St. Nicholas Buildings, | a == British Steam 
83, BROOK STREET, ; "Ta Speci ialties, Ltd., | 


BRADFORD. Bedford 8t., 
j ; — LEICESTER. 





EON OE aE EA 














15-Tex ELECTRIC WHARF CRANE. 
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Spencer, John, Ltd. .. . *® 
Stanley, W. F., & Co., Ld. 9 
Steel Co. of Scotland, Ltd. M4 
Steel Pipe Co., Ltd. .. .. 101 
Steinle & Hartung - O88 
Stephenson, R., & Co, Lea. 100 
Sterne, L., & Co., Ltd. - 


Tomey, Joseph, & Sons Lad.” 100 
Mig. Co. “ 


Toward, T., & Co., “Led. . 0 
Trewent, F. J., & Proctor... 1 
Trier Bros, 96 
Tubes Limited 
Tullis, D. & J., Ltd 


Turner, ._& 
Unbreakable Pulley & eit 
Gearing Co., Lid 
U.K. Li etter 7 Trust, Lid. 4 
Urqubardt, Lindsay & Co., Ld. 4 
Vacuum Brake Co., Ltd. .. 
Vaughan & Son 
Vaughan & Son, Lid... 
Vaughtons Ltd. . 
Vauxhall & West Hydraulic 
Engineering Co., Ltd. . 
Vibrocel Co. 
Vickers, B. R., & Sons, Lea. 
Vickers Limited 
Vosper & Cc 
Wailes, Dove & Oo.. Ltd. . 
Walker Bros. (W igan), Ltd 
Walker, James, & Co. ° 
Wallach, Bros., Ltd 
Watiwork, Henry, N Co. 
Ward, H. &e 
Ward, Toe: w., ‘Ltd. 
Warden, A., & Co. 
Watson, Henry, & Sons 
Watson, J. 8. 
Waygood, R., & Co. : 
Weir, G. & J., Ltd 
Wells, A. C., & Co, 
Werf Conrad, Ltd. . Bd 
Westinghouse Brake Co 92 & 97 
White, J. Samuel, & Co., Ld. 75 
White, Rd., & 8on . wi 


# 
1A. 
40 


Ltd... 


7 


Whitley & Valiant, 
Whittaker, C., & Ca, Ltd. 
Widdowson, John H 
igglesworth, Frank, & Co. 
Wiikinson, G., & Sons . 
Willans & Robinson, Ltd 4 
Willeox, W. H., & - , » Bd, 5 
Wilson, Jobu G., 5 


Stewart, Duncan & Co.,Ltd. 77 7% 
Stewarts & Lloyds, Lia. 1& 53 

Stirk, John, & Sons, Ltd... 26 
Stirling Boiler Co., Ltd. .. 8&3 
Stone, J., & Co., Ltd... . 100 


Hudswell, Clarke & Co., 
Hughes & Lancaster 
Hulburd Eng. Co., Lta. 
Hunslet Engine Co., Ltd. 
Hurst, Nelson & Co. 1,3 
Igranic Electric Co., Ltd... 
IndiaRubber,GuttaPercha, 
& Telegraph Wks. Co., Ld. 
Ingersoll-Rand Co. je 
Isherwood, J. W. = 
Isler, C., & Co., Ltd. 
Jackman, J.W. + 00., Led, 7 
Jardine,John .. - 
Jenkins Bros. 
Jennings. . 
Jensen & Sor 
Johnson, Ric! hats, Claphain 
and Morris, Ltd. . 91 
Jones, Wm., & Co. 4 
Jones & Lamson Machine Co. 69 
Judson-Jackson Co., Ltd, 10 
Kahle, R., & Co. - 


Pott, Cassels & Williamson 
Potter, A. C., & Co. 1 
Power Gas © arporation, Ltd. 95 
Pratchitt Bros. 26 
Prat, Louis .. . oe 
Pratt & Whitney Co. - 23 
Premier Gas EngineCo., Ltd. 73 
Price's Pat. Candle Co., Ltd. 24 
Proctor, J., Ltd. ». M 
Pryor, Edward, & Son 100 
Pulsometer Eng. Co., Ltd. 102 
Ransome, A., & Co., Ltd.. 6 
Ransome verMehr Mach. Co. 4 
Masted & Knott, Ltd. Ransomes & Rapier, Ltd 
Maxwell & Fage .. . Rapid Magnetting Machine 
2 | Mechan & Sons, Ltd. .. ca Co., Ltd. e 
Meldrums Ltd... Raworth, John E. 
Merryweather & Sons Redman, C., & Sons 
Micanite & Insulators Co. Reichwald, A., Ltd. 
Midgley & Sutcliffe . 3 Reid Gear Co. 
Milne, David.. Renold, Hans, Ltd 


Billington & Newton, Ltd. 52 
Birch, John, & Co., Ltd... 52 
Birmingham RailwayC. akin 
and Wagon Co., Ltd. 20 
Blackstone & Co., Ltd. .. 33 
Bleichert, Adolf, & Co, .. 9 
Bodley — &Co. .. «. ll 
Boosey, E., & Co. .. 16 
Booth, pal & 'Bros 5 Lid.. 18 
Roulton & Paul, Ltd. os: an 
Boving & Co., Ltd. .. .. 101 
Braby, Fred., & Co., Ltd... 
Bradley & Craven, Ltd. .. 
Braithwaite, Isaac, & Son, la 
Brampton Bros., Ltd. : 
Brazil, Straker & Co. 
Brett's Patent Lifter Co., 
Briegleb, Hansen, & Co. .. 
Bristol Engineering Co., Ltd. 
British Hele-Shaw Patent 


Foyle, W. & G 

Fraser, Douglas, > Sons, Lita. 
Frye, F. M., & Cc : 2 
Galloways, Lt. -_ 
Gandy Belt Mfg. Co., Ltd. 
Gardner, L., & Sons, Ltd. 
Geipel, Wm., & Co. 
— hener Bergwerks, 


Ltd. 
Consolidated Brake ° 
Engineering Co., Ltd. 
Consolidated Diesel Engine 
Manufacturers, > 
Continental - Licht und 
Apparatebau G.m.b. H.. 
ContrafloCondenser & Kinetic 
Air Pump Cos Ltd. 54 
Cornforth, E. E. . os 
Cottage Lighting Co.. 4 
Cottam, E., & Co.,, Ltd. 94 
Coventry Chain Co., Ltd. a 
Cowans, Sheldon & Co., Ltd. 65 | Goedhart Bros. 26 
Crabtree & Co., Ltd. .. . 101 | Grafton & Co. ‘ 
Cradley Boiler Co. .. ...%4| Grantham Boiler & Crank 
Craig & Donald, Ltd. oe . Co., td. -- H&99 
Croft & Perkins, Ltd. Graphite Produc ts, Ltd... 8 
CrosbySteamGaget ValveCo. 11 Greaves, Bull & Lakin, Ltd. 4 
Crossley Bros., Ltd. .. Greene, Tweed & Co. » 
Clutch Co., Ltd. 80 | Crown Works 15 Greenwood & Batley, Ltd. o & 
Rrit. Mannesmann TubeCo. 22 | Cruikshank & Fairweather 2 Grice, Grice & Son, Ltd. .. Mirrlees Watson Co., ‘Lta. Richards, Geo., & Co., Ltd. 55 Blast Co., Ltd. 55 Yorkuhire Copper Wockss, LA. ro) 


NOW READY.—The OCTOBER EDITION of The Classified of Current Advertisements in ENGINEERING, with a List of Telegraphic Addresses, &c., &c., to 
compact btained gratis from the Publisher. 


vse “WILLCOX-RAMONEUR” CLEANING APPARATUS 


SOOT & ASHES FIRE TUBES 


should never, be al- 

lowed to accumulate. thoroughly 
Work the RAMONEUR cleaned —quickly, 
daily for a few minutes satisfactorily and 
without damage. 


and your Tubes will 


be constantly clean." 
NO WET STEAM in the ADOPTED by THE ADMIRALTY, 
process. It is perfectly and MANY LARGE ENGINEERS, 
RAILWAYS, and STEAM POWER 


DRIED. 
NO SHUTTING DOWN OF BOILER. USERS. 
=D., * Aime Fe a 


WW. EX. a COO & .~ 2: Southwark 8t, LOMDOM. 


LUKE & SPENCER, Ld. ¥} 


CANAL ENGINEERING WORKS, WH FFI \ 


BROADHEATH, near MANGHESTER. 
7 SUAFTING ¥ 


Telegraphic Ad “EMERY, , ABOADEBATE 
BLOCKS 
POWER TRANSMITTING 


dress 
National Telephone- Altrincham N 
FRICTION 
MACHINERY AND 


CLUTCHES 
APPLIANCES UNDER 


THE BRITIGH 
FLAG. 


. Augsburg-Nurnberg, A.-G.) S 
Magnet Works . ee 
ManchesterSteain Users’ Assoc. 2 
Manning, Wardle&Co., Ltd. 1} 
Mansfield Sand Co., Ltd... 1 
Marriott & Graham .. .. 74 
Marshal], Fleming & Co. 4 
Marshall, Sons & Co., 
—_ nape Co. .. 
ssey, B. & 8., Ltd, 
M. ather «& Platt, Ltd. 
Mavor & Coulson, Ltd. 


and A) 
wl 
1 au 
12 a 
42 
78 


20 


Stra¢han & Henshaw, Ltd. 2 
Stuart, E. J . mM 
Sturtevant Eng. Co., ta. 
Sunderland Forge & Eng. Co. + 
Sulzer Bros. . 

Swift, _———. * Sons 

Tangyes Limited 

Taylor, Charles (Birm’ m.)LA. 76 
ee Taylor & Challen, Ltd. 14 19 
2 Taylor & Hubbard 100 
Thomas & Bishop o = 
Thompson, John d 
Thornycroft, John, I 
Tilghman's Patent 


Ad Ltd, 
Gowerkschat” 

NUE ss ve os. es we Oe 
Glasgow Railway Eng.Co., Ld. 1 
Globe Pneum. Eng Co., Ltd. 71 


Deutscher 


Withers, J. 8., & Spooner 

Witting, H.R. 

Wolf, R 

Wolseley Tool & Motor Car 
weet Ltd. . 

H.,&Co., Ltd, .. 4 

Wootive Works 7 

bby 7 eae Ld. 13 

Yarrow & Co., 


16 








La. 








97 ° : 
£2) .&Co, 76 

62 21 Sand 

96 : 

















HOT AIR 
IMPELLED TUBE 








THE WILLCOX~ RAMONEUR 
TUBE CLEANING 
APPARATUS 
FOR REMOVING SOOT & ASHES 





8310 











ft 7024 








PULLEYS 


GEAR 
WHEELS 


SENT FREE 
CATALOGUE 
660 PAGES 
To 
BONA FIDE 
BUSINESS 
APPLICANTS 


CROFT & PERKINS = 


EMPIRE WORKS, 


RADFORD. 








ENGINEERING. 


A. RANSOME & GO., L™- NEWARK-ON-TRENT, ENGLAND 


CATH OF CHELSHA). 


LONDON OFFICE—6G3, Queen Victoria Street, E.C. 


SAW MILL & cate -1 maa MACHINERY 


SOME SPECIALITIES. OF EVERY DESCRIPTION. SOME SPECIALITIES. 

Saw Mill and Joiners’ Machinery. - Cask-making Machinery. Tea Box Plants. 

Machines for Shipbuilding and Dockyards. Machines for Wood Work in Motor Cars, &c. 

Machines for Making Railway Carriages & Wagons, Machines for Making ae Sleepers and Keys, 
&e. &e. . &e, 
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RANSOME’S AUTOMATIC SLEEPER ADZING AND 
BORING MACHINE. 












Contractors to— 
THE ADMIRALTY, WAR OFFICE, INDIA OFFICE, 
Home, Foreian & COLONIAL GOVERNMENTS 














RANSOME’S TENONING MACHINE FOR RAILWAY 
AND FORESTRY WORK. Raitway Companies, &c. CARRIAGE AND WAGON WORK. 


illustrated Catalogues sent post free on application to Dept. ‘* D.’’ 


RANSOME’S LOG CROSS-CUT SAW FOR SAW MILL 












LEADING SPECIALITIBS: 
SAW MILL MACHINERY, 
SPECIAL MACHINES FOR RAILWAY WORKSHOPS eines 
HIGH-SPEED JOINER’S MACHINERY, 
COOPERAGE MACHINERY. 


SOLE MAKERS OF RANSOME’S PATENT TESTED BALL BEARINGS FOR ALL PURPOSES. 




































om HORN, POTTIER ann CO., “to 
CLEAN, FAST CUTTING S : 


ABC, 5th Edition. 


THE BEST 


STEEL We 


HIGH- 
SPEED 


WE UNDERTAKE MACHINING & ENGINEERING 
WORK OF ALL DESCRIPTIONS—ACCURATE 
WORK UNDER BEST ADVICE FOR PATENTEES. 
Your Enquiries Esteemed. os 


The Patent Lightning 


yy RUSHER. Puen 











——— | 








The Simplest, the Most Powerful, the Most Rapid Pulverizing .Machine on the Market 





GREAT OUTPUT BDOCONOMTZ OF WO REBING. 8577 
Unequalled for the treatment of MINERAL ORES, SHINGLE, LIMESTONE, &c., &c., &. 


Tuswsec-~ ‘THE PATENT: LIGHTNING CRUSHER CO., Ltd., *% ®osebery Avenue, Gray's Inn Road, 

















North Eastern Marine Engineering Co., Lé 


ENGINEERS, BOILERMAKERS & REPAIRERS. 
IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 


Sole Makers of North-Eastern Grease and Air Extractor and Feed Heater. 
PROPELLERS SUPPLIED AND QUICK DELIVERY GIVEN. bee a 











NORTHUMBERLAND || NORTHUMBERLAND LICENSEES 
WALLSEND-O8-T7HE WORKS, MANUFACTURE 
Telegrame—Nuws, Wauusarn, WALLSEND-ON-TYNE. AND FITTING OF 








LONDON OFFICE: Telegraphic Address - NEWS, WALLSEND. 


oes te NDER — 
unger WORKS,» —_|_-SUPERHEATERS 
TO 





529, eng mj “. 
aoe SOUTH DOOK, SUNDERLAND. 


8—SKILFUL, LivERPOOL. 


Tel. No. 1806 Central (Iwo Lines) Telegraphic Address—NEWS, SUNDERLAND MARINE BOILERS. 




















2,000 I.HP. TRIPLE EXPANSION ENGINES. 
























ad, 


i 


OF 


RS 








ENGINEERING. 


, BUCKET — ENA DREDGING PLANT. 


CAPABLE. OF DREDGING 7 {ee Medals: LONDON, PARIS and GLASGOW EXHIBITIONS. 


Bow and Stern Well Bucket Hopper and Barge-Loading Dredgers. 
SUCTION PUMP DREDGERS, 


To discharge into their own Hoppers, into Barges a longside or ashore 
through Floating Pipes. 


COMBINED BUCKET & PUMP DREDGERS, 


With Hydraulic Jet and Improved Rotary Cutters for Clay and Hard Material. 


GOLD-RECOVERING DREDGERS, 


HOPPER BARG SCREW STEAMERS, SIDE AND STERN PADDLE 
a5 WHEEL STEAMERS, TUGS, &c. Od 1263 


New Buckets, Links, Pins, Gearing, &c., supplied for existing Dredgers. 


Eleming & Ferguson, 1I.d. 
Shipbuilders and Engineers, PAISLEY, N.B. stadiished 1878. 
LONDON Office: 9, FENCHURCH AVENUE, E.C. 


GEORGE ELLIOT & CoO., LTD., 


MAKERS OF ALL DESCRIPTIONS OF WIRE ROPES. 
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MANUFACTURERS OF 0d 9100 
LANG’S LAY WIRE ROPES 
LANG’S LAY WIRE ROPE WHEN NEW. Office: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. LANG'S LAY WIRE ROPE WHEN WORN. 








~“WOODITE” WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENGINEERS, ELECTRICIANS, STEAM USERS and - woeeErs articles can now be obtained with the utmost het g “WOODITE” has stood the severest 

test for six years. No material in existence can equal it for Steam or Electrical Purposes, and other Paina has stood every test up to 40,000 volts for 1/8 in. sheet, without breaking down, by the London Electric 

Light Corporation and others. Ram “U” Hat Joint and Packing Rings, Pump Cups, Gaskets, Be ene | aw oon ee all other Goods which have hitherto been manufactured in India Ru ber, Leather, &c. can 
now be made o Od 1648 














oo LaCEIOR M gem She SEE 
a ISHERWOO” "7 St STRUCTION S. ©. CHAMBERS & C0, 


LONDON, €E.C. SHIP C ) 3, King Street, Liverpool. 


Address:— IsHerncox, Loypon, 


A. B. co. COUPLER, TD., Heth ean, aeere 


Sole OWNERS and MANUFACTURERS of— 
A. B.C. COUPLER, Allison smith’s Patent. 
A. B. C. COUPLER, Jepson’s Patent (Gold Medal, 


Buenos Aires, 1910). 
“LAEVODEX” PATENT NON-TWISTING 
HELICAL SPRINGS. 


WATSON’S CENTRALISING GEAR. 


For all types of Central Buffer Couplers. 3087 


WATSON’S VARIABLE RESISTANCE 
SPRING GEAR. For Shock Absorbers of all kinds. 


Tel 





















































Telegrams—Autobuff-Vic., LONDON. Telephone No. 156! Victoria. 

















__ ANDERSTON” 













For Direct Coupling to 
Electrical Generators and 
all Industrial Purposes. 

















4-Cylinder Engine, 190 B.HP., 


direct coupled to D.C. Generator. 





THE ANDERSTON 
-FOUNDRY C0., LTD., 


GLASGOW; and at MIDDLESBORO’. 


Telegrams : AFOO, GLASGOW. 3556 
Telephones : 2259 & 2260, ARGYLE. 














SEND FOR ILLUSTRATED LIS1 
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= W. Gunther & Sons, Central Works, Odean. 


_ GUNTHER ? 


FANS 


FOR 2919 
Forges, Cupolas, &e, 
EXHAUST FANS, 
CENTRIFUGAL 
PUM 


























Cut Down 
Your Costs! 


OvR NEW DUPLEX IMPROVED 
HORIZONTAL BORING MACHINB 
D 78 willdothisforyou ...+. - 


DUPLEX IN WORK DONE. 
SINGLE in Cost, Room and Wages. 


EASILY MANIPULATED. 


[ NDEPENDENT HEADS can be run at 

DIFFERENT SPEEDS AT SAME TIME. 
Improved BACK and FORWARD MOTIONS 
and VARIABLE FREDS. 


P62 . Re a Qy : 
4 - 






















OTHER MODERN LABOUR-SAVING 
TOOLS IN STOCK and PROGRESS. 





Send for Lists and Prices. 


G. WILKINSON & SONS, 


EREITGHE LEY. 


- Wenmeons, Enoinegrs, Keicuiey. 


Telegrams 
1o Y Keiouter. 


DIXON'S 
Graphite Cup Greases. 








DixoOn’s GRAPHITE GREASES are as nearly 
perfect lubricants as long experience, extended 
knowledge, and the best obtainable materials can 
produce. The Graphite is the incomparable 
DIXON PURE FLAKE GRAPHITE. 


They lubricate like oils and impart a wonderful 
smoothness and polish to all surfaces. Therefore 
they assure remarkably low friction. 


A trial will prove convincingly the exact truth 
of our claims. Send your request now for 
Sample Set 69, free, post paid. 


GRAPHITE PRODUCTS Ltd., 


218-220, Queen’s Road Battersea, LONDON, S.W. 
6536 





























MORE EFFICIENCY 


300/ FOR 25, MORE COST 


In the year 1908 the Windes and Runcorn Transporter Bridge was 
painted by us with ANTI-CORROSIVE COMPOSITION, which we 
manufacture specially for this purpose, and now, after 6 YEARS 
weathering and chemical fumes, it shows no signs of deterioration: 





CAN THIS BE SAID OF ANY 
OTHER PAINT? 
Emphaticalily NOI! 
TO THOSE INTERESTED WK SHALL 


BE PLEASED TO SEND A_ FREER 
SAMPLE ON RECRIPT OF THIS 


CUT OUT. 
oO 
H. DAVISON & SONS, Lrp., 
MAGULL Street, LivERroon. 


Dear Sirs,—You may send me a Free Sample 
Tin of your "Anti-Corrosive Composition. 


COUPON, 3456 
NAME 
H. DAVISON & SONS, 
LTb., Finw’s NaMg_ 


MAGULL STREET, 


LIVERPOOL. 


; ADDRESS_____ 




















COMBINED AIR PUMPS 
JET CONDENSERS. 


YLINDERS & AIR PUMPS 
BORED & VALVE FACINGS 
PLANED, BY SPECIAL APPARATUS, 
WITHOUT BEING REMOVED FROM 
THEIR WORKING POSITION :: 





ACUUM PUMPS, 
(BENN’S PATENT 
BELT, ROPE, MOTOR, OR 
pasa peat asian 

DRIVEN : : 
SIMPLE, charisma 
AND RELIABLE:: :: 


ALL WORKING PARTS 
EASILY ACCESSIBLE. 
























ss. Ss. STOTT & o> 


ENGINEERS, 


HASLINGDEN, Nr. MANCHESTER. 
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ELLISON 


CRANE CONTROL GEAR 





C INTROLLER 





BRAKE SOLENOID, 





SELF RESETTING LIMIT SWITCH. 


GEORGE ELLISON, 


’ VICTORIA WORKS (Head Office), 
WARSTONE LANE, 


COMPONENT PART WORKS, 
SUMMER HILL ST., 


BIRMINGHAM, (["eise, cenraat. 


Telegrams : 
“INDUCTION.” 


BLEICHERT’S 


AERIAL TRANSPORTERS, Limireo, 


Eaypt House, 36, NEw BROAD ST., LONDON, E.C. 


View of a Bleichert Wire Ropeway, 6 miles long, with steep gradients, for the 
transport of single loads up to 4 tons. 


MANUFACTURERS OF 


Loading and Transporting Plants. 


WRITE FOR CATALOGUES. yx 


























(ESTABLISHED 1865.) 


ANTHON & SONS ccirctoces FLENSBURG 74, 


London Representative: R. W. DEACON, 68, Queen Victoria Street, E.C. 
Telephone: P O. Crry 8620. Telegraphic Address: Sumrovius, Lonwpon, 





SPECIALISTS IN THE CONSTRUCTION OF ALL MODERN 


CASK-MAKING & WOOD-WORKING MACHINERY of EVERY DESCRIPTION 


SPECIALITIES IN 
WOOD - WORKING MACHINES ;— 





or Pol 


ALL MILLWRIGHTS’ ACCESSORIES, 
PULLEYS, SHAFTING & BEARINGS 
of all sorts. 


— 8230 
Best References all over the World. 


CASK HOOP DRIVING . 
MACHINE. and Est 


BAND SAW. 





tes Free on Request. 


HoT WATER 


CYLINDRICAL 


TANK 





‘FITZROY WORKS 
35210 364 ae RY 






FRED! BRABYICES 


WROUGHT-IRON PLATE WORK, BLACK OR GALVANIZET, 
STEEL CHIMNEY AND VENTILATING SHAFTS, &c. $278 
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A 


GAS, 
PURIFIER FANS 


AND 


GAS-CLEANING 


PLANT. xs 

















S. SMITH & SON'S 


Est. 1851. _ ALL ENGLISH 
N JN-MAGNETIC 


SWITCHBOARD 
\\ \ CLOCKS, & 
i} SHIPS CLOCKS 


With Lever Escapement, 
To go in any position, 
Compensated for changes of 
temperature, 
inSolid Brass, Giltor Bronzed 
Cases, with or without Flenge, 
in sizes from 5} in. to 24 in, 
in diameter, 


from EF i) 0: LL 


Approved Admiralty Pattern, 


. . — ——_ a Zi P y A 
™ OT 7 in. Ships Lever Centre 
Special Quotations for these paeiin Clocks on Application. Second, as Illustrated. 
Write for Catalogue “R”-WATCHES, CL.OCES, JEWELLERY. 
3571 


HOLDERS OF. SIX ROYAL WARRANTS. —— 
9, STRAND, LONDON. West End Branch:—68, PICCADILLY, W. Rosebank Ironworks, EDINBURG, ~ § 


Factories:—179-185, GREAT PORTLAND STREET, W. TRLEG Coprs 
HYDRAULIO, “EDINBURGH. 16 3 OENTRAL. ABO, oh Seren. 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. .. 
HIGHEST GRADE STEAM TILLER & RAPSON SLIDE 


S H A P E e S ; ; —_ gy ory ; ELECTRICAL, 


(16 in., 20 in. and 24 in. Stroke). 





R. W. DINNENDAHL 


Aktiengesellschaft, 


Steele-Ruhr, GERMANY. 




















oe 








Sam 























DIRECT 
ACTING 
REVERSING 
ENGINES. 


TELEMOTOR 
HELM 
SIGNAL 
GEARS. 


SPECIAL | ; HYDRAULIC 
STEERING - MACHINERY 


GEARS anes FOR 
FOR SHIPS, 


SUBMARINES. &c. 








PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE. 


es. oa e W. DALGLISH, 


WEST OF 
SCOTLAND BOILER 
WORKS 


With Plain or with Universal Table. ay Eee Pollokshaws 
oo . ° 


Automatic Trip to Fable Feed. a 
oe  .  GLASCOW. 


Automatic Vertical Feed to "Tool Box, both up and down, 
and Automatic Trip, Ball Bearings to Driving Cone. 
MARINE, 


DELIVERY FROM STOCK. RYBACK 
Can be seen in our Showrooms. 288 dieceenion and 
a F | MULTITUBULAR 

For full particulars ask for Booklet B. 1913. s ” Ag BOILERS. 


The JUDSON-JACKSON COMPANY, Limited, ig a P) au sizes. 














3101 —_— 


50, Marsham Street, Westminster, London. ste: Re) ave By THE 
TELEGRAMS: ‘‘OZONISTIC.” TELEPHONE: VICTORIA 5080. << ae Ys paces A 
‘ aS elf sigs IMPROVED 


MACHINERY. 


























ST TTT TTT TTT TTT & 
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STAMPED PRESS -WORK 
iN BRASS. COPPER. ALUMINIUM. 
—. SILVER. PHOSPHOR BRONZE. 
& MILD STEEL. «> 
LETTER CUTTERS ENGRAVERS. ~ 
NAME PLATES.’ 





CONTINUOUS 


DRYERS, DIGESTORS, 


PRESSES For 
Fish and Offal, 
Slaughterhouse Offal, etc. 


DRYERS For all 
Animal, Mineral and 
Vegetable Material. 


AMERICAN PROCESS C’., 
NEW YORK CITY, 
Catalog “ B.” 8165 U.S.A. 











DONCASTER: WORKS SITES. 


200 ACRES LEVEL LAND WITH RAIL AND CANAL ACCESS. 
NEAR STATION (7 MAIN LINES), AND COLLIERIES. 
LOW RATES. CHEAP POWER. 








Apply:-—DAWVID MILNE, 
8, Priory Place, DONCASTER. 




















A Way to Increase 











OXY-AGETYLENE 
WELDING & CUTTING. 


The latest and best type of Plant 
‘ r installed by 
elbeteamec bets! 

ns, om H.M. 

s mad by 


THE ACETYLENE 
CORPORATION LTD. 


49, VICTORIA ST., WESTMINSTER 


Write for Catalogue of Plant, Blowpipes, 
Welding Sundries, and price of finest 


07 Na t=))9) = 


Also for particulars of the new 


FLARELIGHTS 


AND 


HANDLAMPS. 





On Admiralty List. 


BODLEY BROS. & Go. 


oars Millwrights, Boiler Makers, and 
lron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 


SPUR, BEVEL, 
MITRE, MORTICE, 


WORM WHEELS, 


Machine Moulded 
ALSO 


> TEETH CUT TO SHAPE 


By Special Machinery. 
Telegraphic Address— 3102 

Bopiey, Exerer, 
ESTABLISHED 1790. 


Boiler Efficiency 


and Decrease the 
Coal Bill -— 


F there were no scale-forming 
elements in water—no oil in 
exhaust steam—then there'd 

be no need for this advertisement. 


Ofttimes, maybe, you've read of various 
methods, systems, new-fangled ideas to cleanse 
exhaust steam and return the heat units therein 
to the boiler, and s9 lower the coal bill. 

Sounds feasible enough, doesn’t it? But 
theory and practice are seldom very good friends. 


Those steam users who were persuaded to 
instal one or other of these devices, found that all 
that they did was to put back-pressure on the 
engine and the steam was expected to c'ean itself 
—but it did’nt! So exhaust steam has been left 
more or less severely alone. 


And quite the wisest plan too, or that is, 
before the “Bxol” System came on the scene. The 
claims of this system have been subjected to the 
searching tests of the highest known  steam- 
engineering authorities, and their verdict is in 
every way satisfactory. Those steam users who 
have installed the ‘*Exol” System speak highly 
of it-—-they say that savings are much more than 
expected. 


Read our free book on steam-power economy. 
Ask for E.18. 
EXOL COMPANY, C6, Fenchurch Street, London, E.C. 




















ALEX. FINDLAY @ €O., Ltd., 


Steel Roof and Bridge Builders, 


Structural Engineers, . . . MOTHERWELL, N. B. 


Contractors for all the Main Buildings a the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, covering a total area of 560.000 square feet; also for 
the Grand Stadium, area 200,000 square feet. 


Att Kinps oF STEEL StrucTuRES DESIGNED AND EXEOUTED. 
SPECIALITY :—HYDRAULIC PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
Head Office - - “Pee oi) @ MOTHERWELL, N.B. 

London Office - 4 - - - 9, VICTORIA STREET, S.W. 








Tutzenams; FINDLAY, MOTHERWELL. PARKNEUE, LONDON, 9262 


By their very light weight 

and excellent belt-gripping 
surface, Flender Wood 
Split Pulleys ensure the 
most ‘cconomical power 
transmission. 





Send for Interesting Catalogue 


FLENDER 


COMPANT 


Broad St. House, New Broad St., 
LONDON, E.C. 


Ask your Dealer for Flender Pulleys 























ASK FOR IT. 


HICGINS 


18S USED 
ALL OVER 
THE WORLD! 


FROM ALL FIRST- 





GLASS STATIONERS. 
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GRAFTON & CO. 


CONTRACTORS TO.H.M. GOVERNMENT 
CYCLOPS WORKS, 


BEDFORD. 
WM ies 


ie 


Goa’. I 


Telegrams— 
Grafton, Bedtord. 





~ 


Phe eo koran 
Picathadi. -apemn sii Se a 
ILVER MEDAL, Taveatioas Exhibition, London, 1885, GOLD MEDAL, Paris, 1900. 


GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


Illustrated Descriptive Price List free on = 


we 








Tue “PERFECT” VISE. 


ee eee he ee a 


Sore MAKERS :- 


J. PARKINSON & SON, 


SHIPLEY, YORKS. 





STEEL COneenES STOP AND ISOLATING VALVES 


HUBNER & MAYER’S PATENTS 
The isolating devices have proved effective in over 


— B<E"7 CASES of ACCIDENTS 


Ee A 
to boilers, steam pipes, or engines, whilst also 
acting as ordinary stop valves. Nickel seats. 


Suitable for sees” an and superheated 
MANY THOUSANDS IN USE. 


THE H. & M. VALVE LEADS ALL. 


Reducing Valves. 
Exhaust Steam Regulators. 


Engine and Boiler Fittings Manufactory. 


Hobner & Mayer, Vienna, x1x/2. 


For England and Colonies :— 3479 
T. SUGDEN, Ltd., 180, Fleet Street, 
LONDON, E.C. 

















Labour-Saving Belt Conveyors. 








GANDY’'S 
BELTING 


IS SPECIALLY ADAPTED - - 
FOR CONVEYOR PURPOSES. 


It is made in various thicknesses to suit conditions 
and can be surface-dressed for rough and heavy service. 


We have a Catalogue containing a series of 
Photographs of Conveyor Installations showing 
“Gandy” Belting handling all kinds of material, and 
anyone interested in this most efficient form of labour- 
saving plant can obtain a copy gratis and post free from 


The Gandy Belt Manufacturing Co., Ltd., 


Head Offices and Works: SEACOMBE, Cheshire. 


London Office: 97, Queen Victoria Street, E.C, Od 1519 


























HIGCINBOTTOM « MANNOGK, L® 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams:—CROWN, GORTONBROOK, 


Electric Cranes, Hoists, Capstans, Winches, Traversers, Transporters. 





Hauling Machinery and Hand Cranes, Hand and Power Runways. 


A. EDMESTON «SONS, Ltd. 


Note New Address: —-_PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUOCGESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 
Mining Machinery & Haulage, Concrete and Brick-maki: g 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power, and Mine Gearing 
Generally. 





3219 


STARTING 


GAS 
& OIL 
ENGINES. 


FOR 
COUPLING 
SHAFT-ENDS. 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, — EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mil, GLASS & FLINT PAPERS, 


WESTMINSTER BRIDGE ROAD, 


BLACK LEAD,  &o._ 


LONDON, 8.2. 
| SIMPLEX LEAD 


GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTIOULTURAL WORK. 
NO SPECIAL CONTRACT REQUIRED. 


“NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY SUPPLIED. 
Over 1,000,000 superficial feet in use on 2,500 Structures. 


GROVER & CO., LIM., 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, K. 


Write for I Tustrations and full Tesietons (sent post free). 


W. of, 





Uy, ) a4 








£”.derke. 











& COLTS 
DENTON, 


MANCHESTER, 
ENGLAND. 
ESTABLISHED 


FOR WORKING WITH 
CRUDE & .?ES/DUAL OILS. 







GAS 16 0/00 8HR 
ENGINES QUICK 
can DELIVERY. 



































BROWNHOIST BRIDGE TRAMWAY. 


No matter what material you wish to handle, a 
Brownhoist will do the work rapidly. Our engineers 
will help you figure your handling problems. You 
get the benefit of our thirty years’ experience. 


THE 


BROWN HOISTING MACHINERY C0O., 
CLEVELAND, OHIO, U.S.A. = 

















DRINKING WATER STORAGE 
TANKS DO NOT CORRODE 


WHEN COATED WITH 


PATENT oe ITU RG S ENAMEL 


“BITUROS” ENAMEL is a specially prepared 
composition that not only prevents corrosion, 


BUT 
WILL NOT TAINT CONTENTS 
OF THE TANKS. 





Extensively used by Brewers, Ice Works, Unions, 
H.M. Board of Works, &c., &c. ———— 


TANKS COATED FIVE YEARS AGO CAN 
NOW BE SEEN IN PERFECT CONDITION. 


PATENTEES AND SOLE MANUFACTURERS :— 


WAILES, DOVE & GO., LTD., 


NEWCASTLE-ON-TYNE. 


Also at ueneen, Liverpool, Manchester, Glasgow, Cardiff, Birmingham, 
Leeds, Hull, &c. 








Telegrams :—" BITUMASTIO.” 











COMPARE the QUALITY of our 
"Red and Blac and Black, in Sheets, Rods, Tubes, 
Dises for Gears. 


Telephones in every Office. 3179 
MICANITE & INSULATORS C0., Ltd., 


riBRE — ==... 


BERRYMAN CALORIFIERS 


WRICHT’S FORGE & ENCINEERING C°- L°- 
TIPTON, Staffs. 
and 57, Bishopsgate, LONDON, E.C. 











































We can supply Oalorifiers for any 
purpose, however special, and of any 
size. Our designs may be modified to 
suit any requirements or specification. 
All Fittings can be supplied with 
these Calorifiers. 











VERTICAL 
STORAGE 
CALORIFIER. 










HORIZONTAL CALORIFIERS. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &e. 


RAILS, BILLETS, FORGINGS. 


AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 


TYRES.—Locomotive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY o SCOTLAND 


23, ROYAL EXCHANGE SQUARE, LIMITED, 


GLASGOW. 
TELEGRAPH 
ADDRESS 


“STEEL” G.ascow. son» 








Telegrams : “WATSON, GAINSBOROUGH.” Telephone: 65, GAINSBOROUGH. 





Lighters : 
Barges 
Steamboats : 


Pontoons, 
J. S. WATSON, Large Steel Tanks. 
GAINSBOROUGH. 


EST. 1869. 2766 


STEAM CRANES, 
OVERHEAD ELECTRIC CRANES. 


— SPECIALITY — 
WORK for SHIPMENT. 














HENRY J. COLES, Ld. Derby. 





A REVOLUTION IN JOINT te AY Ng a IAL 


PERMAC 


IN POWDE FORM 


Simply mixed with oil to a paste like putty 


NO MORE A PERMA‘ 


rv 


EXPENSIVE } JOINT 
A Joint properly made with Per- 


mac will stand ANY PRESSURE 
the pipe itself will stand 


SHEET IS EASILY 


JOINTINGS BROKEN 


CUT TO DOWN IF 
rae v7 ; 
WASTE bad REQUIRED 


A BOOKLET WITH FULL PARTICULARS AND TESTIMONIALS FROM 


‘THOMAS & BISHOP, 119-125 FINSBURY PAVEMENT. 
= and at 37 TABERNACLE ST. 
Telephone : 7046 CENTRAL LONDON, E.C 
Telegrams: “ VELCLING, LONDON 








PROCTOR’S PATENT SHOVEL STOKER 


AND 


MOVING FIRE-BARS 
Give ECONOMY in FUEL, 


Increased Steam Production, 


SMOKE ABATEMENT. 
PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 


POSITIVE FEED OF COAL TO BUCKETS. NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. Od 2945 


JAS. PROCTOR, LD., tia''t:;* BURNLEY. 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 29, Rue de Londres, Paris. 


KERN & GO., AAR 














SWITZERLAND. 


ESTABLISHED 1819, 


FIRST PRIZE—GOLD MEDAL, Allahabad 
(1911) U.P. Exhibition. 


TURIN (1911)—2 GRANDS PRIX. 
20 Medals and Highest Awards. 


GRAND PRIX—Paris 1889, Milan 1906. 


MAKERS and EXPORTERS of 
FINEST ENGINEERS’ 


DRAWING INSTRUMENTS, 
TELESGOPIG PLANE TABLES, 
LEVELS, THEODOLITES. 


THE FINEST INSTRUMENTS IN THE WORLD. 
HIGHEST PRECISION. LATEST IMPROVEMENTS. 


CATALOGUES SENT FREE. 2693 


London Office - - H. E. HAY. 
CONTRACTORS TO THE INDIA OFFICE. 


Peninsular House, 28, Monument Street, E.C. 
Telephone No. 10,411 Central. Telegrams: Kzaxamat, Lonpoy. 





CO = 


GS Ole 








id 
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118. Telegrams: BURNET, GLASGOW. 











LOCO-TYPE BOILERS FOR DREDGERS, RIVER STEAMERS &c. 


LINDSAY BURNET &6O. 


Specialty:—MARINE BOILERS oF ALL 
SIZES FOR SHIPMENT ABROAD. 


CORRETSPONDANCH INVITED. 2823 
Address: Moore Park Works, Helen Street, 

















GOVAN, GLASGOW. 














FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, England. 
HSTABLISHED 1832. 


Telegraphic Address: ‘“‘BERRYS, SOWERBY BRIDGE.” Telephone No.: 525. 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 








a... above Illustration represents one of our Specialities. This 

: achine will bend or straighten an 18 in. joist, crop an 8 in. b 
in. by 1 in. angle, and punch an 14 in. hole through 1; in. material. 

- We make all sizes in these combined Machines, and we also make 
achines for doing any of these operations singly. 


Contractors to the Admiralty, India and Colonial Offi and 
most of the Foreign Governments. — 


KINDLY FAVOUR US WITH YOUR ENQUIRIES. 













AGETYLENE 


WELDING & CUTTING. 


BEST ENGLISH MANUFACTURE. 


OXY: 





Our system has been adopted by 
H. M. Admiralty and all the 
Continental Governments, Home 
and Foreign Railways, and nearly 
all Leading Engineers. 
For the Welding of Steel Plates ,', in. to 2 in. thick. 
Also for Cast Iron, Copper and Aluminium. 
For Cutting Steel Plates, Bars, &c., up to 6 in. thick 





INVALUABLE FOR ALL CLASSES 
OF REPAIR WORK. 





Dai Thousands of our Plants are now 
in daily use. 3487 


A. VT ARDEIN & Co. 


44, 46 & 48, SHEPHERDESS WALK, CITY ROAD, LONDON. 
Telegrams—‘ Lytustrone,” Loxpon. Telephone—7886, Omwrma. 


Steel Straight Edges. 








Stock sizes from 2 ft. to 9 ft. 6 in. long. 
Also— 
Surface Plates, 
Setting-Out Tables, 
Cast Iron Straight Edges, 
V Blocks, &c. 


CROWN WORKS, 


Surfacing Specialists, 3457 


CHELMSFORD. 


PECKETT & SONS, BRISTOL. 


Contractors to the Admiralty, 
War Office, India Office, &c. 




















ian 


LOCOMOTIV HS - 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 








Full particulars on application. Telegrams—PECKETT, BRISTOL. 








16 ENGINEERING. (Dec. 26, 1913. 


GRIPOLY |. noniinon Pros || OXYGEN 
KNOWLES OXYGEN C” L*- 


BELTING. eee SO ee HE Head omce: WOLVERHAMPTON. 


AND AT 3277 


W. E. BOOSEY & C0., Ltd., BROMBOROUGH (nr. Birkenhead), 


GUARANTEE ALL THEIR 


82a, LIVERPOOL STREET, LONDON, E.C. 2767 0 
Telephone—5279 Lonpon WALL. Telegrams—‘‘GRIPOOKENG,” AVE., LONDON. "5 AS og | PURE 
nee ~- 0 r) 


Biowpipes and Welding and 
Cutting Plants Supplied.—— 


HYDROGEN 


* BRUNDRIT 


= PATENT —3 


Temperature 
Balance 












































You will find ECONOMY 


Rvery Beltis Guaranteed! in each box of 


feeer «tte: sissbsid 1 Cl Lede 





Power Transmitier 
in the World. THE 


service under hard and extreme condi- 
Because “i tions. Chee) F-male 
we Its quality never varies, as time does not 54 on 8] Ey- ge): 


affect it as it does packings that contain ae 

D> It is solid woven from rubber. OIL Es 
selected special yarns, IT IS THE LENGTH OF TIME A =, iememasane 
and has no plies to open PACKING LASTS IN SERVICE THAT ~~ aoe yee 
out. DETERMINES ITS ECONOMY. 


because it is made to give great lasting 




















It has patented woven- Send for a free working sample. 
in leather edges, and 


cannot fray. GREENE, TWEED & Co., 


Its name signifies, it Graps Sole Manufacturers, s081 


the Pulley—hence “Grip . Queen part oe — 


pulley "—“ GRIPOLY.” ok oe Janae 


It is stretched before it 


leaves the factory, and HESE Sectional Views show the 
commences its work im- simple and practical method of 
fitting BRUNDRIT’S Patent 


mediately without undue TEMPERATURE BALANCE in 
Marine Boilers. No drilling or struc- 


strain and loss of time in ———————————————————OEC ss tural alteration is necessary and the 
boiler can be Cleaned with the 


being taken up. JENKINS '96 SHEETING || “2: 228 occ: 


i - has be d db the le dir iieousrs 
D It m Bot affected by vary will pack the most uneven surface, making pon eee idan of x ele ng has proved 


i i ffect leak d air 
“gg Var heric con- absolutely leakless, durable joints. The pressure oe aide + sander Sar sa 

iti i i v d, including all 
ditions. sn and heat cause the packing to valosnise, fll up || Over mmc: tars tess, Sideortua 
inequalities of surface, and afford a perfect fit. and other ocean liners, also large Ca pend 


. : ik ° p . Coasting Steamers, Trawlers, Tug 

It is easily and q ly applied in either hot Dredgers, Launches, etc 

or cold joints. The Brunprit TEMPERATURE BALANCE has 

Samples and Price Lists on application. ’ no valves or working parts, and is entirely 
The Genuine bears our Trade Mark. automatic. . . . Working models may be 


seen by arrangement. 








Patentees & Sole Manufacturers— 
LEWIS & TYLOR. Li, | 7 @™=INS BROS., E:td.,|| JosepH BRUNDRIT 
5 95, Queen Victoria Street, St. Remi Street, & Acorn Avenue, 14 Water i LIVERPOOL. 

CARDIFF. LONDON, B.C. | MONTREAL, CANADA. —s46s 
































OB Freer or ea EE 


i 
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EUREKA PUMPS 


FOR EVERY SERVICE. 

















WINN’S 
SCREWING MACHINES 





Fig. 6202 A.B. 





HEAVY BOLT SCREWING MACHINE 
for Bolts up to 3 in. Whitworth 
FITTED WITH WINN’S PATENT DIE HEAD 
Automatic in Opening and Closing Actions 


ELECTRICALLY-DRIVEN TRIPLEX RAM PUMPS OF ALL SIZES 
For Mines, Quarries, Oil Works, Soap Works, Paper Mills, &c. 


STEAM PUMPS—SIMPLEX & DUPLEX. 





UNA 





Cee tt 











Makers of 
EUREKA PUMP COM PANY, Screwing Machines for Tubes up to 12-in. Bore 
HEAD OFFICE :—53, Bothwell Street, and Bolts up to 3-in. Whitworth a 
GLASGow . 
LONDON OFFICE :—25, Victoria St., Westminster. WRITE FOR CATALOGUE. G ville Pine 
NEWCASTLE-ON- —_ +s Sete PP yn a4 Marlborough Road. on = CH ARLES WINN & CO BIRMINGHAM 













SI 





Su 
“NEw PROCESS” 


RAW FIDE GEARS. 


All to BROWN & SHARPE'S Standard. 
























THE 


Mirrlees Watson Co.,L¢: 


GLASGOW. 










THE BEST 
ROTARY AIR PUMP 


IS THE 


“ MIRRLEES-LEBLANGC” 


ADVANTAGES: 











SIMPLICITY. 
SMALL SPACE OCCUPIED. 
NO RECIPROCATING PARTS. 
NO VALVES. 
LOW MAINTENANCE COSTS. 














Also METAL GEARS. 


SEND FOR DESCRIPTIVE CATALOGUE. 













GEORGE ANGUS « CO.., Ltd. 


NEW CASTLE-ON-TYNZ. 
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ORs 


TE pies Toy wee 


LUNKENHEIMER 
OIL & GREASE CUPS. 


Iumkenheimer Oil and Grease Cups are free 
from complicated parts, are well made of the 
best materials, very neat in appearance and are 
absolutely reliable. They are exceptionally 
durable and very strong, particularly in the 
shank, the part subjected to the greatest 
strain. Jarring of the machinery to which 
they are attached will not shake them to pieces, 
nor will the regulation of the feed be aftected. 

OIL CUPS can be had with glass bodies or 
made entirely of bronze, and the glass body Oil 
—_ can be had with or without sight-feeds 
and equipped with means for regulating the 
flow of oil. Large sight-feeds are provided to 
enable the dropping oil to be seen from quite 
a distance. 


The large line of GREASE CUPS includes 
those of the automatic type provided with feed 
regulation; the screw plunger type, and the 

lain style with screw cap. Hither ast Bronze, 
ron, or Stamped Bronze Cups can be had. 

Specify and insist upon securing genuine 
Lunkenheimer make. Do not accept substitutes, 
they are never as good as the genuine. 

Write for Catalogue, illustrating and 
describing the complete line of Lunkenheimer 
High-Grade Products. 


THE LUNKEN COMPANY, LIMITED, 


35, Great Dover Street, LONDON, S.E. 2888 
Works: CINCINNATI, Ohio, U.S.A. 


Telegraphic { * LunkEn,” LONDON ; 
ddresses | ‘‘LUNKEN,” CINCINNATI 


a Ldlecer dye 






















D. 


4 


CUPS 


GREA oc 

















AULD’S 


EQUILIBRIUM AND 
EMERGENCY 
STOP VALVE. 


* 


STEAM TIGHT. . 
POSITIVE ACTION. 
MINIMUM POWER 
TO OPERATE. 


& 
FOR LAND AND 


MARINE 


PARTICULARS FROM 
SoLte MAKERS :— 


DAVID AULD & SONS, E*| 


Aso MAKERS OF— 
REDUCING VALVES, 
SURPLUS VALVES, 
SAFETY VALVES, 
EXHAUST VALVES, &c. 


PATENT 






OUTLET 









USE. 










WHITEVALE FOUNDRY, 
GLASGOW. 


TELEGRAMS: ‘“‘REDUCING, GLASGOW.” 






























TELEGRAPHIC ADDRESS: 
** CRANES, RODLEY.”’ 


SEND US 
YOUR 
ENQUIRIES 


ELECTRIC, 
STEAM, 
HAND, &c. 


— ALSO — 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE: 
75A, QUEEN VICTORIA STREET. 





GAIRD & RAYNER 





TTT, 

















Tel. Address: “VAPORIZE, LONDON.” 


ae Te, 





q 
2 is 
> 





Admiralty and War Office Contractors. 





PATENT 


EVAPORATOR | 


FRESH WATER FEED MAKE-UP 
APPARATUS. 


Approved by Board of Trade for Passenger Ships. © 


BOILER FEED PUMPS. | 


Vertical Single-Cylinder Direct-Acting type. © 














COMPLETE 
FRESH WATER 


DISTILLING 
INSTALLATIONS 


(All Sizes) 
For LAND or MARINE USE. 


S\N FEED WATER HEATERS. | 
FEED WATER FILTERS. 


— Sos 
Commercial Road, Limehouse, 


LONDON, E. 


Telephone: No. 210, Eastern. 





















2606 















nm [= 








type. 
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RAlGa DONALD, Ld 


JOHNSTONE, near GLASGOW. 


MAKERS OF 


MACHINE TOOLS 


Shipyards, 





lron Works, Bridge Works, 


Boiler and Tank Works. 





Heavy Scrap Shearing Machine. 
138 


TAYLOR €& CHALLEN “LT. 


=a ed | —) — Se BIRMINGHAM 


— PRESSES  — 


— <a COINING: PRESS 
b Bronzer 

















OIN- VIN, Dia. 
STAMPED'AT THE RATE OF 
INUTE. 











BP ONE OPERATION FROM 
RMOVAL FLAT BLANK. 







FROM FLAT BLANK. 
(16 DIA. IWS, 


4 


MOTOR HUB. 
CARBON STEEL 


RAILWAY OBLONG BOX 
LAVATORY Ue TRICK 


DRAWING “PRESSES 
ArricLes > WITH Requisite Dies. 
NEW cy wy \helele) = 300 Pauses des: 


FOR EVERY INDUSTRY WILL BE SENT FREE ON BONAFIDE APPLICATION 

















EAST FERRY ROAD ENGINEERING WORKS CO., [® 


Hydraulic Cranes and Coal Hoists, Belt Conveyors for Coal, &c. 
Patent Pneumatic Grain Elevating Machinery. 














PorTaBLE Hypraviic Lurrixe CRANES (2 Tons Capacity). 3452 


Hydrostatic Orane Weighing Machines up to 250 Tons. 
General Engineers and Ironf Esti 
Telegrams; Hrerostanie, Loxpox, 


Engines, Pumps, Sluices, Oapstans, &c. 
tes given for Repairs. 
MILLWALL LONDON EF. 


















- C. Isler&Co.’s 


IMPROVED 


AIR LIFT 
PUMPS. 


THE PIONEERS OF THIS 
SYSTEM IN 
‘GREAT BRITAIN, 


Less air and air pressure. 

Least upkeep and low cost. 

Small space. 

Improved foot piece & highest efficiency. 
Less submergence required. 


Improved patent high speed compressor 
and silent working. 






V77 017 


VILITIT/, 


- 


V4 





S tiie eada 


















































Contractors Many Permanent Installations Fixed, 
to HM giving every satisfaction. 
W ARTESIAN BORED TUBE WELLS 
L ss for Large or Small Supplies. 
PROSPECTIVE PLANTS for Water 
&e. or Minerals Supplied. 
— Improved DEEP WELL & AIR LIFT PUMPS. 
SITES INSPECTED AND REPORTS FURNISHED. 














C. ISLER & CO., Ltp., 








BEAR LANE, SOUTHWARK, LONDON, a ™ 
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GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. 


RB IRMINGHAM fue’ CARRIAGE 


& WACON CO., LTD. 


Tele. Address : “ Carriage,” Smethwick, Birmingham. Telephone Nos. : 17 & 107 Smethwick. 
—- MANUFACTURERS OF —— 
SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES 








For Home and "Abroad. 


Buenos Ayres and Pacifie Railway—Special Family Suloon, Saleen ‘Cungt. 


Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Castings, &c. 


Sole Manufacturers of Dean & Churchward’s patent “‘ Eitherside” Brake, 


and Marillier’s patent ‘‘ Instanter” Coupling. $145 
\ Works : 








HYDRAULIC TURBINES 


of all Types, 
for all Heads, 
for all Conditions. 


HANSENWERK GOVERNOR 


THE reliable one. 


Write for Illustrated 
Pamphlets. 


20002HP. Impulse Wheel with Type L Governor. 


BRIEGLEB, HANSEN & G2. 
GOTHA, cermany. ” 




















SMETHWICK, BIRMINGHAM. 
INDUCED DRAFT 
“41M OIRCUIT’’ or ‘‘OUT OF CIRCUIT.” 





' 
. . 
i 
¥ i * 
cdi t tae 


ESTABLISHED 1895. 
"606i AONYN ‘1161 NIUNL—XIHd GNWHD 











The Triphasé Station, Asnitres, Paris—15000 HP. 
OPERATING 4ND ORDERED FOR 


BOILERS rated at nearly 
= MILLION HP. 


HIGHEST EFFICIENCY. NO WATER-COOLED BEARINGS. 


Patentee and Maker-—-LOQUIS PRAT, Engineer, E.C.P., 
29, Rue de l’'Arcade, PARIS. 


British Representative—S. UTTING, A.M.I.Mech.E., A.M.I.E.E. 
4, 8t. Mary Axe, LOMWDON, EI.C. 


‘PHons.: AVENUE 1879. 








3380 





The Last Word 


— In — 


BAND SAWING 
MACHINES for Metal. 


PATENT No. 29385. 


New Features :—Al/ wear on gears, due to cuttings dropping on them, AVOIDED 
by our patented Overhead Drive. Patent Swivel Table, Feed Gear Box for instantaneous 
change of feed. New Top Guide to adjust instantly to correct position of table 
when swivelled, 


MACHINES SOxr.D. 


NOBLE & LUND, Lro., 











FELLING-ON-TYNE. 








eg 
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Transmission Tales. No. 7. 








What every workman knew. 


In a certain rope works* a good deal of friction 
used to be caused owing to the failure on the part 
of certain rope spinning machines to perform their 
work satisfactorily. The fibres used to break and 
the ropes came out unequal in size and weight. 
The operatives sometimes got the blame for this, 
though really the fault was due to the belts which 
drove the flyers slipping, and slipping unevenly. 


Then— 


Renold Chains were installed on _— certain 
machines—not at first on all. What was the 
result? Deaf to the calls of brotherly love 
those operatives fought to use the chain driven 
machines. Zhey knew! . 


There’s a moral ! 


i oe 
Does this story suggest a cure for your transmission 
troubles? If so, write and tell us. 3116 


HANS RENOLD LTD., Dept. 35, 
Progress Works, MANCHESTER. 


(*Name on Application.) E/228 




















ADMIRALTY CONTRACTORS. 


SPECIALITY: Pluto Blue Asbestos 


Indestructible and Removable 
Boiler and Pipe Covering. 
SAMPLES AND ILLUSTRATED CATALOGUE FREE, 


e-e 
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wCcRERBEOOQZ= 


a 


Head Office 
ET eletcli a Velel>. <= 
23.King St, London,ec 


z2eou2eor 


Blue and White Asbestos Fibres, Yarns and Cloth Packings, 
Compressed Jointings, Millboard, &c. 3580 
Asbestos Suits, Gloves, Aprons, Leggings, &c. 














IRON CEMENTS 


Permanently stop all leaks of steam, water, fire or 
oil in iron or steel castings, boilers, tanks, piping, 
pumps, screw thread joints, flanged joints, &&c. 

Smooth-On is also unequalled for filling in 
blow-holes in iron or steel castings. 


The Smooth-On Cements are easy to apply, 
harden quickly and make permanent repairs, 
proved by years in use. 


Every Engineer should 
read our new No. 12 illus- 
trated instruction book: 
Free, 


“SMOOTH-ON 
Manufacturing Co., 


8, White Street, 
Moorfields, 
LONDON, E.C. 


_ 
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COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY. 


Write for SPEOIAL OATALOGUES :— 
Class A.—For LAND USE. Class B.—For MARINE USE. 


COCHRAN & CO., ANNAN, LID., 


ANNAN, SOOTLAND. 











RUBERY, OWEN & CO.,: 


DARLASTON, SOUTH STAFFORDSHIRE. 














6500 GALLONS PER HOUR FILTER 
5000 GALLONS PER HOUR SOFTENER. 


WATER PURIFICATIC PLANTS. 
Bacterial Treatment for Town Supplies. _ Filtration and Softening for Industrial Purposes. 
PLEASE SEND US YOUR ENQUIRIES. 3581 














The First Consideration 


in a Tube—whether it be in a Boiler, Water Main, Gas 
Main, Air Main, Cable Conduit, Sewer, Tramway or 
Lighting Standard, Lamp Post, Davit, Derrick, Mast, 
Service, or anything else—is 


RELIABILITY. 


MANNESMANN WELDLESS STEEL TUBES HAVE 
A WORLD-WIDE REPUTATION FOR THIS, 


and are the most Economical Material on the Market. 





Illustrated Catalogues on application. 


The BRITISH MANNESMANN TUBE CO., Lie. 


Salisbury House, London Wall, LONDON, E.C. 





Branch Offices at BIRMINGHAM, MANCHESTER and NEWCASTLE-ON-TYNE. 


Agencies at Belfast, Cardiff, Glasgow, Middlesbrough, and Newport (Mon.). 3413 


Works: LANDORE, SOUTH WALES. 


TeLernone : 4610, LONDON WALL (Two Lines). Trieerams : TUBULOUS, LONDON. 














Most up-to-date outfits 
of all sizes supplied. 


Ay | ver 9&6O sets of Engines and 1442560 
Boilers already constructed and 


working in all parts’ of the world. 


Admiralty 
Contracters. 


ROSS & DUNCAN | 


WHITEFIELD ne CLASCOW. 











Telegrams 2460 


Fe WHITEFIELD, GLASGOW 
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— 


PHILADELPHIA, PENNSYLVANIA, U.S.A. 





Labour-Saving 
Machine Tools. 





Boring and Turning Mills. 

Bolt and Nut Screwing Machines. 
Locomotive Cylinder Boring Machines. 
Floor Drilling, Boring & Milling Machines. 
Car Wheel Boring Mills. 

Drill Presses, Vertical, Horizontal & Radial. 
Drill Grinding and Pointing Machines. 
Tool Grinding and Shaping Machines. 
Steam Hammers. 

Self-acting Slide Lathes. 

Locomotive Wheel Turning Lathes. 

Car Wheel Turning Lathes. 

Axle Lathes. 

Milling or Slabbing Machines. 

Planing Machines with Shifting Belts. 
Planing Machines with Pneumatic Clutches. 
Punching and Shearing Machines. 

Bending Rolls. 

Riveting Machines. 

Hydraulic Wheel Presses. 

Hydraulic Testing Machines (Sellers-Emery System). 
Slotting Machines. 

Shaping Machines. 

Sand Mixing Machines. 

Turntables for Railroad and Shop Use. 








TRAVELLING CRANES. JIB CRANES, 
LOCOMOTIVE INJECTORS OF GREAT RANGE 


AND FOR HIGH STEAM PRESSURES. 
SHAFTING, COUPLINGS, HANGERS, PULLEYS, &c., &c. 


CORRESPONDENCE OF INTERESTED PARTIES IS SOLICITED. 








South American Representatives :— 2959 
DUTILH-SMITH, McMILLAN & CO., 


Central Buildings, Tothill Street, 
Westminster, London, S.W. 





PULLEYS, 
SHAFTING, 
HANGERS, 


AND ALL KINDS OF GEARING FOR THE ECONOMICAL 
TRANSMISSION OF POWER. 





LIST OF AGENTS 

BELFAST—R. Patterson & Sons, .c., 16, Bridge 
Street. 

BIRMINGHAM—R. Lioyd & Co., 185, Steelhouse 


BOLTON—J. & W. Kirkham, Ltd., Lark Street- 

BRISTOL—R. Stotesbury, Temple Bulidings, 
Victoria Street. 

CARDIFF—Cross Brothers, Ltd., 20, Working 8t. 


CARLISLE—A. J. Crawford (Northern Mill and 
Mine Furnishing Co.). 


CORK—McKenzies, Camden Quay. 
DUBLIN—Booth Brothers, Upper Stephen Street. 
DUNDEE—Thomas C. Keay, 17, Baltic Street. 
—Jas. T. Donald & Co., Ltd., 36, 
McAlpine Street. 
LIMERICK—J. P. Evans & Co., 131, George Street. 
a ~~" Cie Curphey & Co., 20, Strand 


NEWCASTLE-ON-TYNE—Jos. C. Nicholson Tool 
Co., City Road. 


NORTHAMPTON — The Universal Shoe Ma- 
chinery Co., Ltd., 27, York Road. 

NOTTINGHAM—E. L. Gowthorpe & Son, Victoria 
Buildings, London Road. 

PORTMADOC—Owen, isaac & Owen, Union 
Foundry. 

SHEFFIELD—Tasker’s Engineering Co., Ltd., 


OE Ae, 





61, Bionk Street. 
WARRINGTON—John Choriey, Buttermarket St. | 


HOLDING STOCK. 


FOREIGN AGENTS. 
BURMA AND THE SHAN STATES. — Messrs. 
Stewart, Raeburn & Co., Rangeon. 
CAPE COLONY—Geo. Findlay & Co., Ltd., Chureh 
Square, Cape Town, and Western Provinces. 
CHILI AND BOLIVIA—Martin Bros., 228, Calle 
Bianco, Valparaiso. 


EGYPT— Societe Generale d’Electricite & de 
Mecanique, Rue de la Gare du Cairo 4, 
Alexandria. 


FRANCE—E. Deparis (late F. Christy &Co.), Lille. 
HOLLAND—R. 8. Stokvis & Zonen, Litd., Leuve. 
haven O. Z. 74, Rotterdam. 
INDIA—Macbeth Bros. & Co., Bombay. 
Planters’ Stores and Agency, Ltd. 
Calcutta and Chittagong. 
ITALY—Gio. Viganoni, Via 8. Andréa, 6, Milan. 
JAVA—Technisch Bureau Soenda, Bandoeng. 
NEW SOUTH WALEG—R. L. Scrutten & Ce., 
Sydney. 
NORWAY —G. Hartmann, Christiania. 
SIAM.—Barrow, Brown & Co., Bangkok. 
STRAITS SETTLEMENTS AND MALAY 
PENINSULAR — United Engineers, Ltd., 
Singapore. 
SWEDEN—Calvert & Co., Gothenburg. 1204 


WESTERN AUSTRALIA—Saunders & Stuart, 
Ackroyd Bdgs., Melbourne Rd., Perth, W.A. 





* Unbreakable Pulley 


4 Mill Gearing Go., Ld. 


56, CANNON STREET, LONDON, E.C. 


Telegrams : HORSEPOWER, CANNON, LONDON. 


Telephone : 505! (BANK). 


48, WEST GORTON, MANCHESTER. 


Telegrams: STRINGTH, MANCHESTER. 


Telephene: CITY 5640 (Two Lines), 
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OILS 








For 
Cylinders of 


STEAM, 
GAS 
OIL 

ENGINES; 


for ENGINEERS’ 
and 
MACHINISTS’ 
SHAFTING and TOOLS; 
for 
TEXTILE 
MACHINERY 
OF ALL KINDS, 
and for 
STEAMSHIPS 
and 


RAILWAYS. 


Price Lists and Samples 
on Application. 








(Price’s PATENT CANDLE CoMPANY Lp., 
LUBRICATING O1L Dept.) 


Belmont Works, BATTERSEA, 
LONDON, S.W. 
23884 
Guardian Buildings, 
CROSS’ STREET, 
MANCHESTER. 





{Chantiers et Ateliers AUGUSTIN NORMAND, Limited, 


67, Rue du Perrey, Kae} TERA W7 ECGED (FRANCE). 





LUBRICATING; 





DESTROYERS, TORPEDO BOATS, YACHTS AND FAST BOATS. 
SUBMARINE and SUBMERSIBLE BOATS. 
Machinery and Steel Works of all kinds. 


NORMAND’S PATENT WATER-TUBE BOILERS. 
More than 700,000 HP. realised. 
FEED-WATER 


HEATERS. i= we EJECTORS. 
a | al 
DISTILLING and FEED 


MAKE-UP 
APPARATUS. 




















THE wrO Weer —_— Co. 


orn w sL.&, W.B. 
National I x No. 40. 


DOCK CATES, 


AND SIMILAR 


STRUCTURAL WORK. 


Telegraphic Address—‘‘ BRIDGE.” 





- = eay ' 
“> ym , os ed ree ag 


New Two- Spindle Saw Bench Type iS. 


For Dimension Sawing as required in Pattern Making and Fine Joinery. Descriptive Leaflet from— 


Od 6602 

















Thos. Robinson & Son, Lrd., Rochdale, Eng. 
























1% 
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PETTER OIL ENGINES 


FOR REFINED OR CRUDE OILS. 
AWARDED GRAND PRIX, TURIN INTERNATIONAL EXHIBSTION, 1911. And 30 GOLD and SILVER MEDALS. 











Continental 
Light. 


Wenn 
INCANDESCENT CiL LAMPS 
With Inverted Mantle. 


100-1500 CANDLE-POWER 


from ordinary kerosene or petroleum. 


THE CHEAPEST & STRONGEST 
LIGHT ON EARTH 


Railway Statienas, Streets, Public 
Squares, Gardeas, Ships, Court- 
yards, Werksheps, Warcheuses, 
Sheps, Restaurants, Private 
Howses, &e. 


THE LATEST! 
Without Air Pressure. 


Lighting Throughout of 
Automatically. Brass Nickel-plated. 





































Tey, 












HP. i-Di iT 25 B.HP. Horizontal Stationary type 5 B.HP. “PETTER JUNIOR” with Magneto 
=F io p meee Oils. = for Refined Oil. ignition, for Refined Oil. Stationary type £36. 


OVER 8000 ENGINES IN USE ALL OVER THE WORLD. 


PETTERS LIMITED, [ngineers; YEOVIL, England. 


SHOWROOMS—73, QUEEN VicTORIA STREET, LONDON, E.C., AND 140, Victoria Street, BRISTOL. 3298 























A Steel to be Proud of. 


Tf you take a pride in calling attention to the work your 
Tool Steel ts doing, 


If you wish your men to feel that they are using a 
Steel out th dinary, 2 
cel out of the ordinary mus"AUTOFAX” — rue'“VESTA” 


If it ts any satisfaction to you to know you have a with Inverted No. 551-160 ©.P. 


7 si Mantle. » 558160 ,, 
q Steel you can rely on to tackle the toughest jobs, Oise ln 680808 ,, 
ij aaa atte With Inverted Mantiles. 


ALLENS STAG As SPECIAL HIGH SPEEDS) 
=: 





@ “Stag Special” is the highest quality of Tool Steel made at the 
Imperial Steel Works. Every possible care is taken that nothing 
but the purest Irons and other raw materials are used in making it. 
Only the most highly skilled of Sheffield’s Steelworkers are allowed 
to handle it during its progress from Crucible to Finished Bar. 
This care means uniformity, and a uniform steel is reliable. 



















“ IDEAL” “LYRE” 


No. 300— 250 O.P. No. 874—160 OP. 
’ 386— 250 


° 488 hod 
» 414-1000 ,, 


100 Candle Power Patterns, 





@ “Stag Special” is easy to forge and harden, but we will, if you 
wish it, put one of our experts entirely at your disposal, free of charge, 
to instruct your men in its treatment and to demonstrate its capabilities 


Have you a copy of our latest G1 Catalogue ? _— 
Lf not, write for it. 








No. 873. No. 87a. No, 878. 
| Write for Catalogue No. 339. | 


ONTINENTAL-LICHT- 


a-Apparatebau-Gesellschaft m.b.H. 
Works & Offices: MAINSERLANDsTRASER 198. 


FRANKFORT o. M. 
(Gormemy ) 800 








EDGAR ALLEN & COo., LIMITED, 
SHEFFIELD. 
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WATER 
SUPPLIES 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
126, BUNHILL ROW, sew 
LONDON, E.@. 











JOHN-STIRK | 
-& SONS L”- 
















PRATCHITT Bros. 


Engineers, CARLISLH. 





Enaine® DreivenjMorrar Mitt, 
ALSO MAKERS OF— 3425 


RAM PUMPS, DISINTEGRATORS 


Colliery and Chemical Manure Machinery. 


FYMANS 
RUST 
PREVENTIVE. 









[FRE 





FOR 


Bright Metal Surfaces 


Is especially adapted for coating the 
bright s of Engines, Machinery, 
Tools, Prevents Rust, no matter 
how Same the test. Supersedes White 
Lead and Tallow or similar products. 
Costs less, because it goes further. 
Applied easier. Easily removed. Enters 
the pores, and is a permanent protection 
after cleaning up. Neither new nor 
experimental, but has been in constant 
use for over twenty years by most of the 
leading and up-to-date Engineers, &c. 

If interested, we should be pleased to 
submit sample and price. 


W.H. PALFREYMAN & CO, 





G. & A. HARVEY, io, GOVAN, 











GLASGOW, W. 





MACHINE TooLs 


For Turbine Work. 
For Boiler Work. 
For Railway Work. 


TURBINE CASING 
BORING MACHINE 


(SEE ILLUSTRATION.) 


“Tue HARVEY STUDDER ” 


For Drilling, Tapping & Studding. 


66 
THE HARVEY FACER ” 
For Boring and Facing on Four 
Sides at One Setting. 
Numerous Sizes. 





























2917 









5 % Prompt Delivery. 
CATALOGUE ON APPLICATION. 


















GOEDHART Bros. DUSSELDORF. 





UNDERTAKE DREDGING CONTRACTS FOR HARBOUR AND CANAL WORKS THROUGHOUT THE WORLD. 




















Goree-Piazzas, Liverpool. 25% 











BRADLEY «CRAVEN 


Estab. 
1843. 






HIGH-DUTY 
SHEARS 


PURPOSES. 











FOR AL!. 


















WAKEFIELD.  .. 
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Vacuum ‘Guia System HAVE YOUR 


The most efficient and economical NEXT EN WIRY 

system for removing dust and refuse : 

from crushing, grinding, polishing, 
woodworking and other machinery. 

















GREAT SAVING IN POWER. 











Ask for Catalogue “ Eg. 1102.” 


STURTEVANT ENGINEERING Co., Lita. Collecting the chips, shavings and sawdust in 


a woodworking shop. Showing Piping System 
2°8 with Sturtevant Patent Junction Pieces. 
147, QUEEN VICTORIA STREET, LONDON. 















































KIRBY BANKS SCREW 


CO., LTD., 


L.STERNE &CO.,LD., }f ~~. 


LEEDS. 


Telegraphic Addrese— 2705 
“HEXAGON, LEEDS.” 
Telephone—541 (Two Lines). 











The Crown Iron Works, GLASGOW.' S583 


LONDON OFFICE: DONINGTON HOUSE. NORFOLK STREET, W.C. 
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RATT & WHITNEY TURNTABLE LATHE. | 


FOR MAXIMUM OUTPUT ON FORGINGS, CASTINGS AND FROM 
THE BAR WITH THE SIMPLEST TOOL EQUIPMENT. 








This machine is provided with a constant- 
speed all-geared head and a cross-feeding turn- 
table. Every feature required for rapid and 
accurate work is included in the design. 

Convenience ot operation has been cared for 
by placing all controlling levers within easy reach 
of the operator from a position near the work. 

The power feeds are entirely positive and the 
stops are accessible from the front of the machine 
and easily adjusted. 

By means of two handles on the front of the 
head any one of eight spindle speeds may be 
instantly obtained. 

The main spindle is located near the front of 
the head, bringing the work close to the operator. 


Write for Catalogue ‘‘ Turntable Lathe.’’ 


P. & W. SMALL TOOLS ARE THE STANDARD THE WORLD OVER. Write for Catalogues. 


PRATT & WHITNEY CO., nartrorp, conn., us.A. 


Agents :—LONDON, E.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. Also Birmingham. LONDON, S.W.—Niles Bement Pond Co., 25, Victoria Street. 
PARIS.-—Fenwick Freres & Co., 8, Rue de Rocroy, Agents for France, Belgium and Switzerland. JAPAN.—The F. W. Horne Co., 6, Takiyama-cho, Kyobashi-ku, Tokyo. 
ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretechmer & Company, Frankfurt a/M. HOLLAND.—R. S. Stokvis & Zonen, Ltd., Technische 
Afdeeling II, Rotterdam. VIENNA.—Donauwerk Ernst Krause & Co., XX/2, Engerthstrasse 165. RUSSIA.—O. R. San Galli, 17, Nikolajewskaja, St. Petersburg. 
AUSTRALIA—L. A. Vail, 114, Queen Street, Melbourne. BRAZIL—Comptoir Technique Brésilien, P.O. Box 802, Rio de Janeiro. PERU—W. R. Grace & Company, Lima a 
CHILE—International Machinery Co., Lovande, 540, Santiago; and Nitrate Agencies, Ltd., Antofagasta and Iquique. 5433 f 


HIGH-PRODUCTION MACHINE TOOLS | 











Railways, Arsenals, Shipyards and Engineering Works, 


NILES-BEMENT-POND COMPANY, 


NEW YORK-111, Broadway. LONDON —25, Victoria St., S.W. 


AGEN Es : 
FRANCE-—Glaenzer & Perreaud, 18-20, Faubourg du Temple, Paris. GERMANY-—F. G. Kretschmer & Co., Frankfurt-a-Main. AUSTRIA-HUNGARY—Donauwerr 
Ernst Krause & Co., Vienna. RUSSIA—O. R. San Galli, 17, Nikolajewskaja, St. Petersburg. HOLLAND-R. 8. Stokvis & Zonen, Ltd., Technische Afdeeling II, 
Rotterdam. ARGENTINE —F. H. Bagge, 201, San Martin, Buenos Ayres. JAPAN —The F. W. Horne Co., 6, Takiyama-Cho, Kyobashi-ku, Tokyo. 
ITALY—Ing. Ercole Vaghi, Milan. DENMARK—V. Lowener, Copenhagen. NORWAY—V. Lowener, Christiania. SWEDEN-—V. Lowener, Stockholm. 
BRAZIL—Comptoir Technique Brésilien, P.O. Box 802, Rio de Janeiro. AUSTRALIA-—L. A. Vail, 114, Queen Street, Melbourne. PERU—W.R. Grace & Company, 
Lima. O@HILE—International Machinery Co., Lovande, 540, Santiago; and Nitrate Agencies, Ltd., Antofagasta and Iquique. 


POWER 
SIGNALLING 


THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO., Ltd. 





Address 


58 Victoria Street, London, S.W. 


Tel. : 4760 Victoria (T ‘wo Lines). 
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DARLING ® SELLERS, {¢ KEIGHLEY 
PATENT HIGH-SPEED LATHES 


HAVE SPECIAL FEATURES POSSESSED BY 
NO OTHERS. 


— FULL PARTICULARS SENT ON APPLICATION. 


=; THE ILLUSTRATION REPRESENTS OUR 10} in. 
LATHE, WITH ALL GEAR SINGLE PULLEY 
DRIVE. 


— BUILT IN FIVE STANDARD SIZES Win., 9 in., 
104 in., 12}in., and 164in. CENTRES. 


WITH CONE, ALL GEARED SINGLE PULLEY 
OR MOTOR DRIVE. 
3022 NATIONAL TELEPHONE No. 38. 












SIEMENS WATER METERS 


DISC METERS FOR BOILER FEED WATER. 
IMPROVED INFERENTIAL METERS. DISC METERS. 
FULL-BORE METERS FOR LARGE QUANTITIES. 
COMBINATIONS. COMPLETE TEST PLANTS. 
PARTIAL METERS FOR VERY LARGE MAINS. 2977 


SIEMENS BROTHERS & CoO., Ltd., 
FULL PARTICULARS CAXTON House, 
ON APPLICATION. WESTMINSTER, S.W. 



























On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


WHEELS 


OF ALL DESCRIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty 


URQUHART LINDSAY GDL DUNDEE 





















































PIONEERS in the CAXTON HOUSE, 
Design & Mawufacture of WESTMINSTER. 
PRESSED-STEEL 
UNDERFRAMES & BOGIES, wos 
. and ALL-STEEL 






RAILWAY WAGONS. td 


He 












LONDON OFFICE— 


SOUTH EASTERN AND CHATHAM 
RAILWAY. 


Patent Centre and Side Discharg- 
ing Hopper Ballast W: nwith Patent 
Pressed Stee! Inside chions and 
Fox's Pressed Stee! Underframe. 
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SHAFTING 
OF ALL 
DESCRIPTIONS 
FOR 
MARINE 
& 


INGOTS 
uP TO 
26 TONS. 
FORGED LAND ENGI! ES 
CHROME isi pon 
STEEL a SHOES . Bee ROLLED 
DIES as BARS,* 

FOR GOLD MINING pest bas a ; FLATS, 
PURPOSES. lai sien ANGLES, 
LARGEST COLLIERY 
OUTPUT RAILS, 

OF ANY f FISH PLATES 

ENGLISH FIRM. % SPRING 

feaee | STEEL 
ROLLERS he ian aa eo & 
alles . ee a siti ' SPECIAL 
FOR QUARTZ wine SECTIONS. 
CRUSHING. saan P setae " REELED BARS. 
NICKEL _ j—- | ; ~~ 
a Bs stim : is al on BILLETS 
CASE ‘aaatoes O — s L Bie BL; & 
HARDENING in = cs. oy ge: BLOOMS 
STEELS. Bee ——— ‘ é 4 FROM 
HIGH ; a i e | 2°-12" 89. 
TENSILE ay —— yl a er Se Bees, & CONTRACTORS 
STEEL _ he To 
a cat aa es COLONIAL, 

: Py ae eae INDIAN 

& 
FOREIGN 
GOVERNMENTS, 


FOR 
WIRE DRAWING By) te 
BRITISH 

& 


ORDNANCE WORK. 

CONTRACTORS 

To r : rE SSEMES = 2.8 
FOREIGN 

. RAILWAYS, 

. &c. 


ADMIRALTY 
WAR OFFICE, 
CROWN AGENTS 
FOR THE 
COLONIES 
BUILT-UP and SOLID CRANK AXLES, with GUARANTEED MILEAGE ano CRANK SHAFTS, 
TYRES anpd AXLES OF ALL TyrPES, for Railways, Tramways, &c. 
BRAND, for Locomotives, &c. eed 


SPECIAL HIGH-TENSILE TYRES, “ARGENTINE” 
WELDLESS CRANK HOOPS, BOILER RINGS ano ANGLE RINGS. 


WALKER BROS. (Wigan), Bern. 
AIR COMPRESSING and BLOWING ENGINES, 


LIGHT DISC VALVES 
TO 
NEW PATENTS. 








BELT-DRIVEN AIR COMPRESSING ENGINES 
OF THE TWO-STAGE TYPE. 





A PAIR OF COMPOUND CORLISS TWO-STAGE 
AIR COMPRESSING ENGINES. 


“INDESTRUCTIBLE” TYPE Warr EhaTIENG Eas (or Steam or Bectric Driving 
Hauling and General Mining Machinery. 


Winding, 
NEW BROAD STREET HOUSE, E.C. 


RPAGHEFIELE LrRONWOoRES, wiGaw. 
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National Gas Engine Co. 


LIMITED, 


GRAND PRIX: 
TURIN EXHIBITION, 1911. 














NATIONAL TANDEM TYPE VERTICAL TYPE 450 B.HP. GAS ENGINE. AND SUCTION GAS PLANT. 
These Engines are also built in sizes ranging from 300 HP. to 1500 HP. 
SUITABLE FOR WORKING WITH TOWN GAS, PRODUCER GAS, BLAST FURNACE GAS, AND COKE OVEN GAS. 5143 
Write for Catalogue. 





WORKS and OFFICE: Ashton-under-Lyne, MANCHESTER. 
LONDON SHOWROOM : 75a, Queen Victoria Street, LONDON, E.C. 


CHEAP POWER!!! 


ANTHRACITE 
SUPERSEDED !!! 

















IMPORTANT NEW DEVELOPMENT IN 
PRODUCER GAS PLANT. 


FARNHAM’S GAS PRODUCER 


PRODUCES ABSOLUTELY 
CLEAN GAS FROM ALL 
KINDS OF CHEAP BITU- 
MINOUS COAL WITHOUT 
TAR EXTRACTORS, 
SCRUBBERS, OR ANY 
OTHER COMPLICATED 
APPARATUS. 












NOT AN EXPERIMENT 
BUT AN UNQUALIFIED 
SUCCESS. 


NO SKILLED ATTEN- 
TION. REQUIRED. 


It. PER BHP. PER 
HOUR GUARANTEED. 


COMPLETE PLANT, showing simplicity and compactness. 3171 
250 B.HP. and upwards. 


oi: FARNHAM’S PATENTS Ltd.,* “e.séow?"™* 


Liverpool Office: Queen's Insurance Bwildings, 13, Castle Street. LIVERPOOL. 
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— RUSTON EXCAVATORS — 








Let us solve your 
Excavating Problems. 














We have exceptional experience 
in the design and building of 
Excavating Machinery, parti- 
cularly Combined Excavators 
and Conveyors, and also 
Transporters, and will be 
pleased to submit schemes 
for all classes of work. 


abies EAST SS t WE HAVE SOLD OVER 
Pama et Set, Sa eae &, 600 STEAM EXCAVATORS. 





~t ~ 


Removing the overburden from Ironstone by Ruston No. 18 Steam Crane Navvy, 
and dumping it on the spoil bank by a Ruston Transporter. 


f RUSTON, PROCTOR @ CO., Ltd., 


LINCOLN, ENGLAND. 


Also at 46, QUEEN VICTORIA STREET, LONDON, E.C. 
Telegrams—‘‘ RUSTON, LINCOLN,” or “RUSTON, CANNON, LONDON.” 3316 















































TELEGRAMS— 
“ WERFCONRAD, HAARLEM.” 
“ DREDGCRAFT, LONDON.” 
ODES-LINBERS, ABC, Sth Ba, 5 
an G & NEAL. 
TEL.—CITY, 257. ¥ LTD., HOLLAND. 


Agents: MARINE WORKS, Lté. # RPI ARPS HOUSE, 39-41, NEW BROAD STREET, LONDON, E.C. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 














BUCKET HOPPER m FLOATING CRANES. 
BARCE-LOADING COAL BUNKERING 
DREDCERS. VESSELS, 
SUCTION PUMP HOPPER BARGES 

DREDGERS. of any eapacity. 
COMBINED BUCKET SPARE PARTS 
and RENEWALS 

PUMP DREDCERS. supplied. 


SUCTION 
CUTTING 
DREDCERS 


COLD ao TIN 
RECOVERING 
for DREDGING DREDGERS 


CLAY, &c. A Speciality. 
see 3301 


One of Several SUCTION HOPPER DREDGERS built for the Argentine Government. 








DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF 
GOLD, PLATINUM AND TIN, ON APPLICATION. 
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ICK, KER 


Tipping Wagons, 
Locomotives, Rails, 
Points & Crossings, 
Turntables, &c., 


for 
PORTABLE and LIGHT RAILWAYS 
of EVERY DESCRIPTION. 


Head Office: ABCHURCH YARD, CANNON STREET, LONDON, E.C. 






































Branch Offices: Manchester, Newcastle, Tokyo, Sydney, 3490 
Johannesburg, Buenos Aires, Rio de Janeiro, Moscow and Milan. 
— a — ————————————— 








won TT Photograph of 2 B.HP. Oil Engine 
Treble Throw Ram Pump. — 


This ee of Engine and Pump is self- 
contained and on solid cast-iron base. The Valves 
are easy of access without interfering with pipes. 
The Cog Gearing is machine cut, therefore 
durable and a= A A Sliding Pinion is used, 80 
that the Pump can be thrown out of gear and the 
En cine used for other purposes, 











THE BLACKSTONE 
OIL ENGINE. 


j Stationary Type. 

i For Crude Oil 15 to 120 B.HP. 
d For Refined Petroleum 24,, 75 B.HP. 
hi Portable Type. 

For Crade Oil on 15 to 30 B.HP. 





=< 













For Refined Petroleum. 24 ,, 26 B.HP. 
Starts in <& minutes. 


No Lamp required except’ for 
starting. 


f No external flame when 
Z working. 

i BRANCHES ;— 
LONDON: 81, Cannon St., E.C. 


Telegrams—*‘ Engimanu,” London. 
Telephone—3144 Central. 





ADELAIDE . -. 61-68, Hindley Street. 
; ALEXANDRIA.. .. Ruede la Gare du Caire. 
& AMSTERDAM .. .. Spuistraat 6 and 8. 
« ANTWERP os ee , Rue des Peignes 
BOMBAY a aC Marshall’ ‘8 Buildings, 
Ballard Road. 
BUDAPEST -. VI Gyar-Uteza 5. 
BUENOS AIRES .. 833, Calle Peru 335. 
CAIRO .. .. Rue Bab-el-Hadeed. 
CALCUTTA - 99,CliveSt.,&25, Strand. 
CHRISTCHURCH N. Z. South Belt. 
CON STANTINOPLE.- es Rue Mahmoudie, 
GALA No, 142-146. 
DUBL - ; oe .. Dickies Warehouse, 
South Dock Street. 
] : EAST LON Sane. scien Cambridge Street. 
' GERALDTON, W. -. Marine Terrace. 
GLASGOW ° -. 28, Graham Square. j 
b MELBOURNE .. ~ 585, Bourke Street. 
: MILAN .. , :. Via Palmero 8-10. 
PARIS .. o -. 28,Boulev’ddel’ Hopital. 
SYDNEY a os ae ‘Bent Street. 
THE HAGUE .. ps 26, Verhulststraat. a ; 
TORONTO .. ~—_ |. Corner King and Simcoe o ee eT + 
TUNIS Hg Seo — 


- 109, Rue de Portugal. A, Se a - 
—_ Pa aes lee ill Pr 
ESTIMATES & FULL PARTICULARS POST FREE,  Telegrams—BLacustones, StAMPORD. Gietenne-tine 807 and 808 (Two Lines). Codes used—Lamzmn’s, Al, ABO (éth & 6th Biitione), Exonxanino. 


| BLACKSTONE & GO., L?- Stamford, Engiand 
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ROOTS ‘ACME’ BLOWER 


FOR USE WITH ANY MAKE OF CUPOLA, SMITHS’ HEARTHS, ALKALI WORKS, &c., &e. SIMPLE & COMPOUND ENGINES 


‘“‘Aeme’ Blowers & Gas Exhausters 


For Ordinary and High Pressures up to 10 lbs. 


FITTED WITH SIMPLE OR COMPOUND ENGINE OR MOTOR DIRFCT 











For full particulars and prices apply to:— 


SAMUELSON & CO., Lt. 


BANBURY, ENGLAND. | : i 
CONTRACTORS TO THE ADMIRALTY, WAR_ OFFICE, COLONIAL AND FOREIGN GOVERNMENTS: 




















pe a 
Y 
> 


ELECTRIC CRANES oF ALL Tvpés, 
ELECTRIC CAPSTANS, 
ELECTRIC WINCHES, 
&c., &c. 


a Mii Bente 
¥ 


| Send for Catalogue. 
If you have requirements in the way of Cranes, 


Write at once to— 


THOMAS BROADBENT & SONS, Ln, 


re orn CENTRAL IRON WORKS, 
UFFOLK HOUSE, 
LAURENCE POUNTNEY HiLt, E.C. HUDDERSFIELD. 
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— START 1914 RicuT: 


YOU can have the best year 


of your life in 1914 if you consult us regarding Lathes. 











DEAN, SMITH & GRAGE®0», L2 


Lathe Manufacturers, KEIGHLEY. 


PITT TT 


q ae Special line of 


manufacture comprises 
all types of Lathes of the 
highest class. 


Notable for quality of 
design combined with ~-the 
highest grade of material and 
workmanship. 


ILLUSTRATION SHOWS OUR 12° CENTRES 
POWERFUL HIGH-SPEED LATHE. 


A Lathe built for hard 
work and lots of it. 


AGENTS : 


8S. AFRICA—D. Drury & Co., Central House, 
Johannesburg. 

FRANCE—Louis Besse, 39, Rue de Lappe, Paris. 

AUSTRALIA—Tnuos, McPuerson & Son, 582, Collins 
Street, Melbourne 

CANADA—Muvussens Limirep, Montreal. 3526 

SPAIN—A. H. Scuutrr, Calle Laurie, Bareelona, 

RUSSIA— Moscow Too. anp Enoinr Co., Moscow. 

ITALY—M. Ercoie Vaoui, Milan. 

HOLLAN D—Van Rarrcnoren & Houwens, Rotterdam. 














ANCHESTER, S.E. 


GRRCRERREREEEREREREEeeeaeEs. 


Tre MANCHESTER DONKEY or WALL Pump [Rent DEARN & C9 bey 






Single Acting Double Acting 


PUMP 


National Telephone: 


2289 Central. 


Telegrams: 


PUMPS” Manchester. 





T 4 E N Power Pump 








Horizontal Treble Ram. 


PEARNS CAMERON TYPE Pump 





Vertical Treble Ram ~_— Single Ram. Nouble Rar 


LONDON: 49, Queen Victoria St., B.C, GLASGOW: P. & W. MACLELLAN, Ltd., 129, Trongate. NEWCASTLE-ON-TYNE: E, CLEATON REES & CO., 33, High Bridge, 
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THOS. FIRTH & SONS, L™ 


SHEFFIELD. 


WS QQ QM 'F"’>o'"’'Tnm kk:  ]W Ww 6 
 ccaesg SANNA WBS WY 























CASTINGS. 


— 


CAST-STEEL RUDDER-HEAD FOR FIRST-CLASS BATTLESHIP. WEIGHT 32 TONS. 


MANGARNEISE! and other ALLOW STEELS 


FOR 


GRINDING, CRUSHING, DREDC Ww Cc. 




















Simplicity of Parts 


is one of the characteristics 


of the 
H CHURCHILL PNEUMATIC HAMMERS 


In addition to this important feature, we would 
mention that our Rivetting Hammers are con- 
structed with Tubular Valves and are the most 
powerful Hammers on the Market. 








Further particulars as to our various styles and 
sizes will be gladly forwarded on request, from 
our special branch handling this dept. at 


St. Simon Street, Salford, Manchester. 














CHARLES CHURCHILL & CO., Ltp., 


London, Birmingham, Manchester, Newcastle-on-Tyne, Glasgow. — s496 
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| (j*° Engines and Suction 


Gas Producers. Tre 
illustration shows the Paxman design of gas engine 
specially suitable for electric-lighting, textile mill 
driving, and purposes requiring the utmost regularity 


of running. Fitted with patent throttle governor 
regulating the strength of the mixture according to 
the load, an extra heavy flywheel, and the 
usual Paxman special features, this design 
















eal 





merits the praise “As good as a Paxman 
Steam Engine!” 

Makers of Steam Engines and Boilers of all types from 
the smallest to the largest sizes, Superheaters, &c. 


DAVEY, PAXMAN & Co., LTD. 
COLCHESTER. 
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MANY HUNDRED 


ELECTRIC TRAVELLING 7 Per EE | 


CRANES 


IN USE IN LEADING 
WORKS AT HOME “OS : 
AND ABROAD. et : ee i oe 
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VAUGHAN & SON, fo 


TELEGRAMS—VAUNTING, MANCHESTER. TELEPHONE Nos.— 
Cope-ABC, 5TH EpiTion. . 5113, CENTRAL. 


256, OPENSsHAW. 











- TRAVELLING CRANE SPECIALISTS SINCE 1886. 


OVERHEAD 
TRAVELLING CRANES 


ELECTRIC ,AND HAND POWER 
TO SUIT ALL CLASSES OF WORK. 


ELectric TROLLEY Hoist. 23878 
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_S> TELEGRAMS" WATSORS NEWCASTLE-ONTYNEO —§ Se ~ ee) 


“® TIENRY WATSON &SONS 


HIGH BRIDGE WORKS, | eepbetles semen eg-| NEWCASTLE- ON-TYNE. 
bg DI |S OE NOS 4 


(A. WATSON'S 32282. PARALEL “—— 































ka HIGHEST 
Pump 
WY Efficiency 
+) ihe 
t LOWEST 
yw? Steam ™ 
Vy Consumption 
\e| per W.H.P. 
ue 4) yet attained. 









CONTRACTORS To THE BRITISH, JAPANESE, 
EFFICIENCY. DUTCH, ITALIAN & RUSSIAN NAVIES. 


GAS ENGINES cme 


Form vwosse wits 


BLAST FURNACE, COKE OVEN « of PRODUCER GASES. , 
PAS BLOWING <a ENGINES | 




























t ENCE NES * ELECTRIC : 
ary | GENERATORS, | 

BLAST FURNACES tnt | 

on BESSEMER Estimates submitted | 


CONVERTERS. . § 
GAS ENGINES ° 


(Nurnberg Type) 


40 to 4000 B.HP. 


Made to Drawings and Parti- 


for Complete 
Power Statioiis. 








, LOW WORKING COSTS. © 
| HIGHEST EFFICIENCY. 





culars supplied by M.A.N. 


“co a=m THE LILLESHALL COMPANY, Lime, 


wie, 6. GAKENGATEE. Engineering Dept.: OAKENGATES, SHROPSHIRE. 
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& wherever you have thrust 
difficulties. The standard 


double-thrust ball bearing will 
iF. always meet the case. Write 
i The Hoffmann Manfg. Co., Ltd., 


Chelmsford. 








— 


| WILLIAM BEARDMORE « CO., Lrp. 


GLASGOW. 




















) RELIABLE. ECONOMICAL. 
| | THESE 26,800 
" | ENGINES. . B.HP. 
4) ARE BUILT | HAVE 

| FOR < ALREADY BEEN 
- || HARD WORK. INSTALLED 


MAKERS OF 

















Lance — Cas — ENGINES. 
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WARSHIPS, CRUISERS, DESTROYERS, 
PASSENGER anno CARGO VESSELS 


DIISCHRIYP TIONS. 














MARINE CASTINGS & FORGINGS. 
ARMOUR & DECK PLATES. 
PROJECTILES. 


a ; TOOL STEELS, for all Purposes. 
ronreoo S2As geemOreR MARINE ENGINES & BOILERS. 


GAMMELL LAIRD & CO., LID. 


HEAD OFFICE : CYCLOPS WORKS, SHEFFIELD. SHIPYARDS: BIRKENHEAD. LONDON OFFICE: 3, Central Buildings, Westminster, S.W. 




































PATENTED 
PLAIN 
CHUCKING LATHE. 


A simple and business- 







like tool without any 
unnecessary complica- 
tions, for boring aad 
turning large gear blanks 
and similar work from 


forgings or castings. 


It is of massive design, 
built with a big reserve 
of power for taking heavy 





~ to Pas al 
lion lana 


2 cite stan cuts at high speed. 
9” Centre PATENT PLAIN CHUCKING LATHE. 


DELIVERYT FROM STOCK. 


A single lever on the apron operates both the longitudinal and transverse feeds for engaging and tripping by hand, while six 
stops in each direction effect the tripping automatically. Chasing motion is also provided and can only be gut in action when 
the automatic feeds are out, and vice versa. Send for full particulars. 

We have in progress at our works all sizes of :— 


CAPSTAN and TURRET LATHES.-—- PLAIN MILLING MACHINES. DRILLING MACHINES. 


H. W. WARD & C® L?: “si” BIRMINGHAM. 


LONDON: 401, Mansion House Chambers, !!, Queen Victoria St., EC. ITALY: Corso Porto Nuova Angolo, Via Parini, MILAN. 


Foreign Agents:—Invu: Heatly & Gresham, Ltd. Avernaiia: Thos. McPherson & Sons. Rorrernpam: Van Sen & epee, Brusszis: W. Steinhaus & Oo. 
Vianna, COPENHAGEN, BERLIN, St. Parsassure, StockwoLM : Schuchardt & Schiitte.  Mowrrza: Roper, Olarke & Oo. 3065 
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Instal a 












MULTIFLOW 








arr WEIR 








FEED-WATER HEATER 


and so utilise to the fullest 
extent the exhaust steam 
from your auxiliaries. - - 


An efficient and reliable 











apparatus. - - , 
zz a3 
Tube troubles eliminated. _ 











ml G.8 J. WEIR, Ltd., Cathcart, Glasgow 


























HN LYSAGHT. Limited. 


Bristol, Newport (Mon.), London. 


CHIEF 
OFFICES 
ST. VINCENT’S a iar f GRACECHURCH 
IRONWORKS, : fi Ai i STREET, 
BRISTOL. wh EC. 


Engineering Workshop, 1100 ft. long. 
Designed, Constructed and Erected by John Lysaght, Limited. 3221 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 








ENGINEERING. [Dec. 26, 1913. 


GARDNER PATENT CRANK PIN TURNING LATHE 


Enormous Saving in Crank Pin Machining Time. 























(FULL PARTICULARS ON 





APPLICATION ) 






SOMETHING QUITE NEW! 













L. GARDNER & SONS, L 







Patricroft, 


MANCHESTER. 








Telegrams: ‘‘ THEOREM, PATRICROFT.” 


elephone : 401, ECCLES (4 lines). 1855 15-in. CRANK PIN TURNING LATHE, 

















THE FALCON RAILWAY CARRIAGE & WAGON WORKS, 





The BRUSH ELECTRICAL ENGINEERING Go., Ltd. LOUGHBOROUGH. _ -» 


| LONDON ... ... 1, KINGSWAY, W.C. * | 












































Dec. 26, 1913.] ENGINEERING. 














Reliable and Efficient 


conversion of power is assured with 


(8) ROTARY CONVERTERS. 


Some of the advantages of B.T.H. Rotary 
Converters over other classes of converting 
apparatus are :— 













High Efficiency. Perfect Commutation, 
High Overload Capacity, Low Running Costs, 
Excellence of Finish, Accessibility. 


They are built for: 


Reactance Control, Booster Control, 
Induction Regulator Control & Split Pole Control, 
with self-synchronising starting arrangement. 


Rotary Converters totalling over 88,000 kw. 
capacity, in course of manufacture at our Rugby 
Works. 


The British Thomson-Houston Go., Ltd., 


Electrical Engineers and Manufacturers, 


Head Office and Works - Rugby, England. 


B.T.H. 1500 KW. 375 r.p.m. ROTARY CONVERTER 
with REACTANCE CONTROL, London Office - - 83, Cannon Street, E.C. 











(In Sizes from 750 to 6000 B.HP. 


Over 752,000 B.HP. installed or on order 
Nuremberg Gas Engines. 
(Catalogue E.G. 04) 
Over 375,000 B.HP. installed or on order 
M A.N. Diesel Engines. 
(Catalogue E.G. 36) 
We are the Largest Makers in the World 
of both Diesel and large Gas Engines. 


















For full information and printed matter apply to :— 


Six Nuremberg Gas Engines, of 1000 B.HP. each, installed in Mf. A. N. (0., Caxton House, Westminster, $. W. 


12) British Iron_and Steel Works. Telegrams : Klettillo, Vic. Telephone ; Victoria 3775. 
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WHEN CONSIDERING 


TURIN | — a) 

EXHIBITION, | . CHAINS 
FOR POWER TRANSMISSION 

me remember that 


HORS | BRAMPTON’S 


h tablished reputation for 
CONCOURS, nie eit 


MEMBER OF | EFFICIENCY, BRAMPTON 
LONG LIFE & 
THE JURY. 


UNFAILING SERVICE. Mi BROS., 


wt 8026 


Our Book “ Power Transmission TD 
by Chain,” contains much useful in- T} 
formation on the subject. We send 

it, post free, 


Our advice on any proposition— BIRMINGHAM. 


great or smalil—is always at your 
disposal. 











RPALILION, SUNDERLAND. 


DIRECT-COUPLED STEAM ENGINES « DYNAMOS. 


TeLtearams: “MARR, SUNDERLAND.” TELEPHONE Nos. 1282, 1233, 1234, SUNDERLAND. 


t SUNDERLAND FORGE & ENGINEERING CO, Ld, | 





STANDARD SIZES 
MADE TO STOCK 


3 Kw. to 26 Kw. 
100 or 110 volts. 


—— 


GOOD DELIVERIES 
for Other Voltages. 


—_—o-— 


Larger Sizes 
Fitted with Compound Engines. 


—-—-Oo-— 3420 
Also Manufacturers of 


ELECTRIC WINCHES. 


- ie. 
A GROUP OF STANDARD COMBINED PLANTS. 








es. 
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TANGYE’S 


For Mining Purposes, 








Town’s Water Supply, &c. 


With BELT PULLEYS for driving by 


**SUCTION” GAS ENGINE, 
OIL. ENGINE, 

STEAM ENGINE, or with 
ELECTRIC MOTOR. 





Fitted with OUTSIDE VALVE SPRINGS 
for HIGH SPEEDS. 





—— ees ee 


=="! TANGYES Ltd., BirmincHam. 


No. 408 B. 














EN Oil Engines 4 All Purposes 


GigE IRS PLE NRA MA ZS SE aU NEO PLATE I ES RES 
STER Oil Engines are made in full range of 
powers and sizes for all purposes— Pumping 
Sets, Paraffin Engines, Semi-Diesel Engines, 
Generating Sets, Marine Sets and Commercial 
Vehicle. Motors, 
The Engines are British made, designed and manufactured 


‘at. Wembley. _Every .engine passes most stringent tests 
before leaving the works. 








All models being standardized, Spare Parts—which are guaranteed 
interchangeable and perfect fitting—can be supplied for all types 
immediately on receipt of order. 





Aster 30 HP. Engine. ; 
ee, ie caciiemn There are over 20,000 Aster Engines in use. 


140 mm., Weight. 590 Ibs. Engine is 
here shown mounted on a trolley and 
working a Broom & Wade Air Compressor. 











Phone | 2 tes Exginiering C54 1913) 
a Wembley Middlesex 
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SIEMENS 








ELECTRICALLY-DRIVEN 
AIR COMPRESSORS 








THREE-PHASE INDUCTION MOTORS 
DRIVING 
TWO-STAGE HORIZONTAL AIR COMPRESSORS 
AT A GOLD MINE IN SOUTH AFRICA. 


OUTPUT OF EACH MOTOR :—960 B.H.P., 107 R.P.M. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office : Supplies Dept. & Stores: ** Tantalum ’’ Lamps & Fittings. 
CAXTON HOUSE. eo s.w. 38 & 39, UPPER ye STREET, E.C. TYSSEN STREET, DALSTON, N.E. 
Telephone; GERRARD 860. Telephone: CITY Telephones: CENTRAL 8387/9 & DALSTON 2440. 
Telegrams: STEMBRALOS, VIC, LONDON. Telegrams : SIEMOTOR, CENT, LONDON. Telegrams: SLIEMODYN, KINLAND, LONDON. 
Works: STAFFORD. 


BRANCHES: 
AUCKLAND | one CALCUTTA, DURBAN. MANCHESTER. OSAKA. SHANGHAI. TOKYO. 
BIRMINGHAM. GLASGOW : PEKIN. SHEFFIELD. TORONTO. 
BOMBAY. CARDIFF. HONG KONG. PENANG. SINGAPORE VALPARAISO. 
JOHANNESBURG. MONTREAL. RANGOON. SOUTHAMPTON. WELLINGTON (N.Z.). 
WINNIPE 


DELHI. 
DUNEDIN (N.Z.). MADRAS. NEWCASTLE. RIO DE JANEIRO. SYDNEY. 


1712 
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LONDON: 


30, Norfolk Street, Strand, W.C. 








2000/2400 B.H.P. Two-stroke cycle Sulzer-Diesel-Engine. 


DIESEL OIL ENGINES 


for Gas oil, Coal tar oil, &c.,—Four and Two-stroke cycle Stationary 


Engines—Directly Reversible Marine Engines. 


FURTHER SPECIALITIES: Steam Engines ot all sizes. Uniflow Steam Engines— 


Steam Boilers—Underfeed Stokers—High and Low-Lift Centrifugal Pumps— 


Sinking Pumps—Pumps for Fire Extinguishing purposes—Fans of all kinds—Ice and 


Refrigerating Machinery—Heating Installations. vee 
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| 
TORMO 


BALL BEARING 
PLUMMER BLOCKS 
AND HANGERS. 


SIMPLE AND EFFICIENT DESIGN, SELF- 


} 

| 

| 

| 

| 

| ALIGNING AND ADJUSTABLE, 
—— FITTED WITH — 
| 


Fes 


BALXL..I. 
BEARINGS 


ARE THE 
MOST RELIABLE, 
MOST DURABLE, 
MOST ACCURATE 
ON THE MARKET. 


“THEY ARE GENUINE 3141 
67/68, Bunnit. Row, LONDON, E.C. Friction Eliminators. 


and at 8, Peter Street, Manchester. 
| 
| | 
| |_| 


SRS eSRe ER 





FeS BALL BEARINGS. 


May we send you barticulars 

















of these, also of 


TORMO BALLS. 













































JAMES FAIRLEY & SONS orc." 
“Linon” ~~ CU . STEEL 
FAIRLEY’S SELF-HARDENING TOOL STEEL, tor Heavy Cuts at High Speeds, 


is HARDEST and TOUGHEST Steel mad o Calthong? 3p Chea; weet in Market.) Small samples free to ved buyers. 
NOTE. JAMES PAIRLEY a1 & SONS’ WORKS (Bramall Lane, SHEFFIELD. 4. if Forge and Ro ling Mills, BIRMINGHAM) ere: merely Branch ents and 
; Oe AU Communications should be addreued to the Heed Often OLD MINT, SHADWELL STREET, BIRMINGHAM. od 1719 























Telegrams: ‘‘DANIELL, BIRMINGHAM.’ 
Telephones: 5405 and 5406, CENTRAL. 


S.A. DANIELL LIMITED, 


Machinists, Toolmakers 


ad Ironfounders, 
EDWARD STREET, PARADE, 
BIRMINGE AM. 


LONDON: 10, Camomile Street, E.C. 
GLASGOW: 33, Robertson Street. 
MANCHESTER: 12, Lever Street. 


“FENCING, HU i a Hn j BAYLISS, 


RAILING GATES & i | tit JONES & navuels Ltd., 
’ ’ Cc. 


; | I WOLVERHAMPTON, 
OGatalegue Free. a2 ALSO MFRS. OF BOLTS, NUTS, RAILWAY AND TRAMWAY FASTENINGS, &c. and Cannon 8t., LONDON, E.C. 2778 
8 ne cae ery meer oe os races ad preeere te ca Sete 
mA WES [22> 
PATENT 


SERRATED SEAMLESS STEEL OIL CAN) 


FITTED WITH 


New Patent Thumb Button, Seamless 
Spout, and Slide Feed Hole. 
Also IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors te H.M. Navy, War Dept., Home Office, and Indian State Railways. 
SOLE MAKERS :— 


JOSEPH KAYE & SONS, Ld., Lock Works, LEEDS. 


Managing Director - - - W. K. KAYE, M. I. Mech. E. 
AMD O23, HBIGH HOLBORN, LOonNnNDon, w.c. 2972 


Sa 
’ 
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CONSOLIDATED DIESEL ENGINE MANUFACTURERS L= 
(ASSOCIATES-MESsRS. CARELS FRERES & DieseL ENcwe Co, L™) 





USE DIESEL ENGINES for 


ECONOMY, RELIABILITY AND 
COMPLETE ABSENCE OF STANDBY LOSSES. 


MADE IN SIZES 
FROM 60 to 4000 B.HP. 








FULL PARTICULARS 
ON APPLICATION. 

















GENERAL BUILDINGS, ALDWYCH LONDON. WC. | 


1 Tevecrams:- DicSELBEN, LONDON. TELEPHONE :- 2245 City (3Lines) | 
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VICKERS mires 
ALL TYPES OF WARSHIPS, DESIGNED, BUILT, ENGINED, ARMED, 


AND ARMOURED READY FOR SERVICE. 
OFFENSIVE AND DEFENSIVE AUTOMATIC SUBMARINE MINES. 














| 


i= COMMERCIAL 
SHIPS, 











q 2 cee a4. | OS os 54 TURBINES ; 

ICEBREAKERS, 4 Se eed STEAM, 
DREDGERS, aa “I Tite es oe eet Cem, a: | OIL, AND 

AND OTHER i @ Se GAS ENGINES 
SPECIAL = : 


CRAFT. 

















RECENT CONSTRUCTIONS AT BARROW-IN-FURNESS. 


Naval Construction Works, BARROW-IN-FURNESS, : 





eo eee A end AAS X= = Sooo ee SS Semmes SSE 


MARINE. "SHAFTING, CRANKS, & PROPELLERS. | 


HIGH TENSILE — | pane | FORGINGS and 
STEEL TYRES Cet CASTINGS OF 
" Australia # ise EVERY 

Brand,” a a =| DESCRIPTION. 

LOCOMOTIVE is : = STAMPED and 
CRANK AXLES, 2 FORGED 

te 3 MOTOR CAR 
STRAIGHT AXLES | ) PARTS. 





for LOCOMOTIVES, ¢ ; ; 
CARRIAGES, and : VICKERS 
WAGONS. eee, VANADIUM 

| TOOL STEEL. 


HYDRAULIC FORGING PRESS OPERATING UPON LARGE HOLLOW MARINE SHAFT. 


River Don Works, SHEFFIELD. 


Agent for France: EUGENE BUISSON, 9, Rue de Nemours, Paris. 
oN eee z= 
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SMALL TOOLS. 


VANADIUM uicH-PoweR DRILLS new pesian). 


PATENT 


ADJUSTABLE 
REAMERS 


(NEW DESIGN). 


Every description of Wire Gauge, Letter and Jobbers’ Length Drills. 





SMALL ARMS AND TOOLS DEPARTMENT, 


VICKERS HOUSE, 
BROADWAY, WESTMINSTER, S.W. 











Stirk Horizontal Table Pianer driven by VICKERS Patent ‘Automatic 
Reversing Drive. 


ELECTRICAL EQUIPMENT 


for 
MACHINE SHOPS, MILLS, 
FACTORIES, &c. 


RIVER DON WORKS, 
SHEFFIELD. 





INTERNAL COMBUSTION 


MARINE & AERO ENGINES 











130 H.P. WOLSELEY PETROL MARINE ENGINE. 





Send for New Catalogue G., post free on request. 


THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, 
ADDERLEY PARK, BIRMINGHAM. 


Telegrams: “ Exactitude, Birmingham.”’ Telephone: 6153, Central, Birmingham. 
Contractors to the Admiralty, War Office, &c. 
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Purchase, Inspect, and Ship Material and 
Machinery for Engineers and Contractors 
abroad, and act as Home Agents for 
Foreign Dockyards, Arsenals, Railways, 
Engineering Shops, Foundries, &c. 





JOHN BIRCH & CO., LIMITED. 


2, LONDON WALL BUILDINGS, LONDON, E.C. 


Telegraphic Address: ‘ENDEAVOUR, LONDON.” 


Estimates, Plans and Specifications sub- 
mitted for all classes of Machine Tools, 
Machinery, Sea-going and River Steamers, 
Barges, Dredgers. Rails and Rolling 
Stock provided to Main Lines. 


SPECIAL LISTS published dealing with :— 





WATER WORKS 
APPLIANCES. 


TUXHAM 
ENGINES. 




















MACHINE 









































CENTRIFUGAL FANS 


for all Purposes. 


Davidson & Co., Limited, 


Sirocco Engineering Works, 
BELFAST. 











Renee ree 
i 
NOW READYW.  loperi 1 = viliy+ 372 Pages, with upwards of 500 ——. ns og the most part fully dimensioned 


productions from working drawings). Pp 


THE DESIGN AND CONSTRUCTION OF STEAM TURBINES. 


A MANUAL ti THE ENGINEER. By papany gt MEDWAY MARTIN, Wh. Sc., A.C.G.I. 
spo :—Officee of ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C, 











FOR EFFICIENCY 


TRY OUR NEW 


“CARSILITE™ 


ABRADING WHEELS. 


MITCHELL’S EMERY WHEEL CO. 


Atlas Works, Bradford, 


MANCHESTER. 


SEND FOR LIST. 


’Grams:—Diameter, Manchester. 





’Phone :—3575 Central. 


SAMUEL PLATT, L 


WEDNESBURY. 





BAR STRAIGHTENING ww 


POLISHING MACHINES. 
DRAWBENCHES oor all kinds of TUBES & BRIGHT BARS. 


No. 23. SHAFTING and POWER TRANSMISSIONS. 2379 














TRADE MARK 
. — 


fo epags SU Gon aff 
Wie =>: Bol 
Es 5 J ata fe a 


me 
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dn 
Si. SS 
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—_ 


=. 




















Dec. 26, 1913.] ENGINEERING. [SUPPLEMENT page I] 53 


¥ Iron and Steel Pipes < 























Lé&L 


MARK: tor Marty: 


High Pressure 
Steam 
Installations. 





LOOSE FLANGE JOINTS FOR EXHAUST. 


| | STEWARTS anv LLOYDS, Lev. 





\ BIRMINGHAM. GLASGOW. ia LONDON. 








PETER BROTHERHOOD, L® 


PETERBOROUGH, 


Contractors to the British and other Governments. 








London Office :—53, PARLIAMENT STREET, WESTMINSTER. 


Telegraphic Address: Telephone: 
“BROTHERHOOD, PETERBOROUGH.” 70 PETERBOROUGH. 
“BROTHERHOOD, PARL., LONDON.” 4683, VICTORIA. 


IMPULSE-TYPE 


STEAM TURBINES 


| for driving 
| eo Generators, Pumps, Peale, dhe: 
















SHIP-LIGHTING TURBINE & DYNAMO. LEAST POSSIBLE SPACE OCCUPIED. 


W.H. ALLEN ,SON2CO.,E 


BEDFORD, ‘aenane. 


VERTICAL ENCLOSED 
FORCED LUBRICATION 


STEAM ENGINES 


DIRECT COUPLED TO 
PUMPS, FANS, 
DYNAMOS, &c. 


FOR 


MARINE WORK. 


Steam DrivenZCirculating Pump. Steam Driven Forced Draught Fan. 
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THE CONTRAFLO KINETIC SYSTEM OF 
CONDENSATION AND AIR EJECTION. 








List of Contraflo Condenser and Kinetic Air Ejector Plants supplied or on order. 





Capacity. | Condenser ye noon 
. ‘oolin: 
Installed at Client. —| Cooling Installed at Client. nd 


| Surface, 
K.W. HP. | Square Ft. Square Ft. 





= 1,000 Richardsons, Westgarth, and Co., Ltd... 2,000 
Bankfoot Power Station Merz and McLellan 3,000} — 6,100 ” ” 2,000 
OS Sy eee |Siemens Bros. and Co., Ltd. ............| 350 —_ | 1,100 Belliss and Morcom 850 
Manchester Manchester Corporation 7,000 [was 10,000 Richardsons, Westgarth, 4,000 
Darlington Risecarr Rolling Mills | 750 | — | 1,700 . aad 
London County of London Electric Supply Co. ..| 5,000 | — | 12,500 South Durham Steel and Iron 


Hartlepool Richardsons, Westgarth, and Co., Ltd... | 600 


1,025 


Hammersmith Boro’ Elec. Works 3,000 aan 6,000 
830 


Torpedo Boat EE sc56e-soecdenseensesiee _ 2,800 Federal Capital of Australia .. 
Cruiser Swedish Navy = 5,600 W. Hollins & Co. . ..........|Richardsons, Westgarth, and Co., Ltd... E 860 


9,600 Guest, Keen, and Nettlefolds..|Belliss and Morcom 3,000 


Vienna Municipal Elec. Works 5,000 
3,750 


Brzeszcze .......0cceee.++-++-| Brzeszcze Coal Co. 1,250 2,360 Lisbon Tramways a °° 
Fohnsdorf Alpine Fohnadorb ..........ccccccccese.| 2,500 | 6,500 Edmundsons Richardsons, Westgarth, 5,125 
Krakau Electricity Works 750 | 2,150 Vickers Ltd. H.M.S. “ Pheton” 11,500 
Birmingham Belliss and Morcom 400 > 600 se 5,250 
Willington Richardsons, Westgarth, and Co., Ltd...) 750 | — 3,350 P 5,250 
Port Clarence Merz and McLellan : 3,000 | 6,100 East Wemyss Coal Co. 3,100 
Mines d’Anzin Turenne 2,500 5,900 Manchester Corporation 24,000 
Lemberg a 2,500 | 6,450 Islington 7,300 
Brig] and Bergmeister 600 1,070 Brymbo 4,700 
Oelwerke Kohn 500 ins Vienna, Engerthstrasse Erste 9,400 
DI ci ievnscnecians-enrcae 500 = Brass and Sohne, Hohenstadt 4,790 
Vienna, Simmering .......... 8,000 14,500 Eisenwerke Vares nai ea 670 1,614 
an 8,000 7 14,500 Phobus, Budapest 3,500 9,150 
Siersza } 2,000 | 6,600 Ks 3,500 9,150 
2,000 | 6,600 Monfalcone 2,000 4,250 
Consett Iron Co. 1,500 | 6,000 - 2,000 4,250 
1,500 | 6,000 Bergverwaltung Kreka ..... 670 1,614 
5,000 8,750 Stadwerke Feldkirch 2,000 3,820 
5,000 8,750 Vienna Zillignsdorf .......... 5,500 10,226 
5,000 8,750 5,500 10,226 
2,500 | 5,800 — | 2,690 
2,500 5,800 Franz Preidl 1,200 | 3,230 
Vienna, Engerthstrasse Municipal Electricity Works ............ 6,000 11,800 Rochdale Corporation 1,000 3,350 
” ” »» 6,000 | 11,800 ” ” ” ” ” ooese © 1,000 
” »” o ctubew eecel ee 11,800 Mines d’Anzin Turenne ....../Cie. Electro Mécanique | 2,500 
Birmingham Guest, Keen, and Nettlefolds 500 | 3,000 Bolton Corporation J. Musgrave and Sons (1913) Ltd 4,000 7,250 
Chicago \Commonwealth Edison Co.—F. Sargent | 25,000 _ 39,278 - i = ~ e a 7,250 
Croydon County Borough Electricity Works 2,000 - 4,200 Richardsons, Westgarth, and Co., Ltd...| 3,000 5,125 
Mitsu Bishi Dockyard Engine Works ....| 1,500 3,000 W. H. Allen, Son and Co., Ltd. ........| 15,000 30,000 
Ayresome Power Station Merz and McLellan 3,000 6,100 y pa o a 2,000 4,350 
Grove Road, Marylebone ....|Central Electric Supply Co. ............| 3,000 | 5,450 J. Musgrave and Sons (1913) Ltd 3,000 6,400 
City of Calgary =— 2,500 4,600 Richardsons, Westgarth, and Co., Ltd...) 16,000 - 23,600 
Littleburn Colliery ..........|North Brancepeth Coal Co, 1,000 | | 4,100 BE SRE in hkttccccveicvccsevctsves |. 18D _ 2,900 
Rozsnyo _ 300 | we Wannieckwerk 600 2,150 
Rock Budapest _ 500 | - — Dalmatia --| 1,000 - 2,250 
West Bromwich Borough of West Bromwich 1,000 | | 1,700 1,500 3,760 
Aberdeen .............+....../Aberdeen Corporation ................++| 1,000 | 1,700 Trifailer ° 3,200 8,350 
Buenos Ayres Buenos Ayres Western Railway | 6,000 13,500 --...| 3,000 8,150 
” ” 6,000 | 13,500 Melbourne, Yaraville * Weymouth Proprietary Co., for 10,000 22,000 
” - cocesces| 6,000 13,500 Power Station ....|Victorian State Railways | 10,000 22,000 
10,000 22,000 
22,000 


” ” 


Seaton Carew Power Station ..|West Hartlepool Corporation 1,250 5,300 

” oe ” 0 1,250 | 5,300 eee 10,000 | 

Johannesburg Johannesburg Municipality .... 38,000 | 7,200 ios ...-..| 10,000 22,000 

Melbourne -|Melbourne Corporation ................/ 3,000 | 5,000 baied - . 10,000 22,000 

Consett Consett Iren Co. 1,700 | 3,300 Deptford London Electric Supply Corpn. Ltd. ....| 10,000 - 25,000 

” 1,700 3,300 Kawasaki Dock Co., Japan....|W. H. Allen, Son and Co., Ltd...........| 2,000 | 5,000 

G. and T. Earle, Ltd. ................ | 1,500 | 2,570 Wakefield .. Belliss and Morcom, Ltd. _.| 2,000 | 3,500 

od 2,570 Richardsons, Westgarth, and Co., Ltd. 1,000 2,570 

Queensland University, Fryston Colliery Belliss and Morcom, Ltd. 750 ne 
Brisbane 350 Canberra, Australia Australian Federal Capital ............. 750 3, 























The Contraflo Condenser and Kinetic Air Pump Co., Ltd, 


8, Central Buildings, Westminster, LONDON, S.W. - 
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RICHARDS’ 
PERFECT PULLEYS. 


Guaranteed to Run True on the Shaft. 
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CAST 





Also Shafting, 
IRON eg A Couplings, 
CENTRES. Hangers, and 


MILD Pedestals 


STEEL Others of all 
—_- descriptions. 




























Catalogue on application to 
GEORGE RICHARDS (€0., I’ 
ag 
= _— Broadheath, near Manchester. = 
WHOLE PULLEY, SPLIT PULLEY. 
PATENT SILENT AIR COMPRESSOR. 
Speed up to SPECIAL FEATURES. 
400 Revolutions per HIGH SPEED 
Minute. 
ACCESSIBILITY. 
SILENT RUNNING. 
FORCED LUBRICATION. 
E 
P 
a 
| 
FITTED WITH OUR NEW PATENT MULTIPLE PLATE VALVES, 
J ALL SIZES UP TO 4000 CUBIC FEET PER MINUTE. Complete Catalogues will be sent on application. 
Amongst the users of these Compressors are the following well-known firms :— 
Sir W. G. ARMSTRONG, WHITWORTH & CO., Ltd., THE GLOBE PNEUMATIC_ENGINEERING CO., Ltd., MATHER & PLATT, Ltd., Salford, Manchester. 
Newcastle-on-Tyne. London. KERR, STUART & CO., Ltd., Stoke-on-Trent. 
STOTHERT & PITT, Ltd., Bath. S. G. MARTIN & CO., St. Petersburg. SKINNINGROVE IRYUN CO., Ltd., Garlin How, Yorks 
J. HOWDEN & CO., Ltd., Glasgow. THE GENERAL BLECTRIC CO., Ltd., Witton, SANDYCROFT FOUNDRY CO., Ltd., Chester. 
GLANMOR FOUNDRY CO., Ltd., Glammer, Lianelly. Birmingham. 
j London Agents for Air Compressors: J. F. WOLFF & CO., Ltd., Sanctuary House, Westmi Teleph No. 562 Westminster. 741 





TiILGHMANS PATENT SAND ‘BLAST co., L'TD., 


BROADHEATEH ncar MAN CHES TEBE. 
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We Specialise in 


ROPE PULLEYS 


up to 1G feet diameter. 





DOUGLAS FRASER & SONS, LT. 


WESTEURMNM FOUNDRY, 


ARBROATH. 


AGENTS - 2387 


Mr. LLEW. R. LESTER, 28, Denman Street, near London Bridge Station, London, S.E. TELEPHONE . No. 133. 


Messrs. B. W. LUMLEY & CO., Milton Buildings, Deansgate, Manchester. 


Mr. CHAS. L. WALTNER, 53, Newton Street, Birmingham. TELEG RAMS: FRASER. 


Mr. ALEXR. EWING, 62, Robertson Street, Glasgow. 
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THE EBBW VALE STEEL IRON & GOAL CO.,LTD. 


POSH POSE SLOSOLIO OSES SSOOOOSOOSS~ 204 FHHHHOSOSSSOSOOOSOS OOS OOOOD 


BLACK ano GALVANISED 
PLAIN ano CORRUGATED 


STEEL SHEETS 



































STEEL. STEEL. 
TINPLATE BARS. LIGHT RAILS. 
SHEET do. HEAVY do. 
SPRING STEEL do. FISHPLATES. 
BLOOMS. PLATING BARS. 
BILLETS. DIAMETER do. 
SLABS. ANGLES. 
FLATS. CHANNELS. 
SLEEPERS. TEES. 























Solid Weldiess Steel Locomotive Boiler Tubes, 


Standard Sizes and Gauges, and Carriage, Wagon and Locomotive Springs to Railway 
Standard and other Specifications. 




















COAL OUTPUT CAPACITY ... ras ... 2,000,000 Tons per annum. 
PIG IRON ,, me a ae 00 eo 
STEEL we »» Bessemer &SiemensAcid&Basic 250,000 ,, _ ,, » Oo AL 
_SUNDRIES. BRICK. <s  e ” , = oc eo 
CARRIAGE SPRINGS. Buff and Red Facings, Fire, Common, and Ornamental). 
WAGON de. - pees : EBBW VALE 
mtg - SOLE GOAL SALES AGENTS ; Messrs. T. BEYNON & CO., Ltd., Merthyr House, CARDIFF. STEAM. 
. SOLE BRICK SALES AGENTS: Messrs. THE BRECONSHIRE COAL & LIME CO., Ltd., BRECON. and 
GENERAL CASTINGS 
(up to 40 Tons). pe aa ABERCARN 
WELDLESS ‘a 
WAGONS STEEL TUBES. Mr. R. S. COLQUHOUN, 22, Fields Road, NEWPORT, Mon. BLACK VEIN. 
: Messrs. S. F. JONES & CO., 1, Cannon Street, BIRMINGHAM. 




















Messrs. DUTTON, MASSEY & CO., Tower Buildings, Water Street, LIVERPOOL. 
Messrs. DUNFORD & ELLIOT, Collingwood Buildings, Collingwood Street, NEWCASTLE-ON-TYNE. 
Mr. F. W. PAUL, 35, Princes Square, ‘Strathbungo, GLASGOW. 


8522 





Enquiries to: Head Office—EBBW VALE, MON. London Office—i122, CANNON STREET, E.Cc. 
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@ LEADING “VALVES OF PRECISION” 


WHICH DO WORK UNATTEMPTED WITH ANY OTHER DESIGN. 











| ‘ ” 4 - S 
OSTER REDUCING VALVE a FOSTER “CLASS U" REDUCING VALVE. 
The Vaive for General Purposes. ‘ For Air and Water Pressures. Stead 

, Control. Dead-tight. ‘Water Drawn—o 

or not.” No outside Levers, Pipes, &c. 











FOSTER “CLASS G” REDUCING VALVE. Most oo Single Seat 
Works any way up. Dead-tight. Self-contained. C t Regulation. 





& BAILEY'S } 
“ FOSTER" 


VALVES 
are supplying 
Steam to 
EXHAUST and 
MIXED 
PRESSURE 
TURBINES ; 
REDUCING 
300 Ib. down to 
Atmosphere in 
one stage. 

“FOSTER” eae 
FAN ENGINE . 
REDUCING AND 


REGULATOR, Ps om 
8 of Fan con a ; ; al RECULATINC VALVES 


trolled by pressure in . oe sit wi thal PE eT ee ce ee iss pte if ro NG for every purpose. 
boiler. 5 ee eel pa Ae eee EES Wikis ee to 7 J a 


Seven 8-in. BAILEY'S FOSTER PATENT ‘“‘FULL-BORE” REDUCING VALVES, with SAFETY VALVES 
One Order for Sugar Estates in the West Indies. 























FOSTER “CLASS Y” REDUCING VALVE 
: For High Pressure Gases 
FOSTER “CLASS G" PUMP 
GOVERNOR Works any way up, Fric- 
tionless, and extremely close la- “bub —“ FOSTER” REDUCING VALVE FOR HIGH AIR PRESSURE, for 
tion. Governs Hydraulic, Fire, Feed, ubmarine Boats, Submarine Bellis, and Gompresest Air Locomotives. 
Lavatory, Sanitary Pumps, &c. The only Valve satiayactorily dealing with very high Air Pressures. 


MANUFACTURED BY 


) Sxrm WW. EL. Baxri.wy & Co. IsbD. 


AT THE ALBION WORES, SALFORD, MANCHESTER. 
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syed, 


EXPANDING STEAM TYPE. AUTOMATIC WATER TYPE. 


“LION” PACKINGS 


Are made with Practical Principles. 


qd The Metal Studs are composed of a SPECIAL HIGH 
MELTING POINT ANTI-FRICTION METAL ABLE TO 
WITHSTAND THE HIGHEST SUPERHEATED STEAM 
TEMPERATURES. 


The Fabric is made from Finest Yarns and is Specially 
Woven. 


The cloth is folded in such a manner as to give an 
automatic expanding action whereby the packing adapts 
itself to all conditions of work with the minimum of friction. 


It has all the advantages of a solid metallic packing with 
none of the disadvantages. 


AA AA 


It does not need any screwing up like ordinary soft 
packings. 


REFUSE ALL IMITATIONS. 


NONE GENUINE WITHOUT A THIN RED LINE RUNNING THROUGH. 





Full particulars from Sole Patentees and Manufacturers : 3343 


James Walker & Co., Ltd., seu2's::., London, E. 
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LUDGATE SQUARE, LONDON, E.C. 


MACHINERY and SMALL 






The Original 


LAPOINTE 
BROACHING 
MACHINES. 


As Made by the LAPOINTE MACHINE TOOL CO., 
Hudson, Mass., U.S.A. 


MADE IN FOUR SIZES. TANT 
} hy byPPPPY? 


For finishing round, square, octagon, oblong, and 
other shaped holes, the cutting of keyways, spiral 
grooves, internal racks, ratchets or gears. Suitable 
for a great variety of work. Can be run by un- 
skilled labour, with resultant work of the greatest 
accuracy. 

This No. 4 machine has numerous good features 
not found in any other make. The single belt 
drive (from main shaft) with ball-bearing belt 
tightener, does away with countershaft troubles. 
Two geared speeds are provided, with gears cut 
from steel, running in oil, completely enclosed, 
and silent in operation. Fast geared return to 
screw. Large ball-bearing taking end thrust of 
nut. Will cut keyways up to 2 in. wide and 
broach holes up to 4 in. square. 2027 


HUNDREDS IN USE. 


Sole A gents 
fore 











Send us particulars of your 
work and ask for Catalogue. 


DAY, SUMMERS & CO., Ltp. 


Northam Iron Works, SOUTHAMPTON. 


— 








| th > 


ESTABLISHED 1834. 





Telegrams: 


DAY, SUMMERS, 
SOUTHAMPTON. 


EVGINEERS and 
SH/IPBUILDERS. 


SPECIALITIES : 
Hauling-up 


Upwards of 
90 Sets 


Slipway of Land and 

















Machinery, Floating q 
Sheers, Sheers 
built at these ’ 


Floating 
Bridges. 





Works. 








No. 83 Sheers, Chatham Dockyard, | 
TESTED TO 180 TONS, 1906; ees 
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New Features on our 
Patent Ball Bearing Drills. 


We are now manufacturing Ball Bearing Drills in large quantities, 
and in consequence, are able to offer greatly improved machines without 
increasing the price. The following are the new features now incorporated. 


Each plain spindle now has six speeds, from 230 to 2050 r.p.m. 
Geared spindles also have six speeds, from 77 to 434 r.p.m. 


é 
ay 


Working surface of table on all sizes of machines has been considerably 
increased. 





Belt is tightened by a screw, operated from front. 

Belt shifter can be operated from either side of machine. 
Driving pulleys can be fitted to either side of machine. 
Columns are made larger and stronger. 

Countershaft diameter increased to 13”. 


Belt edges cannot be damaged by rubbing on belt guides, because the 
countershaft cones are self-adjusting along the shaft. 





IMMEDIATE DELIVERY. Od 8300 


ALFRED HERBERT LTD. COVENTRY. 
A. G. MUMFORD Lid... cotcnester. 


CONTRACTORS TO 


British ADMIRALTY, War OFFICE, INDIA OFFICE, CROWN AGENTS 
FOR THE COLONIES, AND FOREIGN NAVIES. 


DREADNOUGHT” Pumps 









































I 





Oil Fue! Pumps 
Distiliar Pumps. 











Fire and Bilge, 


Air Pumps. 
































AUTOMATIC Over 25,000 PUMPS “ors” 


BOILER-FEED a 4 ae “ai j JAPANESE AND sao 


| REGULATORS. Fond Pumps with Automatic Gontrol. | ranyrteanreinunrniedcoiogeeseneetentin. 
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A_ Generally 





Useful 
Machine 





For the great majority of your work do 
you not need a powerful machine, rigidly 
and substantially designed, with a useful 
speed and feed range—a machine without 
complications to hamper quick and easy 


operation ? 


These are the essential features of our Plain 
Horizontal Miller, illustrated, of which we 
have several in stock. It has large cone, 
double gear, two-speed countershaft, 
variable feed change gear box, solid top 
knee, and is capable of rapid, heavy, and 
accurate work. 


From Stock 





























SPECIAL ADVANTAGES 
OF 
\___ WOLF'S NEW PATENT R.W.V. VALVE GEAR: 


Separate Steam Inlet and Outlet Ports 
i for BOTH Cylinders. 
= —— Positively Driven Piston Valves of Simplest Design. 
No Multiple Complicated Parts in the Valve Gear. 


STEAM CONSUMPTION | 
attained on test by Prof. Doerfel: 2462 


S.9 lbs. 


per Brake Horse Power per hour. 





44 Y, y if 
Yy ty, 


Yt ia 7 
~ 
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CALORIFIERS 


HEATER CONDENSERS :: FEED-WATER HEATERS 


SPECIAL FEATURES : 
HIGH EFFICIENCY. EASY TO CLEAN. FREE EXPANSION OF TUBES. 


m=e DUTY GUARANTEED -~« 


PRICES and PARTICULARS ON APPLICATION TOQ— 


G. N. HADEN & SONS, 


TROWBRIDGE. 


LONDON, MANCHESTER, BIRMINGHAM, DUBLIN, GLASGOW, JOHANNESBURG. 




















_ Experts in Heat Economy. CENTRAL HEATING PLANTS. 
Utilisation of Waste Heat and Exhaust Steam in Works, Institutions, &c. 


ADMIRALTY LIST, Ex UU DSsOn INDIA OFFICE, 


CROWN AGENTS FOR THE COLONIES. PATENT WAR _ OFFICE LIST. 


CYLINDRICAL AND WATER-TUBE BOILER. 


The illustration shows one of our Standard Sizes, the Cylindrical Element of which is 16 ft. long x 8 ft. diameter, HEATING SURFACE 2000 square feet, 
EVAPORATION 15,000 Ibs. per hour — equal to Two 30 ft. x 8 ft. LANCASHIRE BOILERS. Ground Space required about one-half that of Lancashire 
LEADING FEATURES 4 Boilers of equivalent power. Made in Standard Sizes for Evaporations of 3000 Ibs. to 15,000 Ibs. per hour. 


























ACCESSIBILITY. 
FREEDOM from 
SCALE due to 

EFFECTIVE 











CIRCULATION. 
DURABILITY. 
No risk of burning 
out Tubes. 
DRYNESS OF 
STEAM. 

THERMAL a 
STORAGE. These Boilers are giving great 
eames *. gatisfaction, Already we have 

EFFICIENCY. ae ~~ | J received TWO repeat orders from 
75 to 80 per cent. FR ed ee ee igo one large’ Steel Works, making an 
3408 installation of 2000° HP. (three 

ECONOMY. Boilers). 













swusrc. THOMAS HUDSON, Ltd., coxtanivde. 
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THOMAS SHANKS & C™ (or ciscow 


Makers of all sizes of 
LATHES for TURBINE ROTORS. 
LATHES for CRANK SHAFTS. 
LATHES for SHAFTING and GUN FORGINGS. 
LATHES for SURFACING and BORING. 
LATHES for SCREW-CUTTING. 
TURBINE CASING BORING MACHINES. 
HORIZONTAL DRILLING and TAPPING 

MACHINES. 

VERTICAL DRILLING MACHINES. 
RADIAL DRILLING MACHINES. 


VERTICAL & HORIZONTAL 
PLANING MACHINES 


(See Illustration). 








GENERAL PLANING MACHINES. 

PLATE EDGE PLANING MACHINES. 

SLOTTING MACHINES. 

SHAPING MACHINES. 

VERTICAL BENDING ROLLS, &c. 
VERTICAL AND HORIZONTAL PLANING MACHINES. a ‘ 


The above Illustration shows our largest size 23 ft. by 25 ft. WE GUARANTEE QUIGK DELIVERY. 




















Telephones :— 


Telegrams: — 
1070, 1073, Nat. P.O. 137. 


“CYCLOPS, GATESHEAD.” 


VICTORIA WORKS, 
GATESHEAD. 


London Office: 50, Fenchurch St., E.C. 


Telegrams: “Cyclops, Fen, London.” 


““WOODESON’S” 
Patent Direct-Acting PUMPS. 





i 
CONTACT 
FEED-WATER HEATER, 


VERTICAL FEED-PUMP , VERTICAL 
WITH OUTSIDE PACKED RAM ae a — ; BALLAST PUMP 


SPECIAL TYPE. F a = SPECIAL TYPE. 


SPECIAL HORIZONTAL FEED PUMP wiTH OUTSIDE PACKED RAM. 2451 




















LUZ 
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Patent Mechanical 


FILTERS 



























FILTERS 






IN 


For Town Supplies OPERATION 


and all Industrial Purposes. >=!" w'T# 
OVER 
150,000,000. 


GALLONS 













PER DAY. 


















Write for our 
Filter Booklet. 






Estimates 






and Specifications pre- 


pared for efficient plant 






to remove suspended 


INTERIOR OF FitTeR House aT BrusHes (LANCS.), 





matter, impurities and 









colour from river and We recently completed a contract for the Sheffield Corporation, comprising 3 2 
pressure filters, for dealing with the Loxley Valley water supply. ‘The results 
canal water, and were so satisfactory that a repeat order has been placed for a further 24 
filters to deal with the Derwent supply. Another contract recently 
generally to render it completed was for the Ashton-under-Lyne, Stalybridge and Dukin- 
r . field (District) Waterworks. The contract comprised 33 filters 
bright and sparkling for divided into two installations. Some months ago a small 







installation was put down for the Fraserborough Town 






manufacturing Council, and again with such satisfactory results tnat 
a repeat order has been given for an extension of 
purposes. the plant. 












MANCHESTER and LONDON 























C 





COWANS, SHELDON & CO., LD., 


TELEGRAPHIC ADDRESS: 


“ST. NICHOLAS, CARLISLE.” 
Al and ABC (5th Edition) C AR 
CODES USED. s 







LONDON OFFICE :—3, Victoria Street, 
2198 WESTMINSTER. 





FLOATING CRANE. 


OF 


EVERY 
= TYPE. 


EAM, HYDRAULIC, HAND oR PNEUMATIC POWER. 


















at: 
pee fea ps 5 
eee a. 





». 
ia . ai i ay _— ico snal 


ELECTRIC, ST 
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PHOTO COPYING 


TRACING PAPERS. 
MACHINES 


TRACING CLOTHS. OF ALL KINDS. 
DRAWING PAPERS, rae 1 CONTINUOUS 
i : ELECTRIC COPYING 


MOUNTED PAPERS. i , MACHINES. 
PHOTO PAPERS. : Bi CONTINUOUS 

a PHOTO PRINT 
TEE SQUARES. 4 , DRYING MACHINE. 


| ‘ , DRAWING 
DRAFTING TABLES. ath . INSTRUMENTS, 
EVERY REQUISITE | Bee SURVEYING 
FOR THE y . W 
DRAWING OFFICE. — ~ i a er 
































HALDEN'S DUPLEX RADIAL ELECTRIC PHOTO COPYING FRAME 
Is now fitted with an entirely new cover stretching device which gives perfect contact over the whole surface of the glass plate. The illustrations 
show the latest model, both in the vertical and horizontal positions. It is the most reliable apparatus extant for prints of limited size. 


ESTIMATES AND FULL PARTICULARS ON REQUEST. 8 Albe , s 
: r uare, 
J. HALDEN & CO., Ltd., manchester. 


LONDON, NEWCASTLE-ON-TYNE. BIRMINGHAM GLASGOW. LEEDS. 


Geared Motors 


FOR 


Awkward 
Drives. 








100 HP. MOTOR WITH DOUBLE TRAIN OF GEARING, ASK FOR BULLETIN EQGI. 





-PHCENIX sraprorp =. 





a 
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Gas 
EINGINES. 








POSITION OF 
FULCRUM ON LIGHT LOAD. 


Reliability 





























;, 
© 
Iv) GPA | CROSSLEY 
! 














She 
Gas ug 

















POSITION OF @) 
‘FULCRUM ON FULL LOAD. C) 





No undue wear. 
Extreme regularity. 
Great simplicity. 
Quantity regulation. 


Impulse on each working 
Stroke. 


Prompt ignition of all 








charges, however small. 





THE 


Crossley Patent Movable Fulcrum 


IS THE 


SIMPLEST 


AND MOST 


EFFICIENT 


GOVERNING GEAR YET DEVISED. 


The Admission Valve is itself the 
Throttle Valve. — 











CROSSLEY BROS., LTD., 


OPENSHAW, 


MANCHESTER. 














“CAMPBELL” 





i ; 


Cy an 





FOR 


GRAND PRIX, BRUSSELS, 1910. 


VERTICAL 
GAS ENGINES 


CENTRAL STATIONS. 


Advantages :— 
All Parts Easily Accessible. 
All Gear Arranged Clear of Cylinder Covers. 
Forced Lubrication to Cylinders and all Enclosed 
Bearings. 
Four Cylinders Giving Even Turning and Good Balance. 
First-class Material and Workmanship. 


THREE GRANDS PRIX TURIN, 1911. 





THE CAMPBELL GAS ENGINE Co., Le 


EAT. IFE AS. ENGLAND. 
LONDON: 73A, QUEEN VICTORIA STREET, E.C. 


GLASGOW: 104, BATH STREET. 
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HUDSWELL GLARKE & C0., LID., 


RAIEWAT FOUNDRY, IEDs. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c. 








Made to suit any Gauge of Railway. 


Established 


Tel. Address : 
1860, 


“Loco, Leeds.” 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SoLE MAEHEERS OF 


“RODGERS PULUIEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. 














JR 


4 


TRADE MARK. 





Highest Precision 


AND 


Good Results 
GUARANTEED. 





GRANDS PRIX: 


Paris 1900, Brussels I9I0, 
Buenos Ayres I910, Turin IQII. 


SOLE AGENTS 


i ae oa Tee For GREAT BRITAIN, IRELAND 
- and COLONIES— 


: ye me 4 
; > Y Cow hae aay SS 





First-class Grinding Machines of this{kind,are made from 300 to Pfeil & Co 
4000 mm. grinding length ; machines for Bcivier workpieces for a “a 


145-157, St. JOHN St., CLERKENWELL, 
ct ae length up to 10 m. and longer. LONDON, E.C. | 
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J 


MACHINE CO. 


ON ES AN) 


MORE 
TALK 
ON 
BAR 
WORK 


AP 















Ist— 
2np— 


3RD— 
4tTH— 


COME 


How to Turn a 2 Shaft 27° Long 
and KEEP IT ROUND! 


Gvery experienced operator knows it is difficult to turn a long round shaft and keep it from taking a three-cornered shape. 


It is easily done on the Hartness Turret Lathe. 


Support outer end of shaft loosely in bushing shown in holder at back of turret. 


Run turning cut 4" beyond cutting-off point. 





A SIMPLE BUT DELICATE JOB. 


Roller back rest, 


round true surface, starts new cut properly. 


Round point of tool to keep work pressed firmly against roller back rests. <\' ee 


Use a coarse feed, and set tool high. 


ROUND TO OUR SHOWROOM AND SEE HOW IT IS DONE. 


HARTNESS TURRET | LATHE 
For Bar and ChuckKing Work. 


ol 





Qe 










started on this “> 


ge 








































who have eight of our Compressors in operation. 





Plant of Four Class 0-3 Comoprennsye installed for Messrs. Wearmeut® Ses a? Co., nr. Sunderland, 


INCERSOLL-RAND “ 





COMPRESSORS 


The economy achieved by any pneumatic 
labour-saving ae chiefly depends upon 
the cost of producing their motive power— 
compressed air. Cheap air is imperative, but 
cannot be obtained from a ‘‘cheap” compressor, 
for in such a compressor some feature must be | 
sacrificed in order to keep the first cost’ below 
that of a high-class machine. Permanent 
economy is impossible under such conditions. 

Reliability is of greater importance in an 
Air Compressor than in the individual air- 
driven appliance. If a single tool breaks : 
down, the effect is merely local, but if the 
Air Compressor fails, the whole plant is 


ohne 
e largest and most successful industrial 
users of compressed air in the world have 
found it to their advantage to standardise on 
Ingersoll-Rand Compressors, actual experience 
having proven that the cost of production per 
cubic foot of air is cheaper with them than 
with any others. 

This explains why more Ingersoll-Rand 
Compressors are sold every year than all other 
makes combined. 




































ic &, 
Queen Victoria St., 


womuex LONDON, E.¢. 
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STRIKING 
EVIDENCE 


of the superiority of 


site RO.oKF 


(TRADE MARK)* 
pouserow DALL BEARINGS 
DOUBLE ROW 
is contained in the accompanying letter referring to their 
behaviour on a 10 ft. Gannister Mill. Conditions in a 
Gannister Mill, owing to the very fine, but extremely brittle 
nature of this substance, are exceptionally severe, and 
“SKEFKO.” SKF are the only really satisfactory bearings 
for such work, 



















Write to-day for free illustrated catalogue. 


The Skefko Ball Bearing Company, Limited, 
HEAD OFFICE & WORKS, LUTON, ENGLAND. 7am! ghee, Jaton” 


London Office: 28, Victoria St., Westminster,s.W. Tecphone: soit Gorrant nr” 


Parent Factory: A.-B. Svenska Kullagerfabriken, Gothenburg, Sweden. 

BRANCHES AT—Dusseldorf: Schevrenstrasse 7. Paris: 19, Rue de la Gare, Levallois. Milan: 7, Via Rovani. 

New York: 530, Church Street. AGENCIES AT—Montreal, Toronto, Winnipeg, Calcutta, Bombay, Berlin, 

Vienna, St. Petersburg, Brussels, Melbourne, Christiania, Copenhagen, The Hague, Helsingfors, Stockholm, 
arsaw, Zurich, Buenos Aires, Tokio, &c. 










































































““NJlo Heat and No Wear.” 


“We have great pleasure in informing 
you that the “Skefko.” bearings, supplied some 
six months ago, are giving every possible 
satisfaction. 





We hesitated a long time before putting 
them in, fearing that the silicious dust, which 
works such havoc with ordinary bearings 
and shafting, would find its way into 
them also, but the most careful examination 
reveals no trace of dust or its effects. We 
conclude that your felt washer is impene- 
trable. 


The bearings on the line shafting were 
filled with the special grease over six months 
ago, since when (until our recent examina- 
tion) they have been absolutely untouched. 
No otl has been or will be used, and there 
has been no heating and no wear whatever 
on the shaft. 


The previous brass bearings necessi- 
tated oiling twice a day; oil dripped into 
the mills and soaked the beams, while 
the oily. parts were always covered with a 
thick coat of dust, which rapidly wore 
away both shafts and brasses. You will 
understand from these facts why we write 
you at this length, to express our satisfaction 
with “SKEFKO.” SKF Ball Bearings.” 





[ Dec. 26, 1913. 
































































































CRAN 


TO WORK BY 


ELECTRIC, STEAM 
HAND POWER. 


ALL KINDS MADE BY 

















CRANE MAKERS, 
GLASsGow . 


Catalogues and Prices on application. 








Works: McLELLAN STREET, KINNING PARK. 
Head Office: 20, WATERLOO STREET, GLASGOW. 


Telegraphie and Cable Address; BUTTERS, GLASGOW, 9088 








BUTTERS Bros. eo. : 






PHOTO FROM 5&-TON GRANE; 
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HURST, NELSON & CO., LTD., 


Builders of RAILWAY pote es WAGONS, ELECTRIC CARS and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 














MAKERS OF NEW oR SECOND-HAND WAGONS REPAIRED By CONTRACT or OTHERWISE. PRESSED STEEL 
WAGONS BUILT FoR CASH oR DEFERRED PAYMENTS, oR LET ON HIRE. 








WHEELS WORK 
AND AXLES, of all kinds 
RAILWAY PLANT, salad 
including 
FORCINGS, 
UNDERFRAMES 
SMITH-WORK, 
4ND 
IRON AND BRASS 
CASTINGS. eee 


130-Tons GUN TRUCK (total length, 66 ft. 3in. over Buffers), 
as _ built for the WAR OFFICE (Woolwich Arsenal). 


mex The Glasgow Rolling Stock ¢ Plant Works, Motherwell. 


WORKS: 

GLASGOW OFFICE: 40, West Nile Street. CARDIFF OFFICE: Gordon Chambers, 31, Queen Sireet. LONDON OFFICE: 14, Leadenhall Street, £.C. 
BRANCH WORKS 1 Chatsworth Wagon Works, near Chesterfield. Bridgend Wagon Works, Bridgend, Glamorganshire. Swansea Wagon Works, Swansea. 
———— —— 














GLOBE RIVETTING, CHIPPING and 
CAULKING HAMMERS, MADE THROUGH- 
OUT FROM NICKEL GUN STEEL. 






GLOBE DRILLING, TAPPING, and REAMING MACHINES HAVE 


NY OTHERS OF THE TYPE. 
FEWER WORKING PARTS THAN A ALL GLOBE PNEUMATIC TOOLS 


ARE MANUFACTURED BY 
SIR W. G ARMSTRONG, WHITWORTH & CO. 


FOR 








Tra. 


GLoBE PNEUMATIC ENCINEERINC 


COMPANY, LTD., 
GLOBE “CORNER” DRILLING MACHINE. SIMPLEST AND J. VICTORIA STREET, LONDON, S.W. 


MOST DURABLE CONSTRUCTION. 


= rr== — — ” Representatives :—J. ¥. WOLFF & ©O., Lap., Loxpox. EDMISTON, BROWN anv 
TELEGRAMS eos eee + PNRUMATOID, V Vic., LONDON.’ 00., Guaseow. J. BD. ANDREW, Newoastus-on-Trxs RB. D. WOOD, Livexroou 8611 
TELEPHONE ie ove — ove «26971 VicTorRia. ROBERT CRAVEN, Mancuzeran. JAMES TURNBULL & O©0O., Binwinouay, 
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MAYOR & COULSON, Ltd., 
+, 1, A Gixso. 

















Sir WILLIAM ARROL & CO., 


DALMARNOCK IRONWORKS, 


BRIDGETON, GLASGOW. 


SIRW™ ARROL &CO LTO 











EIMxITrEeD, 


LONDON OFFICES: 
56, VICTORIA STREET, 
_ WESTMINSTER, S.W. 





Hydraulic ¢ Machinery. 


CRANES 


OF ALL CLASSES. 


Temperley Transporters. 


BRIDGES. 


_— 3222 


‘) STRUCTURAL STEELWORK. 


Crane Dept. : 


PARKHEAD. GLASGOW. 








MECHAN & SONS, 


Limited, 


SCOTSTOUN IRONWORKS, GLASGOW. 


Engineers & Contractors, 


28, VICTORIA STREET, LONDON, S.W. 


TRANSPORTERS - COALING PLANTS - 
COAL HOISTS - TELPHERAGE - 
LOADING, UNLOADING, « STORAGE PLANTS. 























Dec. 26, 1913.) ENGINEERING. (supPLEMENT page xx1] 73 


“PREMIER” _ GAS 


I 
! 
a a . 




















WE ARE SPECIALISTS IN GAS ENGINES— GAS 
ENGINES WHICH, FOR ECONOMY AND RELIABILITY, 
ARE UNAPPROACHED, AND HAVE BROUGHT US 
MANY AN APPRECIATION FROM SATISFIED 
CUSTOMERS. 







IT IS FREQUENTLY THE DETAILS WHICH CAUSE 
TROUBLE IN ALL ENGINES—THE DETAILS IN OUR 
ENGINES HAVING RECEIVED THE GREATEST CARE 
IN DESIGN, ARE SIMPLICITY ITSELF, THUS EN- 
SURING ABSOLUTE RELIABILITY. 








OUR EXPERIENCE IS AT YOUR SERVICE. 










We Invite your Enquiries for all sizes of Engines 





up to the very largest. 









Two 300 Kw. Premier Peebles Alternators running in parallel. 











THE ... ACENCIES—C4e404 | . The Canada Foundry Co., Ltd., Toronto, ONTARIO. 








- Clutterbuck Bros., 61-63, Hindley Street, ADELAIDE: 
PREMIER GAS ENGINE C0 [> SOUTH AFRIGA Biane & Co., Ltd. Central House, Simmonds Street, 
JOHANNESBURG, 
LS) JSJAPAR. * . . J. I®betson, 22, Yamashita-cho, YOKOHAMA. 
My ’ ' e ‘ r r , Rue d’ 
SANDIACRE, ur. NOTTINGHAM. gE os SO al 








ee coe “ — SEE 


HEAD, WRIGHTSON & CO.,LTD. 


THORNABY and STOCKTON-ON-TEES. 
Sogn: SOD Seer Sam” LONDON OFFICE: 5, Victoria Street, Westminster, S.W. 


Telegrams: ‘‘Teesdale, Vic. London.” 


COAL SHIPPERS & HOISTS. 
CAISSONS, DOCK GATES, 
BRIDGES, PIERS, ROOFS, 
CHIMNEYS & TANKS, 
CASTINGS, STAMPINGS, &c. 
COLLIERY & MINING PLANT. 
BYE-PRODUCT RECOVERY PLANT. 
CONVEYORS, CRUSHERS, 
nate sea eden sete, Sintellsts.: wn ELEVATORS, &c. 
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ON ADMIRALTY AND 
WAR OFFICE LISTS. 








CONTRACTORS TO 
THE CROWN ACENTS FOR THE 
COLORIES. 


LAND AND 
MARINE 
BOILERS 


OF ALL TYPES. 


To the Requirements of 
Lloyd’s, 
Board of Trade, 
Foreign and Colonial 
Governments. 5199 


LARGE STOCK 
Vertical ‘Bollors, 


GRADLEY 
BOILER 60., 


CRADLEY HEATH, 
Near BIRMINGHAM, 
ENCLAND. 

















Zs ™“ 





& 1,000 a year! 
you will just look up your Coal 


F 
I Account, you will find this is about 
what you are paying for the Coal burnt 
on one Boiler 8 ft. 6 in. by 30 ft. fitted with 
Mechanical Stokers or Forced Draught 
Furnaces. 


You have no option but to pay for 
the Coal you have used, but you have 
some option as to HOW MUCH you 


shall use. 


If you controlled the combustion but 
half as intelligently as you control the 
rest of your business, it’s a thousand to 
one you would raise the same steam for 
£900 a year! 








WRITE FOR NEW BOOKLET 


“Tue WARD CO, RECORDER « COAL ECONOMY ” 


— SENT FREE ON APPLICATION — 


| JAMES LUMB ®& SONS, Ltd., 


3281 


ELLAND, 
YORKS. 

















Wigslesworth 7 


& OO., Ltd. 
Engineers, 
CLUTCH WORKS, 


SHIPLEY, 
near BRADFORD. 


SHAFTING, 
BEARINGS, 
FIXINGS, 
BELT & ROPE 
PULLEYS, 
GEARING, 
FRICTION 
CLUTCHES, &. 


SWIVELLING BABBITT-LINED 
SELF-LUBRICATING BEARINGS. 


3312 


SEND 
YOUR 


VERTICAL BOILERS 


Twelwe Sizes in Stock. 


MARRIOTT:-GRAHAM 


PLANTATION BOILER WORKS, GOVAN. 





SWIVELLING BABBITT-LINED SELF-LUBRICATING | 
BEARING. HAVING VERTICAL ADJUSTMENT. 


ENQUIRIES. 


Telegrams ; Marriott Giaseow. GLABGo ww . ESTABLISHED 156s 
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SHIPBUILDERS & ENGINEERS 
% --- Principal Offices --- 
em COWES. I. of W. / & 
Oy g "TELEGRAMS = WwiTE, EAST COWES a 
Sop ng Ks 
Soppy es sr 
Wy ne ge? ont 
> apo TINGENGIN 
SPECIAL SERVICE arine DIESEL 
VESSELS on 
E 
ES (ay CINE 
Wr" Ky hel CNTs 
ows eC gk oy y 
7 wk ss London Office %, Up 
AS V/ 28, VICTORIA ST SW. \ “%% 
S <N . ibid salt DY, 
aS TELEGRAMS “CARNAGE” LONDON. S 
we 
ENGINEERING 2*° EDTN ABC. 5™ EDITION 
& WESTERN UNION LIEBERS 


J.SAMUEL 


WHITE 


re ot Mee SS, oo Fae Oe ge BO 



































WELLS’ “Unsreakase” Lamps & Oi. Feevers. 
OVER 2,000,000 SOLD. 


TORCH LAMPS. 
HORIZONTAL 
OIL FEEDERS. 
With Valves and Brass Tops. 


Fer Sperm, Rape, Colza, or ether 
heavy Smokeless Oil. Also used 
or Kerosene. 
pint + &. per dozen. 
No. 1. t *s oe « 


eee ear as - 

No. 34.— t. New improved Pattern, Handle at Top, 
per doesn. "No. $a.—14 pint, Baise per dosen. 

Also made w'thout Valve. Also with Patent Filler. 


KETTLE TORCH LAMPS. twousanoe Soup. 


’ ‘Ne. 184.—A Splendid Lamp, fitted with 2in. Wick, 
pints capacity. . oe ee ee -» 98, each 

















No. 6, } pint, Hook No. 3, asshewn, 
@48. per dosen. 





No. 84, pint, Hook N .8,asshewn, 
30a. per dozen. 








No. Su, 1 pint, Hook No. 3, as shewn, 
36s. per dozen. 






Largely used by 
Contractors, Collieries, &c. 
Large Flaming 

Light. 


No. 18.—8 pints, 1} in. 
Wick, de. @d. oath. 











Buitable for Sewerage, Drainage, Trench W 
<n gg Bae, gy gpa = 


Wells’ Oil Gas Generating Lamps 
Lighttrom Keroseneor Petroleum 
without Wick, at 
Less than One Penny per Hour, 
No Smoke or Smell. 

Safety. N 
Perfect y: me , Explosive ~ 1 ~foeane 




















No. 12, 8hours .. oo 
No. 124, with Tripod .. 
No. 18, 5hours .. oe 
ra No. 18a, with Tripod .. 
No. 14, 7 hours .. - 
No. 144, with Tripod .. 












Extra Burners for above 
2/- each. 





LONDON. 





LA. G. WELLS & 60., 


102, MIDLAND RD., 
ST. PANCRAS, 











) f | SPIRAL SPRINGS FOR ALL PURPOSES. 


Telegrams: 





Established 1862, 





‘Cockburn, Glasgow.”’ 


Steering Gear Buffer Springs a Specialty. 


Ask us to 
Quote. 





Our only address: 


COCKBURNS LIMITED, 


CARDONALD, 
near GLASGOW. 


3348 


HAYWARD-TYLER & CO., 


LIMITED. 


PUMPS 


FOR ALL PURPOSES. 























Write for Ilustrated Price Lists. 


99, Queen Victoria Street, 
LONDON, 


Telegrams: TYLEROX, CENT, LONDON. 
Telephone: 9626, CITY. 
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OIL and PETROL MOTORS 


.. ARE ABSOLUTELY RELIABLE .. 
IN.EVERY CLASS OF SERVICE ** 
Built to powers, ranging from 74 B.HP. to 150 B.HP.— 
Engines made to comply with Lloyd’s and B.0.T. requirements. 


POWER and CONSUMPTION GUARANTEED. 











15 B.HP. Paraffin Motor, coupled to Centrifugal Pump 
Output 340 Gallons per minute at a 70 ft. head. 








WRITE FOR LATEST CATALOGUES. 















JOHN I. THORNYCROFT & CO., Limited, 


Caxton House, 
Westminster. 
England. 





Telephone: 175 GERRARD (2 lines). 
Telegrams; “* THORNYCROFT, Vic.” London. 
Codes: ABC (Sth Ed.), &c. 2883 

















AIR GOMPRESSORS. 


(ScoTT’S PATENT). 

























THE IDEAL COMPRESSOR FOR 
EFFICIENCY, SIMPLICITY AND DURABILITY. 


NO VALVE SPRINGS. VALVES PRACTICALLY INDESTRUCTIBLE. 
MINIMUM CLEARANCE SPACES AND -HIGH EFFICIENCY. 
HIGH SPEED WITH SILENT RUNNING. BUILT IN ALL SIZES FOR ANY DRIVE. 
ENQUIRIES INVITED. ASK FOR 1913 CATALOGUE. 


— SOLE MAKERS 


ISAAG STOREY a SONS, Ltd., ‘wancue 


BRANCH o7 UNITED BRASSFOUNDERS & ENGINEERS, Ltd. 574 S120. OM bo 




















Empress Foundry, 


MANCHESTER. 





























TAYLOR 
ROTARY CUTTING-OFF MACHINES 


For BARS ano TUBES. 


EASILY THE FASTEST 
MACHINE IN EXISTENCE. 








WE HAVE ALREADY RECEIVED 


SEVERAL REPEAT 
ORDERS. 





CONCLUSIVE EVIDENCE OF 


USERS ENTIRE 
SATISFACTION. 





SEND FOR CATALOGUE, 8538 


CHARLES TAYLOR (iminghan) Ltp 


Bartholomew Square, BIRMINGHAM. 


“QUALITY” IS OUR WATCHWORD 


TULLIS 
Steam Laundry Machinery 


Means High-Grade Steam Laundry Machinery 

















WashingandIroning Machines. HydroExtractors 


The “TULLIS” Works have been kept at high pressure during 
the last twenty years, turning out Laundry Machines alone. 


The British Admiralty and War Department and all Foreign 
Governments make a practice of specifying “TULLIS” plant, 
the quality and workmanship being beyond dispute. 


Although quality is our first consideration, the prices are 
moderate and compare favourably with all good makers. 


Estimates for single machines or complete plants, plans and 
catalogues free of charge. 


3249 
WRITE US 


D. & J. TULLIS, Ltd., ctydebank, scoT AND 
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DUNGAN STEWART « Co. Lo. 


London Road Ironworks, GLASGOW. 


ESTABLISHED 1864. 


TeELec. Appress: “ STEWART, GLASGOW.” 














CANE SUGAR MACHINERY 


OF EVERY DESCRIPTION. 





COMPLETE CANE SUGAR FACTORIES. 





CUBA: Smith & Davis, Havana. 9506 
AGENTS { MEXICO: The General Supply Co., S.A. Mexico D.F, 











MERRYWEATHERS' PETROL PUMPS. 





ALL TYPES. 


Plunger - Centrifugal - Turbine or Rotary. 


CAPACITIES FROM 10 TO 8000 GALLONS PER MINUTE 
AGAINST HEADS UP TO 400 FEET. 


PORTABLE AND FIXED 


—_—————_ ——_— 





MERRYWEATHERS’ PORTABLE MOTOR ROTARY PUMP. Capacity: 1000 gallons per hour, 





Write for Illustrated Pamphlets— 


MERRYWEATHER @ SONS, in. 


GREENWICH ROAD, S.E., and LONG ACRE, W.C. 


—— TELEPHONE: 131 New X. —— 3156 








LAV) 


3. 





This Patent Backolate 


enables the Fan to be removed without 
disturbing the permanent wiring. 


An important consideration in fans for use on board ship is that they 


should be easily removed for occasionally inspectlon and re pair. The 
ADNIL Co. have so designed these fans that they can be taken down 
without affecting the permanent wiring. If you are interested in ship 
board work the ApNiL Co. can supply you with ful particulars 
of these fans and other electrical gear. Write to- -day, and your 
enquiries will be answered by return of post. 





SHIP SArarul”’ FANS. 


ADNIL ELECTRIC CO., LTD., 
Adnil Building, Artillery Lane, London, E.C. 


\) 3468 








JOHN HANDS & SONS, Ltd. 


Oardigan Works, BIRMINGHAM. 





Telegrama— 
“ Machinery.” 


DELIVERIES 
FROM 
STOCK. 





ies 5 


For all kinds of eUTTING. OUT PRESSES, 
DRAWING PRESSES & METAL SHEARING MACHINES. 

















[SUPPLEMENT page XXV1] 


_ENGINEERING. [Dec. 26, 1913. 








prumpe gets 


WROUGHT 
IRON 


HINGES 
SHIPBUILDERS 


AND 


LOCO. BUILDERS. 


Manufactured by 


WHITLEY & VALIANT, 


LIMITED, 


ASHTON IN MAKERFIELD, 
(Lancashire). 


we Send for our Quotations. 


YOU 


GEWERKSCHAFT DEUTSCHER KAISER, 


a oe WALZWERK DINSLAKEN, 


DINSLAKEN °/RHINE. 








There are upwards of 100,000 GEIPEL TRAPS of the various types in use throughout the world. 


GEIPEL FLOAT TYPE 


STEAM TRAP. 


eg :— BLOW THRCUGH 


E 
t 





UNIQUE ACCESSIBILITY OF 
VALVE. 


ROTATING VALVE. 


MINIMUM LOSS BY RADIA- 
TION FOR MAXIMUM 
DISCHARGE CAPACITY. 


VALVES AND SEATS NICKEL 
AND EASILY RENEW- 
ABLE. 

ABSENCE OF LEVERS AND 


HAND AND FOOT BLOW PIVOTS. 


THROUGH. 


FLOAT NON - COLLAPSIBLE. 
POSITIVE ACTION. 


IN USE FOR BOTH HIGH AND 
NO DRIBBLING. LOW PRESSURE. 
3041 
VULCAN WORKS, 


ST. THOMAS STREET, LONDON, S.E. 


W™ GEIPEL & C”. 








London Office : 


5, Nelson Square, 


Blackfriars Rd., 
S.E. 


ae» CARGO 
HAULAGE 


WINCHES 
PLANTS 


FOR 


PETROLEUM 
FUEL. 





ELECTRICAL 
LIGHT & POWER 
PLANTS. | 








— 








we 
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“HANDY” NAVVY 








The most pear ane ECONOMICAL. 
economical - ee SIMPLE 
age. oe and RELIABLE. 
arke 
for Steel Works, QUICK. 
Iron Mines, LIGHT. 
Collieries PORTABLE. 
and 
Dockyards, Approximate weight, 


for Removing 
Overburden, 
Levelling 
and 
Foundations. 
Always available 
asa 
2-ton crane 


ERNEST E CORNFORTH, Stoke-on-Trent. —_ 


Telegrams :—‘‘CORNFORTH, STOKE-ON-TRENT.” 


ELEGTRO-MAGNETS 












104 tons. 





Will work a cutting 30 ft. 
wide and 10 ft. deep. Lift 
as a crane, 2 tons at 16 ft. 
radius. Bucket capacity, 
4 cubic yard. Output, 
200/300 cubic yards per day, 
according to nature of ground 
to be excavated. 





Telephone : 34 CENTRAL, POTTERIES. — panna ee 
LIFTING-MAGNETS. _ 








Telegrams: ‘ VERTICAL,” LEEDS. 





LEECH, GOODALL & CO. 







Telephone: 1982, LEEDS. 








Works: LEEDS. 





































COAL BREAKERS. 








a 
we mace a erect CONVEYING PLANTS ror nanouinc MAGNET WORKS, 
COAL, COKE, ORE, ASHES, OXIDES, GRAVEL, STONE, CLINKER, GRAIN, &c. Eisenach. 









SCREENING PLANTS. PICKING BELTS, Etc. 


SOLE BRITISH REPRES ENTATIVES 


W. SILVERSTEEN & CO., 


147, Cannon Street, 3551 


LONDON, E.0. 
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ENGINEERS 


BOILER- 
MAKERS 





AVY! 



















; ENSURES 
ABSOLUTE 


= Ae 


ise byes: ae meee Tow s 


ENGAGEMENT 
co = = = = 
CONTROL. 
SRE Der ascaweset rice 
EFFICIENT 
LUBRICATION. 
Se RSS Ch 


NOT AFFECTED 


BRITISH HELE-SHAW 


PATENT CLUTCH Col®! 
SUTHERS ST OLDHAM] 





8'x 2” PLATE SHEARS. 





MACHINE-CuT STEEL GEARING. 


WwW. SHAW & CO., Wellington Foundry, MIDDLESBROUGH. 


Telegrams -‘*‘ WELLINGTON, MIDDLESBRO’.” 
London Office—8, Eastcheap, E.C. 
Office for Manchester and Birmingham Districts, 12, Exchange Street, Manchester. 


Representative—A. H. SHARPE. 


Representative—THOS. F. W. DIXON. 








WE WANT YOUR ENOUIRIES!_ — 


STrEeExX. CaAasSsTIn cs. 


By Siemens-Martin and Crucible 
Processes of every description. 


TO PASS ADMIRALTY, LLOYD'S, BOARD OF 
TRADE, OR BUREAU VERITAS TESTS. 


Castings for Railways, Shipbuilding 
Yards, Engine Works, Rolling Mills, 
Iron and Bridge Works, Hydraulic and 
Electrical Machinery, Mining, River 
Dredging, Excavating Work. 





SPECIALITIES : 


TQOTH WHEELS and PINIONS 
“*; used in connection with 
Cranes, Winches, Capstans, &c. 
Cast-Steel ANCHOR HEADS and 
DREDGER BUCKETS Fit up 
Complete. 


ON ADMIRALTY AND WAR OFFICE LISTS. 3510 
Agent for Scotland—H. M. HARPER, 93, Hope Street, Glasgow. 
Agent for Leeds and District—G. G. 8. G RU INDY, 8, Park Square. 
Agent for Hull and District—P. LAWSON, Princes Dock Chambers. 
Agent for Newcastle and District—R. B. PERRY, 90, Pilgrim Street. 











Catalogue mailed free to bona-fide enquirers. 


Abb bb tbe bby bn bp bn hb bh be bn bb by bh bb hn hn he bb i a hb bi bb bp bn hp he be bn hn hb 


We Specialise in Lathes, Planing « Shaping Machines. 


We have been making nothing but HIGH-GRADE TOOLS for a number or years. 
Our business has been built up on these lines. Repeat orders generally follow the first. 


C. REDMAN & SONS, DUNKIRK, HALIFAX. 








Abb bbbb bbb bette bbb bebe bebe bebe be bp bebe bebe bebe be hh be bb be be be be tp bp bp bp bbe 
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Patent 
Water <n 


« Motor Road Rollers cic: 











14 Tons to I} Tons. 
14 Sizes. 


Petrol or Paraffin. Start at once. No water 
or coal carting. Reliable. An 8-ton size 
runs on two-thirds gallon paraffin per hour. 


The “ ALBION " 


(Glasgow) 


ENGINES, 


_ used for all rollers from 4 to 8 tons in weight 





Adopted by the British Government, the India 
Office, the Crown Agents for the Colonies, the 
German, Austrian, Russian, Norwegian, Swedish, 
Turkish and Montenegrin Governments, the 
Governing Bodies of City of Westminster, Willesden, 
Horusey, Hull, West Bromwich, Southport, 
re Croydon, Beverley, Barrow-in- Furness, 
Jarrow, West Lancashire R.D.C., &. 


Write for Particulars. 





Invented, Introduced, and Manufactured eral — 


BARFORD a PERKINS 


LIMITED, 
PETERBOROUGH, ENGLAND. 
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| OPEN SCALE PYROMETERS _ |RSS 


FOR USE IN WorRMGEARS 


HEAT TREATMENT. 


6 


id 
or 





MANCHESTER 





S 





Advice and Quotations on request. 






(GANTON TYIONSON 8 (0 | 


' LIMITED 
id i 


WORKS LONDON 










e 
LEEDS 60 QUEEN W/, 
GAS, LEEDS Ww VICTORIA S¥ 





" The Cambridge Scientific Instrument Company, Ltd., 


CAMBRIDGE, ENGLAND. 2630 













































HENDRY 


i i FROM A SINCLE STRAND uf | 
BELTING 


ONE of the leading Electrical Engineers of 

the day describes HENDRYS’ new patent 
Laminated Leather BELTING as forming ‘a 
true Endless Belt which is adaptable to 
universal service... . . + s+ « ee 


The Hendry ENnpitess Sptice forms a 
joint identical in Texture, Thickness, Flexi- 
bility and Driving Grip with the belt itself, 
so that a HENDRY BELT runs without jar, 
vibration or slip under the heaviest loads 
and at the highest speeds. Illustrated 
booklet, samples and prices on request. 





SPOS AAr< 











LARGE: STOCK READY 
\ FOR IMMEDIATE DELIVERY 


OXYGEN 




















JAMES HENDRY 
252 Main Street 
Bridgeton, GLASGOW 





For the Welding and Cutting of Metals. 


Copyright Registered 





=. |BritishOxygenCo.,Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world, 


WILSON HARTNELL & CO., LTD, wort. LEEDS) ro sre nem 


centres equipped exelusively with modern 
LIQUID AIR PLANTS, PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 











ELECTRIC LIFT GEARS 


Switch Boards. 





MANUFACTURERS OF 

Oxy-Acetyiene Welding 
BLOWPIPES, 

OXYGEN METAL CUTTERS 
REGULATORS, 

And other Appliances. 


ELECTRICAL MACHINES. 


3454 
For full particulars apply to any of the Company's 


“HARTNELL” , Petal 
GOVERNORS. , es eoaees eo 


PROTECTED TYPE MOTOR. 5445 Cunderd Stee os » eavenen mMOoroR. a Works, yo 


Walger Gars, NEWCASTLE-ON-TYNE. 
Ressmi. Worxs, Potmapin, Giaseow, 











Coe wn eee were rere reer eer errr rer LT AA. | 








LONDON OFFICE: 38, Victoria Street, Westminster, S.W. 
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SPEOIALITY s—Patent Double-Header Wrought Steel 


Steam Superheaters 


For Lancashire, Cornish, and all types of Water-tube Boilers, 
Tubes evenly distributed. 


NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
WITHOUT DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 
ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


~orenernenengetaar =" MePHAIL & SIMPSON, Ltd., Wakefield. 


LARGE ECONOMY IN FUEL. POWER PLANT EFFICIENCY INCREASED. London Office: FINSBURY PAVEMENT HOUSE, E.C. 
































TRADE ONLY SUPPLIED 


Whew Aspe 






A PRECISION TOOL 
OF WORLD-WIDE REPUTATION. 

















Made by Largest Works in Europe, producing Shaping Machines 
as a Sole Speciality. 









SOLE AGENTS: _ 


F. M. FRYE & CO. 46, Upper Thames Street, LONDON, E.C. -:evoxis, sonvon: 
na SPEED CONVEYING by == 


MONO-RAIL_TELPHER 


TRAVELLING SPEEDS - 500 to 800 PPM. 
LIFTING SPEEDS - - 75 to 150 F.P.M. 


STRACHAN and 
HENSHAW, Ltd. 


BRISTOL Emeiand. ™ 


Tue DREADNOUGHT EJECTOR 


GRESHAM PATENT. SELF REGULATING. 




















































































Requires no complicated Steam Reducing Valve. 

Works at any boiler pressure with ONE setting of the 

steam valve. 

Vacuum Automatically maintained constant. 
GREATLY INCREASED CAPACITY. 
ECONOMY IN STEAM CONSUMPTION? « ».. 

Rapid production of vacuum. 

Power to maintain a good vacuum against leakage. 

Simplicity of construction. 

Interchanges with our Standard Type ‘‘C” Hijector. 

Works down to 90 Ibs. pressure. 


THE VACUUM BRAKE Co., = 


32, Queen Victoria Street, LONDON, E.C. 
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Telephone : Nos. VICTORIA 4821 and 4822. 





Telegrams—‘‘ STIRLINICO, SOWEST, LONDON.” 


BRANCH OFFICES and AGENCIES 


™ STIRLING BOILER Co, Lo. 


Head Office—58, VICTORIA STREET, WESTMINSTER, S.W. 
GLASGOW, MANCHESTER, 


LEEDS, NEWCASTLE. 











Write for full particulars. 


Send tor our New 
Illustrated Catalogue. 


When in the market for 
boilers, send to us for 
an Estimate. ont 

















THE STIRLING BOILER. 


Simplest in Construction. 
Economical in Operation. 
Easily Transportable. 
Economical in Freight. 
Suitable for all Fuels. 














Ml Rivetless Steel Piling 


ROTHE ERDE SYSTEM 


(Patented in all Countries). 





Gelsenkirchener 


Bergwerks-Aktien-Gesellschaft, 
DIVISION AACHENER 


Hutten-Verein Aachen-Rothe Erde 


3340 


GERMANY. 





ASK FOR SPECIAL CATALOGUE. 








STEEL ano IRON FORGINGS 


UP TO ANY WEIGHT. 


Exceptionally quick delivery given for 

FINISHED CRANK SHAFTS, PROPELLER 

SHAFTS with Continuous Gun-metal 

liners complete, and STERN and RUDDER 
FRAMES. 


SPECIALITIES :—Repair Work of all 
descriptions, also Finished Hollow 
Crank & Line Shafting, Forgings for 
Turbine Engines (Wheels, Spindles, 
Drums, &c.). 





Patentees and Sole Manufacturers of the 
WEDGWOOD”" PATENT VERTICAL 
INTERLOCKING SCARPHED JOINTED 
RUDDERS. Also Patentees of Combined 
ROTOR WHEEL & SPINDLE FORGINGS 
for Turbine Engines. 


On (a War Office and Crown 














DENNYSTOWN FORGE CO., 


DUMBARTON. se 





gents’ Lists. Telegrams -FORGE, DUMBARTON. 


LONDON OFFICE : 301-302, Mansion House Chambers, E.C. 
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EtOBE DW & CoO... ‘Erp. LINCOLN. 


and at 79, QUEEN VICTORIA STREET, LONDON. 

















Se 






ENGINE. 





IMPROVED PORTABLE ENGINE. PATENT UNI-FLOW ENGINE. 3535 SEMI-DIESEL CRUDE OIL 


@ PUMPs 


PUNCHING + SHEARING 
MACHINES es 


JOHN CAMERON, Ltd. 

















































SALFORD, MANCHESTER. PUNCHING AND SHEARING MACHINE 
STEAM PUMP. Telegrams: ORIGINAL, sensi satetta Code 5th Edition ABC. Telephone 2002 Central. WITM ANGLE GUTTER. 
Telegrams: “‘DYNAMO” 
0 LD H A M Telephone No. 800 (2 lines) }oupHam. 
ag © ‘ 









BrimMmMiTEDyD. 





3811 





TOTALLY ENCLOSED INDUCTION CRANE MOTORS. 


. LOCKWOOD & CARLISLE,Ld. 


EIA.GL.EI POUND Y, SHBEEIEI.T.DY. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 


Improved Double-action Metallic Piston Packing “ae & Atha 


CARLISLE’S PATENTS. 

















SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. che : 
ALL PACKINGS GUARANTEED. °™* Ris aid(Spring spedtally designed 








(Improved Deuble-action Piston Valve Rings. 
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WATER-TUBE STEAM BOILERS. 


ovr 10,000,000 2P. Land 2d 2,800,000 HP. Marine Type Installed or on Order. 


Alse Makers of WHITE-FORSTER Water-Tube Marine Steam Boilers. 
Joint Manufacturers and General Licencees with J. SAMUEL WHITE @ CO., Lid. 


‘BABOOOK a wiLoox alee Manutacture 
STEAM SUPERHEATERS. ECONOMISERS. STEEL CHIMNEYS. COAL and ASH CONVEYORS. 











MECHANICAL STOKERS. FEED-WATER HEATERS. STRUCTURAL STEEL WORK. 
COMPLETE STEAM PIPING PLANTS. ELECTRIC CRANES. 
WATER SOFTENERS and PURIFIERS. STEEL WORKS CHARGERS. 8887 


Head Offices: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 
Works: RENFREW, SOOTLAND. 




















Ss 











; 4 


WOOD LINED PIPES. 


Seamless Steel Tubes or Wrought Iron Tubes with 
Wood-Lining pressed in, for Conveying Sea Water. 


NO CORROSION. —— NON - RUSTING.——NO INSULATIONS. —— BETTER 
—THAN COPPER PIPES. 


INSTALLED IN MANY OF THE LARGEST OONTINENTAL BOATS. 
FOR PARTICULARS AND PRICES APPLY TO: 


THE BRISTOL ENGINEERING CO., LTD., 


EIsHnPwronwypos, BRISTO.:L. 








*Phone—17 Fisuronps. 
Telegrams—‘ Puncussion,” FisHPronps. 








I From 3x14" to 28"x74" 
[ Prom 3”x14" to 15"x4” 


L. Equal Sides 1” x1” to 8” x8” 
L Unequal Sides W’x} t., 
[Prom 4” x24" to 12”%4” 
T From 6” to 12” 

@ From?’ dia. to 12” dia. 
Squares from 4” to 6” 













| 


AW. . 
PAsee A a 


iA 1 
£ ny 1 @ 


MANUFACTURERS OF 


Slabs up to 14” x 60” and 20 tons 









OutTpuT 15,000 TONS PER MONTH. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 


Heap OFFice :—LANARKSHIRE STEEL Worxs, MOTHERWELL, N.B. s218 
LONDOM OFFice:—LONDON House, New LONDON Srreer, E.C. 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 


ALL SIZES OF ROLLED STEEL SECTIONS MM swe 
1” x1" to 7” x3y"” T 
BLOOMS FOR FORGINGS UP TO 20 TONS Hy ™"""2" 


NUMEROUS RAIL and 
OTHER SPECIAL SECTIONS 


56 & 70lbs. per yd. Bridge Rails 


ALWAYS KEPT IN STOCK. 
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LARGEST MAKERS « CAST IRON TANKS 


BRANOH OFFIOES :- IW Tae EIN GSDomMm. 
‘Brook House,” 10-12, Walbrook, LONDON, E.C. - ~ ae SanEniiennaa#-haae 
Grosvenor Buildings, Deansgate, MANCHESTER. 
60a, Lord Street, LIVERPOOL. 
Moorhead, SHEFFIELD. = 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED | 
and ERECTED ANYWHERE. [fF 


DRAWINGS, SPECIFICATIONS And ESTIMATES 
GIVEN UPON APPLICATION. 


Contractors to the Admiralty, War Department 
and Crown Agents for the Colonies. 


RGRAMS -— ~— TeLsPnone No, 2200. 
NEWTON. "SHEFFIELD. ESTABLISHED 1793. 


NEWTON, CHAMBERS & C ita SHEFFIELD. 
JOHN SPENCER & SONS, Lime. 


NEWBURN STEEL WORKS, NEWCASTLE-ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE : Collingwood Buildings. © LONDON: 382, Victoria Street, Westminster, S.W. 
Contractors to Admiralty, War Office, Indian States, and Foreign Governments. 


MANUFACTURERS oF STEEL BY THE SIEMENS- 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 


INGOTS, SLABS, BLO@MS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 
STEEL FORGINGS, STEEL OASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED. 






































































































SP RIN Gs.—Laminated, Volute, Patent Improved Volute, Conical, Spiral. B88 
BU EE" EIECS.— Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 
FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 








TRADE 


S 


MARK. 


HAND, STEAM & POWER. 
JOSEPH EVANS & SONS, 


Fic.e42 “ae . f : (WOLVERHAMPTON), Lr. 


PUMPS 


FOR ALL PURPOSES. 








CULWELL WORKS— 
be a W LV ® 
VERTICAL THREE THROW OLVERHAMPTO N 
PUMP LONDON :—Salisbury House, al 








for BELT or ELECTRIC POWER. London Wall, E.C. 


























" 
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. TUBES LIMITED f 


WELDLESS TUBES for BOILERS and STEAM PIPES, 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
| Works: ASTON MANOR, BIRMINGHAM. za ee 


“DROTT” OIL ENGINE 


for Tugs, Fishing Boats, 


































Lighters, Barges, &c. 





Sole Agents Wanted. sa1e 





NICKELS & TODSEN, Stockholm. 











AWARDED 


C 
Petty ONT, 
= AEXHIBITION 




















THE 


——— ae 908_ 4 = = = == 
RT IcePlants up to 200 Tors Capacity- HASLAM 
e ér . 
Se eee ae ERBY, 175-172 SALISBURY HOUSE aaa CTT TAD Td oe 


LONDON WALL:E:C- 


ro 
‘OMPRESSeD ain SYSTEM? 


















tod 1448 








FOUNDRY MANAGERS are INVITED to INSPECT THe EXHIBITION at OUR NEW 
VULCAN works, of ALL the BEST TYPES of MOULDING MACHINES, 
BUILDING IN MANCHESTER, BLACKFRIARS RD., SAND BLAST MACHINES and other FOUNDRY PLANT, 


“0 ALL SHOWN IN OPERATION. 
ay TD., LONDON: Caxton House, Westminster. 


THE KEYSTONE PATENT PULLEY 's AN 
ALL-BRITISH STAMPED 


7 nl ee is U7 my i. . STEEL PULLEY OF 
: > © 























LIGHTER WEIGHT 
AND EQUAL 


STRENGTH 
TO ANY PULLEY ON 
THE MARKET. sss 


1 
MANUFACTURED ENTIRELY BY :— 


"== THE SKERNE WORKS L” DARLINGTON. 


Agents Wanted for Districts not already Represented. 
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VERTICAL OIL ok PETROL ENGINES 


DESIGNED AND BUILT ON SOUND ENGINEERING PRINCIPLES ONLY. 





















The Illustration shows Type 2E. NBL. Oil Engine and Ram Pumping Set. 
Duty 800 G.P.H. against 100 ft. head. 















Write for New Illustrated Catalogue 
“MARINE and STATIONARY ENGINES,” 


Post free on request. 


ee BOULTON & PAUL, Limited 
ea eee) Engineers, NORWICH, England. 


By Appointment. LONDON OFFICE: 126 Queen Victoria Street, E.cC. 
















































BRITISH LOCOMOTIVE CO., Liv. | , 

NORTH 4 Lr, |, 

HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS P. 

(Late NEILSON, REID & Co.) (Late Duss & Co.) (Late SHARP, STEWART & Co., Ltd.) = 

ADMINISTRATION BUILDING, 110, FLEMINGTON STREET, SPRINGBURN, GLASGOW. { 
LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LOCO., GLASGOW. 













BUILDERS OFF ALI EINDS OF 3524 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. 


Annual Capacity, 700 MAIN LINE LOCOMOTIVES.  Qutput now exceeds 20,000 LOCOMOTIVES, Workshops Equipment, 8000 MEN. 
THE LARGEST LOCOMOTIVE WORKS IN EUROPE. 






















AVERY’S PATENT AUTOMATIC 
LEAD - ON - RAIL 
WEIGHBRIDGE 


FOR WEIGHING TRAINS WHILE IN MOTION. 



















W. « T. AVERY, L’ BIRMINGHAM. 
THE HUNSLET ENGINE CO. Ltd. 


LEHDS. 

























MAKERS OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 
2840 





DESIGNS & SPEOIFIOATIONS 
SUPPLIED OR WORKED TO. T 


Quotations and Specifications on application. CAI 


Telegraphic Address: “ENGINE, LEEDS.” 
Telephone :—Nos. 3430 to 3434 inclusive. 
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KERR, STUART CO. 


LIMITED. 

WORKS : 
STOKE-ON-TRENT. 
OFFICES : 

5, BROAD ST. PLACE, E.C. 








All Communications to 
London Office. 


(ANNOVERSCHE MASCHINENBAU AGTIEN-GEBELLSCHAFT vormals GEORG EGESTORFF 


Hanover Locomotive Works, HANOVER-LINDEN, GERMANY. 


ESTABLISHED 1835. Over 7300 Locomotives BuicT. 


Standard, 

st. LOCOMOTIVES | 2:2 

Narrow Gauge of Service. 
MAIN BRANCH LINES, TRAMWAYS, PLANTATIONS, CONTRACTORS’ USE. 


SUPERHEATED STEAM LOCOMOTIVES. FIRELESS LOCOMOTIVES. 


STATIONARY ENCINES. PUMPS. BOILERS. 
Cable Address:-HANOMAG HANNOVERLINDEN. 2638 


aes as - " - ge Ds, Sg 
16+60 Mallet Locomotive (1m, gauge), for Arica—La Pas Railway. ENGLISH REPRESENTATIVE: J anamss EX ax.crow, 18, Coleman St., LONDON, B.C. 


THE “TURNER” OIL ENGINE 


STATIONARY or PORTABLE, 






































For Driving 
AGRICULTURAL MACHINES, ELEGTRIG LIGHT PLANT, PUMPS, &e. 
\. ECONOMICAL. DURABLE. EFFICIENT. 


Works womens camp on the Eoetost or no Load. 


Send for Catalogue and further particulars to the Makers :— 


E. R. & F. TURNER, Ltd. (132), IPSWICH. 


R. &W. HAWTHORN, LESLIE & €O., LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, dc, 
































Telegraphic Address: ‘‘ Locomotive, NEWCASTLE-ON-TYNE.” ESTABLISHED 1817, 


' eine ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON-TYNE. sien 


aon ores, W, @, BAGNALL 
Sanctuary House, 33, Tothill Street, a € ® 


Westminster, S.W. 








HEAD OFFICE 
and WORKS: 


Stafford, England. 





Highest-class Workmanship and Material. 


BUILDERS OF 
STEAM, PETROL and ELECTRIC 


TIPPING TRUCKS, SUGAR LIGHT RAILWAYS, 
CANE and other SPECIAL WAGONS LOC OMOT IVES SWITCHES, TURNTABLES, &c. 


— Speciality: MABHROoOW -GAUTGE Locomotives. -— 661 
Codes used :—“ Bugimecring,” “A BO,” “Bedford MeNeill’s,” and “Western Union.” Telephone :—Ne. Telegrams :- Bagnall, Maferd. 
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TheClayCross Company, L**> Clay Cross, Derbyshire. 


Telegrams :—JAOKSON, CLAYOROSS. — HSTABLISHED 1837. 


MAKERS OF - 
STANDARD - TYPE— 


FUEL 
ECONOMISERS. 


SAVING IN COAL from 
IS to 25 per cent. 


by Utilising the Waste Heat in Flue Gases, 


tag =: 
| ye = 


, Telephone :—147, CHESTERFIELD. 


MAKERS OF 
SECTIONAL-TYPE— 


STEAM 
SU PERHEATERS 








DROP FORGING PLANT 


For THE PRODUCTION OF ALL CLASSES OF DROP FORGINGS. 


BRETT’S PATENT DROP HAMMERS FOR BELT OR DIRECT MOTOR DRIVE 


CONTROL BY VERTICAL CoRD OR HAND LeEverR. ECONOMICAL IN POWER. 
SimPLE IN CONSTRUCTION. LIFTERS CAN BE APPLIED TO ExistTiING STEAM OR Kick STAMPS. 


STEAM DRIVEN DROP HAMMERS 
PaTeNtT DousLe ACTING VALVE FITTED WHICH UTitises ExHAUsT STEAM. 
Lirters HiGHty EFFICIENT. 609 


FORGING HAMMERS FOR GENERAL WORK 
Anvit Brock PLtacep DIRECT ON CONCRETE Max. EFFiciency OF BLow OBTAINED. 


OIL OR COKE FURNACES, PRESSES, &c. 


BRETT'S PATENT LIFTER 6O., Lro. 


Illustration shows Battery of 
25, 8, 16-cwt. Motor-Driven Hammers. 


COVENTRY, Eng. 








Crow’s 
Patent. 


Bar Straightening, Reeling and Polishing Machine. 2341 


A.eP. W. “McONIE 


GOVAN, Glasgow. 





MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
ACCUMULATORS, RIVETTERS, AND 
ALL CLASSES OF SHIPBUILDING TOOLS. 











- SUSPENSION 





BOARD OF TRADE 


CONSTANT FOR 
SUSPENSION BULB 
FURNACE 


15,000. 
The 
STRONGEST 
FURNAGE 
MANUFACTURED. 


CREATEST DIAMETER OF FURNACE 
EVER OFFICIALLY TESTED TO 
COLLAPSE. 














EORGE CoO., 


BULB FURNACE 


E.rmarrEeD,. LEanDsS. i. 


PATHN TT). 


BOARD OF TRADE 
’ HIGHEST CONSTANT 
FOR OTHER 
CORRUGATED TYPES 


14,000. 


HIGHEST 
FACTOR of SAFETY. 


UNIFORM 
THIGKNESS. 


LONDON AGENT: Mr. JosePH 
apy OX 70, FENOHURCH 
Sr., E.C, 

Telegraphic Address :— 2961 

“ Ewernovus, Loxpon.” 




















Tae LABDpDsS 
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' REINFORCED CONCRETE 


JOUuNSonws 
“T.ATTICE!” axw “KEEDON” 


Sys TEM. 





wer 
il ° 








FOR 
FLOORS, ROOFS, 
BEAMS, COLUMNS, 





FOUNDATIONS, 
RAFTS, BRIDGES, 
CULVERTS, 
TANKS, 
FLOOR, BEAM, AND COLUMN CONSTRUCTION. 
Johnson's “Lattice” and “ Keedon” System. 8c. 





WE 
UNDERTAKE TO 
SUPPLY 
FREE OF CHARGE 
DRAWINGS 
AND ESTIMATES 





NES, 


, | FOR ALL 
PROSPECTIVE 
- WORK. 





TANK FOR MESSRS. COURTAULDS, BRAINTREE. 
Contractors : W. Jones & Sons, Westminster. 





» RICHARD JOHNSON, GLAPHAM & MORRIS, LTD., 


REINFORCED CONCRETE ENGINEERS, 


Sie NG | TO 











y, METAI LIOUS, MANOMESTER. 6437 CENTRAL L (is Lives) LE VER STREE Ze MA NCHESTER. 
‘“ LONDON OFTICE: GLASGOW OFFICE: 

OH 42 & 42a, Broad Street House, New Broad Street, E.C. J. A. McGILVRAY, Central Chambers, 11, Bothwell Street. 
1 Telegrams: ‘‘Orosswars, Loxpon.” § Telephone; 6183 Loxpon Wau. Telegrams : “ Merauiicus, Giaseow.” Telephone : Omwrnat 948. 
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PUMPING PLANT 


10 HP. WESTINCHOUSE-CROSS OIL ENGINE 
: pirect-coupteo T0 CENTRIFUGAL PUMP. 

















Occupies little space. 
Engine operates on crude 


WHEELS. 
or ordinary lamp oils, and 


requires neither carburetter WORM AND SPUR 
in REDUCING GEARS. 


Capacity, 45,000 galls. per hour. 


Fuel Consumption, 0.75 galls. per hour. a 


The REID GEAR 00, 


LINWOOD, 


near PAISLEY. 


Write for Catalogue of Pumping 
Seis CR-2, to the Manufacturers: 


THE 2939 


) WestinghouseBrake Co.,Ltd. 


82 York Road, London, N. 
On Admiralty List. 

















XXXXXXXXXKXXKXKXKXKXKXK XK X 














KELVIN 


FULL SPECIFICATION From THE:-MANUFACTURERS— 2877 


THE BERGIUS LAUNCH & ENGINE CO., Dobbies Loan, GLASGOW. 











THREE - CYLINDER COMPRESSOR DRIVEN BY 
-BELT FROM ELrEctTriIc Moror. 


Dust-Proof. 


The design of the Broom 
and Wade Compressor is 
such that it can be made 
perfectly dust-proof with- 
out trouble. 














STANDARD STEAM LAUNCH 32 x 8x CSC Engines 


Always in Stock or Progress-—oather Sizes Quoted for. 2358 
Machinery for Boats or Boats Complete in Steam, or Motors and Motor Boats Complete. 


VOSPER & CO., Ltd., Broad St., Portsmouth. "%3'yin 


40 Years. 


IN VALVES 


for Steam or Water 


USE 


instead of Discs of Perishable 


As a result, the oil can be used over 
and over again for weeks without 
fear of extra wear or friction; and 
as forced lubrication is employed, 
the question of oiling does not enter 
into the cost of upkeep. 


When YOU require an Air Com- 


pressor that is efficient, simple, 








7 








easy to kee» irunning, and low in 
upkeep cost, specify or order a 
Broom & Wade Compressor. 








| Reduce Friction by using HYATT ROLLER BEARINGS for 


Shafting, Trucks, &c., and MICHELL THRUsT BEARINGS. 


Engineering Works: 


Telephone—93, Hien Wycouse. 





Telegrams—Broom, Ilicu Wycomsr. 


High Wycombe. 








KX KK KR KK KK KOK KK KK OK OK OK KK OK OK KK KKK KK KK KK KK 


XXXXXXKXXXXXXXKXXXX 
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Compounds, 
NEW PATENT 


INDESTRUCTIBLE 


ELASTIC COPPER DISC 


SEATINGS 


Interchangeable, 
_ More Reliable, and Much 
More Durable. 
3104 


THE HULBURD ENGINEERING 60., LTD, 


ST. BENET CHAMBERS, FENCHURCH STREET, LONDON, E.C. 








—_—— 
—— 
7 

: 

a 


464 





e “~ 
a 
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BY APPOINTMENT 


STAMPED FORGINGS. 
CARRON Stamped and Hand Forgings are 


well-known at home and abroad, in 
Government and in private establishments. 
Only the best class of materials is used, and this 
combined with the highest standard of work- 
manship and long practical experience, ensures 
unsurpassed results in the manufactured article. 


Contractors to the Admiralty and 
Principal Shipbuilding Companies. 


Write for No. 21 E Stamped Ferging Catalogue, post free. 


ENGINEERING DEPT., 


CARRON (COMPANY CARRON, Stirlingshire. 























(g 


“HEAVY-DUTY” 
TYPE 


starting RHEOSTATS 
STARTING 
For frequent starting 
against heavy loads, 
Designed to stand up 


under the most arduous 
conditions of service. 


A SOUND ENCINEERING JOB! 


Mechanically and elec- 
trically more robust 
than is required to 
meet ordinary starting 
conditions. When you 
want Dependability — 
specify ‘Igranic’ “Heavy 
Duty” Type. 





2358 


IGRANIC ELECTRIC C? L? 
147, QUEEN VICTORIA STREET, LONDON. 


MANCHESTER :— Works :— GLASGOW : - 
30, Cross Street. BEDFORD. 50, Wellington Street. 











High-speed, Self-acting, Sliding, 


eauaee- and: Screw-cutting . LATH ES 


With Gap Beds and Cabinet Legs. 


Apply tor Prices and Catalogues.  *""4 


ALFRED J. NEW, Ltd., suze: HALIFAX. 


ELECTRIC OVERHEAD 


and all other types. 





















GRIEVEaGo, 


— CRANE BUILDERS, — 


Motherwell. 
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-— 


My Word! 


He has an easy job! 
Yes! but of course 
he uses 


A.S.R. Packing 


and consequently 

has no trouble with 

his engine. 

No more breakdowns Estimates 
and 3882 


ALEXANDER SAUER, |\_\ iin oe 


D.-Ruhrort, U., Germany. on application. 











Rift Makers a To Mis Majesty 
By Special Appointment YH the Hing. 


WAYGOOD 





ELECTRIC, 3 PASSENCER, 
HYDRAULIC, = | coops, 
HAND POWER | SERVICE. 





WEAR WELL ann LAST LONG. 


CATALOGUES AND ESTIMATES Free. 3)74 














4.R. WAYGOOD & CO., Ld., DEPT. £3, Head Officed Works: Falmouth Rd., S.E. 








— eee 








STEINLE s HARTUNG, | TH 


QUEDLINBURG 46, (Germany). eb 


GOVERNORS |... 


Steam and Gas Engines, Cort 
Steam and Hydraulic Turbines. 


phe ete ttt SS plitiatet D “Fie 
SHAFT GOVERNORS f[ ”™ 
for 
PISTON VALVE & DROP VALVE 


GEARS. $511 


Catalogue free on application. 








i 





CARDIFF & ROTHERHAM. 


LAMINATED RAILWAY CARRIAGE AND WAGON SPRINGS, 
VOLUTES, CONICALS, SPIRALS, &c. 


STEEL CASTINGS 


*“*STOCK PROOESS.’’ 


BuTe STEEL AND Sprinc Wor«xs, CARDIFF. 
Don Sprina Works, ROTHERHAM. 
Don STEEL FOUNDRY, a 3411 





COTTAM & CO., L!- 























BUCYRUS CO., Sth. Milwaukee, U.S.A. (Auiporise¢ Capital “10.09.000 








i —_ 


DRAG-LINE EXCAVATORS (rnc'Stive.”” 
For CANAL EXCAVATION, RAILWAY CONSTRUCTION, GRAVEL PITS, PLACER MINING 
and other work where long reach and wide dump is required. 


STEAM SHOVELS. RIVER and HARBOUR DREDGERS. GOLD DREDGES. 
Sole British Agency: GEORGE F. WEST & CO., 507, Caxton House, Westminster.  338¢ 


UE TWISTED 
gone ROR DRILLS 


HICH-SPEED QUALITY 
(PATENTED.) 



















— 








TAPER OR STRAIGHT SHANKS. * 
A Beotional Bar is twisted hot. Drills Test 
are ground with same precision as them agains 


Milled Drills. Shanks are a 
perfect fit in Morse 
Socket. 


the best Milled drill 
and then compare ov: 
discount with what you pay. 





MANUFACTURED BY 


J. Beardshaw & Son, Ltd. 


Baltic Steel Works, SHEFFIELD. 2742 
LONDON OFFICE : 38, Victoria Street, Westminster. 

















BELTS 


BELTS 
BELTS 


may be the 
very 
deuce! 








Poy lishers—WALLACH BROS., Ld., 









They needn’t be if they’re 
good to start with and 
you treat them properly. 

“The Care of Belting” 
is a little book of sound 
information on the impor- 
tant subject. Sent free 
and post free by the Pub- 


17, FINSBURY SQUARE, E.C. 


—— 


3284 























for 
Steam 


THE BELDAM 





Tel. No. : Avenue 5204. 






t & 2, Gracechurch Street, London, E.C. 


Ppp os 





or 
Water. 


PACKING & RUBBER CO. ply 


Telegrams: ‘“ OORRUGATED.” Code, A,.B.O., 5th Edition. 








LVE 


8511 


l 


|| a 








ee ill 








—_——— 





Dec. 26, 1913.) 


ENGINEERING. 





[SUPPLEMENT page XLII] 95 








THE CRANTHAM BOILER & CRANK GO., LTD., 


GRANTHAM. 


Makers of 202 
(of all typ:s 
and power). 


STEAM BOILERS 


Vertical, 
Portable, 
Cornish, 
Colonial. 
“Field” Tube, 
and Loco. 








Maschinen- und Armaturenfabrik 


vormals C, Louis Strube, 
Aktien-Gesellschaft Magdeburg-Buckau. 


ESTABLISHED 50 YEARS. 









Stroke and Revolution Counters, 


Portable Speed Indicators, for 1, 3 or 4 ranges 
of speed. ‘Cutting Speed” Indicators, 


STATIONARY SPEED INDICATORS, 
SPEED RECORDERS 


vertical or horizontal, with or without “6 figure " 
revolution counter. 


Sole Agents for Great Britain and Ireland 
and British Colonies— 


en application. R. KAHLE & CO., 22, Fenchurch “—— 
LONDON, E.0. 


Tllustrated Catalogue and Prices 

















8283 














CONTRACTORS TO H.M. GOVERNMENT, INDIA OFFICE & COLONIES, 


Condensing, 
STEAM ENGINES ‘2s 
and Compound. 
Also fitted with Piston Valves for rem -pressure and 


superheated stean 
VERTICAL ENGINES AND BOILERS. 


combined or separate. 


Haulage Gears, Winding & Hauling Engines. 


ELECTRIC GENERATING SETS, 5 to 40 HP., 
for Ship Lighting, &c., or for use on land, 2872 











_> 
az J | 
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T.@ & R. LEES, Enginers, HOLLINWOOD, *". MANCHESTER. 


1 * Lees, Hollinwood.” eo : No, 16, Failsworth. Codes wand : Al, ABC and Private. 








HILL'S isis COLD SAWING MACHINES 


PIONEER oF COLD METAL SAWING. = Send Your Enquiries. 


The machine shown 
is one of our stan- 
dard design (No. 2), 
and being medium 
by and capacity 

‘ound a useful 
to . Cuts 18 in. by 
6 in., carries a 22 in, 
diameter saw. Slide 


29 YEARS’ 
EXPERIENCE IN 
COLD SAWING AT 
YOUR SERVICE. 








Space occu, is 7 ft. 
6 in. by 4 ft. 6 in, 
St. George’s 
Engineering, 
Malleable Iron 
& Steel Works, 


Woods Lane, 
DERBY. 


SOLE PROPRIETOR:— 2704 


JOSEHE EL EXXXsEs, M1. Mechb, ML&S. Inst; 
SS eee 


MODERN 


LAUNDRY 
MACHINERY. 


New Catalogue 


Just Issued, 
including 


DYEING 


AND 
CLEANING 
MACHINERY. 


Ea & SON, 















ENGINEERS, umirteo. 
(bis Works, 67 
x KENDAL. »@ 




















MOND GAS. 


FOR POWER & HEATING. 


FOR PARTICULARS OF THE GASIFICATION OF BSITUMINOUS 2195 
FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:— 


THE POWER-GAS CORPORATION, Lro., 


PRODUCER CAS SPECIALISTS 
AND PATENTEES. 





Wm. MUIR & Go., 


LIMITED, 
Sherbourne St., MANCHESTER. 
Mine “elapone Ne 6 No. 528 (Ci ioe ‘Pane 


SPECIALITIES . . 


SLOTTING 
MACHINES 


(PATENT) 
Gin. to 72 ing 0 


BORING & SURFACING 
MACHINES savcrnat spinare 




















STOCKTON-ON-TEES. 


——— 








SEND FOR SECTION CATALOCUES. 





This represents 72 in. Slotter. 
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Sri PULLEY. CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


IN HALVES. BRASS & COPPER, LOCO & CONDENSER 


Accidents. 
Grips like a Vice. 
Fixed 
or Removed 
without 
Disturbance. 


Sole Makers. 


TRIER Bros. THE PREMIER DISC _o=- 


FRICTION CLUTCH (Patent) 
CAXTON LONDON, 52Wee 806 The ‘MENNO™ Automatic BG aoa Whe tre 


Patent and other Machines COMPRESSED AIR GREASE CUP. 


(PATENTED.) 
and Models Wanted - Automatic Feed under Compressed Air. 
“ Securely LOCKED. Works UNDER WATER. 
j ; Unaffected by Centrifugal Force. Absolutely DUST-PROOF. 
to Design el Construct, oF to make Saves over 50 per cent. in the Cost of Lubrication. 


from Drawings. ; . Any Grease can be used. No Pistons, Springs or Packings. 
Spring and Screw Compression Cups depend on frequent adjust- ; JAMES t. KAY &CO., LD Barnbrook Works, 


Re etition. Smiths’ 8 ment to FORCE Lubricant to the Journals. semen “tage Ben *) Bury, Lanes, 
5 pi The ‘“‘MENN' is ‘a complete REVERSAL of 
this method, ae MUST NOT be adjusted frequently 


and Machinery Work done The confined at rploe the need for requent at Win'ta tet 


a ment by hand, an 
at moderate prices to GIVES A CONSTANT SUPPLY. 


your own sketches. ° The ‘**MENNO”’ will pay for itself in a few months on the S YST EM 


grease saving alone, and being pressed out of Mild Steel and 
Heavy Gauge Brass, no replacements or renewals are required. 
TURNER & CO., L® || —- 
Engineers, Write for Catalogue and Cups for one month’s Free Trial. 
Contractors to Office of Works, Admiralty, &c. j S | M PLE 
13, Stalbridge St., Lisson Grove; LONDON, N.W. MANUFACTURED BY— 8202 


LUBRICATORS LIMITED, EFFECTIVE 


POWER TRANSMISSION) eect enter eopne deta nos a sh rons 
NIN. R, S SONSY°LEEDS 
JARDINE 


ceame sme, norrnchew:! FAWGETT, PRESTON & 00, rm DRAWING OFFICE 


Engineers, LIVERPOOL. EQUIPMENT 


Sieibieeit Pintenion; Sanitoes. ” Gudes ane 4 B.O (oe oth Bien), A. andi Wertete: Unile 

ze aa HEAVY and other 

Cane- Grinding 
Plants. 


and all other classes of 


SUGAR MACHINERY. 
Also 


SEA-WATER DISTILLING 
Diameter. | lin. 14 in. | Zin. | 2}in.| 3in. ie . ae ‘ APPARATUS. 
No. 1. Bright | foe ae = i en HYDRAULIC PRESSES 


Turned Steel : 
Shatting (per | for Baling Cotton, Jute, 
t.). 


| era. | oa. | 4/2 | 2/54 45 > Fodder, &c., &., &0. 
see 2/2) | B/- | 4/54 6/43 | 8/64 — Se 

x * hee : | Bd. |na pe | 1/4 eg MIPRATS- BARING 
No. 70.— Plum m- “| es en — PLANT. 3530 


aoe | B. J. HALL 860, L™ 
ii ae London Office: ay 


: food Chalfont House, Gt. Peter St., 
a SEATUPLE EFFECT EFFECT SEA-WATER DISTILLINC APPARATUS. 69, VICTORIA ST., S.W. WESTMINSTER. 5108 


HENDERSON r GLASS, LIVERPOOL. 


Extensive eal cian of all descriptions and Sections 


MALLEABLE IRON AND STEEI, 


Including all sizes, Round, ere ~~. Flat — Fiites 
Plates, Tees, 


eee ECT SETS Rolled Binders Joists, 3 4 in. to 20in. dap. 


JHangers .. .. ..| 24)| 48 | 7/7) | 42/6 COMPOSITE GIRDERS MADE TO SPECIFICATION. 


Compare the above with what you j PLAIN AND CHEQUERED PLATES. 
are now paying. ; ae Boller and Tank Plates in Iron or Siemens-Martin Stee, all sits 







































































Send your Enquiry to the Manufacturers. 







































































arses “ JARDINE, ae ITTINGHAM.,” S43 QUOTATIONS AND SECTION SHEETS ON APPLICATION. 
+ 29¢ 3 > = 
clephonc Nos. : 3205 aud 3206. SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITE) 
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JAMES SIMPSON & CO., LTD. 


153, Queen Victoria Street, LONDON, E.C. Works: Newark-on-Trent, 
ErIGE-o 


PUMPING MACHINERY 


Complete Plants installed in any part of the World 
for Water Works, Sewage Works and Mines. 


PERIODICAL INSPECTIONS OF MACHINERY UNDERTAKEN AND REPORTS GIVEN. 
Telephones:—301 Bank. 103 Newark. Repair Shops, 4825 Victoria. 


EDWARD HAYES, 


Od 2174 Watling Works, 
Stony Stratford. 








REPAIRS OF ALL KINDS EXECUTED 
3242 





Telegrams—‘‘ Aquosity, London.” ** Aquosity, Newark.” 











usé=Morse Silent High 
Rocker —Joint Chains 
Marine Engines 
Now Ready. 
1 
1 


Boilers to Suit, 
Makers to Admiralty, &o 


STEAM HAMMERS 


Shipbuilders. & Boiler Makers’ Machine Tools, 
PATENT BEVELLING MACHINES ror swips’ Frames. 


FORGE CRANES, Hand and Steam. 
Sugar Cane Mills. Water Wheels, de. 


DAVIS & PRIMROSE, 


BANGOR WORKS, 
LEITH, SBDINBURGH. 














THE MASON 
Pump Pressure Regulator, 


-—_ FO -= 
Fire, Waterworks and 
Elevator Pumps. 


Guaranteed not to stick. 


* /T 18 THE STANDARD. * 








THE MASON REGULATOR CO. 


BOSTON, MASS., U.8.A. 
Manufacturers o« 
Steam Pumps, Reducing Valves, Damper Regu- 
lators, and Steam Regulating Appliances of all 
descriptions. Od 2865 
LONDON: 147, Queen Victoria Street. | COPEN- 
others 155, ANTWERP 


AGEN: G 
Clavenes 


Rue des Fetgnee re es. SYDNEY 7 
Street. OURNE: 436, e Street. 








FRIED. KRUPP, Essen & ANNEN, 


Manufacturer of Crucible & Siemens-Martin 


STEEL — 


FOR ALI. PURPOSES. 


To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 
APPLY TO anes 


AUGUST REIGHWALD, WALD, Ltd. (cars muwesox) 1 wepou)1 Finsbary Zavemont House, Finsbury Pavement, B (. 


“ ABBOTT, NEWARK.” National Telephone: No. 34. A BO Code, 5th Edition. 


ABBOTT & GO. ¢=».LD, 


NEWARK-ON-TRENT, ENGLAND. 
MAKERS OF EVERY TYPE OF 


HIGH-PRESSURE i OILER 

















ieee Address: 





STEAM 


From 1 to 200 I.HP., 50 Ibs. to 300 Ibs. Working Pressure. 





CONTRACTORS TO THE 
ADMIRALTY, 
War OFFICE, 
INDIA OFFICE, 
Boarp oF Customs, 
Crown Agents 
C., c, 


FLANGED and hy WORK of every 
MOTOR VAN BOIL ri 


D 
VULCANISING PANS, &c. 


description. 








C. D. MONNINGER 


Limited, 
124, Clerkenwell Road, 
LONDON, E.C, 


The 

proof 

of a 
Saw is 
, in its 


Cutting. 


For 45 years our 


BAND SAWS 
for Cutting 
IRON, STEEL ™ 

and other metals have 

demonstrated their ability 
to stand up to their work. 
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BROUGHTON COPPER C? L® 


WORKS: , | ——— 


Raz COOPER-BRASS™"BRONZE TUBES™*CYLINGERS 


(ae 
ap 
Ny, 


MANCHESTER. 

















DIVING APPARATUS. 


| SMOKE HELMETS. 
RESCUE APPARATUS (22%), 
AIR PUMPS and COMPRESSORS. 


LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR 
DRYBACK AND WATER TUBE TYPES FOR HOME OR EXPORT. 


WILLIAM WILSON & CO. . |\SIEBE, GORMAN & CO., Ltp, 


aa ae wea 
LILYBANK BOILER works, GLASGOW. ||. _........Mopiume”” Works, LONDON, SE. 


OCopzs:—A 1, A BO (4th & 5th Edition), Western Union, Engineering, and Private. 














High and Low Pressure. 1 cubic foot p.m. upwards. 























New form of falling SHUTTER on Solid Weir. The 
Shutters are arranged in groups and the falling of the 
optus Rou eke FARANSOMES & EAPIER, Ltd 
3 x 4 


rn SOLE MAKERS OF THE 
SPECIALISTS in 


“Stoney Control Sluices,”” | water Controiina 


APPARATUS 
as applied to 
WATERWORKS, IRRIGATION, 
The.‘ Free-Roller” or ‘‘ Stoney TIDAL Rivers, 
Gruleo®| is absolutely reliable and WATER POWER INSTALLATIONS, 
simple, the cost of upkeep is exceedingly aoe 
small and it will operate with certainty, 1256 NAVIGATION, DRAINAGE, 
whenever required, against any head &c., &c. 
— it is designed. 
t can be so protected as to ensure 
successful operation under ice condi- | The “STONEY” SLUICE is in successful 
tions, in cold situations. operation in most parts of the World. 
_ By its use the original régime of a : 
river can, in times of flood, be restored Over 990 Sluices already installed. 


in a few minutes. 


(Dept. H.), 32, VICTORIA ST., LONDON, S.W. [aaa fs 


Telegrams and Cables—Ransomes Rapier, London. Sluice, London. A BO, 5th Edition. Telephones—4891 & 4892, Victoria. 49 Ipswich. 











With Stokes’ Patent Improvements. 























SLUICES on the River Rhone. _ of each gate 32 ft. 10 im 
Depth of each sluice 28 Lift 16 ft. 6 in. 








Over 30 years’ manufacturing experience is behind _ 


SILVERTOWN ELECTRICAL PLANT. 


The India Rubber, Gutta Percha and Telegraph Works Co., Ltd. (The SILVERTOWN Company) 
were the first to manufacture*Gramme machines in England, and have had considerable experience in 
the construction of Dynamos, Motors, Balancers, Boosters, Motor Generators, Rotary Converters, 
Petrol-Electric Plant for Private House, Hotel and Ship Lighting and Power, Switchboards, &c. 


The Silvertown Company have executed many important Contracts 
for British and Foreign Governments and Corporations. 


——] ESTIMATES ON APPLICATION. —— 
HEAD OFFICES: 106, Cannon Street, London, E.C. - WORKS: Silvertown, London, E. 




















otLUERTOWN. 
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SOLID 
DRAWN 





All T 
team (Ai aes") Boilers. ne 
Vertical, Loco., Cornish, Launch, Pield-tube ; also 
Air , Receivers, Feed-water Heaters, "Oylinders, ke. — 
Tue GRANTHAM BOILER AND CRANK ©o., Lrp., Grantham 


(jenerating Plant for Sale.— 


Two Willans-Bruce-Peebles three-phase TURBO- 
ALTERNATORS, 1550 K.v.a. Frequency 50 cycles, 
1500 r.p.m., voltage 6600. . The turbines are of the 
reaction type and suitable for 200 lb. steam pressure, 
and are fitted with’ surface condensers and necessary 
pumps. 


One Parsons-Bruce-Peebles TURBO-ALTERNATOR 





exactly as described above.—These three are most 
reliable machines of low steam consumption, and in 
excellent condition. 


Four CONDENSERS, by Cole; Marchant & Morley, 
each 20,000. lb; steam per hour, 27? vacuum, with 
cooling 83 deg. Fahr,, together with electrically- 
driven Edwards Air, PUMPS, and electrically-driven 
Tangye Centrifugal PUMPS, the latter to deal with 
1200 gallons per mihute, 35 ft. head. 

One Willans & Robinson High-speed ENGINE. 
Fitted with three pairs of cylinders, 14 in. and 20} in. 
by 9 in., 350 r.p.m,, 200 Jb. “steam pressure, and 
direct coupled to one Bruce-Peebles D.-C. Generator, 
190 Kw., 550 volts, and to one 44 Kw., 100 volts 
Generator, and in perfect working condition. 

Two 100 Kw. Bellis-Crompt C d Steam 
GENERATORS, 150-160 Ib., 400 r.p.m., shunt- wound, 





460-530 volts, compound wound, 500-550 volts; also 

50 Kw., double-ended GENERATING SET, 550 r.p.m., 

ehunt wound, 230-260 volte. 582 
R. H. LONGBOTHAM & ©O., Lrp., 


Foundry, Wakefield. 


ngs 
Tele. : ‘Engineer, Wakefield.” “Tel. : 44 Wakefield. 











| WATER POWER. 


Complete HYDR, INSTALLATIONS and other 
SPECIALITIES built by 


ESCHER, WYSS & CO., Engineers, 


109, Victoria St., WESTMINSTER, S.W. 
it. page 82, Dec. 5th. 


See 1) d Adverti 














BULLIVANT « CO., L’ 


Stee! Wire Rope Makers, 
BULLIVANT’S AERIAL ROPEWAYS, Ltd., 


72, MARK LANE, LONDON, E.0. 2889 
Tele.: 2108 Avenue (8 lines). 


WATER COOLERS. 
BRICK MAKING MACHINERY. 


€. WHITTAKER & CO., Ltd., 
ACCRINGTON. 3043 
See Large Advertisement last and next week. 


SHAFTING & MILL FITTINGS. 


See our Advertisement last week. 


Cc. F. CARVER, Lid.. 


' MERCHANT BARS, FLATS, ROUNDS, SQUABES, ANGLES, 
TEES, OVALS, &c., iN EITHER IRON OR STEEL, 
} SIEMENS-MARTIN OR BASIC. 


' Tele. Add,: “ Hoops,” 
) Motherwell. 
i] 1d., Motherwell, x.2. 


-0 ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. Done on eng. or Cloth. 
Parti 3356 
Lange Btook of all Requisites the Office. 


Works: Mrawatt, E. 
































and Steel Co.. 











“THE COVENTRY” 


COVENTRY, 


nt YORKSHIRE COPPER WORKS = 


Have Supplied Tubes for the fol wing Drradnoughts, ‘pis,.: — 
“QO een Mery, ” % Audacious. ” « Princess Royal ”» Lion,” “ Monarch » King Geempe v., ” “* Thunderer, ”» Orion ” ** Centurion,” 
Conqueror.” “Benbow,” ‘New Zealand,” ‘Iron Duke,” “ Marlborough,” ‘‘ Tiger.” 


TUBES 


SOLE MAKERS OF “BEMAL” 


TRANSMISSION EFFICIENCY 18 WHAT EVERY 
ENGINEER STRIVES FOR AND MAY OBTAIN BY USING 


“THE COVENTRY’’ 
NOISELESS CHAIN DRIVES 


POSITIVE, SILENT, EGONOMICAL, 
Catalogues Free. 


CHAIN CC. 


ENGLAND. 


LTD., 


3154 





“Delhi.” “Queen Elizabeth.” 


COPPER, 
BRASS, 
GUN-METAL. 


BRASS CONDENSER TUBES. «x» 







TANKS, 


GALVANISING & CONSTRUCTIONAL LRONWORKES 
JOSEPH ASH. & SON, 
Rea Street South, BIRMINGHAM. 





MACHINE TOOLS. 


ENGEL WORKS, GUILDFORD, SURREY. 








PATENT DIRECT ACTING 


STEAM ‘PUMPS "7s 


Vertical 





| 
| 


SHORE & SONS, 


THIS Feed-Water Heater 
is VERY EASILY 
OGLEANED. 

















A GLANOE at the 
illustration will 
show the simple con- 
struction ; the top 
being quickly re- 
moved, the tubes 
being straight,ensure 
a thorough cleaning 
in the shortest pos- 
sible time. 
Thousands of 
horse-power being in 
constantand success- 
ful use every day 
should be a strong 
inducement to write 
to us for particulars 
and prices, 
which will 
be for- 
warded 
promptly 
and = 6 with 
pleasure. 


ih 


“SHORE” PATENT 
FEED WATER HMEATER.. 


Albion Foundry, ** 
ETRURIA, STOKE-ON-TRENT. 





























W. F. STANLEY & CO., Ltd., 
Londo 


18, Railway Approach, u BRIDGE A. 
Telephone: 871, Hop. Telegrame—Tribrach, = 





London Office: 110, CANNON STREET, E.C. 


NICHOLS | BROS. Se 


Oakwellgate, GATESHEAD-ON-TYNE. 


NICHOLS’ 
FEED PUMPS. 


Reliable and Efficient. 
Highest Economy 
obtainable. 
Simple or Compound. 
Steam used expansively. 


Start from at position. 


; 


2447 
Telephone No.: 5768 Central. 











Write for the 
PATERSON “RED BOOK" 


WATER SOFTENING 
AND FILTRATION 


THE PATERSON ENGINEERING 00., Ltd, 


21, AMBERLEY HOUSE, 8079 
Norfolk Street. LONDON, 


es 
ewenneet: ni 


The CLYDE STRUCTORAL IRON tI it, 


Clydeside Ironworks, 8ootstoun, Glasgow. 


MANUPACTURERE OF Sida 


Iron & Steel Roofs, Buildings, 
Workshops, &c., @e. 


LONDON OFFICE: 48, Cornhill, E.C. 


JOHN SPENCER, E 


3167 WEDNESBURY ' 
IRON & STHEL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &e. 


R. G. ROSS & SON, Ld., 


Greenhead Works. GLASGOW. 


naovs. HAMMERS 


RIGBY’S 
PATENT” 
STEAM, AIR, ELECTRIC, BELT. 
See our Illustrated Advt., Janne af 5th Dee. 


DANIELS CAS PLANTS 
DANIELS GAS ENCINES 
DANIELS HICH-SPEED PUMPS 


Complete Pumping Installations. ~ 
T. H. &@ J, DANIELS, Lid., Engrs., Stroud; Eng. 


See displayed Advt. task gd nocd week. 60 


PLAYER'S 


FORGING 
HAMMERS 


BELT OR MOTOR DRIVEN. 








_TRY 
ane 























2763 























W. & J. PLAYER, BIRMINGHAM, | 











GOVERNORS 


sn meat re High mished. 
dinbig sees 


H. HOLLINGDRAKE &80N, LTB. ” 
STOCKPOR 


Hetbd. 1814. 


E. §. HINDLEY & SONS, 


BOURTON, DORSET, 
And 11, Quasw Victoria Sreser, Lonvon, E.C. 


HIGH-SPEED VERTICAL MULTI-CYLINDER 
GAS ENGINES, STEAM ENGINES, STEAM BOILERS 
AND SAWING MACHINERY. 
See large Advertisement last week. 
LEEW Am’ ss 


NON-CONDUCTING COVERINGS 


are the best for 
Bollers, Steam Pipes and all Heated aihiead 


Special Cork Ooverings for Refrigerating Plant, &o. 
Armagn Works, Bow, Lonpon, E. (Phone, East 3485), 
Gr. Weiuimeron Sr., GLaseow. (Phone, 2063 South). 


PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING. 


W. T. ELLISON & CO., Ltd., 


Irlams-o’-th’-Height, 9806 
MAN ORES Tr=Eizt. 


Telegrams:—*' Ellisons Ltd., Irlams’-o’-th’-Height.” 
Telephone: No, 30, Pendleton. 


STEEL PRESSURE TANKS, 


ALL SIZES, SHAPES asp PRESSURES. 


2796 

















Also MOORING BUOYS 
and other WELDED SPECIALITIES. 























INCORRODIBLE 
BARS 
CASTINGS 
FORCINCS 
PLATES 
SHEETS etc 


T.SAUNDERS 2€ 


ELONG 41%IN2\ 





42 TONS TENSILE 








oA HALL PUMPS 


FOR ALL CLASSES OF BOILER FEEDING, &c., &o. 





||J. P. HALL & SONS, L® || 


PETERBOROUGH. 

















Asquith Drills = 


Ask the Useri 3493 * 
Special deliveries on — sizes. 


Radial at to 12 f6.; Yer lcals up 
5 tm. sey size orizontals. 


wm. ASQUITH, | See Displayed 
Park orks, di rtase. Advt. last week. 


J. TOMEY & 80NS8 Ltd: 














SouTHWARKSr, 
Lonpow, 8. E 


iRM1 NOHEM. 


PURE WATER 


for all purposes. 
Particulars from 3015 


The BUHRING’S Patent WATER PURIFYING Co., 
60, Wilson Street, E.C. 
MITCHELL-WILLIAMS PATENT 


LUFFING CRANES. 


HIGHEST SPEEDS & EFFICIENCY. 


GREATEST SAFETY. 


The MITCHELL-WILLIAMS CRANE Co., 
98, Leadenhall St., LONDON, E.C. 2424 


MURRAY, WORKMAN &CO., Lo. 


AIR COMPRESSORS. 
STEAM ENGINES. 
FOUNDRY MOULDING MACHINES. 
$$ ——____—- 3570 
CRAIGTON ENGINEERING WORKS, GLASGOW. 


Ree Tilustrated Advertisement. Dec. 5. 

















1013 
= FURNACES. 
STOKERS. 


MELDRUM E LD R UN DESTRUCTORS. 


MELDRUMS cr icheladtahe taebienale SUPERHEATERS 








_ A. BEEBEE; 
| Studs, Bolts, Nuts, «. 


WEDNESBURY. 


MACKIES, Lt, 


ENGINEERS, READING. 
WROUGHT and CAST Pais 


Pulleys, Shafting, Bearings, 


Write for Catalogue E No. 53. 
*Phone; PR a 














Tele,: Machinery, Reading. 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY 


4, Moorfields, LONDON, "Ec. 
STANDARD AUTOMATIC VACUUM BRAKE 
Rapid Acting Service & ; Emergency Accelerators. 


see Illustrated Advertisements last and next issue. 
Telegrams: ‘ Vacuo, Landon.” Telephone No.: 2710, London Wall, 








Ree ha ot 26, gots. 





OIL SEPARATORS. 
FEED WATER REGULATORs, 
WATER COOLING TOWERS, 


Areur 90 3— 34,Fenchurch St,, 


KATER & ANKERSMIT, LONDON, :.<, 














A WHEELS. 
SAND BLAST. EQUIPMENT. 


THE LONDON EMERY WORKS (0. 


Naxium Works; Tottenham, LONDON, N. 








Emery Grinders. Emery Cloths & D'ses, 





ORANES 190. 


i 
eprior © we = 


pEic 








ag 
STEAM & ELECTRIC 





EVERYTHING 
FOR THE MODERN 
ENGINE ROOM. 


“FREMO’ 


ENGINE— MACHINERY AND | DYNAMO 
OILS—MACHINE PACKINGS, &c. 


FREDE. MOUNTFORD, Ltd. 
5, Fremo Works, Granville Street, 
BIRMINGHAM. 


EES 
KERR “ECONOMY” STEAM 


TURBINES. 


Sole British Agents :— 3412 


DAVISON & PARTNER, 


11, Carteret Street, LONDON, S.W. 


ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS DARLINCTON.. u2>. 
London. Office :—Sanctuary House, Westminster. 


LOCOMOTIVES 2,221.82 


uges 
and services. 
Telegrarns—Rocket, new be 

Nat. Tel.—200 & 300 Darlington; 650 Victoria. 
Codes—A B C 5th Edition, Engineering Stan 


See our TUuatrated "Adot. last last Sad Seat 


RAPID 
ELEGTRO-MAGNETIG 
SEPARATORS. .... 


FOR METALS, DESTRUCTOR REFUSE, POTTERS SLIP. 
The Crescent, BIRMINGHAM. 


2519 











11398 
next week. 














Canal Works, Lhe nnn! tM loan ie 











TIME 
CHECKS 


BRASS 
LABELS 


| EDWARD DRYORE-ON. 
G8.WEST S? SHEFFIELD. 


DSSING PRESSES 6 DIES SEF 
* MOULDERS LETTERS & FIGURES -IN-GREAT VARIETY 


DPaCe OME OTEC 














dams, for irrigation and power ts 
been Patented throughout the 
increased by nearly 100%. 





THE VIBROCEL COMPANY, LTD., 


| WiBROC#E! = 


(LYNDE & CALTHROP’S PATENTS.) 
The Vibrocel System of Floatable Monolithic Sea Walls for Harbour Pee ea way and 
the Prevention of Coast Erosion, sunk upcn any foundation in any depth of water ; for 
rposes ; for storage tanks and oil reservoirs, &c., 
orld. Concrete rendered non-porous and crushing strain 
Cost per cube yard of the work less than by any other system, 
For tarticulars apply >— 


&e., has 


TELEPHONE + 


ELDON STREET HOUSE, 
AvEnus 4360. 


ELDON STREET—— E.C. 











9883 Steal a es 


up to 56 in. diameter. 





1 Victoria Sraser 
; Lo 


ad wananaeneelal 


CHARLES MCNEIL, 


Kinning Park Ironworks & we Forge, GLASGOW. 


SPECIALIST IN HYDRAULIC ATIATL CO BS BFL) SPEcidlist IN HYDRAULIC STAMPINGS 
AND FORGINGS. 


WELDLESS 


2 LOCOMOTIVE DOMES 





Central House, Kingsway, LONDON, W.C. 
ELECTRICAL SWITCHGEAR; 


‘TRANSFORMERS and METERS, 


Write for B/G Lists. 
THE “STONE-LLOYD” SYSTEN 


OF 
HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 

As fitted to latest Mail and Passenger Steamers. | 


J. STONE ® CO., LTD., 


Deptford, London, $.E. 


MAXWELL & FAGE, 


* to BRUCE & STILL, Lrp.,) 
49, Sefton Street, LIVERPOOL. 








for Steel Buildings, Bridges, Girders, and all 


descriptions of Structural Work. Timber 

Buildings designed for useat rte name 

See Mustrated Advertiseme: ne Ereceting 4 Fetlowing Weeks, 
Catalog. ues, Designs & Estima ten on appli leatic a 


Tele.: No. 1817 Royal. Telegrams: “ Galvanizer,” Li 





PROOF AIR FILTERS, 


See Advertisement page 6, Dec. 19. 
ze. British Representative, 


ee ng. et Street, London, W 


®y JVIILLERS. 


See our Illustrated Advt. 
last and next week. 33 
MIDGLEY & SUTCLIFFE, 
West End Tool Works, BRADFORD. 


LIDGERWOOD 








Caxton House, Westminster, LOND’ 


SHIPYARD MACHINERY. 


SMITH BROTHERS & Co. (Glasgow) , 4. 
Machine Tool Makers, 3143 
Kinning Park, GLASGOW. 


N, S.We 
ll 











See Advertisement’ page 32, Dec. ):' 











Vuleanite Works —Dr. HEDYR. } 
(Formerly HARBURG INDIA-RUBBER © 


London Manager : 
¥. WINTER, 25, Goswell Road. E.G. 





\ 5 ‘ 4 cre Me 
© PATENTEE AND ORIGINAL MAKER OF EMBOSSED MANHOLE DOORS. 2352 , 
z t a er ee < : : 
- ee : vtige . eG 


MOLLER PATENT DUST 


‘!PlleDrivers, Holsting Engines 


for BUILDERS and CONTRACTORS. ~ 
LIDGERWOOD MANFG. CO., 347 


f 


BRASIVE 
FOUNDRY PLANT. —.»y | 


FERRANT! LtTp | 


Instruments, Heating & Cooking Apparatus. 


CONSTRUCTIONAL ENCINEERS & CONTRACTORS | 




































me 
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ENGINEERING. 





NUREMBERG G GAS ENGINES 
M. AN. DIESEL ENGINES. 


see [Uctstrated Advertisement, Dec, 5. 
au DpDSsOoOoMnN 
PATENT CYLINDRICAL and WATER-TUBE 


BOILER. 


THOMAS HUDSON, Limited, 
Sheepford Boiler Works, COATBRIDGE. 
See Illustrated Advt. appearing next week. 3409 


fhe CLYDE STRUCTURAL IRON CO., Ltd., 
Glydeside lronworks, 8cotstoun, pe Ca 


MANUFACTURERS OF 3144 
fron & Steel Roofs, Buildings, 
Workshops, &c., &c. 
LONDON OFFICE: 48, Cornhill, Zc. 


Write for the 
PATERSON “ oe BOOK" 


WATER SOFTENING 
AND FILTRATION 


THE PATERSON ENGINEERING 00., Ltd, 


21, AMBERLEY HOUSE, 
Norfolk Street, LONDON Street, LONDON: 

















MOTOR “ROAD ROLLERS 


14t0 15 Tons (14 sizes). Petrol or Paraffin. 








See large Advert: once every four weeks. 


BARFORD & PERKINS, Ltd., Engineers, 
PETERBOROUGH. ENGLAND. 3339 











D. & J. 


See our Advertisement last week. 3248 
NOPLPIPP LPP PPL PLP DLP. 


cil) WISLE # GASS,Lo,, 


Nagineers, BOLTON. 
For OENTRIFUGAL PUMPS, 
AIR COMPRESSORS, 
OLUTOHES, GEARING, 




















WRITE FOR 
DESCRIPTIVE 
CATALOGUE 


NY WwW, 








"SCHAFFER & BUDENBERG 


parses bene 3 MANCHESTER. 
Tia, on MONE 






GLASGOW. 
i 5, Wellington Street. 
| Makers of Pressure Gauges and High 
Class Engine and Boiler Fittings. 

















ras 


NEGRETTI & 
| ZAMBRA'S 
| 


DRAWING INSTRUMENTS. 


Price Lists of the above, showing— 


will be sent post free to any address, 


38, Holborn Viaduct, London, E.C, 


SURVEYING AND 





* 


Tacheometers, 
Theodolites, 
Dumpy Levels, 
Drainage Levels, 
Plane Tables, 
Mine Transits, 
Theodolettes, 
Clinometers, 


Abney Levels, 
Prismatic Compasses, 
Pocket Sextants, 
Aneroid Barometers, 
Chains and Tapes, 
Current Meters, 
Siation Pointers, 
Drawing Instruments, &c. 


Od 1797 


Branches: 45, Cornhill, E.C., 
and 122, Regent Street, W. 

















Ki 





Code : oh Bae, £98 
Engineering Telegraph 
On Admiralty and War Office Lists. 
elegrams— 








CHARLES M°NEIL, 


SPECIALIST IN 


Hydraulic Stampings & Forgings. 


KINNING PARK I[RONWORKS & 
HYDRAULIC FORGE, 
270, West Scotland St., GLASGOW. 
be pm Virsa Steel Stand are either onst 


CHAS.MS NEIL 


MAKER 
NNINGPARK IRON WO? * 


GLASGOW. 


or Ww 


Bottom Flanges for Bingle or Double miccemi 
and Curved to suit diameter of Boller. 





MACNEIL. GLASGOW. 





ae. STRONG. OeRARE AND ue. 





Our statement that ATLAS Alloys are the most 
economical and reliable Anti-Friction metals to use, is 
supported by the convincing evidence of increased sales. 


AMACOL Bronze. 

W.E. WATSON ’S MARINE BEARING Metal. 
TENAXAS Piastic Metal. 
ATLAS Metal. 

MASCOT Metal. 

BABBITT Metal. 


Manufactured only by— 


ATLAS METAL & ALLOYS CO., LTD... 


52, Queen Victoria Street, LONDON, E.c. 3374 














r) 
4 


Od 6431 










ALEX. CHAPLIN. 


& CO., LTD., 
Govan, 


CRANES 


‘Winding & Hauling Engines 
Sheerlegs. 











Slipways. 





Ri. White & Sons, Widnes, 


™ RAILS, “= 


POINTS AND CROSSINGS, 
AERIAL ROPEWAYS. 


The LILLESHALL Co., Ld. 


OAKENGATES, SHROPSHIRE. 


Makers of ENGINE WORK, 
CONSTRUCTIONAL WORK 
ano HEAVY CASTINGS. 





Te) - >» 


Telegrame—Lillesball, estenuieils 


TITIT OTT: 





AND 


WATER COOLING 


THE KLEIN ENGINEERING C°(I9°8)L" 
94.MARKETS* MANCHESTER 


Divo Rowan 


& CO., 
281, Billi Hlliot Bt. GLASGOW. 


WAN,” GLASGOW 
Oadie Oren ipomase Editions); LEIBER’S. 


McLACHLAN & C0., Ltd., 


DARLINGTON. 
Builders of Railway Wagons of all kinds. 
COLLIERY AND MINING TUBS. 


CONTRACTORS’ PLANT AND FORGINGS, 
Wheels and Axles, Turntables, &c, « 42 
LONDON OFFICE: 110, Cannon St.. E.C. 


TELEMOTORS. 
Steering Gears. -Reversing Engines. 
HYORAULIG MACHINERY FOR SHIPS. 
BROWN BROS. & C0., Lu. 


EDINBURGH, SCOTLAND, 8196 
See our illustrated Advt. last and next week. 














FOR SATURATED 
OR SUPERHEATED 
STEAM, 








The B.8.8. Renewable Diso 
Globe Valve cannot be equalled, 

It is fitted with a disc 
especially composed and care- 
fully manufactured to resist 
the deteriorating effects of 
superheated steam. 

hen required it is supplied 
with a renewable seat of 
NICKEL ALLOY for extreme 
duties, 

High temperatures and pres- 
sures will not destroy its 
efficiency. 

Made in various weights for 
all duties, 


For Prices and Particulars :— 
188 


BRITISH STEAM “| 
~ SPECIALTIES, L™- 


BEDFORD STREET, LEICESTER 
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MARSHALL, SONS & CO., L™ cAINsBonouch, Encusin 
Also Offices, Showrooms and Stores at 79, FARRINGDON ROAD, LONDON, E.C. Cables & Inland Telegrams : “‘ Marshalls, Gainsborough.” Telephone No. sine Lir sy 


Telegrams : *‘ Enerye, Situ, Loxpon.” Telephone No, 648, Hounorn. 
And at Calcutta, Bombay, Lahore and Madras; Canadian Depot: Saskatoon, Sask. 


ENGINEERS AND INTERNATIONAL 


EXHIBITION, 


BOILERMAKERS. Viitin: Yeald, 2015. 


ayy Sm eon HORIZONTAL ENGINES up to THREE GRANDS PRIX. 


BOILERS, Cornish, Lancashire, Loco., Vertical, &c. 

“ UNDERTYPE” ENGINES, Simple and Compound. Hienest Awarp tN Eacu 
VERTICAL ENGINES, Simple and Compound, Crass ENTERED. 
PORTABLE and SEMI-PORTABLE ENGINES. we 
TRACTION ENGINES, ROAD ROLLERS, STEAM OVER 


and OIL. TRACTORS. 152,000 


THRASHING MACHINERY for all Countries. 
GRINDING MILLS. SAWING MACHINERY. ENGINES, BOILERS, 
&c., 


OIL. ENGINES. 
TEA FREPARING MACHINERY, &c. Od 2529 mee". made 4 and supplied. 


PIERSON PATENT SUCTION GAS s PRODUCER 


J. & O. G@. PIERSON, 47, Rue Lafayette, PARIS, 
mMmMVENTroOoRs ANP MAKEES. 2369 J 


WE ARE PREPARED, ACCORDING TO AN ARRANGEMENT WITH OUR ACTUAL RI aay To =< 
FURTHER LICENSES FOR ‘GREAT BRITAIN. 























Coupled and Tandem Compound Drop Valve Engines, up to 2000 HP. ie oar Oe 














ik 


RARARQHA 


ROSE, DOWNS & THOMPSON, Ltd., : 
DRE D G ERS HULL, LONDON and SHANGHAI. “0 : L Vv : [ LS. 
Fr 








ESTABLISHED 1777. 








NASNOE & SPENW CL A ZA 


PRR TWNOANEE RIWVG 22 ORAS 
PAST RAN CLIAS/Y | 


ADS GOSAE ST fone RAIN 


AAI MoS 


aa ote = KIRKSTALL fe 
FORGE C°L" | 
LEEDS 























CONTRACTORS TO H.M. GOVERNMENT. ON WAR OFFICE, ADMIRALTY, INDIA OFFICE, and COLONIAL OFFICE LISTS. ESTABLISHED 1865. 


oF BRANDON BRIDGE. BUILDING GO. LP: 


ENGINEERS, BRIDGE-BUILDERS, IRONFOUNDERS. 


BRIDGES, ROOFS, DOCK: GATES, TANKS, PIERS, LOCOMOTIVE TURNTABLES & WATEF 
COLUMNS, PRESSED STEEL TROUGHING. INGOT MOULDS & GENERAL CASTINGS. 


3306 
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London Office :—_ Works: Telegraphic Address: “GIRDER.” 


84, Victoria sha Westminster MOTHERWELL. _ | Telephone: No. 11. 


ms 
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